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The Paradoxical Effects of Hurricane Katrina on
Births and Adverse Birth Outcomes

Emily W. Harville, PhD, Xu Xiong, MD, DrPH, Maya David, BS, and Pierre Buekens, MD, PhD

Objectives. To review the trends in pregnancy outcomes after Hurricane Katrina and
assess effects of the disaster on research and public health related to pregnant women.

Methods. We reexamined the 2004-2006 vital statistics data from Alabama, Louisiana,
and Mississippi, assessing what the risk of adverse pregnancy outcomes in the population
would have been under varying risk scenarios.

Results. We saw a reduction in number of births as well as in low birth weight and
preterm birth. If the number of births had stayed constant and the relative higher risk in
the “missing” births had been between 17% and 100%, the storm would have been
associated with an increased risk instead of a decrease. Because the relative decline in births
was largerin Black women, the higher risk in the “missing” births required to create a significant

increase associated with the storm was generally not as great as for White women.
Conclusions. Higher exposure to Katrina may have produced a reduction in births

among high-risk women in the region rather than increasing adverse outcomes among

those who did give birth. (Am J Public Health. 2020;110:1466-1471. doi:10.2105/

AJPH.2020.305769)

See also Kim-Farley, p. 1448, and the AJPH Hurricane Katrina 15 Years After

section, pp. 1460-1503.

Birth outcomes are generally expected
to worsen following natural disasters.
Trauma may trigger labor." Mental illnesses,
including posttraumatic stress disorder, anx-
iety, somatic complaints, alcohol addiction,
and depression, rise after natural disasters and
are associated with negative birth out-
comes.>” Maternal psychological distress is
also associated with an increased risk of pre-
term birth (PTB), low birth weight (LBW),
and fetal growth restriction.* Beyond psy-
chosocial factors, other disaster-related ex-
posures such as environmental contaminants
can also have a negative impact on birth
outcomes.” Disaster research has generally
shown small reductions in birth weight as-
sociated with exposure to disaster, while ef-
fects on gestational age are more mixed.®
Other complications, such as hypertensive
disorders of pregnancy or gestational diabetes,
are understudied—while a few studies have
indicated increases in their occurrence after
disaster,”™ the literature is limited.

The March of Dimes predicted an increase
in preterm births after Katrina."” Instead, an
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unexpected improvement of birth outcomes
occurred. Hamilton et al. and the National
Center for Health Statistics compared affected
areas 12 months before and after the disaster' '
and found a decline in LBW in all affected
areas, which included parts of Louisiana,
Mississippi, and Alabama, and a decrease in
PTB in Louisiana and Mississippi (however,
there was an increase in PTB in Alabama). In
Louisiana specifically, for instance, the inci-
dence of very low birth weight (VLBW;
<1500 grams) before Hurricane Katrina was
2.3% and it decreased to 1.8% after Katrina,
while the rate of very preterm birth (VPTB;
<32 weeks) also fell, from 3.2% to 2.4%.'" A
more detailed analysis of Louisiana data for 2
years after Katrina similarly found declines in
LBW and PTB in the New Orleans region
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and Orleans Parish specifically.'” In addition,
the storm might have been expected to widen
racial disparities, with African American
women being more vulnerable and, there-
fore, more affected. However, racial dispar-
ities in LBW and PTB did not widen and
may even have decreased somewhat; nor
did the hurricane have a stronger impact on
birth outcomes among African American
women."?

Smaller studies with more detailed assess-
ment of exposure did not necessarily reflect
these population-level statistics, however.
Xiong et al. found a graded association be-
tween exposure to the hurricane and adverse
birth outcomes, with a greater number of
severe exposures associated with higher risk of
LBW and PTB." Similarly, Harville et al.,
examining birth outcomes in a cohort of
Louisiana pregnant women 5 to 7 years after
the storm, found that having experienced
damage and injury during Katrina was asso-
ciated with reduced birth weight and gesta-
tional age, although current experience of
long-term recovery and other indicators of
previous exposure were not.'* Other out-
comes that might be expected to be associated
with adverse birth outcomes, such as lack of
prenatal care,'"'? cleft birth defects,'” and
eclampsia,'® were reported to rise. In quali-
tative studies, women reported devastating
complications, which they attributed to di-
saster exposure.'

