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Background: Armed conflicts can negatively affect health services and cause injuries and death. The recent Arab uprising has been associated with considerable dam-
age to infrastructure and loss of human lives. The aim of this study was to determine mortality, injuries and population displacement that occurred during the recent
Libyan armed conflict.

Methods: A systematic cross-sectional field survey and non-structured search was carried out over fourteen provinces in six Libyan regions, representing the primary
sites of the armed conflict between February 2011 and February 2012. Thirty-five percent of the total area of Libya and 62.4% of the Libyan population were involved
in the study. The mortality and injury rates were determined and the number of displaced people was calculated during the conflict period.

Results: A total of 21,490 (0.5%) persons were killed, 19,700 (0.47%) injured and 435,000 (10.33%) displaced. The overall mortality rate was found to be 5.1 per 1000
per year (95% CI 4.1-7.4) and injury rate was found to be 4.7 per 1000 per year (95% CI 3.9-7.2) but varied by both region and time, reaching peak rates by
July—-August 2011.

Conclusion: The Libyan armed conflict resulted in great human loss and social damage mirrored by high rates of mortality, injury and human displacement. Such
parameters peaked as the conflict escalated and differed according to the Libyan regions and provinces involved. National and international efforts should be combined
to overcome the consequences of these conflicts.

Présentation: Les conflits armés peuvent affecter négativement la santé et provoquer des blessures et des décés. Le récent soulévement arabe a été associé¢ a des dom-
mages considérables aux infrastructures et a la perte de vies humaines. L’objectif de cette étude était de déterminer le taux de mortalité, de blessures et les déplacements
de population pendant le récent conflit armé en Libye.

Méthodes: Une étude de terrain transversale et systématique et une recherche non structurée ont été réalisées afin de couvrir six régions libyennes incluant 14 provinces,
qui étaient les principaux théitres du conflit armé entre février 2011 et février 2012. Cette étude concernait trente-cinq pour cent de la surface totale de la Libye et 62,4
% de la population libyenne. Les taux de mortalité et de blessures et le nombre de personnes déplacées ont été calculés sur la période du conflit.

Résultats: Au total, 21,490 (0,5 %) personnes ont été tuées, 19,700 (0,47 %) personnes ont été blessées et 435,000 (10,33 %) personnes ont été déplacées. Le taux de
mortalité global a été estimé a 5,1 pour 1 000 par an (IC de 95 % ; 4,1 — 7,4) et le taux de blessures global a été estimé a 4,7 pour 1 000 par an (IC de 95 % ; 3,9 —7.2) ; ces
taux variaient d’une région a 'autre. Ils ont varié périodiquement au cours du conflit et ont atteint un sommet en juillet-aoat 2011, la situation s’étant aggravée pour
connaitre ensuite un retour au calme vers la fin du conflit.

Conclusion: Le conflit armé libyen a été associé a des pertes humaines considérables ainsi qu’a des dommages sur le plan social, que reflétent les forts taux de mortalité,
de blessures et les importants déplacements humains. Ces paramétres ont atteint un sommet quand la situation s’est aggravée, et ont varié selon les régions et provinces
libyennes concernées. Il convient de combiner efforts nationaux et internationaux afin de surmonter les conséquences des conflits de ce type.

African relevance e The rates of such war complications varied extensively from
one region to another in Libya and during the conflict

e The study highlights the mortality, injury and population period.
displacement as a result of the armed conflict in Libya.

