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ABSTRACT

Using three modeling techniques (GLR, GEP, and Gikig,
effect of Hurricane Katrina on low birth weight amdeterm
delivery babies for African American women is exaed in
Louisiana, Mississippi and Alabama. The study tssuidicate
that risk factors associated with low birth weigintd preterm
delivery for American African women include unemyieent
and percent of mothers between the ages of 15-hSong
White women, ages 15-19, risk factors included ptyveate,
median household income, and total birth rate. TdMs
performed accurate predictions with increasing bisth weight
and preterm delivery trends for African Americanmen in the
Gulf Coast states and other U.S. states, and dsagelmw birth
weight and preterm delivery trends for their Whiteinterparts
in the same state locations. Data presented bet@@@n-2010
show low birth weight and preterm delivery for Whilvomen
as a decreasing tendency while adverse birth owsofar
African American women exhibited a monotonicallgreasing
trend. The empirical findings suggest that heaitipatities will
continue to exist in the foreseeable future, if effective
intervention is taken. The models identify risk téas that
contribute to adverse birth outcomes and offer somsight into
strategies and programs to address and amelitvege effects.

Keywords: Health Disparity, Low Birth Weight, Preterm
Delivery, GLR, GEP, and GM.

INTRODUCTION

Adverse birth outcomes for African American womem
Louisiana, Mississippi, and Alabama reflect a malmalth
disparity before and after Hurricane Katrina. Usitlyee
modeling approaches (generalized linear regressiwdel
(GLR); gene expression programming (GEP); and gnegel
(GM)), the effect of Hurricane Katrina on low bintteight and
preterm delivery babies for African American womane
examined before and after Hurricane Katrina. Thadst
population includes a comparison of African Amenicand
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White women between the ages of 15-19 living in ik@ma,
Mississippi, and Alabama and their counterpartsossrthe
United States before and after Hurricane Katrina.

Recent studies show that disasters such as Huerikatrina

and their aftermath may lead to factors that disrugalthy

pregnancies. These disruptions can be characteaizdumited

or no access to prenatal care, lack of social stppad the
inaccessibility to physical resources such as fq@thrmacy,
housing, etc. [1]. Historically, natural disastérad to adverse
pregnancy outcomes; the frequency of low birth Wweigfants

increases immediately following a disaster [1]. jpigs large

declines in the U. S. infant mortality in recenay® low birth

weight infants born to African American women coog to

increase. However, the improvement in birth outcemsefaster
among White women, resulting in a wider gap betwibentwo

racial groups.

Hurricane Katrina, a deadly storm that struck theéf @oast in
August of 2005, continues to have a major healigcef on the
Gulf Coast Region in the United States. Many of #ffects
have been studied by other researchers includirmgnosgic
devastation, displaced populations, and increasseld of
health problems in survivors, ranging from menedlth issues
to child health issues. In 2009, the National Vigthtistics
Report indicated that there were fewer births i@ @ulf Coast
region following Hurricane Katrina when compared bioths
outcomes prior to the Hurricane, 27 and 33, resgygt[2].

This retrospective study offers some insight andtritically
important as potential risk factors may contribtide infant
mortality, which is one of the measures that predation’s
health. This article examines the effect of Humig&atrina on
low birth weight and pre-term delivery of infantorh to
African American women living in the geographicarget
states of Louisiana, Mississippi, and Alabama. riiring the
root cause of adverse birth outcomes for African efican
women before and after the Hurricane Katrina mdy bgplain
the dramatic increase of these cases in theset tstafes. By
identifying the risk factors that may contributeadverse birth
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outcomes, appropriate health care strategies amgrgms can
be put into place to address and ameliorate tHésg®

LITERATURE REVIEW

Data shows that among all factors that could leadnfant
mortality, low birth weight and preterm delivery eamost
prevalent in the African American community [3]. $péite
indications that more African American women areeiging
prenatal care, African American infants die mortefof low
birth weight than any other leading causes. Mangiss have
concluded that socioeconomic status leads to tlismang
trend. However, it alone cannot describe or exptha health
disparity gap. Research has actually proven thae rand
socioeconomic status have separate, independestefin low
birth weight [4]. Given that teenage mothers haveéhigh
prevalence of giving birth to a low birth weighfant; the race-
specific relative risk for babies born to motheessl than 16
years of age were at an 11% to 40% increase cochpare
babies born to mothers 25-29 years of age [5].ak been
indicated that while the risk for poor pregnancycomes is

high among young adolescents, young African Amaerica

mothers appear to be particularly vulnerable. Afnidmerican
women are two times more likely to give birth toiafant with
a weight of less than 2500 grams than their Wiotenterparts.
They are also more likely to have a preterm dejiverhich is
defined as the birth of a baby before 37 weeksedmpancy