Pre—post comparisons are complicated
because of the decline in population and birth
rate after Katrina. Katrina caused one of the
largest internal migrations in US history, with

a million people distributed across the United
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States in less than 2 weeks."® There was a 19%
decrease in the number of births in the 14
most-affected counties or parishes in the 12
months after Katrina compared with 12 months
before.!! Moving can delay fertility until a more
secure and permanent residence is established,
employment is obtained, and lost assets are rebuilt,
leading to a short-term fertility decline."”

The decline in fertility was not uniform:
there was a sharper decrease in birth rates in
non-Hispanic Black women than in non-
Hispanic White women and Hispanic women.
Return migration after Katrina was slower for
Blacks compared with Whites.*” As measured
by total fertility rate, Black fertility fell and
remained 4% below expected values for at least
5 years after Katrina, whereas White fertility
increased by 5%.'” Other demographic changes
were also observed: women giving birth in the
New Orleans region in the year after Katrina
were more likely to be married, to be aged older
than 20 years, and to have a college education
than in the year before.'> However, no increase
or a reduction in risk was found for both LBW
and PTB in Orleans Parish and the New
Orleans region after controlling for these factors
and others (i.e., ethnicity, parity, smoking,
interpregnancy interval).

The combination of these trends of lower
complications but also lower fertility leads to
concerns about live-birth bias in estimating
the overall effect of Hurricane Katrina. Res-
tricting a sample to include only live births can
lead to an inaccurate estimate of overall ex-
posure effect if the exposure affects both
survival and the outcome under study; such a
bias has been proposed as a possible expla-
nation for the inverse association between
neurodevelopmental outcomes and exposure
to environmental pollutants.>’ Similar ques-
tions arise with respect to natural disaster
exposure when only live-birth data are used:
many exposed women do not become preg-
nant, whether intentionally or unintention-
ally, and other pregnancies do not result in
live births because of spontaneous and in-
duced abortion, fetal death, and stillbirth.
Zahran et al. reported a higher rate of fetal
deaths to be correlated with living in an area
with widespread destruction of housing stock
after Katrina.”> We therefore explored the
possible effects of the post-Katrina decline in
fertility and whether differential reductions in
fertility are possible explanations for the ob-
served decline in adverse birth outcomes.

October 2020, Vol 110, No. 10  AJPH

AJPH HURRICANE KATRINA 15 YEARS AFTER

METHODS

We conducted an analysis of possible live
birth bias following the principles of Liew
1.°! Data included in the 2009 report from
the National Vital Statistics System'' pro-

eta

vided the number of births and proportion of
complications in areas affected by Hurricane
Katrina 12 months before the storm and 12
months following the storm. We estimated
what the effect of the storm on birth outcomes
would have been if the number of births had
stayed constant, varying the hypothetical
proportions of each birth outcome. We first
estimated the number of “missing” births as
the difference between the number of births
in the 12 months after compared with the
12 months before. We then calculated what
the relative risk and confidence intervals
(using standard Mantel-Haenszel formulas)
would be if varying proportions of the
“missing” births resulted in, for instance, LBW,
comparing the probability of LBW occurring
after disaster to the probability before the di-
saster under these hypothetical scenarios.

A schematic for this process is pro-
vided in Figure 1. For example, in the 14
most-affected counties or parishes, there were
34 520 births in the 12 months before Katrina
and 27 848 in the 12 months after Katrina,
for a reduction of 6672 births. Before Katrina,
the incidence of PTB was 16.7%, or 5765
cases. After Katrina, the incidence of PTB
was 16.7%, or 4651 cases. If 20% of the 6672
births had occurred and had been preterm
(n=1334), the overall incidence of PTB in
the 12 months after the storm would have
been (4651+1334)/34520 = 17.3%, with a
relative risk of 1.04 (17.3/16.7; 95% confi-
dence interval =1.00, 1.07). By varying this
percentage, the incidence of PTB under
various conditions can be calculated (details in
material available as a supplement to the
online version of this article at http://www.
ajph.org). We used Microsoft Excel’s What-If
Analysis—Goal Seek (Microsoft, Redmond,
WA) to calculate the point at which a sta-
tistically significant increase would have
occurred.

