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Abstract

Objective: The aim of this study was to examine birth outcomes in areas affected by Hurricane 

Michael.

Methods: Vital statistics data of 2017–2019 were obtained from the state of Florida. Births 

occurring in the year before and after the date of Hurricane Michael (October 7, 2018) were 

used. Florida counties were divided into 3 categories reflecting extent of impact from Hurricane 

Michael. Birth outcomes including incidence of preterm birth (PTB), low birth weight (LBW), 

and small for gestational age (SGA) were also compared before and after Hurricane Michael. 

Spontaneous and indicated PTBs were distinguished based on previously published algorithms. 

Multiple regression was used to control for potential confounders.

Results: Both LBW (aRR 1.19, 95% CI: 1.07, 1.32) and SGA (aRR 1.11, 95% CI: 1.01, 1.21) 

were higher in the year after Michael than the year before in the most-affected area; a similar 

effect was not seen in other areas. A stronger effect was seen for exposure in the first trimester or 

in the 2 months after Michael than in the second or third trimester.

Conclusion: Consistent with many previous studies, this study of Hurricane Michael found an 

effect on fetal growth.
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Disasters have been associated with poor birth outcomes. Most consistent are modest effects 

on birth weight, generally examined by region of residence and timing of birth. Magnitude 

of effect has ranged from 160 g decrement in birth weight associated with the Wenchuan and 

Haiti earthquakes1,2 down to single-digit associations with wildfires,3 landmine explosions,4 

with other examinations of earthquakes5–7 and major disaster declarations8 finding effect 

estimates that fall in between. (However, other studies have found no effects of hurricanes 

on birth weight.9–11) Effects on preterm birth (PTB)/gestational age have been found much 

less often.12 Studies that have addressed both birth weight and gestational age have tended to 

find stronger effects on birth weight, if they find an effect at all,7,13–28 and only a few have 

found an effect on PTB but not low birth weight (LBW; birth weight < 2500 g).29,30

This is surprising as LBW and PTB co-occur, with early delivery being a common cause 

of LBW. Best practice is usually considered to analyze small for gestational age (SGA; 

usually defined as birth weight < 10th percentile for gestational age) rather than LBW per 

se, because birth weight is affected both by length of gestation and fetal growth. PTB and 

LBW have overlapping but not completely identical risk factors31,32; for instance, male 

fetuses are usually larger but are more likely to be born early, and smoking is a clear risk 

factor for LBW but is less strongly associated with PTB. If disaster has different effects on 

these outcomes, it may indicate mechanisms; for instance, effects limited to growth-related 

outcomes might suggest a focus on behavior, for example, nutrition and smoking.

A secondary issue is that of timing of exposure to disaster, where results have again 

been inconsistent for both birth weight and gestational age. Studies of disaster and related 

time-specific stressors such as terrorist attacks have found no difference by trimester of 

exposure13,18; strongest effects in the first trimester4–6,33,34; strongest effects in the second 

trimester3,14,21,23,24,35,36; strongest effects in the third trimester3,25; as well as variation in 

strongest effects by exposure, outcome,5 and their combinations.8 Theoretically, effects in 

the first trimester may be more strongly related to placentation, while later effects are more 

likely to relate to growth or immediate labor triggers.

In examining effects of disaster on pregnant women, it may therefore be useful to compare 

and contrast effects on birth weight, weight for gestational age, and gestational age. Unlike 

other hurricanes where the focus has been effects on major cities,26,37 Hurricane Michael 

hit a primarily rural, less populated area. This study analyzed the data for changes in birth 

outcomes to address 3 questions: (1) Was Hurricane Michael associated with changes in 

incidence of LBW and PTB? (2) Did the storm have differential associations depending on 

its timing in pregnancy?—and (3) Were there similar associations with LBW and PTB, and 

if not, can subtypes of these conditions be distinguished, perhaps to provide information on 

distinctions between the two?
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Methods

Data Source

Vital statistics data of 2017–2019 were obtained from the state of Florida. Births occurring 

in the year before and after the date of Hurricane Michael (before: October 6, 2017–October 

6, 2018; after: October 7, 2018–October 7, 2019) were used to assess changes in births and 

birth outcomes in counties affected by Hurricane Michael.