Introduction

* .
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Armed conflict in any country results in devastating and long-
lasting consequences. Low to middle income countries tend to
be both more susceptible to armed conflict as well as the least
equipped to deal with post-conflict devastation including
HLSEVIER Production and hosting by Elsevier death; disability and injury; destruction of property; disruption
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of economic activities and the diversion of resources from
health care.'” The direct and immediate casualties of war rep-
resent the tip of the iceberg compared to their long-term con-
sequences, which are often poorly documented and
inadequately reported.®’ In recent years there have been
uprisings in several Arab states, including Tunisia, Egypt,
Yemen, Libya and Syria. In Tunisia, Egypt and Yemen these
took the form of mainly civil protests and clashes between
civilians and police forces, though in Libya and Syria it esca-
lated into armed combat.®’

Libya is a North African country with a surface area of
1,775,500 km?, making it the second largest on the continent.
According to the World Bank, its population is 6,154,623 and
the gross national income per capita of its oil-based economy
in 2009 was US$12,930 (http://data.worldbank.org/country/
libya).''" Consequently, it boasts the highest literacy rate
and educational enrolment in North Africa and Arab coun-
tries.'>!"® In February 2011, after more than four decades
under the rule of Colonel Gaddafi and in the wake of the
uprisings in adjacent Tunisia and Egypt, Libya experienced
a major armed uprising.'* International intervention in the
form of NATO airpower enabled the fighting groups to top-
ple the Libyan socialist regime. Moreover, the war and its
repercussions resulted in internal and external population dis-
placement, on top of great human and economic cost.'” !’
There are no reliable data on the numbers involved and the
objectives of this study were to estimate the number of deaths
and injuries in the different regions of Libya and to examine
population displacement in the Libyan community.

Methods

This epidemiological community-based study was guided by
previously published studies and guidelines.'>'®'” The
recruitment and data collection were conducted in the 14 pro-
vinces of the six regions affected by the conflict. The regions
included in the study were: Eastward Coastal Region (ECR),
Middle Coastal Region (MCR), Westward Coastal Region
(WCR), West Mountain Region (WMR), Middle Mountain
Region (MMR), and Southward Sahara Region (SWR).
The geographical location, provinces and total population
of each region is illustrated in Table 1. The study covered
an area of 621,425 km? with approximately 4,211,700 inhab-
itants. Regions that were not directly involved in the fighting
were not included in the study.

Face to face interviews were carried out with at least one
member of each affected family listed in the registry of the
Ministry of Housing and Planning. The interviews were car-
ried out by medical doctors and trained social workers under
the supervision of a senior clinical epidemiologist. The data
were used to confirm the information regarding the affected
people within the families, for whom documentation was
otherwise missing. Written informed consent was obtained
from all the participants before the interview. Data on
changes and consequences in each region as a result of fight-
ing were collected as well, including information on direct
damages, demographic changes and human suffering.

The questionnaire used to collect demographic and epi-
demiologic data was anonymous, and sought information
on all adult citizens killed, injured or displaced between
February 2011 and February 2012. The data were obtained

Distribution of deaths, injury and human displacement among the regions involved in the Libya conflict, 2011.

Table 1

Displaced

Injured

Deaths

Population

Region

% total displaced
16.1

Per 1000

78.9
257.3

n

% total injured
40

Per 1000

8.8
6.9

n

% total deaths
10.7
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70,000

7800
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423
6.8

184,000
29,500
49,000
98,000
4500

24.9
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3.8
8.3

53
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2.6
5.1

132,000
4,211,700

19,701 (0.47%) 100 435,000 (10.33%) 100

100

21,490 (0.5%)
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via official request to access the civil registers at each regional
office of the Ministry of Housing and Planning. The local
authority in each region also completed a questionnaire asking
for detailed information about those who were killed, injured,
or displaced. Official government reports and reports of the
Libyan Red Crescent were consulted, and accounts were
obtained from eyewitnesses and combatants.

The data were extracted from the most recent and detailed
data archives available. To improve the accuracy of the survey,
the final data were discussed with and approved by the local
social district leaders, revolutionary commanders and govern-
ment officials who supported and agreed to assist with the
study.

Data entry and descriptive statistics were calculated using
Microsoft Excel and SPSS version 12.0. Mortality, injury
and displacement rates were calculated on the bases of med-
intervals population and regression models.”’ within a one
year period from February 17, 2011 until the country declared
that fighting had officially ended in 2012.>' Mortality, injury
and displacement rates were calculated per 1000 per year.
The attributable variation rates were consistent among the
regions studied over the one year period and an additional sen-
sitivity analysis assessed the differences in mortality, injury and
displacement across the study regions.””