We repeated similar calculations for
VLBW, PTB (<37 weeks’ gestation), and
VPTB and stratified by race/ethnicity (non-
Hispanic White and non-Hispanic Black; the
number of Hispanics and other groups was
too small to analyze. Results for the overall

population are not necessarily the average of’
the subgroups, both because of the lack of
analysis of these smaller race/ethnicity groups
and the fact that the baseline risk and the
relative decline in births differed by race,
creating a situation similar to confounding
identifiable in stratified analysis.). We con-
ducted the analysis for the 14 most-affected
counties or parishes in the overall Katrina-
affected region as well as Louisiana specifically.
It should be noted that our analysis of live births
is a thought experiment, to put bounds on the
possible effects of differential changes in fer-
tility and childbearing, rather than a true es-
timate of the hurricane’s effects, which would
require a much more extensive consideration
of uncertainty and variation and more detail on
the relevant effect sizes.

RESULTS

If the missing births were to women at high
risk, Hurricane Katrina might have been as-
sociated with worse outcomes rather than
better (Table 1; detailed analysis in Tables A—F,
available as supplements to the online ver-
sion of this article at http://www.ajph.org).
Whether the higher risk required to create that
association is plausible varies by the association
being analyzed. The risk in the missing births
that led to a harmful effect of Katrina, rather
than a protective one, varied by outcome. For
the most affected counties across the region, it
would be a 5.7% incidence of VPTB, 19.5%
of PTB, 3.7% of VLBW, and 14.2% for LBW;
somewhat higher incidences would be re-
quired in Louisiana specifically. This would be
between a 17% increase and a doubling of risk
in the missing group compared with the ob-
served risk.

Because the decline in births was larger in
Black women, the higher risk in the “missing”
births required to create a significant increase
associated with the storm was generally not
as great as for White women (Table 2).

The reduction of risk noted overall was also
stronger in the Black population than the
White population, where mostly there was no
change or perhaps a small increase. For Black
women, the increased risk in the missing
births required to create a significant increase
after the storm was less than 50% above
baseline for the region, up to 80% for VPTB

in Louisiana.
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FIGURE 1—Schematic for Live-Birth Analysis

before Katrina
Ro=Co/No

A 4

Observed
relative risk
after Katrina

compared with
before Katrina

RR1=R1/Ro
Ci Observed Observed risk
> cases of > afterKatrina 7 O\
adverse birth Ri=Ci/Ni Hypothesized
outcome relative risk
after Katrina
compared with
................................... before Katrina
o : /' RRH1=RHi/R) |
Hypothesized / Hypothetical risk after Katrina 77 t--armessemssncanenneanad
cases of i : RH1= (C1+CH1)/(N1+M1) = i
adverse birth RH1=(C1+CH1)/No
outcome i

DISCUSSION

After Hurricane Katrina, adverse birth out-
comes did not rise as expected, and birth rates
fell. Our analysis of the possible effects of these
changes in population suggests the incidence of
adverse outcomes in the “missing births” would
have had to be high to create the reduction in
adverse birth outcomes that was seen. For many

outcomes, the increased risk is plausible: for in-
stance, a 14.3% risk of LBW, 31% higher than
baseline, is consistent with overall statistics for
non-Hispanic Black women or for other pop-
ulations worldwide. For others, it is unlikely to be
realistic—few exposures cause a doubling or tri-
pling of risk for PTB, so this bias is unlikely to have
been the cause of the lack of increase in VPTB or

VLBW in White women, for instance. For live-
birth bias to be the cause of the lower incidence in
the overall population, the women who de-
livered live births would have to have been,
on the contrary, very low risk and apparently
not particularly affected by the hurricane. Some
of the post-Katrina research that found higher
risk of adverse birth outcomes with more

TABLE 1—Live Birth Analysis, Complete Population, 14 Counties Most Affected by Hurricane Katrina: Alabama, Louisiana, and Mississippi,