The adverse effects of childbearing by African Aiven

teenagers on the outcome of pregnancy among African

American women appear to have been overemphag\iechan

American infants in the U. S. are more than twisdikely as
White infants to die in the first year of life. Adan Americans
aged 10-14 have a birth rate of 4.29 per 1,000Hiwhs, which
is seven times more than their counterparts (0659000 live
births). African American mothers also had highesportions
of very low (3.7 grams) and low birth weight (2.8ams)
infants than non-Hispanic Whites, 15.0 and 10.5eetvely

[6].

Rates of infant mortality are substantially higfarless than 15
year olds (8.1 per 1,000 live births) than 16-13aryelds (6.3
per 1,000 live births) and 18-19 year olds (5.4 p@&00 live
births). In a study on the effect of gross domegstaduct (GDP)
and infant mortality, the distribution of incomeggests that in
rich countries, reduction of income inequality Wikely to be
more effective in lowering infant mortality rateg].[ Health
system variables, particularly the method of health
financing and the supply of physicians significardttenuated
the effect of wage inequality on infant mortalifisruption of
health care provisions due to the hurricane idyilte have an
impact on the overall quality of healthcare, antimately,
increase health disparities among African Amerieamen [8].

The study objectives are (a) to identify risk fastassociated
with the adverse birth outcomes before and afterrihne

Katrina, (b) to compare mean difference of the eskvebirth

outcomes before and after Hurricane Katrina, (ckampare
mean difference of the adverse birth outcomes bedod after
Hurricane Katrina within the Gulf Coast states ardder U.S.

states, respectively, and (d) to perform data a@malyto

determine future predictions for the adverse batiicomes of
African American women in this target geographaaa.
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STUDY METHOD

To explore the study objectives as proposed, sergndata
from the Center for Disease Control and Preven(ioBC)

Wonder [9], and the U.S. Census Bureau are used

retrospectively to show important risk factors liegdto an

increase in low birth weight and preterm deliveriasthis

comparison study. The outcome variables are (1ptmeber of
low birth weight babies per 10,000 live births {defl as the
weight of infants less than 2,500 grams) and (8)rthmber of
preterm delivery babies (defined as the birth ofrdant before
37 weeks of pregnancy) for each county/perish fromars
2003-2004 (before Katrina) to 2006 (after Katring)e ten (10)
explanatory variables used in this study include namber of
total primary care physicians, unemployment rate/epty rate
for all ages, median household income, total bistte, percent
of African American mothers aged 15-19, and percémhite

mothers aged 15-19, state group (Gulf Coast steeother
U.S. states), timeline (2003-2004 before Katrina2@06 after
Katrina), and interaction of state group by timelfor the same
county/parish in the study period.

To identify a subset of significant risk factorsaesiated with
low birth weight and preterm delivery and compararginal
mean difference of low birth weight and pretermiaely before
and after Katrina for the study group, the geneedlilinear
regression (GLR) model in the SPSS package is fmethe
data analysis. In the GLR model, multiple lineagression
analysis and 2 x 2 factorial designs with a two-vaaglysis of
variance (ANOVA) are combined. In this study, thenbers of
low birth weight and preterm delivery babies arstptated to
be larger after the timeline of Katrina than beftre timeline of
Hurricane Katrina, regardless of the state group.

To rank risk factors affect low birth weight andcetarm delivery
in African American and White mother aged 15-1% tiene
expression programming (GEP) approach is perfornidu:
GEP model offers new possibilities for solving cdexp
scientific problems. As the world constantly chamgehe
population within it is suspected to change acewlyi so that
it has a chance of surviving. The GEP algorithmusittes this
occurrence by creating models that consist of pdmnrs that
are derived from previous generations that were fiego
survive the model under previous conditions [10}.the GEP
model, the outcome variables of interest are lomhbiveight
and preterm delivery at the county/parish, respelsti and the
genotypes (chromosomes) placed into the system dhat
executed include all independent variables. Thbsentcosomes
are placed into the system and each chromosomepiessed
through a mathematical equation, phenotype (exjpressee).

