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Abstract 

Both natural disaster researchers and policymakers tend to assume that every 

disaster is unique, and therefore generalizations are not possible. But effect consistency 

and the appropriateness about generalizing have not been systematically examined. 

Accordingly, this dissertation tests if disasters have consequences on health and health 

behaviors in multiple low- and middle-income countries. Manuscript 1 asks, Can 

epidemiologic methods be fruitfully applied for disaster public health research using 

existing data? Manuscript 2 asks, What are the health consequences of disasters, and is 

there evidence that ‘all disasters are unique’ in their effects on child mortality, fever, and 

diarrheal disease? Manuscript 3 considers the question, Do disasters cause mothers to 

change their behavior when seeking treatment for child illness? We exploit the 

Demographic and Health Surveys (DHS) that, by chance, were in the field before and/or 

after a natural disaster. Analysis shows that disasters are associated with consistent 

declines in cases of fever and diarrheal disease, but this is not to say that disasters are 

health-promoting in their own rite. Disasters were not related to change in maternal 

treatment-seeking behaviors, nor were they related to differences in location where 

treatment is sought. These particularly severe disasters did not systematically impact 

maternal health behavior. This study provided evidence that disasters of various types 

have similar impact on health and behavior. A change in the perception about disasters 

and global child health may reveal opportunities for research and policy innovations that 

can reshape how disaster preparedness is administered globally. These research themes 

were addressed in three manuscripts. 
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Manuscript 1 evaluated the question, Can epidemiologic methods be fruitfully 

applied for disaster public health research using existing data? The United States Agency 

for International Development’s (USAID) Demographic and Health Surveys (DHS) was 

combined with other disaster databases and humanitarian communication sources to 

examine if severe disasters occurring during (n=14 samples) or just prior to the 

administration of the survey (n=7 samples) have health consequences for on an affected 

sample population of a quarter-million children. Methodological strategies for carrying 

out disaster public health research in observational studies of this type were discussed 

including the implementation of natural experiment analytic designs and the adoption of 

supplemental panel studies to minimize major threats to validity, primarily disaster 

selection bias. 

Manuscript 2 investigated the research question, What are the health 

consequences of disasters, and is there evidence that ‘all disasters are unique’ in their 

effects on child mortality, fever, and diarrheal disease? Although disasters may have 

contextually unique logistical challenges for recovery, the pathways that various high and 

low precipitation disasters affect are otherwise predictable. If predictable, this could 

reshape how disaster prevention is conceived in low- and middle-income countries. A 

natural experiment analytic design was implemented to examine the estimated increase or 

decrease in post-disaster child morbidity compared to the pre-disaster period. In nearly 

80% of the samples, disasters were associated with declines in fever and diarrheal 

disease. Although not all statistically significant, estimates showed between -40 to -54 

fewer fever or diarrhea cases per thousand children primarily for high precipitation 
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disasters (e.g., floods and tropical cyclones), but this is not to say that mass catastrophe 

promotes health. Disaster selection and external aid were ruled out as explanations for 

consistently favorable disaster-health associations. These favorable findings for 

population health may reflect the health-promoting actions of local populations that tap 

into existing, stored resources to respond to disasters. Disaster preparedness and 

prevention strategies are encouraged to strengthen the ability for local populations to 

rapidly respond to their health needs and seek to mitigate individual and community 

burden of response. 

Manuscript 3 examined the research question, Do disasters cause mothers to 

change their behavior when seeking treatment for child illness? Children are biologically 

and socially vulnerable to disasters. They consume more water per weight and inhale 

more air than adults, they are limited in their ability to escape harm and make critical 

decisions, and they have special physical and mental health needs when exposed to mass 

trauma. As a result, disasters may cause more serious illness that might cause parents to 

take action to preserve child wellbeing. Across samples, parents were not found to be 

more or less likely to seek treatment for their child’s fever or diarrheal disease following 

disaster. Locations of treatment were examined to determine if environmental disruptions 

could have caused changes in the composition of where affected populations sought 

treatment. There was some evidence that care seeking shifted to private doctors from 

government and private hospitals or clinics, but overall there were not clear patterns of 

change in where parents sought care. Findings connected with prior research that 

suggests disaster-affected populations may meet their own immediate care needs.   
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Introduction 

Calls for an increase in disaster public health research to inform policy adaptions 

in low- and middle-income countries have been hampered by weak research capacity to 

comprehensively assess the health consequences of severe disaster events.1 

Improvements in surveillance and primary health information have been proposed as 

solutions to build capacity, however, access to these data sources may not arrive in time 

to address the urgent health needs of populations exposed to rapidly changing disaster 

hazards. The purpose of this methodological study is to describe the important role 

epidemiologists can play in fostering needed disaster research innovations and to offer 

suggestions about how existing sources of population health data can be creatively used 

to approximate ideal study designs that may be possible for next-generation studies. 

The Premise That All Disasters Are Unique 

Dating back to at least the 1970s, disaster epidemiologists have warned against 

the aphorism that “every disaster is unique.”2,3 While the intent of the aphorism was to 

reduce the propagation of generic, post-disaster responses, it has instead been interpreted 

to mean that inductive reasoning for disaster mitigation and prevention cannot be applied 

across contexts including place or time because the way these events affect human 

populations are difficult to anticipate.4 This author argues that assuming every disaster is 

unique according to the latter perspective may limit development of effective disaster 

prevention policies to address the direct and upstream causes of disaster severity, 

especially if the health pathways that serious disasters affect are largely the same. While 

the physical forces of various disaster types may differ, the pathways through which these 
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forces impact human population health are not unpredictable.5-7 The emergence of readily 

accessible global population health data allows for empirical testing of these arguments.  

The current study examined the feasibility of testing whether or not particularly severe 

disasters have similar or different health-related consequences in a cross-national, 

disaster public health study using existing sources of high-quality population health data. 

How Disasters Affect Population Health: Direct, Indirect, And Social Pathways 

The negative health effects of disasters have been well documented. A number of 

these commonly affected health outcomes include increased mortality, diarrheal disease 

and fever, respiratory infections, recurring flu-like symptoms, vector-pathogen-host 

disease relations, low birth weight, preterm birth, birth defects and congenital anomalies, 

thermal stress, depression, anxiety, symptoms of post-traumatic stress disorder and 

psychological distress, acute injuries, toxic environmental contamination, malnutrition, 

dehydration, and food poisoning.8-14 In 2014, the Intergovernmental Panel on Climate 

Change (IPCC) warned policymakers that significant gaps in disaster preparedness will 

exacerbate society-environment disaster interactions. A number of pathways were 

identified including alteration of ecosystems, disruptions in food production and water 

supply, and damage to infrastructure and settlements. Disruptions to these pathways 

decrease the possibility for fostering mental and physical health and human well-being in 

countries at all levels of economic development. All are considered to be among the most 

important upstream causes of gains in human lifespan.16 

Disasters of various types have effects on these pathways through multiple 

mechanisms but not always with the same degree of severity or in the breadth of people 



 

 

 

3 

they affect.17 High precipitation events including storms and floods have moderate to 

widespread negative impacts on clean sources of water, sanitation, routine hygiene, solid 

waste management, places of shelter, access to individual resources, pests and disease 

vectors, damage to the healthcare system, existing chronic illness, and toxic exposures 

through air, water, and the food supply. Low precipitation disasters including extreme 

temperature, droughts, and wildfires have focal impacts but are particularly serious for 

populations displaced as a result of these events. Low- and middle-income countries 

(LMICs) are most likely to experience substantial mortality, increased risk of post-

disaster epidemics, as well as food scarcity and malnutrition as a result of these events.  

Children are biologically and socially vulnerable to all of these disaster types.18,19 They 

consume more water per weight and inhale more air compared to adults, require different 

medications and/or dosages to treat illness, are limited in ability to escape harm and to 

make critical health decisions, have special physical and mental healthcare needs when 

separated from their family systems, and may experience chronic negative health effects 

that limit their life chances as adults. While these direct pathways to population health are 

well understood, sociocultural factors are also essential to understanding how disasters 

impact groups of people in different ways.4,20 

Structural-functional systems approaches have been commonly used to explain 

patterns of socially determined disaster vulnerability.21-23 Hazards-based frameworks 

have more recently incorporated social resiliency to explicate why some groups are more 

or less likely than other similar groups to recover from and cope with severe events,24,25 

and within-population structural inequalities (e.g., social class, gender, and poverty) are 
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embedded to differentiate between subpopulation patterns in pre-disaster preparation and 

post-disaster recovery.26-28 

Research innovations have expanded on these models emphasizing that causes of 

disaster exposure are likely multi-factorial and that policymakers should resist single-

source explanations for harm caused by disasters.29 Moreover, others have argued that 

power structures play a role in inducing harm through disaster-related panic.30 A related 

example is that fear of disaster risk, or disaster-related uncertainty, has separately been 

shown to cause economic recessions even when a disaster does not ultimately occur.31-33 

Historical and contemporary geopolitical interests have been revealed to determine how 

relief is delivered, what types of relief affected populations request, and what changes in 

social structure might be anticipated as a consequence of severe mass catastrophe.34 All 

of these studies suggest that disasters have consequential impacts on the behaviors of 

human populations. This body of research recognizes the gains made through post-

disaster impact studies in the weeks following severe events, and this area of disaster 

research has also made urgent calls for post-disaster inquiry on longer time scales to 

examine how communities recover and how societies change and adapt in the near and 

long term. None have argued that these mechanisms are altogether unique to the 

populations in which they have been observed, rather that they may be expressed in 

different ways. Social epidemiologists have an opportunity to critically examine how 

such social responses to disasters cause positive and negative effects on health, 

particularly with regards to health disparity research.  
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Chapter 1: Feasibility of Population Studies for Disaster Public Health Research 

Existing Population Health Data for Disaster Public Health Research 

 Sources of publicly-available, global health data are increasingly available to 

answer cross-national questions about how various disasters impact population health. 

Two widely administered global health surveys are readily available and may be sources 

of low-hanging fruit for global disaster public health research. One is the United Nations 

Children’s Fund’s (UNICEF) Multiple Indicator Cluster Surveys (MICS), and the other is 

the United States Agency for International Development’s (USAID) Demographic and 

Health Surveys (DHS). Each have been administered in LMICs for multiple decades, and 

the surveys share similar design and outcome assessment features which make them 

opportunities for observational replication studies. This methodological study will focus 

on the DHS as a data source to evaluate the feasibility of investigating disaster-related 

population health. 

 The DHS emphasizes issues related to maternal and child health, although some 

supplemental survey assessments have been tailored to the specific health needs of 

participating countries. National and regional policymakers use these surveys to examine 

demographic and population change, and they are often used as supplements to inform 

health promotion programs especially in countries where reliable vital statistics are not 

available. DHS has been administered between three to six months, every five years in 

participating countries, and the survey often cover periods associated with increased risk 

of mass disasters. Substantial resources and expertise have been allocated to administer 

these standardized surveys in participant countries, and there are opportunities for 
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comparability across countries and contexts which may increase evidence for the external 

validity (i.e., transportability) of disaster associations observed in the DHS. The 

nationally-representative sampling design maximizes internal study validity in evaluating 

the relevant child health consequences of disasters. Recruitment protocols are centrally 

managed and consistently applied, and field work is collected for enumeration areas over 

the course of several days, all of which minimize the possibility of disaster-related 

recruitment bias. Rich household and individual-level data and comprehensive maternal 

and child health assessments improve the ability to assess presence of disaster-related 

confounding factors (e.g., distance to clean sources of water or child vaccination status). 

The current study had one feasibility research question: how many severe mass 

disasters occurred during administration of the DHS in all participating countries through 

the 2016 survey samples? Of significant interest was in identifying DHS samples in 

which severe mass disasters occurred approximately in the middle of the DHS data 

collection period to be analyzed using a natural experiment framework. Identification of 

other severe disasters that occurred just prior to the start of DHS data collection were also 

considered to evaluate patterns of health recovery over time during the disaster recovery 

period. These samples might be useful to characterize patterns of disaster-related health 

deterioration over time or the favorable impacts on health that may result from an influx 

of external disaster relief. A second feasibility research question was: can combining 

information from humanitarian disaster communication and other population data sources 

substantiate if disasters had substantial impact on the health promoting pathways 

described above? The methodological research questions were: a) can epidemiological 
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methods be applied in disaster studies of this type to inform policy, b) what are the 

sources of bias that disaster epidemiologists can anticipate or avoid, and c) what designs 

could be employed in future studies to minimize common threats to validity? 

Methods 

Data Sources and Identification of Candidate Severe Disasters 

The Emergency Events Database (EM-DAT) for disasters occurring from 1970-

2016 was retrieved to examine the occurrence of more than 20,000 disasters globally.35 

The most common disasters by occurrence were technological (e.g., industrial and 

transport accidents), hydrological (e.g., floods and landslides), and meteorological (e.g., 

extreme temperatures and storms). Disasters with the largest effect on populations were 

complex and had multiple causes (e.g., protracted droughts leading to famine). Events 

with the greatest mortality and injury rates were climatological (e.g., drought and 

wildfire), geophysical (e.g., earthquake and volcanic activity), and biological (e.g., 

bacterial and viral epidemics). Hydrological, meteorological, and geophysical disasters 

caused substantial internal displacement. Geophysical and meteorological events were 

reported to have the costliest impacts – averaging over a billion USD per event.  

Each of these disasters were reported in the EM-DAT disaster database when one 

of four criteria were met: 1) the event caused 10 or more deaths; 2) 100 or more people 

were affected; 3) a state of emergency was declared; and 4) the State requested 

international assistance. A filtering process was applied to reduce the dataset to a 

subsample of disasters that were particularly severe for each country for every year, and 

humanitarian communication were reviewed to substantiate the economic and health 
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severity of the events. These filters considered State-level external aid, the disaster cost, 

disaster mortality, the fraction of the total population affected by the disaster, and 

disaster-related displacement. Country-level metrics were retrieved from aggregate 

World Bank data,36 and financial indicators were standardized to 2016 USDs to match 

EM-DAT metrics. Each filter criterion used to identify candidate, severe disaster events 

by country and by year is described in detail below. Data visualization procedures were 

used to evaluate how event types clustered based on a variety of severity metrics 

(presented in Figures 1-5).  