ALGERIA

" Eastward Coast Region
~~ Middle Coast Region

Figure 1

The study was approved by the Ethics Board of the Faculty
of Medicine, Tripoli, which acknowledged the study and
credited the final approval from the Libyan National Ethics
Committee — A approval No. LY2011/986/WCS. The study
was conducted in accordance with the Helsinki Declaration.””
All participants signed an informed consent form witnessed by
the local health officer and no minors were involved.

Results

The surveillance study was conducted between February 2011
and February 2012. The data were collected from the six
regions considered to be the battlefield. Table 1 shows the dis-
tribution of affected Libyan citizens over the studied regions
during the armed conflict.

A total of 21,490 (0.5%) persons were killed; 19,700
(0.47%) injured; and 435,000 (10.33%) displaced. The national
mortality rate was calculated at 5.1 per 1000 per year (95% CI
4.1-7.4) but this varied significantly by region. The highest
were Middle Coastal Region [MCR] with 17.5 per 1000, and
Middle Mountain Region [MMR] with 7.1 per 1000, followed
by Eastward Coastal Region [ECR] and Southward Sahara
Region [SSR] at 2.6 per 1000. The lowest reported mortality

o

Ajdabia

== West Mountain Region
Middle-Mountain Region
Westward Coast Region " Southern Sahara Region

0

WWW.mapsopensource.com

Map of Libya showing the mortality and injury (x1000 persons) per year. The scale represents both killed (red) and injured

(blue) for each province. Libya 2011. (Source: www.mapsopensource.com).
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rates were Westward Coastal Region [WCR] and West
Mountain Region [WMR] at 1.8 per 1000. The average injury
rate among the studied population was 4.7 per 1000 per year
(95% CI 3.9-7.2). The two most affected regions were ECR
(8.8 per 1000) and MMR (8.0 per 1000), followed by MCR
(6.9 per 1000 and SSR (5.3 per 1000), and the lowest were in
WMR and WCR (3.8 and 1.1 per 1000, respectively). The aver-
age population displacement was 8.3 per 1000 per year (95%
CI 7.8-9.2), and the greatest regional displacement rates were
in MMR and MCR as 279.9 and 257.3 per 1000, respectively,
followed by WMR (117.2 per 1000) and ECR (78.9 per 1000).
The lowest displacement rates were found in WCR (17.3 per
1000) and SSR (3.8 per 1000).

The mortality and injury rates among the different pro-
vinces involved in the Libyan armed conflict are shown in
Fig. 1. The rates varied significantly between the provinces
within each region. The highest morality rates were reported
in Musrata (4662, 2.2%), Surt (4325, 2.0%) and Tawarga
(3531, 1.6%) within the MCR followed by Beni—Walied
(1780, 0.8%) in MMR. Injury rates were highest in Benghazi
(4320, 2.3%) and Ajdabia (3480, 1.8%) in ECR followed by
Beni—Walied (2107, 1.1%) in MMR. The mortality and injury
rates were similar in Tripoli, Zletan, Zawia and Zawara in
WCR and lowest in Sabha in SSR, Gerian and Nalut in
WMR as well as Tarhuna in MMR.

The variations of mortality, injury and displacement rates
among Libyans during the conflict period are shown in
Fig. 2. Of the 21,490 persons killed during the study period,
only 2675 (13.11%) were killed in the first four months
(February—May 2011). The number increased steadily from
June through September 2011 until peaking in August at
5127 (25.13%), then decreasing once more to 3152 (15.45%)
by February 2012. The injury rates showed similar trends over
the study period. Of 19,700 injured 3920 (19.90%) were
reported in the first four Months followed by 12,319
(62.53%) from June to September and 3461 (17.57%) from
October to February 2012.