Affected areas

Based on FEMA disaster declarations,38 Florida counties were divided into 3 categories 

reflecting extent of impact from Hurricane Michael: counties receiving both public and 

individual assistance (Area A), counties receiving only public assistance (Area B), and 

counties receiving neither public nor individual assistance (Area C). (Individual assistance 

is provided to individuals who have sustained losses, although it does not compensate for 

all losses caused by disaster, while public assistance funds repair or reconstruction of public 

facilities or infrastructure.) The category of each county can be found in Supplementary 

Table 1. The hypothesis underlying such exposure categorization is that increasing extent of 

impact is associated with an increased proportion of the population having severe exposure, 

an increased average exposure, and increased exposure to secondary traumas (devastated 

neighborhoods, community member deaths) among those not directly affected. Women were 

classified as exposed based on their residential address.

Outcomes

The total number of births during October 6, 2017–October 6, 2018 and those during 

October 7, 2018–October 7, 2019 were compared. Birth outcomes including incidence of 

preterm birth (PTB), low birth weight (LBW), and small for gestational age (SGA) were also 

compared before and after Hurricane Michael. PTB was defined as a birth before 37 weeks 

of gestation. LBW was defined as a birth weight of an infant of 2500 g or less, regardless of 

gestational age. SGA was defined by birth weight below the 10th percentile for gestational 

age based on the national standard.39

We used the algorithm reported by Klebanoff et al. to distinguish spontaneous versus 

indicated preterm births.40 Indicators of spontaneous births included premature rupture of 

membranes, labor characteristics, and vaginal birth, while induction and C-section were 

associated with indicated PTB (see reference for full algorithm). Using the Ohio birth 

certificates from 2006 to 2012, the kappa statistic of the algorithm was 0.68 (95% CI: 0.52, 

0.83); predictive values for spontaneous and indicated onset were 85% (95% CI: 75%, 92%) 

and 89% (95% CI: 71%, 98%). While generally a good-quality algorithm, distinguishing 

spontaneous and indicated births can be difficult even in medical records, especially in cases 

of premature rupture of membranes.41

Timing of Exposure to Hurricane Michael

Births were categorized into 5 categories according to time relative to Hurricane Michael. 

Babies who were delivered before October 7, 2018 were categorized into category “before” 

Hurricane Michael. Women’s exposure was categorized by trimester on October 7, 2018: 

Harville et al. Page 3

Disaster Med Public Health Prep. Author manuscript; available in PMC 2023 February 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



first trimester (< 14 weeks), second trimester (14 ≤ 28 weeks), and third trimester (28 

weeks+), as well as pregnant within 2 months after Hurricane Michael in a “within 2 months 

after” category. The timing of 2 months was chosen because it allows those pregnancies to 

have more than 42 weeks (ie, to be complete) before October 6, 2019.

Covariates

Maternal age, race, education, and whether enrolled in the U.S. Department of Agriculture’s 

special supplemental nutrition program for women, infants, and children (WIC) program 

were considered as confounders because those variables are known risk factors for adverse 

birth outcomes and their distribution among women giving birth could have shifted after 

the hurricane. Access to antenatal care (ANC) services before and after Hurricane Michael 

was evaluated by whether pregnant women had any ANC visit before delivery, the month 

of the first ANC visit, and the Kotelchuck Index. There are 4 adequacy categories in the 

Kotelchuck Index: adequate plus, adequate, intermediate, and inadequate.42 The 4-level 

categorization is important as it helps distinguish complicated pregnancy (which may require 

extra prenatal visits) from those that receive limited or acceptable levels of care.

