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Chapter I: Introduction
Background
Armed conflict has been a major determinant of morbidity and mortality for most of
human history (Krug et al., 2002). The nature and scope of armed contest taking place over the
years has changed to increasingly include deaths resulting from terrorist actions and one-sided
violence such as genocide (Eck and Hultman, 2007; Ericksson et al., 2003; LaFree et al., 2009).
The impact of terrorism, civil war and one-sided violence on populations arises both from the
immediate (direct) effects of combat (i.e. battle deaths) and from their longer-term (indirect)
consequences, namely the breakdown of water, sanitation, agricultural, transportation, health
care, safety and regulatory infrastructures which results in lack of shelter, food shortages,
depressed economic performance, environmental degradation and heightened risk of disease and
premature mortality (Betsi et al., 2006; Colombatti et al., 2009; Dodge, 1990; Guha-Sapir and
van Panhuis, 2002a; 2002b; 2003; 2004; Levy and Sidel, 2003; 2007; Sidel and Levy, 2003;
2009). Little data are available about the longer-term effects of terrorism, and related violence
on public health and even less is known about their longer-term effects on many specific
diseases such as diarrheal and related conditions and substance use disorders (i.e. harmful use
and dependence).
Historically, terrorism, war and one-sided violence have not received the attention from
public health researchers as have other causes of morbidity and mortality and political scientists
have been more interested in the economic and political causes of terrorism, war and one-sided
violence than on their impact on public health (Perrin, 1996). This is surprising given that the
immediate impact of war and related violence on populations does not begin to account for the
longer-term consequences of war resulting from breakdown of the social fabric, lack of shelter,
food shortages, depressed economic performance, breakdown of health and human services,
1

environmental degradation and the heightened risk of transmission of infectious diseases (Betsi
et al., 2006; Colombatti et al., 2009; Dodge, 1990; Guha-Sapir and van Panhuis, 2002; Levy and
Sidel; 2003; 2007). The ratio of the longer-term consequences of terrorism and related violence
to their direct effects has been reported to be 9:1 (Murray et al., 2002 Sidel and Levy, 2003;
2009). Accordingly, this dissertation research is premised on the conceptualization that
terrorism, war and one-sided violence adversely affect morbidity and mortality long after the
fighting and bombings are over and that health costs of such violence extend into the postconflict period.
Specific Aims, Theoretical Framework and Hypotheses
Specific Aims
The specific aims of this dissertation research are to examine the influence of one
exposure variable, combined deaths due to terrorism, civil war and one-sided violence from
1994-2000 on morbidity and mortality attributable to: (1) major communicable and
noncommunicable diseases (Paper 1); (2) diarrheal and related diseases (Paper 2); and substance
use disorders (Paper 3) in 2002, as measured by disability-adjusted life years (DALYs) among
WHO Member States. Analyses control for economic and related factors (Papers 1-3) and
disease-specific vulnerability factors (Papers 2 and 3).
Theoretical Framework
The theoretical framework underlying this research is drawn from a general model used
to study factors affecting public health. Several theoretically postulated mechanisms link
terrorism, civil war and one-sided violence to increased population exposure to morbidity and
mortality attributable to: (1) major communicable and noncommunicable diseases; (2) diarrheal
and related diseases; and (3) substance use disorders. These mechanisms can be summarized as:
(1) damages to economic and health infrastructures; (2) demographic impacts; (3) economic
2

impacts; and (4) psychological reactions. Taken together, these mechanisms, in turn, lead to
exposure of the population to conditions that increase risk of death, disease and disability.
First, conflict damages economic and health infrastructures vital to prevention of
morbidity and premature mortality (Betsi et al., 2006; Colombatti et al., 2009; Dodge, 1990;
Levy and Sidel, 2003; 2007; World Health Organization, 2002c; 2006b). Water and sanitation
systems are also frequently damaged as a result of terrorism, war and one-sided violence and
that damage has both direct and longer-term adverse effects on health. Agricultural systems are
also impacted, resulting in food shortages (de Jong et al., 2007; Payne, 1998). Terrorism, war
and one-sided violence adversely impact health care services in the longer-term through damage
to infrastructure (i.e. damage to water supplies, electricity and sewage disposal necessary for
health services to operate) coupled with injury, death and disappearance of health care workers
(Gayer et al., 2007; Hansch and Burkholder, 1996). Damage to the infrastructure exerts a
lingering effect on morbidity and mortality because such damage is expensive and time
consuming to repair (Doocy and Burnham, 2006). Destruction of water and sanitation
infrastructure also results in increased infectious disease transmission that leads to increased
disability and shortened life expectancy.
Second, other longer-term consequences of terrorism, civil war and one-sided violence
on public health are demographic, that is, the displacement and forced resettlement of large
numbers of persons resulting in reduced access to health resources, food, and safe water and
sanitation (Asgary and Segar, 2011; Atuyambe et al., 2011; Shultz et al., 2009).
Third, the longer-term economic impacts of terrorism, war and one-sided violence can be
profound, including decreased public expenditures on education, transportation, agriculture as
well as health sectors (Guha-Sapir et al., 2002a; 2002b; Perrin, 1996; WHO, 2006b).
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Lastly, terrorism, war and one-sided violence result in psychological reactions, including
stress, fear, depression, helplessness, and impairment in daily functioning, that serve to increase
morbidity and mortality from a number of mental illnesses (Krippner and McIntyre, 2003).
Armed conflict around the world has been increasingly characterized by terrorist actions and
one-sided violence (e.g., genocide), and, unlike war, these actions are targeted toward civilians
and not combatants on the battlefield (Levy and Sidel, 2003; Mueller, 2009). The aims of
terrorists and governments perpetrating one-sided violence are to coerce, intimidate, and convey
their message to a larger audience beyond their immediate victims, impacting many more
persons far removed from where the terrorist acts and associated violence occurred. These
actions have a strong effect on public health through longer-term and widespread anxiety, fear,
panic, helplessness, hopelessness, demoralization, depression and disrupted sleep (Bonger et al.,
2007; DiMaggio and Galea, 2006; Dudley, 2005; Krippner and McIntyre, 2003; Stout, 2002;
Van der Kolk et al., 1996; Whalley, 2007). All of these effects, in turn, weaken assumptions
about personal security, highlighting the inability of authorities to protect their citizens and their
environment (Iqbal, 2006).
The extreme stress resulting from terrorism, war and one-sided violence also
substantially contributes to the development of an array of physical as well as mental illnesses
(Holman et al., 2008; Qureshi et al., 2003; Schnurr and Green, 2004). Research in this area
underscores the need to recognize: (1) physical health along with mental health problems as
longer-term outcomes of terrorist actions and related violence; (2) that the strain on the body
produced by persistent chronic stress reactions alters metabolism and triggers physiological
changes that eventually manifest in damage to a number of organs and tissues (the so-called
allostatic load); and (3) the persistent physiological and psychological responses associated with
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acute and chronic stress exposure trigger processes through which terrorism, war and one-sided
violence affects public health.
The theoretical frameworks underlying Papers 1-3 of this dissertation are shown in
Figures 1-3.
Hypotheses
Paper 1. It is hypothesized that increasing numbers of deaths due to terrorism, civil war
and one-sided violence from 1994-2000 will be associated with increasing levels of morbidity
and mortality due to major communicable and noncommunicable diseases in 2002, as measured
by DALYs. This relationship will be examined using multivariable linear regression analyses in
the total sample and among subgroups of the population defined by sex and age. Analyses will
also control for important economic factors that may be correlated with levels of terrorism, civil
war and one-sided violence and that have been linked to a variety of communicable and
noncommunicable diseases. The statistical model associated with Paper 1 can be expressed as
follows (some variables were transformed using natural logarithms as a result of skew):
DALYs due to a specific communicable or noncommunicable disease =
(terrorism, war and one-sided violence deaths) +
expenditures) +

4

2

6

+

(ethnic heterogeneity) +

log (number affected by natural disasters) +

refugees/asylum seekers/displaced) +

0

5

(pace of urbanization) +

1
3

log

(health

log (number of
7

(life expectancy at

birth) +
For models in which infectious and parasitic disease DALYs serve as outcome variables,
tropical country status will also be controlled.
Paper 2. It is hypothesized that increasing numbers of deaths due to terrorism, civil war
and one-sided violence from 1994-2000 will be associated with increasing levels of morbidity
and mortality due to diarrheal and related diseases in 2002, as measured by DALYs. This
5

Figure 1: Theoretical Framework: Relationship between Terrorism, Civil War and One-Sided Violence and Morbidity and Mortality
Due to Major Communicable and Noncommunicable Diseases, Paper 1

Independent Variables
Exposure Variable

Sum of deaths resulting
from terrorism, war
and one-sided violence,
1994-2000

Theoretically Postulated
Mechanisms

Dependent Variables

Damage to economic
and health
infrastructures

6
Economic and Related Control Variables

Demographic (e.g.,
refugees/displaced
persons)

DALYs in 2002
due to major
communicable
and

Ethnic heterogeneity, 19941996

Government health
expenditures as % of total
government expenditure,
1994
Life expectancy at birth,
1994
Number of refugees/
asylum seekers/displaced
persons, 1994

Tropical country status for
communicable diseases
only
Number of
deaths/homeless/affected
by natural disasters, 19942000
Pace of urbanization, 1990
to 1995

Economic (decreased
spending- education,
transportation, safety,
health, agriculture)
Psychological (e.g.,
stress, insecurity)

nomcommunicable
diseases

Figure 2: Theoretical Framework: Relationship between Terrorism, Civil War and One-Sided Violence and Morbidity and Mortality Due to Diarrheal
and Related Diseases, Paper 2

Independent Variables
Exposure Variable

Sum of deaths resulting from terrorism, war and
one-sided violence, 1994-2000.

Theoretically Postulated Dependent Variable
Mechanisms

Damage to economic
and health
infrastructures
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Demographic (e.g.,
refugees/displaced
persons)

Economic and Related Control Variables
Pace of urbanization,
1990 to 1995
Government health
expenditures as % of
total government
expenditure, 1994
Tropical Country Status

Ethnic heterogeneity,
1994 - 1996

Life expectancy at
birth, 1994

Number of
deaths/homeless/
affected by natural
disasters, 1994-2000
Number of
refugees/asylumseekers/displaced
persons, 1994

Disease-Specific
Vulnerability Control
Variable

Percentage of population with
improved water resources/sanitation
facilities, 1994

Economic (decreased
spending- education,
transportation, safety,
health, agriculture)
Psychological (e.g.,
stress, insecurity)

DALYs in 2002 due
to diarrheal diseases,
schistosomiasis,
trachoma, ascariasis,
trichuriasis and
hookworm

Figure 3: Theoretical Framework: Relationship between Terrorism, Civil War and One-Sided Violence and Morbidity and Mortality Due to
Substance Use Disorders, Paper 3

Independent Variables
Theoretically Postulated
Mechanisms

Exposure Variable

Sum of deaths resulting from terrorism, war and
one-sided violence, 1994-2000.
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Pace of urbanization
1990-1995

Government health
expenditures as % of
total government
expenditure, 1994
Ethnic heterogeneity,
1994-1996

Damage to economic
and health
infrastructures

Demographic (e.g.,
refugees/displaced
persons)

Economic and Related Control Variables
Life expectancy at
birth, 1994

Number of
deaths/homeless/
affected by natural
disasters, 1994-2000
Number of
refugees/asylumseekers/displaced
persons, 1994

Disease-Specific
Vulnerability Control
Variables
Prevalence of illicit drug use, 19931997

Per capita adult alcohol consumption
(liters), 1994

Dependent Variables

Economic (decreased
spending- education,
transportation, safety,
health, agriculture)

Psychological (e.g.,
stress, insecurity)

DALYs in 2002 due
to alcohol and/or
drug dependence and
harmful use

relationship will be examined using multivariable linear regression analyses in the total sample,
and among subgroups of the population defined by sex and age.
Analyses will also control for economic and related factors and disease-specific preexisting vulnerability factors (i.e. unsafe water resources inadequate sanitation facilities) that
may be associated with terrorism, war and one-sided violence and that have been linked to
morbidity and mortality attributable to diarrheal and related diseases. The statistical model
associated with Paper 2 can be expressed as follows:
DALYs due to diarrheal and related diseases =
violence deaths) +

2

(ethnic heterogeneity) +

affected by natural disasters) +
(pace of urbanization) +

7

5

0
3

+

1

log (terrorism, war and one-sided

(health expenditures) +

4

log (number

log (number of refugees/asylum seekers/displaced) +

(access to improved water/sanitation) +

8

6

(tropical climate) +

Life expectancy at birth was not included in these models because of its high
correlation (r > 0.84) with improved water resources and sanitation facilities.
Paper 3. It is hypothesized that increasing numbers of deaths due to terrorism, civil war
and one-sided violence from 1994-2000, will be associated with increasing levels of morbidity
and mortality due to substance use disorders in 2002, as measured by DALYs.

This

relationship will be examined using multivariable linear regression analyses in the total sample
and among subgroups of the population defined by sex and age. Analyses will also control for
economic and related factors and pre-existing vulnerability factors (i.e. adult per capita alcohol
consumption and prevalence of illicit drug use) that may be associated with terrorism, war and
one-sided violence and that have been linked to morbidity and mortality attributable to substance
use disorders.
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Analyses will also control for economic and related factors and disease-specific preexisting vulnerability factors (i.e. unsafe water resources/inadequate sanitation facilities) that
may be associated with terrorism, war and one-sided violence and that have been linked to
morbidity and mortality attributable to diarrheal and related diseases. The statistical model
associated with Paper 2 can be expressed as follows:
DALYs due to diarrheal and related diseases =
violence deaths) +

2

(ethnic heterogeneity) +

affected by natural disasters) +
(pace of urbanization) +

7

5

0
3

+

1

log (terrorism, war and one-sided

(health expenditures) +

4

log (number

log (number of refugees/asylum seekers/displaced) +

(access to improved water/sanitation) +

8

6

(tropical climate) +

Life expectancy at birth was not included in these models because of its high
correlation (r > 0.84) with improved water resources and sanitation facilities).
Paper 3. It is hypothesized that increasing numbers of deaths due to terrorism, civil war
and one-sided violence from 1994-2000, will be associated with increasing levels of morbidity
and mortality due to substance use disorders in 2002, as measured by DALYs.

This

relationship will be examined using multivariable linear regression analyses in the total sample
and among subgroups of the population defined by sex and age. Analyses will also control for
economic and related factors and pre-existing vulnerability factors (i.e. adult per capita alcohol
consumption and prevalence of illicit drug use) that may be associated with terrorism, war and
one-sided violence and that have been linked to morbidity and mortality attributable to substance
use disorders. The statistical model associated with Paper 3 can be expressed as follows:
DALYs due to substance use disorders =
deaths) +

2

(ethnic heterogeneity) +

natural disasters) +

5

3

0

+

1 log

(terrorism, war and one-sided violence

(health expenditures) +

4

log (number affected by

log (number of refugees/asylum seekers/displaced) +
10

6

(pace of

urbanization) +

7

(life expectancy at birth) +

8

(per capita alcohol consumption) +

9

log

(prevalence of illicit drug use) +
For analyses in which alcohol use disorder DALYs served as outcome measures, adult
per capita consumption, and not prevalence if illicit drug use, served as a control variable.
Similarly, for those analyses in which drug use disorder DALYs served as outcome
variables, prevalence of illicit drug use, and not per capita alcohol consumption, served as a
control variable.
While the primary focus of this research is on terrorism, civil war and one-sided violence
as the exposure variable, economic and related factors that have been empirically shown to
affect cross-national variation in morbidity and mortality need to be controlled in all three
papers. These include general health expenditures as a percentage of total government
expenditure, pace of urbanization, life expectancy at birth (Papers 1 and 3),
ethnic/linguistic/religious heterogeneity, number refugees/ asylum seekers/internally displaced
persons within a country, and the number of deaths/homeless/affected by natural disasters. For
Paper 2, two additional covariates, unsafe water resources and inadequate sanitation facilities
and tropical country status, will be included. Tropical country status will also be controlled in
those analyses in which infectious diseases serve as outcome measures in Paper 1. For Paper 3,
two additional covariates will be included: adult per capita alcohol consumption and annual
prevalence of illicit drug use.
Results from this study can be used by peace building missions, national governments
and non-governmental agencies to suggest interventions to protect conflict-affected populations
from the disease consequences of terrorism, war and related violence and to establish priorities
in rebuilding public health care systems and infrastructure (Banatvala and Zwi, 2000; Doocy and
Burnham, 2006). Understanding the nature and magnitude of morbidity and mortality in conflict11

affected populations is critical to addressing the public health needs of these populations
necessary to enhance social capital, promote human development and reduce pain and suffering
worldwide. Understanding the deleterious longer-term impact of terrorism, war and one-sided
violence on population health will also help underscore the hidden costs of conflict that may
ultimately inform decisions not to use force.
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Chapter II: Literature Review
Outcome Variables: Disability-Adjusted Life Years
Importance and Definition of Disability-Adjusted Life Years
The outcome variables in this dissertation research are DALYs attributable to major
communicable and noncommunicable diseases and conditions among the 192 WHO Member
States in 2002, by sex and age (0-4, 5-14, 15-44, 45-59, 60+). WHO Member States are shown
in Table 1 and Figure 4 by region and in Table 2 and Figure 5 by subregion and mortality
stratum. Table 3 lists WHO residual Micro-States along with WHO Non-Member States.
A DALY is an indicator that combines information on morbidity and mortality. This
summary measure was first used in the 1990 Global Burden of Disease (GBD) Study conducted
by the WHO and the World Bank (Murray and Lopez, 1996a). The significance of combining
the proportionate burden of disease attributable to health conditions and causes of mortality at
the global population level cannot be overstated. The DALY methodology offered a distinct
advantage over using mortality statistics alone to express global disease burden as these statistics
substantially underestimate burden due to nonfatal disorders such as many noncommunicable
and chronic diseases and conditions.
One DALY can be viewed as one lost year of life. The DALY is calculated as the sum
of years of life lost (YLL) due to premature mortality and years of productive life lost due to
disability (YLD) in a population.
DALY = YLL + YLD
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Table 1. World Health Organization Member States by Region, 2002

African Region (46)

Region of the Americas (34)

Algeria — AFR-D
Angola – AFR-D
Benin – AFR-D
Botswana – AFR-E
Burkina Faso – AFR-D
Burundi – AFR-E
Cameroon – AFR-D
Cape Verde – AFR-D
Central African Republic – AFR-E
Chad – AFR-D
Comoros – AFR-D
Congo – AFR-E
Côte d’Ivoire – AFR-E
Democratic Republic of the Congo – AFR-E
Equatorial Guinea – AFR-D
Eritrea – AFR-E
Ethiopia – AFR-E
Gabon – AFR-D
Gambia – AFR-D
Ghana – AFR-D
Guinea – AFR-D
Guinea-Bissau – AFR-D
Kenya – AFR-E
Lesotho – AFR-E
Liberia – AFR-D
Madagascar – AFR-D
Malawi – AFR-E
Mali – AFR-D
Mauritania – AFR-D
Mauritius – AFR-D
Mozambique – AFR-E
Namibia – AFR-E
Niger – AFR-D
Nigeria – AFR-D
Rwanda – AFR-E
Sao Tome and Principe – AFR-D
Senegal – AFR-D
Seychelles – AFR-D
Sierra Leone – AFR-D
South Africa – AFR-E
Swaziland – AFR-E
Togo – AFR-D
Uganda – AFR-E
United Republic of Tanzania – AFR-E
Zambia – AFR-E
Zimbabwe – AFR-E

Antigua and Barbuda – AMR-B
Argentina – AMR-B
Bahamas – AMR-B
Barbados – AMR-B
Belize – AMR-B
Bolivia – AMR-D
Brazil – AMR-B
Canada – AMR-A
Chile – AMR-B
Colombia – AMR-B
Costa Rica – AMR-B
Cuba – AMR-A
Dominica – AMR-B
Dominican Republic – AMR-B
Ecuador – AMR-D
El Salvador – AMR-B
Grenada – AMR-B
Guatemala – AMR-D
Guyana – AMR-B
Haiti – AMR-D
Honduras – AMR-B
Jamaica – AMR-B
Mexico – AMR-B
Nicaragua – AMR-D
Panama – AMR-B
Paraguay – AMR-B
Peru – AMR-D
Saint Kitts and Nevis – AMR-B
Saint Lucia – AMR-B
Saint Vincent and the
Grenadines – AMR-B
Suriname – AMR-B
Trinidad and Tobago – AMR-B
United States of America – AMR-A
Uruguay – AMR-B
Venezuela, Bolivarian
Republic of – AMR-B

Western Pacific Region (27)

South-East Asia Region (11)

Australia – WPR-A
Brunei Darussalam – WPR-A
Cambodia – WPR-B
China – WPR-B
Cook Islands – WPR-B
Fiji – WPR-B
Japan – WPR-A
Kiribati – WPR-B
Lao People’s
Democratic Republic – WPR-B
Malaysia – WPR-B
Marshall Islands – WPR-B
Micronesia, Federated – WPR-B

Bangladesh – SEAR-D
Bhutan – SEAR-D
Democratic People’s
Republic of Korea – SEAR-D
India – SEAR-D
Indonesia – SEAR-B
Maldives – SEAR-D
Myanmar – SEAR-D
Nepal – SEAR-D
Sri Lanka – SEAR-B
Thailand – SEAR-B

14

Eastern Mediterranean
Region (22)
Afghanistan – EMR-D
Bahrain – EMR-B
Cyprus – EMR-B
Djibouti – EMR-D
Egypt – EMR-D
Iran, Islamic Republic of – EMR-B
Iraq – EMR-D
Jordan – EMR-B
Kuwait – EMR-B
Lebanon – EMR-B
Libyan Arab Jamahiriya – EMR-B
Morocco – EMR-D
Oman – EMR-B
Pakistan – EMR-D
Qatar – EMR-B
Saudi Arabia – EMR-B
Somalia – EMR-D
Sudan – EMR-D
Syrian Arab Republic – EMR-B
Tunisia – EMR-B
United Arab Emirates – EMR-B
Yemen – EMR-D

European Region (52)
Albania – EUR-B
Andorra – EUR-A
Armenia – EUR-B
Austria – EUR-A
Azerbaijan – EUR-B
Belarus – EUR-C
Belgium – EUR-A
Bosnia and Herzegovina – EUR-B
Bulgaria – EUR-B
Croatia – EUR-A
Czech Republic – EUR-A
Denmark – EUR-A

States of – WPR-B
Mongolia – WPR-B
Nauru – WPR-B
New Zealand – WPR-A
Niue – WPR-B
Palau – WPR-B
Papua New Guinea – WPR-B
Philippines – WPR-B
Republic of Korea – WPR-B
Samoa – WPR-B
Singapore – WPR-A
Solomon Islands – WPR-B
Tonga – WPR-B
Tuvalu – WPR-B
Vanuatu – WPR-B
Viet Nam – WPR-B

Estonia – EUR-C
Finland – EUR-A
France – EUR-A
Georgia – EUR-B
Germany – EUR-A
Greece – EUR-A
Hungary – EUR-C
Iceland – EUR-A
Ireland – EUR-A
Israel – EUR-A
Italy – EUR-A
Kazakhstan – EUR-C
Kyrgyzstan – EUR-B
Latvia – EUR-C
Lithuania – EUR-C
Luxembourg – EUR-A
Malta – EUR-A
Monaco – EUR-A
Netherlands – EUR-A
Norway – EUR-A
Poland – EUR-B
Portugal – EUR-A
Republic of Moldova – EUR-C
Romania – EUR-B
Russian Federation – EUR-C
San Marino – EUR-A
Serbia and Montenegro - EUR-B
Slovakia – EUR-B
Slovenia – EUR-A
Spain – EUR-A
Sweden – EUR-A
Switzerland – EUR-A
Tajikistan – EUR-B
The Former Yugoslav
Republic of Macedonia – EUR-B
Turkey – EUR-B
Turkmenistan – EUR-B
Ukraine – EUR-C
United Kingdom – EUR-A
Uzbekistan – EUR-B
Yugoslavia – EUR-B
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Table 2. World Health Organization Member States by Subregion and Mortality Stratum, 2002.
Subregion and
Mortality Stratum

Description

Broad Grouping

Member States

African

AFR-D

Africa with high child and
high adult mortality

AFR-E

Africa with high child and
very high adult mortality

High-mortality
developing

Algeria, Angola, Benin, Burkina Faso, Cameroon,
Cape Verde, Chad, Comoros, Equatorial Guinea,
Gabon, Ghana, Guinea, Guinea-Bissau, Liberia,
Madagascar, Mali, Mauritania,Mauritalius, Niger,
Nigeria, Sao Tome and Principe, Senegal, Seychelles,
Sierra Leone, Togo

High mortality
developing

Botswana, Burundi, Central African Republic, Congo,
Cote d'Ivoire, Democratic Republic of the Cong,
Eritrea, Ethiopia, Kenya, Lesotho, Malawi,
Mozambique, Namibia, Rwanda, South Africa,
Swaziland, Uganda, United Republic of Tanzania,
Zambia, Zimbabwe

Americas
AMR-A

AMR-B

AMR-D

Americas with very low
child and very low adult
mortality

Americas with low child
and low adult mortality

Americas with high child
and high adult mortality

Developed

Canada, Cuba, United States of America

Low-mortality
developing

Antigua and Barbuda, Argentina, Bahamas, Barbados,
Belize, Brazil, Chile, Colombia, Costa Rica, Dominica,
Dominican Republic, El Salvador, Grenada, Guyana,
Honduras, Jamaica, Mexico, Panama, Paraguay, Saint
Kitts and Nevis, Saint Lucia, Saint Vincent and the
Grenadines, Suriname, Trinidad and Tobago, Uruguay,
Venezuela

High-mortality
developing

Bolivia, Ecuador, Guatemala, Haiti, Nicaragua, Peru

South-East Asia
SEAR-B

South-East Asia with low
child and low adult
mortality

SEAR-D

South-East Asia with high
child and high adult
mortality

Low-mortality
developing

Indonesia, Sri Lanka, Thailand

High mortalitydeveloping

Bangladesh, Bhutan, Democratic People's Republic of
Korea, India, Maldives, Myanmar, Nepal, Timor-Leste

Developed

Andorra, Austria, Belgium, Croatia, Cyprus, Czech
Republic, Denmark, Finland, France, Germany,
Greece, Iceland, Ireland, Israel, Italy, Luxemburg,
Malta, Monaco, Netherlands, Norway, Portugal, San
Marino, Slovenia, Spain, Sweden, Switzerland, United
Kingdom

Developed

Albania, Armenia, Azerbaijan, Bosnia and
Herzegovina, Bulgaria, Georgia, Kyrgyzstan, Poland,
Romania, Serbia and Montenegro, Slovakia, Tajikistan,
The Former Yugoslav Republic of Macedonia, Turkey,
Turkmenistan, Uzbekistan

European

EUR-A

EUR-B

Europe with very low child
and very low adult
mortality

Europe with low child and
low adult mortality
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Belarus, Estonia, Hungary, Kazakhstan, Latvia,
Lithuania, Republic of Moldova, Russian Federation,
Ukraine

Europe with low child and
high adult mortality

Developed

EMR-B

Eastern Mediterranean with
low child and low adult
mortality

Low-mortality
developing

Bahrain, Iran, Jordan, Kuwait, Lebanon, Libyan Arab
Jamahiriya, Oman, Qatar, Saudi Arabia, Saudi Arabia,
Syrian Arab Republic, Tunisia, United Arab Emirates

EMR-D

Eastern Mediterranean with
high child and high adult
mortality

High-mortality
developing

Afghanistan, Djibouti, Egypt, Iraq, Morocco, Pakistan,
Somalia, Sudan, Yemen

Developed

Austalia, Brunei Darussalam, Japan, New Zealand,
Singapore

EUR-C

Eastern Mediterranean

Western Pacific
Western Pacific with very
low child and very low
adult mortality

WPR-A

Western pacific with low
child and low adult
mortality

WPR-B

Low-mortality
developing

Cambodia, China, Cook Islands, Fiji, Kiribati, Lao
People's Democratic Republic, Malaysia, Marshall
Islands, Micronesia, Mongolia, Nauru, Niue, Palau,
Papua New Guinea, Philippines, Republic of Korea,
Samoa, Solomon Islands, Tonga, Tuvalu, Vanuatu,
Vietnam

The YLL measure corresponds to the number of deaths multiplied by the standard life
expectancy at the age at which death occurs. The basic formula for YLL for a given cause, age
and sex is:
YLL = N X L
where:



N = Number of deaths
L = Standard life expectancy at age of death in years. The ideal life expectancy is
applied to all countries: 82.5 years for women and 80 years for men using Japan as the
standard.
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Table 3. World Health Organization Residual Micro-States and Non-Member States