Human displacement followed a different trend over the
study period. It reached 148,200 (34.07%) in the first four
months, with a notable spike in February as the uprising
started, then increased to 171,349 (39.39%) between June
and September. The highest monthly total was reported in

90+

August (51,317, 11.80%). An additional 115,451 (26.54%) per-
sons were displaced between October 2011 and February 2012.

The mortality, injury and displacement rates by gender are
shown in Fig. 3. 87.90% (male:female = 7.3:1.0) of the 17,932
casualties were male. The injury ratio for male to female was
9.1:1.0, with a total of 17,743 (90.1%) injuries reported in
males. Again different trends are apparent among the dis-
placed people. Of the total displaced people, 297,050
(68.29%) were female and 137,950 (31.71%) were male, giving
a male-to-female ratio of 1:2.3.

Fig. 4 shows the mortality, injury and population displace-
ment by age. Deaths and injury by age group followed the
expected J-shaped demographic curve where most deaths and
injury were in the middle-age groups. Men of age 15-59 years
were most susceptible to death or injury, and the majority of
displaced people were either <15 or > 59 years of age.
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Figure 3  Gender of deaths, injured and displaced persons during
the Libyan armed conflict 2011.
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Figure 2 Number of deaths, injured and IDPs during the Libyan conflict over one year period (February 2011-February 2012).
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Figure 4 Age breakdown for deaths, injured and IDPs since the start of conflict. Libya 2011.

Discussion

Armed conflicts are major causes of death, injury and ill health
in affected communities.”*** The data presented here highlight
the effects of the Libyan armed uprising on Libyan society and
assessed the deaths, injuries and displacement of people during
the Libyan armed conflict. The survey covers half of the
Libyan population across 35% of the surface area of the coun-
try. The data were collected from the 14 provinces in six
regions making up the battlefield area. It extended from
Benghazi in the east, where the conflict started, to Zawara in
the west and from the Central mountain areas of Sabha in
the south to the Mediterranean coast in the North. Our main
findings show high rates of mortality and injury proportional
to internal displacement of people. This indicates that Libya
is experiencing a major humanitarian crisis that will be
reflected on Libyan society for a long time.

Our study showed that during the Libyan conflict, the over-
all mortality rate was 5.1 per 1000 population. This varied
from one region to another, the highest was reported in
MCR and the lowest was in both WCR &WMR. Different
studies have shown that mortality rates often vary substan-
tially from one conflict to another and among regions of the
same country. They have reached as high as 20-35 deaths
per 1000 daily in African conflicts such as those in Sudan
and Rwanda,’®?” and ranged from 81 to 152 in Cambodia
and Thailand.” In Iraq where the war mortality rates are well
studied the average deaths per day ranged from 48 to 759 while
the specific mortality rates attributable to war deaths ranged
from 0.64 to 18.25 per 1000 per year.””** Our results are sim-
ilar to those reported in Iraq despite the difficulty in differen-
tiating between military and civilian causalities, though the
data derived from the field suggest that most deaths were from
army combatants.

Injuries resulting from armed conflict tend to have even
worse consequences than mortality due to their long-lasting
effects. Our analysis shows that injuries among Libyans varied
over the period of the conflict and by geographic locale with an
average injury rate of 4.7 per 1000. The highest was in ECR
(8.8 per 1000) and MMR followed by MCR and SSR, and
notably less across other regions. Such results are similar to

those reported in Kosovo (5.2 per 1000) and less than the
9.8 per 1000 rate reported in Iraqi conflicts.’'*> War-related
trauma is more likely to be a major cause of death among
injured individuals, a phenomenon that increases with age.™
A recent study analysing presentation of surgical wounds dur-
ing the Libyan conflict showed that the main causes of injury
were gunshot, shrapnel and blast. Such wounds are often exac-
erbated by infection with Acinetobacter and other highly resis-
tant bacteria that are difficult to eradicate.'”**

Armed conflicts and population displacement are compli-
cated by the fact that neither are monolithic phenomena.™
Indeed, one of the measures of the severity of a conflict, in
addition to casualties and duration, is the extent to which
people have been displaced from their communities.*® Libya
has previously been considered the largest recipient of
migrant persons in the region, but the recent revolt has
resulted in considerable population displacement within the
country itself. An estimated 2.3 million people fled Libya to
Tunisia, Egypt, Algeria, Italy and Malta over the course of
the study period.”” An additional 422,000 (approximately
6.5%) Libyans have been internally displaced, particularly
in MCR and MMR, where certain provinces witnessed up
to total displacement.

