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Abstract 

A violent series of conflicts in Angola took more than 500,000 lives and displaced more 

than one million persons between 1961 and 2002.  Although the conflict officially ended 

nearly a decade ago, Angolans continue to suffer the effects of this war through damaged 

and decaying infrastructure, social disruption and massive environmental devastation. The 

socio-environmental conditions that contribute to Angola's poverty, instability and lack of 

access to acceptable medical care, as well as many infectious diseases including malaria, 

are ubiquitous.  This research evaluated whether areas of past heavy conflict are 

experiencing conditions favorable for malaria in the present. We associated geolocated 

positions of violent events from the Armed Conflict Location and Events Dataset (ACLED) 

with a 2008 malaria survey from the Demographic and Health Surveys of USAID.  Overall, 

2,599 households representing more than 13,000 individuals were associated with 3,209 

conflict events. We tabulated the number and type of events within a 50km radius around 

each malaria survey cluster. Using a geographically weighted regression and a binary 

outcome of presence/absence of Plasmodium parasites for each individual in each survey 

cluster, we produced local estimates and p-values for the number of conflict events, 

controlling for household wealth, ownership of a bed net, altitude, population and 

urban/rural classification. Correlation and significance of conflict events on malaria 

outcomes varied considerably through space. Relationships between conflict events and 

malaria outcomes were insignificant in heavily populated areas near the major cities of 



Luanda and Huambo.  However, increasing number of conflict events was highly predictive 

of malaria outcomes in the southwest region of the country and in the rural regions 

between Huambo and Luanda. We conclude that increased conflicts are associated with 

malaria outcomes, but that this relationship is spatially heterogeneous. The effects of 

conflict on malaria appear to be mitigated in areas of post-civil war development. 

  



Introduction 

Angola has been at war almost continuously in some form or another since 1962.  Poor 

governance, mass exploitation and state-sponsored violence by the Portuguese 

government induced a series of violent conflicts between Portuguese colonial forces and 

several indigenous nationalist movements. Angola obtained independence from Portugal in 

1975 though it did not free itself from the specter of violence. The two major anti-colonial 

movements, the People's Movement for the Liberation of Angola (MPLA) and the National 

Union for the Total Independence of Angola (UNITA), would proceed to wage war against 

one another for control over the country. Developed world interest in resources, primarily 

diamonds along with major support from Cold War adversaries, the United States and the 

Soviet Union, financially supported the conflicts and allowed the violence to continue 

unabated for the next 27 years. By the time civil conflict officially ceased in 2002, more 

than a half a million people would be killed and nearly a million would be displaced, an 

incredible number in sparsely populated Angola. Small conflicts, state violence against 

civilians and civil disruptions have, however, continued to this day. 

The health and welfare of civilian populations which reside in conflict ridden areas 

are considerably worse than those which do not [1]. Conflict disrupts food production 

through displacement and insecurity which has devastating effects of both the ability of 

households to participate in the greater economy and individual nutrition[2]. Women and 

children suffer most under conflict situations. Women become targets of extreme violence, 

rape and sexual slavery[3]. Children suffer from nutritional deprivation[4], instability, and 
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educational opportunities are lost.  Psychological trauma and long lasting mental health 

problems are endemic in areas of high conflict.  

Infectious diseases often increase during or shortly after intense conflict.  HIV 

prevalence, for example, was shown to be higher in war-torn northern Uganda than in 

other parts of the country[5]. Indeed, the 27-year war in northern Uganda against the 