Residual Micro-States
1. American Samoa

15. Isle of Man

2. Anguilla

16. Liechtenstein

3. Aruba

17. Martinique

4. Bermuda

18. Montserrat

5. British Virgin Islands

19. Netherlands Antilles

6. Cayman Islands

20. New Caledonia

7. Channel Islands

21. Northern Mariana Islands

8. Falkland Islands (Malvinas)

22. Occupied Palestinian Territories

9. Faroe Islands

23. Puerto Rico

10. French Guiana

24. Reunion Island

11. French Polynesia

25. Saint Helena

12. Gibraltar

26. Turks and Caicos Islands

13. Guadeloupe

27. United States Virgin Islands

14. Guam

28. Western Sahara

Non-Member States
1. Azores
2. Canary Islands
3. China Macao SAR
4. Greenland
5. Hong Kong
6. Taiwan

Note: WHO generally reports estimated DALYs for all 28 residual microstates and Greenland, but data on many
control variables used in this dissertation research were generally not available for these microstates; no data on
DALYs and very sparse information on control variables used in this dissertation research were collected for WHO
Non-Member States, excluding Greenland.
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To estimate YLD for a particular disease in a particular time period, the number of
incident cases in that period is multiplied by the average duration of the disease until remission
or death and a weight factor that reflects the severity of the disease on a scale from 0 (perfect
health) to 1 (death). The basic formula for YLD is as follows:
YLD = I x DW x L
where:




I = Number of incident cases
DW = Disability weight
L = Average duration of the case until remission or death (in years)
Calculation of the YLD requires estimates of incidence, remission and case fatality or

relative risk. In addition, a disability weight is needed that reflects the severity of the disability
or health state on a scale of 0 (equivalent to perfect health) to 1 (equivalent to death). The
disability weight assigns a value to time spent in different health states worse than perfect health
in the YLD calculation (Murray and Lopez., 1994; Reidpath et al., 2003; Williams, 1999).
These weights are analogues to time lost to premature mortality in YLLs. Accordingly, these
weights provide a critical link between morbidity and mortality and allow them to be combined
in the DALY summary health measure. Although numerous methods have been used to
estimate disability weights, including econometric methods such as person trade-offs (PTO) and
various rating or visual analogue scale methodologies (WHO, 1999b), the WHO relied on PTO
methods to develop disability weights for the 2002 estimates of YLD (Murray and Lopez,
1996a).
The 2002 DALYs used in this dissertation research have been discounted. Discounting
reflects a social preference of a healthy year now, rather than in the future (Anand and Hanson,
1997; Lyttkens, 2003). Discounting is accomplished by decreasing annually the value of a year
of life by a fixed percentage, in the case of 2002 DALYs, by 3% (Murray and Acharya, 1997).
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Discounting thus implies that one life saved today will be worth more than 5 lives in 55 years.
All DALY outcome measures examined in this research were log transformed as the result of
skew. Data quality associated with various components of the DALY measure is discussed in
Appendix A. DALYs used as outcome variables in this dissertation research reflect the years of
life lost due to deaths from a particular condition contracted during 2002 plus the expected
disability to be experienced by people who suffered from the same condition in 2002. Thus,
these are not deaths or disabilities incurred from conditions experienced in the earlier years
during the time the terrorism, war and one-sided violence was active. Accordingly, this gives us
a 2-year lag between deaths resulting from terrorism, war and one-sided violence from 19942000 and DALYs in 2002. For communicable diseases, a two-year lag between exposure and
DALYs would appear reasonable. For more chronic conditions, the adverse environmental,
demographic, social and economic impacts resulting from terrorism, war and one-sided violence
from 1994-2000 are likely to create conditions conducive to greater premature mortality and
increased morbidity (incidence) in 2002 than would have been expected had the terrorism and
related violence not occurred.
Very few of the 192 WHO Member States shown in Table 1 were excluded from Papers
1-3 analyses due to missing data for control measures. Rwanda experienced approximately
500,000 deaths resulting from one-sided violence (i.e. genocide) in 1994 necessitating it’s
removal from all analyses as an extreme outlier. The following additional Member States were
eliminated from Papers 1-3 analyses due to insufficient data on control variables, as follows:
Paper 1 – Communicable and Noncommunicable Diseases (Cook Islands, Nauru, San Marino,
San Marino, Seychelles, Timor Leste, Tuvalu, and Western Sahara); Paper 2 – Diarrheal and
Related Diseases (same countries as Paper 1, in addition to Niue); Paper 3 – Drug Use Disorders
(same countries as Paper 1, but not including Western Sahara and including Palau); Paper 3 –
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Alcohol Use Disorders (same counties as Paper 1 except for Western Sahara and also including
Palau). Therefore, Paper 1 had a total of 8 missing Member States, Paper 2 had a total of 9
missing member states and Paper 3 had a total of 8 and 10 missing Member States when drug
use disorder or alcohol use disorder DALYs served as outcome variables, respectively. It is
important to note that with the exception of Rwanda, all other WHO Member States excluded
from the analysis were small islands or microstates.
Sample Size: WHO Member States
Sample sizes of 182 to 184 WHO Member States included in analyses for Papers 1-3 are
more than adequate statistically as determined using sample size formulations designed for
multivariable linear regression models. Minimum adequate sample size for the multivariable
linear regression design was estimated herein using a method based on the t-statistic (Milton,
1986). The sample size formula is given by:
1
D

1

where k = the number of independent variables in models associated with Papers 1-3 (k = 7-9);
the anticipated overall R = the variance explained by the full model estimated from previous
research, (R = 0.60); and t = the desired t-level (1.66 for 1-sided t-statistic at p < 0.05). The term
rj2 was selected to be 0.01 in order to arrive at a sample size large enough to ensure that any
independent variable constituting an additional 1.0% of explained variance in the model (if
entered last) would be significant at the p < 0.05 level. Using these paramaters, the estimated
sample size would be 116 for p < 0.05 and k=7. For p < 0.05 and k = 9, the estimated sample
size would be 118. Both sample size estimates remain lower than the number of WHO Member
States (n = 182 to 184) included in analyses associated with Papers 1-3, indicating that sample
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sizes used in this dissertation research were more than adequate for the multivariable regression
analyses conducted herein.
2002 Global Burden of Disease Study Cause Categories
The major outcome variables in this dissertation research are the number of DALYs (in
thousands) due to major communicable and noncommunicable diseases. The cause list used in
the 2002 GBD study has four levels of aggregation (Mathers et al., 2002). Paper 1 will examine
the impact of terrorism, war and one-sided violence on DALYs due to diseases and conditions
defined by the top three levels of aggregation shown in Appendix B along with the associated
International Statistical Classification of Diseases - Ninth Revision (ICD-9: WHO, 1977) and
International Statistical Classification of Diseases and Related Health Problems - Tenth Revision
(ICD-10) codes (WHO, 1992). At the first level, all causes are combined. At the second level,
causes are divided into two groups consisting of Group I, communicable diseases, maternal and
perinatal conditions and nutritional deficiencies and Group II comprising noncommunicable
diseases. The third level of the cause classification defines major Group I (e.g. infectious and
parasitic diseases, maternal conditions, nutritional deficiencies) and Group II (e.g. malignant
neoplasms, neuro-psychiatric conditions, cardiovascular diseases) causes prefaced by capital
letters in Appendix B. For Papers 2 and 3, diarrheal and related disease and alcohol and drug
use disorder DALYs, classified at the fourth level of the cause list, will serve as outcome
variables, respectively. Injuries classified as Group III conditions in the GBD cause list will not
be examined in this dissertation research.
Major Communicable and Noncommunicable Disease DALYs: Paper 1
In 2002, 41.0% of global DALYs were attributable to communicable diseases, including
maternal and perinatal conditions and nutritional deficiencies, while 46.7% were due to
noncommunicable conditions for the total world population (WHO, 2002a). Tables 4 and 5
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show the nine leading causes of global burden of disease in 2002 attributable to communicable
and noncommunicable diseases for the world and by sex, respectively (WHO, 2002a). Perinatal
conditions were the leading cause of burden worldwide, accounting for 6.5% of the burden of
disease, followed by lower respiratory conditions (5.8%) and acquired immunodeficiency
virus/acquired immune deficiency syndrome (HIV/AIDS: 5.8%). The greatest contributors to
noncommunicable disease burden were unipolar depressive disorders (4.5%) ischemic heart
disease (3.9%) and cerebrovascular disease (3.3%).
Communicable and noncommunicable diseases accounted for 38.7% and 45.8% of total
DALYs among males while the corresponding figures were 43.7% and 47.7% among females.
The 10 leading causes of global disease burden among males and females are shown in Table 6
(WHO, 2002a). Among males and females, the three leading causes of disease burden were
perinatal conditions, HIV/AIDs and lower respiratory infections, accounting for between 5.7%
to 6.9% of total DALYs.
Table 4. Nine Leading Causes of Burden of Disease, Global Estimates, 2002
Disease

% of Total DALYs

1. Perinatal conditions

6.5%

2. Lower respiratory conditions
3. HIV/AIDs
4. Unipolar depressive disorders
5. Diarrheal diseases
6. Ischemic heart disease
7. Cerebrovascular disease
8. Malaria
9. Tuberculosis

5.8%
5.8%
4.5%
4.1%
3.9%
3.3%
3.0%
2.4%
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Table 5. Ten Leading Causes of Burden of Disease by Sex, Global Estimates, 2002
Males

% of Total
DALYs

Females

% of Total
DALYs

1. Perinatal conditions
2. HIV/AIDs

6.9%
5.8%

6.2%
6.0%

3. Lower respiratory infections
4. Ischemic heart disease

5.7%
4.4%

5. Diarrheal diseases
6. Unipolar depressive disorders
7. Cerebrovascular disease
8. Tuberculosis
9. Malaria
10. Alcohol use disorders

4.1%
3.4%
3.3%
2.9%
2.8%
2.2%

1. Perinatal conditions
2. Lower respiratory
infections
3. HIV/AIDs
4. Unipolar depressive
disorders
5. Maternal conditions
6. Diarrheal diseases
7. Ischemic heart disease
8. Cerebrovascular disease
9. Malaria
10. Cataracts

5.7%
5.7%
4.7%
4.1%
3.4%
3.3%
3.2%
2.0%

Diarrheal diseases were the fifth and sixth leading causes of burden worldwide among
males and females, respectively, accounting for 4.1% of total DALYs for each sex. Ischemic
heart disease, unipolar depressive disorder and cerebrovascular disease were also leading causes
of communicable disease burden constituting 4.4%, 3.4% and 3.3% of total DALYs among men.
For females, unipolar depressive disorders, maternal conditions, ischemic heart disease and
cardiovascular disease were leading causes of noncommunicable disease burden accounting for
17.1% of total DALYs.
With respect to age, 36% of the global burden of disease in 2002 was experienced by
children aged less than 15 years, primarily among children aged 0-4 years (29%) (Figure 6).
Disease burden among children aged 0-to-4 years among developed world regions (6.0%) stands
in marked contrast to burden observed in high mortality developing regions (40%) (WHO,
2002a). The majority of global disease burden lies among 15-to-59 year-olds, accounting for
43% to 57% of total disease burden among developed and developing regions.
In 2002, there were approximately 1.5 billion DALYs lost worldwide from all causes,
with 772.9 million and 717.2 million lost for males and females, respectively (Figure 7).
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Figure 6. Distribution of Disease Burden By Age Group and Region, 2002
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DALYs lost from all causes were greatest among 15-to-44 year-olds (n=552.0 million), followed
by 0-to-4 year-olds (n=433.8 million), those 60 years or older (n=217.6 million), 45-to-59 yearolds (n=205.9 million) and 5-to-15 year-olds (n=110.7 million). With regard to region, the
greatest number of DALYs were lost in the South-East Asia Region (n=426.6 million), with
India being the largest contributor (n=299.4 million). The African region experienced the next
largest number of DALYs lost (n=361.4 million), followed by the South-East Asia (n=264.9
million), European (n=150.3 million), The Americas (n=145.6 million) and the Eastern
Mediterranean (n=139.1 million) Regions.
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Countries with the greatest number of DALYs lost in 2002 included China (n=200.4
million), Nigeria (n=67.3 million), Indonesia (n=46.2 million), Pakistan (n=44.9 million), the
United States of America (n=41.6 million) and the Russian Federation (n=39.5 million), results,
in part, attributable to the population size of these countries. All of the 47 countries with less
than 46,000 DALYs lost in 2002 were microstates, small islands or residual states (e.g. Aruba,
Andorra, Sao Tome and Principe, Northern Marina Islands).
Diarrheal and Related Disease DALYs: Paper 2
Diarrheal and related diseases DALY outcome variables (in thousands) examined in this
dissertation included: (1) infectious diarrheal and the related conditions of cholera,
salmonellosis, shigellosis, amoebiasis, and other bacterial, protozoal and viral intestinal diseases;
(2) schistosomiasis; (3) trachoma; (4) ascariasis; (5) trichuriasis; and (6) hookworm. These
specific diarrheal and related diseases are estimated to be 90-100% attributable to unsafe water
resources and inadequate sanitation facilities (Table 6) (Prüss-üstün et al., 2002; 2004; WHO,
2006a). Accordingly, unimproved water resources and inadequate sanitation facilities were
combined as baseline vulnerability control variable in Paper 2 of this dissertation.
Table 6. Diarrheal and Related Diseases and Attributable Fractions Due to Unsafe Water Resources and Inadequate
Sanitation Facilities
Disease
Infectious Diarrhea

Fraction of Disease
Attributable to WSH
90%-94%

ICD-10
Code

Description

A00, A01,
A02, A03,
A04, A06-A09

Cholera, Salmonellosis, Shigellosis,
Amoebiasis and Other Bacterial, Protozoal
and Viral Intestinal Diseases.

Schistosomiasis

100%

B65

Parasitic disease caused by exposure to
Shisoma trematodes larvae.

Trachoma

100%

A71

Chronic contagious disease of ocular
surface by Chlamydia Trachomatis.

Ascariasis

100%

B77

Helminthic infection caused by eggs of
round worm.

Trichuriasis

100%

B79

Hookworm

100%

B76
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Caused by ingestion of whipworm Trichuris
Trichura.
Caused by exposure to hookworm larvae.