The displacement followed a rising trend in early February
2011. As the conflict escalated, massive displacement occurred
in Ajdabia during April 2011 and in Surt, Tawarga and
Bani—walied from September—November 2011. Residents of
certain cities, such as Tawarga, were not allowed to come back
and became internal refugees. Similar considerable population
displacement has been reported in neighbouring Sub-Saharan
African countries.*® Such crises are expected to increase pov-
erty, at least short-term. Most of the displaced citizens lost
their jobs and income, and had to leave behind their assets
and savings. The collection of information on mortality of
these internally displaced people is less complete in our study
as access to these communities was often difficult. However,
studies carried out on select displaced communities in Iraq,
Somalia and Southern Sudan indicate that the occurrence of
microbial diseases and malnutrition was endemic, attributable
to the typically inadequate water supply and food delivery
logistics.>



106

M.A. Daw et al.

The death toll was not uniformly distributed throughout
the country; it was higher in Jedabia, Sert, Musrat, Zleitan
and Beni-Walied than in the West coast, Sebha, and
Western Mountain areas. The death rate reached 5.1 deaths
per 1000 population in our study. This is similar to reports
from the Democratic Republic of Congo where the mortality
rates varied from 1.9 to 18.1 deaths per 1000 depending on
the region studied.**!

Mortality and injury rates varied from one month to
another according to the intensity of fighting. The lowest mor-
tality was reported in February 2011 as the conflict started,
and then it increased with escalation of the conflict and the
start of NATO bombardment in March 2011.*** The largest
increase in mortality was reported at the peak of the conflict in
July—-August 2011, when it was five times the base time rate.
The highest injury rate was recorded early — in February and
March 2011 — and then it paralleled the mortality rate through-
out the rest of the conflict. The highest rates of injury were
reported in Ajdabia and Zleitan, while the lowest were in
Gerian and the rest of Western Mountain, followed by
Zawara and Zawia provinces. Such increases in mortality rates
have been reported in other war related conflicts, varying from
4 to 15.2x in Sudan and Kosovo to more than 30x in
Rwanda.***

The exact counts of Libyan deaths and injuries may exceed
those reported here, as these data were mainly gathered via a
passive surveillance study. Such data are rarely complete even
under peaceful circumstances, and are more susceptible to
error during armed conflicts due to limited access and inten-
tional cover up of deaths.***” Different studies have shown
that death and disease burden have been underestimated by
factors of two or more using facility based surveillance meth-
ods. Therefore, population-based studies should be carried
out to evaluate the exact death counts among Libyans.
Nevertheless, such surveillance studies have been shown to
be important in monitoring death trends during periods of
conflict.***

The estimates of mortality, injury and displacement during
the Libyan conflict represent a humanitarian emergency by
international standards. The assessment of the burden of
new armed conflicts on public health has been hampered by
the lack of common investigation methods.”” In this study
we present the data relating to the mortality, injury and inter-
nal people displacement among the Libyan population affected
by the armed conflict regardless of whether they actively par-
ticipated in the war or not. In a similar cross-sectional study
carried out by Burnham et al., it is estimated that in the
40 months post-invasion of Iraq, there were over 654,965
deaths, which corresponded to 2.5% of the population in the
study area.”” Although the mortality rate was higher in Iraq,
the Libyan situation mimics the Iraqi conflict in terms of
death-clustering and age distribution of persons killed, injured
or displaced.