Lord’s Resistance Army has exacerbated HIV prevalence in the area due to abduction and 

rape of young girls. A lack of access to health services, family planning and anti-retroviral 

has resulted in one of the highest fertility rates in the world and disproportionately high 

maternal-infant HIV transmission[6]. Warfare in Colombia has resulted in increased 

numbers of leishmaniasis and Chagas disease infections in the civilian population, 

primarily though poor housing conditions and lack of access to health care[7]. Warfare and 

conflict are associated with a rise in a number of infectious diseases such as TB, yellow 

fever, lymphatic filiarisis and a host of others[8, 9]. Conflict in Ethiopia has been associated 

with delay in treatment seeking for TB[10].The sum total of the devastating results of 

warfare result not only in increased numbers of present cases, but also increased 

opportunities for transmission, hampering future control efforts. Our understanding of 

how conflict and post-conflict changes have affected infectious disease transmission is 

woefully inadequate [11], particularly for malaria. Areas of instability are ripe for diseases 

such as malaria. A break down in health services and a lack of available health workers 

compromise efforts to provide prompt treatment to those suffering from infection, 

increasing the likelihood of severe disease and community transmission[12]. Malnutrition 

increases susceptibility to infection and exacerbates symptomatic disease. After the conflict 

in the Ivory Coast in 2002-2003, for example, inadequate housing inhibited efforts to 



provide prevention through distribution and promotion of insecticide treated bed nets 

(ITNs)[13]. Community disruption eliminates attention to vector control by treating water 

sources and the eradication of potential breeding sites. Hypothetically, areas that are 

proximal to sites of numerous conflict events should have a higher prevalence of malaria 

infection than areas which saw few or no conflict events, when controlling for potential 

confounding factors. The study which inspired our present research, however, found 

evidence to suggest the opposite in the context of the conflict in the Democratic Republic of 

Conga, namely that areas of heavy conflict have lower prevalences of malaria[14].   

Health services in Angola outside of Luanda collapsed during the war[15]. Only a 

third of the population had any access to health care in the years post 2002. Spending on 

health has increased in recent years, though the country still lacks sufficient numbers of 

health professionals[16]. Health services are improving in urban areas, particularly in 

Luanda, though rural regions outside the city are still underserved. Rural areas outside 

Luanda still experience higher malaria incidence and less options for treatment than those 

within[17]. Malaria care at public health facilities in Huambo province are also improving 

but facing incredible challenges due to weak infrastructure, insufficient funding and human 

resource shortages[18]. For the rural poor there are few options for malaria treatment 

other than low-quality, sometimes counterfeit medications available from private and 

illegal vendors[19]. 

We have created a conceptual framework of malaria outcomes after a period of 

heavy conflict to disentangle the possible causal pathways of conflict on disease (Figure 2). 

Conflict events result in immediate effects to the health and welfare of civilians, though the 



process which leads to long term malaria transmission is complex and multi-faceted. 

Proximal effects of conflict events are the disintegration of communities, the mass 

disruption of economic activity, market networks which transport goods, and public 

infrastructure such as schools and municipal health services. The surrounding 

environment is degraded through the destruction of agricultural fields, the contamination 

of soil and water along with deforestation through fire and/or use of wood for heating fuel. 

Secondary effects are displacement of civilians to escape dangerous environments or to 

obtain food, economic disruption and the breakdown of the ability to trade in order to 

receive goods to survive, and a cessation of the provision of health and treatment services, 

either through a public system or private vendors.  

These factors lead to what we conceive as three important outcomes for the 

creation or maintenance of community malaria transmission: 1) residence or relocation to  

areas where Anophelene mosquitos are present without which malaria transmission 

cannot occur, 2) declines in nutritional resources or physiological health with which to 

fight infection and reduce severity of disease, and 3) a lack of access to malaria treatment 

which would reduce the amount of time that humans can transmit to mosquitoes and 

complete the cycle of malaria transmission. Any modification to any one of these factors 

will change the nature of transmission, either mitigating or exacerbating intensity. The 

presence of conflict events in our conceptual models influences the nature of these three 

factors to create conditions favorable to infection. 

To evaluate the associations between historical conflict patterns and that of 

contemporary malaria incidence in Angola, we analyzed data from various sources to 



answer two major questions. First, we seek to determine whether there an association 

between past conflict events and current malaria outcomes. Second, we wish to explore the 

spatial nature of this association, recognizing that the spatial distribution of neither malaria 

nor conflict is uniform over the map of Angola. Finally, we will discuss the results in the 

context of our conceptual framework. 