Statistical Analyses

Covariate missing data were minimal: maternal age (0.0025%), education (0.97%), race/

ethnicity (1.28%), pre-pregnancy body mass index (BMI) (5.63%), whether enrolled in the 

WIC program (1.24%), smoking during pregnancy (0.38%), and alcohol drinking during 

pregnancy (1.51%)—so, a complete case analysis was used. Paired t-tests were used to 

compare the number of births before and after Hurricane Michael. Linear regression was 

used to assess whether the change in the number of births was different across different 

areas. Log-binomial regression was used for binary outcomes; if these failed to converge, 

logistic models were used. All of the estimates were compared unadjusted and after 

adjusting for potential confounders. Comparisons were made in 2 directions: before and 

after Hurricane Michael, and among different levels of exposure. In order to assess these 

factors jointly, an interaction term was also added in unadjusted and adjusted models. The 

analysis was also performed stratified by trimester of exposure. Statistical analyses were 

performed using the software SAS 9.4 (SAS Inc., Cary, NC).

These analyses were conducted under a waiver of informed consent and approved by the 

Institutional Review Boards of Tulane University, Florida State University, and the Florida 

Department of Health.

Results

There was a total of 218 903 and 217 966 live births in Florida between October 6, 2017–

October 6, 2018 and October 7, 2018– October 7, 2019, respectively. The total numbers of 

live births were not significantly different before and after Hurricane Michael within each 

affected area. The change in the number of births across categories of affected areas was not 

significantly different (P for interaction = 0.83).

The racial composition, mean maternal age, pre-pregnancy BMI, and gestational age at birth 

were similar before and after Hurricane Michael within each affected area (Table 1). The 
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percentage of women who were enrolled in the WIC program decreased after Hurricane 

Michael in all areas. In all areas, the maternal education distribution changed after Hurricane 

Michael so that a smaller proportion of women giving birth were in the middle educational 

category (more than a high school but less than a college degree) compared to before.

Low Birth Weight

There was a higher proportion of LBW among counties in area A after Michael, adjusting 

for age, education, ethnicity, pre-pregnancy BMI, and participation in WIC (aRR = 1.19, 

95% CI: 1.07, 1.32), but the proportion of LBW did not change after Michael among areas B 

and C (Table 2). Mean decline in birth weight was 4.7 g overall, 29.5 g in area A, 27.8 g in 

area B, and 3.4 g in area C. The change in the proportion of LBW after Michael was greater 

in area A compared to area C (aRR = 1.19, 95% CI: 1.07–1.32 vs aRR = 1.003, 95% CI: 

0.98–1.02, P for interaction = 0.002). However, the effect was not different between areas B 

and C.

Preterm Birth

There was a higher proportion of PTB within area B after Michael, adjusting for covariates 

(aRR=1.16, 95%CI 1.04, 1.29), but the proportion of PTB did not change after Michael 

within area A or C (Table 2). There was an interaction between exposure to Michael and 

area, in that the proportion of PTB was greater in area B compared to area C, but the effect 

was not different between area A and C.

Small for Gestational Age

There was a higher proportion of SGA in area A after Michael, adjusting for covariates (aRR 

= 1.11, 95% CI: 1.02, 1.21) (see Table 2). Compared to area C, the effects of Michael on the 

proportion of SGA were different in area A (P for interaction = 0.01) but not in area B (P= 

0.40).

Timing of Exposure

Low birth weight—Within the most affected area A, exposure during the first trimester 

(aOR = 1.25, 95% CI: 1.03–1.51) or pregnancy within 2 months after Michael (aOR = 1.36, 

95% CI: 1.12–1.66) showed the highest increases compared to before the hurricane. These 

increases were not seen in the unaffected areas; the moderately affected area showed a small 

increase in risk among conceptions in the 2 months after the hurricane (Table 3). Comparing 

across regions, the most affected area A was at similar risk to areas B and C for births prior 

to the hurricane (area A vs area C: aOR = 0.901, 95% CI: 0.84–1.00; area B vs area C: aOR 

= 0.98, 95% CI: 0.87–1.10) (Table S3).

Preterm birth—Within the moderately affected area B, exposure during the first trimester 

(aOR = 1.22, 95% CI: 1.00–1.50) or pregnancy within 2 months after Michael (aOR = 1.20, 

95% CI: 0.99–1.50) showed the highest increase in PTB compared to before the hurricane. 