To predict a mid-range of 4-year low birth weighidapreterm
delivery for African American and White groups, gmaodels
(GMs) are constructed. The main strength of the i6kb use a
short-term time series (a minimum of four data pEinto

perform reliable and accurate predictions [11]. T3 model
can be used to determine health disparity in tesfrisw birth

weight and preterm deliveries between African Awemi and
White women and to predict the 2007 — 2010 lowhbiveight
and preterm delivery babies for African Americard aWhite

women who reside in Gulf Coast states vs. other. bt&es,
respectively. The traditional time series methodsmfle,

Holt's, and Brown'’s exponential smoothing model® ased to
compare the prediction accuracy of the GMs baseth@small
value of mean absolute percentage error (MAPE).
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STUDY RESULTS

Low birth weight and preterm deliveries were anatyaising
the GLR and GEP models at the county/parish leVéle

sample size (1,467 counties/parishes) with lowhbinteight

infants and preterm deliveries in the Gulf Coaatest were 81
counties/parishes and 1,386 other counties/parishdse U.S.
This number was equal to the total number of cesntiith

preterm deliveries and low infant birth weight bref¢durricane
Katrina (978) in Years 2003-2004 and after Hurrecddatrina
(489) in year 2006.

The GLR model was also used to determine trendsrifbr
factors affecting low birth weight and preterm deties over
the three year study period. Risk factors wereh&mrexamined
for low birth weight and preterm deliveries sepalat The
separate analysis of low birth weight, the sigaific variables
found by the GLR model (R squared value of 0.884y the
important variables ranked in GEP order for Afrigamericans
were the percentage of African American mother'ssag5-19
(b1=0.692, p<0.001, GEP rank no. 1), percentagéVbfte
mothers ages 15-19 (b2=-.068, p<0.001, GEP ranRnatate
group (b3=87.096, p< 0.001, GEP rank no. 3), antlthe
concerning Katrina (b4=59.178, p<0.001, GEP rank #)
unemployment rate (b5=-2.959, p<0.01, no GEP raaiq,state
group by timeline interaction (b6=60.328, p <0.00b, GEP
rank). For Whites model (R squared value of 0.7@%9, most
important risk factors were the percentage of Whitethers
ages 15-19 (b1=4.40, p <0.001, GEP rank no. 1)eppvate
(b2=-8.843, p <0.001, GEP rank no. 2), and thd taienber of
primary care physicians (b3=.141, p<0.001 GEP maok 3),
median household income (b4=.002, p <0.001, no GHER),
total birth rate (b5=-.088, p <0.001, no GEP rard)d state
group (b6=59.747, p <0.001, no GEP rank).

The mean difference in low birth weight babies was

significantly higher in the Gulf Coast states tharother U.S.

states. For African American women the marginal mea

difference of low birth weight babies in target geaphical area
and other U.S. states was 56.932 with p<0.001. mhginal
mean difference for White women was 48.195 with .080.
White women had increased the marginal means ferbioth
weight babies in the Gulf Coast states in comparigoother
U.S. states; however, African American women halhrger
marginal mean difference of low birth weight babtween
Gulf Coast states and other U.S. states. The nargiean of
low birth weight babies was higher after Hurricdtetrina for

both African American and White women. However, the

marginal mean difference (29.014) in pre and postricne
Katrina was only significant (p <0.001) for Africalamerican
women.

When comparing marginal means by timeline withimtest
groups, Gulf Coast states had a higher number wf bath
weight babies for African American women and Whibtefore
and after Katrina. There was a larger marginal ndiffarence
in low birth weight babies before and after Katrinahe Gulf
Coast states. The marginal mean of African Americanbirth
weight babies decreased in other U.S. states wligenumber
increased for that in the Gulf Coast states aftatrika. For
Whites, this number increased in both Gulf Coaatest and
other U.S. states after Katrina.