Increase in External Aid over the Prior Year Flag 

A severe disaster was flagged if the ratio of external aid to total healthcare 

spending in the disaster year increased fourfold over the prior year. This filter aimed to 

detect events that required substantial or unusual amounts of external resources to 

promote recovery. The filter also helped to differentiate between populations that may 

already rely on external aid for general public health promotion compared with those that 

received increases in aid for a particular discrete disaster event (Figure 1). 

Disaster Cost for the Affected Population Flag 

GDP per capita in the disaster year was calculated using World Bank economic and 

population size indicators. Disaster cost per capita was calculated by dividing EM-DAT 

disaster metrics corresponding to the economic cost of the disaster type by the population 

affected by the disaster. Disaster types were flagged if the disaster cost per capita 

exceeded a quarter of the per capita, country-level GDP and if the disaster affected at 

least 1 per 1,000 of the total population. In other words, the disaster-affected population 
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would be responsible for a quarter of a year’s economic activity on average to recover 

from the event. This flag measured particularly costly disasters affecting focal to 

widespread regions (Figure 2). 

Disaster Mortality Relative to the Country Crude Mortality Rate Flag 

The disaster mortality rate per 1,000 was calculated by dividing deaths attributed to 

the disaster by the population affected by the disaster. Events were flagged if disaster 

mortality relative to crude mortality ratio was two or higher and if the disaster affected at 

least 1 per 10,000 people (Figure 3). 

Large Population Size Exposed to the Disaster Flag 

The EM-DAT metric for number of people affected by the disaster was divided by the 

mid-year, country population size. Disasters that affected 1 per 20 with disaster cost per 

capita exceeding at least 2% of country GDP per capita were flagged (Figure 4). 

Disaster Mass Displacement Flag 

Events that generated substantial homelessness were flagged in two ways: 1) 1 per 

500 were displaced or 2) the event caused homelessness counts in the 99th percentile of 

all global events occurring between 1970-2016 (Figure 5).
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Figure 1. Increase in External Aid over the Prior Year 
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Figure 2. Disaster Cost for the Affected Population 
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Figure 3. Disaster Mortality Relative to the Country Crude Mortality Rate 
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Figure 4. Large Population Size Exposed to the Disaster 
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Figure 5. Disaster Mass Displacement 
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Results 

Severe Candidate Events Substantiated by Official Humanitarian Communication 

An enumerated candidate, severe disaster list matched N=1,628 severe disasters to 

DHS-participating countries. Of the 1,628 disaster candidates, 98 DHS survey samples 

were found to be administered during the same year in which at least one candidate 

disaster occurred. Official disaster communication were accessed through the United 

Nations Office for the Coordination of Humanitarian Affairs and retrieved from the 

Office’s digital service, ReliefWeb.37 From these reports, the geographic regions 

indicated as affected by the events were matched to the same geographic regions reported 

in the DHS samples (Table 1). The DHS is typically administered every five years, and 

approximately four out of five of these DHS samples (N=98) were not expected to have a 

candidate event occurring in regions reported as affected during the survey year. Twenty-

one total samples were identified to meet the natural experiment criterion (N=14) and the 

remaining N=7 samples met post-period only event criteria reflecting a recovery-period 

only design (i.e., a comparison, pre-disaster period was not available). Twelve disasters 

were high precipitation disasters and the remaining nine were low precipitation disasters. 

The majority of natural experiment samples had disasters occurring 

approximately during the middle of administration of the DHS survey. Sample 

demographic characteristics were examined in the post-disaster period relative to the pre-

disaster period, and the demographic composition of the two populations were found to 

be comparable (Table 2). In several of these samples, microdata was available in the pre-

period and the post-period, however a quarter or less of the participant observations 
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occurred solely in either period. This was the case for flooding events in the Colombia 

2010 sample (17.6% in the post-period), for a tropical cyclone in the Honduras 2005 

sample (93.5% in the post-period), for flooding in the India 1993 sample (15.6% in the 

post-period), for earthquakes in the Indonesia 2007 sample (79.4% in the post-period), 

and for floods in the Senegal 2016 sample (24.5% in the post-period). 

In the post-period samples, the majority of events occurred within three months of 

DHS survey administration. Slow onset, low precipitation disasters like drought 

occurring in the Ethiopia 2011 sample were considered post-only designs because the 

impact of prolonged drought increased in severity over time. In Chad, multiple 

communicable disease epidemics occurred over the summer months and were identified 

as post-period designs because the multiple events were not easily identified as acute or 

discrete events. Last, the Pakistan 2012 sample reflected a hybrid post-only design 

because, while heavy monsoons occurred a month prior to the DHS survey, the resulting 

flooding did not dissipate until weeks after data collection began. This sample was 

considered a post-only design because the protracted disaster impact phase continued into 

the first month of administration of the DHS. 
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Table 1. DHS Disaster Samples, Disaster Characteristics, and 
Geographically Affected Regions (N=21 Samples) 	

Country	
DHS	Survey	

Year	 Disaster	 Event	Date	 Disaster	Characteristics	 Affected	Regions	
Bangladesh	 2007	 Flood	 June	19,	2007	 Monsoonal	torrents	wiped	out	

numerous	villages	and	trapped	
thousands	of	farming	families	in	
inundated	homes.	Floods	caused	
by	days	of	torrential	rain	were	
described	as	unusually	heavy	
and	devastating.	All	major	rivers	
passed	danger	levels,	flooding	
many	villages	and	eroding	large	
tracts	of	land.	

Sylhet,	Sunamganj,	
Hobiganj,	Moulavi	
Bazar,	Nilphamari,	
Lalmonirhat,	Rangpur,	
Bogra,	Sherpur,	and	
Gaibandha.	

Cambodia	 2014	 Flash	Flood	 August	8,	
2014	

Heavy	rains	caused	severe	
flooding	along	Cambodia’s	
Mekong	and	Basak	rivers	in	the	
eastern	part	of	the	country,	
destroying	agricultural	
production,	infrastructure,	and	
homes.	

Stung	Treng,	Kratie,	
Kampong	Cham,	
Tbong	Khmum,	
Ratanakiri,	and	Prey	
Veng.	

Chad	 2004	 Bacterial	
Disease	

June	-	
September,	

2004	

Cholera	and	Hepatitis	E	
outbreaks	spread	across	the	
country.	Efforts	by	relief	
agencies	were	implemented	to	
improve	sanitation	and	improve	
access	to	safe	water.	

Western	regions.	
Massaguet	(Hadjar	
Lamine),	Lac,	Kanem,	
N'Djaména,	Mongo,	
and	Ati.	

Colombia	 2010	 Flood	 September	13,	
2010	

A	worsening	rainy	season	made	
more	severe	by	the	La	Nina	
event	caused	severe	flooding	
that	destroyed	roads,	homes,	
and	other	infrastructure.	Almost	
90%	of	the	total	population	was	
ultimately	affected	by	the	
extreme	flooding	events	that	
occurred	during	2010.	

Magdalena,	Sucre,	and	
Antioquia.	

The	
Comoros	
Islands	

2012	 Flood	 April	20,	2012	 Heavy	rains	brought	on	the	
worst	flooding	seen	in	decades	
on	the	islands	which	resulted	in	
landslides,	collapsed	bridges,	
loss	of	livestock,	and	
contaminated	water	sources.	

Grand	Comore,	Mohéli,	
and	Anjouan	Islands.	

Ethiopia	 2011	 Drought	 July	2011	-	
Mid	2012	

Two	consecutive	seasonal	rain	
failures	resulted	in	the	2011-
2012	Horn	of	Africa	drought	
severely	affected	numerous	
regions	of	Ethiopia	and	
described	as	the	worst	since	
1995.	Economic	and	food	
security	crises	intensified	in	
drought-stricken	areas.	

Somali,	Afar,	East	and	
Southern	Tigray,	
Southern	Oromia,	and	
SNNPR.	

Ethiopia	 2016	 Flash	
Floods	

April	7,	2016	 Torrential	rains	and	reduced	
ground	absorption	following	
prolonged	drought	led	to	flash	
flooding.	The	belg	rains	were	
heavier	than	usual	both	in	terms	
of	intensity	and	geographic	
coverage.	

Somali,	Oromia,	
Southern	Nations,	
Nationalities,	and	
Peoples	(SNNP),	Afar,	
Amhara,	and	Harari.	
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Guatemala	 1998-1999	 Tropical	
Cyclone	

October	22,	
1998	

Guatemala	was	hit	by	the	most	
destructive	hurricane	to	strike	
the	Western	Hemisphere	in	two	
centuries	(Hurricane	Mitch).	
Flash	floods	destroyed	domestic	
food	sources	and	livestock,	and	
landslides	buried	entire	villages	
leading	to	catastrophic	damage.	

All	regions.	

Guatemala	 2014	 Drought	 August	2014	 The	government	declared	a	
State	of	Public	Calamity	as	a	
result	of	lack	of	rain	that	led	to	
staple	crop	failures	and	
destruction	of	livestock.	A	
substantial	number	of	
households	faced	food	
insecurity	and	risks	due	to	
consuming	water	from	unsafe	
sources.	

Jutiapa,	Chiquimula,	
Santa	Rosa,	Quiché,	El	
Progreso,	
Huehuetenango,	Baja	
Verapaz,	Zacapa,	
Retalhuleu,	Solola,	
Totonicapan,	
Chimaltenango,	San	
Marcos,	Guatemala,	
Suchitepequez	and	
Jalapa.	

Honduras	 2005	 Tropical	
Cyclones	

November	18,	
2005	

The	2005	Atlantic	hurricane	
season	was	the	busiest	on	
record	with	multiple	devastating	
storms.	Tropical	storm	Gamma	
inundated	with	heavy	rain	
regions	that	were	previously	
affected	by	Hurricanes	Wilma	
and	Beta.	

Atlántida,	Colón,	
Cortés,	Gracias	a	Dios,	
Olancho	and	Yoro.	

India	 1993	 Flood	 July	7,	1993	 Unusually	heavy	monsoon	rains	
caused	widespread	flooding	
across	northern	India	states.	
Flash	flooding	and	landslides	
caused	housing,	agricultural,	
and	infrastructure	damage	led	to	
half	the	population	of	Punjab	
affected.	

Northern	region.	
Punjab,	Haryana,	
Tripura,	Kerala,	and	
Madhya	Pradesh.	

India	 2015-2016	 Drought	 April	29,	2016	 Two	years	of	repeated	rainfall	
deficits	led	to	an	official	State	
declaration	of	drought	in	11	
states	and	serious	concerns	
about	food	and	water	security.	

Uttar	Pradesh,	
Maharashtra,	Bihar,	
Madhya	Pradesh,	
Chattisgarh,	
Telangana,	Rajasthan,	
Jharkhand,	Odisha,	
Gujarat,	and	
Karnataka.	

Indonesia	 2007	 Earthquake	 July	9,	2007	 Mount	Gamkonora	erupted	
resulting	in	mass	displacement	
in	North	Maluku	province.	In	
Central	Sulawesi,	separate	
flooding	and	landslide	events	in	
late	July	caused	serious	
infrastructure	damage	and	
temporary	displacement.	

Central	Sulawesi	and	
Maluku	Utara.	

Madagascar	 2003-2004	 Tropical	
Cyclone	

January	28,	
2004	and	

March	7,	2004	

Sequential	cyclone	strikes	by	
Elita	(January)	and	Gafilo	
(March)	exacerbated	pre-
existing	socio-economic	and	
health	crises	including	famine	
and	food	security,	insufficient	
water	supply,	and	the	
destruction	of	primary	cash	crop	
yields.	

All	regions.	
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Madagascar	 2008	 Tropical	
Cyclone	

January	19-
21,	2009	

Tropical	cyclones	Eric	and	
Fanele	hit	simultaneously	
bringing	heavy	wind	and	rain	
leading	to	flooding	the	caused	
mass	displacement	and	damage	
to	municipal	water	supplies.	

All	regions.	

Namibia	 2013	 Drought	 May	17,	2013	 A	prolonged	dry	period	
described	as	the	toughest	in	30	
years,	caused	substantial	
failures	to	food	production	and	
severe	malnutrition.	Cumulative	
rains	between	January	and	
March	2013	were	one-third	of	
the	average	resulting	in	a	
declaration	of	drought	
emergency.	

Kavango,	Ohangwena,	
Oshikoto,	and	Kunene	

Nepal	 2006	 Earthquake	 April	25,	2006	 A	major	7.8	Richter	earthquake	
created	substantial	
displacement	and	damage	to	
homes	and	buildings.	Rural	
areas	were	severely	hit,	and	
recovery	resources	were	scarce	
leading	to	a	slower	recovery	
compared	with	urban	settings.	

Sindhupalchowk,	
Kavre,	Nuwakot,	
Rasuwa,	Dolakha	in	
the	Central	Region	and	
Kaski,	Gorkha	and	
Lamjung	in	the	
Western	Region	

Pakistan	 2012-2013	 Flood	 September	7,	
2013	

Heavy	monsoons	caused	
widespread	loss	of	life	and	
damage	to	agricultural	
production	where	more	than	a	
million	acres	of	land	remained	
under	water	months	later.	
Monthly	food	rations	and	
tankers	of	clean	water	were	
delivered	to	manage	food	
insecurity	and	sanitation.	

Southern	Punjab,	
Northern	Sindh,	and	
Northeastern	
Balochistan.	Dera	
Ghazi,	Khan,	Rajanpur,	
Jacobabad,	Kashmore,	
Qambar	Shahdadkot,	
Ghotki,	Dadu,	
Jaffarabad,	
Naseerabad,	and	Jhal	
Magsi	

Peru	 2007	 Earthquake	 August	15,	
2007	

A	major	7.9	Richter	earthquake	
hit	off	the	coast	with	several	
aftershocks	hitting	the	next	day.	
The	event	caused	severe	damage	
and	mass	casualty	requiring	
urgent	need	for	temporary	
shelter,	basic	subsistence	needs,	
healthcare,	and	sanitation.	