Diarrheal and its related diseases of cholera, salmonellosis, shigellosis, amoebiasis and
other bacterial, protozoal and viral intestinal diseases are caused by several pathogens, including
retrovirus, E.Coli, Shigella, Campylobacter, Salmonella, V.Cholerae and Cryptosporidium
(WHO, 2006a). Most of these pathogens share a common mode of transmission- from the stool
of one person to the mouth of another- known as fecal-oral transmission (Grimwood and Forbes,
2007). Diarrheal and related diseases are the second leading cause of death among children
under five years old, killing 1.5 million children each year (WHO, 2009). In 2002, these
diseases accounted for 4.1% of total global DALYs, affecting males and females equally. Water
constitutes a greater proportion of body weight in children than adults, making them more
vulnerable to life-threatening dehydration from these conditions. Susceptibility to these
conditions also increases among children with poor nutritional status and those exposed to poor
environmental conditions (WHO, 2009).
Schistosomiasis is a chronic parasitic disease caused by blood flukes or trematode worms
(schistosoma) that leads to chronic ill health (WHO, 2010b). People become infected when the
larval forms of the parasite, released by freshwater snails, penetrate their skin during contact
with contaminated water. Once penetration has occurred, the larvae develop into adult
schistosomes that live in blood vessels where females release their eggs. Although some eggs
are passed through the body in feces or urine, others become trapped in body tissues, causing
immune reactions and progressive damage to organs. More than 207 million people are infected
worldwide with schistosomiasis, while an estimated 700 million people worldwide are at risk of
infection as a result of exposure to unsafe water and sanitation (Steinmann et al., 2006).
Trachoma is an infection of the eye that may result in blindness and is caused by
Chlamydia Trachomatis (WHO, 2006a). All transmission routes are hygiene-related and occur
in overcrowded conditions with limited access to improved water resources and sanitation
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facilities. Transmission occurs from person to person and is passed on by hands, clothing or
flies exposed to eye discharge. Trachoma is responsible for approximately 3.0% of the world's
blindness (Resnikoff et al., 2008). Repeated infection causes the eyelashes to rub against the
eyeball, a condition called triciasis, that causes eye scarring. Overall, Africa is the most affected
continent with 27.8 million cases of active trachoma representing 68.5% of all cases globally
and 3.8 million cases of trachiasis or 46.6% of all cases globally. In this most affected region,
active trachoma is common in pre-school children, but it becomes less prevalent with increasing
age (Bailey, 1999). Trachoma is more prevalent among females than males, a difference
attributable to closer contact of mothers and other female caregivers with children, a major
source of the infection.
Ascariasis, trichuriasis and hookworm disease, the nematode infections, are all
transmitted via soil or other media that are contaminated with excreta. Infection occurs when
the infective larvae are ingested or in the case of hookworm disease, when the eggs penetrate the
skin. Larvae then grow into adult worms in the intestines and can grow to over 30 cm long. As
a result, intestinal blockage, difficulty breathing and coughing can cause severe abdominal pain
and even death. Among the nematode infections, ascariasis is the most common parasitic
infection and occurs most frequently in tropical and subtropical regions and in areas with
inadequate sanitation facilities. Approximately 10 percent of the population in developing
countries is infected with intestinal worms with a large percentage caused by ascariasis.
Globally, ascariasis infections cause about 60,000 deaths per year, mainly in children under
eight years old (WHO, 2010b).
In 2002, there were approximately 68.8 million DALYs attributable to these diarrheal
and related diseases worldwide. There was a slightly greater number of DALYs lost to these
diarrheal and related diseases among males (n=35.4 million) than females (n=33.5 million). The
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majority of these DALYs were lost among the 0-to-4 year-olds (n=56.6 million) relative to all
older age groups combined (n=12.3 million). As can be seen in Figure 8, most DALYs
attributable to diarrheal and related diseases were concentrated in the African (n=26.9 million)
and South-East Asia (n=21.3 million) Regions, followed by the Eastern Mediterranean (n=9.5
million), Western Pacific (n=7.7 million) and The Americas (n=2.7 million) Regions. Countries
experiencing the greatest number of DALYs lost to these diseases (> 2.0 million) were India,
China, Nigeria, Pakistan, Democratic Republic of the Congo, Bangladesh and Ethiopia. The
majority of the 61 countries experiencing less than 20,000 DALYs attributable to diarrheal and
related diseases in 2002 were islands (e.g. Fiji, Netherlands Antilles, Faroe Islands) or small
countries in terms of land mass (e.g. Qatar, Western Sahara, Bahrain).
Substance Use Disorder DALYs: Paper 3
The dependent variable in Paper 3 is the number of DALYs (in thousands) in 2002
attributable to substance use disorders, defined in the GBD Study as alcohol dependence and/or
harmful use (ICD-10, F10.1, F10.2) and drug dependence and harmful use (ICD-10: F11.1,
F11.2, F14.1, F14.2) (WHO, 1993). Within the GBD Study framework, alcohol and drug use
disorders are considered 100% attributable to alcohol use and drug use, respectively
(Degenhardt et al., 2004; Rehm et al., 2004). This feature required that adult per capita alcohol
consumption and prevalence of illicit drug use be controlled at baseline (i.e. 1994) in analyses
in which alcohol and drug use disorder DALYs (both separately and combined into substance
use disorders) served as outcome variables.
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Alcohol use disorders are major contributors to morbidity and mortality worldwide. In
2002, alcohol use disorders accounted for 1.4% of worldwide DALYs, figures that were much
greater among males (2.2%) than females (0.4%) (WHO, 2002a). Globally, alcohol use
disorders were the twelfth leading cause of DALYs among males and the third leading cause of
DALYs in high-income countries (4.6%) (WHO, 2003). With respect to region, alcohol use
disorders were the fourth leading cause of DALYs in the region of The Americas (4.4%),
accounting for 6.4% and 1.9% of total DALYs among males and females, respectively. Alcohol
use disorders were also substantial contributors to DALYs experienced in the European (3.1%)
and Western Pacific (2.4%) Regions.
In 2002, there were approximately 20.3 million DALYs attributed to alcohol use
disorders worldwide. The majority of these DALYs lost were among males (17.2 million)
compared with females (3.1 million) and among 15-to-44 year-olds (n=16.9 million) and 45-to59 year-olds (n=2.7 million). As can be seen in Figure 9, the largest number of DALYs lost to
alcohol use disorders were in The Americas (n=6.4 million), Western Pacific (n=6.3 million)
and European (n=4.7 million) Regions, with the United States of America (n=2.2 million) and
the Russian Federation (n=1.3 million) being the largest contributors. DALYs lost to alcohol
use disorders were also large in China (n=4.8 million) and India (n=1.4 million). Relatively
speaking, fewer DALYs attributable to alcohol use disorders were lost in the South-East Asia
(n=1.9 million), African (n=912,810) and Eastern Mediterranean (n=98,470) Regions.
Globally, illicit drug use disorders were responsible for approximately 7.4 million
DALYs lost in 2002; substantially less than alcoholic use disorders (Figure 10). During this
time, drug use disorders accounted for 0.5% of total global DALYs, figures that were greater for
males (n=0.7% or 5.8 million DALYs) compared with females (0.2% or 1.6 million DALYs).
Similar to alcohol use disorders, drug use disorder morbidity and mortality was greatest among
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15-to-44 year-olds (n=6.5 million) relative to the younger and older subgroups of the population.
The number of DALYs attributable to drug use disorders was large in the Eastern Mediterranean
(n=1.4 million) and African (n=1.3 million) Regions, including those countries with the world's
greatest coca and poppy production (Iran, Afghanistan, Pakistan and Nigeria), and in The
Americas (n=1.9 million) and European (n=1.5 million) Regions, those regions with countries
that have the largest number of consumers of illicit drugs worldwide. Countries with the
greatest number of DALYs lost to drug use disorders included the United States of America
(n=734,611) and India (n=612,867 million). DALYs lost to illicit drug use disorders were much
lower in the South-East Asia (n=986,640) and Western Pacific (n=379,150) Regions.
The global distribution of substance use disorder DALYs (i.e. alcohol and illicit drug use
DALYs combined) mirrored the demographic patterns observed for each type of substance
examined separately (Figure 11). [For additional descriptive statistics related to DALY outcome
variables, see Appendix C].
Linking Terrorism, Civil War and One-Sided Violence with Morbidity and Mortality
Although research has examined the short-term and longer-term impact of war and
related violence on mortality across countries (Guha-Sapir and van Panhuis, 2002a; 2002b;
2004; Li and Wen, 2005), these studies ignore the effect of terrorism, war and one-sided
violence on non-fatal diseases and conditions and associated disability and quality of life
worldwide. Ghobarah et al. (2003) were the first to attempt to bridge the gap in the literature on
the impact of conflict on civilian populations. Employing a theoretical model in which public
health outcomes reflected variations in resource and investment decisions in the level and
distribution of health services; they hypothesized that civil wars should produce damage to
public health that extends beyond periods of direct military conflict. Ghobarah and colleagues
(2003) examined the impact of civil war deaths from 1991-1997 on DALYs in 1999 for a variety
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of infectious diseases, several types of cancer, transportation accidents, homicide, unintentional
injuries, and respiratory and digestive diseases, controlling for economic variables.
Interestingly, civil war deaths were not significantly associated with all cause DALYs for the
majority of the youngest and oldest subgroups of the populace. Further, longer-term effects of
war were found for only 48 (23%) of the 210 diseases and conditions examined by age and sex.
In a later article (Ghobarah et al., 2004b), in which both political regime type and ethnic division
were eliminated as control variables, their initial results were confirmed. The authors found that
civil war deaths from 1991-1997 raised the risk of death and disability in 1999 for only 63
(30%) of the 210 disease categories examined by sex and age. Neither diarrheal or related
diseases nor substance use disorders were associated with civil war deaths, and no diseasespecific vulnerability factors were controlled for in the analyses.
There was also an issue related to a critical control variable, the contiguous civil war
deaths by border permeability measure used in this study. This measure was used as a proxy for
the number of refugees, asylum seekers and displaced persons in each host country. A more
direct measure of the increased risk of disease resulting from a large number of refugee, asylum
seekers and displaced persons on an already weakened health services infrastructure of the host
country is the actual number of refugees, asylum seekers and displaced persons in the country of
asylum.
Most recently, Ghobarah et al. (2004a) examined the effect of civil wars on healthy life
expectancy (HALE), or the average number of years a person can be expected to live to full
health by taking into account years of life lived in disability or illness (Mathers et al., 2000).
The results of their analyses showed that civil wars had a lingering effect on health even after
the fighting had concluded. The most destructive civil wars were found to reduce HALEs by 10
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years. In addition, the destructive nature of civil wars had an additional impact, depressing
healthy life expectancy in contiguous countries by 3 years.
In another study, the relationship between civil war deaths and deaths resulting from
genocide/politicide occurring during 1991-1997 and all cause morbidity and mortality in 1999 as
measured by DALYs, was examined separately and simultaneously, controlling for economic
variables (Hoddie and Smith, 2009). When only war deaths were examined, there were no
longer-term effects of war deaths on all cause morbidity and mortality. However, when war
deaths and deaths from genocide/politicide were examined simultaneously, deaths from
genocide/politicide, but not war deaths, were significantly related to all cause DALYs, but only
among the youngest (4 years or less) and older (45 years and older) subgroups of the population.
Limitations of this study included a focus on all-cause morbidity and mortality as the outcome
variable, rather than specific diseases, and the use of an ordinal, rather than a continuous
measure of the number of deaths resulting from genocide/politicide. Moreover, data used to
measure deaths from genocide/politicide included both deaths due to genocide/politicide when
the government was a major actor and those deaths that are more appropriately defined as deaths
attributable to terrorism perpetuated by subnational actors.
Another limitation shared by this prior research is largely the result of rapid advances in
data quality of key outcome variables. Foremost, the DALY measures used in these studies were
preliminary unpublished WHO figures. The first official DALYs for Member States was
published by WHO in 2006 for the year 2002. These estimates benefited from WHO Version 3.0
GBD Study methodology, including increased reliability of morbidity and mortality reporting
and provision for dependent comorbidity factors for selected disorders that adjust DALYs to
account for the probability of having two or more diseases or conditions (Mathers et al., 2003).
Another limitation of this work was the failure to assess the longer-term effects of deaths from
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terrorist actions, an increasingly important component of armed conflict (Eck and Hultmann,
2007; Ericksson et al., 2003). All of these prior studies also failed to transform the DALY
measures, variables that are skewed.
Difficulties in measurement of major control and outcome variables in the Ghobarah et
al. (2004a) and Hoddie and Smith (2009) studies may also have led to the premature
abandonment of extremely important factors that should be controlled in any study of the
longer-term impact of war and related violence on public health, that is,
ethnic/religious/linguistic heterogeneity, number of deaths, homeless and affected by natural
disasters, number of refugees, asylum seekers and displaced persons and life expectancy at birth.
More critically, the one-size-fits-all approach taken in prior studies assumes that the same
factors influence all diseases and conditions in similar ways. Although this assumption may be
correct for important economic factors in these studies (e.g. health expenditures), it does not
account for specific vulnerability factors that relate differently to different diseases.
Accordingly, it will be necessary in the present research to control for unimproved water
resources and inadequate sanitation facilities at baseline in 1994 when examining the influence
of terrorism, war and one-sided violence from 1994-2000 on DALYs attributable to diarrheal
and related diseases in 2002 (Paper 2). Diarrheal and related diseases are 90% to 100%
attributable to these factors within the context of the GBD study. Similarly, prevalence of illicit
drug use from 1993-1997 and adult per capita alcohol consumption in 1994 will be controlled
when examining the influence of terrorism, war and one-sided violence from 1994-2000 on
DALYs attributable to substance use disorders in 2002 (Paper 3), as these disorders are 100%
attributable to these factors within the GBD Study framework.
Exposure Variable: Deaths Resulting From Terrorism, Civil War and One-sided Violence
Deaths Resulting From Terrorist Actions
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Terrorist acts are intended to produce effects beyond immediate human and property
damage and to have long-term psychological repercussions on a particular audience. Data on the
number of deaths resulting from terrorist actions from 1994-2000 were derived from the 2010
update of the Global Terrorism Database (GTD) constructed by National Consortium for the
Study of Terrorism and the Responses to Terrorism (NCSTRT) at the University of Maryland
(2010), a Department of Homeland Security National Center for Excellence. The definition of a
terrorist incident in this database includes terrorist incidents that are intentional, that achieve
some level of violence or threat of violence and that are perpetrated by sub-national, non-state
actors. In addition, to qualify as a terrorist incident, at least two of the following three criteria
must be met: (1) the act must be aimed at attaining a political, economic, religious or social goal;
(2) there is evidence of an intention to coerce, intimidate, or convey some other message to a
larger audience than the immediate victims; and/or (3) the action must be outside the context of
legitimate warfare activities (NCSTRT, 2010).
During the years 1994-2000 there were 43,269 deaths resulting from terrorist actions
worldwide. As can be seen in Figure 12, the majority of these deaths occurred in the African
(n=19,534) and South-East Asia (n=8,277) Regions. There were between 3,977 and 5,364
fatalities from terrorist actions in The Americas, Eastern Mediterranean and European Regions,
while the Western Pacific Region (n=1,527) experienced far fewer fatalities related to terrorist
actions.
Deaths Resulting From Civil War
Civil war is defined as armed conflict between the government of a state and one or more
internal opposition groups with or without intervention from other states. War (armed conflict)
is defined as a contested incompatibility that concerns governments and/or territory where the
use of armed force between two parties, of which at least one is the government of the state,
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results in at least 25 battle-related deaths (Lacina, 2009; Lacina and Gleditsch, 2005). The
present analyses will use the sum of the number of civil war deaths between 1994-2000 in each
country (combined with deaths from terrorist actions and one-sided violence), providing for a
measure of the scale and magnitude of current day armed conflict (Lacina, 2009). Battle deaths
are deaths among the military and civilians during conflict or from wounds received during
conflict resulting directly from violence inflicted through the use of armed force by a party to an
armed conflict during contested conflict (Lacina and Gleditsch, 2005).
The number of deaths in civil wars from 1994-2000 were derived from the Battle Deaths
Dataset 1946-2008 constructed by the Center for the Study of Civil Wars, International Peace
Research Institute in Oslo, Sweden (Lacina, 2009; Lacina and Gleditsch, 2005). Between 1994
and 2000, there were 632,851 deaths from civil conflict worldwide (Figure 13). The majority of
these deaths were in the African (n=318,175) and European (n=132,696) Regions, followed by
the Eastern Mediterranean (n=88,017), South-East Asia (n=81,099), The Americas (n=10,203)
and Western Pacific (n=2,661) Regions. Many countries experiencing between 201 and 1,000
civil war deaths during this period were the African countries, including Somalia, Nigeria, The
Democratic Republic of the Congo, Kenya, Egypt, Sierra Leone, South Africa and Angola.
Other countries substantially contributing to this death toll, with deaths exceeding 1,000,
included Uganda, Turkey, Pakistan, India, Rwanda, Sri Lanka, Burundi, Columbia and Algeria.
Deaths Resulting From One-Sided Violence
In the past, the war literature has relied upon datasets with limited information on the
deaths of civilians, including those due to genocide or mass killing (Azam and Hoeffler, 2002;
Harff, 2003). New data on one-sided violence have recently become available through the
Uppsala Conflict Data Program and the Department of Peace and Conflict Research, Uppsala
University for the years 1989-2010 (Kreutz and Eck., 2011). One-sided violence is defined as
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the use of armed force by the government of the state or by a formally organized group against
civilians which results in at least 25 deaths and includes genocide and summary execution of
prisoners (Kreutz and Eck, 2011; Kreutz et al., 2011). Unintentional killings, such as civilians
caught in the crossfire, and indirect deaths, such as civilian deaths due to disease, are not
counted. Because data on formally organized terrorist groups in this database overlaps with acts
by non-state actors appearing in the GTD, only deaths resulting from one-sided violence
occurring between 1994 and 2000 perpetrated by governments will be used.
In 1994, Rwanda experienced approximately 500,000 deaths resulting from genocide, an
extraordinary number relative to the number of one-sided violence deaths occurring worldwide
in other countries during 1994-2000, that is 27,895. Because the number of one-sided violence
deaths occurring in Rwanda represented an extreme outlier, Rwanda was removed from all
multivariable analyses conducted in this dissertation research. However, all descriptive statistics
reported in this chapter include Rwanda.
During the years 1994-2000, there were 27,895 deaths worldwide resulting from onesided violence, excluding Rwanda (535,603 including Rwanda). As can be seen in Figure 14,
those countries experiencing the greatest number of one-sided violence deaths from 1994-2000
perpetrated by government actors were Rwanda (n=507,708); the Democratic Republic of
Congo (n=7,744); Afghanistan (n=6,454); Burundi (n=3,787); The Russian Federation
(n=2,091); Sudan (n=1,479); Indonesia (n=1,056); and Myanmar (n=999).
Between 1989 and 2004, the vast majority of fatalities from one-sided violence have
been shown to take place in countries experiencing both armed conflict and terrorism (Eck and
Hultmann, 2007). Less than 1.0% of the total fatalities took place in countries that did not
experience armed conflict and terrorism (Ericksson et al., 2003). These results strongly suggest
that one-sided violence is closely related to the dynamics of armed conflict and terrorism and
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rarely occurs alone. For these reasons, deaths resulting from one-sided violence perpetrated by
government actors were combined with those deaths occurring as the result of civil war and
terrorist actions in this dissertation research. This aggregate continuous exposure variable (in
thousands) was log transformed as the result of skew. Figure 15 shows the distribution of this
combined exposure variable across countries which closely parallels those distributions observed
for each form of violence when examined separately. [For additional descriptive statistics
related to the terrorism, civil-war and one-sided violence exposure variable, see Appendix C].
Control Variables
Economic and Related Variables
Refugees, Asylum Seekers and Displaced Persons. Refugees are defined as people
who, owing to a well-founded fear of being persecuted for reasons of race, religion, nationality
or membership of a particular social group or political opinion, is outside of their country of
nationality and is unable or, owing to such fear, unwilling to avail themselves of the protection
of that country; or who, not having a nationality and being outside the country of his/her former
habitual residence as a result of such events, is unable or, owing to such fear, is unwilling to
return to it (United Nations High Commissioner for Refugees [UNHCR], 1995a; 1995b).
Immigrants, on the other hand, move on their own free will for various economic and social
reasons (Fagan, 1990). Thus, what differentiates refugees from immigrants is the threat of force.
While mobile populations all face hardships resulting from exposure to foreign cultures and
subsequent changes in personal identity, refugees are unique in that they experience trauma as a
direct result of stress caused by conflict, isolation as well as the danger associated with their
forced exile (Keyes, 2000; Stein, 1986). Internally displaced persons are an important
subpopulation of those forced to leave their homes as a result of complex emergencies but have
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not crossed an international border. Asylum seekers are those individuals who seek international
protection but whose claims have not yet been validated. These groups are collectively referred
to as "persons of concern" by the UNHCR and are especially vulnerable to disease and
disability, relative to the general population from which they derive as a consequence of their
exposure to complex emergencies (Toole, 1997).
The experience of refugees has typically been broken down into two fundamental stagespre-migration and post-migration (Keyes, 2000). During the first stage, refugees directly
experience trauma, including torture, imprisonment, loss of family members and fear of personal
safety (Mollica, 1987). This is typically followed by brief period of emotional euphoria as a
result of freedom from the threat of force. However, the post-migration period is typically
marked by a number of additional stressors and threats to health. For externally displaced
refugees not in refugee camps, the experience is defined by the need to adapt to new cultures,
the inability to acquire employment within their new place of residence and the destruction of
social support networks that can protect individuals from the psychological and economic
challenges they may face (Beiser and Hyman, 1997; World Bank, 2009). Internally displaced
and externally placed refugees in camps experience a different and frequently more unstable set
of circumstances. Conditions of settlements, exposure of women and children to sexual and
other assault and inadequate access to proper nutrition, safe water sources and the adequate
sanitation facilities increases refugee’s risk of mental and physical illness or even death.
Premature mortality is also a major concern among refugees newly arriving at settlements or in
neighboring countries. In the 1980s, death rates among newly arriving refugees in Somalia,
Sudan and Thailand were between 20-to-30 times higher than baseline death rates in the
refugees' country of origin (Toole, 1997; Toole and Wadlman, 1993). Improvements in the
response and funding of international and regional organizations have helped to reduce
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premature mortality among newly arriving refugees, but crude death rates remain high. In the
1990s, newly arriving refugees in Ethiopia, Kenya, Malawai and Nepal suffered death rates 3.5to-13 times higher than baseline in their country of origin (Toole and Waldman, 1993).
Following the crisis in Rwanda, refugees displaced in Zaire suffered death rates 40-to-60 times
higher than the normal rate in Rwanda. In Somalia, death rates of internally displaced persons
ranged from 2-to-5 times greater than the baseline death rates of Somali people (Moore et al.,
1993). Among internally displaced populations, the risk of premature death is more difficult to
quantify as the environment is often so volatile that surveys are impossible to conduct.
Mortality at refugee camps at the earliest phases of displacement is largely a
consequence of preventable diarrheal diseases, malaria, acute respiratory infections or
malnutrition (Toole, 1997). Resources are often scarce, especially with regard to the provision
of proper nutrition. The immediate displacement phase is typically characterized by extremely
high malnutrition. In the Sudan, malnutrition rates exceeded 60%, while even higher rates were
recorded in Somalia, as much as 80% (Moore et al., 1993). Additionally, many studies of
civilian refugee populations in settlement camps have observed extremely poor sanitary
conditions as well as significant crowding, which in turn increases the risk of disease
transmission (Ahoua et al., 2006). Among Kurdish refugees in 1991, nearly 70% of all deaths
were associated with outbreaks of cholera and other diarrheal diseases. Typically, countries
experiencing mass population migrations due to complex emergencies also suffer high
prevalence rates of HIV infection (Toole, 1997). It has been hypothesized that certain
characteristics of displacement, such as changes in risky sexual behavior, scarcity of sex and
sexual violence could lead to increased transmission of HIV across borders, throughout refugee
settlements and among sex workers (Hanson et al., 2010; Khaw et al., 2000).
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Refugees, asylum seekers and displaced persons also suffer increased risk of mental
illness as a result of significant trauma. However, each complex event brings with it a unique
set of traumatic exposures, including torture (Carlson and Rosser-Hogan, 1991), sexual violence
(Amanda et al., 2010), mutilation and machete wounds (Mitike and Deressa, 2009), loss of
property (Carballo et al., 2004), detention (Steel et al., 2006) and threats or violence inflicted
upon loved ones (Marshall et al., 2005). Variation in exposures during complex events, and the
potential for multiple exposures, has in turn resulted in wide variation in symptom prevalence
(Hollifield et al., 2002). However, almost all studies of refugees have found increased risk of
many mental disorders, including depression, anxiety disorders, post-traumatic stress disorder,
drug and alcohol abuse, schizophrenia, disassociation and psychosis (Allodi, 1991; Boyd and
Nihart, 2007; Buchwald et al., 1991; Carlson and Rosser-Hogan, 1991; Ebata and Miyake, 1989;
Turnip et al., 2010).
For the purposes of this dissertation research, the number of refugees, asylum seekers
and displaced persons (in thousands) served as an important baseline control variable. This
continuous variable was log transformed as a result of skew. Data were available from the
UNHCR (1995a) and reflect the number of refugees, asylum seekers and displaced persons in
each host country at the end of the year 1994.
At the end of 1994, approximately 24.2 million people were classified as refugees,
asylum seekers and displaced persons by the UNHCR. With respect to the WHO regions, the
largest number of refugees, asylum seekers and displaced persons were located in the African
(n=8.4 million) and European (n=8.1 million) Regions. Nearly half (n=10.6 million) of the
refugees, asylum seekers and displaced persons were located in seven developed or developing
countries (Figure 16). These developing countries included: Mozambique (n=1.7 million);
Islamic Republic of Iran (n=1.7 million); Bosnia and Herzegovina (n=1.7 million); the Russian
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Federation (n=1.4 million); and the Democratic Republic of Congo (n=1.3 million). Two
developed countries also hosted a large number of refugees, asylum seekers and displaced
persons: Germany (n=1.6 million) and the United States of America (n=1.1 million).
Number of Deaths, Homeless and Affected by Natural Disasters. Natural disasters
are events in which a trigger is a natural phenomenon or hazard (biological, geological or
climactic). They are large scale stressful events that affect a large number of people (Briere and
Elliott, 2000). Natural disasters are fairly common in developed and developing countries
(Green and Solomon, 1995). It is estimated that at least one natural disaster occurs somewhere
in the world every day (McCoy, 2008; Norris et al., 2002). A defining characteristic of natural
disasters is that health and economic losses disproportionately affect developing countries and
primarily affect the poor within those countries (Fogarty International, 2007). While total
economic losses due to natural disasters in developed countries exceed those in developing
countries, the percentage of losses relative to gross national product in developing countries
greatly exceeds that of developed countries. Further, people in developing countries are four
times as likely to die from extreme natural events as those in developed countries (WHO,
2002a).
The immediate health impacts of natural disasters include illness, disability and death,
direct losses in infrastructure and loss or disruption in health care services. As a result, natural
disasters are typically associated with the spread of infectious diseases. For example, three times
in the past thirty years, Bangladesh has experienced severe flooding, in which at least 25% and
as much as 50% of the country was submerged (Schwartz, 2006). In each flood, critical
infrastructure was destroyed, water was contaminated and epidemics of diarrheal diseases
occurred (Rashid, 2000). While disruption of purification systems and the leaking of sewage
systems into drinking water were primarily responsible for the spread of disease, secondary
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effects including crowding also played a vital role in the development of diarrheal outbreaks in
India and other developing countries such as Mozambique (Aghababian and Teuscher, 1992;
Kondo et al., 2002).
However, while the spread of infectious diarrheal diseases are most typically associated
with the immediate aftermath of natural disasters, respiratory infections, adverse psychosocial
outcomes and chronic diseases can linger long after the disaster has occurred. Nearly all
disasters, whether a volcano, earthquake, hurricane or flood, release high concentrations of
aerosolized particulate matter. Inhalation exposures of chemicals and particulate matter are
frequently complicated by exposure and inhalation of the incomplete particles of combustion
released during explosions, collapses and fires (Prezant et al., 2008). Following a disaster,
bronchial hyperactivity may occur quickly, within 3 hours, and persist for considerably longer
than a year (Baxter et al., 1983; Chia et al., 1990; Kinsella et al., 1991). Further, exposure to
aerosolized building materials in earthquake collapse zones following fires, earthquakes and
other disasters have been associated with chronic inflammatory syndromes involving the
respiratory system (Lockey et al., 2007). Natural disasters frequently mimic those of man-made
disasters, cause widespread destruction of infrastructure and thus provide crucial insights into
the relationship between natural disasters and respiratory health outcomes. A number of studies
among rescue workers and construction workers in New York City following the September 11,
2001 terrorist attacks found increased chronic upper and lower respiratory symptoms as a result
of exposure to dioxins, volatile organic compounds, asbestos, silica and other contaminants
(Centers for Disease Control and Prevention, 2004; Fireman et al., 2004; Herbstmann and Frank,
2005; Salzman et al., 2004).
The association between exposure to natural disasters and mental health is also well
established in the literature and has been examined in the context of earthquakes (Carr et al.,
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1997; Xu and Liao, 2011), floods (Norris et al., 1994), hurricanes (Burnett et al., 2011; Fussell
and Elliott, 2009; Wagner et al., 2009), tornados (Greenbough et al., 2001) and fires (McFarlane,
1994). This association has been found for many psychological syndromes including substance
abuse (McFarlane, 1994), depression (Green and Solomon, 1995), anxiety disorders (Fan et al.,
2011; Phifer and Norris, 1989) and especially posttraumatic stress disorder (Adams and
Boscarino, 2011; McMillen et al., 1997; Tracy et al., 2011; Xu and Liao, 2011). In general, the
prevalence of certain mental illnesses are more likely to increase as a result of exposure to
natural disasters but generally decline over time, often to pre-exposure levels (Holen, 1993;
Johnsen et al., 1997). However, the severe nature of many natural disasters frequently leave
victims feeling pain, distress and discomfort for years after the event has occurred. Variations in
mental health outcomes are likely due to differences in severity characteristics of the disasters
and the populations affected (Green and Solomon, 1995). These characteristics typically involve
direct physical injury to oneself or witnessing the injury of others and personal property loss
(Bravo et al., 1990).
The longer-term impacts of natural disasters include losses in the production of goods
and services and reduced income (Guha-Sapir et al., 2011). Damage to water, sewage, channels
of communications, schools, industry and health infrastructures have the biggest impact on
health. Women and children are particularly vulnerable populations to the effects of natural
disasters. While there exists a paucity of research on the differential impact of disasters by
gender, most evidence suggests that women face different and unique consequences as a result
of biological, social, cultural and reproductive differences. During earthquakes in India and
cyclones in Bangladesh, women frequently relied upon male evacuation decisions before leaving
the home. As a result, thousands of women perished. Women also face increasing violence in
the aftermath of disasters which result in short and longer-term health consequences, such as
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depression and disfigurement (Thornton and Voight, 2007). Further, access to contraceptive and
prenatal care and prevention of sexually transmitted diseases is greatly diminished in the event
of natural disasters (Al Gasseer et al., 2004).
There is also significant evidence to suggest that natural disasters are associated with
increased risks of civil conflict and related violence. Specifically, when examining 187
countries, Nel and Righarts (2008) found that rapid onset natural disasters (such as earthquakes)
increased the risk of civil conflict. Typically, these findings were restricted to developing
countries, with high inequality and mixed-regime types (Olson and Drury, 1997). In short,
disasters magnify the economic and political problems facing a population and generate new
problems, including the distribution of food and medical supplies. In some cases, such as
Guatemala and Nicaragua in 1976 following an earthquake, the government was removed as a
result of inadequately responding to the disaster. Other times, rebel or terrorist organizations
have attempted to gain political advantage by highlighting unequal distribution of resources
following disasters or by providing resources themselves (Hoffman and Oliver-Smith, 2002).
The control variable used in this dissertation research combines the number of deaths
(persons confirmed as dead or missing), number of homeless (persons needing immediate
shelter), and number of affected (i.e. people requiring immediate assistance in basic survival
needs such a food, water and sanitation) by natural disasters (in thousands) occurring at the
country level for the years 1994-2000. This continuous variable was log transformed as the
result of skew. Data were available from the Emergency Events Database (EM-DAT)
maintained by the WHO Collaborating Center for Research on the Epidemiology of Disasters
(CRED) (Guha-Sapir et al., 2004). A disaster event is defined by CRED if it meets one or more
of the following criteria: there are 10 or more people reported killed; there are at least 100
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people reported affected; or the disaster leads to the declaration of a state of emergency or leads
to calls for international assistance.
During the years 1994-2000, approximately 1.1 billion persons were left dead, homeless
or seriously affected by natural disasters. As can be seen from Figure 17, natural disasters were
fairly common in most countries during 1994 and 2000. However, the majority of the loss
resulting from disasters disproportionately impacted developing countries. By far, the Western
Pacific Region had experienced the largest number of deaths, homeless and affected by natural
disasters between 1994 and 2000 or about 565.9 million, followed by the South-East Asia
Region with 303.1 million deaths, homeless and affected. Corresponding figures for the
African, Eastern Mediterranean, The Americas and European Regions were approximately 65.2
million, 57.6 million, 33.7 million and 20.5 million, respectively.
Countries most affected by disasters in the Western Pacific Region included China, the
Philippines, South Vietnam, the Democratic People's Republic of Korea and Cambodia with
about 500.0 million, 21.1 million, 20.9 million, 18.8 million and 11.4 million persons left dead,
homeless and affected by natural disasters, respectively. Among the South-East Asian countries,
India, Bangladesh and Thailand were most seriously impacted by natural disasters with
approximately 213.2 million, 47.8 million, and 13.5 million deaths, homeless and affected.
Significant numbers of people in the Islamic Republic of Iran (n=37.5 million), Kenya (n=33.6
million) and Brazil (n=10.8 million) were also impacted by natural disasters during the years
1994 to 2000.
General Government Expenditures on Health as Percentage of Total Government
Expenditure. It is a longstanding and generally accepted economic principle that morbidity and
mortality are reduced through public and private investments in health, sanitation and nutrition.
Health economists have continually observed that 'wealthier is healthier' (Organization for
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Economic Co-Operation and Development ((OECD), 2000; Theo, 1992). That is, since high per
capita income has been observed to be associated with high levels of health expenditures, it is
predicted that countries with higher per capita income (and thus higher health expenditures)
would have better health. That these health expenditures reduce morbidity and mortality was
also observed in patterns of life expectancy and infant mortality in Europe. As total health
expenditures in the European Union (EU) rose from 3.4% to 7.7% between 1960 to 1995, infant
mortality declined, life expectancy at birth for males and females rose, and other health
outcomes also improved (OECD/CREDES, 2000).
However, with few exceptions, the early literature on comparative health expenditures
did not find relationships between health expenditures and health status. This initial finding, that
health expenditures and health were not associated, rested on the now erroneous assumption that
medical care expenditures were a luxury good with a marginal effect on health. Another
limitation of this earlier research was that it was typically restricted to the use of relatively small
samples of cross-sectional data. One author remarked that 'it seems to us surprising that the
results of this approach have passed so quickly and uncritically into the assimilative knowledge
of health economics, when they are based on such unsophisticated econometric modeling of
such small data sets' (Pierre-Yves et al., 1999; Theo and Posnett, 1992). Additionally, these
studies failed to account for individual decisions regarding nutrition and lifestyle, sociodemographic, and other characteristics such as the physical and natural environment within each
country (Roberts, 1999).
A more contemporary review paper concluded that health expenditures were
significantly associated with improved health outcomes in over 80% of the studies under review
(Nixon and Ulmann, 2006). The authors further conducted an independent econometric analysis
of 15 OECD states to determine the association between health expenditures and health
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outcomes between the years 1980-1995. They found that health expenditures were significantly
associated with decreasing infant mortality and increasing life expectancy at birth for both men
and women. These observations are consistent with other contemporary research of health
macroeconomists of OECD countries (Majnoni and Ulmann, 1999).
Although previous analyses were restricted to developed countries, there is considerable
evidence to suggest that even small changes in health expenditure in developing or intermediate
countries would have a larger impact on health outcomes than in developed countries. Over the
last decade, researchers have observed a reduction in public spending per capita in health across
low-income countries since 1990 (Jowett, 1999). As expected, various health outcomes have
worsened. However, developing countries were more sensitive to changes in health
expenditures than previously anticipated. In developing countries, the highest fraction of deaths
are due to infectious and parasitic diseases (e.g. malaria, tuberculosis, etc.). Among the most
deadly diseases for children under the age of 5 years are diarrheal diseases and acute respiratory
infections.
Health expenditures, unlike income, are influenced by political processes that determine
the level and allocation of health expenditures that impact actual health outcomes such as
DALYs due various diseases and conditions. This indicator contributes to our understanding of
the weight of public health spending on government budgets and expenditures on health by
extrabudgetary entities, notably compulsory health insurance (Deaton, 2002). Terrorism, war
and one-sided violence reduce the pool of human and financial resources available for public
health care expenditures, constrain the level of resources allocated to the public health care
system and reduce the efficient use of resources allocated to public health, and these effects
extend to the post-conflict period (Chanda et al., 2011).
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This dissertation research uses the WHO health financing indicator general government
health expenditures as a percentage of total government expenditure (GGHE as a percentage of
TGE) in 1994, as a critical economic control varriable. This core indicator of health financing
systems contributes to the understanding of the weight of public spending on health within
public sector operations (WHO, 2011c). This indicator includes resources channeled through
government budgets (e.g. Ministries of Health) in addition to expenditures on health by
parastatal organizations or social security agencies, and notably compulsory health insurance.
All of these resources are collected and pooled by public agencies, including revenue modalities.
Data on GGHE as a percentage of TGE for 1994 was available from the WHO Global Health
Observatory Database (WHO, 2011a).
Globally, the average GGHE as a percentage of TGE was 10.1% in 1994. Among those
20 countries with the lowest (< 5.0%) GGHE as a percentage of TGE, eleven were among those
within high child and/or high to very high adult mortality strata (Figure 18). These included
Afghanistan, Iraq and Zimbabwe, where GGHE as a percentage of TGE was close to 0.0% and
several countries in the WHO African Region with corresponding percentages between 3.8%
and 4.9%, including Eritrea, Guinea, Liberia, Côte d'Ivoire and Gabon. Eastern Mediterranean
countries also had some of the lowest GGHE as a percentage of TGE: Pakistan (2.6%); Somalia
(4.0%) and Cyprus (4.6%). Similarly, India (4.1%) and Myanmar (1.5%) were the two SouthEast Asian countries with very low GGHE as a percentage of TGE that also have high child and
adult mortality status. Interestingly, several countries classified within the low or very low child
and adult mortality strata had relatively low GGHE as a percentage of TGE including Georgia
(2.3%), Morocco (3.8%), Indonesia (4.1%), Brunei Darussalam (4.2%), and the Lao People's
Democratic Republic (4.6%).

62

As can be seen in Figure 18, those countries with the greatest GGHE as a percentage of
TGE (> 15.0%) were located primarily in The Americas (15.0%-to-27.6%), as well as in
Germany (15.0%), France (15.2%), Serbia and Montenegro (15.2%), Japan (15.7%), Marshall
Islands (15.9%), Iceland (16.1%), San Marino (17.8%), Bulgaria (19.8%), Democratic People's
Republic of Korea (20.0%) and Andorra (23.6%).
Pace of Urbanization. The world has experienced dramatic and unprecedented urban
growth over the last two centuries. By the 18th Century, only 3% of the total population lived in
urban areas (Caracci, 2008). By 1900, the percentage of people living in urban areas had tripled,
and by 2007, for the first time in world history, over half of the world’s population was
concentrated in urban areas (Patel and Burke, 2009; UN, 2005). Currently, there are about
50,000 cities with a population greater than a million people (UN Human Settlements Programs,
2001).
Dramatic new trends in urban growth affect both developed and developing nations
alike. While most countries in Europe, North America and Oceania experienced rapid
urbanization during the 19th Century, and currently show high rates of urbanization, they
continue to experience slow urban growth (Alirol et al., 2010). In developing countries,
especially tropical countries, the processes of urbanization work at a more chaotic pace. In less
than a decade, more than 870 million people in China alone will be living in urban areas and in
Botswana, urban areas are expected to triple (Patel and Burke, 2009). This 'chaotic urbanization'
may account for nearly all population growth in the coming decades. Urban growth is
problematic for developing countries since between 30% and 60% of people who reside in large
urban cities live in abject poverty and slums (Population Reference Bureau, 2002).
There is no universally accepted definition of what constitutes ‘urban’ (UN, 2005). The
term urbanization refers to “the process whereby a society changes from a rural to an urban way
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of life” and also refers to “the gradual increase in the proportion of people living in urban areas”
(Flourney, 2004).
In general, urbanization is conceptualized through a set of common characteristics of urban
settings. These features include: changes in size; heterogeneity and distance from other urban
centers; density; population mobility; industrialization; increasing proximity between the
wealthy and the poor, and economic activity (Marsella, 1998; Vlahov and Galea, 2002). When
collecting data on urbanicity, the UN accepts each country’s definition of ‘urban’ and has set no
international standard. Vhalov and Galea (2002) show that among 228 countries from which the
United Nations collect data, roughly 25% define urbanicity using basic administrative criteria
(e.g. size and density) and nearly 1 in 8 use functional characteristics. Accordingly, there exists
some degree of variation in this measure between countries at a given time as well as within the
same country over time.
A contentious debate has emerged around what factors of the urban context most
critically influence health outcomes (Flourney and Yen, 2004; Vhalov and Galea, 2002). At the
forefront of the debate was the aggregation of several groups of studies under the rubric of
"urban studies." Much of this work suggests that urban residents have worse health than nonurban residents, a disparity labeled the "urban health penalty" (American College of Physicians,
1997). Proponents of the urban health penalty posit that cities are areas highly concentrated with
poor and disenfranchised people. Urban settings are expected to expose residents to unhealthy
environments which in turn lead to disproportionately poor health (American College of
Physicians, 1997; Galea and Vhalov, 2002). This approach has been criticized for equating
'urbaness' with class and race, equating urban health with conditions among the minority and
poor in cities, failing to address that urban characteristics can improve health for some, and
failing to describe the specific characteristics that are associated with ill-health (American
65