Methods 

Malaria Data.  In 2008, the USAID sponsored Demographic and Health Survey 

undertook a broad malaria assessment of the entire country of Angola. A total of 2,899 

households were surveyed in 120 clusters representing more than 13,000 individuals of 

various ages, both genders, and diverse locations and socio-economic positions. Surveys of 

all households and individuals in each cluster were located through a single geographic 

coordinate; the exact locations of households are unknown. The DHS records demographic 

information for each individual such as age, gender, education and marital status, along 

with household characteristics such as possession of material goods and home 

construction. Most salient, the DHS tested each individual entered into the survey for 

malaria using an in-field rapid diagnostic test (RDT) for presence of Plasmodium parasites. 

We combined individual data into a household-level summary of either no residents, or at 

least one resident who tested positive for infection. This suggests that the presence of any 

household member with malaria represents risk for other household members as well.  

Conflict Data.  The Armed Conflict Location and Event Database (ACLED)[20] 

collects the date, type and GPS location of conflict events from newspaper and web news 

reports throughout the world. Presently, the database contains data for 50 countries from 



1997 to the present. We used data on conflict events in Angola from January 1997 through 

March 2002. Conflict in Angola began in the early 60’s, but data were only available for the 

five-year period before the cessation of hostilities. Conflict events were relatively few 

starting at the beginning of 1997 (Fig. 1), steadily increased through ~1999, then declined 

until 2002. This appears to represent the most recent and serious wave of the Angolan 

conflict, and potentially the one with the most serious impacts on current human health. 

The total number of conflict events within a 100km radius of the survey cluster was 

calculated and added to the DHS database.  Additionally, counts of the different conflict 

event classifications were noted as well, and added to the DHS database.  

Environmental and Population Data.  We obtained elevation data from DIVA-

GIS[21] and recorded the altitude of each geolocated survey cluster. Percent of the 

surrounding area of each survey cluster that was either water or marsh was extracted from 

land use land cover data (LULC) using the Global Land Cover 2000 classification system. 

Population data was obtained from the AfriPop project [22]and calculated average 

population density within a 100km radius of each survey cluster. 

Statistical analyses.  Using a binary measure for presence/absence of Plasmodium 

parasites (a proxy for malaria) in one or more member of each of the households as an 

outcome, we used a logistic regression procedure to determine global significance and 

direction of associations between malaria and number of conflict events within a 100km 

radius of each cluster.   Possession of ITNs, household wealth, the number of children 

under 5 in the household and altitude of cluster point were extracted from the data set for 

use as potential confounding covariates. To obtain local estimates and odds ratios of these 



variables, we use a logistic geographically weighted regression procedure and then 

mapped the results using a GIS. Geographically weighted regression differs from traditional 

regression procedures in that it creates a regression model for each location, based on the 

values of the surrounding locations.  We used a bivariate-adaptive weighting method, 

giving more strength to those locations closest to the household of interested and less 

strength to those far away. In addition to generating estimates and p-values for each 

location, we are also able to evaluate correlations and the visually determine the direction 

of the relationship between outcomes and predictors. 

Results 

Overall, 17% (N= 442) of all households had at least one household member who 

tested positive for malaria, with considerable spatial variation.  There were 3,209 conflict 

events of varying types.  On average, 132 conflict events occurred within 100km of each 

household. Significantly more conflict events (Avg. = 145) occurred near malaria-positive 

households than conflict events (Avg. =128) near malaria-negative households (p=.033).  

The most impoverished of the sample experience the highest burden of disease. 23% of the 

poorest households had at least one infected individual vs. 5% for the wealthiest. Moreover, 

the relationship of malaria to socio-economic status was graded along categories of wealth. 