Pisco,	Chincha,	Ica,	
Cañete,	and	
Huancavelica	
department	

Peru	 2009	 Cold	Wave	 May	2009	 An	extreme	cold	wave	affecting	
primarily	mountain	regions	
caused	increases	in	urgent	
healthcare	need	for	children.	
Increases	in	pneumonia	and	
acute	respiratory	infections	
were	observed.	Medical	
assistance,	food,	and	clothing	
were	distributed	to	mitigate	to	
harm	caused	by	extreme	cold.	

Amazonas,	Ancash,	
Apurimac,	Arequipa,	
Ayacucho,	Cajamarca,	
Cusco,	Huancavelica,	
and	Huanuco	

Senegal	 2016	 Flood	 July	24,	2016	 Unprecedented	amounts	of	
rainfall	led	to	severe	flooding	
which	caused	substantial	
displacement	and	damage	to	the	
agricultural	sector.	

Kaffrine,	Kaolack,	and	
St.	Louis	
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Table 2. Pre-Post Analytic Sample Differences in Characteristics Observed in the Post-
Disaster Period and Pre-Period (N=14 Samples)  
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Discussion 

Feasibility Research Questions 

The current study’s feasibility research questions were how many severe mass 

disasters occurred during or just prior to the administration of the DHS? The methods 

implemented to identify severe high- and low-precipitation disaster types across cross-

national context was successful in identifying fourteen natural experiment DHS samples 

and seven recovery period only samples. Efforts to substantiate the severity of the 

disasters using official humanitarian communication confirmed that the candidate events 

were severe and had broad impact on the affected geographic regions. The approach also 

indicated that these events could be matched to population health data collected in 

corresponding regions reportedly affected by these events, which opens doors to other 

applications in similar cross-national population health data sources (i.e., MICS). 

Plausibility That Various Disaster Types May Affect Health in Similar Ways 

 The enumerated list of candidate disasters occurring during and just prior to the 

administration of the DHS were of both high and low precipitation types. Humanitarian 

communication confirmed that pathways described as deleterious to population health by 

the IPCC were broadly invoked, and previously described mechanisms may be 

responsible for reduced mental and physical health as a consequence of these events.8-14 

It is reasonable to describe the supermajority of the identified events as 

catastrophic for the affected geographic regions which reduces the likelihood that 

differences in pre-disaster preparedness across country and time might explain variation 

in any mental and physical health consequences resulting from these events. In other 
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words, it is reasonable to argue that at least high precipitation events and low 

precipitation events may each be comparable with one another because the disaster 

impact was largely unmitigated (i.e., any disaster mitigation strategies were overwhelmed 

by the disasters) and the health pathways for these events are similar.17 Research testing 

these hypotheses can open new doors for next-generation disaster public health research 

and policymaking by leveraging insights from multiple settings while better disaster 

surveillance data is collected cross-nationally. Existing population health data may be 

used to challenge preconceptions about the notion that every disaster has unique effects 

on health without sacrificing the reality that different contexts are likely to have unique 

logistical and relief delivery challenges that are necessary to overcome during recovery. 

Methods for Disaster Epidemiology 

 Social causes of disaster-related ill health can be readily examined in both the 

DHS and in other population health data from sources like the UNICEF MICS. There is 

an urgent need for innovative prevention and disaster mitigation strategies in LMICs, and 

development of these interventions stand to benefit from applications of the methods used 

in the current study to examine questions not only about direct disaster consequences for 

physical and mental health but also about how disasters affect social structure, resiliency, 

and issues surrounding demographic change to name a few. LMICs are at particular risk 

for more frequent and severe disasters which makes data sources of these type a 

pragmatic resource for broad needs assessments and global health policy that promotes 

the ability to cope and to mitigate severe disasters. The methodological research 

questions considered a) can epidemiological methods be applied in disaster studies of this 
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type to inform policy, b) what are the sources of bias that disaster epidemiologists can 

anticipate or avoid, and c) what designs could be employed in future studies to minimize 

common threats to validity? 

Existing Theoretical Frameworks and Application of Epidemiological Methods 

 Conceptual frameworks for crisis affected populations are readily available to 

guide formal empirical research.1,38,39 These disaster frameworks are important for 

appropriate conceptualization of study design decisions, measurement, and analytical 

approach for disaster epidemiologists. They can be helpful in considering what policies 

or social interventions may be developed to mitigate disaster effects on, for example, 

sexual and gender-based violence, psychosocial functioning, maladaptive coping, 

malnutrition and food insecurity, reproductive health, non-communicable and infectious 

diseases, forced displacement and health, and mortality to name a few. All of these are 

contemporary health issues for social epidemiologists interested in affecting global health 

and closing health disparity gaps, and disasters may have substantial negative impacts on 

the effectiveness of existing evidence-based interventions. Epidemiologic methods can 

increase confidence in where to intervene, how to use scarce resources, and what 

arguments might be salient to argue for more.  

These methods cover conceptual and analytical issues of validity of measures of 

association (internal and external), selection bias, measurement bias, confounding, and 

the possibility of spurious findings due to chance. Disaster population health studies 

using the DHS have methodological strengths and limitations that must be considered. 
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While this discussion focuses on the DHS, other studies should consider its strengths and 

weaknesses for disaster public health research. 

DHS Design and Conduct: Epidemiological Strengths and Limitations 

 The primary strength of using DHS observational data for disaster research is the 

coverage of multiple decades of health assessments and the ability to analyze at regional 

levels appropriate for policy-making. The nationally-representative sampling strategy 

reduces the possibility that the sampling frame systematically excludes difficult-to-reach 

subpopulations across geographic regions as compared to sampling strategies employed 

in case-control studies or costly recruitment strategies that may be needed to follow a 

sample population in a national-representative cohort study. The DHS is often 

administered over periods of increased natural hazard which raises the possibility of 

observing a severe event. As compared with ecological study designs, the DHS design 

captures more specific information about participant characteristics that may explain both 

individual and structural causes of disaster health consequences. This feature also allows 

for analytic matching strategies (e.g., propensity score matching) to improve 

comparability of participant characteristics observed in the disaster-period relative to the 

pre-period. Employed in a DHS natural experiment sample, this matching strategy is one 

approach that approximates the attractive properties of an experimental study – a design 

that is difficult to imagine ever being ethical to conduct for disaster public health.  

Despite the advantages, the DHS survey design has two important limitations: 1) 

measurement error due to primarily self-reported instruments and 2) disaster-related 

selection bias. Measurement bias for outcome variables in the DHS may be an issue 
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because mothers may misreport child health status (e.g., fevers and diarrheal disease in 

the two weeks prior interview) which could lead to muted measures of association 

(biased towards the null) if the misclassification is nondifferential. There are a number of 

reasons to believe that participant characteristics like educational attainment or cognitive 

functioning at time of survey could result in this type of measurement error especially for 

various participant populations observed across country samples. Some DHS samples 

have implemented objective measures of physical health to deal with this issue and health 

cards, for example, are assessed for measures like child vaccination status that could 

otherwise be subject to maternal recall error if not objectively substantiated. 

Selection bias may be an unavoidable threat to validity in large population studies 

like the DHS or the MICS, however the former study used rigorous and consistently 

applied field work protocol which minimizes concern about disaster-related recruitment 

bias. Selection is generally difficulty to avoid because the timing of severe mass disasters 

(exposure variable of interest) may cause displacement that results in the most vulnerable 

not being observed in the disaster post-period. If the most vulnerable of the population 

are also of lower health status, this may result in disaster associations that appear to be 

favorable for population health because the post-period population is healthier than the 

comparison pre-disaster population simply due to measured or unmeasured differences in 

the risk composition of the sample. Describing sample population differences in the pre- 

and post-period is an important exercise in ruling out the presence of selection. This is 

particularly important because concomitant influx of external disaster relief may also 

affect observed disaster-health associations in population health studies. Detecting 



 

 

 

26 

threshold effects in health recovery over time can be useful for distinguishing between 

selection and relief. The effects of relief on post-disaster health, however, may be 

difficult to measure without long term surveillance as most immediate recovery needs 

have been documented to be met by the local affected population.3,7 In pre-post designs 

with short post-disaster windows, it may not be reasonable to argue that external relief is 

responsible for favorable health associations. 

A practical issue for policymakers is that the DHS is already being used by 

ministries of health and non-governmental organizations for global health promotion. It 

may also be the only pragmatic source of population health information in countries that 

lack reliable vital statistics. If selection bias is present in current health data, resources 

may be inequitably distributed regionally or nationally because subpopulations are 

measured as more or less healthy than they actually are. If the disaster event is the cause 

of the selection, then this may result in unmet need necessary for both immediate disaster 

recovery and for future prevention if the disaster hazards are regionally or seasonally 

recurring, as in the case of flooding events. 

On the other hand, in the absence of any other information, disaster selection 

might be useful to estimate minimum disaster effects in areas that have less robust 

disaster preparedness programs or little previous information about post-disaster recovery 

needs. A complication is that this type of selection might only be useful for policy 

concerning very severe mass catastrophes because the mechanisms that might cause the 

selection are well-understood and/or could be substantiated with other contextual data 

(i.e., humanitarian reports, evidence of mass displacement and migration, or documented 
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damage to settlements and infrastructure to name a few). Concerning policy and severe 

disasters, providers could estimate treatment need for affected populations and deal with 

logistical issues of healthcare availability by interpreting any negative disaster effects as 

unmet need caused by the disaster. Measures of association presented on the absolute 

scale (e.g., probability differences as opposed to odds ratios) are more accessible for 

decision-makers responsible for managing scarce health resources and advocating for 

anticipated need. Finally, surveys like the DHS are well-situated to implement design 

stage innovations to improve study validity. In the current study, fourteen samples had 

participants observed in the disaster pre-period who could be followed up again in a panel 

study design to observe within-participant disaster health effects, among other relevant 

social causes of health. This would also make it easier to pool data across countries to 

obtain more simple measures of association as opposed to stratification methods that 

avoid the need for substantial amounts of contextual data required to increase confidence 

that effects are transportable to multiple settings. A supplemental survey such as this is a 

cost-effective alternative to a large-scale, multinational cohort study or to post-disaster, 

case-control studies. 

Conclusions 

 It was feasible to leverage multiple data sources to identify severe high 

precipitation (N=12) and low precipitation disaster types (N=9) occurring during or just 

prior to the administration of a large global population health study administered over a 

time period of three decades. Natural experiment designs (N=14) and recovery period 

only designs (N=7) were identified as potential high impact study samples to examine 
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similarities and differences in the health consequences of various disasters in low- and 

middle-income countries. Epidemiological design stage methods for disaster public 

health were discussed for innovations in future studies (i.e., panel designs), and serious 

threats to validity including disaster selection bias may be difficult to avoid without 

longitudinal designs.  
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Chapter 2: Mass Disasters and Child Health: Mortality, Fever, and Diarrheal Disease 

Disaster-Related Mortality and Infectious Disease Burden among Children 

Since 1990, the frequency and severity of mass disasters have increased globally, 

for which low- and middle-income countries (LMICs) bear economic and health 

burden.35,40 These countries are more likely than high-income countries to experience 

substantial mortality, increased risk of post-disaster epidemics, as well as food scarcity 

and malnutrition. High and low precipitation disasters (e.g., tropical cyclones and drought 

respectively) exacerbate prevailing child mortality conditions and are responsible for 

disruptions in access to health-promoting resources and public health infrastructure.41,42 

Children have unique biological and social vulnerabilities to disasters.18,19 They 

consume more water per weight and inhale more air compared to adults, require different 

medications and/or dosages to treat illness, are limited in ability to escape harm and to 

make critical health decisions, and have special physical and mental healthcare needs 

when separated from their family systems to name a few. Considering these unique 

disaster vulnerabilities, disaster prevention may have substantial impact on lowering 

early child mortality for children under the age of five globally,43 for which two-thirds of 

the early mortality burden were due to infectious disease caused by pneumonia, diarrhea, 

and malaria in 2010.44 Disaster preparedness interventions for child health can address a 

number of documented disaster pathways by improving sanitation, increasing access to 

potable water, and minimizing displacement to name a few.15,17,41,45-47  

There is an urgent need for global health research to respond to changing 

environmental realities. A choice to wait for better disaster surveillance data to quantify 
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how child health is affected is unwise and poses a serious threat to the life chances of 

children around the world. Application of epidemiologic methods to existing population 

health data has the potential to reveal data weaknesses that may be addressed in the 

conceptualization and analysis of next generation studies. The current study applied 

epidemiologic methods to examine if disasters have similar or different child health 

consequences on mortality, fever, and diarrheal disease. 

Mitigating Global Child Health Exacerbated by Climate-Related Natural Disasters 

It is neither a new idea that natural disasters have negative population health 

consequences,8-14 or is it a new idea that current adaptation to these realities is failing to 

match the pace needed to inform health policy in LMICs.1 Climate-related disasters are 

increasingly seen as recurring events that threaten global health. Existing studies have 

often been limited to humanitarian health reports derived from official communication or 

from research carried out in single settings. Calls for more cross-national disaster public 

health studies point out urgent needs in informing disaster preparedness innovations, 

especially in LMICs where research is sorely needed. Quantifying disaster health effects 

may offer new information for providers, relief agencies, and ministries of health to plan 

for medical need and to position resources where need is greatest. Cross-national disaster 

research may also demonstrate needs for collective action responses that cross political 

boundaries. One such cross-national response to droughts has been the establishment of 

the African Risk Capacity to insure countries against malnutrition and economic loss.48,49 

Research of this type may elucidate shared State-level and regional health needs and 

promote more effective organizing through climate diplomacy. 
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Difficulties and Opportunities in Disaster Epidemiology Research 

Several reasons for the paucity of comprehensive and cross-national disaster-

related health research in LMICs may be that 1) it is difficult to anticipate when and 

where natural disasters will occur which makes it difficult to launch research in the right 

place and over an appropriate time frame, 2) ongoing surveys may not be well-suited to 

examine disaster effects on health in terms of design and measurement, and 3) the 

disaster may create selection issues that may make estimation difficult to perform without 

substantial uncertainty. While research has argued for higher quality data collection to 

address these issues,40 existing data may be available to bridge gaps in evidence for how 

to improve disaster preparedness and health promotion. 