College of Physicians, 1997). A number of authors propose a more robust framework for
understanding the relationship between urbanicity and negative health outcomes in which
multiple levels of influence shape population health. Specifically, health outcomes are
influenced by municipal factors, civil society and national and global trends (Allender et al.,
2008; Mendez and Popkin, 2004).
Among those characteristics of the physical urban environment that have been
empirically shown to increase morbidity and mortality is the built environment. These factors
included the density of development, mixed land use, scale of streets, aesthetic qualities of place,
connectivity of streets and maintenance of public spaces (Harphan and Tanner, 1995; Mohan et
al., 2008). Urban infrastructure, water and sanitation also play a vital role in the transmission of
infectious diseases as municipalities increasingly struggle to provide services for growing
populations. Inadequate provision for solid waste collection frequently leads to contamination
of water bodies and has been shown to present substantial risk for spreading epidemics rapidly
(Alexander and Ehrlich, 2000; Handy et al., 2002). Urban climate has been shown to be as
much as 5°F warmer than surrounding areas, an effect known as the urban heat island effect.
Heat related deaths and injuries often become epidemic in urban areas, especially among
impoverished and older groups (Chanthikul et al., 2004).
Pollution also plays a critical role in the development of disease. Cities contribute more
than 80% of global carbon dioxide emissions. During the 1990s, pollution contributed nearly
60,000 deaths per year in the United States alone, and nearly 1 billion individuals worldwide in
urban areas were affected by atmospheric pollution (Cohen et al., 2003; Mackenbach et al.,
1997). Other factors of the physical urban environment may also have important relationships
with human health. Noise exposure has been associated with hearing impairment, hypertension
and ischemic heart disease (Dockery et al., 1993). Other threats to health include proximity to
66

hazardous waste landfills, a factor that has been associated with low birth weight, birth defects
and some cancers. Lastly, a substantial literature supports the association between the
availability of green spaces and parks with specific health outcomes. Living areas with green
spaces are associated with decreased cardiovascular risk, improved health of the elderly and
increased physical activity (Passchier-Vermeer and Passchier, 2000; Vrijheid, 2000).
The urban social environment or occupational structure, labor markets, social and
economic processes, wealth, social, human and health services, power relations, government,
race relations, social inequality, cultural practices, the arts, religious institutions and practices,
and beliefs about place and community also influences morbidity and mortality (Takano et al.,
1996). Among the fundamental characteristics of the social environment are social
disorganization and social strain. Contemporary anomie/strain theories suggest that strain in
modern urban living are associated with deviant behavior and poor health (e.g. crime) (Agnew,
1992; Galea et al., 2002). Disease can also be spread through processes of social contagion.
Contagion theories of social organization predict that group practices and social norms will
influence the transmission of certain infectious diseases such as HIV (Pick and Obermeyer,
1996). Urban populations, by virtue of population density, are also assumed to present higher
risks for transmission of biological organisms. Lastly, spatial segregation may also be an
important determinant of health. Segregated communities frequently face disproportionate
access to health care services, the quality of health care and the political power to redistribute
resources (Mayberry et al., 2000).
However, while many researchers argue that urbanicity is associated with increasing
levels of morbidity and mortality, others argue that urban environments may be healthier than
their rural counterparts (Montgomery et al., 2003). Some evidence supports the 'urban health'
hypothesis, and this can be explained by better access to health care and education. However, it
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should be noted that while urban populations have become healthier, they have also experienced
a dramatic shift from infectious to chronic illness. This movement toward chronic illness has
often been called the "epidemiological transition or health transition" (Alirol et al., 2011; Lopez
and Mathers, 2006a; 2006b; Lopez et al., 2006).
Urbanization could, thus, result in either an overall global increase or decrease in
morbidity and mortality. During the period of observation in this study (i.e. 1990 to 1995) most
urbanization was occurring in less developed tropical regions while urban growth among
developed countries was relatively stable (Alirol et al., 2003). The epidemiologic transition was
well established in developed countries but well beyond the reach of developing countries.
Although chronic diseases were becoming increasingly important in developing countries,
infectious diseases remained the leading causes of morbidity and mortality. Ultimately,
individual characteristics of each country experiencing significant urban growth (i.e. ability of
health care system to manage growth; income disparity, heterogeneity of populations within the
city space) will determine the nature of the relationship.
The measure of urbanization used as a control variable in this dissertation research was
the average percentage change in the urban population between 1990 and 1995. These data are
collected routinely by the UN Department of Economic and Social Affairs and available on the
UN Millennium Goals Database (UN, 2011b).
The majority of urban growth occurring between 1990 and 1995 was clearly among
developing countries (Figure 19). These countries were located largely in the African and
Eastern Mediterranean Regions in which urban growth equaled or exceeded 2.0%: Botswana
(3.1%); Sudan (3.3%); Burundi (3.2%); Angola (3.5%); Rwanda (4.2%) and Mozambique
(4.4%). Similar urban growth was observed in Indonesia (3.0%) and Nepal (4.2%). Over the
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last 20 years, several countries have seen such rapid growth in their economies that in 2011 they
were classified as newly industrialized countries (NIC) by the International Monetary Fund
(2011). NICs are nations with economies more advanced and developed than those in the
developing world, but not yet with the full signs of a developed country. Consistent with their
newly classified economic status, NIC countries such as the Philippines (2.0%), Malaysia (2.2%)
and China (2.7%) showed high urban growth between 1990 and 1995. With few exceptions,
The Americas and the European Regions, most of the Eastern Mediterranean and Western
Pacific Regions and India experienced less than a 1.0% change in urbanization between 1990
and 1995.
Tropical Country Status. Tropical climate is considered a critical determinant for the
development of infectious and parasitic diseases and must be controlled in models in which
diarrheal and related conditions (Paper 2) and other communicable disease DALYs (Paper 1)
serve as the major outcome variables. Tropical diseases are defined as those diseases found
predominantly in the Tropics where the ecological and socioeconomic conditions allow for the
propagation of disease. Vector borne diseases account for roughly 16% of global communicable
disease burden and make up the majority of tropical diseases (WHO, 2008a).
The 17 neglected tropical diseases profiled in the first WHO report on tropical diseases
are held in common through several distinct features (Remme et al., 2002). Foremost, they are
frequently a proxy for disadvantage. Developing countries bear the greatest burden associated
with diminished quality of life, productivity loss, high costs of care and mortality. These
diseases are most commonly associated with the most politically marginalized populations least
capable of soliciting resources for the reduction of disease in their communities. These diseases
are not known to travel widely and thus the threat to developed countries is small (Bradley,
1998). These diseases disproportionately affect girls and women and frequently cause
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permanent dysfunction and disfigurement, leading to persistent and debilitating social
discrimination (WHO, 2010b). Assumptions continue to exist about the impact of these diseases
on different populations. Most importantly, it has been erroneously assumed that many of these
diseases have low rates of mortality. This assumption has largely been refuted in a growing
literature, but lingers in the policy realm, where those most capable of providing resources to
fight disease operate (Gwatkin et al., 1999).
The costs associated with reducing or eliminating these diseases are extremely low and
are easily implemented even in the most troubled economic and social environments. Several
economic analyses of de-worming campaigns in Cambodia, Myanmar, Egypt, Ghana and
Tanzania estimated a cost of U.S. $0.07 per round of drug administered (Montresor et al., 2010).
Astoundingly, these calculations include the costs of training, monitoring, health education and
the distribution of medicines. Cost-effectiveness studies have also found other disease
interventions to be similarly inexpensive. The cost associated with averting a single
schistosomiasis DALY range between U.S. $10-23 dollars; averting a single leishmaniasis
DALY costs U.S. $11-22 and averting a single human African trypnosomiasis DALY costs less
than U.S. $12 per day (Conteh et al., 2010).
The economic consequences of tropical diseases are significant, and serve to reduce the
overall pool of resources available for the development of modern infrastructures and health
services. While a considerable amount of tropical disease burden is unquantifiable, efforts have
been made to estimate the overall economic impact of tropical disease on populations (Momson
and Kinnard, 1993). For example, the average global expenditures for rabies prevention and
control exceeds U.S. $1 billion per year and the productivity loss associated with lymphatic
filariasis exceeds U.S. $1 billion per year (Ramaiah, 2000).
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Climate change is also increasingly implicated as a factor influencing the range and
spread of vector and reservoir species for infectious disease. The Intergovernmental Panel on
Climate Change (IPCC, 2001) has predicted that the global temperature is likely to increase by
between 1.4° C and 5.8° C between 1990 and 2100. These changes in global temperature are
expected to exceed any natural change in world climate in the last 10,000 years. While the
overall impact of these climactic changes on human health is unknown, several global and
regional models of disease transmission have been developed for malaria, dengue fever,
schistosomiasis and viral encephalitides (McMichael et al., 1996; Patz et al., 1996). The IPCC
concluded that: 'In areas with limited or deteriorating public health infrastructure, and where
temperatures are now or in the future permissive of disease transmission, an increase in
temperatures (along with adequate rainfall) will cause certain vector-borne diseases (including
malaria, dengue and leishmaniasis) to extend to higher altitude" (IPCC, 2001). Malaria, like
many vector borne tropical diseases, are limited by climactic tolerance of mosquito vectors and
increasing temperature is expected to increase the distribution by extending the months of
transmission (Kovats et al., 2001; Lieshout et al., 2004; Sutherst, 1998).
For this dissertation research, tropical country status will be operationalized as a
dichotomous variable (1 = at least one-half of land mass in the tropics and 0 = less than one-half
of land mass in the tropics). The tropics include countries in part or entirely located between the
Tropics of Cancer and Capricorn. Data on tropical country status is collected by the
International Union for the Conservation of Nature (2000). Figure 20 shows countries with less
than or greater than or equal to one-half of their land mass in the tropics along with those
countries with no land mass in the tropics.
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Ethnic Heterogeneity. The underlying causes of terrorism, war and related violence
have often been interpreted as ancient ethnic grudges that make living peacefully intractable,
especially in ethnically diverse societies (Fearon and Laitin, 2003; Sambanis, 2001; Stewart,
2002). Older literatures frequently assumed that ethnic identity is constant and that such
identities are biologically determined (Bergh, 1981; Fearon, 2002). However, 'identity' is a
complex issue, and culture is inherited, constructed and at times chosen by many people.
Moreover, many people have multiple overlapping identities (Wallenstein and Sollenberg,
2001). The African case has been frequently cited in support of the 'ancient grudge' hypothesis,
but most ethnic identities in Africa were constructed by colonial powers in the 20th Century
(Ranger, 1983). Contemporary African ethnic identity constructions have only weak origins in
pre-Colonial times. Similarly, in the United States, defining ethnic categories is also
complicated. For example, the classical racial categorization of Hispanic could be broken down
into Mexican Americans, Cuban Americans, Puerto Rican Americans and others. Census
categories within the United States themselves have changed over time considerably (Nobles
2000). Constructing and defining ethnicity is thus a perpetual process involving many actors
and is amenable to change over time. However, careful consideration of ethnic identity provides
useful insights into the nature of human health and conflict.
Over time the number of domestic conflicts has changed, but one underlying cause has
largely remained the same: differential access to critical resources results in disputes over
identity, which in turn has led to problems of state-building and the maintenance of peace
(Pederson, 2002). As some authors have hypothesized, ethnic diversity has been associated with
economic growth rates as well as the provision of public goods (Alesina et al., 1999; Easterly
and Levine, 1997). Access to healthcare is also defined by political processes in which minority
ethnic groups are often excluded. Central to the association between ethnic heterogeneity and
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health is the concept of ethnic nepotism. This concept emerged from sociobiological theory of
the 1960's in which Hamilton (1964) and Smith (1964) developed the theory of 'kin selection' to
predict human behavior. In sum, the logic of evolution presupposes individual selfishness and
favoritism toward relatives. Individuals struggle for resources and power that protects and
advances those close to them (Bergh, 1981; Vanhanen, 1999).
Differences in ethnic, linguistic and/or religious composition, can be a major source of
political contention within a country. This often produces discrimination and unequal access to
political power that translates into inequality in access to health care (Ghobarah et al., 2003).
Dominant groups defined by ethnicity, language, and/or religion shift public health expenditures
away from minorities into government programs that would provide a greater benefit to them.
The greater the ethnic, linguistic and religious heterogeneity within the population, the greater
the adverse impact on access to health care by those discriminated against. In one study by
Ostby and Urdal (2011), countries with high levels of social and economic polarization between
ethnic groups from 1986-2004 were more than twice as likely to suffer internal conflict as those
without such economic and social polarizations. Proponents of the 'grievance perspective' of
conflict have shown that perceptions of injustice have played a critical role in creating the
conditions in which conflict emerges.
While some studies have found evidence to support the association between ethnic
heterogeneity and economic growth and the distribution of resources and health outcomes, they
have failed to establish a relationship between religious or ethnic heterogeneity and armed
conflict (Fearon and Laitin, 2002). However, the failure to find quantitative associations
between ethnic heterogeneity and conflict stemmed from the conceptualization of ethnic
diversity itself. Until Vanhanen (1999), there existed only two sources of information on
ethnolinquistic diversity across countries- the World Christian Encyclopedia and the
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Encyclopedia Britannica (Montalvo and Reynal-Querol, 2005). However, each of these data
sources suffer from considerable weaknesses. For example, empirical evidence suggests that
when measured as the sum of all ethnic groups comprising 1% or more of the population, ethnic
heterogeneity does not predict potential conflict (Fearon, 2003). Instead, the qualitative
literature suggests that it is specific forms of ethnic heterogeneity that are more important in
predicting conflict. For example, specific religious and linguistic cleavages within societies
make them prone to conflict (Montalvo and Reynal-Querol, 2005). Other studies have found
that different aspects of multiethnicity matter, such as the size of the largest minority group, the
physical space the groups occupy, ethnic affinities and the level of inclusiveness in political
systems (Elbadwi, 1999).
Vanhanen (1999) developed what is considered to be one of the best measures of ethnic
division since the emergence of this literature. Specifically, his measure of ethnic heterogeneity
takes into account only 'the most important and conspicuous ethnic divisions' rather than all
possible ethnic differences among groups. In other words, ethnic groups are associated by
'genetic distance' rather than simple cultural differences (Vanhanen, 1999). Vanhanen’s measure
of ethnic homogeneity combines racial, linguistic and religious division, each measured as the
percentage of the largest respective group of a country’s total population for the years 19941996. Aggregated, the inverse of these three percentages measures the degree of ethnic
heterogeneity. The larger the sum of these three percentages, the greater the ethnic
heterogeneity within a country.
As can be seen in Figure 21, the greatest ethnic heterogeneity scores exist in African
countries where civil war has occurred over the past 30 years. Ethnic heterogeneity in these
countries exceeds 90.0% and includes Bhutan (90.0%); Nigeria (95.0%); Cote d'Ivoire (96.0%);
Eritrea (100.0%); Ethiopia (100.0%); South Africa (107.0%); Sudan (124.0%); Guyana
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(140.0%); and Chad (144.0%). Other ethnically heterogeneous countries during 1994-1996
included Afghanistan (90.0%); Latvia (90.0%); Khazakhstan (102.0%); Malaysia (110.0%);
Bosnia and Herzegovina (112.0%); India (128.0%); and Suriname (147.0%), countries that have
all experienced civil conflict and related violence episodically over the past three decades.
Life Expectancy at Birth. Life expectancy at birth is defined as the average number of
years that a newborn is expected to live if current mortality rates continue to apply (WHO,
2011c). Life expectancy at birth reflects the overall mortality experience in a population by
summarizing mortality patterns across age groups. As an indicator of health and social
development, life expectancy at birth reflects the effects of environmental degradation, exposure
to harmful substances, access to health care and political power and living standards. Life
expectancy at birth is strongly associated with morbidity as well as mortality and is an integral
component of the UN Statistical Commission's Human Development Index (UN, 2010) and a
basic WHO health indicator (WHO, 2011c).
The average global life expectancy at birth in 1994 was 64.8 years. As can be seen in
Figure 22, the country with the lowest life expectancy was Sierra Leone (38.4 years) and there
were 25 countries with life expectancies less than 51 years. With the exception of Afghanistan
and Timor-Leste where life expectancy was 41.7 and 48.6 years, respectively, all 23 remaining
countries with life expectancies less than 50 years were located in the African Region. There
was no country in the African region in which life expectancy at birth exceeded 64.2 years.
Other countries such as India, Bangladesh and Haiti, that suffer severe income disparities
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between upper class neighborhoods and slums, also experienced low life expectancies (55.7-58.8
years).
In contrast to developing countries, those countries that benefit from well-educated
workforces, high savings and investment rates, well organized medical care and public services
and political stability all share life expectancy at birth exceeding 70 years (Masaki and Koizumi,
1987). In 1994, Iceland and Japan had the greatest life expectancies, 78.6 and 80.9 years. Many
of the countries with life expectancies exceeding 70 years were located in the European Region
(e.g. Germany, United Kingdom, France, Netherlands, Ireland and Denmark) and in The
Americas, including the United States of America and Canada. [For additional descriptive
statistics related to economic control variables, see Appendix C].
Pre-existing Vulnerability Variables
Unsafe Drinking Water Resources and Inadequate Sanitation Facilities: Paper 2.
Diarrheal and related diseases (including shigellosis, amoebiasis and other bacterial, protozoal
and viral intestinal diseases), schistosomiasis, trachoma, ascariasis, tricuriasis and hookworm,
are almost entirely attributable to unsafe drinking water and inadequate sanitation (WHO,
2008a). This strong relationship highlights the need to control for these factors in analyses of
the impact of terrorism, war and one-sided violence on diarrheal and related disease DALYs in
Paper 2 of this dissertation.
The WHO (2011c) defines two indicators to measure access to safe drinking water and
basic sanitation: (1) percentage of the population using an improved drinking water source; and
(2) percentage of the population using an improved sanitation facility. An improved drinking
water source is one that by nature of its construction adequately protects the source from
contamination, in particular from fecal matter. An improved sanitation facility is one that
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hygienically separates human excreta from human contact. Examples of improved and
unimproved drinking water sources and sanitation facilities are shown in Table 7 (WHO, 2000).
For the purposes of this dissertation research, the percentages of improved water
resources and improved sanitation facilities were combined for the year 1994. In 1994,
approximately 20% and 45% of the world’s population did not have access to improved drinking
water resources and improved sanitation facilities, respectively (WHO, 2006a) (Figure 23).
Nearly every country on the African continent had a combined improved water resources and
sanitation facilities percentages of 120.0% or lower with the exception of the Libyan Arab
Jamahiriya (151.0%), South Africa (155.0%), and Egypt (172.0%).
Table 7. Examples of Improved and Unimproved Drinking Water Resources and Sanitation
Facilities

Improved
Sanitation
Facilities


Improved
Drinking-Water
Sources

Use of the following facilities:
 Flush or pour to elsewhere
(not piped to sewer system,
septic tank or pit latrine)
 Our latrine without slab/open
pit
 Bucket
 Hanging toilet or hanging
latrine
 Shared facilities of any type
 No facilities, bush or field

Use of the following facilities:
 Flush or pour-flush to:

piped sewer

septic tank

pit latrine
 Ventilated improved pit
 Pit latrine with slab
 Composting toilet













Piped water into dwelling, yard or
plot
Tubewell or borehole
Protected dug well
Protected Spring
Rainwater collection

Unprotected dug well
Unprotected spring
Cart with small tank or drum
Tanker truck
Surface water
Bottled water