The individual analysis of preterm deliveries, thignificant
variables found by the GLR model (R squared valu@.889)
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and the most important variables ranked in GEP rofde
African American were percentage of African Amenica
mothers aged 15-19 (b1=.95, p<0.001, GEP rank np. 1
percentage of White mothers aged 15-19 (b2=-.088,001,
GEP rank no. 2), state group (b3=57.746, p<0.0&P, @Gnk no.
3), unemployment rate (b4=-7.554, p<0.001, GEP ramk4),
timeline (b5=32.746, p<0.05, GEP rank no. 5), amadesgroup
by timeline interaction (b6=34.371, p<0.05, no GfaRK). For
White Americans, the significant variables found thg GLR
model (R squared value of 0.712) and the imporntaniables
ranked in GEP order were percentage of White metlages
15-19 (b1=.729, p<0.001, GEP rank no. 1), poveate (b2=-
14.892, p<0.001, GEP rank no. 2), median houseimmdme
(b3=.003, p<0.001, GEP rank no. 3), unemploymetet (lad=-
5.584, p<0.05, GEP rank no. 4), state group (b5#AZB
p<0.001, GEP rank no. 5), number of total primagrec
physicians (b6=.184, p<0.001, no GEP rank), aral titth rate
(b7=-.103, p<0.001, no GEP rank). Preterm delivergs
significantly higher in the Gulf Coast states thather U.S.
states for both Whites and African Americans. Rdrican
American women, there was a marginal mean differeot
40.083 with the .01 significance level and for Véhitomen the
marginal mean difference of 36.946 was significanthe .01
significance level.

Overall preterm deliveries were higher for Africamerican
and White women in the Gulf Coast. African Americgomen
living in the Gulf Coast had a higher increase iret@rm
deliveries than did their White counterparts in telf Coast
before and after Katrina. After analyzing low bistreight and
preterm delivery data both separately and collebtivthere
seems to be an emerging trend for African Ameriaamen
and adverse birth outcomes. Low birth weight balaesl
preterm deliveries disproportionately affect Africdmerican
women more than White women. African American worhed
consistently greater mean differences in low bigight and
preterm deliveries before and after Katrina as vesll when
comparing state location. Another overall trendested was
the consistently higher levels of low birth weiginid preterm
deliveries in the Gulf Coast states when compawesther U.S.
states. These marginal means also increased afteicahe
Katrina, while these numbers for other U.S. stateseased
minimally or decreased. These trends in resultgestgthat
African American women and their infants in the GGbast
states were more affected by Hurricane Katrina thizeir
counterparts in the geographical area and theinteoparts in
other U. S. states.

The grey prediction models outperformed all expdiaén
smoothing models. The GMs for African American wonaad
their White groups had the smallest MAPEs compdcethe
most accurate simple, Holt's, and Brown's exporanti
smoothing models in the areas of low birth weighd areterm
delivery for both Gulf Coast states and other dtStes.

The minimal value for MAPE of the GMs for low birtheight
rates in the Gulf Coast states among African Anagrigroups
was 34%, compared to the most accurate and sirkjak’s,
and Brown’s exponential smoothing models (2.87%65%,
and 1.26%, respectively). Among the non-Hispanic ité/h
groups, the minimal value was 0.27%, compared ¢ortiost
accurate and simple, Holt's, and Browns exponestiaothing
models (1.35%, 1.14%, and 1.80%, respectively).
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When viewing the MAPE value among the other U.8test by
race, the results differed. The minimal value foARE of the
GMs for low birth weight among African American gifis was
0.97%, compared to the most accurate and simpli'sHand
Brown’s exponential smoothing models (2.15%, 2.15%d
2.68%, respectively). Among the non-Hispanic Whgteups,
the minimal value for MAPE was 0.21%, comparedht® most
accurate and smallest, Holt's, and Browns expoaknti
smoothing models (0.66%, 0.57%, and 0.55%, respag}i

A similar test was run to determine the smallestEAof the
GMs for preterm delivery among the Gulf Coast State
compared to other U.S. states. Among African Anzeric
residing in the Gulf Coast, the minimal MAPE wa$4%%,
compared to the most accurate and simple, Holtild, Brown’s
exponential smoothing models (2.58%, 1.42%, and%,4
respectively). Among the non-Hispanic White Gulf aSb
residents, the smallest MAPE was 0.89%, compardidetanost
accurate and simple, Holt's, and Brown's exponéntia
smoothing models (1.98%, 2.01%, and 2.55%, respdg}i

In regards to other U.S. states, the smallest MAPthe GMs
for preterm delivery among African American womerasw
0.07% in comparison to the most accurate and sinkbddt’s,
and Brown’s exponential smoothing models (1.41%44%,
and 0.51%, respectively). Among the non-Hispanidtégh the
smallest MAPE was 0.24%, compared to the most atewand
simple, Holt's, and Browns exponential smoothing dels
(0.73%, 0.52%, and 0.52%, respectively).