Similarly, the poorest of households experience the highest numbers of total conflict events 

while the wealthiest experience the lowest  (See figure 3). Conflict events were spread 

throughout the entire country, though certain areas experienced disproportionately high 

levels of violence. Large, urban areas such as Luanda and Huambo had high numbers of 

conflict events, though the highest number of conflict events were in areas near Malanje 



and Camacupa. Based on this survey, we created an interpolated map to illustrate the 

distribution of malaria and conflict throughout Angola. Malaria infection is low in urban 

areas, while quite high in remote rural regions, particularly in the region between Huambo 

and Luanda (Fig. 2). Areas in the southwest coastal region had low levels of malaria and a 

low number of conflict events.   

Univariate associations.  Increased numbers of conflict events were associated 

with increased odds of at least one household member testing positive for malaria (Table 

1). Increasing material wealth had a negative and graded association with malaria 

infections. Rural households had the highest odds of having an infected household member.  

Curiously, possession of an ITN was associated with increased odds of having malaria. The 

odds of having malaria for each increase of 10 conflict events was 1.1. Though the effect 

appears small, we stress the cumulative effects of increasing levels of conflict. A household 

proximal to 100 conflict events has 2.5 times the odds of having malaria than household 

that experience no conflict events. 

Multivariate analysis.  We evaluated a multi-variable model with all variables and 

an interaction between household wealth and conflict events, as wealth may increase the 

ability to recover from nearby conflict. For the interaction, poorer households that lacked 

material means to improved housing, nutrition and access to health services might be less 

likely to display gains in health post conflict compared to wealthier households. Thus, 

wealthy households would likely return more quickly to healthy conditions after conflict 

cessation, overshadowing any excess risk caused by greater nearby violent events.  

Accounting for other factors, the odds of having malaria increased by 1.15 times. Likewise, 



accounting for other factors, the odds of having malaria in households that were 

surrounded by 100 conflict even were 4.04 times that of households which had none. Poor 

and middle income households were more likely to have malaria than the poorest of 

households in the multivariate model. Strangely, the odds of malaria in the wealthiest of 

households  did not differ significantly from that of the poorest households. 

Geographically Weighted Regression.  Odds ratios and significance of the association of 

conflict events on malaria varied over geographic space (Figure 5). The black and white 

chloropleth interpolation on the map illustrates the correlation of conflict events with 

malaria. Conflict events and malaria in the urban areas of Luanda and Huambo were 

negatively correlated, though odds ratios were not significant. In the peripheral areas 

between Huambo and Luanda and toward the coastal region of the southwest, associations 

were positively correlated and odds ratios were highly significant. The strength of the 

association increased with increasing distance from an urban area. Increasing number of 

conflict events were associated with increasing odds of having malaria in areas distal an 

urbanized region. 

Discussion 

Studies of the effects of conflict on human health are insufficient in number and 

lacking in scope. Data collection in sub-Saharan Africa is challenging in even the most 

stable of conditions. In conflict zones, it is nearly impossible to gather accurate and 

complete data due to a lack of communication infrastructure, health services and the 

difficulty of insuring the safety of research teams. Most studies to date have relied on 

interviews with displaced persons fleeing zones of conflict or data collected after armed 



events have ceased, as in the DHS MIS survey we have used here. Even with extensive 

survey like the DHS MIS, data relevant to assessing the health profile of populations is 

subject to difficulty in measurement due to the multi-pronged (as our conceptual model 

shows) nature of war induced disruption[23]. Data on the conflict events themselves do not 

have this limitation, due to the widespread presence of local and global media as the ACLED 

database proves. Nevertheless, our study demonstrates that successful data analysis that 

develops new insights can be undertaken using freely available data sources such as that 

available from the DHS and ACLED. 