One data source, the Demographic and Health Surveys (DHS), has been 

administered in LMICs for nearly three decades and has measured a breadth of adult 

(primarily maternal) and child health outcomes. These surveys are used to obtain 

representative estimates of health and demographic change for policymakers interested in 

promoting national and regional health. The surveys meet high standards of quality due to 

time, money, and public and private collaborations which make the surveys suitable to 

apply epidemiologic methods to evaluate how mass disasters affect populations in pre- 

and post-disaster periods. For example, these surveys are administered over three to six 

months, every five years, and often capture seasons (time periods) associated with 

increased disaster hazard for the participating country. Recruitment protocols are 

centrally managed and consistently applied, and field work is collected for enumeration 

areas over the course of several days, all of which minimize possibility of disaster-related 
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recruitment bias. These features increase the likelihood that random mass events (natural 

experiments) occurred within the data collection period – e.g., increasing drought 

severity, flooding events, and extreme temperature changes to name a few. Multiple 

methods of data collection are implemented to minimize common biases for a variety of 

child health outcomes, and the core surveys have been administered in a standardized 

way to allow for increased comparability across country contexts. Further, other large 

studies like the United Nations Children’s Fund’s (UNICEF) Multiple Indicator Cluster 

Surveys (MICS) have been administered with similar study protocols and health 

measures allowing for replication studies drawing from other datasets which are available 

to the public for research purposes. While governments and relief agencies seek better 

data to address and anticipate the consequences of natural disasters, data may already 

exist in high quality studies available for use today. 

Estimating Cross-National Disaster Effects and Related Hypotheses 

This study had several research questions. First, does child mortality in the pre- 

and post-disaster periods consistently increase or decrease in LMICs that experienced 

economically severe and calamitous natural disasters? Second, are disasters associated 

with consistent increases or decreases in the incidence of maternal report of a) child 

fevers and b) diarrheal disease? The primary hypothesis was that there would be 

substantial variation in the magnitude of the disaster effects, but that the direction of 

association would be the same across countries and disaster types irrespective of the time 

in which the disaster occurred. This hypothesis tests if it is appropriate to describe 

disaster events as altogether unique or if there is evidence that they have similar effects 
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because the health pathways that they disrupt share similarities. Regarding variation in 

the magnitude of associations, a number of reasons could explain variability, but these 

reasons are not empirically tested in the current study – rather they are conceptually 

discussed with regards to the analytic methods employed in the current study. For 

example: a) populations may be more or less prepared for certain types of events if they 

are seasonally-recurring as opposed to events for which disaster preparedness is difficult 

(i.e., the event was more severe than expected or the event was altogether unexpected), b) 

quantity of disaster relief and capacity to distribute it to subpopulations exposed to these 

events may vary between countries, and c) differences in the demographic composition of 

the sample populations (e.g., child age) may predispose populations to different levels of 

vulnerability. Disaster selection may be present and could differ across locations and 

events. If disaster selection is present, populations with higher risk profiles may be 

unobserved in the post-period which may cause the direction of disaster associations to 

appear favorable for child health outcomes. This poses a threat to validity for any disaster 

association but could be informative for how to deal with the issue either in study design 

or in analysis of future studies. The objective of this disaster public health study was to 

apply epidemiologic methods to the analysis of large population health studies 

administered in severe disaster settings. The current study aimed to determine if it is 

reasonable to apply epidemiologic methods to existing sources of population health data 

to quantify disaster associations on mortality, fever, and diarrhea have similar or different 

effects across country, time, and disaster type. 
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Methods 

Data Sources 

The Emergency Events Database (EM-DAT) was used to identify more than 

20,000 mass disasters occurring between 1970-2016 internationally.35 These disasters are 

recorded when one of four criteria are met: 1) the event caused 10 or more deaths; 2) 100 

or more people were affected; 3) a state of emergency was declared; or 4) the State 

requested international assistance. A filtering process was applied to reduce the dataset to 

a subsample of disasters that were particularly severe for each country for every year, and 

humanitarian communication were reviewed to substantiate the economic and health 

severity of the events. These filters considered State-level external aid, the disaster cost, 

disaster mortality, the fraction of the total population affected by the disaster, and 

disaster-related displacement. Country-level metrics were retrieved from aggregate 

World Bank data,36 and financial indicators were standardized to 2016 USDs to match 

EM-DAT metrics. Each filter criterion used to identify candidate, severe disaster events 

by country and by year is described in detail below. 

Increase in External Aid over the Prior Year Flag 

A severe disaster was flagged if the ratio of external aid to total healthcare 

spending in the disaster year increased fourfold over the prior year. This filter aimed to 

detect events that required substantial or unusual amounts of external resources to 

promote recovery. The filter also helped to differentiate between populations that may 

already rely on external aid for general public health promotion compared with those that 

received increases in aid for a particular discrete disaster event. 
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Disaster Cost for the Affected Population Flag 

GDP per capita in the disaster year was calculated using World Bank economic and 

population size indicators. Disaster cost per capita was calculated by dividing EM-DAT 

disaster metrics corresponding to the economic cost of the disaster type by the population 

affected by the disaster. Disaster types were flagged if the disaster cost per capita 

exceeded a quarter of the per capita, country-level GDP and if the disaster affected at 

least 1 per 1,000 of the total population. In other words, the disaster-affected population 

would be responsible for a quarter of a year’s economic activity on average to recover 

from the event. This flag measured particularly costly disasters affecting focal to 

widespread regions. 

Disaster Mortality Relative to the Country Crude Mortality Rate Flag 

The disaster mortality rate per 1,000 was calculated by dividing deaths attributed to 

the disaster by the population affected by the disaster. Events were flagged if disaster 

mortality relative to crude mortality ratio was two or higher and if the disaster affected at 

least 1 per 10,000 people. 

Large Population Size Exposed to the Disaster Flag 

The EM-DAT metric for number of people affected by the disaster was divided by the 

mid-year, country population size. Disasters that affected 1 per 20 with disaster cost per 

capita exceeding at least 2% of country GDP per capita were flagged. 



 

 

 

36 

Disaster Mass Displacement Flag 

Events that generated substantial homelessness were flagged in two ways: 1) 1 per 

500 were displaced or 2) the event caused homelessness counts in the 99th percentile of 

all global events occurring between 1970-2016. 

Severe Candidate Events Substantiated by Official Humanitarian Communication 

All Demographic and Health Surveys (N=1,628 DHS disaster-year survey 

samples) were evaluated to determine if the EM-DAT-recorded disaster occurred within 

or recently before administration of the DHS survey. Official reports accessed through 

the United Nations Office for the Coordination of Humanitarian Affairs (UNOCHA) 

digital service, ReliefWeb,37 were used to confirm the severity of candidate disasters as 

reported in EM-DAT, to establish timing of event occurrence (e.g., landfall of a tropical 

cyclone or major flooding events), and to identify regions and districts affected by each 

disaster for inclusion in the study. Twenty-one DHS samples were identified, 14 of which 

had pre- and post-disaster microdata reflecting a natural experiment, and in 7 samples, 

the disaster preceded the start of the survey within the previous months reflecting a post-

only analytical design. A summary of the types and timing of the disasters affecting each 

sample is presented (Table 1). 

Disasters as a Natural Experiment in DHS 

 The Demographic and Health Surveys (DHS) uses a nationally representative 

sample survey design50-70 to evaluate maternal and under-5 child health outcomes. The 

DHS provides interview date coding that allowed for establishing the timing of when 

participants were observed in relation to the disaster event as indicated by official 
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communication accessed through ReliefWeb. Three samples (Nepal 2006, Ethiopia 2011, 

and Ethiopia 2016) were originally reported interview dates using the Bikram Sambat 

Nepali and Eritrean calendar formats respectively and were converted to the Gregorian 

calendar to standardize all sample calendars for event timing assignment. For the 14 pre-

post analytical designs, a variable for the event date was indicator coded “0” when the 

interview date occurred during the pre-period and “1” when the interview date occurred 

in the post-period. For the seven post-only analytical designs, time bins were evaluated in 

90-day windows from the start of the DHS survey to the final survey to examine health 

patterns over time. These bins primarily include “0-90 days” and “90-180 days,” but one 

sample (Pakistan 2012) included a “180-270 days” window due to a longer survey length. 

Smaller bins as small as 30 days were considered, and the larger 90-day bins were 

retained to minimize small cell counts across the observation period in these post-only 

samples. 

Measures: Under-5 Child Mortality (Pre-Post Analysis) 

 Three variables were used to determine the timing of child death in relation to the 

timing of the disaster event: 1) child birthdate, 2) child age at death (or child age if he or 

she was alive at the time of the interview), and 3) the date of the disaster event. Because 

mothers report a full death history of ever born children, child deaths prior to the start of 

the DHS survey are excluded from analysis to avoid excess mortality in the disaster pre-

period. If the child age at death in months occurred after the initiation of the DHS survey 

but prior to the disaster event, the death was assigned to the pre-period, otherwise the 

death was assigned to the post-period if the number of months from birthdate to age at 
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death was greater than the number of months from birthdate to the disaster date. Child 

alive or dead was examined as a dichotomous random variable where “1” was set to child 

death and “0” indicated the child was alive at the time of the DHS interview. The 

association between the timing of the disaster and child mortality was calculated on the 

multiplicative scale (odds ratio) for comparison to previous research and also as predicted 

probability differences to make interpretation of the disaster association more directly 

related to the needs of providers and policymakers. In other words, a positive disaster 

association presented as a predicted probability difference characterizes the size of 

increase in mortality per 1,000 children. This presentation method is carried forward for 

all analyses in all tables. 

Measures: Under-5 Child Mortality (Post-Only Analysis) 

 Minimizing length time bias was a consideration for the post-only mortality 

analysis. This type of bias can bias mortality differences downwards (show protective 

mortality effects in subsequent time windows) because participant mothers have more 

opportunity (time) to report a child death.71,72 For example, to observe a child death on 

the first survey day, a mother would have to report a child death on that day, but she 

would not be able to contribute any information about later child deaths that could have 

occurred in the post-disaster time window. On the other hand, mothers who were 

surveyed at the end of a 6-month DHS survey have complete possibility of reporting a 

child death during any time window because the child mortality history covers the time 

window fully. Without adjustment, analysis given the survey design may overestimate 
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child mortality early in the survey, and underestimate mortality later in the study. Child 

deaths accounting for this issue were addressed in the following ways. 

 First, child age at death in months was added to the child birthdate to identify the 

time window in which the death occurred, which may not be the time window in which 

the survey was administered. If the child was alive, the child was assigned to the time 

window associated with the household interview. This process was repeated to account 

for children who were born after the survey started and subsequently died. Second, to 

prevent the timing of interview from biasing mortality upwards early in the survey, only 

child deaths 1) occurring after the survey began, within 90 days of the mother’s interview 

date and 2) for mothers whose interview date was at least 3 months after the start of the 

survey were considered. Two disadvantages are that the method will a) lead to 

conservative estimates of prevalent child mortality within a time window and b) reduce 

power to detect between-time differences; however, an advantage is that adjustment 

allows mothers to contribute equal amounts of mortality history (three months) 

irrespective of their interview date which leads to an unbiased estimate of mortality 

differences between time windows (e.g., 0-90 days relative to 90-180 days). 

Measures: Maternal Report of Recent Diarrhea and Child Fever in the Previous Two 

Weeks 

 Mothers reported on their children’s health status with regard to whether the child 

had fevers in the previous two weeks or had recent diarrhea. These variables were 

analyzed as dichotomous outcome variables, and mother reports indicating she was 

unsure if the child had experienced either health condition were excluded from analyses 
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(N=3,139; 0.66% of all respondents). For fevers, mothers who were interviewed in the 

first two weeks following the disaster date were excluded from analysis to minimize 

uncertainty about the time frame (pre- or post-period) in which the fever occurred. The 

diarrheal uncertainty exclusion criteria was applied for fevers and resulted in N=3,129 

(0.66%) excluded participants. 

Covariate Adjustment for Fever and Diarrhea 

 Covariates were selected for adjustment in the fever and diarrhea analyses that 

may affect child health outcomes in disaster settings. Child death prevalence was rare for 

the analytic samples, and covariate adjustment was not possible for child mortality 

outcomes. These covariates included demographic characteristics of the sample (i.e., 

child sex and age, mother's current age and age at first birth, total children ever born and 

number of live births in previous five years, and mother's educational attainment), 

geographic characteristics (i.e., urban/rural residence and travel time to a water source), 

and child's vaccination history (i.e., health card) which was assessed by the interviewer at 

time of interview when available. 

Analysis 

 A design-based analytical strategy accounting for each DHS sample’s individual 

sampling strategy (i.e., weighting) was used in un-pooled analyses (i.e., stratification) to 

examine how mortality, fever, and diarrheal disease prevalence differed in the pre- and 

post-disaster periods within each country sample. Descriptive statistics, tabulations, and 

data visualization procedures were used to examine the presence of missing data, and the 

data were found to be overall complete for all study outcomes and covariates. Pre-post 
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sample characteristics were examined to assess if substantive differences existed in the 

two periods including child age, mother’s age at child birth, and urban and rural 

differences in the demographic composition of the pre- and post-disaster periods. 

Generalized linear models for child fevers and diarrhea were fit with logit link and 

bernoulli variance family, and adjustment for covariates described above were applied in 

all adjusted models for each DHS survey with the exception of child death models. Odds 

ratios (OR) and predicted probability differences (PD) were calculated for each of the 

binary outcome variables. Data management and analysis was performed in Stata 15.1MP 

(College Station, TX). 

Results 

 Results for all study outcomes indicated that the incidence of negative health 

outcomes declined in the disaster post-period compared to the pre-period. The magnitude 

of association was strongest for flooding and tropical cyclone disasters, particularly for 

fevers and diarrhea. In several cases, the direction of the disaster mortality relationship 

was positive indicating increased child death (Bangladesh 2007, Flood; Madagascar 

2008, Tropical Cyclone; Nepal 2006, Landslide; Peru 2009, Cold Wave), but the results 

were not statistically significant. The following subsections will elaborate on these 

findings. 