Unimproved Sanitation
Facilities

Unimproved Drinking
Water
Sources

Other countries with notably low percentages of improved water resources and sanitation
facilities included Afghanistan (32.0%), Cambodia (48.0%), Haiti (72.0%), Yemen (95.0%),
Nepal (96.0%), India (97.0%), Mongolia (108.0%), Vietnam (115.0%), and China (119%). The
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Russian Federation and most countries in the European and The Americas Regions were
characterized with relatively higher combined improved water resource and sanitation facility
percentages (> 150.0%).
Adult Per Capita Alcohol Consumption: Paper 3. Alcohol use is related to a wide
range of physical and mental harms including liver cirrhosis, cardiovascular diseases, neuropsychiatric conditions, and cancers of the mouth, pharynx, oesophagus, liver, stomach and colon
and injuries (Rehm et al., 2003; 2004; WHO, 1994; 2002b; 2004b). Among these conditions,
only alcohol dependence and harmful use of alcohol (i.e. alcohol use disorders) are considered
within the GBD Study framework to be almost entirely attributable to alcohol use. This
relationship between alcohol use and alcohol use disorders highlights the importance of
including alcohol consumption as a baseline vulnerability factor in Paper 3 in which alcohol use
disorder DALYs served as the major outcome variable.
The WHO uses adult (persons 15 years and older) per capita consumption to measure
alcohol consumption (WHO, 1999a). This variable does not use per capita consumption for the
whole population because population distributions in developing countries differ from those of
developed countries, having a much greater proportion of children and young people. Using a
per capita indicator would, therefore, underestimate consumption of adults in countries with
many young people under the assumption that most young people under 15 do not consume
large amounts of alcohol (WHO, 2011b).
Estimates of adult per capita consumption are derived for total recorded consumption
expressed as liters of pure alcohol, computed as the sum of alcohol production and imports, less
alcohol exports, divided by the adult population (aged 15 years and older). Adult per capita
consumption estimates are based on either the Food and Agricultural Organization (FAO)
(United Nations, 2008) or World Drink Trends (WDT: Produkschap voor Gedistill Dranken,
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2006) data, with the exception of a few countries in Europe where data comes directly from
governments. The FAOSTAT – United Nations Food and Agricultural Statistical Database
(FAO, 2008) is the most complete and comprehensive international source on per capita alcohol
consumption while WDT is the best source of industry data (Rehm et al., 2003).
In the European region, WDT is used for 25 countries, FAO for 19 countries and
government data for four countries. Outside Europe, most of the remaining countries of the
world use FAO data to estimate consumption, while only seven use WDT data. Country-level
data on per capita alcohol consumption is compiled from both these sources and is available
within the WHO Global Health Observatory Database (WHO, 2004b; 2011a).
Globally, alcohol consumption is much greater among males than females and is most
prevalent among people aged 15-to-59 years (WHO, 1994). In 1994, worldwide recorded adult
per capita alcohol consumption was about 4.9 liters of pure alcohol. Average per capita alcohol
consumption in 1994 was greatest among developed countries (9.9 liters), relative to developing
countries (3.2 liters) and those countries in transition (7.4 liters) (Jernigan et al., 2000; WHO
2011b). During this time, average per capita consumption was also greatest in the European (8.3
liters) and The Americas (5.9 liters) Regions, followed by the Western Pacific Region (3.2
liters). The lowest average per capita alcohol consumption was observed in the South-East Asia
(1.4 liters) and Eastern Mediterranean (0.8 liters) Regions (Figure 24).
Prevalence of Illicit Drug Use: Paper 3. Illicit drug use is defined as the non-medical
use of a variety of drugs that are prohibited by international law (WHO, 2011c). Illicit drug use
is associated with several adverse health consequences including HIV/AIDs, Hepatitis B virus,
Hepatitis C virus, suicide, drug dependence and harmful use (i.e. drug use disorders) and other
neuro-psychiatric disorders, and a variety of social harms and consequences (United Nations
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International Drug Control Programme [UNIDCP], 1997). Among these disorders and
consequences, only drug use disorders are considered almost entirely attributable to illicit drug
use within the GBD Study framework. This relationship establishes illicit drug use as a critical
control vulnerability factor in analyses in which drug use or substance use disorder DALYs
served as outcome variables (Paper 3).
Data on illicit drug use has been collected routinely since 1991 by the United Nations
Office of Drug Control (UNODC, 1999). This information is provided by governments through
the Annual Reports Questionnaire (ARQ), which is completed and submitted by governments in
response to reporting obligations imposed by three international drug control conventions.
Governments also sometimes submit results of national surveys and other reports along with
information requested in the ARQ. Of relevance to this dissertation are the key indicators of the
extent of drug use: the annual prevalences of illicit drug use related to cannabis, amphetaminetype stimulants, cocaine-type substances and opiates. The annual prevalence of each of these
illicit drugs is defined as the number of people who have consumed the illicit drug at least once
prior to the survey year. These prevalence figures are expressed as percentages of the
population above the age of 15 years. Annual prevalences of cannabis, amphetamine-type
stimulants, cocaine-type substances and opiates were combined in this dissertation research to
yield an aggregate measure of illicit drug use. This continuous variable was log transformed as
the result of skew. Data for these indicators were collected between 1993 and 1997 and appear
in the Global Illicit Drug Trends Report for 1999 prepared by the UNODC.
There is good evidence that illicit drug use is also related to terrorism, civil war and
related violence. With the end of the Cold War, state financing for terrorism and insurgent
movements was drastically reduced and the cultivation, transport and sale of psychotropic
substances became a lucrative source of alternative financing. This is particularly true regarding
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coca, opium and cannabis, the most profitable psychotropic substances. Between 1990 and
2000, the majority of cultivation of these crops was taking place in countries experiencing
terrorism and civil war (Bjornehed, 2004; Cornell, 2005). Recent comparative research has
suggested that cultivation of these psychotropic drugs relates to the duration of civil war and
terrorist actions, but not their initiation (Fearon, 2002), results that are highly consistent with
case studies done in this area (Ross, 2004a; 2004b).
Unlike most natural resources like oil, timber, gold, copper and diamonds, illicit drugs
are lootable and unobstructable: they are easily appropriated and transported and not easily
obstructable due to their high value-to-size ratio. Illicit drugs are also illegal which makes them
benefit insurgents and terrorists, who are less influenced by international prohibitions against the
cultivation, transport and sale of psychotropic substances than governments. The lootability,
unobstructability and illegality of psychotropic substances as natural resources define their
enormous potential to provide a financial base to strengthen insurgents and terrorist
organizations, aid insurgents in avoiding government onslaught and deny governments control
over significant parts of their territories for extended periods of time. Although psychotropic
substances seem to be linked to the duration of terrorism, civil war and related violence, future
research is needed to elucidate the exact mechanisms that define the association.
Between 1993 and 1997, the global annual prevalence rate of illicit drug use was about
4.0% or 185 million people of the total world's population (UNIDCP, 1997). Cannabis was the
most prevalent illicit drug used worldwide, accounting for approximately 2.5% (141.2 million
persons) of the world's population. Other illicit drugs were far less prevalent including
amphetamine-type stimulants (0.52%), cocaine-type substances (0.23%) and opiates (0.14%),
accounting for 30.2, 13.3 and 8.0 million persons worldwide, respectively. As can be seen in
Figure 25, the average prevalence of illicit drug use was clearly greatest in The Americas
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(2.6%), Western Pacific (2.1%) and European (1.9%) Regions, with Australia (16.5%), the
United Kingdom (12.8%), the United States of America (12.2%) and Papua New Guinea
(10.0%) being the largest contributors. Figure 25 also shows the rise of illicit drug use occurring
during this time in the African Region with annual prevalences of illicit drug use exceeding
10.0% in Nigeria, Ghana and Sierra Leone. [For additional descriptive statistics related to preexisting vulnerability variables, see Appendix C].
In the next three chapters, three papers examining the relationship between deaths due to
terrorism, civil war and one-sided violence and major communicable and noncommunicable
disease DALYs, diarrheal and related diseaase DALYs and substance use disorder DALYs,
controlling for economic and/or pre-existing vulnerability variables are examined using ordinary
least square (OLS) regression analyses. Statistical models that might be used in related
applications are described in Appendix C.
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Abstract
Armed conflict and related violence, including terrorism and one-sided violence, has
profound effects on people’s health and lives. The purpose of this study was to determine the
relationship between deaths due to terrorism, civil war and one-sided violence from 1994-2000
and disability-adjusted life years (DALYs) occurring in 2002 attributable to all causes and
specific communicable and noncommunicable diseases. Deaths resulting from terrorism, war
and one-sided violence were positively associated with all cause as well as a number of
communicable and noncommunicable disease-specific DALYs across the majority of sex and
age subgroups of the populace, controlling for an array of economic factors empirically shown
to affect public health. Overall, a 1.0% increase in deaths due to terrorism, civil war, and onesided violence from 1994-2000 was associated with a 0.16% increase in DALYs lost to all
causes in 2002 in the total world population. There was little variation in the magnitude of these
associations between males and females and between communicable and noncommunicable
diseases. The results of the present study can begin to guide post-conflict recovery by focusing
on interventions targeting both noncommunicable as well as communicable diseases, thereby
highlighting the full health costs of war and ultimately providing a strong rationale for
promoting peace.
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Introduction
Armed conflict and related violence, including terrorism and one-sided violence, has
profound effects on health and an enormous and tragic impact on people’s lives. In 2002,
Murray and his colleagues argued that armed conflict should be recognized as a major public
health problem (Murray et al., 2002). They underscored the adverse impact of war on
population health resulting from the immediate direct effects of armed conflict (i.e. battle
deaths) and from the even more substantial indirect or longer-term effects. The longer-term
consequences of war arise from displacement of large numbers of people, traumatic stress, and
breakdown of water, sanitation, agricultural, transportation, safety and regulatory infrastructures
and health and social services resulting in depressed economic performance and heightened risk
of disease and death (Dodge, 1990, Levy and Sidel, 2007; 2009). Despite the toll of death and
disability that defines war, the longer-term effects of conflict as a major determinant of
morbidity and mortality has received little attention by public health researchers.
Although research has found support for the longer-term impact of war on life
expectancy and mortality, these studies did not account for the burden of conflict associated with
disability and non-fatal outcomes (Guha-Sapir and van Panhuis, 2004; Li and Wen, 2005). To
date, a very limited number of studies have addressed the broader health consequences of armed
conflict using summary measures of health that combine information on both morbidity and
mortality (Ghobarah et al., 2003; 2004a; 2004b; Hoddie and Smith, 2009). The first measure is
healthy life expectancy (HALE) at birth. Unlike the conventional life expectancy measure that
considers only mortality, the HALE deducts time lost to being in ill health (Mathers et al., 2000).
The second measure is the disability-adjusted life year (DALY), that is derived as the sum of
years of life lost to premature mortality and years of life lost due to disability in a population.
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Ghobarah et al. (2004a) examined the impact of civil war deaths occurring from 19911997 on HALEs in 1999. Civil war deaths were shown to have an adverse effect on health, with
the most devastating wars reducing HALEs by 10 years. In two earlier studies, these authors
also examined the relationship between civil war deaths from 1991-1997 and DALYs in 1999
attributable to all causes and specific diseases and injuries (Ghobarah et al.; 2003; 2004b).
These studies controlled for an array of economic and related factors (e.g. health expenditures,
urban growth) and a civil war deaths occurring in contiguous countries by border permeability
interaction measure to operationalize burden to health systems resulting from the influx of
refugees into the host country. In these studies, civil war deaths were significantly related to all
cause DALYs among four and seven of the 10 sex-age groups of the population: 0-to-4 year-old
males, 5-to-14 year-olds and 45-to-59 year-old females, but not among 0-to-4 year-old females
or those 60 years or older. When specific diseases and injuries were examined, civil war deaths
were significantly related to between 23% and 30% of the 210 disease/injury-specific DALYs
examined by sex and age, largely among 5-to-59 year-olds. Taken together, the age results of
these two studies were surprising since approximately 40% of the world’s disease burden in
1999 occurred among 0-to-4 year-olds and people aged 60 years or older (WHO, 1999b).
Prior research discussed above defined civil war deaths to include all fatalities among
combatants, that is, regular armed forces of the state and armed insurgents or non-state actors
and civilians targeted by either. Among these fatalities are one-sided violence deaths resulting
from security forces firing on unarmed protestors, genocide, and summary execution of
prisoners. Hoddie and Smith (2009) separated deaths resulting from civil war from those
resulting from one-sided violence occurring during 1991-1997 and examined their differential
effects on all cause DALYs in 1999. When only war deaths were entered into the statistical
model, there was no significant effect of deaths on all cause DALYs. However, when war and
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one-sided violence deaths were examined simultaneously, fatalities resulting from one-sided
violence, but not war deaths, were significantly associated with all cause DALYs, among
younger (0-to-4 year-olds) and older (45 year olds and older) subgroups of the world populace.
Although the studies by Hoddie and Smith (2009) and Ghobarah et al. (2003; 2004b)
have significantly increased our knowledge of the relationship between civil war and longerterm morbidity and mortality, some limitations are noted. The Hoddie and Smith (2009) study
focused on all cause DALYs rather than disease-specific DALYs and used an ordinal, rather
than a continuous, measure of the number of fatalities due to one-sided violence. Previous
research in this area has also controlled for war deaths in contiguous countries by border
permeability, a measure best operationalized directly as the number of refugees and displaced
persons in the host country (Ghobarah et al., 2003; 2004b). In addition, each of these studies
failed to control for a major determinant of global morbidity and mortality, that is, the number of
persons affected by natural disasters. The absence of associations between civil war deaths and
DALYs for a majority of specific diseases among the very young and old examined in the
Ghobarah et al. (2003; 2004b) studies may have been the result of neglecting to transform the
DALY outcome measures that are skewed. Linear regression models used in prior studies, and
indeed in the present study, require such transformed data to satisfy underlying model
assumptions of linearity and homogeneity of variances of the residuals. Importantly, all studies
in this area did not assess the impact of terrorist actions on longer-term morbidity and mortality.
Between 1989 and 2004, the vast majority (about 99%) of fatalities from terrorist actions has
taken place in countries experiencing both war and one-sided violence (Eck and Hultmann,
2007; Ericksson et al., 2003).
The present study addresses the limitations of and expands upon prior seminal work on
the relationship between civil war deaths and morbidity and mortality. Since the severity and
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scope of civil war has changed over the last three decades to increasingly include fatalities
arising from terrorist actions and one-sided violence, the major exposure variable in this study
will be the sum of deaths resulting from terrorist actions, civil war and one-sided violence (Eck
and Hultman, 2007; Ericksson et al., 2003; Lacina and Gleditsch, 2005). Data were derived
from three new, mutually exclusive, databases: Battle Deaths Dataset constructed by the Center
for the Study of Civil Wars, in Oslo (Lacina, 2009; Lacina and Gleditsch, 2005). One-sided
Violence Deaths Dataset available from the Department of Peace and Conflict Research,
Uppsala University (Kreutz and Eck, 2011); and the Global Terrorism Database (GTD)
constructed by the National Consortium for the Study of Terrorism and the Responses to
Terrorism (NCSTRT), University of Maryland (NCSTRT, 2010).
It is hypothesized that increasing numbers of deaths attributable to terrorism, civil war
and one-sided violence from 1994-2000 will be associated with increasing levels of morbidity
and mortality as measured by DALYs in 2002 attributable to major communicable and
noncommunicable disease, controlling for a wide array of economic and related factors that have
been empirically linked to morbidity and mortality. Given the widespread devastation and
misery that defines civil war and related violence and the numerous mechanisms through which
it exerts its toll on death and disability (i.e. displacement, destruction of health and a variety of
other infrastructure, psychological stress), it is predicted that the impact of such violence on
longer-term public heath will be pervasive. That is, terrorism, war and one-sided violence will
adversely impact morbidity and mortality in the longer-term associated with communicable and
mental and physical noncommunicable diseases across the majority of the sex-age subgroups of
the populace.
Methods
Outcome Measures: Disability-Adjusted Life Years
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The outcome variables were the number of DALYs (in thousands) due to major
communicable and noncommunicable diseases for 2002 in 184 of the 192 WHO member states.
Seven small islands and countries were excluded from the analyses due to insufficient data.
Rwanda also was eliminated from the analyses because the country experienced 500,000 deaths
due to genocide in 1994, rendering it an extreme outlier. Diseases and conditions examined
included infectious and parasitic diseases, maternal and perinatal conditions, respiratory
infections, nutritional deficiencies, malignant neoplasms, other neoplasms, diabetes mellitus,
endocrine disorders, neuro-psychiatric disorders, and sense organ, cardiovascular, respiratory,
digestive, genito-urinary, skin, and musuloskeletal diseases, congenital anomalies and oral
conditions.
Exposure Measure: Deaths from Terrorism, Civil War and One-sided Violence
Terrorist acts are intended to produce effects beyond immediate human and property
damage and to have long-term physical repercussions on a particular audience. Data on the
number of deaths among victims and perpetrators resulting from terrorist actions from 19942000 were derived from the 2010 update of the Global Terrorism Database (NCSTRT, 2010).
The definition of a terrorist incident in this database includes terrorist incidents that are
intentional, that achieve some level of violence or threat of violence and that are perpetrated by
sub-national, non-state actors. In addition, to qualify as a terrorist incident, at least two of the
following three criteria must be met: (1) the act must be aimed at attaining a political, economic,
religious or social goal; (2) there is evidence of an intention to coerce, intimidate, or convey
some other message to a larger audience than the immediate victims; and (3) the action must be
outside the context of legitimate warfare activities (NCSTRT, 2010).
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Data for civil war deaths occurring between 1994-2000 were derived from the Battle
Deaths Database (Lacina, 2009; Lacina and Gleditsch, 2005). Civil wars are defined as internal
armed conflict occurring between the government of a state and one or more internal opposition
groups without intervention from other states, and internationalized internal armed conflict
between the government of a state and one or more internal opposition groups with intervention
from other states on one or both sides. Civil war conflict is further defined as a contested
incompatibility that concerns governments and/or territory where the use of armed force
between two parties (of which at least one is the government of the state) results in at least 25
battle deaths (Lacina and Gleditsch, 2005). War deaths result directly from violence inflicted
through the use of armed force by a party to armed conflict. In the present study, interstate wars
were not included in the analyses for several reasons. Foremost, during the period of
observation for this study, only four wars representing nine war-years or 3% of the 290 waryears fought were interstate wars. Further, information on the number of deaths on each side
(i.e. for each country) necessary for inclusion of these war deaths in the present analyses was not
available.
Information on deaths resulting from one-sided violence for the years 1994-2000 were
available from the One-sided Violence Database (Kreutz and Eck, 2011). One-sided violence is
defined as the use of armed force by the government of the state or by a formally-organized
group against civilians which results in at least 25 deaths. Only one-sided deaths perpetrated by
government actors were included in the present analyses since those perpetrated by formallyorganized groups overlapped with those included in the GTD. These deaths include genocide
and summary execution of prisoners. This database was also specifically designed not to
overlap with the Battle Deaths Dataset with respect to incidents and deaths classified.
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The number of deaths resulting from terrorist actions, civil war and one-sided violence
(in thousands) between 1994-2000 were summed to form the major exposure variable, thereby
providing for a measure of the scale and intensity of current day armed conflict and associated
violence (Eck and Hultmann, 2007; Ericksson et al., 2003; Lacina and Gleditsch, 2005).
Using deaths from terrorism, war and one-sided violence for the years 1994-2000
produces a 2-year lag to the DALY outcome measures in 2002. DALYs in 2002 reflect years of
life lost due to deaths from a particular condition during 2002 plus the disability incurred by
people suffering from the same condition in 2002. Thus, these are not deaths or disabilities
experienced in earlier years during which the terrorism and related violence was active.
Control Measures
Refugees/Asylum Seekers/Displaced Persons. Civil wars and related violence displace
large populations either internally (i.e. internally displaced persons) or as refugees, including
asylum seekers, or people owing to a well-founded fear of prosecution for reasons of race,
religion, nationality or membership of a particular social group or political opinion, is outside
their country of origin (UNHCR, 1995a). Refugees/asylum seekers/displaced persons are at
increased risk of disease and premature mortality from a variety of communicable and
noncommunicable diseases and malnutrition (CDC, 2004).
The number of refugees/asylum seekers/displaced persons (in thousands) residing in each
host country at the end of the year 1994 served as an important control measure. These data
were available from the United Nations Refugee Agency (UNHCR) Statistical Yearbook Annex
Tables (1995b). Similar to all control variables used in the present analyses, except the number
of deaths/homeless/affected by natural disasters (summed for the years 1994-2000), the number
of refugees/asylum seekers/displaced persons were measured at baseline, that is, as close to the
year 1994 as the available data would allow.
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Number of Deaths/Homeless/Affected by Natural Disasters. Although immediate
health impacts of natural disasters include illness, disability and death typically associated with
the spread of infectious diarrheal diseases, longer-term effects including respiratory and other
chronic conditions and mental illnesses can be substantial (Fogarty International, 2007).
The natural disaster measure in this study combined the number of deaths (persons
confirmed as dead or missing), number of homeless (persons needing shelter) and number
affected (i.e. people requiring immediate assistance in basic survival needs such as food, water
and sanitation), in thousands, occurring at the country level for the years 1994-2000. Data were
available from the Emergency Events Database (EM-DAT) maintained by the WHO
Collaborating Center for Research on Epidemiology and Disasters (CRED) (Guha-Sapir et al.,
2004). A disaster event is defined by CRED if it met one or more of the following criteria: (1)
there were 10 or more people killed; (2) there were at least 100 people reportedly affected; or (3)
the disaster led to the declaration of a state of emergency or calls for international assistance.
General Government Expenditures on Health as Percentage of Total Government
Expenditure. It is a longstanding and generally accepted principle that morbidity and mortality
are reduced through public and private investments in health, sanitation and nutrition. Health
economists have continually observed that ‘wealthier is healthier' (Nixon and Ulmann, 2006;
Theo and Posnett, 1992). This study uses total general government health expenditures as a
percentage of total government expenditure (GGHE as a percentage of TGE) as a critical
economic control measure. This core indicator of health financing systems contributes to our
understanding of the weight of public spending on health within public sector operations (WHO,
2011). Data on GGHE as a percentage of TGE for 1994 were available from the WHO Global
Health Observatory Database (WHO, 2011a).
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Urban Growth. Numerous characteristics of the physical urban environment, including
density of development, provisions for safe water and adequate sanitation infrastructure, and
maintenance of public spaces are all predicted to adversely influence health outcomes (Mohan et
al., 2008). This would be particularly true during the period of observation in the present study
(i.e., between 1990 and 1995) when urban growth was occurring chaotically in less developed
regions but had essentially stabilized among most developed countries (Alirol et al., 2010). The
measure of urbanization used as a control measure in this study is the average percentage change
in the urban population between 1990 and 1995. These data are collected routinely by the UN
Department of Economic and Social Affairs and available on the UN Millennium Goals
Database (UN, 2011b).
Ethnic Heterogeneity. Differences within a country in ethnic, linguistic and/or religious
composition can be a major source of political contention and conflict. In turn, this produces
discrimination and unequal access to political power that translates into inequality in access to
health care (Ghobarah et al., 2003). Dominant groups defined by ethnicity, language, and/or
religion often deflect public health expenditures away from minorities, just as the wealthy shift
resources away from the disadvantaged into government programs that would provide a greater
benefit to them.
The measurement of ethnic heterogeneity in this study is derived from Vanhanen (1999)
that operationalizes ethnic groups based on: (1) racial differences; (2) linguistic, national or
tribal differences; and (3) stabilized old religious communities. The measure combines racial,
linguistic and religious division, each measured as the percentage of the largest group of a
country’s population for the years 1994-1996. The inverse of these three percentages are
summed to measure the degree of ethnic heterogeneity.

100

Life Expectancy at Birth. Life expectancy at birth is defined as the average number of
years that a newborn is expected to live if current mortality rates continue to apply, data
routinely collected by the WHO (WHO, 2011a). In the present study, life expectancy at birth
serves as a critical control measure, reflecting the effects of environmental degradation,
exposure to harmful substances, access to health care and political power and living standards in
1994 or at baseline.
Tropical Country Status. Tropical climate is a critical determinant for the development
of infectious and parasitic diseases and tropical country status is included in models in which
communicable disease DALYs serve as outcome variables in this study (Remme et al., 2002;
WHO, 2008a). Tropical country status is operationalized as a dichotomous variable (1 = at least
one-half of land mass in the tropics and 0 = less than one-half of land mass in the tropics). Data
on tropical country status are collected by the International Union for the Conservation of Nature
(2000).
Statistical Analyses
Multivariable linear regression analyses were conducted to examine the relationships
between deaths from terrorism, war and one-sided violence from 1994-2000 and DALYs due to
all causes and major communicable and noncommunicable diseases in 2002, controlling for
economic and related factors. These selected diseases and conditions constitute the second level
of aggregation in the 2002 WHO cause list ensuring sufficient number of DALYs for analytic
purposes (Mathers et al., 2003). DALY outcome measures, the war and related violence
exposure measure and two control factors (number of deaths/homeless/affected by natural
disasters, number of refugees/asylum seekers/displaced persons) were log transformed as the
result of skew associated with their distributions.
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Results
Table 8 shows the results of the multivariable linear regression analyses examining the
relationships between deaths due to terrorism, war and one-sided violence from 1994-2000 and
all cause DALYs in 2002, controlling for critical economic and related factors. Deaths due to
terrorism, war and one-sided violence were significantly related with all cause DALYs
examined in the world populace and among the 10 sex-age subgroups. Overall, the beta
coefficient associated with all cause DALYs was 0.16 indicating that a 1.0% increase in deaths
from terrorism, war and one-sided violence from 1994-2000 was associated with a 0.16%
increase in DALYs lost to all causes in 2002 in the total world population. Alternatively, an
increase of 10 (1.0% of 1000) deaths due to terrorism, war and one-sided violence was
associated with an increase of 1.6 (0.0016 x 1000) DALYs lost to all causes. There was little
variation in the magnitude of corresponding associations across sex-age subgroups of the
populace (b = 0.14 – 0.16).
Although not the focus of attention in this study, the number of refugees/asylum
seekers/displaced persons in 1994 and the number of deaths/homeless/affected by natural
disasters from 1994-2000 were also significantly associated with all cause DALYs in 2002. An
increase of 10 refugees/asylum seekers/displaced persons was associated with increases of
between 1.3 and 2.5 DALYs lost to all causes across sex-age subgroups. Corresponding
increases in all cause DALYs lost associated with an increase of 10 deaths/homeless/affected by
natural disasters were between 3.2 and 3.6.
Associations between health expenditures in 1994 and urban growth between 1990 and
1995 and all cause DALYs in 2002 were largely concentrated among children less than 15 years
of age. A 1.0% increase in health expenditures resulted in decreases of between 40 and 50
DALYs lost in 2002 from all causes while a 1.0% increase in the urban population between
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1990 and 1995 resulted in an increase of 20.9% in DALYs lost in 2002. Interestingly, life
expectancy at birth was negatively associated with all cause DALYs among the youngest age
group (ages 0-to-4 years-olds), but positively associated for older males (aged 15 years and
older) and females (aged 45 years and older). For parasitic and infectious diseases, being
located in a tropical region was positively associated with DALYs lost in 2002.
Tables 9 and10 show the relationship between deaths resulting from terrorism, war and
one-sided violence from 1994-2000 and disease-specific DALYs attributable to major
communicable and noncommunicable diseases in 2002 by age group among males and females,
respectively. There was little variation in the magnitude of associations between males and
females and between communicable and noncommunicable diseases. On average, a 1.0%
increase in deaths due to terrorism, civil war and one-sided violence was associated with an
increase of 0.16% in DALYs lost. With very few exceptions, associations between deaths due to
terrorism, war and one-sided violence and DALYs attributable to specific communicable and
noncommunicable diseases were overwhelmingly positive and significant across the majority of
sex-age subgroups. In general, a 1.0% increase in deaths due to terrorism, war and one-sided
violence from 1994-2000 resulted in increases of between 0.02% and 0.16% in DALYs lost in
2002 to the specific diseases examined in this study.
Discussion
This study found that the impact of terrorism, civil war and one-sided violence on
morbidity and mortality extends well into the post-conflict period. Deaths from terrorist actions,
civil war and one-sided violence from 1994-2000 were positively and significantly related to all
cause DALYs occurring in 2002, even after controlling for a variety of economic variables
empirically shown to affect public health. In contrast with prior studies (Ghobarah et al., 2003;
1
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2004b), the adverse impact of terrorism, civil war and one-sided violence on DALYs was found
across sex-age subgroups of the populace and across a variety of communicable and
noncommunicable conditions and diseases: infectious and parasitic diseases, respiratory
infections, maternal and perinatal conditions, nutritional deficiencies, malignant neoplasms,
diabetes mellitus, endocrine disorders, neuro-psychiatric disorders, sense-organ, cardiovascular,
respiratory, digestive, genito-urinary, skin and musculoskeletal diseases, congenital anomalies
and oral conditions. These discrepancies between the results of prior research and the present
study may, in part, be due to broadening the major exposure variable to reflect the nature and
scope of conflict to include deaths due to terrorist actions and one-sided violence and applying
appropriate transformations to outcome measures necessary to render the data suitable for linear
regression analyses. These results underscore the need to expand the traditional focus of postconflict interventions on communicable, maternal and perinatal, and nutritional diseases to a
variety of noncommunicable diseases shown in this study to be strongly associated with
terrorism, war and one-sided violence in the longer-term (Banatvala and Zwi, 2000; Thoms and
Ron, 2007; Toole and Waldman, 1993).
Although not the focus of attention in the present study, the number of refugees/asylum
seekers/displaced persons in 1994 consistently and significantly increased DALYs lost to all
causes and specific communicable and noncommunicable diseases. This result was expected
since many studies of refugee populations in settlement or makeshift camps have observed the
extremely poor water resources and sanitation conditions as well as significant overcrowding,
which substantially contributes to the risk of disease transmission (Ahoua et al., 2006).
Refugees/asylum seekers/displaced persons also suffer increased risk of other physical and
mental disorders through exposure to substantial trauma including torture, sexual violence,
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mutilation and machete wounds, loss of property and detention (Amanda et al., 2010; Bogic et
al., 2012; Mitike and Deressa, 2009).
Natural disasters occurring between 1994 and 2000 were also associated with increases
in all cause and disease specific DALYs in 2002 across sex-age subgroups of the populace. The
longer-term consequences of disasters resulting from damage to water and sewer systems,
channels of communication, schools, industries and health infrastructures have large impacts on
communicable and noncommunicable diseases, especially respiratory conditions and perinatal
and maternal conditions (Herbstman and Frank, 2005; WHO, 2008a). The severe nature of
many natural disasters frequently leave victims feeling pain, distress and discomfort for years
after the event has occurred (Johannesson et al., 2011). Further, the association between
exposure to natural disasters and mental disorders including substance use disorders (McFarlane
et al., 1994), depression (Green and Solomon, 1995), and anxiety disorders (Fan et al., 2011) is
well established in the literature.
This study also found that the greater the urban growth experienced between 1990 and
1995, the greater number of DALYs lost in 2002 from all causes. However, this result was
largely concentrated among children under the age of 15 years. That urban growth has a strong
impact on the health of infants and children is predicted by the very nature of the urban
environment. Urban infrastructures, especially water and sanitation systems, play a vital role in
the transmission of infectious diseases as municipalities increasingly struggle to provide services
for growing populations. Inadequate provision for solid waste collection also frequently lead to
contamination of water bodies and have been shown to present substantial risk for spreading
epidemics rapidly (Alexander and Ehrlich, 2000). Pollution and other characteristic of many
urban environments play a critical role in the development of respiratory conditions, while noise
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exposure has been associated with hearing impairment, hypertension and ischemic heart disease
(Cohen et al., 2003; Dockery et al., 1993).
Like urban growth, health expenditures in 1994 were independently but negatively
associated with all cause DALYs in 2002, primarily among 0-to-14 year-olds. Nearly 80% of
studies, conducted largely among developed countries, over the past 20 years have found that
health expenditures are significantly associated with decreasing infant mortality (Nixon and
Ulmann, 2006; Majnoni and Ulmann, 1999). However, there is considerable evidence to
suggest that even small changes in health expenditures in developing or intermediate countries
would have a larger impact on health outcomes than in developed countries. Developing
countries are more sensitive to changes in health expenditures since the highest fraction of
deaths are due to infectious and parasitic diseases (e.g. malaria, tuberculosis) (Jowett, 1999).
Among the most deadly for children under the age of 14 are diarrheal diseases and acute
respiratory infections, an observation consistent with the finding of the present study of the
negative impact of health expenditures on DALYs lost among infants and children.
Life expectancy at birth was negatively associated with all cause DALYs among 0-to-4
year-olds, but positively associated with all cause DALYs among the older age groups. This
result was not surprising as it would be expected that the greater pre-existing life expectancy at
birth in 1994 would result in significantly fewer DALYs lost in 2002 among very young
children. In contrast, the positive relationship between life expectancy at birth and all cause
DALYs among the older age groups merely reflects the longer life necessary to die from
diseases associated with older onsets or more chronic course.
This study was the first to combine deaths from terrorist actions, with deaths from civil
war and one-sided violence to more fully characterize the nature of violence occurring during
armed conflict, thereby highlighting terrorism and one-sided violence as substantial public
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health problems. The present study has also benefitted from three new databases designed to
separately measure deaths from terrorism, civil war and one-sided violence more reliably than in
the past and the use of appropriate data transformations to ensure the suitability of the data for
statistical models employed. Limitations, however, are noted. Although there always exists a
potential of omitting an important variable from the analyses presented herein, this potential was
minimized in the current study by careful theorizing and attention to prior research. Although
the results of this ecological comparative study cannot fully capture within country variability or
support the individual level of inference, they can play an essential role in defining the impact of
major public health problems such as terrorism, civil war and one-sided violence that operate at
a population level to influence morbidity and mortality. The measures used in the present study
were associated with various levels of reliability across WHO member states. However, the
measures of interest in this research are the most reliable that have ever been available,
permitting plausible systematic inferences of the longer-term influences of terrorism, war and
one-sided violence on morbidity and mortality.
In summary, this study found that violence associated with terrorist actions, civil wars
and one-sided violence had a significant and lingering impact on a broad range of
noncommunicable and communicable diseases, independent of other economic and related
factors whose relationship to mortality and morbidity have been well established in the
literature. These results highlight the need to expand the traditional focus in the intervention
literature on reducing morbidity and mortality from communicable diseases in conflict-affected
populations (Banatvala and Zwi, 2000) to include those interventions targeting major
noncommunicable diseases. The results of the present study can begin to help guide
nongovernmental organizations (NGOs) and intergovernmental organizations (IGOs) to develop
and strengthen interventions to reduce morbidity and mortality from a variety of
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noncommunicable as well as communicable diseases among vulnerable conflict-affected
populations. Much more research is needed to fully understand the relationships between
terrorism, civil war and one-sided violence and their deleterious longer-term impacts on public
health for the purpose of highlighting the full health costs of war and related violence and
ultimately providing a stronger rationale for promoting peace (Kerridge et al., 2012).
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Abstract
The purpose of this study was to conduct a country-level analysis to determine the
relationship between deaths due to terrorism, civil war and one-sided violence from 1994-2000
and disability-adjusted life years (DALYs) attributable to diarrheal and related diseases,
including schistosomiasis, trachoma and the nematode infections (DSTN diseases), in 2002.
Deaths resulting from terrorism, civil war and one-sided violence were significantly related to
DSTN DALYs across the majority of sex-age subgroups of the populace, after controlling for
baseline levels of improved water and sanitation and a variety of economic measures. Overall, a
1.0% increase in deaths due to terrorism and related violence from 1994-2000 was associated
with an increase of 0.16% in DALYs lost to DSTN diseases in 2002. These associations were
greatest among 0-to-4 year-olds. The results of the present study suggest that DSTN disease
control efforts should target conflict-affected populations with particular attention to young
children who suffer disproportionately from DSTN diseases in these settings. In view of the
evidence that terrorism, civil war and one-sided violence may influence DTSN DALYs, control
strategies should move beyond immediate responses to decrease incidence and severity of DSTN
diseases to seek solutions through bolstering health systems infrastructure development in
settings affected by terrorism and related violence. This study also highlights one of the hidden
costs of terrorism and related violence, providing an additional rationale for promoting peace.
Introduction
Nearly one tenth of the global disease burden could be prevented by improving water
supply, sanitation, hygiene and water resources management (World Health Organization
[WHO], 2010b). The WHO recently estimated the disease burden attributable to the risk factor,
water, sanitation and hygiene, for various disease outcomes (2008a). Among those outcomes
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were diarrhea (including cholera, salmonellosis, shigellosis, amoebiasis and other bacterial,
protozoal and viral intestinal diseases), schistosomiasis, trachoma and the nematode infections
(ascariasis, trichuriasis and hookworm disease). These specific infectious and parasitic diseases
were uniquely determined to be 90% to 100% attributable to unsafe water and inadequate
sanitation and hygiene (Prüss-Üstun et al., 2002; 2004).
Taken together, these diarrheal and related diseases account for approximately 5.0% of
the global burden of disease, with diarrheal diseases (4.1%) disproportionately contributing to
this toll of death and disability. Diarrheal diseases are the second leading cause of death among
children under five years-old, killing more than 1.5 million children annually (WHO, 2009).
More than 200 million people worldwide are infected with schistosomiasis, and 700 million are
at risk for this infection as a result of exposure to unsafe water and inadequate sanitation
(Steinmann et al., 2006). Trachoma is responsible for approximately 3.0% of the world’s
blindness and visual impairments among approximately 5 million people worldwide (Resnikoff
et al., 2008). There are 2 billion intestinal nematode infections affecting one third of the world’s
population, with the largest percentage attributable to ascariasis. Globally, ascariasis causes
about 60,000 deaths each year, predominantly among children (WHO, 2008a; 2010b).
In recent years a growing body of research has recognized the importance of the longerterm impact of armed conflict and related violence in the development of infectious and parasitic
diseases (Bieberson, 1999; Colombatti et al., 2009; Gayer et al., 2007; Guha-Sapir and van
Panhuis, 2002a; Murray et al., 2002). This literature differentiates between the direct or
immediate effects of armed conflict and related violence (e.g. battle deaths) from their indirect
or longer-term effects on public health, many of which last for years after the fighting and
bombing cease. Civil war and related violence influences the transmission of infectious and
parasitic diseases in the longer-term largely through deterioration of health-related
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infrastructures including damage to water supplies, electricity, and sewage disposal systems
necessary for health care services to operate (WHO, 2008a; 2010b). Other indirect effects of
conflict and related violence on morbidity and mortality from infectious diseases include
reduced public and private investment in health, economic recession, increased poverty, famine,
departure or death of health care workers, lack of shelter and overcrowding (Perrin, 1996; WHO,
2006b). Indirect consequences of war on infectious and parasitic diseases are also demographic,
that is, displacement and forced resettlement of large numbers of persons resulting in reduced
access to health care resources, food, safe water and adequate sanitation (Asgary and Segar,
2011).
Despite the increasing recognition of the longer-term consequences of conflict and
related violence on infectious and parasitic diseases, only two studies to our knowledge to date
have quantitatively addressed the relationship (Ghobarah et al., 2003; 2004b). Both of these
studies examined the relationship between civil war deaths from 1991-1997 and burden of
disease, as measured by disability-adjusted life years (DALYs), attributable to specific
communicable diseases in 1999. The DALY is a measure that combines information on
morbidity and mortality for specific causes and is derived as the sum of years of life lost to
premature mortality plus the years of life lost to disability in a population (Murray and Lopez,
1996). Controlling for an array of economic and related factors (e.g. health care expenditures,
urban growth), civil war deaths were significantly related to DALYs attributable to human
immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS), malaria,
tuberculosis, respiratory infections and other infections among the majority of sex-age
subgroups of the populace (Ghobarah et al., 2003; 2004b). In sharp contrast, civil war deaths
were not found to be associated with any infectious or parasitic diseases attributable to unsafe
water and sanitation, including diarrheal diseases, schistosomiasis, trachoma, and the nematode
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infections. That infectious diseases most closely related to unsafe water and sanitation bore no
relationship to armed conflict in these studies was surprising, since so many of the mechanisms
through which conflict works to adversely impact infectious and parasitic disease incidence and
severity strongly relate to unsafe water and inadequate sanitation (e.g. displacement and forced
resettlement; deterioration of health and related infrastructures).
Although the work by Ghobarah et al. (2003; 2004b) has significantly increased our
knowledge of the relationship between civil war and longer-term morbidity and mortality
attributable to infectious disease, some limitations are noted. This research failed to directly
control for major determinants of infectious disease morbidity and mortality, that is, the number
of refugees/asylum seekers/displaced persons in host countries and the number of persons
affected by natural disasters. The absence of associations between civil war deaths and DALYs
due to DSTN diseases may have been, in part, the result of neglecting to transform DALY
outcome measures that are skewed. Linear regression models used in these prior studies, and
indeed in the present study, require such transformed data to satisfy the linearity assumption of
the linear regression model. Foremost, these authors did not assess the impact of terrorist
actions and one-sided violence on longer-term morbidity and mortality. One-sided violence is
defined as the use of armed force by government or by a formally organized group against
civilians and includes genocide and summary execution of prisoners (Kreutz and Eck, 2011).
Between 1989 and 2004, the vast majority of fatalities from one-sided violence have taken take
place in countries experiencing armed conflict and terrorism (Eck and Hultman, 2007; Ericksson
et al., 2003; Lacina and Gleditsch, 2005) strongly suggesting that these three forms of intimately
related violence be measured to better reflect the nature and intensity that has increasingly
characterized civil conflict.
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The present study builds upon prior work on the relationship between civil war deaths
and longer-term morbidity and mortality attributable to infectious diseases. Since the severity
and scope of civil war has changed over the last three decades to increasingly include fatalities
arising from terrorist actions and one-sided violence, the major exposure variable in this study
was the sum of these three types of intimately related violence (Eck and Hultman, 2007;
Ericksson et al., 2003). It is hypothesized that increasing numbers of deaths from terrorism,
civil war and one-sided violence from 1994-2000 will be associated with increasing levels of
morbidity and mortality (as measured by DALYs) in 2002 attributable to infectious diseases that
are strongly related to unsafe water and inadequate sanitation (i.e. diarrheal diseases,
schistosomiasis, trachoma, ascariasis, tricuriasis, and hookworm disease) among WHO Member
States. This study will control for the effects of disease-specific vulnerability factors (i.e.
percent of the population using improved water resources; percent of the population using
improved sanitation facilities) and a number of economic factors (e.g. health expenditures, urban
growth) measured at baseline in 1994. It is further predicted that the impact of terrorism, civil
war and related violence on these infectious and parasitic diseases in the longer-term will be
pervasive, adversely impacting the majority of age-sex subgroups of the populace.
Methods
Outcome: Diarrheal and Related Disease DALYs
The outcome variables were the number of DALYs (in thousands) due to diarrheal
diseases, schistosomiasis, trachoma, and the nematode infections (ascariasis, trichuriasis and
hookworm) (DSTN diseases) for 2002 for 183 of the 192 WHO Member States for the total
sample and among sex and age subgroups of the populace (WHO, 2004a). DALYs are
calculated as the sum of the years of life lost due to premature mortality and healthy years of life
lost due to disability (Murray and Lopez, 1996).
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Exposure: Deaths from Terrorism, Civil War and One-Sided Violence
Data on the number of deaths among victims and perpetrators resulting from terrorist
actions from 1994-2000 were derived from the 2010 update of the Global Terrorism Database
(National Consortium for the Study of Terrorism and Responses to Terrorism (NCSTRT), 2010).
Terrorist incidents include those that are intentional, achieve some level of violence or threat of
violence and are perpetrated by sub-national, non-state actors. In addition, to qualify as a
terrorist incident, at least two of the following three criteria must be met: (1) the act must be
aimed at attaining a political, economic, religious or social goal; (2) there is evidence of an
intention to coerce, intimidate, or convey some other message to a larger audience than the
immediate victims; and (3) the action must be outside the context of legitimate warfare activities
(NCSTRT, 2010).
Data for civil war deaths occurring between 1994 and 2000 were derived from the Battle
Deaths Database (Lacina, 2009; Lacina and Gleditsch, 2005). Civil war is defined as armed
conflict occurring between the government of a state and one or more internal opposition groups
with or without intervention from other states. Civil war conflict is a contested incompatibility
that concerns governments and/or territory where the use of armed force between two parties, of
which at least one is the government of the state, results in at least 25 battle deaths. Battle
deaths are defined as deaths resulting directly from violence inflicted through the use of armed
force by a party to armed conflict.
Deaths resulting from one-sided violence for the years 1994-2000 were available from
the One-sided Violence Database (Kreutz and Eck, 2011). One-sided violence is defined as the
use of armed force by the government of the state or by a formally-organized group against
civilians which results in at least 25 deaths and includes genocide and summary execution of
prisoners. Only one-sided violence deaths perpetrated by government actors were included
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since those perpetrated by formally-organized groups overlapped with those included in the
GTD.
Pre-existing Vulnerability Control Variables
The WHO defines two indicators to measure access to safe drinking water and basic
sanitation: (1) the percentage of the population using improved drinking water sources; and (2)
the percentage of the population using improved sanitation facilities (WHO, 2011c). An
improved drinking water source is one that by nature of its construction adequately protects the
source from contamination, in particular from fecal matter. An improved sanitation facility is
one that hygienically separates human excreta from human contact (WHO, 2006a).