These increases were not seen in the area A or C (see Table 3). When compared across 

regions, incidence of PTB was lower in area A for exposure in the second trimester (aOR = 

0.85, 95% CI: 0.73–0.99).
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Small for gestational age—Within the most affected area A, exposure within 2 months 

after Michael (aOR = 1.29, 95% CI: 1.09–1.53) showed increased risk for SGA compared 

to before the hurricane, which was not seen in the unaffected areas (see Table 3). Women 

living in the most affected area A were at small increased risk of delivering an SGA child 

compared to those in the unaffected area C, regardless of timing (Table S3).

Spontaneous and Indicated PTB

Area B seemed to be at higher risk for induced PTB (Table 4), regardless of trimester of 

exposure (Table S3), and before the storm had been at lower risk of spontaneous PTB (aOR 

= 0.75, 95% CI: 0.64–0.87). Area A was at lower risk of induced PTB after exposure in the 

second trimester (aOR = 0.81, 95% CI: 0.65–0.99). Overall incidence of spontaneous PTB 

in areas A and B was higher for conceptions in the 2 months after the storm, but this may 

have been a random variation (aOR = 1.13, 95% CI: 0.90–1.41 for area A; aOR = 1.10, 95% 

CI: 0.82–1.48 for area B; Table S3).

Discussion

Principal Findings

The impact of a hurricane on a less populated area on maternal and child health outcomes, 

specifically LBW, PTB, and SGA was examined. Vital statistics data from counties were 

categorized by degree of damage caused by Hurricane Michael. Overall, an increase in 

LBW and SGA was found in the most-affected areas, consistent with previous studies,43 and 

with similar effect sizes.2,20,25 These effects appeared to be stronger among women who 

experienced the storm in the first trimester, or who conceived shortly after the hurricane, 

compared to those exposed in the second or third trimester. These findings are consistent 

with several studies showing the strongest effects with first-trimester exposure.4–6,33,34

Limitations

Strengths include the large sample size and consideration of multiple definitions of exposure 

and outcome. Limitations of the study include the reliance on vital statistics, defining 

exposure by county-level damage and timing, and the lack of information on physiologic, 

behavioral, or social mechanisms of effect. Future analyses will explore some of these 

topics in more detail. While a validated classification system was used for spontaneous 

versus medically indicated preterm births, such systems are still limited relative to detailed 

research or medical record review. Further subtyping was not possible, and distinctions 

among preterm premature rupture of membranes (PPROM) and preterm labor or different 

indications for induction (such as pre-eclampsia or fetal growth restriction) might be relevant 

to understanding effects of a complex exposure like disaster. A few studies have examined 

effects of disaster on PPROM alone,5,44,45 and 1 recent analysis examined only spontaneous 

births, whether preterm or not,46 but that has not necessarily led to any more consistent 

results.

Interpretation

Few studies have considered the post-disaster period. One study of 9/11 found minimal 

difference in effects between women who were pregnant at the time of the attack and those 
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who became pregnant later,47 while another found decreased odds of moderate PTB for 

several weeks post-disaster and increased odds of very LBW around 4 months later,14 but no 

effects on other outcomes or during other post-disaster time periods. A study of Hurricane 

Katrina suggested some effects lingered 5–7 years later,48 while 1 study of county-level 

PTB rates after disasters found effects lasting only for 2 to 3 weeks after the hurricane 

exposure.46 As many of the effects of disaster exposure—stress, economic problems, lack 

of access to health care—linger for months or years, it is reasonable that exposure to 

post-disaster life early in pregnancy would have similar effects.

Also consistent with previous studies is the lack of effect on PTB in the most-exposed 

counties,7,12–28 especially confusing as there was an increase in the moderately exposed 

counties. This is somewhat surprising, as PTB and LBW often go hand-in-hand and some 

large and detailed studies have found an effect.8,46 Gestational age is often measured less 

precisely and consistently than birth weight, which may make effects more difficult to 

detect. For birth weight, where an effect was found, the absolute size of the change was 

small. Third-trimester effects must be examined carefully, as women who give birth preterm 

have a shorter third trimester, but this should not affect estimate of first-trimester effects. 