Mortality 

 Mortality prevalence differences in the post-disaster period relative to the pre-

disaster period are presented in Table 3. Child mortality declined in three disaster cases 

ranging from flooding, drought, and tropical cyclones (India 1993, PD: -5 deaths per 
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1,000; P=0.041; Madagascar 2003, PD: -4 deaths per 1,000; P=0.038; India 2016, PD: -5 

deaths per 1,000; P<0.001) corresponding to estimated mortality reductions between four 

to five per thousand children. In Cambodia 2014 (flash flooding), child mortality 

increased in the post disaster period relative to the pre-period (PD: 2 deaths per 1,000; 

P=0.004). Two other samples indicated large, not statistically significant mortality 

increases (Bangladesh 2007, flooding; Nepal 2006, landslide), and the predicted 

probability difference confidence limits fell between -1 deaths per thousand children and 

5 deaths per thousand children. 

 In the post only samples (Table 4), mortality declined over time in two samples 

that experienced bacterial outbreaks and drought (Chad 2004, PD: -7 deaths per 1,000; 

P=0.028; Ethiopia 2011, PD: -2 deaths per 1,000, P=0.009). In contrast, in Pakistan 2012, 

following severe flooding, the mortality odds ratio indicated child death increased over 

time, increasing by between 2 and 3 deaths per thousand over across each 90-day time 

window (P=0.036). 

Fevers and Diarrhea 

Morbidity following disasters was evaluated for child fevers and diarrheal disease 

(Table 5). Across samples, there was strong statistical evidence that the incidence of 

negative health outcomes declined in the post-disaster period relative to the pre-period. 

Further, the magnitude of these declines after hydrological and meteorological events 

(floods and tropical cyclones) were comparable and consistent across country and time. 

The average reduction in fevers was -53.3 ± 23.4 per thousand children for the six 

statistically significant negative associations, and the average reduction in the four 
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statistically significant diarrhea associations indicated an average reduction in recent 

diarrhea of -41 ± 11.7 per thousand children. Two exceptions for the negative fever 

associations were observed where the association was positively correlated with fevers in 

Bangladesh 2007 and in India 1993, both of which involved flooding disasters. 

Disaster post-period results indicated similar negative associations with fevers 

and diarrhea over the course of the disaster recovery period (Table 6). Mothers reported 

that approximately 1-2 per 5 children had fevers or recent diarrhea in the baseline time-

window (0-30 day reference period). Results indicated statistically significant, 

progressive declines in both child fevers and diarrhea over the 30-day time bins 

(Comoros Islands 2012; Ethiopia 2011; Pakistan 2012). In the Guatemala 2014 sample 

(tropical cyclone), fever worsened over time compared with the 0-30 day reference 

window (P=0.01), but the pattern varied substantially within subsequent time bins. In the 

same sample, the incidence of child diarrhea in all subsequent time bins was lower 

compared to the 0-30 day reference window, but the favorable health gains appeared to 

dissipate over time reflecting worsening diarrheal disease patterns (P=0.006). 
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Table 3. Length-Time Bias, Adjusted Relationship between Pre-/Post Period Severe Disasters on Child Mortality Occurring 
during Administration of the Demographic and Health Surveys (N=14 Survey Samples) 
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Table 4. Mortality Differences over Time in during the Disaster Recovery Period Demographic and Health Survey Samples 
(N=7) 
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Table 5. Adjusted Relationship between both Pre-/Post Period Disasters on Child 
Fevers in the Prior Two Weeks and Recent Diarrhea during Administration of the 
Demographic and Health Surveys (N=14 Survey Samples) 
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Table 6. Child Fevers and Recent Diarrhea Differences over Time in Post Only Demographic and Health Survey Samples 
(N=7) 
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Discussion 

The current study found evidence of consistently favorable disaster-health 

associations across place, time, and disasters of various types in the DHS. This may 

indicate that although the physical forces of various disasters are different, their impact 

on health pathways may not be as unique or unpredictable to context (or to the disaster 

event itself) as is typically conceived.73-80 These findings are not to say that disasters are 

health-promoting in their own rite. Instead, two reasonable arguments for the apparent 

salutary disaster associations are that external relief and social capital emergence are 

activated in response to these events, both of which are highly necessary for health 

recovery. The other explanation is a source of disaster selection bias that may be difficult 

to avoid in most observational studies because vulnerable populations are often displaced 

and become unreachable. This bias may change the population, health profile observed in 

the post-disaster period compared to the pre-period. We provide evidence to rule out 

selection and relief as the primary factors for favorable health promotion and provide 

design recommendations for future studies. 

The Importance of Effect Consistency for Future Disaster Public Health Research 

Human increases in lifespan predated biomedicine in developed countries, and 

longer lives were correlated with implementation of population-based interventions and 

public works projects.16,81 Many are clearly public health prevention strategies: water 

treatment and sanitation, nutrition security, and environmental protections to name a few. 

It is not a controversial idea that these are upstream causes of population health that mass 

disasters broadly disrupt – they are frequently cited in State-based disaster relief requests 
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to UNOCHA, and the environmental impacts to public infrastructure are widely 

documented in the media and increasingly in social media.  

Similar disaster-health associations were observed in multiple settings and 

timeframes in these data which may indicate that while the physical forces of various 

disasters can be different, they may each still influence similar health pathways.15,17 The 

strongest evidence was for high-precipitation events. The ability to evaluate effect 

consistency is an important strength of cross-national disaster public health research 

because it challenges preconceptions about what can and cannot be done to prevent harm 

for at-risk populations, and it encourages creativity in testing evidence-based strategies in 

other settings rather than solely devoting energy to planning contextualized disaster 

response (also sorely needed).82 Instead, innovating in both the prevention and recovery 

periods can save lives, mitigate unnecessary harm, and preserve resources. All of this is 

valuable for policymakers and health organizations that are actively seeking new 

prevention ideas that could be tailored to context in efforts to develop modern disaster 

preparedness strategies. Future disaster public health research should implement analytic 

strategies such as those used in the current study to evaluate effect consistency across 

place and disaster type. Those that explicitly evaluate upstream causes of health (e.g., 

sanitation, hygiene, and food security) could also provide valuable information about 

what interventions are most urgently needed. 

On Selection Bias in Existing Data for Disaster Epidemiology 

 Large-scale population health surveys have been implemented and made publicly 

available for decades. The United Nations International Children’s Emergency Fund 
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(UNICEF) for example has collected similar data using protocols that are implemented in 

similar ways as the DHS across countries. These studies emphasize national and regional 

representativeness but are not specifically designed for evaluation of disaster events. This 

can lead to disaster selection bias when mass disasters and mass traumas might lead to 

displacement or differential participation, however DHS implements rigorous recruitment 

strategies that minimize disaster-related recruitment bias. The issue of selection bias in 

disaster-related health research has become a topic of growing interest for statistical 

correction and to help policymakers understand how to make better data-based policy 

decisions.83-86 For example, if the population exposed to a disaster event is displaced, 

they have increased likelihood of not being observed in the disaster recovery period. 

When pre-post population data are available (even if not panel data), prevalence 

estimates for unfavorable health outcomes might differ because the most vulnerable are 

the subgroups who are not observed. For events that are more readily anticipated (slow 

onset disasters, like drought), those with the most capacity to avoid harm may be less 

likely to be observed. Using the former example, the direction of the association may 

indicate favorable health effects, suggesting population health improvements following a 

disaster. This type of disaster selection most closely reflects the findings of the current 

study, but there was no evidence that population composition differed in the pre-/post-

disaster periods on a number of relevant characteristics (Table 2). Multiple samples 

reflected stable population characteristics that provided evidence to rule out disaster 

selection as a reason for favorable health associations in the current study. A concern, 

however, for existing national and regional policymaking in LMICs that use these data is 
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that preventive resources may be poorly distributed to subnational and disaster-affected 

regions. Populations who were affected by severe disaster events that had broad 

economic and health-related impact may be underserved, while non-affected populations 

may receive excess resources. 

 Consider one argument for a scenario where disaster selection is likely present. 

Improved child health status should not be used to argue that disasters are health-

promoting, rather that the risk profile of the post-disaster population may be artificially 

healthier. This is concerning for data-informed policy because it is likely that affected 

populations have more health need than the data suggest. In other words, there may be 

unobserved morbidity caused by the disaster but masked by selection processes. Disaster 

epidemiologists should employ two strategies: 1) apply epidemiologic methods to 

disentangle when disaster selection may or may not be present especially in the presence 

of counter-intuitive directions of association, and 2) as often as possible, disaster 

epidemiologists should look for opportunities to evaluate disaster-health relationships 

across settings to determine if there is effect consistency. These two strategies, when 

applied jointly, can provide evidence to rule out disaster selection as in the current study. 

Nonetheless, it is unclear if applications of epidemiologic methods to studies of this type 

could ever completely rule out selection bias because displacement is widely reported for 

severe events. For this reason, the level of needed evidence against selection is high for 

observational studies in order to confidently propose changes to specific forms of policy. 

This is also because relevant mediators (i.e., external aid and social capital emergence) 

may result in healthy disaster associations. As a result, disaster epidemiologists should 
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design studies and analyze data that minimize this source of bias. One example, would be 

to implement panel designs, minimize loss to follow up, report the characteristics of 

participants who were not reachable, and adopt protocols that allow for assessment of 

health outcomes from other sources (i.e., family members or medical records if 

available). Other research has indicated large population studies (i.e., DHS and MICS) 

should consider supplemental surveys that implement design characteristics such as these 

and come to a consistent definition of what constitutes a disaster to invoke the 

deployment of such surveys.87 The DHS, for example, should prepare to visit households 

observed in the pre-period again in the post-period, and it should measure disaster 

exposure status in multiple ways to capture disasters that focally affect populations or are 

widespread but of lower severity than those observed in this study. This strategy would 

also open new opportunities to describe internal disaster migration and displacement 

patterns for which more research is sorely needed. 

Consider a second argument, unrelated to selection, that external aid was 

delivered to support recovery. Relief may be responsible for some fraction of the 

observed protective association in the current study, but the timing of event occurrence 

and the length of the post-disaster period in samples included in this study make this 

unlikely. Seven recovery period samples cover a longer period of time than the natural 

experiment samples, which make the recovery samples more suitable to examine the role 

of relief and health. In these samples, a large influx of relief should result in threshold 

effects or more rapid health recovery over time. The Comoros Islands recovered from 

flash flooding and the impact it had on potable water sources during the administration of 
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the DHS survey.88 During this period, substantial efforts to mitigate negative health 

outcomes with health education and community interventions were implemented. It is 

plausible that declines in child morbidity observed in the 2012 DHS survey were a result 

of effective delivery of disaster relief, however the recovery appeared to be gradual over 

time (i.e., no rapid improvement or threshold effect was observed). Because these 

prevention activities are likely to raise capacity to deal with similar events that may recur, 

future studies should consider examining if infrastructure or social capital was 

strengthened by the public health interventions implemented during the current study. 

Only one recovery period sample (Pakistan 2012) demonstrated a threshold or jogging 

effect in recovering from heavy monsoons. This could indicate that relief was responsible 

for the favorable disaster associations over time observed across many samples, but a 

single case is not sufficient evidence to justify that claim. During the first month of this 

sample, flooding had not yet receded, and fever and diarrhea was highest in this month. 

The following three months showed a decline in child illness compared with the first 

month, but health status remained constant until the fourth month of the survey. 

Approximately five months after the disaster impact, health recovery was dramatic and 

continued to improve in the final three months of the survey. The Pakistan 2012 sample 

revealed that a long post-disaster window may be necessary to observe if external relief 

could be responsible for favorable health associations. It also provided some evidence to 

rule out that the generally improved disaster-health relationship in the pre-post samples 

could be due to external relief because the post-disaster period in these samples typically 

covers only two to three months. Results from the current study indicated that both 
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selection and external relief are not likely to be the cause of favorable health associations 

observed in this survey. One alternative explanation may be that populations respond to 

the DHS survey differently following a disaster, but this argument is weak because it also 

implies that differential response is consistent across countries and time. Instead, it is 

more likely that these findings reflect the health-promoting actions of local populations 

who may tap into existing, stored resources to respond to disasters. This view reflects the 

current literature.3,7 Disaster preparedness and prevention strategies should strengthen the 

ability for local populations to rapidly respond to their health needs and seek to mitigate 

individual and community burden of response. 

Social Epidemiology, Population Health Studies, and Innovating in Disaster Research 

Social epidemiology is at the intersection of next-generation, interdisciplinary 

disaster research. It is also situated to examine important questions about the social 

causes of population health in the context of disruptions due to mass disasters while 

better surveillance data are collected.82,89 For this reason, social epidemiologists have an 

important role to play in fostering innovations in disaster epidemiology and the design of 

large population health studies and interventions.  

The DHS is one of the best suited population surveys administered globally to 

lead in disaster epidemiology innovations tailored to LMICs because it has demonstrated 

both the resources and capacity to measure potential social causes of ill health. It also has 

experience administering supplemental surveys to meet the local needs of ministries of 

health and agencies responsible for health promotion. The development of a uniformly, 

globally administered disaster protocol for DHS is needed to assess local disaster impact 
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on social ecology, economy, public infrastructure, and maternal and child physical and 

mental health. Further, implementing such a protocol in other large population health 

studies is wise and increases the likelihood that disasters are measured at the time they 

occur while allowing for replication studies using similar survey designs. Additionally, 

the current study identified 14 candidate surveys in which participants were observed in 

the disaster pre-period. As proposed earlier, a sub-study in which these households – who 

may have later been exposed to a disaster event – are followed up with a disaster-specific 

supplemental survey would open new lines of inquiry for disaster preparedness and 

recovery, behavioral health sciences, geographic and demographic research, and many 

others. 

Strengths and Limitations 

 The current study implemented a natural experiment framework to answer 

population health questions about post-disaster health effects on child mortality and 

morbidity. The study also addressed criticism of previous post-disaster epidemiological 

research by focusing not solely on mortality but also on morbidity outcomes that may be 

sensitive to mass disasters. Multiple samples that were administered in a standardized 

way were examined to determine if there was heterogeneity of disaster effects or if 

disasters of various types had similar relationships with child health. Last, more than a 

quarter-million participant observations were examined in 21 settings in which disasters 

had occurred during the DHS survey or recently before the survey was administered, thus 

serving as one example of how cross-national, comparative disaster public health 

research could be implemented. Despite its limitations, multiple analytic approaches were 
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useful in ruling out multiple sources of bias for which all disaster public health data are 

likely to suffer. 