This study describes the magnitude of the damage to
Libyan society during and after the conflict period. Despite
the caveats regarding the accuracy of our epidemiological
assessment, measured mortality and morbidity are both high,
portending significant long-term consequences. Efforts should
be combined for urgent intervention and long-term planning to
address these consequences and to improve existing conditions
for Libyan citizens. The considerable economic resources of

the country, if properly allocated, can be used to achieve these
goals.

A variety of limitations to this study are worth emphasizing
for data interpretation. Firstly, there are uncertainties about
the Libyan pre-conflict baseline data. Secondly, the data could
mirror the personal opinion of the respondents regarding the
conflict, which could result in exaggeration or underestima-
tion. Finally, distinguishing criminal murders from deaths in
armed conflict was not possible. However, the study still pro-
vides information that should be useful in combining efforts to
establish justice and restore peace within the Libyan commu-
nity. National and international efforts should be utilized to
protect the population from the continuing consequences of
the conflict.

Conflict of interest
The authors declare no conflict of interest.

Dissemination of results

Results from this research study were shared with staff mem-
bers at regional hospital emergency centre through an informal
presentation. The results were also published in the hospital’s
newsletter.

Author contributions

M.D. conceived and designed the study. M.D., A.A. and A.D.
participated in the conduct of the study, and reviewed the
manuscript. All authors approved the final manuscript.

Acknowledgements

We are deeply grateful to Professor Howard Foster, University
of Salford, Manchester, UK for his professional contribution
in reading, correcting and editing the manuscript.

References

1. Sambanis N. A review of recent advances and future directions in
the literature on civil war. Def Peace Econ 2002;14:215-43.

2. Laake JH, Dybwik K, Flaatten HK, et al. Impact of the post-
world war II generation on intensive care needs in Norway. Acta
Anaesthesiol Scand 2010;54(4):479-84.

3. Thayer BA. Considering population and war: a critical and
neglected aspect of conflict studies. Philos Trans R Soc Lond B Biol
Sci 2009;364:3081-92.

4. Rieder M, Choonara I. Armed conflict and child health. Arch Dis
Child 2012;97:59-62.

5. Sabes-Figuera R, McCrone P, Bogic M, et al. Long-term impact
of war on healthcare costs: an eight-country study. PLoS ONE
2012:7(1):¢29603.

6. Arbatov AG. The transformation of Russian military doctrine:
lessons learned from Kosovo and Chechnya, DTIC Document
2000.

7. Tapp C, Burkle Jr FM, Wilson K, et al. Iraq war mortality
estimates: a systematic review. Confl Health 2008;2:1-5.

8. Lutterbeck D. Arab uprisings, armed forces, and civil-military
relations. Armed Force Soc 2013;39:28-52.


http://refhub.elsevier.com/S2211-419X(15)00034-8/h0005
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0005
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0010
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0010
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0010
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0015
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0015
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0015
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0020
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0020
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0025
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0025
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0025
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0035
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0035
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0040
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0040

Libyan armed conflict 2011: Mortality, injury and population displacement

107

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Barany Z. Reforming defense lessons learned from Arab republics.
Strat Stud Quart 2013;2:46-69.

Hamdy A. Survey of ICT and Education in Africa: Libya Country
Report. World Bank, Washington, DC. World Bank. https://
openknowledge.worldbank.org/handle/10986/10666 (accessed 13
may 2015).

Clark N. Education in Libya. World Education News and
Reviews: World Education Services; 2004. http://www.wes.org/
ewenr/PF/04Jul/PFPractical.htm (accessed 13 may 2015).

Daw M, Elkhammas E. Libyan medical education; time to move
forward. Libyan J Med 2008;3:1-3.

Daw MA, El-Bouzedi A. Prevalence of hepatitis B and hepatitis C
infection in Libya: results from a national population based
survey. BMC Infect Dis 2014;14:17.

Weyland K. The Arab Spring: Why the surprising similarities
with the revolutionary wave of 1848? Perspect Polit
2012;10:917-34.