2004-2006

No. of Births Incidence (No. Cases) . N,
Required Risk in Missing Births
Before After Difference Before After Observed Baseline to Indicate a Harmful Effect Ratio of Risk in Missing
Katrina ~ Katrina  (“Missing”) Katrina Katrina RR (95% ClI) of the Storm Births to Observed Risk
Overall region 34520 27848 6672
VPTB 0.031 (1070)  0.028 (780) 0.90 (0.82, 0.99) 0.057 2.02
PTB 0.167 (5765) 0.167 (4651) 1.00 (0.97, 1.04) 0.195 117
VLBW 0.021 (725) 0.020 (557) 0.95 (0.85, 1.06) 0.037 1.85
LBW 0.110 (3797)  0.108 (3008)  0.98 (0.94, 1.03) 0.143 131
Louisiana 21361 14932 6429
VPTB 0.032 (684)  0.024 (358) 0.75 (0.66, 0.85) 0.062 2.58
PTB 0.161 (3439)  0.154 (2300)  0.96 (0.91, 1.00) 0.200 1.30
VLBW 0.023 (491) 0.018 (269) 0.78 (0.68, 0.91) 0.044 243
LBW 0.110 (2350) 0.105 (1568) 0.95 (0.90, 1.01) 0.142 1.35

Note. Cl = confidence interval; LBW = low birth weight; PTB = preterm birth; RR = relative risk; VLBW =very low birth weight; VPTB =very preterm birth.
Source. Baseline numbers and risks taken from National Vital Statistics Reports."’
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TABLE 2—Live Birth Analysis—Stratified by Race (Non-Hispanic White and Non-Hispanic Black), 14 Counties Most Affected by Hurricane

Katrina: Alabama, Louisiana, and Mississippi, 2004-2006

Incidence Required Risk
No. of Births (No. Cases) in Missing
Births to Indicate a Ratio of Risk
Before After Difference Before Observed Baseline Harmful Effect in Missing Births
Katrina Katrina (“Missing”) Katrina After Katrina RR (95% CI) of the Storm to Observed Risk
Overall region
Black
VPTB 13170 8478 4692 0.050 (659) 0.047 (398) 0.94 (0.83, 1.06) 0.071 1.51
PTB 0.215 (2 832) 0.219 (1857) 1.02 (0.96, 1.07) 0.236 1.08
VLBW 0.034 (448) 0.034 (288) 1.00 (0.86, 1.16) 0.047 1.38
LBW 0.151 (1989) 0.160 (1356) 1.06 (0.99, 1.13) 0.159 0.99
White
VPTB 18706 17020 1686 0.019 (355) 0.020 (340) 1.05 (0.91, 1.22) 0.041 2.05
PTB 0.138 (2 581) 0.144 (2 451) 1.04 (0.99, 1.10) 0.155 1.08
VLBW 0.014 (262) 0.015 (255) 1.07 (0.90, 1.27) 0.031 2.07
LBW 0.086 (1609) 0.088 (1498) 1.02 (0.96, 1.10) 0.129 147
Louisiana
Black®
VPTB 9296 4575 4721 0.050 (465) 0.040 (183) 0.80 (0.68, 0.95) 0.072 1.79
PTB 0.208 (1934) 0.205 (938) 0.9 (0.92, 1.06) 0.284 1.39
VLBW 0.035 (325) 0.030 (137) 0.86 (0.70, 1.04) 0.051 1.70
LBW 0.149 (1385) 0.155 (709) 1.04 (0.96, 1.13) 0.164 1.06
White
VPTB 10203 8808 1395 0.017 (173) 0.017 (150) 1.00 (0.81, 1.24) 0.044 2.59
PTB 0.125 (1275) 0.131 (1154) 1.05 (0.97, 1.13) 0.154 1.18
VLBW 0.014 (143) 0.013 (115) 0.93 (0.73, 1.19) 0.045 3.46
LBW 0.081 (826) 0.084 (740) 1.04 (0.94, 1.14) 0.118 1.40

Note. Cl = confidence interval; LBW = low birth weight; PTB = preterm birth; RR = relative risk; VLBW =very low birth weight; VPTB =very preterm birth.
Source. Baseline numbers and risks taken from National Vital Statistics Reports.""
°The number of births in Alabama rose slightly, so the decline in numbers in Louisiana is larger than for the region as a whole.

exposure to the hurricane also found a low
baseline risk among less-exposed women in
the study samples.'