 Caution is advised in interpreting findings. While care was taken to include 

participants only in affected geographic areas, there is little information to confirm 

whether participants were in fact affected directly or indirectly by the event, an important 

issue that has been raised by other researchers.87 Although the inclusion criteria to 

evaluate particularly severe mass disasters should minimize this concern, it is otherwise 

not possible to verify in the available microdata. Futured DHS surveys should include a 

standardized disaster exposure question to measure the timing and type of disaster about 

which a participant reports they were exposed. Related, several pre-/post-analyses had 

few observations in either of the two periods. Two such samples are Honduras 2005, late-

season tropical cyclones and flooding in India 1993, where a supermajority of participant 

observations were observed in only one time period. For five samples, disaster 

associations with mortality were not possible to estimate due to small cell counts or no 

death counts in one time period, and future studies for rare outcomes in regions where the 

disaster impact was less widespread may not be possible. While the adjustments for 

length-time bias in these samples makes comparisons between the two periods less prone 

to follow up bias, rare outcomes such as child mortality may be difficult to observe in 

disaster-related research studies of this type.  

Conclusions 

 Application of epidemiologic methods for disaster public health research in large 

population health studies revealed that the child health consequences of various disaster 
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types may be more similar than previously understood. Disaster selection and external aid 

were ruled out as explanations for consistently favorable disaster-health associations. It is 

more convincing that these findings reflect the health-promoting actions of local 

populations who may tap into existing, stored resources to respond to disasters. Disaster 

preparedness and prevention strategies should strengthen the ability for local populations 

to rapidly respond to their health needs and seek to mitigate individual and community 

burden of response. Disaster epidemiologists can play a role in the design and 

dissemination of next generation studies that minimize the occurrence of major threats to 

validity and pinpoint bias to draw improved inference. 
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Chapter 3: Disaster-Related Treatment Seeking Behaviors 

Health Behaviors for Treatment of Child Illness in the Context of Mass Disasters 

Population health in low- and middle-income countries (LMICs) are threatened by 

increasingly frequent and severe mass disasters.35,40 The negative health effects of 

disasters have been well documented including increased mortality, diarrheal disease and 

fever, respiratory infections, recurring flu-like symptoms, vector-pathogen-host disease 

relations, psychological distress, acute injuries, toxic environmental contamination, 

malnutrition, and dehydration among many others.8-14 Children have biological and social 

vulnerabilities to disasters18,19 that may cause more severe illness prompting parents and 

caregivers to be more likely to seek care. Recognizing that disasters may have 

consequential impacts on health behaviors, the current study examined if disasters cause 

changes to parent treatment-seeking behaviors and whether parents adapt by seeking care 

at different treatment locations to mitigate negative child health outcomes.  

Severe disaster events are a salient public health issue because disasters may 

affect health behaviors for numerous logistical reasons. In 2014, the Intergovernmental 

Panel on Climate Change described how mass disasters can substantially alter 

ecosystems, disrupt food production and clean water supply, and damage infrastructure 

and settlements.15 Other studies have described how high and low precipitation events 

can introduce new barriers that impact behavior by destroying sources of shelter, 

overwhelming the healthcare system with increased need, limiting access to reliable 

transportation, and destroying individual health resources that promote coping and 

resilience.17,41,45-47 Parents may also perceive risks in seeking treatment if doing so would 
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expose their children to other ill people or environmental hazards. In the context of mass 

trauma, insufficient planning or disaster preparedness may result in unmet need for 

medicines or therapies needed to treat child illness which could have consequences on 

where parents seek care. 

Children are especially vulnerable to the impact of disasters,7,18,19,43 and low 

income groups and marginalized populations settle in regions particularly prone to severe 

events – regions that often lack the infrastructure and service capacity to implement 

prevention and care strategies.90 Modern disaster preparedness programs in LMICs are 

not systematically available.91 Understanding how health behaviors differ in the context 

of disasters may improve public health prevention and inform post-disaster recovery 

strategies specific to these areas. In addition to general disaster risk management, 

understanding how parents respond to their children’s health needs in the face of mass 

catastrophe will be important for informing healthcare strategies for reducing disaster-

related morbidity. 

Economic Burden of Post-Disaster Healthcare 

There are a number of misconceptions about the needs of affected disaster 

populations. One such myth in disaster response is that there is unlimited need for 

healthcare provider and volunteer services, but an influx of uncoordinated interventions 

can overwhelm the health system in an already chaotic environment, and may result in 

unintentional harm.7 The reality is that the affected population itself is often better able to 

understand and meet its own post-disaster health needs than charity, relief, or other 

external aid. Although specialized relief (e.g., surgical care) deployed during the disaster 
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impact phase can avert loss of life and is often beyond the capacity of the local 

population alone, for more general needs, affected households largely meet their own 

needs for care through locally available healthcare or through family and social 

connections.92 If this is the case, more documentation of caregiver behaviors are needed 

to characterize how parents respond to the health needs of their children. 

In LMICs, disparities in geographically accessible, available, affordable, and 

acceptable options of healthcare limit quality care.93 These issues are further exacerbated 

by individual factors including burden of out-of-pocket health expenses and lack of risk 

pooling mechanisms that are barriers to favorable health-seeking behaviors. In India for 

example, financial shocks due to health-related expenses are a serious cause of economic 

distress and public health burden – an issue that previous research has estimated causes 

half of affected households to fall into poverty.94-96 In post-disaster settings, the infusion 

of external aid through the temporary construction of parallel healthcare systems with 

different structures, norms, and resources may result in confusion about where and how 

parents can meet the health needs of their children.35 For example, mobile clinics may be 

deployed if hospitals are overwhelmed or altogether destroyed as a strategy to reach 

affected populations. Learning about these new resources may not reach all 

subpopulations, impaired transportation may limit access for hard-to-reach groups, and 

providers may not be equipped to provide culturally-tailored therapies to name a few 

barriers for health delivery.  
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Care Seeking Behavior in Globally Administered Population Health Surveys 

 Research has called for comprehensive cross-national disaster assessments in 

LMICs to assess health, behaviors, and the performance of the healthcare system to 

support preventive and curative post-disaster response.1,38 While these data have been 

previously limited or focused on single settings, creative uses of multiple, high-quality 

data sources may bridge gaps in understanding the disaster impacts on behavior and any 

policy adaptations that may be needed. 

One such data source is the Demographic and Health Surveys (DHS), which has 

been administered in LMICs for nearly three decades and has measured a variety of 

maternal and child health outcomes, among other supplemental survey assessments 

tailored to country-level needs. These surveys have been used to examine demographic 

and population change and to inform policymakers interested in promoting national and 

regional health, especially in countries that lack reliable vital statistics. DHS surveys are 

administered over a duration of three to six months, every five years, and cover periods 

associated with increased disaster hazard. Other large population studies such as the 

United Nations Children’s Fund’s (UNICEF) Multiple Indicator Cluster Surveys (MICS), 

have been administered with similar study protocols and health measures, which allow 

for replication studies. These data are predominantly available to the public for research 

purposes, which increases transparency. Administration of standardized surveys in 

participant countries creates opportunities for increased comparability across countries 

and contexts. The DHS survey design collects data across several months and measures a 
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rich array of maternal and child health in survey assessments which make these data ideal 

for evaluating the child health consequences of disasters. 

The current study used epidemiologic methods to investigate several research 

questions concerning parent health-care seeking behavior for child illness in the context 

of a disaster. First, were parents more or less likely to seek treatment for incident child 

diarrhea or fever in the post-disaster period compared with the pre-disaster period? This 

question was also evaluated in post-period only samples to examine the pattern of 

increase or decline over time in treatment seeking behavior. Second, for parents who 

sought treatment for child fever or diarrhea, did the location where treatment was 

received differ in the post-period relative to the pre-period? Patterns in the location 

parents sought treatment over time were also examined in the post-period only. Several 

hypotheses were evaluated. First, disasters may cause more severe illness in children 

because of their biological and social vulnerabilities. It is reasonable to imagine that 

parents, irrespective of country or context, would be motivated to seek care to preserve 

their child’s wellbeing. This perspective would suggest that disasters will cause increases 

in parent treatment seeking behaviors. Second, if disasters cause infrastructure 

disruptions or cause new barriers to access usual care, then the composition of where 

parents sought care should differ in the post-period relative to the pre-period. If local 

populations tend to meet their own health needs during the disaster recovery period, one 

potential shift in the sources of treatment may be towards patient-centered medicine like 

private doctors or pharmacies. Parent behaviors for the location they seek treatment for 

child fevers and diarrheal disease may differ in this regard if parents perceive the two 
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illnesses to be of higher or lower severity, or if they feel confident that they can address 

more severe illness at their usual source of care. If the latter is the case, the overall 

disaster association could be positive (i.e., parents are more likely to seek care), but there 

would be no change to the composition of where they sought care. Alternatively, if 

disasters cause mass disruptions to the healthcare system either directly or indirectly (loss 

of power or transit), there could be substantial heterogeneity in the patterns of change in 

what sources of care from which parents seek care. DHS data is not available to directly 

test the latter hypothesis, but it is conceptually important to discuss for hypothesis 

generation about barriers that may impede parent behaviors in future studies. 

Methods 

Data Sources 

The Emergency Events Database (EM-DAT) was used to identify more than 

20,000 mass disasters occurring between 1970-2016 internationally.35 Disasters are 

recorded in this enumerated list when one of four criteria are met: 1) the event caused 10 

or more deaths; 2) 100 or more people were affected; 3) a state of emergency was 

declared; or 4) the State requested international assistance. A filtering process was 

applied to reduce the dataset to a subsample of disasters that were particularly severe for 

each country for every year, and humanitarian communication were reviewed to 

substantiate the economic and health severity of the events. These filters considered 

State-level external aid, the disaster cost, disaster mortality, the fraction of the total 

population affected by the disaster, and disaster-related displacement. Country-level 

metrics were retrieved from aggregate World Bank data,36 and financial indicators were 
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standardized to 2016 USDs to match EM-DAT metrics. Each filter criterion used to 

identify candidate, severe disaster events by country and by year is described in detail 

below. 

Increase in External Aid over the Prior Year Flag 

A severe disaster was flagged if the ratio of external aid to total healthcare 

spending in the disaster year increased fourfold over the prior year. This filter aimed to 

detect events that required substantial or unusual amounts of external resources to 

promote recovery. The filter also helped to differentiate between populations that may 

already rely on external aid for general public health promotion compared with those that 

received increases in aid for a particular discrete disaster event. 

Disaster Cost for the Affected Population Flag 

GDP per capita in the disaster year was calculated using World Bank economic and 

population size indicators. Disaster cost per capita was calculated by dividing EM-DAT 

disaster metrics corresponding to the economic cost of the disaster type by the population 

affected by the disaster. Disaster types were flagged if the disaster cost per capita 

exceeded a quarter of the per capita, country-level GDP and if the disaster affected at 

least 1 per 1,000 of the total population. In other words, the disaster-affected population 

would be responsible for a quarter of a year’s economic activity on average to recover 

from the event. This flag measured particularly costly disasters affecting focal to 

widespread regions. 
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Disaster Mortality Relative to the Country Crude Mortality Rate Flag 

The disaster mortality rate per 1,000 was calculated by dividing deaths attributed to 

the disaster by the population affected by the disaster. Events were flagged if disaster 

mortality relative to crude mortality ratio was two or higher and if the disaster affected at 

least 1 per 10,000 people. 

Large Population Size Exposed to the Disaster Flag 

The EM-DAT metric for number of people affected by the disaster was divided by the 

mid-year, country population size. Disasters that affected 1 per 20 with disaster cost per 

capita exceeding at least 2% of country GDP per capita were flagged. 

Disaster Mass Displacement Flag 

Events that generated substantial homelessness were flagged in two ways: 1) 1 per 

500 were displaced or 2) the event caused homelessness counts in the 99th percentile of 

all global events occurring between 1970-2016. 

Severe Candidate Events Substantiated by Official Humanitarian Communication 

All Demographic and Health Surveys (N=1,628 DHS disaster-year survey 

samples) were evaluated to determine if the disaster reported in EM-DAT occurred 

within or recently before administration of the DHS survey. Official reports accessed 

through the United Nations Office for the Coordination of Humanitarian Affairs 

(UNOCHA) digital service, ReliefWeb,37 were used to confirm the severity of candidate 

disasters as reported in EM-DAT, to establish timing of event occurrence (e.g., landfall of 

a tropical cyclone or major flooding events), and to identify regions and districts affected 

by each disaster for inclusion in the study. Only geographic regions reported as affected 



 

 

 

66 

in humanitarian communications were retained for analysis in each DHS sample. 

Twenty-one DHS samples were identified, 14 of which had pre- and post-disaster 

microdata permitting a natural experiment design, and in 7 samples, the disaster preceded 

the start of the survey within the previous months, allowing for a post-only analytical 

design. A summary of the types and timing of the disasters affecting each sample is 

presented in Table 7. 
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Table 7. DHS Disaster Samples, Disaster Characteristics, and 
Geographically Affected Regions (N=21 Samples) 	

Country	
DHS	Survey	

Year	 Disaster	 Event	Date	 Disaster	Characteristics	 Affected	Regions	
Bangladesh	 2007	 Flood	 June	19,	2007	 Monsoonal	torrents	wiped	out	

numerous	villages	and	trapped	
thousands	of	farming	families	in	
inundated	homes.	Floods	caused	
by	days	of	torrential	rain	were	
described	as	unusually	heavy	
and	devastating.	All	major	rivers	
passed	danger	levels,	flooding	
many	villages	and	eroding	large	
tracts	of	land.	

Sylhet,	Sunamganj,	
Hobiganj,	Moulavi	
Bazar,	Nilphamari,	
Lalmonirhat,	Rangpur,	
Bogra,	Sherpur,	and	
Gaibandha.	

Cambodia	 2014	 Flash	Flood	 August	8,	
2014	

Heavy	rains	caused	severe	
flooding	along	Cambodia’s	
Mekong	and	Basak	rivers	in	the	
eastern	part	of	the	country,	
destroying	agricultural	
production,	infrastructure,	and	
homes.	