For the

purposes of this research, the percentages of the population using improved water sources and
improved sanitation facilities were summed for the year 1994.
Economic and Related Control Variables
The number of refugees/asylum seekers/displaced persons (in thousands) residing in each
host country at the end of the year 1994 served as an important control measure. These data were
available from the United Nations High Commissioner for Refugee's Statistical Yearbook
(1995a). Similar to all control variables used in the present analyses, except the number of
deaths/homeless/affected by natural disasters from 1994-2000, the number of refugees/asylum
seekers/displaced persons was measured at baseline, that is, as close to the year 1994 as the
available data would allow.
The natural disaster variable combined the number of deaths (persons confirmed as dead
or missing), number of homeless (persons needing immediate shelter) and number affected (i.e.
people requiring immediate assistance in basic survival needs such as food, water and
sanitation), in thousands, occurring at the country level for the years 1994-2000. Data were
available from the Emergency Events Database maintained by the WHO Collaborating Center
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for Research on Epidemiology and Disasters (Guha-Sapir et al., 2004). A disaster event is
defined by CRED as one that meets one or more of the following criteria: (1) there were 10 or
more people killed; (2) there were at least 100 people reportedly affected; or (3) the disaster led
to the declaration of a state of emergency or calls for international assistance.
The urbanization variable in this study is the average percentage change in the urban
population between 1990 and 1995, data collected routinely by the United Nations (UN)
Department of Economic and Social Affairs and available on the UN Millennium Goals
Database (UN, 2011b). General government health expenditures as a percentage of total
government expenditure (GGHE as a percentage of TGE) was also included as a critical control
measure of health financing systems. Data on GGHE as a percentage of TGE for 1994 were
available from the WHO Global Health Observatory Database (2011a).
The measure of ethnic heterogeneity in this study is derived from Vanhanen (1999) that
combines racial, linguistic and religious division, each measured as the percentage of the largest
group of a country’s population for the years 1994-1996. These three percentages are summed
and its inverse measures the degree of ethnic heterogeneity.
Tropical climate is a critical determinant for the development of many infectious and
parasitic diseases (WHO, 2010b). Tropical country status is operationalized as a dichotomous
variable (1 = at least one-half of the land mass in the tropics, and 0 = less than one-half of the
land mass in the tropics). Data on tropical country status is collected by the International Union
for the Conservation of Nature (2000).
Statistical Analyses
Using deaths from terrorism, civil war and one-sided violence in the years 1994-2000
produces a 2-year lag to DSTN DALYs in 2002. DALYs in 2002 reflect years of life lost due to
deaths from DSTN diseases during 2002 plus the disability incurred by people experiencing
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these same conditions in 2002. Thus, these are not deaths or disabilities experienced in earlier
years during which the terrorism and related violence was active.
Multivariable linear regression analyses were conducted to examine the relationships
between deaths from terrorism, war and one-sided violence from 1994-to-2000 and DSTN
DALYs in 2002, controlling for pre-existing vulnerability and economic factors at baseline.
Analyses were conducted for the total sample and separately among sex and age (0-4, 5-14, 1544, 45-59, and 60+ years old). Nine of the 192 WHO Member States did not have sufficient
data on control variables and were excluded from the analyses. The majority (n=8) of these
countries were small islands or microstates. Rwanda was eliminated from the analyses because
the country experienced 500,000 deaths due to genocide, rendering it an extreme outlier. The
DALY outcome measures, the war and related violence exposure measure, and two control
measures (number of deaths/homeless/affected by natural disasters and number of
refugees/asylum seekers/displaced persons) were log transformed as the result of skew in order
to satisfy the linearity assumption of the linear regression model.
Results
Table 11 shows the results from the multivariable linear regression analyses examining
the relationships between deaths due to terrorism, war and one-sided violence from 1994-2000
and DALYs attributable to DSTN diseases in 2002 by sex. Regardless of sex, deaths due to
terrorism, war and one-sided violence were significantly related to DSTN DALYs. On average,
the beta coefficients associated with these relationships was 0.16, indicating that a 1.0% increase
in deaths due to terrorism, war and one-sided violence was associated with a 0.16% increase in
DSTN DALYs.
Although not the focus in this study, the percentage of the population using improved
water resources/sanitation facilities at baseline in 1994 was negatively associated with DSTN
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DALYs in 2002 for each sex: a 1.0% increase in improved water resources/sanitation facilities
was associated with a 2% decrease in DSTN DALYs. A 1.0% increase in the number of
refugees/asylum seekers/displaced persons residing in the host country at the end of 1994 was
associated with a 0.10% increase in DALYs lost to DSTN diseases in 2002 while a 1.0%
increase in the number of persons affected by natural disasters from 1994-2000 was associated
with an increase of 0.30% in DSTN DALYs lost in 2002. A 1.0% increase in urban growth
between 1990 and 1995 was associated with an increase of 24.6% in DSTN DALYs and a 1.0%
increase in GGHE of TGE was associated with a 5% decrease in DSTN DALYs in 2002.
Tables 12 and 13 show the relationships between deaths due to terrorism, war and onesided violence from 1994-2000 and DSTN DALYs in 2002 by age among males and females,
respectively. The results were generally consistent to the overall results. Terrorism, war and
one-sided violence deaths were significantly related to DSTN DALYs among males and females
in all age groups. However, this association was much greater among 0-to-4 year olds: a 1.0%
increase in deaths due to terrorism, war and one-sided violence was associated with, on average,
an increase of 0.16% in DALYs lost to DSTN DALYs. The effect of deaths due to terrorism
and related violence was less among the older age groups (5 years and older). A 1.0% increase
in deaths due to deaths due to terrorism, war and one-sided violence in 1994-2000 was
associated with increases of between 0.04% to 0.08% in DSTN DALYs lost in 2002 among the
older age groups.
Discussion
Deaths from terrorist actions, civil war and one-sided violence from 1994-2000 were
positively related to DSTN DALYs occurring in 2002, even after controlling for baseline
percentages of the population using improved water resources/sanitation facilities and a variety
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of economic measures empirically shown to affect public health. In contrast to prior studies
(Ghobarah et al., 2003; 2004b), the adverse impact of terrorism, civil war and one-sided violence
on DSTN DALYs was found across a majority of sex-age subgroups of the populace. This
discrepancy may, in part, be due to broadening the major exposure variable, civil war deaths, to
include deaths due to terrorist actions and one-sided violence and applying appropriate
transformations to the DALY outcome measures to render the data suitable for linear regression
analysis.
Associations between terrorism, war and one-sided violence and DSTN DALYs were
also strongest among the very young (0-to-4 year olds), highlighting DSTN diseases as leading
causes of child morbidity and mortality with their exacerbation often occurring in conflictaffected populations. This finding was not surprising as children are more vulnerable to DSTN
diseases, especially among those with poor nutritional status and those exposed to poor
environmental conditions (Gayer et al., 2007). Further, children are vulnerable to these diseases
since they have a greater risk of life-threatening dehydration than adults because water
constitutes a great proportion of a child's bodyweight (WHO, 2008a). Childhood malnutrition
causes about 35% of all deaths among children and it is estimated that 50% of malnutrition is
caused by repeated diarrhea or intestinal nematode infections as the result of unsafe water, and
inadequate sanitation (WHO, 2010b). Consistent with this finding, health care expenditures
were also related to DSTN DALYs in the 0-to-4 year old age group. Health care expenditures
have repeatedly been shown to decrease infant mortality and increase life expectancy at birth
(Majnoni and Ulman, 1999; Nixon and Ulman, 2006). This is particularly true in developing
countries and conflict-affected populations where the highest fraction of deaths and disability are
due to infectious and parasitic diseases, especially diarrheal diseases (Jowett, 1999).
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The prior literature on the public health consequences of terrorism, war and one-sided
violence has not generally considered other contributing factors that may increase the risk of
specific diseases such as pre-existing vulnerability factors (Levy and Sidel, 2003; 2007; 2009).
Although not the focus of this study, the percentage of the population with improved water
resources/sanitation facilities was included as the pre-existing control measure, consistent with
the Global Burden of Disease (GBD) Study (WHO, 2008a) perspective that DSTN diseases are
90% to 100% attributable to unsafe water and inadequate sanitation. That the percentage of the
population with improved water resources/sanitation facilities at baseline in 1994 was associated
with DSTN DALYs in 2002 among 0-to-14 year-olds in the present study highlights the
importance of inclusion of disease-specific vulnerability factors in future research examining the
impact of terrorism and related violence on morbidity and mortality.
Although not the focus of this study, the number of refugees/asylum seekers/displaced
persons in 1994 and the number of persons affected by natural disasters from 1994-2000 were
also associated with DSTN DALYs in 2002 for the majority of sex-age subgroups of the
populace. These results were expected since lack of safe water, adequate sanitation and hygiene
and exposure to substantial loss and stress have often been observed among conflict-affected
displaced populations (Stauffer and Weinberg, 2009; Toole, 1997) and those experiencing the
aftermath of natural disasters (Joshi et al., 2011; Ligam, 2006; Waring and Brown, 2005).
Moreover, large numbers of persons displaced by conflict and related violence and natural
disasters, often migrating from rural poverty to urban slums, are exposed to severe overcrowding
that substantially increases the risk of transmission of infectious diseases including DSTN
diseases (Ahoua et al., 2006; Gayer et al., 2007; Toole and Waldman, 1997). The lack of access
to safe water and adequate sanitation and other infrastructure also places slum dwellers at
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particular risk of several communicable diseases, especially diarrheal diseases (Utzinger and
Keiser, 2006).
Although not all DSTN diseases are tropical (i.e. unique or more prevalent in the tropics)
tropical country status was associated with DSTN DALYs in 2002, and its effect was strongest
among 5-to-14 year-olds. DSTN diseases classified as tropical include schistosomiasis,
ascariasis and trachoma. These tropical diseases contribute disproportionately to morbidity and
mortality among school-aged children, many of whom will suffer chronic, irreversible diseases
in later life, including cancer of the bladder, kidney failure and liver fibrosis (WHO, 2009;
2010b). Schistosomiasis, ascariasis and trachoma have also been identified by the WHO as
neglected tropical diseases that, by definition, largely affect politically marginalized people and
minorities (WHO, 2010b). Access to healthcare is a political process from which marginalized
minorities are often excluded (Ghobarah et al., 2004b), a result consistent with the association
found in this study between ethnic heterogeneity and DSTN DALYs. Dominant groups defined
by ethnicity, language and/or religion shift resources away from minorities and the
disadvantaged into government programs that would be of greater benefit to them (Fearon and
Laitin, 2003; Ghobarah et al., 2004a), a situation that appears to apply equally to countries
experiencing peace as well as conflict-affected populations.
This study combined deaths from terrorism, along with deaths due to civil war and onesided violence to more fully characterize the nature of violence occurring during armed conflict,
thereby highlighting all three forms of conflict as substantial public health problems. The
present study also benefited from consideration and inclusion of pre-existing vulnerability
factors into the statistical models and the use of data transformations necessary to ensure the
suitability of the data for linear regression analyses. Limitations, however, are noted. There
always exists a potential for omitting an important control variable from the models presented
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herein, but the associated R²s were very high, indicating a reasonably complete specification of
the relevant influences. Although the results of the ecological comparative design used in this
study cannot fully capture within-country variability, it can play an essential role in defining the
impact of major public health problems such as terrorism, war and one-sided violence that
operate at a population level to influence morbidity and mortality. The measures used in the
present analyses were also associated with various levels of reliability across WHO Member
States. However, these measures are the most reliable that have ever been available (Mathers et
al., 2000), thereby permitting plausible, but tempered, systematic inferences of the longer-term
influence of terrorism, civil war and one-sided violence on DSTN morbidity and mortality.
In summary, terrorism, civil war and one-sided violence appears to influence DSTN
infectious and parasitic diseases in the longer-term, independent of pre-existing vulnerability and
economic factors whose relationship with DSTN diseases have been well established in the
literature. The results of this study suggest that international governmental organizations (IGOs)
and nongovernmental organizations (NGOs) should prioritize high risk populations for DSTN
disease control to include conflict-affected populations with particular attention to young
children who are most vulnerable to these diseases in these settings. In view of the indirect or
longer-term impact of terrorism and related violence on DSTN diseases observed in this study,
control strategies should move beyond short-term provisions for safe water and adequate
sanitation facilities, hygiene education, drug therapy, case management and vector control
(Batterman et al., 2009; Esrey et al., 1991; Fewtrell et al., 2005; WHO, 2010b) to seek longerterm solutions through health systems infrastructure development. Private-public partnerships
concerned with the mass distribution of medicines can also play an important role in
strengthening health care systems through the development of rapid, integrated control measures
targeted at several related DSTN diseases in conflict-affected populations (Amazigo et al.,
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2002). Such interventions should be pro-poor, safe and cost-effective, similar to current efforts
to mass distribute mectizan, albendazole, and praziquantel for simultaneous treatment of
ascariasis, trichuriasis, hookworm disease and schistosomiasis (Loukas and Hotez, 2006; Raso et
al., 2004), diseases that are often comorbid and co-endemic in many countries (Molyneux, 2006;
Molyneux et al., 2005). Beyond intervention, the results of this study help underscore one of the
hidden costs of terrorism and related violence, providing an additional rationale for promoting
peace.
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Abstract
Little is known about the longer-term impact of terrorism, civil war and one-sided violence (e.g.
genocide) on substance use disorders. The purpose of this study was to examine associations
between deaths due to terrorism and related violence from 1994-2000 and morbidity and
mortality attributable to substance use disorders, measured as disability-adjusted life years
(DALYs) among the World Health Organization Member States , controlling for adult per
capita alcohol consumption, illicit drug use, and economic measures at baseline in 1994. Deaths
due to terrorism, war and one-sided violence were significantly related to alcohol, drug and
substance use disorder DALYs: a 1.0% increase in deaths due to terrorism, war and one-sided
violence from 1994-2000 was associated with increases of between 0.10% and 0.12% in alcohol
and drug use DALYs in 2002. Associations were somewhat greater among males and among
the 15-to-44 year-old age group. That terrorism, war and one-sided violence may influence
morbidity and mortality attributable to substance use disorders in the longer-term suggests that
more attention be given to rapid assessment and treatment of substance use disorders in conflictaffected populations with due consideration of gender and age differences that may impact
treatment outcomes in these settings. Priorities should be established among agencies working
with these populations to rebuild substance abuse treatment infrastructures and identify and treat
the many physical and mental disorders often comorbid with substance use disorders.
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Introduction
Historically, terrorism, civil war and one-sided violence (e.g. genocide) have not
received the attention from substance abuse researchers as have other causes of substance use
disorder morbidity and mortality. This is surprising in view of the increasing recognition of the
indirect or longer-term consequences of terrorism and related violence on morbidity and
mortality associated with substance use disorders in conflict-affected populations (DiMaggio
and Galea, 2006; Murray et al., 2002; Strathdee et al., 2006; Weaver and Roberts, 2010) and the
status of substance use disorders as major contributors to the global burden of disease (World
Health Organization [WHO], 2002a; 2004b).
Terrorism, war and one-sided violence influence substance use disorder morbidity and
mortality in the longer-term for many years after the fighting and bombings have ceased through
several mechanisms. Terrorism and related violence damages health and economic
infrastructures vital to prevention of morbidity and premature mortality (Colombatti et al., 2009;
WHO, 2002a; 2006b). Substance abuse health care services are disrupted through damage to
water supplies, electricity, and sewage disposal necessary for health services to operate, coupled
with injury, death and disappearance of health care workers (Ezard et al., 2011; Hansch and
Burkholder, 1996; Perrin, 1996). Agricultural systems are disrupted resulting in food rations, an
important ingredient that has been implicated in facilitating home-brewed alcohol production in
conflict-affected populations (Adelekan, 2006; Ezard et al., 2011).
Longer-term consequences of terrorism, war and one-sided violence on substance use
disorders are also demographic, that is, displacement and forced resettlement of large numbers
of persons resulting in reduced access to health resources, food, safe water and adequate
sanitation (Asgary and Segar, 2011). Conflict-affected, including displaced populations, are
exposed to extreme trauma including witnessing and experiencing physical and sexual violence,
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murder of family and friends, loss of livelihood, self-esteem, social roles, cultural and social
support, overcrowding, and poor living conditions (Bonger, 2007; de Jong et al., 2007; Porter
and Haslam, 2005; Strathdee et al., 2006). Exposure to severe stressors and experiences of such
change and loss may result in excessive substance use as a coping strategy (Johnson, 1996;
Weaver and Roberts, 2010).
Populations affected by terrorism, war and one-sided violence also suffer from high rates
of a variety of physical diseases (Levy and Sidel, 2003; 2007; Schnurr and Green, 2004; WHO,
2006b) and mental illnesses including depressive disorders (de Jong et al., 2007; Levy and Sidel,
2007; Priebe et al., 2010) psychotic disorders (Jones et al., 2009), and anxiety disorders,
especially post-traumatic stress disorder (DiMaggio and Galea, 2006; Murthy, 2007; Pederson,
2002), disorders that have been shown to be highly comorbid with substance use disorders
(Compton et al., 2007; Hasin et al., 2007; Pietrzak et al., 2011; Schnurr and Green, 2004).
Health problems associated with substance use disorders in conflict-affected populations have
also been documented, including alcohol-related suicide (Bosnar et al., 2004), increased human
immunodeficiency virus (HIV) and other blood-borne viruses (Strathdee et al., 2003), and
gender-based violence (Ondeko and Purdin, 2004; WHO; 2006b).
Although research has found support for the longer-term impact of war on life
expectancy and mortality (Guha-Sapir and van Panhuis, 2004; Li and Wen, 2005), these studies
do not account for the burden of conflict associated with disability and non-fatal outcomes. To
date, two studies to our knowledge have addressed the broader, longer-term health consequences
of armed conflict using a summary measure of health that combined information on both
morbidity and mortality for a variety of specific diseases (Ghoborah et al., 2003; 2004b). The
measure was the disability-adjusted life year (DALY), that is derived as the sum of years of life
lost to premature mortality and years of life lost due to disability in a population (Murray and
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Lopez, 1996a). Ghobarah et al. (2003; 2004b) examined the relationship between civil war
deaths from 1991-1997 and DALYs in 1999 attributable to all causes and specific diseases,
controlling for an array of economic factors (e.g. health expenditures, urban growth). Civil war
deaths were significantly related to up to 30% of the 210 disease-specific DALYs examined but
in these studies no associations were found between civil war deaths and neuropsychiatric
disorders including substance use disorders.
Although the work by Ghobarah et al. (2003; 2004b) has significantly increased our
knowledge of the relationship between civil war and longer-term morbidity and mortality, some
limitations are noted. This research failed to control directly for two major determinants of
global morbidity and mortality, that is, the number of refugees/asylum seekers/displaced persons
in the host country, and the number of persons affected by natural disasters. Ghobarah et al.
(2003; 2004b) also did not consider other contributing or pre-existing disease specific factors
that relate differently to different diseases. Further, the absence of associations between civil
war deaths and substance use disorder DALYs may have been, in part, the result of neglecting to
transform the associated DALY measures that are skewed. Linear regression models used in
these prior studies, and indeed in the present study, require such transformed data to satisfy
underlying model assumptions.
Foremost, Ghoborah et al. (2003; 2004b) also did not assess the impact of terrorist
actions and one-sided violence (e.g. genocide, summary execution of prisoners) on longer-term
morbidity and mortality. Between 1989 and 2004, the vast majority of fatalities from one-sided
violence has taken take place in countries experiencing armed conflict and terrorism (Eck and
Hultmann, 2007; Eriksson et al., 2003). Less than 1% of the total one-sided violence fatalities
took place in countries that did not experience armed conflict and/or terrorism, suggesting that
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these three forms of intimately-related violence be counted to better reflect the nature and
intensity that has increasingly characterized civil conflict.
The present study expands upon prior work on the relationship between civil war deaths
and morbidity and mortality. Since the severity and scope of civil war has changed over the last
three decades to increasingly include fatalities arising from terrorist actions and one-sided
violence (Eck and Hultmann, 2007; Lacina and Gleditsch, 2005), the major exposure variable in
this study will be the sum of these three types of intimately-related violence. This study also
controlled for substance use disorder-specific vulnerability factors, that is, adult per capita
alcohol consumption and/or illicit drug use depending on whether alcohol and drug use disorder
DALYs were examined.
It is hypothesized that increasing numbers of deaths from terrorism, civil war and onesided violence from 1994-2000 will be associated with increasing levels of morbidity and
mortality as measured by DALYs in 2002 attributable to alcohol, drug and combined substance
use disorder DALYs, controlling for disease-specific vulnerability factors (i.e. per capita alcohol
consumption, illicit drug use) and an array of economic factors (e.g. health expenditures, urban
growth) measured at baseline in 1994. Given the numerous mechanisms through which
terrorism and related violence impacts substance use disorders (i.e. displacement, destruction of
health and related infrastructures, psychological stress), it is predicted that the impact of such
violence on substance us disorders in the longer-term will be pervasive. That is, terrorism, war
and one-sided violence will adversely impact on morbidity and mortality attributable to
substance use disorders across the majority of age-sex subgroups of the populace at risk for
these disorders.
Methods
Outcome: Disability-Adjusted Life Year
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The outcome variables were the number of DALYs (in thousands) due to alcohol, drug
and substance use disorders in 2002 among the 192 WHO Member States (Mathers et al., 2003;
WHO, 2004a). DALYs are calculated as the sum of years of life lost due to premature mortality
and healthy years of life lost to disability (Murray and Lopez, 1996a). Alcohol use disorder
DALYs included those attributable to the harmful use of alcohol and alcohol dependence while
drug use disorder DALYs included those attributable to harmful use of drugs and dependence.
Alcohol and drug use disorder DALYs were examined separately and combined into substance
use disorder DALYs across age-sex subgroups of the populace.
Exposure: Deaths from Terrorism, War and One-sided Violence
Data on the number of deaths among victims and perpetrators resulting from terrorist
actions from 1994-2000 were derived from the 2010 update of the Global Terrorism Database
(GTD: National Consortium for the Study of Terrorism and Response to Terrorism [NCSTR],
2010). The definition of a terrorist incident includes terrorist incidents that are intentional,
achieve some level of violence or threat of violence and are perpetrated by sub-national, nonstate actors. In addition, to qualify as a terrorist incident, at least two of the following three
criteria must be met: (1) the act must be aimed at attaining a political, economic, religious or
social goal; (2) there is evidence of an intention to coerce, intimidate, or convey some other
message to a larger audience than the immediate victims; and (3) the action must be outside the
context of legitimate warfare activities (NCSTR, 2010).
Data for civil war deaths occurring from 1994 to 2000 were derived from the Battle
Deaths Database (Lacina, 2009; Lacina and Gleditsch, 2005). Civil war is defined as armed
conflict occurring between the government of a state and one or more internal opposition groups
with or without intervention from other states. Armed conflict is defined as a contested
incompatibility that concerns governments and/or territory where the use of armed force
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between two parties, of which at least one is the government of the state, results in at least 25
battle deaths (Lacina and Gleditsch 2005). Battle deaths result directly from violence inflicted
through the use of armed force by a party to armed conflict.
Data on deaths resulting from one-sided violence for the years 1994-2000 were available
from the One-sided Violence Database (Kreutz and Eck, 2011). One-sided violence is defined
as the use of armed force by the government of the state or by a formally-organized group
against civilians which results in at least 25 deaths. These deaths include genocide and summary
execution of prisoners. Only one-sided violence deaths perpetrated by government actors were
included in the analyses since those perpetrated by formally-organized groups were included in
the GTD.
Using deaths from terrorism, civil war and one-sided violence in the years 1994-2000
produces a 2-year lag to substance use disorder DALYs in 2002. DALYs in 2002 reflect years
of life lost due to deaths from a substance use disorders during 2002 plus the disability incurred
by people suffering from the same conditions in 2002. Thus, these are not deaths or disabilities
experienced in earlier years during which the terrorism and related violence was active.
Control Variables: Preexisting Vulnerability Factors
Per capita alcohol consumption was measured as total recorded consumption expressed
as liters of pure alcohol, computed as the sum of alcohol production and imports, less alcohol
exports, divided by the adult population (aged 15 years and older). Country level data for the
year 1994, or at baseline, were available from the WHO Global Health Observatory Database
(WHO, 2011a).
Illicit drug use is defined as the non-medical use of a variety of drugs that are prohibited
by international law. The illicit drug use measure was the sum of the annual prevalences of
illicit drug use related to cannabis, amphetamine-type stimulants, cocaine-type substances
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(including crack-cocaine), and opiates between 1993 and 1997 expressed as the percentages of
the population above the age of 15 years. Data on illicit drug use were derived from the United
Nations Global Illicit Drug Trends Report (1999) for the years 1993-1997.
Control Variables: Economic Factors
The number of refugees/asylum seekers/displaced persons (in thousands) residing in each
host country at the end of the year 1994 served as an important control variable. These data were
available from the UN High Commissioner for Refugees (UNHCR) Statistical Yearbook (1995a;
1995b). Similar to all control variables used in the present analyses, except the number of
deaths/homeless/affected by natural disasters from 1994-2000, the number of refugees/asylum
seekers/displaced persons were measured at baseline, that is, as close to the year 1994 as the
available data would allow.
The natural disaster variable combined the number of deaths (persons confirmed as dead
or missing), number of homeless (persons needing immediate shelter) and number affected (i.e.
people requiring immediate assistance in basic survival needs such as food, water and
sanitation), in thousands, occurring at the country level for the years 1994-2000. Data were
available from the Emergency Events Database maintained by the WHO Collaborating Center
for Research on Epidemiology and Disasters (Guha-Sapir et al., 2011). A disaster event is
defined by CRED as one that meets one or more of the following criteria: (1) there were 10 or
more people killed; (2) there were at least 100 people reportedly affected; or (3) the disaster led
to the declaration of a state of emergency or calls for international assistance.
This study uses total general government health expenditures as a percentage of total
government expenditure (GGHE as a percentage of TGE) as a critical economic control variable
of health financing systems. Data on GGHE as a percentage of TGE for 1994 were available
from the WHO Global Health Observatory Database (WHO, 2011a; 2011c). The measure of
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urbanization in this study is the average percentage change in the urban population between
1990 and 1995, data collected routinely by the UN Department of Economic and Social Affairs
and available on the UN Millennium Goals Database (UN, 2011b).
Differences within a country in ethnic, linguistic and/or religious composition produces
discrimination and unequal access to political power that translates into inequality in access to
health care (Ghobarah et al., 2004a). The ethnic heterogeneity variable in this study is derived
from Vanhanen (1999) that combines racial, linguistic and religious division, each measured as
the percentage of the largest group of a country’s population for the years 1994-1996. The
inverse of these three percentages are summed to measure the degree of ethnic heterogeneity.
Life expectancy at birth is defined as the average number of years that a newborn is
expected to live if current mortality rates continue to apply, data routinely collected by the WHO
(2011a). In the present study, life expectancy at birth serves as a critical control variable,
reflecting the effects of environmental degradation, exposure to harmful substances, access to
health care and political power and living standards in 1994 or at baseline.
Statistical Analyses
As a preliminary to the multivariable analyses, descriptive statistics will be presented for
all study variables, including total by age and sex and means as appropriate. Multivariable
linear regression analyses will also be conducted to examine the relationships between deaths
from terrorism, war and one-sided violence from 1994-2000 and DALYs due alcohol, drug and
substance use disorders in 2002, controlling for preexisting vulnerability and economic factors.
The number of countries excluded from the multivariable analyses due to insufficient data for
control variables was small: n = 10, n = 8 and n = 10 when alcohol, drug and substance use
DALYs served as outcome measures, respectively. The countries excluded were largely small
islands and microstates. Rwanda was also eliminated from all analyses because this country
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experienced 500,000 deaths due to genocide in 1994, rendering it an extreme outlier.
Examination of Cook’s d, studentized residuals and leverage values detected no further
problems with multivariate outliers. DALY outcome measures, the war and related violence
exposure measure, and three control measures (number of deaths/homeless/affected by natural
disasters, number of refugees/asylum seekers/displaced persons and annual prevalence of illicit
drug use) were log transformed as the result of skew in order to satisfy the linearity assumption
of the linear regression model.
Results
In 2002, there were approximately 20.3 million DALYs attributable to alcohol use
disorders among WHO Member States. The majority of these DALYs lost were among males
(17.2 million) compared with females (3.1 million) and among 15-to-29 year-olds (9.6 million)
and 30-to-44 year-olds (7.3 million) relative to 45-to-59 year-olds (2.7 milion), and those 60
years and older (431,678). There were approximately 7.4 million DALYs attributable to drug
use disorders in 2002, largely among males (5.8 million) compared with females (1.6 million).
Similar to alcohol use disorders, the majority of drug use disorder DALYs were lost among 15to-29 year-olds and 30-to-44 year-old (4.3 and 2.3 million) relative to 45-to-55 year-olds
(651,071) 5-to-14 year-olds (176,389) and those 60 years and older (27,850).
Between 1994-2000 there were approximately 43,269, 632,851, and 27,895 deaths from
terrorist actions, civil wars, and one-sided violence (excluding 500,000 deaths from genocide in
Rwanda) deaths among the WHO Member States. With regard to pre-existing vulnerability
factors, mean global per capita alcohol consumption in 1994 was approximately 4.9 liters and
the mean annual prevalence of cannabis, cocaine-type substances, amphetamine-type substances
and opiates between 1993 and 1997 was approximately 1.7%.
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With regard to economic and related control variables, there were 24.2 million
refugees/asylum seekers/displaced persons in 1994 and 1.1 billion dead/homeless/affected by
natural disasters between 1994 and 2000 among the WHO Member States. Mean percentage
change in urban population between 1990 and 1995 was 0.9% (SD=1.01; range: -2.41% to
4.35%) and GGH as a percentage of TGE in 1994 was 10.1% (SD=4.51; range: 0.00%-27.56%).
The mean ethnic heterogeneity score between 1994 and 1996 was 43.9% (SD=35.19; range:
0.00%-147.00%). Average life expectancy among WHO Member States in 1994 was 64.8 years
(SD=9.94, Range: 38.4-79.5 years).
Table 14 shows the results from the linear regression analyses examining the
relationships between deaths due to terrorism, war and one-sided violence from 1994-2000 and
alcohol, drug and substance use disorder DALYs in 2002 by sex. Regardless of sex, deaths due
to terrorism, war and one-sided violence were significantly related to alcohol, drug and
substance use disorder DALYs. Overall, the coefficient for the association between deaths due
to terrorism, civil war and one-sided violence and alcohol use disorder DALYs was 0.10,
indicating that a 1.0% increase in deaths due to terrorism, war and one-sided violence from
1994-2000 was associated with a 0.10% increase in alcohol use disorder DALYs in 2002.
Further, a 1.0% increase in deaths due to terrorism, war and one-sided violence was associated
with 0.12% and 0.14% increase in DALYs lost to drug use disorders and substance use
disorders, respectively. The magnitudes of the associations were somewhat greater for males
relative to females.
Tables 15 and 16 show the relationships between deaths due to terrorism, war and onesided violence from 1994-2000 and alcohol and drug use disorder DALYs in 2002 by sex and
age subgroups of the world populace, respectively. The results were generally consistent to the
overall results with the following exceptions. Terrorism, war and one-sided violence deaths
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were significantly related to alcohol and drug use disorder DALYs among males and females in
the majority of age-sex subgroups of the populace, with the strongest associations observed
among 15-to-44 year-olds. In general, associations were also greater among males than females
across all age subgroups of the population.
Discussion
Deaths from terrorist actions, civil war and one-sided violence from 1994-2000 were
positively related to alcohol, drug and substance use disorder DALYs occurring in 2002, after
controlling for baseline alcohol consumption, illicit drug use and variety of economic measures
empirically shown to affect public health. In contrast with prior studies (Ghobarah et al., 2003;
2004b), the adverse impact of terrorism, civil war and one-sided violence on DALYs attributable
to substance use disorders was found across a majority of sex-age subgroups of the populace.
This discrepancy may, in part, be due to broadening the major exposure variable, civil war
deaths, to include deaths due to terrorist actions and one-sided violence and applying appropriate
transformations to DALY outcome measures to render the data suitable for linear regression
analysis.
Prior research on the longer-term public health consequences of terrorism, war and onesided violence has not focused exclusively on neuropsychiatric disorders, including substance
use disorders , while the existing terrorism and war trauma literature has primarily focused on
one longer-term mental outcome of trauma, that is, post-traumatic stress disorder (Levy and
Sidel, 2009; Murthy, 2007; Pederson, 2002). However, psychological stresses associated with
terrorism, war and one-sided violence arising from displacement, loss, grief and fear, social
isolation, insecurity, loss of status and community, and witnessing and experiencing acts of
violence such as summary execution, rape and assassinations can manifest in a variety of mental
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disorders. These disorders include a variety of depressive, anxiety and psychotic disorders (de
Jong et al., 2007; DiMaggio and Galea, 2006; Levy and Sidel, 2009; Priebe et al., 2010), many
of which are highly comorbid with substance use disorders (Compton et al., 2007; Hasin et al.,
2007). Excessive substance use may also reflect self-medication for these psychiatric
conditions, thereby increasing incidence and severity of substance use disorders in conflictaffected populations. From and epidemiological perspective, the magnitude and distribution of a
variety of trauma-related disorders as collective experience in populations exposed to terrorism
and related violence is far from being understood. The results of this study, however, clearly
highlight substance use disorders as major longer-term trauma-related outcomes of terrorism,
war and one-sided violence for which interventions must be developed and implemented in
conflict-affected populations.
Prior research on the public health consequences of terrorism, war and one-sided
violence has also generally not considered other contributing factors to specific disorders such as
pre-existing vulnerability factors (Levy and Sidel, 2003; 2007). Per capita alcohol consumption
and illicit drug use at baseline were included as control variables consistent with the GBD
perspective that substance use disorder DALYs are largely attributable to substance use. Per
capita alcohol consumption and illicit drug use in 1994 were significantly related to alcohol and
drug use disorder DALYs in 2002, respectively, a result generalizing to the majority of sex-age
subgroups of the populace. Unlike per capita alcohol consumption, illicit drug use may have
also served as a proxy control measure in this study for the availability of illicit substances as
lootable natural resources. With the end of the Cold War, state financing for terrorism and
insurgent movements were dramatically reduced and the cultivation and sale of psychotropic
substances became a lucrative source of alternative funding (Cornell, 2005). This was
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particularly true for coca, opium and cannabis that are easily appropriated, highly lucrative, and
not easily obstructable due to their high value-to-size ratio.
The somewhat stronger associations between terrorism, war and one-sided violence and
alcohol and drug use disorder DALYs among males than females may in large part be due to the
greater prevalence and risk of alcohol and drug use disorders among males consistently observed
in numerous nationally representative surveys (Demyttenaeree et al., 2004; Hasin et al., 2007;
Kessler et al., 2007). Stronger associations between terrorism and related violence and alcohol
and drug disorder DALYs among 15-to-44 year-olds relative to older age groups (45 years and
older) likely reflects the distribution of ages of onset of these disorders that peak during early
adolescence through early adulthood, declining sharply after the fourth decade of life (Compton
et al., 2007; Degenhardt et al., 2004; Kessler et al., 2007). Understanding the sex and age
differences observed in associations between terrorism and related violence and alcohol and
drug use disorder DALYs will be critical in developing and implementing effective gender-andage-specific interventions for these disorders in conflict-affected populations.
Although not the focus of attention in this study, health expenditures as a percentage of
total government expenditure were negatively related to drug use disorder DALYs, an
association generally not observed for alcohol use disorders. These findings highlight the need
for future research on conflict and health to include control measures on health financing
specific to substance use disorders. However, data on alcohol and drug treatment services with
respect to setting (e.g. mental health vs. specialized services) financing (e.g. tax revenue, social
health insurance), efficiency, accessibility, service quality, cost-effectiveness and degree of
cohesiveness are not yet available for the majority of WHO Member States (WHO, 2011a).
Country-level information on health services for substance use disorders, and possible
differentials in treatment financing characteristics for alcohol and drug use disorders, will be
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vital in the future to implementing national and international responses to burden of disease and
disability resulting from substance use disorders in conflict-affected populations.
This study combined deaths from terrorist actions and one-sided violence with deaths
from civil war to more fully characterize the nature of violence occurring during armed conflict.
The present study has also benefitted from three new databases designed to separately measure
deaths from terrorism, civil war and one-sided violence more reliably than in the past and the
use of appropriate data transformations to ensure the suitability of the data for statistical models
employed. This study uniquely focused on substance use disorders as major adverse longer-term
consequences of terrorism and related violence and underscored the importance of including preexisting disease-specific covariates as explanatory variables in associated models. Limitations,
however, are noted. Although there always exists a potential of omitting an important variable
from the analyses presented herein, model R2s were high, indicating a relatively complete
specification of influences. The ecological comparative design used in this study cannot fully
capture within-country variability. However, it can play an essential role in defining the impact
of major public health problems such as terrorism, war and one-sided violence that operate at a
population level to influence morbidity and mortality. Further, measures used in the present
study are associated with various levels of reliability across WHO Member States. Accordingly,
the results of this study and their interpretation should be tempered by the limits of the
psychometric properties of the data. However, the measures of interest in this research are the
most reliable that have ever been available (Lopez et al., 2006; Mathers, 2006; Mathers et al.,
2003; 2005), permitting plausible inferences of the longer-term influences of terrorism, war and
one-sided violence on DALYs attributable to substance use disorders that can begin to form the
evidence base substance abuse interventions among conflict-affected populations.
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In summary, violence associated with terrorist actions, civil wars and one-sided violence
appears to have a significant impact on longer-term substance use disorder morbidity and
mortality independent of pre-existing alcohol and illicit drug use and economic factors whose
relationship to mortality and morbidity attributable to a variety of diseases and conditions has
been well established in the literature. The results of the present study suggest that greater
attention be given to the prevention and treatment of substance use disorders in conflict-affected
populations, including brief interventions targeted at high risk substance use, provisions for
needles and syringes, and management of withdrawal and other acute conditions (UNHCR and
WHO, 2008). It will also be critical for future intervention programs to identify phenomena that
drive the observed gender and age differences in associations between terrorism and related
violence and substance use disorder DALYs that may be unique to conflict-affected populations,
with a view toward improving treatment effectiveness in these settings. This study also
contributes to the evidence base necessary to establish priorities among agencies working with
conflict-affected populations to rebuild substance abuse treatment systems and related healthcare
infrastructures. Strengthening substance abuse treatment systems among conflict-affected
populations will be critical to implementing more comprehensive treatment services for
substance use disorders including cognitive, behavioral and drug therapies for substance
dependence and identification and treatment of a variety of physical and psychiatric disorders
that are often comorbid with substance use disorders (Ezard et al., 2011).
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Chapter VI: Summary
Armed conflict has been a major determinant of morbidity and mortality for most of
human history (Krug et al., 2002). The nature and scope of armed contest taking place over the
years has changed to increasingly include deaths inflicted through terrorist actions and one-sided
violence (e.g. genocide) (Eck and Hultmann, 2007; Ericksson et al., 2003). The impact of
terrorism, civil war and one-sided violence on population health arises from the immediate
effects of combat (i.e., battle deaths) and from their indirect or longer-term consequences. These
indirect consequences include the breakdown of water, sanitation, agricultural, transport,
healthcare, safety and regulatory infrastructures that results in lack of shelter, safe water and
adequate sanitation, food shortages, depressed economic performance, environmental
degradation and heightened risk of disease and premature mortality (Dodge, 1990; Betsi et al.,
2006; Guha-Sapir and van Panhuis, 2002a; Levy and Sidel, 2003; 2007). The ratio of the direct
to longer term consequences of war and related violence has been estimated to be 9:1 (Krug et
al., 2002). Despite this substantial impact on public health, little is known about the longer-term
effects of terrorism, civil war and one-sided violence on public health and even less is known
about their effects on many specific diseases.
Accordingly, this dissertation research is premised on the conceptualization that
terrorism, civil war and one-sided violence adversely affect morbidity and mortality long after
the fighting and bombings are over and that the health costs of such violence extend into the
post-conflict period. The theoretical framework underlying this dissertation research is drawn
from a general model used to study factors affecting public health. Several theoretically
postulated mechanisms link terrorism, civil war and one-sided violence to increases in
population exposure to morbidity and mortality: (1) damages to economic and health
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infrastructures (Colombatti et al., 2009; Guha-Sapir and van Panhuis, 2002a; 2002b; 2003; 2004;
Levy and Sidel, 2003; 2007); (2) demographic impacts, that is, the displacement of large
numbers of persons (Asgary and Segar, 2011; Atuyambe et al., 2011); (3) economic impacts,
including depressed public expenditures on education, transportation, agriculture as well as other
health sectors (Perrin, 1996; WHO, 2006b); and (4) psychological reactions, including stress,
fear, depression, helplessness and impairment in daily functioning (Bonger et al., 2007;
DiMaggio and Galea, 2006; 2009; Dudley, 2005; Schnurr and Green, 2004).
The specific aims of this dissertation research were to examine the influence of one
exposure variable, the combined number of deaths due to terrorism, civil war and one-sided
violence from 1994-2000 on morbidity and mortality attributable to: (1) major communicable
and noncommunicable diseases (Paper 1); (2) diarrheal and related diseases (Paper 2); and (3)
substance use disorders (Paper 3) in 2002, as measured by disability-adjusted life years
(DALYs) among WHO Member States (WHO, 2004a). Multivariable linear regression analyses
examined the relationships between deaths due to terrorism, civil war and one-sided violence
and DALYs attributable to major communicable and noncommunicable diseases, controlling for
economic and related factors (i.e. number of refugees/asylum seekers/displaced persons in 1994,
number of deaths/homeless/affected by natural disasters from 1994-2000, urban growth from
1990 to 1995, life expectancy at birth in 1994, general health expenditures as a percentage of
total government expenditure in 1994, ethnic heterogeneity between 1994-1996 and tropical
country status for communicable diseases (Papers 1-3)). Pre-existing vulnerability factors (i.e.
percentage of the population using improved water resources/percentage of the population using
improved sanitation facilities in 1994 (Paper 2) and adult per capita alcohol consumption in
1994 and annual prevalence of illicit drug use in 1994 (Paper 3) were also controlled. Analyses
were conducted for the total sample and among relevant sex-age subgroups of the populace.
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The results of Paper 1 of this dissertation found that terrorism, civil war and one-sided
violence had a significant impact on a broad range of communicable and noncommunicable
diseases. Deaths from terrorist actions, civil war and one-sided violence from 1994-2000 were
significantly related to all cause DALYs in 2002, even after controlling for a variety of
economic and related factors empirically shown to affect public health. This result was
generally consistent across sex-age subgroups and across a variety of major communicable and
noncommunicable conditions and diseases: infectious and parasitic diseases, respiratory
infections, maternal and perinatal conditions, nutritional deficiencies, malignant neoplasms,
diabetes mellitus, endocrine disorders, neuro-psychiatric disorders, sense organ, cardiovascular,
respiratory, digestive, genito-urinary, skin and musculoskeletal diseases, congenital anomalies
and oral conditions. These results underscore the need to expand the traditional focus of
interventions on communicable, maternal and perinatal, and nutritional diseases and conditions
among conflict-affected populations to a variety of noncommunicable diseases shown in this
study to be strongly associated with terrorism, civil war and one-sided violence in the longerterm.
Paper 2 found that deaths due to terrorism, civil war and one-sided violence were
associated with diarrheal and related infectious and parasitic diseases (diarrheal diseases,
schistosomiasis, trachoma, ascariasis, trichuriasis and hookworm), independent of economic and
pre-existing vulnerability factors whose relationship with these diseases have been well
established in the literature. These associations were greatest among 0-to-4 year-olds. The
results of this study suggest that international governmental organizations (IGOs) and
nongovernmental organizations (NGOs) should prioritize high risk areas for diarrheal and
related disease control to include conflict-affected populations, with particular attention to young
children who are most vulnerable to DSTN diseases in these settings. In view of the longer-term
154