One analysis of the spatial hazards data across the United States concluded that disaster 

affected birth weight more strongly in counties that were less vulnerable, while gestational 

age was most affected in more vulnerable counties,8 and Sun et al. also concluded that 

effects on PTB are stronger in areas with high social vulnerability.46 Based on the Centers 

for Disease Control and Prevention social vulnerability index,49 the counties in the affected 

areas were either ranked highly (Holmes, Washington, Jackson, Calhoun, Liberty, Franklin, 

Gadsden, Taylor) or moderate to highly vulnerable (Leon, Gulf, Bay, Wakulla). However, 

a stronger effect was found on birth weight compared to PTB. It is possible that a 

hurricane could have specific effects, triggering preterm labor alone, for instance, or lead 

to complications such as hypertensive disorders that would be mainly apparent in induced 

PTB, but examination of spontaneous versus induced PTB failed to reveal any patterns.

There are several possible mechanisms by which disaster could affect birth weight, including 

health behaviors such as increased smoking and an unhealthy diet, reduced fetal growth 

due to higher stress hormones and blood pressure, and increased susceptibility to infection. 

Our models controlled for covariates that appeared to change between time periods, but the 

possibility for residual confounding remains (although there is no obvious candidate that 

would vary across regions, the effects are small enough that relatively minor imbalances 

could cause a difference). Unlike Hurricane Katrina,11 the overall number of births in 

the affected areas did not change significantly; therefore, selective fertility or migration is 

unlikely to be a cause of the findings.50

The decreased enrollment in WIC also suggests possible nutritional effects. Although 

enrollment is theoretically possible during and after disaster, there are several possible 

reasons for this decline: physical and communication barriers; evacuation separating women 

from normal care; the general mental toll of rebuilding (including clean-up, dealing with 

insurance, and taking care of family and neighbors), which may limit the time and energy 

available to sign up. Facility shutdowns are another consideration. In some of the affected 

counties, such as Leon, there was no interruption to services, and benefits were uploaded 
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to recipients’ accounts so they did not need to come into the office. In others, such as Bay 

County, health departments and offices were shut down for some weeks.

Our analytical strategy, which is at the individual level and examines maternal residence 

at the time of the hurricane, is probably the type most frequently used in the literature 

and allows for control of individual-level confounding. Defining exposure by place of 

delivery might provide additional information on effects on the health care system, but 

maternal residence provides a better estimate of individual overall hurricane exposure. Other 

analysis strategies have been used, such as comparisons of county-level rates46,51 or means,8 

time series,14 sibling studies,4 and treating the hurricane as a time-varying exposures in 

a proportional hazards model.52 Difference-in-difference analysis assumes confounders are 

time-invariant, which may not be realistic, as disaster may induce differential shifts in 

covariates such as ethnic distribution.6,51 Studies also vary in whether the control group 

is other unaffected areas or the same area, cohort, or clinical population in a previous or 

later time period; both types of comparisons were performed. Studies with very fine time 

scales46,52 or that allow only for exposure in late pregnancy52 inherently focus on hurricane 

exposure as a short-term trigger. Given the long-term effects of disaster on so many aspects 

of life, this seems to represent a limited window.

Conclusion

This study adds to the body of evidence, suggesting an effect of disaster on pregnancy 

outcomes, particularly fetal growth, and that effects early in pregnancy may be particularly 

severe. The lack of effect on preterm birth is also consistent with many previous studies 

and warrants further study as to why, if stress is a cause of PTB,53 PTB so rarely rises 

in the aftermath of a major stressor. Some argue for PTB as an adaptive response under 

some conditions; the inverse—adaptive extension of gestation under conditions of stress—

could also be hypothesized.54 It may be that disaster-associated stress contributes to PTB 

more in the context of chronic or social determinant of health-associated stress, rather 

than as a short-term stressor. Further studies employing more detailed phenotyping and 

measurement of mediating factors may be necessary to more comprehensively ascertain 

these disaster-related effects on maternal and child health (MCH). However, given the large 

amount of research on the topic, it may be time to move to developing interventions to 

improve post-disaster outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

ANC antenatal care

BMI body mass index

FEMA Federal Emergency Management Agency

LBW low birth weight

OR odds ratio

PTB preterm birth

SGA small for gestational age
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