It is also notable that the decline in births
was larger and the required increase in risk
lower for the Black population than for the
White population. A reasonable conclusion
might be that, on the whole, Black women
were more affected by Katrina but that the
consequences of exposure were primarily a
reduction in births among vulnerable women
rather than increased adverse outcomes among
those who did give birth. This reduction in
births could be attributable to one or more of
the following: selective migration, choosing not
to become pregnant or carry to term, biologically
lower fertility, or increased pregnancy losses.

Katrina was a major cause of the internal
migration.'® Beyond the short-term fertility
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decline attributable to the complications of’
moving,'” family size also directly affects the
inclination to move after disaster: individuals
with smaller families have a higher propensity
to move away from the affected region than
do larger families. Smaller families tend to
have smaller homes, own fewer items, and
are easier to house in a new area.”> Return
migration after Katrina was slower for Blacks,
generally at higher risk for adverse birth
outcomes, compared with Whites,?” and this
likely accounts for some of the lower overall
population risk in the year that followed the
storm.

Changes in fertility may be attributable to
conscious decisions as well as the biological
ability to conceive. Warnings or experiences
of natural disasters can prompt families who
are already planning on having a child to

either conceive earlier or postpone and
conceive later, known as the “harvesting
effect.”?* After severe disasters, mothers or
couples may desire to conceive children to
replace lives lost, either in response to mor-
tality levels in the broader community or

to replace a child lost during the disaster.”
Several disaster-related factors affect repro-
ductive decision-making. Reduced income
and economic pressures may lead couples to
delay childbearing. Unemployment rates and
harsh economic conditions are tied to lower
fertility rates via a decline in marriage rates and
an increase in divorce rates.” Marital conflict is
also very common following natural disasters
and during times of high stress.? These types
of conflicts can interfere with a couple’s desire
to have children together orlead to decreased
sexual activity: 1 study found that women’s
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satisfaction with their sexual life had markedly
decreased following an earthquake, with
89.4% of them saying they did not want to
become pregnant.*® Access to health care can
be limited after disaster, and women may
worry about receiving necessary prenatal
and obstetrical care. Costs of contraception,
abortion, and basic health care can also rise
after a disaster, with potential effects in both
directions on fertility rates: Kissinger et al.
found an increase in unplanned pregnancy
after Katrina.>” In addition, access to medi-
cally assisted fertility treatment is likely to be
limited; however, this affects only a small
portion of births.

Fertility may also be biologically aftected
by disaster, because of physical illnesses,
mental health and stress, and environmental
contaminants. After the 2017 Wenchuan
earthquake, women had significantly higher
rates of lower genital tract infection, pelvic
inflammatory disease, and menstrual disorders
than before the earthquake.®® Stress can
contribute to infertility through neuroen-
docrine pathways; for instance, high levels
of stress can reduce levels of estrogen and
luteinizing hormone,?® leading to a delay
in ovulation and follicle maturation.?> A study
of men’s health after Katrina found signifi-
cant changes in sperm parameters associated
with decreased fertility potential.*’ Envi-
ronmental contaminants that have been as-
sociated with disaster include lead after
Katrina,'® fecal bacteria after Superstorm

2539 3nd radiation after the Fukushima

Sandy,
earthquake and tsunami.” In addition, lack of
electricity after a disaster can expose indi-
viduals to dangerous heat or cold.

Similar pressures operate on other out-
comes that reduce live births. An increase in
spontaneous abortion was reported after
flooding in New York State®" and in fetal
death associated with proportion of the
housing stock destroyed after Katrina.** In
addition, a reduction in the sex ratio in
Katrina-affected areas was seen in November
2005 (though not in months before or fol-
lowing); such declines in male births are often
hypothesized to indicate a relative vulnera-
bility of male fetuses to external stressors,”
producing differential pregnancy loss. Mis-
carriage, fetal death, and stillbirth are all as-
sociated with chemical and nonchemical
stressors, and disaster can lead to increased
exposures of both types—for instance, raising
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the risk of stillbirth attributable to carbon
monoxide poisoning from improperly ven-
tilated generators.>

Katrina could also have genuinely im-
proved birth outcomes. The postdisaster
period can be a time of communities pulling
together, and pregnant women and infants are
a concrete sign of renewal. Many people
report posttraumatic growth and “silver lin-
ings” related to disaster. Even in wartime,
increased support to women and children
has been associated with improved birth

34
outcomes.