Dau AA, Tloba S, Daw MA. Characterization of wound
infections among patients injured during the 2011 Libyan conflict.
East Mediterr Health J 2013;19:356-64.

Laub K. Libyan estimate: at least 30,000 died in the
war. Associated Press (San Francisco Chronicle); 2011.

Levine AC, Shetty P. Managing a front-line field hospital in Libya:
description of case mix and lessons learned for future humanitar-
ian emergencies. Afrr J Emerg Med 2012;2:49-52.

Roberts L, Lafta R, Garfield R, et al. Mortality before and after
the 2003 invasion of Iraq: cluster sample survey. Lancet
2004;364:1857-64.

Mills EJ, Checchi F, Orbinski JJ, et al. Users’ guides to the
medical literature: how to use an article about mortality in a
humanitarian emergency. Confl Health 2004;2:9.

McCullagh P, Nelder JA. Generalized Linear Models, no. 37 in
Monograph on Statistics and Applied Probability. Chapman &
Hall; 1989.

Diggle PJ, Heagerty P, Liang KY, et al. The analysis of longitu-
dinal data. 2nd ed. Oxford: Oxford University Press; 2002.
Efron B. Bootstrap methods: another look at the jackknife. Ann
Stat 1979;1-26.

World Medical Association Ethics Unit. WMA Declaration of
Helsinki — Ethical Principles for Medical Research Involving
Human Subjects http://www.wma.net/en/30publications/10poli-
cies/b3/index.html (accessed 13 may 2015).

Themnér L, Wallensteen P. Armed conflicts. J Peace Res
2013;50:509-21.

Coutts A, Stuckler D, Batniji R, et al. The Arab spring and
health: two years on. Int J Health Serv 2013;431:49-60.
Creusvaux H, Brown V, Lewis R, et al. Famine in southern
Sudan. Lancet 1999;354:832.

Goma Epidemiology Group. Public health impact of Rwandan
refugee crisis: what happened in Goma, Zaire, in July 1994? Lancet
1995;345:339-44.

Centers for Disease Control and Prevention. Famine-affected,
refugee and displaced populations: recommendations for public
health issues. MMWR Morb Mortal Wkly Rep 1992:41:1-76.
Burnham G, Lafta R, Doocy S, et al. Mortality after the 2003
invasion of Iraq: a cross-sectional cluster sample survey. Lancet
2013;368:1421-8.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Hicks MH, Dardagan H, Guerrero Serdan G, et al. Violent
deaths of Iraqi civilians, 2003-2008: analysis by perpetrator,
weapon, time, and location. PLoS Med 2013;8(2):e1000415.
Spiegel PB, Salama P. War and mortality in Kosovo, 1998-1999,
an epidemiological testimony. Lancet 2000;355:2004.

Levy BS, Sidel VW. Adverse health consequences of the Iraq war.
Lancet 2013;381:949-58.

Perkonigg A, Kessler RC, Storz S, et al. Traumatic events and
post-traumatic stress disorder in the community: prevalence, risk
factors and comorbidity. Acta Psychiatr Scand 2013;101:46-59.
Daw MA, Dau AA, Elasifer H. Emergence of multi-resistant
Acinetobacter baumannii among Libyan military personnel during
recent Libyan conflict22nd European Congress of Clinical
Microbiology and Infectious Diseases, 31 March to 3 April
2012. London, United Kingdom: ESCMID; 2012.

Knudsen AJ, Strand A, Paasche E. War and migration. The
encyclopedia of global human migration. Blackwell Publishing Ltd;
2013.

Fargues P, Fandrich C. Migration after the Arab spring.
http://cadmus.eui.eu/handle/1814/23504 (accessed 13 May 2015).
Mainwaring C. In: Calleya S, Lutterbeck D, Wohlfeld M, Grech
O, editors. The face of revolution: the Libyan civil war and
migration politics in Southern Europe. The EU and political change
in neighbouring regions: lessons for EU’s interaction with the
Southern Mediterranean. Malta: Malta University Press; 2012.
Adepoju A. Issues and recent trends in international migration in
sub-Saharan Africa. Int Soc Sci J 2013;52:383-94.