LOW BIRTH WEIGHT AND PRETERM DELIVERY
PREDICTIONS IN 2007-2010

The magnitude of change in low birth weight or erat
deliveries between two consecutive years is calhedaverage
annual rate of change which equals t@' (€1) 100% for time
period (t) being greater than or equal to two.

Graph #1 indicates that the African American worhene the
sharpest increase prediction for low birth weightth an
average annual rate of 4.18%, compared to 2.02%m@mon-
Hispanic Whites in the Gulf Coast. Among the othkttes in
the U.S (Graph #2), African Americans have an ayer@nnual
rate increase of 1.92% while non-Hispanic Whitepegience
an average annual rate decrease of 0.85%.

Graph #1:
Low Birth Weight Prediction Results for Gulf CoaStates,
2003 - 2010
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Low Birth Weight Prediction Results for Other U.States,
2003 - 2010
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Graph #3 indicates that African American women hhbd
sharpest prediction of an increase in preterm dslivwith an
annual average rate increase of 4.71%, compared tate
increase of 2.63% for non-Hispanic Whites in thef@oast
Region. Among the other U.S. states (Graph #4),cadfr
American women had an annual average rate incadads&3%
while non-Hispanic Whites experienced an annuategerate
decrease of 0.99%.

Graph #3:
Preterm Delivery Prediction Results for Gulf Cogtites, 2003
- 2010
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Graph #4:
Preterm Delivery Prediction Results for Other US&tes, 2003
- 2010
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CONCLUSIONS

This study indicates that when compared the Gulfasto
Religion to other U.S. states, African American vesmhad
more adverse birth outcomes. The outcome includede m
infants that were born preterm and low birth weigfithin the
first year of life. Risk factors associated wittwldirth weight
and preterm delivery among this target group inetud
unemployment, and the percent of African Americaothars
aged 15-19. Among White women, factors includedpitreerty
rate, median household income, total birth rate, the percent
of White mothers aged 15-19.

The GMs were viable tools used to predict the 22070 low
birth weight and preterm delivery of African Amaait and
White women who reside in the Gulf Coast and ottes.
states. Not surprisingly, the GMs performed aceurat
predictions with increasing low birth weight andefarm
delivery trends for African American women in bdtte Gulf
Coast and other U.S. states, and decreasing ldkvve@ight and
preterm delivery trends for their White counterpant the same
state locations. In years 2007-2010, low birth \Weigind
preterm delivery for White women presented a desinga
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tendency while the same birth outcomes for Afri¢éanerican
women exhibited a monotonically increasing trendheT
empirical findings suggested that the health disipar will
continue to exist in the foreseeable future, if effective
intervention is taken.

Although there were different factors that conttésl to the

race-specific low birth weight and preterm deliesyi birth

outcome by both races were affected by the presaice
Hurricane Katrina. Due to this increase in the Glofst states,
existing prevention programs should seek to incatgo an

educational strategy into community-based progriooysing

on those teens that are not pregnant, finding ways/oid teen

pregnancy, and reduce the percentage of low bidight and

preterm delivery infants in the Gulf Coast Regibriervention

programs may focus on teenage pregnancy to increase
educational attainment, career options, and théaitty of
better health outcomes for both mother and child.

This study illustrates the effect that Hurricanetrit@ has on
the Gulf Coast Region with regard to low birth weigand
preterm delivery and the necessity for policy inmpémtation
and program development in Louisiana, Mississipand
Alabama. The field of public health and its praetiers should
be enlisted to assist in bringing action to elinnéow birth
weight and preterm deliveries among African Amarigaomen
living in Louisiana, Mississippi, and Alabama.
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