impact of terrorism and related violence on diarrheal and related diseases observed in this study,
intervention and control strategies should move beyond existing provisions for safe water and
adequate sanitation facilities, hygiene education, case management and vector control
(Batterman et al., 2009; Esrey et al., 1991; Fewtrell, 2005; WHO, 2010b) to seek long-term
solutions through health systems infrastructure development. Such interventions should be propoor, safe and cost-effective, similar to current efforts to mass distribute mectizan, albendazole
and praziquantel for simultaneous treatment of ascariasis, trichuriasis, hookworm disease and
schistosomiasis (Amazigo et al., 2002; Loukas and Hotez, 2006; Raso et al., 2004), diseases that
are often comorbid and co-endemic in many countries (Molyneux, 2006; Molyneux et al., 2005).
In Paper 3, terrorist actions, civil wars and one-sided violence was found to have a
significant and lingering effect on substance use disorders, independent of pre-exisiting alcohol
consumption and illicit drug use and economic factors whose relationship to mortality and
morbidity attributable to a variety of diseases and conditions has been well established in the
literature. This result generalized to a majority of sex-age subgroups of the populace with
stronger associations observed among males and among 15-to-44 year-olds. The results of the
present study suggest that greater attention be given to prevention and treatment of substance use
disorders in conflict-affected populations, including brief interventions targeted at high risk
substance use, provisions for needles and syringes, and management of withdrawal and other
acute conditions (UNHCR and WHO, 2008). It will be critical for future intervention programs
to identify phenomena that drive the observed gender and age differences in associations
between terrorism and related violence and substance use disorder DALYs that may be unique to
conflict-affected populations with a view toward improving treatment effectiveness in these
settings. This study also contributes to the evidence base necessary to establish priorities among
agencies working with conflict-affected populations to rebuild substance abuse treatment
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systems, critical to implementing more comprehensive treatment services for substance use
disorders including cognitive, behavioral and drug therapies for substance dependence and
identification and treatment of comorbid physical and psychiatric disorders (Ezard et al., 2011).
Taken together, the results of Papers 1-3 of this dissertation research have substantially
increased our understanding of the relationships between terrorism, civil war and one-sided
violence and their deleterious longer-term impacts on public health. This research has also
served to highlight the full health costs of terrorism, civil war and one-sided violence and will
ultimately contribute to forging a stronger rationale for promoting peace.
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Appendix A
Disability-Adjusted Life Years, 2002: Data Quality
Introduction
The 2002 DALY measure is calculated as the sum of years of life lost (YLL) due to
premature mortality and years of productive life lost due to disability (YLD). The YLL measure
is the product of the number of deaths (mortality) multiplied by standard life expectancy at age
of death in years. The YLD measure is the product of the number of incident cases times the
average duration of a case until remission or death times a disability weight that reflects the
severity of the disability or health state on a scale of 0 (equivalent to perfect health) and 1
(equivalent to death) (Murray and Lopez, 1994). One of the major advances of the Version 3.0
Global Burden of Disease (GBD) Study methodology used to calculate 2002 DALYs was an
unprecedented effort to quantify uncertainty across the various primary components or inputs to
the DALY calculation. In the 2002 GBD Study, uncertainty bounds around DALY component
estimates were assessed across either countries or causes of diseases using standard numerical
simulation methods (King et al., 2002; Vos, 2000). The 95% uncertainty estimates and
associated confidence intervals for those DALY components examined in the GBD study are
summarized below.
Life Expectancies
For high income countries with complete registration data available, the uncertainty
ranges for life expectancy were about ± 0.07 years and ± 0.16 years for males and females,
respectively (Lopez et al., 2006). In regions such as Latin America and the Caribbean, where
death registration data were incomplete, uncertainty ranges were typically about ± 0.5 years.
For regions with partial data on child mortality only where adult mortality was predicted by
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child mortality, the ranges were larger. For example, for Sub-Saharan Africa, uncertainty ranges
are typically ± 5.0 years.
Mortality: All Cause and Specific Causes
As can be seen in Table 17 uncertainty ranges for all-cause mortality varied widely
across regions. In general, uncertainty for all-cause mortality ranged from ± 1.0% for high
income countries and from -15.0% to +21.0% for Sub-Saharan Africa, with uncertainty ranges
related to other regions, falling within these bounds (Lopez et al., 2006; Mathers et al., 2005).
Table 17. Total Deaths and 95% Uncertainty Ranges for All-Cause Mortality by Region, 2000 (In Thousands)

Region

Deaths

95% Uncertainty Range

East Asia/Pacific

13,070

12,379-13,866

Europe/Central Asia

5,669

5,334-6,122

Latin American/Caribbean

3,277

3,166-3,411

Middle East/North Africa

1,914

1,790-2,088

South Asia

13,557

13,053-14,240

Sub-Saharan Africa

10,837

9,267-13,164

World

56,216

53,387-60,173

For vital registration data coded using ICD-10, diagnostic and coding uncertainty
together yielded relative 95% uncertainty ranges of ± 3% for Group I causes (communicable
diseases, maternal and perinatal conditions and nutritional deficiencies) and ± 7% for Group II
causes (noncommunicable diseases) (Mathers et al., 2005).
For specific causes of death, uncertainty ranges were generally greater than for all cause
mortality because additional uncertainty introduced with attribution of underlying cause codes.
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Overall, estimates and uncertainty ranges around specific and selected causes of death of interest
to this dissertation research include: ischemic heart disease, 7,061 (6,328-7,844);
cerebrovascular diseases, 5,388 (4,790-6,067); maternal conditions 508 (381-676); perinatal
conditions, 2,521 (2,250-2,876); diarrheal diseases, 1,782 (1,557-2,065); schistosomiasis, 14
(13-16); lower respiratory infections, 3,751 (3,181-4,456); and drug use disorder, 85 (64-109)
(Lopez et al., 2006). Distribution of uncertainty ranges for specific causes of death across
regions mirrored those associated with all-cause mortality.
Mortality: All Cause By Country
Uncertainty in underlying cause of death attribution was assessed in terms of relative
uncertainty. Relative uncertainty combined: (1) quantitative country-specific information on
uncertainty levels in all-cause mortality (in some cases also uncertainty levels in major cause
group distributions); (2) average relative uncertainty ranges for specific causes based on expert
advice adjusted for specific causes; and (3) country-specific information on data sources, type of
cause information and indicators of data quality (Mathers et al., 2005). Relative uncertainty
estimates range between 0 and 100, with higher values indicating greater relative uncertainty.
The majority of countries in the African Region had the greatest relative uncertainty associated
with mortality ranging from 20 to 49, with the greatest uncertainty occurring in Timor-Leste
(43) and Comoros (40). Other countries with high relative uncertainty in all cause mortality
estimates included the Democratic Republic of Korea (49), Myanmar (40), Bosnia and
Herzegovina (38), Bolivia (36), Afghanistan (36), Greece (36), Georgia (34), Yemen (31),
Honduras (30), Cambodia (29), Pakistan (29), Chile (28), Saudi Arabia (28), Nepal (24), Spain
(22) and Hungary (20). Large relative uncertainties among higher-income countries (e.g. Spain,
Greece and Saudi Arabia) are largely attributable to a higher proportion of deaths coded to
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garbage codes or to the ICD-10 Chapter for Symptoms, Signs and Ill-Defined Conditions
(Mathers et al., 2005).
Uncertainty in Years of Life Lived With a Disability (YLD) - Number of Data Sets
Estimates of YLD are by far the most complex component on burden of disease analysis,
and require assessments of the available data on incidence, prevalence, duration and severity (as
reflected in disability weights) for a wide variety of conditions. Reliability of YLD estimates
was assessed in several ways in the 2002 GBD study including quantifying the number of data
sources used for YLD estimates by region across causes. The total number of country data
sources contributing to the estimation of YLD across Group I (communicable disease) and II
(noncommunicable disease) causes was 8,096 distributed as follows by region: 1,955 for SubSarahan Africa; 1,735 for high income countries; 1,239 for Latin America and the Caribbean,
1,155 for East Asia and the Pacific; 914 for Europe and Central Asia; 590 for the Middle East
and North Africa; and 522 for South Asia (Lopez et al., 2006).
Of the 8,096 data sets underlying estimates of 2002 YLD, 6,660 related to Group I
causes and 1,475 related to Group II causes. Further, about one-quarter of the data sets related
to populations in Sub-Saharan Africa and about one-fifth of the data related to populations in
high income countries (Mathers et al., 2003). While the predominance of data for high income
countries and Group I causes is not surprising, the large number of data sets contributing to YLD
estimates in the Sub-Saharan Region and the paucity of data from some leading causes of
noncommunicable diseases (e.g., ischemic heart disease) is surprising. Although the large
number of data sets associated with Sub-Saharan Africa can be attributed to surveillance of
major communicable disease, especially HIV/AIDS, the paucity of data sets for major
noncommunicable diseases outside high-income countries is more difficult to explain.
Uncertainty for Years of Life Lived with a Disability (YLD) and DALYs Arising from
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Uncertainty in Disability Weights
The estimated disability weights associated with the YLD calculation introduces the
greatest amount of uncertainty in estimating YLD and DALYs by cause. In the 2002 GBD
Study, uncertainty of YLD and DALY estimates arising from disability weight uncertainty was
estimated only for low and middle income countries. No attempt was made by the WHO to
combine this source of uncertainty with uncertainty related to mortality or the other sources to
provide a comprehensive analysis for DALY estimates.
Table 18 summarizes estimates and the 95% uncertainty ranges for YLD and DALYs
arising from uncertainty in disability weights for selected causes of interest to the dissertation
research in low and middle income countries (Lopez et al., 2006). As can be seen in Table 18, it
was expected that DALY uncertainty due to disability weight uncertainty would generally be
greater for causes dominated by YLD (i.e. noncommunicable diseases) than causes dominated
by YLL (i.e. communicable diseases). Further analyses conducted by the WHO also showed
that uncertainty ranges for DALYs were also large for those YLD-dominated causes with high
prevalences and low disability weights.
Taking into account uncertainty in disability weights did not result in significant
uncertainty in the ranking of the top four causes of the burden of disease DALYs (i.e. perinatal
conditions, lower respiratory infections, ischemic heart diseases and HIV/AIDS). Among the
remaining top 10 causes of burden, disability weight uncertainty could change the rankings of
individual causes up to two ranks, with the exceptions of major depressive disorder which could
change up to four ranks due largely to uncertainty in the disability weight for mild depression.
(Lopez et al., 2006; Mathers et al., 2003). For those conditions ranked 11th to 20th, uncertainty
ranges associated with ranking were relatively narrow (± 4 ranks) with the exception of hearing
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Table 18. Estimates and 95% Uncertainty Ranges for YLD and DALYs Arising from Uncertainty in Disability
Weights for Selected Causes in Low and Middle Income Countries, 2002 (in Thousands).