Stung	Treng,	Kratie,	
Kampong	Cham,	
Tbong	Khmum,	
Ratanakiri,	and	Prey	
Veng.	

Chad	 2004	 Bacterial	
Disease	

June	-	
September,	

2004	

Cholera	and	Hepatitis	E	
outbreaks	spread	across	the	
country.	Efforts	by	relief	
agencies	were	implemented	to	
improve	sanitation	and	improve	
access	to	safe	water.	

Western	regions.	
Massaguet	(Hadjar	
Lamine),	Lac,	Kanem,	
N'Djaména,	Mongo,	
and	Ati.	

Colombia	 2010	 Flood	 September	13,	
2010	

A	worsening	rainy	season	made	
more	severe	by	the	La	Nina	
event	caused	severe	flooding	
that	destroyed	roads,	homes,	
and	other	infrastructure.	Almost	
90%	of	the	total	population	was	
ultimately	affected	by	the	
extreme	flooding	events	that	
occurred	during	2010.	

Magdalena,	Sucre,	and	
Antioquia.	

The	
Comoros	
Islands	

2012	 Flood	 April	20,	2012	 Heavy	rains	brought	on	the	
worst	flooding	seen	in	decades	
on	the	islands	which	resulted	in	
landslides,	collapsed	bridges,	
loss	of	livestock,	and	
contaminated	water	sources.	

Grand	Comore,	Mohéli,	
and	Anjouan	Islands.	

Ethiopia	 2011	 Drought	 July	2011	-	
Mid	2012	

Two	consecutive	seasonal	rain	
failures	resulted	in	the	2011-
2012	Horn	of	Africa	drought	
severely	affected	numerous	
regions	of	Ethiopia	and	
described	as	the	worst	since	
1995.	Economic	and	food	
security	crises	intensified	in	
drought-stricken	areas.	

Somali,	Afar,	East	and	
Southern	Tigray,	
Southern	Oromia,	and	
SNNPR.	

Ethiopia	 2016	 Flash	
Floods	

April	7,	2016	 Torrential	rains	and	reduced	
ground	absorption	following	
prolonged	drought	led	to	flash	
flooding.	The	belg	rains	were	
heavier	than	usual	both	in	terms	
of	intensity	and	geographic	
coverage.	

Somali,	Oromia,	
Southern	Nations,	
Nationalities,	and	
Peoples	(SNNP),	Afar,	
Amhara,	and	Harari.	
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Guatemala	 1998-1999	 Tropical	
Cyclone	

October	22,	
1998	

Guatemala	was	hit	by	the	most	
destructive	hurricane	to	strike	
the	Western	Hemisphere	in	two	
centuries	(Hurricane	Mitch).	
Flash	floods	destroyed	domestic	
food	sources	and	livestock,	and	
landslides	buried	entire	villages	
leading	to	catastrophic	damage.	

All	regions.	

Guatemala	 2014	 Drought	 August	2014	 The	government	declared	a	
State	of	Public	Calamity	as	a	
result	of	lack	of	rain	that	led	to	
staple	crop	failures	and	
destruction	of	livestock.	A	
substantial	number	of	
households	faced	food	
insecurity	and	risks	due	to	
consuming	water	from	unsafe	
sources.	

Jutiapa,	Chiquimula,	
Santa	Rosa,	Quiché,	El	
Progreso,	
Huehuetenango,	Baja	
Verapaz,	Zacapa,	
Retalhuleu,	Solola,	
Totonicapan,	
Chimaltenango,	San	
Marcos,	Guatemala,	
Suchitepequez	and	
Jalapa.	

Honduras	 2005	 Tropical	
Cyclones	

November	18,	
2005	

The	2005	Atlantic	hurricane	
season	was	the	busiest	on	
record	with	multiple	devastating	
storms.	Tropical	storm	Gamma	
inundated	with	heavy	rain	
regions	that	were	previously	
affected	by	Hurricanes	Wilma	
and	Beta.	

Atlántida,	Colón,	
Cortés,	Gracias	a	Dios,	
Olancho	and	Yoro.	

India	 1993	 Flood	 July	7,	1993	 Unusually	heavy	monsoon	rains	
caused	widespread	flooding	
across	northern	India	states.	
Flash	flooding	and	landslides	
caused	housing,	agricultural,	
and	infrastructure	damage	led	to	
half	the	population	of	Punjab	
affected.	

Northern	region.	
Punjab,	Haryana,	
Tripura,	Kerala,	and	
Madhya	Pradesh.	

India	 2015-2016	 Drought	 April	29,	2016	 Two	years	of	repeated	rainfall	
deficits	led	to	an	official	State	
declaration	of	drought	in	11	
states	and	serious	concerns	
about	food	and	water	security.	

Uttar	Pradesh,	
Maharashtra,	Bihar,	
Madhya	Pradesh,	
Chattisgarh,	
Telangana,	Rajasthan,	
Jharkhand,	Odisha,	
Gujarat,	and	
Karnataka.	

Indonesia	 2007	 Earthquake	 July	9,	2007	 Mount	Gamkonora	erupted	
resulting	in	mass	displacement	
in	North	Maluku	province.	In	
Central	Sulawesi,	separate	
flooding	and	landslide	events	in	
late	July	caused	serious	
infrastructure	damage	and	
temporary	displacement.	

Central	Sulawesi	and	
Maluku	Utara.	

Madagascar	 2003-2004	 Tropical	
Cyclone	

January	28,	
2004	and	

March	7,	2004	

Sequential	cyclone	strikes	by	
Elita	(January)	and	Gafilo	
(March)	exacerbated	pre-
existing	socio-economic	and	
health	crises	including	famine	
and	food	security,	insufficient	
water	supply,	and	the	
destruction	of	primary	cash	crop	
yields.	

All	regions.	
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Madagascar	 2008	 Tropical	
Cyclone	

January	19-
21,	2009	

Tropical	cyclones	Eric	and	
Fanele	hit	simultaneously	
bringing	heavy	wind	and	rain	
leading	to	flooding	the	caused	
mass	displacement	and	damage	
to	municipal	water	supplies.	

All	regions.	

Namibia	 2013	 Drought	 May	17,	2013	 A	prolonged	dry	period	
described	as	the	toughest	in	30	
years,	caused	substantial	
failures	to	food	production	and	
severe	malnutrition.	Cumulative	
rains	between	January	and	
March	2013	were	one-third	of	
the	average	resulting	in	a	
declaration	of	drought	
emergency.	

Kavango,	Ohangwena,	
Oshikoto,	and	Kunene	

Nepal	 2006	 Earthquake	 April	25,	2006	 A	major	7.8	Richter	earthquake	
created	substantial	
displacement	and	damage	to	
homes	and	buildings.	Rural	
areas	were	severely	hit,	and	
recovery	resources	were	scarce	
leading	to	a	slower	recovery	
compared	with	urban	settings.	

Sindhupalchowk,	
Kavre,	Nuwakot,	
Rasuwa,	Dolakha	in	
the	Central	Region	and	
Kaski,	Gorkha	and	
Lamjung	in	the	
Western	Region	

Pakistan	 2012-2013	 Flood	 September	7,	
2013	

Heavy	monsoons	caused	
widespread	loss	of	life	and	
damage	to	agricultural	
production	where	more	than	a	
million	acres	of	land	remained	
under	water	months	later.	
Monthly	food	rations	and	
tankers	of	clean	water	were	
delivered	to	manage	food	
insecurity	and	sanitation.	

Southern	Punjab,	
Northern	Sindh,	and	
Northeastern	
Balochistan.	Dera	
Ghazi,	Khan,	Rajanpur,	
Jacobabad,	Kashmore,	
Qambar	Shahdadkot,	
Ghotki,	Dadu,	
Jaffarabad,	
Naseerabad,	and	Jhal	
Magsi	

Peru	 2007	 Earthquake	 August	15,	
2007	

A	major	7.9	Richter	earthquake	
hit	off	the	coast	with	several	
aftershocks	hitting	the	next	day.	
The	event	caused	severe	damage	
and	mass	casualty	requiring	
urgent	need	for	temporary	
shelter,	basic	subsistence	needs,	
healthcare,	and	sanitation.	

Pisco,	Chincha,	Ica,	
Cañete,	and	
Huancavelica	
department	

Peru	 2009	 Cold	Wave	 May	2009	 An	extreme	cold	wave	affecting	
primarily	mountain	regions	
caused	increases	in	urgent	
healthcare	need	for	children.	
Increases	in	pneumonia	and	
acute	respiratory	infections	
were	observed.	Medical	
assistance,	food,	and	clothing	
were	distributed	to	mitigate	to	
harm	caused	by	extreme	cold.	

Amazonas,	Ancash,	
Apurimac,	Arequipa,	
Ayacucho,	Cajamarca,	
Cusco,	Huancavelica,	
and	Huanuco	

Senegal	 2016	 Flood	 July	24,	2016	 Unprecedented	amounts	of	
rainfall	led	to	severe	flooding	
which	caused	substantial	
displacement	and	damage	to	the	
agricultural	sector.	

Kaffrine,	Kaolack,	and	
St.	Louis	



 

 

 

70 

Disasters as a Natural Experiment in DHS 

 The Demographic and Health Surveys (DHS) uses a nationally representative 

sample survey design50-55,57-62,64-70,97,98 to evaluate maternal and under-5 child health 

outcomes, and it provides interview date coding for use in establishing the timing of 

when participants were observed in relation to the disaster event as indicated by official 

communication accessed through ReliefWeb. Three samples (Nepal 2006, Ethiopia 2011, 

and Ethiopia 2016) were originally reported interview dates using the Bikram Sambat 

Nepali and Eritrean calendar formats respectively and were converted to the Gregorian 

calendar to standardize all sample calendars for event timing assignment. For the 14 pre-

post analytical designs, each DHS observation was assigned a variable for the event date 

that was indicator coded “0” when the interview date occurred during the pre-period and 

“1” when the interview date occurred in the post-period. For the seven post-only 

analytical designs, coefficients are reported as a continuous random variable in monthly 

unit increases or decreases beginning with the start of the DHS survey. Categorical 

versions of the time-since-survey variable were considered but not retained due to small 

cell sizes. 

Measures: Treatment Seeking Behavior for Child Fever and Diarrhea 

 DHS survey respondents who had children with incident diarrhea or fever in the 

previous two weeks reported on whether they sought treatment or advice for their child’s 

illness, for fever and separately for diarrhea. The DHS item indicating that the respondent 

did not seek treatment was reverse-coded to indicate treatment was sought. Participants 

also reported on where they sought treatment. DHS provides standardized questions for 
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all samples, and also contextually relevant locations for each sample (e.g., mobile clinic). 

The standardized questions were used for analysis because non-standardized locations 

were rarely reported as the source of treatment and are difficult to compare across 

countries. The standard locations include: a) government hospital, b) private hospital or 

clinic, c) pharmacy, d) private doctor, and e) other private sector. Response values for 

private doctor and other private sector were combined into a single category.  

Covariate Adjustment 

 Fever- and diarrhea-related covariates that may also be associated with the timing 

of DHS observation and child health outcomes in pre-/post-disaster periods were selected 

for adjustment. For comparability of the models across samples, variables were selected 

that were collected in all survey samples. These demographic sample characteristics 

included child sex and age, mother's current age and educational attainment, total 

children ever born, and urban/rural residence. 

Analysis 

 A design-based analytical strategy accounting for each DHS sample’s individual 

sampling strategy using sampling weights was used in un-pooled analyses to examine if 

respondents reported different child fever and diarrhea treatment seeking behavior in the 

pre- and post-disaster periods. For respondents who reported seeking treatment, 

differences in the location of received care was evaluated. Descriptive statistics, 

tabulations, and data visualization procedures were used to examine the presence of 

missing data across survey samples and the data were found to be overall complete (less 

than 0.7% participants were excluded due to missing outcome data). Pre-post sample 
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characteristics were examined to assess if substantive differences existed between the two 

periods including child age, mother’s age at child birth, and urban and rural differences in 

the demographic composition of the two periods. Generalized linear models for child 

fevers and diarrhea were fit with logit link and bernoulli variance family, and adjustment 

for covariates described above were applied in all adjusted models for each DHS survey. 

Odds ratios (OR) and predicted probability differences (PD) were calculated for each 

outcome variable. Post period only coefficients were reported as the monthly increase or 

decrease in treatment seeking behavior also on both the multiplicative (OR) and absolute 

scales (PD). Data management and analysis was performed in Stata 15.1MP (College 

Station, TX). 

Results 

 The primary hypothesis of the current study was that disasters may cause more 

severe child illness which could result in increases in parent treatment-seeking behavior. 

Results indicated that parents were not more or less likely to seek treatment for child 

fevers or diarrheal disease. In the recovery period, patterns of treatment-seeking did not 

differ over time across the post-period samples. Although there some exceptions were 

observed (described below), parents did not change their treatment seeking behaviors 

following severe mass disasters. Although parents may not change their treatment 

seeking behaviors, it was hypothesized that disasters may be associated with changes in 

the composition of locations where parents sought treatment. There was some evidence 

that parents sought treatment from locations that may offer patient-centered treatments 

(i.e., pharmacies and private doctors) compared with government and private hospitals or 



 

 

 

73 

clinics, but the pattern was not consistent across samples. In samples with statistically 

significant increases or decreases in treatment-seeking behaviors, disasters were 

associated with a conversion towards treatment-seeking behaviors at private sources of 

healthcare. 

Are Disasters Associated with Increased or Decreased Parent Treatment-Seeking? 

In both the natural experiment and recovery period only samples there was not 

statistical evidence that disasters were associated with increased or decreased treatment-

seeking behaviors across countries, time, and disaster type. There were some exceptions. 