Daw MA, El-Bouzedi A. Viral haemorrhagic fever in North Africa;
an evolving emergency. J Clin Exp Pathol 2015;5, 2161-0681.
International Medical Corps’ Mission: From Relief to Self
Reliance. http://internationalmedicalcorps.org/section/about/mis-
sion (accessed 13/05/2015).

Coghlan B, Ngoy P, Mulumba F, et al. Update on mortality in
the Democratic Republic of Congo: results from a third nation-
wide survey. Disaster Med Public Health Prep 2009;3:88-96.
Rasmussen AF. NATO after Libya: the Atlantic alliance in austere
times. Foreign Aff 2011;90:2.

Howorth J. CSDP and NATO post-Libya: towards the Rubicon.
Egmont Secur Policy Brief 2012;35:1-3.

Wallensteen P, Sollenberg M. Armed conflict, 1989-2000. J Peace
Res 2001;38:629-44.

Smith D. Trends and causes of armed conflict. Transforming
Ethnopolitical Conflict. Springer; 2004, Pp. 111-27.

Lyon D, Ball K, Haggerty KD. Routledge handbook of surveillance
studies. Routledge; 2012.

Obermeyer Z, Murray CJ, Gakidou E. Fifty years of violent war
deaths from Vietnam to Bosnia: analysis of data from the world
health survey programme. BMJ 2008;336:1482-6.

Gessner BD. Mortality rates, causes of death, and health status
among displaced and resident populations of Kabul, Afghanistan.
JAMA 1994;272:382-5.

Kaplan MS, Huguet N, McFarland BH, et al. Suicide among
male veterans: a prospective population-based study. J Epidemiol
Community Health 2007;61(7):619-24.

Hicks MH-R, Spagat M. The dirty war index: a public health and
human rights tool for examining and monitoring armed conflict
outcomes. PLoS Med 2008;5(12):e243.


http://refhub.elsevier.com/S2211-419X(15)00034-8/h0045
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0045
https://openknowledge.worldbank.org/handle/10986/10666
https://openknowledge.worldbank.org/handle/10986/10666
http://www.wes.org/ewenr/PF/04Jul/PFPractical.htm
http://www.wes.org/ewenr/PF/04Jul/PFPractical.htm
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0060
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0060
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0065
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0065
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0065
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0070
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0070
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0070
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0075
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0075
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0075
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0255
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0255
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0085
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0085
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0085
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0090
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0090
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0090
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0095
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0095
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0095
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0305
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0305
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0305
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0310
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0310
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0110
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0110
http://www.wma.net/en/30publications/10policies/b3/index.html
http://www.wma.net/en/30publications/10policies/b3/index.html
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0120
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0120
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0125
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0125
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0130
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0130
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0260
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0260
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0260
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0265
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0265
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0265
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0270
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0270
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0270
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0275
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0275
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0275
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0155
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0155
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0160
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0160
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0165
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0165
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0165
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0280
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0280
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0280
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0280
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0280
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0175
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0175
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0175
http://cadmus.eui.eu/handle/1814/23504
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0285
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0285
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0285
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0285
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0285
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0190
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0190
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0195
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0195
http://internationalmedicalcorps.org/section/about/mission
http://internationalmedicalcorps.org/section/about/mission
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0205
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0205
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0205
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0290
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0290
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0215
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0215
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0220
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0220
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0295
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0295
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0300
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0300
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0235
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0235
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0235
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0240
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0240
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0240
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0245
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0245
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0245
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0250
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0250
http://refhub.elsevier.com/S2211-419X(15)00034-8/h0250

	Libyan armed conflict 2011: Mortality, injury and population displacement
	African relevance
	Introduction
	Methods
	Results
	Discussion
	Conflict of interest
	Dissemination of results
	Author contributions
	Acknowledgements
	References