PUBLIC HEALTH IMPLICATIONS

Several clinical and public health groups
provided descriptions of their experience
during Hurricane Katrina relevant to preg-
nant women (see list of references in Ap-
pendix A, available as a supplement to the
online version of this article at http://
www.ajph.org). Hospitals that sheltered
pregnant women reported deliveries by
flashlight or generator light. Infants were
evacuated by air, often separated from their
mothers, and Woman’s Hospital in Baton
Rouge, Louisiana, received patients from the
neonatal intensive care units of several New
Orleans hospitals. Those experiencing the
disaster stressed the need for flexibility and
adaptability as well as infrastructure that can
stand up to multiple days without power,
and those receiving patients stressed the im-
portance of communication. Both sides
expressed the importance of disaster planning
and qualified coordination. The obstetrics/
gynecology residency program at Louisiana
State University suffered short-term loss of’
trainees and less opportunity for skills training
in some areas. However, the disaster and
subsequent reaccreditation process allowed
for shifts in the program, including a greater
use of private-practice sites and obstetric
simulators, and ultimately higher numbers
of medical students entered obstetrics/
gynecology.

Analysis of vital statistics data made it clear
that some women were not able to access
prenatal care after Katrina, with the propor-
tion of women receiving inadequate prenatal
care significantly higher in the New Orleans
region after Katrina and almost doubling in
Orleans Parish.'? This increasing trend was

stronger in White than Black women, both in
relative and absolute terms, although Black
women were still more likely overall to re-

12 Not only in the

ceive inadequate care.
Gulf region, Katrina encouraged clinicians to
work with patients to develop disaster pre-
paredness plans and be aware of particular
postdisaster needs of pregnant women.

The Centers for Disease Control and
Prevention (CDC) assessed a number of
public health actions taken for reproduc-
tive health after Katrina, concluding that
future programs need to encourage breast-
feeding and provide contraception, and
pregnancy-related considerations need to be
incorporated into general public health di-
saster response programs; for instance, some
vaccines and antibiotics are contraindicated in
pregnant women. Newborn screening was
disrupted and a large proportion of neonates
did not have valid samples provided to
the state laboratory. Health educators at the
CDC worked to develop public service an-
nouncements and fact sheets targeting preg-
nant women affected by the hurricane,
specifically encouraging seeking care, eating
healthily, and taking hygiene precautions.
The Organization for Teratology Infor-
mation Specialists fielded a number of
Katrina-related calls to their hotline and
provided additional information on topics of
special concern, such as mold, Vibrio, and
pesticides. In the recovery phase, Healthy
Start New Orleans served women who were
particularly exposed to the disaster, and those
women reported receiving more mental
health counseling and prenatal education than
women enrolled in traditional prenatal care.

Hurricane Katrina also led to the devel-
opment of tools to assist with understanding
postdisaster reproductive health care needs.
Based on the Reproductive Health Assess-
ment for Conflict-Affected Women Toolkit,
the Reproductive Health After Disaster
toolkit was developed to assess the needs of
pregnant, postpartum, and reproductive-aged
women”” and includes modules assessing
exposure to disaster and service needs for
pregnancy, family planning, and social ser-
vices, with guidance on data entry and anal-
ysis. The toolkit was piloted after flooding
and tornado disasters, along with sam-
pling strategies to specifically reach the
reproductive-aged population. It was also
successfully implemented along the Gulf
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Coast after Hurricane Isaac, including training
community health workers and patient navi-
gators to administer it.

Hurricane Katrina’s effects on pregnant
women provide a number of lessons for di-
saster planning and response. To begin with,
pregnant women and infants must be con-
sidered not only by programs that address
their needs specifically but also as an impor-
tant and vulnerable subpopulation for any
disaster planning and response group. Second,
disasters will almost certainly lead to a re-
duction in access to prenatal care. For low-risk
women, this is likely to be a minor incon-
venience, while for high-risk women, this can
be a major danger. Third, in the long term,
major disasters lead to complicated effects
on the birth rate, fertility, and adverse birth
outcomes, which cannot necessarily be

predicted. A4JPH
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