Results for hydrological disasters indicated that treatment seeking was elevated in the 

post-period compared to the pre-disaster period (Table 8). For example, in the Cambodia 

2014 sample, flash flooding was associated with a fever treatment-seeking OR of 1.46 

(95% CI: 1.02, 2.08, P<0.05) in the post- versus the pre-period. This result corresponded 

to an estimated increase of 1 per 25 more fever cases (95% CI: 1 per 100 cases, 8 per 100 

cases) of parents being more likely to seek treatment for their child’s fever following 

severe flooding versus in the prior period. In the India 1993 sample, regions affected by 

severe flooding indicated a substantially stronger relationship. In this context, parents 

were more likely to seek treatment at an estimated increase of approximately 1 per 5 

fever cases (95% CI: 17 per 100 cases, 23 per 100 cases; P<0.001). In contrast, another 

high-precipitation, meteorological event (Honduras 2005; tropical cyclone) resulted in a 

decline of parent treatment-seeking for child fevers by approximately 1 per 10 cases in 

the post-period compared to the pre-period (95% CI: -20 per 100 cases, -2 per 100 cases, 

P<0.05). With the exception of drought in India 2016 sample where treatment-seeking 
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was elevated in the post-period compared to the pre-period, low precipitation disasters 

were not associated with elevated or decreased treatment-seeking behaviors.  

Null findings observed for fevers were consistent for diarrheal disease treatment-

seeking across samples and disaster types. There were two exceptions which were 

observed only in the two India samples. There was evidence that parents were more 

likely to seek diarrheal disease treatment at an increase between 10-20 per 100 cases in 

the post period compared to the pre-period (P<0.01). In all other samples, parents were 

not more or less likely to seek treatment for their child’s diarrheal disease following 

severe high and low precipitation disaster events. Separately, the recovery period samples 

indicated that for child fevers and for diarrheal disease, there were no differences in the 

pattern of parental treatment-seeking over time (Table 9). 

Does the Location of Treatment Differ When Parent Behaviors Change? 

 In several samples (Cambodia 2014; Honduras 2005; India 1993; India 2016), 

parent behaviors differed in the post-disaster period compared to the pre-period. All were 

high precipitation disasters except for drought in the India 2016 sample. In Honduras 

there was a decline parent treatment seeking and India there was an increase, but in each 

of these three contexts, treatment of fever cases increased in pharmacies and private 

doctors or other private sources and declined in government and private hospitals in the 

post-disaster period compared to the pre-disaster period (Table 10). The magnitude 

change in source of treatment was strongest in India (1993 flooding and 2016 drought) 

where the disaster association was observed to be between 1-2 per five more fever and 

diarrhea cases treated by a private doctor or other private source (P<0.001). In these 
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samples, declines in utilization of government and private hospitals were between -3 and 

-13 per 100 fever and diarrhea cases. 

Do Sources of Treatment Differ When There is No Change in Parent Behaviors? 

 Results from both the natural experiment and recovery period samples indicated 

that disasters were not associated with increased or decreased treatment-seeking 

behaviors, nor did the monthly pattern of change in locations of treatment differ in the 

post-period. In all of these samples, there also did not appear to be a change in the 

composition of what locations of treatment were utilized for treating child illness. Results 

presented in Table 10 were highly variable for samples where treatment differed. In the 

Indonesia 2007 sample, following earthquakes, floods, and landslides, the disaster 

association suggested increases in private doctor and other private sources of fever care 

by 8 per 100 fever cases (95% CI: 2 per 100 cases, 14 per 100 cases; P<0.05). Changes in 

the source of diarrheal treatment were similar. The difference in composition of fever 

treatment for this sample reflected the pattern observed in samples where parent 

treatment seeking differed. It was only the case that private hospitals and clinics appeared 

to be a more likely source of treatment for fever in the Madagascar 2003 sample (tropical 

cyclone) and for diarrheal disease in the Peru 2009 sample (cold wave). Patterns in 

change of source of treatment location over time were not generally observed across the 

recovery period samples (Table 11), but for samples where there was statistically 

significant monthly change in any source of treatment, pharmacies and private doctors or 

other private sources were an increased source of treatment over time (Guatemala 2014, 
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drought; Pakistan 2012, flood; Comoros Islands, flood), and government hospitals or 

private hospitals and clinics were less frequently used over time. 



 

 

 

77 

Table 8. Adjusted Disaster Association with Sources of Care for Fever and Diarrhea in 
the Pre-/Post-Period Demographic and Health Surveys (N=14 Natural Experiment 
Samples) 
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Table 9. Adjusted Disaster Association with Treatment Seeking for Fever and Diarrhea in 
the Recovery-Period Demographic and Health Surveys (N=7 Post Period Samples) 
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Table 10. Adjusted Disaster Association with the Sources of Care for Fever and Diarrhea in the Pre-/Post-Period Demographic and 
Health Surveys (N=14 Natural Experiment Samples) 
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Table 11. Adjusted Disaster Association with Treatment Seeking for Fever and Diarrhea in the Recovery-Period Demographic and 
Health Surveys (N=7 Post Period Samples) 
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Discussion 

 High and low precipitation severe mass disasters did not appear to have an impact 

on parent treatment-seeking behaviors across countries, disaster types, or time. The 

primary hypothesis was that the unique vulnerabilities of children to severe disasters 

would result in more serious child illness resulting in elevated treatment seeking by 

caregivers. This hypothesis was not supported in the study findings as the population of 

parents exposed to severe disasters were not more or less likely to seek treatment 

compared to the behaviors of parents observed in the pre-period. On its own, these 

findings do not support the idea that disasters have inconsequential effects on parent-

child health behaviors. A second hypothesis tested if the composition of location of 

treatment differed in the post-period compared with the pre-period. The disasters 

examined in this study had substantial impact on individual and community health 

resources and infrastructure. If some sources of usual care become less available 

following a disaster, then the composition of available locations at which parents seek 

care should differ even if the rate treatment-seeking does not change. Across samples, we 

did not find clear evidence that a change in the composition of sources of treatment 

occurred. This is surprising considering the broad impact many of these events had on the 

affected populations. It may indicate that parents and family systems have strategies to 

meet the health needs of their children with the resources available to them, including in 

the context of mass trauma. This point of view is consistent with prior research99 but it 

does not mean that the resources available are sufficient meet optimal health needs. 

Findings that were exceptions may indicate some health systems were more resilient than 
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others to post-disaster child health needs or that there were barriers to seeking treatment 

that were unobserved in the current study. 

Disaster Effects on Parent Behavior or on Sources of Care 

Severe disasters were not generally associated with differences in parent 

treatment-seeking behavior, but in some countries and/or disaster types there was a 

substantial impact (elevated and decreased parent treatment-seeking behaviors) on the 

number of fever or diarrheal disease cases for which parents sought treatment. In these 

cases, disruptions or logistical barriers like transportation issues or infrastructure damage 

may be implicated in lower treatment seeking behaviors (Honduras 2005, tropical 

cyclones; Senegal 2016, flooding; Nepal 2006, landslides; Colombia 2010, flooding). In 

Honduras for example, the 2005 Atlantic hurricane season was among the busiest 

recorded (26 named storms and 13 hurricanes, half of which were category three or 

higher). The departments of Atlántida, Colón, Cortés, Gracias a Dios, Olancho, and Yoro, 

which were severely affected by tropical storm Gamma in the current study, had 

previously been hit by both hurricanes Beta and Wilma (the strongest hurricane ever 

recorded at the time). Repeated flooding events also affected Colombia over the 2010 

rainy season, leading to the second-largest internally displaced population in the world 

and almost 90% of the total population ultimately affected.100 In Colombia, this could 

explain why the direction of association (P>0.05) suggested treatment-seeking for 

diarrheal disease declined, and other emergency medicine research carried out in this 

setting has described how disasters can create barriers to seeking care.101 Relief agencies 

and government response play critical roles in managing the acute effects these barriers 
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have on population health during the recovery period. Policymakers also play a role in 

structuring the healthcare system to be accessible for caregivers. 

Disaster Effects on the Composition of Sources of Care 

Even if parents do not overall change their health behaviors, disasters could 

impact where they seek treatment for child illness. While not observed across all samples, 

there were some notable patterns that are concerning for public health policy. In these 

samples, treatment provided by private doctors or other private sources was generally 

elevated in the post-disaster recovery period relative to the pre-period which may indicate 

some populations are likely to seek care from sources that are more readily capable of 

providing patient-centered care which could be desirable if parents perceive their child’s 

illness is more severe. It could also mean that otherwise preferred sources of care (e.g., 

government hospitals or private hospitals/clinics) were not accessible or they were unable 

to meet post-disaster demand. The finding that care from private providers increased is 

concerning because private healthcare is more costly in LMICs and households pay a 

larger share of out-of-pocket costs for catastrophic health expenditures compared to high 

income countries.94,102 It is also concerning because trends in healthcare provision in 

LMICs since the 1980s have promoted growth in the private sector rather than through 

the public sector.103 This pattern of growth in public versus private provision of care is 

characteristic of India where in both the 1993 and 2016 DHS samples, flooding and 

drought resulted in 1 per 3 and 1 per 5 more cases of fever and diarrhea being treated in 

the private sector – a substantial shift in where parents receive healthcare for child illness.  
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Results from the two India samples are particularly notable compared to results 

observed in lower income samples for two reasons. First, observed differences in the 

magnitude of post-disaster care-seeking behaviors in India may reflect more responsive 

post-disaster treatment seeking behaviors relative to other populations. However, it is 

more likely that in all populations, irrespective of context, parents would be equally 

activated to preserve child wellbeing following similarly severe disasters. A more likely, 

second reason for elevated treatment seeking behaviors in India may be that its healthcare 

system is resilient to severe events compared to other LMICs, and parents may have 

options or increased access to care.94,104 For example, the difference in the magnitude of 

the disaster associations of other countries, relative to India, may indicate supply-side 

barriers to healthcare access in low-income countries that result in unmet need for 

treatment of child illness. The current study indicates that this unmet need could be as 

large as 10 per 100 fever or diarrheal disease cases, but this unmet need could also be a 

tenth of that size. These are conservative estimates because they assume the Indian 

comparison samples fully met post-disaster demand. Policymakers can invest in 

preventive strategies (e.g., public risk communication, vaccine programs, access to 

potable water, and improved hygiene) to reduce strain on the healthcare system as well as 

curative strategies that are equipped to meet relevant post-disaster treatment needs – e.g., 

oral rehydration therapies and child dietary supplements like zinc sulfate.105,106 Both 

public and private care providers can meet urgent needs by serving difficult-to-reach 

populations through innovations in healthcare delivery. Failure to address preventive and 
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curative child health needs caused by mass disasters may exacerbate a vicious cycle of 

economic distress resulting from potentially costly care. 

Timing of Health Behavior Change in Disaster Settings and the Rationale for 

Implementing Multiple Analytical Designs in Survey-Based Disaster Epidemiology 

Implementation of two analytical designs (natural experiment and post-only 

designs) indicated that the disaster impact phase may be the point at which health 

behaviors change. Several natural experiment samples provided the best evidence that 

disasters could alter parent health behavior (Cambodia 2014, flash flooding; Honduras 

2005, tropical cyclones; India 1993, flooding; India 2016, drought). In the recovery 

period samples on the other hand, if influx of external aid over time creates new 

opportunities for care, then it should be reasonable to expect that parents would respond 

to new access to health resources at increasing rates over time. If external relief is freely 

administered and equitably distributed in the affected population, then it is difficult to 

imagine that parents would not seek these resources which should result in increased 

treatment seeking or changes to the composition of sources of care. This pattern was not 

observed which could indicate inadequacies in how relief reaches affected populations. 

Post-disaster surveys have been the most commonly employed method to evaluate 

disaster-related health consequences, and a consideration for future research may be that 

these patterns of change in health behaviors may be difficult to detect without a pre-

disaster comparison period. It may also indicate that studies spanning longer periods of 

time are needed to determine how populations adapt to mass disasters. When 

implemented together, the current study demonstrated how the two designs could detect 
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sensitive periods of disaster-related impact on human behavior. If mitigation strategies 

are implemented based on the findings of post-period assessments alone, there may be 

risk of inefficiently staged and inequitably-distributed disaster response.1,107 In cases 

where there could be a compositional changes to where parents seek treatment (as found 

in the pre-post design), then these changes would be unobserved in recovery period only 

designs because there is no disaster comparison period. As a result, providers may be 

insufficiently resourced to meet increased demand for care. Disaster epidemiologists 

should seek better information about disaster-related health behaviors, and policymakers 

and providers should tailor strategies to reach vulnerable populations with least access to 

care. Efforts to minimize healthcare system disruptions to parent usual sources of care 

may have favorable impacts on how parents adapt to promote child well-being in the 

context of mass trauma.19,108-110 

Strengths and Limitations 

 The current study applied epidemiologic methods to analyze disaster-related 

health behaviors using an analytic design approximating a natural experiment as well as 

other commonly used recovery period designs to examine patterns of behavior change. 

Comparing the ideal strategy to the more commonly implemented design uncovered 

potential weaknesses in the value of such studies that lack a pre-period comparison, but 

the two strategies implemented together helped to identify a sensitive period that may 

explain health behavior change in some settings. The cross-national comparative analysis 

across samples addressed critiques of disaster-related health research by investigating 

disaster effects across context, time period, and disaster type for similarities and 
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differences in disaster effect size and pattern of effect over time. For this reason, it 

revealed that observational population health data of the type used in this study may not 

be sufficient to detect consequential disaster-related caregiver behaviors. An important 

consideration is that sample size in the current study depended on the prevalence of child 

illness to evaluate treatment seeking behaviors which was generally between 15%-20% in 

these samples. This issue could be exacerbated by disaster selection if it causes the post-

disaster population observed to be of higher health status than those most vulnerable to 

overall ill-health and to the health consequences of the disaster.  

Conclusions 

 The current study provided new information about cross-national similarities and 

differences in how parents do and do not adapt their behaviors to preserve child well-

being in the context of mass disaster. Parents were not overall more or less likely to seek 

treatment for child fever or diarrheal disease following a severe disaster. There was some 

evidence of elevated treatment seeking behaviors following the disaster impact phase 

which may indicate parent responsiveness to more severe child illness. There was also 

some indication that private sources of care were utilized more frequently following 

severe disasters. Low-income countries may have substantial unmet need for access to 

post-disaster fever and diarrheal disease care compared to higher-income counterparts. 

Ministries of health and providers should tailor strategies to reach vulnerable populations 

with least access to care and develop strategies to anticipate and to minimize healthcare 

system disruptions.  
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