Cause

YLD

Uncertainty Range

DALY

Uncertainty Range

Diarrheal Disease

7,836

4,236-12,900

58,685

55,100-63,800

Trachoma

2,618

2,023-3,192

2,621

2,2025-3,195

Trichuriasis

1,311

707-2,190

1,413

8,108-2,291

Lower Respiratory Infections 4,430

3,128-6,525

83,579

82,300-85,700

Upper Respiratory Infections

181

108-318

1,680

1,609-1,819

Perinatal Causes

13,525

10,300-18,100

89,121

85,900-93,800

Breast Cancer

308

226-318

5,527

5,440-5,600

Uterine Cancer

276

200-416

908

831-1,046

Diabetes Mellitus

5,661

4229-7736

15,806

14,400-17,900

Endocrine Disorders

7,581

4,447-12,700

10,947

7,814-16,100

Drug Use Disorders

9.808

6,086-15,700

11,009

7,286-16,900

Alcohol Use Disorders

2,736

16,93-3,825

4,406

3,361-5,493

Ischemic Heart Disease

3,921

2525-5369

71,874

70,400-73,300

Cardiovascular Disease

11,096

7,209-17,100

62,652

58,700-68,600

Chronic Obstructive
Pulmonary Disease

8,473

5,670-12,400

33,457

30,600-37,300

loss (± 11 ranks). For the majority of the remaining 20 causes, uncertainty in ranking
attributable to disability weights were generally higher, ranging from ± 4 to ± 24 with a mean
change in ranking of ±12.
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Summary
The 2002 GBD Study represented the largest synthesis of population health data to date
and efforts within this study to quantify uncertainty of the major components constituting the
DALY calculation were unprecedented. Although there is much work to be done regarding
improving the reliability of estimates of mortality, life expectancy, YLDs, and disability
weights, a major advantage of the burden of disease approach to assessing reliability was to
assess the completeness, reliability and consistency of routinely collected data with a view
toward identifying critical gaps in health data collection. Extensive efforts to improve the
reliability of data underlying DALY measure have been implemented since 2002 and include
implementation of descriptive epidemiology surveillance programs in poor countries, greater
availability of linked data sets on health outcomes, further longitudinal research into health state
transitions, development of better methodology to derive disability weights due to various
conditions, investments in death registration systems and expanding country-wide population
surveys on health outcomes (Lopez et al., 2006).
The 2002 GBD Study represented the most extensive globally coordinated research and
development effort in advancing knowledge and understanding of global descriptive
epidemiology of morbidity and mortality to date. It also provided the framework for new data
collection systems that ensured the continued relevance and reliability of global burden of
disease statistics. Although it will take many years to realize the potential of these data
collection efforts with respect to the reliability, the 2002 DALY statistics are the most reliable
that have ever been available, permitting plausible and reasonable systematic inferences about
the longer-term impact of terrorism, war and one-sided violence on DALYs attributable to
communicable and noncommunicable diseases.
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Appendix B
Global Burden of Disease Study 2002 Cause Categories

GBD Cause Name

ICD-9 Code

ICD-10 Code

All Causes
I.

Communicable, maternal, perinatal and
nutritional conditions (a)

001-139, 243, 260269,279.5, 280-281,
285.9, 320-323, 381382,460-465, 466, 480487, 614-616, 630-676,
760-779

A00-B99, G00-G04, N70N73, J00-J06, J10-J18,
J20-J22, H65-H66, O00O99, P00-P96, E00-E02,
E40-E46, E50, D50-D53,
D64.9, E51-64

A. Infectious and parasitic diseases

001-139, 279.5, 320-323,
614-616, 771.3

A00-B99, G00, G03-G04,
N70-N73

1. Tuberculosis

010-018, 137

A15-A19, B90

2. Sexually transmitted diseases
excluding HIV

090-099, 614-616

A50-A64, N70-N73

090-097

A50-A53

a. Syphilis
b. Chlamydia

-

c. Gonorrhoea

098

A54

099, 614-616

A57-A64, N70-N73

3. HIV/AIDS

279.5 (=042-044)

B20-B24

4. Diarrhoeal diseases

001, 002, 004, 006-009

A00, A01,A03, A04, A06A09

5. Childhood-cluster diseases

032, 033, 037, 045, 055,
138, 771.3

A33-A37, A80, B05, B91

Other STDs

A55-A56

a. Pertussis

033

A37

b. Poliomyelitis

045, 138

A80,B91

c. Diphtheria

032

A36

d. Measles

055

B05

e. Tetanus

037, 771.3

A33-A35

6. Meningitis

036, 320-322

A39, G00, G03

7. Hepatitis B

070.2-070.9

B16-B19 (minus B17.1,
B18.2)

Hepatitis C

-

B17.1, B18.2

8. Malaria

084

B50-B54

9. Tropical-cluster diseases

085, 086, 120, 125.0,
125.1, 125.3

B55-B57, B65, B73,
B74.0-B74.2

a. Trypanosomiasis

086.3, 086.4, 086.5,

B56

b. Chagas disease

086.0, 086.1, 086.2, 086.9

B57

c. Schistosomiasis

120

B65

d. Leishmaniasis

085

B55

e. Lymphatic filariasis

125.0, 125.1

B74.0-B74.2

f.

125.3

B73

10. Leprosy

030

A30

11. Dengue

061

A90-A91

12. Japanese encephalitis

062.0

A83.0

13. Trachoma

076

A71

Onchocerciasis
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14. Intestinal nematode infections

126-129

B76-B81

a. Ascariasis

127.0

B77

b. Trichuriasis

127.3

B7

c. Hookworm disease
(Ancylostomiasis and necatoriasis)
Other intestinal infections

127.1, 127.2, 127.4003, 005, 020-027, 031,
034, 035, 038-041, 046049, 050-054, 056-057,
060, 062.1-066, 070.0070.1, 071-075, 077-079,
080-083, 087-088, 100104, 110-118, 121-124,
125.2, 125.4, 125.5,
125.6, 125.7, 125.9, 130136, 139, 323

B. Respiratory infections

460-466, 480-487, 381382

A02,A05,A20A28,A31,A32,A38,A40A49,A65-A70,A74A79,A81,A82,A83.1A83.9,A84-A89,A92A99,B00-B04,B06- B15,B25B49,B58- B60,B64,B66B72,B74.3- B74.9,B75,B82B89,B92- B99, G04
J00-J06, J10-J18, J20J22, H65-H66

1. Lower respiratory infections

466, 480-487

J10-J18, J20-J22

2. Upper respiratory infections

460-465

J00-J06

3. Otitis media

381-382

H65-H66

C. Maternal conditions

630-676

O00-O99

640, 641, 666

O44-O46, O67, O72

1. Maternal haemorrhage
2. Maternal sepsis

670

O85-O86

3. Hypertensive disorders of pregnancy

642

O10-O16

4. Obstructed labour

660

O64-O66

5. Abortion

630-639

O00-O07

643-659, 661-665, 667669, 671-676

O20-O43,O47-O63,O68O71,O73-O75,O87-O99

760-779 minus 771.3

P00-P96

1. Low birth weight

764-765

P05-P07

2. Birth asphyxia and birth trauma

767-770

P03, P10-P15, P20-P29

760-763, 766, 771 (minus
771.3), 772-779

P00-P02, P04, P08, P35P96

243, 260-269, 280-281,
285.9

E00-E02, E40-E46, E50,
D50-D53,D64.9, E51-E64

1. Protein-energy malnutrition

260-263

E40-E46

2. Iodine deficiency

243

E00-E02

3. Vitamin A deficiency

264

E50

Other maternal conditions
D. Conditions arising during the perinatal
period

Other perinatal conditions
E. Nutritional deficiencies

4. Iron-deficiency anaemia
Other nutritional disorders
II. Noncommunicable diseases (a)

280, 285.9

D50, D64.9

265-269, 281

D51-D53, E51-E64

140-242, 244-259, 270279 (minus 279.5),282285 (minus 285.9), 286319, 324-380, 383-459,
470-478, 490-611, 617629, 680-759

A. Malignant neoplasms

C00-C97, D00-D48,D55D64 (minus D 64.9) D65D89, E03-E07, E10-E16,
E20-E34, E65-E88, F01F99, G06-G98, H00-H61,
H68-H93, I00-I99, J30J98, K00-K92, N00-N64,
N75-N98, L00-L98, M00M99, Q00-Q99

140-208

C00-C97

1. Mouth and oropharynx cancers (b)

140-149

C00-C14

2. Oesophagus cancer (b)

150

C15
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3. Stomach cancer (b)

151

C16

4. Colon and rectum cancers (b)

153, 154

C18-C21

5. Liver cancer

155

C22

6. Pancreas cancer

157

C25

7. Trachea, bronchus and lung cancers

162

C33-C34

8. Melanoma and other skin cancers (b)

172-173

C43-C44

9. Breast cancer (b)

174, 175

C50

10. Cervix uteri cancer (b)
11. Corpus uteri cancer (b)

180
179, 182

C53
C54-C55

12. Ovary cancer (b)

183

C56

13. Prostate cancer (b)

185

C61

14. Bladder cancer (b)

188

C67

15. Lymphomas and multiple myeloma (b)

200-203

C81-C90, C96

16. Leukaemia (b)

204-208

C91-C95

152, 156, 158-161, 163171,181, 184, 186-187,
189-199

C17,C23,C24,C26-C32,
C37-C41,C45-C49,
C51,C52,C57-C60,C62C66,C68-C80,C97

B. Other neoplasms

210-239

D00-D48

C. Diabetes mellitus

250

E10-E14

D. Endocrine disorders

240-242, 244-246, 251259, 270-279 (minus 274,
279.5),282-285 (minus
285.9), 286-289

D55-D64 (minus
D64.9),D65-D89, E03E07, E15-E16, E20-E34,
E65-E88

E. Neuro-psychiatric conditions

290-319, 324-359

F01-F99, G06-G98

Other malignant neoplasms (b)

1. Unipolar depressive disorders

296.1, 311

F32-F33

2. Bipolar affective disorder

296 (minus 296.1)

F30-F31

3. Schizophrenia

295

F20-F29

4. Epilepsy

345

G40-G41

5. Alcohol use disorders

291, 303, 305.0

F10

6. Alzheimer and other dementias

290, 330, 331

F01, F03, G30-G31

7. Parkinson disease

332

G20-G21

8. Multiple sclerosis

340

G35

9. Drug use disorders

304, 305.2-305.9

F11-F16, F18-F19

10. Post-traumatic stress disorder

308-309

F43.1

11. Obsessive-compulsive disorder

300.3

F42

12. Panic disorder

300.2

F40.0, F41.0

13. Insomnia (primary)

307.4

F51

14. Migraine

346

G43

Mental Retardation
attributable to lead exposure

317-319

F70-F79

Other neuropsychiatric disorders

292-294, 297-300.1,
300.4-302, 305.1, 306307 (minus 307.4), 310,
312-316, 324-326, 333337, 341-344, 347-349,
350-359

F04-F09,F17,F34F39,F401-F409,F411F419, F43(minus F43.1),
F44-F50, F52-F69, F80F99,G06-G12,G23G25,G36,G37,G44-G98

360-380, 383-389

H00-H61, H68-H93

F. Sense organ diseases
1. Glaucoma

365

H40

2. Cataracts

366

H25-H26

3. Vision disorders, age-related

367.4

H524

4. Hearing loss, adult onset

389

H90-H91

360-364, 367-380 (minus
367.4), 383-388

H00-H21,H27-H35, H43H61(minus H524),H68H83, H92-H93

Other sense organ disorders
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G. Cardiovascular diseases
1. Rheumatic heart disease

390-398

390-459

I00-I99
I00, I26-I28, I34-I37, I44I01-I09
I51, I70-I99

2. Hypertensive heart disease

401-405

I10-I13

3. Ischaemic heart disease (b)

410-414

I20-I25

4. Cerebrovascular disease

430-438

I60-I69

5. Inflammatory heart diseases

420, 421, 422, 425

I30-I33, I38, I40, I42

Other cardiovascular diseases (b)

415-417, 423-424, 426429, 440-448, 451-459
470-478, 490-519

J30-J98

1. Chronic obstructive pulmonary disease

490-492, 495-496

J40-J44

2. Asthma

493

J45-J46

470-478, 494, 500-508,
510-519

J30-J39,J47-J98

H. Respiratory diseases

Other respiratory diseases
I.

Digestive diseases

530-579

K20-K92

1. Peptic ulcer disease

531-533

K25-K27

2. Cirrhosis of the liver

571

K70, K74

540-543

K35-K37

530, 534-537, 550-553,
555-558, 560-570, 572579

K20-K22,K28K31,K38,K40-K66,K71K73,K75-K92

3. Appendicitis
Other digestive diseases

J. Genito-urinary diseases

580-611, 617-629

N00-N64, N75-N98

1. Nephritis and nephrosis

580-589

N00-N19

2. Benign prostatic hypertrophy

600

N40

590-599, 601-611, 617629

N20-N39, N41-N64, N75N98

680-709

L00-L98

710-739, 274

M00-M99

Other genitourinary system diseases
K. Skin diseases
L. Musculoskeletal diseases
1. Rheumatoid arthritis

714

M05-M06

2. Osteoarthritis

715

M15-M19

3. Gout

274

M10

720-724 (minus 721.1,
722.0, 722.4)

M45-M48, M54 (minus
M54.2)

710-713, 716-719,721.1,
722.0, 722.4, 723, 725739

M00-M02, M08, M11M13, M20-M43, M50M53, M54.2, M55-M99

4. Low back pain
Other musculoskeletal disorders

M. Congenital anomalies
1. Abdominal wall defect

740-759

Q00-Q99

756.7

Q79.2-Q79.5

2. Anencephaly

740.0

Q00

3. Anorectal atresia

751.2

Q42

4. Cleft lip

749.1

Q36

5. Cleft palate

749.0

Q35, Q37

6. Oesophageal atresia

750.3

Q39.0-Q39.1

7. Renal agenesis

753.0

Q60

8. Down syndrome

758.0

Q90

9. Congenital heart anomalies

745-747

Q20-Q28

10. Spina bifida

741

Q05
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Other Congenital anomalies

740.1, 740.2, 742-744,
748, 749.2, 750.0, 750.1,
750.2, 750.4-751.1,
751.3-751.9, 752, 753.1753.9, 754, 755, 756.0756.6, 756.8, 756.9, 757,
758.1-758.9, 759

N. Oral conditions

Q01-Q04, Q06-Q18, Q30Q34, Q38, Q392-Q399,
Q40-Q41, Q43-Q56, Q61Q78, Q790, Q791, Q796,
Q798, Q799, Q80-Q89, Q

520-529

K00-K14

1. Dental caries

521.0

K02

2. Periodontal disease

523

K05

3. Edentulism

-

Other oral diseases

520, 521.1-521.9, 522,
524-529

168

K00, K01,K03,K04,K06K14

Appendix C
Methodological Supplement
This Appendix contains additional information on descriptive statistics of study variables
used in this dissertation research that complements descriptive statistics presented in Chapter II
of this dissertation (see Table 19). This Appendix also addresses several relevant
methodological issues related to research focusing on the impact of conflict (i.e. terrorism, civil
war and one-sided violence) on morbidity and mortality: (1) outlier diagnostics associated with
linear regression analyses conducted in this dissertation; (2) use of stepwise linear regression
analyses to determine the percentage of variance in the outcome DALY measures that is
explained by the conflict exposure measure; and (3) the use of Poisson regression analysis to
model DALY rates.
Outlier Diagnostics in Linear Regression Analyses
Thorough linear regression diagnostics were conducted for all models examined in this
dissertation. The DALY outcome measures, exposure conflict measure and some control
variables (i.e. number of refugees/asylum seekers/displaced, number affected by natural
disasters, illicit drug use) were skewed and were natural log transformed. Rwanda experienced
an inordinately high number of deaths from genocide in 1994 (N » 500,000) and was removed
from all linear regression analyses conducted in this dissertation. Once transformed, scatterplots
between the outcome DALY measures and each covariate, including exposure and control
variables were shown to be approximately linear. Leverage was also examined. Leverage
occurs when there is an extreme value on a predictor variable indicating an outlier observation.
There were no large leverage points in excess of 0.12, the cut-off leverage value that would
indicate undue influence of an observation. Leverage points were less than 0.09 in all models.
In addition, Cook’s distance (Cook’s d), that detects influential observations by evaluating all
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Table 19. Additional Descriptive Statistics for Outcome, Exposure and Control Variables.

Variable

Mean

Minimum

Maximum

Sum

All cause DALYs

7,749,040

379.7

299,408,030

1,487,816,110

Diarrheal and related disease DALYs

358,446

2.84

15,684,460

68,821,550

Alcohol use disorder DALYs

105,697

2.37

4,837,630

20,293,890

Drug use disorder DALYs

38,385

2.24

734,610

7,369,850

Substance use disorder DALYs

144,082

4.61

4,918,200

27,663,740

Civil war deaths

3,296

0

112,750

632,851

Terrorism deaths

224

0

7,112

43,269

One-sided violence deaths

123

0

1,942

27,895

Combined violence deaths

3,736

0

120,877

704,015

Percent using improved water
resources/sanitation

147.7%

27.0%

200.0%

-

Prevalence of illicit drug use

1.7%

0.0%

16.5%

-

Adult per capita alcohol consumption

4.9

0

18.5

-

Outcome
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Exposure

Pre-existing Vulnerability
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Table 19. Continued…

Variable

Mean

Minimum

Maximum

Sum

126,139

0

1,734,400

24,218,700

Number affected by natural disasters

5,448,080

0

20 million

1.046 billion

Health expenditures (%)

10.1%

0.0%

27.6%

-

Urban growth (%)

0.9%

-2.4%

4.4%

-

Ethnic heterogeneity

43.9%

0.0%

147.0%

-

Life expectancy at birth (years)

64.8

38.4

79.5

-

Economic
Number of refugees/asylum seekers/displaced
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variables simultaneously, was also calculated for each model. Generally, a Cook’s d greater than
0.22 may be of concern. However, in no model did Cook’s d exceed the 0.22 cut-off, but was in
all cases < 0.12. In summary, these linear regression diagnostics indicated the absence of
outliers and observations with extreme values in linear regression models examined in this
dissertation. Further, additional regression diagnostics demonstrated the absence of
multicollinearity, homogeneity of variance of the residuals, and normality of residuals, that take
together, demonstrates all assumptions underlying the linear regression models conducted in this
dissertation research were satisfied.
Stepwise Linear Regression Analyses
Multivariable stepwise linear regression analysis might be used in future research on
conflict and health to determine the proportions of variance in the outcome DALY variables that
are explained by the conflict exposure variable. Stepwise linear regression analysis is a variant
of forward linear regression analysis that operates by successive addition of significant or
nonsignificant independent or predictor variables, but also checks a previously added variable to
determine if it can be eliminated. The purpose of stepwise regression is to yield partial R 2s for
variables remaining in the best model after the operation of the stepwise linear regression
procedure. The best model is determined by specifying the significance levels for variables
entering and staying in the model. Significance levels of < 0.01 have been recommended when
the purpose of model building is interpretation or explanatory rather than predictive (Hommer
and Lemeshow, 2006). The partial R2 estimates the proportion of unexplained variation in the
dependent variable that becomes explained with the addition of each predictor variable to the
model. For the purpose of this demonstration, the contribution of the conflict variable to
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variation in DALY outcome measures was of central interest. To demonstrate stepwise linear
regression modeling for future research on the relationship between conflict and morbidity and
mortality, several full model multivariable linear regression analyses conducted in this
dissertation research were re-examined using multivariable stepwise regression. The first
stepwise regression analysis was conducted on the model having total diarrhea and related
disease DALYs as the outcome variable. The results of this stepwise regression analysis are
shown in Table 20. The best model identified in this stepwise procedure included the conflict
exposure variable that accounted for 6.5% (R2 * 100) of the variation in diarrheal and related
disease DALYs. The associated F-test (48.5) was significant at the < 0.0001 level, indicating
that the conflict exposure variable contributes significantly to the model given the remaining
control variables are in the model.
Table 20. Summary of Stepwise Linear Regression Analysis of Terrorism, Civil War and One-Sided Violence
Deaths from 1994-2000 and Diarrheal and Related Disease DALYs in 2002.

Variable

Partial R2

Model R2

F-Value

P>F

Percent improved
water/sanitation

-0.02

0.489

0.489

174.5

<0.0001

Number affected by
natural disasters

0.32

0.206

0.695

122.8

<0.0001

Terrorism, civil war
and one-sided violence
deaths

0.18

0.065

0.760

48.5

<0.0001

Health expenditures

-0.06

0.012

0.773

10.09

0.0018

Several additional stepwise regression analyses were conducted using full models
examined in this dissertation. The outcome DALY variables associated with these models and
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the percentage of variation in the DALY variable explained by the conflict exposure variable in
each of these models were: male diarrheal and related disease DALYs (partial R 2 = 0.066);
female diarrheal and related disease DALYs (partial R2 = 0.067); total all cause DALYs (partial
R2 = 0.050); total communicable disease DALYs (partial R2 = 0.052); total noncommunicable
disease DALYs (partial R2 = 0.043); total alcohol use disorder DALYs (partial R 2 = 0.041); total
drug use disorder DALYs (partial R2 = 0.022); total substance use disorder DALYs (partial R 2 =
0.037). For these stepwise regression models, the percentage variation in the dependent variable
that was explained by the conflict exposure variable ranged from 2.2% to 6.7%.
Although multivariable stepwise regression analysis may be a useful in determining the
contribution of a major exposure variable to variation in a dependent variable, it is not without
criticism. Foremost, stepwise regression analysis can produce best models that may be difficult
to interpret since it entails a large number of tests that can result in inflated Type 1 errors and
model R2s (Harrell 2001; Panik 2009). However, these problems are less likely when the
associated full regression model satisfies all model assumptions as they do here. Perhaps the
most widely recognized difficulty in stepwise regression is that the procedure, often referred as
“data mining,” should only be used with a large number of potential explanatory variables in
situations where there is no underlying theory on which to base model selection (Burnham and
Anderson, 2002; Cohen and Cohen, 1983).
Stepwise regression should not be used as a substitution for careful theorizing and
substantive knowledge. With regard to this dissertation research that has been based on careful
theorizing, the use of stepwise regression may not be as important as with exploratory
applications. This is the case since the hypotheses in this dissertation research relate to
determining whether conflict as the main exposure variable is significantly related to the
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outcome DALY variables, controlling for economic and pre-existing vulnerability variables.
These hypotheses do not focus on the contribution of the conflict exposure variable to the
variation in the DALY outcome measure given the control measures are included in the best
model. The use of stepwise regression analysis in future research will depend on the specific
application, especially consistency of the analysis with study hypotheses.
Poisson Regression of DALY Rates

This dissertation focused on modeling the number of DALYs in ordinary least squares
regression analysis in order to determine whether conflict was related to morbidity and mortality
controlling for economic and pre-existing vulnerability factors. In other applications, it may be
of interest to model DALY rates, that is, the number of DALYs divided by the associated
population figure by sex and age for each WHO Member State. Both DALY and DALY rate
variables are skewed.
In the linear regression analysis conducted in this dissertation, the number of DALYs
were natural log transformed to induce linearity with a secondary effect of ensuring homogeneity
of residual variances. The appropriate regression analysis when the outcome measure is a
DALY rate is Poisson regression, a modeling procedure that does not assume homogeneity of
variance. Instead, in Poisson regression, residual variance is expected to be a function of the
predicted number of DALYs, which in turn is a function of population size.
Poisson regression is used primarily for count data. When examining rates within
Poisson regression analysis it is necessary to control for population size so that the Poisson
regression will be a model of DALY rates rather than a model of number of DALYs (Dupont,
2009). This is accomplished in Poisson regression by entering the numerator of the DALY rate
(i.e. the number of DALYs) as the dependent variable and the denominator of the DALY rate
(i.e. population size) separately as a covariate. The population size covariate is included for
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control purposes only and is of no further interest. However, it is included to reduce bias in or
increase precision of the estimate of the parameter of interest (the exposure conflict variable).
`

Poisson regression assumes the outcome variable has a Poisson distribution. With regard

to rate data, the Poisson regression model expresses the log DALY rate as a linear function of a
set of predictors (Hoffman, 2009; Kleinbaum et al., 2008). The idea is that the DALY rate is
related to the conflict exposure variable through a link function. In Poisson regression, the link
function is the natural log (Cameron and Trivedi, 1998). A strong assumption of the Poisson
regression model is that its mean is equal to its variance, which is only plausible if all the
assumptions underlying the Poisson distribution are fully met by the data. Typically, if the
observed variance is greater or less than the mean then overdispersion is present, indicating poor
model fit. [Note that there is no analogue in Poisson regression for R 2].
Overdispersion in a Poisson model is assessed with the deviance value which has an
approximate chi-square distribution with n-p degrees of freedom, where n equals the number of
observations and p is the number of predictor variables (including the intercept) and the expected
value of a chi-square random variable is equal to the degrees of freedom (Cameron and Trivedi,
2011). Thus, if there is no overdispersion and the model fits the data well then the ratio of the
deviance to its degrees of freedom should be about 1.0. In the presence of overdispersion,
standard errors of the s will be underestimated which in turn leads to misleading significance
tests. However, the Poisson regression estimates ( s) remain unbiased in the presence of
overdispersion. Since rate data is typically overdispersed to some degree, it is necessary to
correct the standard errors of the estimates. This is usually accomplished by forcing the ratio of
the deviance to its degrees of freedom to be 1.0. By forcing the deviance ratio to be 1.0, the
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model becomes optimally dispersed and the standard errors are adjusted by a factor of the square
root of the deviance ratio.
To demonstrate Poisson regression analysis using DALY rates as outcome variables,
several linear regression analyses conducted in this dissertation using DALYs as outcome
variables were re-examined. The first Poisson regression was conducted on a model having total
all cause DALY rates as the outcome variable. The results of this Poisson regression model are
shown in Table 21. Since the model was somewhat overdispersed (deviance ratio = 2.9),
standard errors of the s were corrected to account for the overdispersion. The

coefficient

associated with the conflict exposure variable was significant (p<0.0001) with a value of 0.09,
indicating that a 1.0% increase in deaths due to conflict was associated with a 9.0% (exp )
increase in the all cause DALY rate (Liao, 1994).
Table 21. Summary of Poisson Regression Analysis of Terrorism, Civil War One-Sided Violence Deaths from
1994-2000 and All Cause DALY Rates in 2002

Variable

Wald 95% Confidence Limits
Lower

Upper

F-Value

Terrorism, civil war, one-sided
violence deaths

0.090

0.045

0.138

0.0001

Refugees/asylum
seekers/displaced

0.071

0.008

0.135

0.0282

Number affected by natural
disasters

0.230

0.174

0.286

<0.0001

Health expenditures

-0.026

-0.057

0.006

0.1072

Urban growth

0.017

-0.105

0.138

0.7870

Ethnic heterogeneity

0.001

-0.003

0.005

0.5761

Life expectancy

-0.009

-0.027

0.008

0.2834

Note: Population size covariate significant at the p < 0.001 level.
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Several additional Poisson regression analyses were conducted. For each of these
models, the

coefficient of the conflict exposure variable was significant (p < 0.001) and the

correction of the overdispersion was applied. The outcome DALY rate measure associated with
each of these models and the percentage increase in the DALY rate associated with a 1.0%
increase in conflict deaths for each of these models were: male all cause DALY rate (10.0%);
total diarrheal and related disease DALY rate (8.8%); diarrheal and related disease DALY rate
among 15-to-14 year-olds (7.2%); total alcohol use disorder DALY rate (16.2%); female alcohol
use disorder DALY rate (7.6%); male drug use disorder DALY rate (8.7%); drug use disorder
DALY rate among 15-to-44 year olds (12.0%); total communicable disease DALY rate (11.3%);
total noncommunicable DALY rate (11.9%).
In conclusion, when the outcome measure is a continuous DALY measure, the
appropriate model is a linear regression analysis. When the outcome measure is a rate, the
appropriate analysis is a Poisson regression analysis. These models are neither equivalent nor
comparable owing to differences in the distributions underlying the models and nature of the
outcome measures.
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