Our analysis is post-conflict and complicated by the fact that the DHS survey was 

performed nearly six years after the Angolan conflict ceased.  Our goal was to show 

evidence for a causal relationship between past conflict events and current malaria. There 

is no way of knowing, however, whether the households surveyed were residing in the 

same areas at any point during the conflict. Huambo, for example, had one of the highest 

levels of displacement throughout the Angolan Civil War, but many have returned since 

fighting ceased in 2002. Regardless, we find the results compelling and worthy of further 

study. We found a global relationship between proximal conflict events and household 

malaria, which matched the direction, hypothesized and found that both conflict events and 

malaria were inversely associated with material wealth. The poorest of households are the 

most vulnerable to malaria infection and to past conflict events. One can assume, then, that 

reconstruction efforts have not benefitted these efforts, that environmental dangers such 

as the presence of landmines still plague poor areas or that the worst and most imperished 

of areas were the most likely to experience battle.  



Reconstruction after reestablishment of peace, however, has been rather slow. 

Public health services to this day are woefully inadequate to meet the needs of a largely 

poor population. The subsequent oil boom and unprecedented levels of economic growth 

that show no signs of abatement have resulted in incredible benefits for urban Angolans, 

but these benefits have yet to trickle down to the rural poor. Health services in urban areas 

are largely privatized and of sufficient quality for those that can afford them.  However, 

poor rural areas still lack access to even the most basic of health services.  

Malaria is holoendemic and responsible for an estimated 60% of child deaths in 

Angola[24]. While malaria was likely historically less prevalent in the high altitude region 

of Huambo, there is nothing to suggest that transmission did not occur during the worst 

years of conflict. Our results show not only the destructive effects of warfare on human 

health, but also provide evidence for the success of Angolan reconstruction. Statistically, 

there was little evidence to suggest that conflict events and malaria were related in the 

urban regions of Huambo and Luanda, though the direction of association was positive. 

This may be the result of the large amount of resources injected into these worst-affected 

areas of the Angolan Civil War. The relationship between current malaria and past conflict 

was quite strong in the rural regions. Our results, however, suggest that the massive 

economic capital concentrated in urban areas has obscured some of the effects of war, but 

that these effects have yet to reach the poor countryside.   

Our regression results indicated first, that the interaction of household wealth and 

conflict events was more protective of poor and middle-wealth groups compared with the 

very poorest. Sedone, the interaction of conflict events and wealth among the most affluent 



groups were statistically insignificant. The first result indicated that progressively more 

affluent households were shielded from the negative effects of past-conflict events, and 

likely have benefitted from Angola’s economic resurgence. The second result, likely due to 

the powerful effect of the urban/rural divide. Individual household wealth was likely less 

important than the phenomena of living in the context of wealth, a benefit the rural poor 

did not have. 

Research into post-conflict health presents special needs and opportunities for 

epidemiologists, social scientists and medical investigators. The devastatingly bloody wars 

in Iraq, Afghanistan, the DRC and Somalia present not only an opportunity to add to the 

body of evidence revealing the terrible consequences of war, but inform the nature of social 

disparities of displacement and reconstruction. As formerly war-torn states in sub-Saharan 

Africa such as Angola, Uganda, and, most recently, Sierra Leone and the Ivory Coast emerge 

as economic players on world stage, underlying disparities between the urban rich and the 

rural poor will emerge.  
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Table 1 

Malaria 442 17.01% 

ITN 912 35.09% 
Household 
Wealth 

  Poorest 849 32.67% 

Poorer 570 21.93% 

Middle 439 16.89% 

Richer 367 14.12% 

Richest 374 14.39% 

Altitude (mean) 
 

804.7 m 
Population 
(mean) 

 
7,957 

  



 

Table 2.   

Association of household-level malaria presence with the number of conflict events and 

various other predictors.  Interactions between number of conflict events and relative 

measure of wealth are also show. 

 
Univariate Multivariate 

 
OR (CI)+ p-value 

 
OR (CI) p-value 

 Intercept 
   

0.11 (0.07, 0.18) <.0001 *** 

Number of Conflict Events 1.1 (1.01,1.18) 0.026 * 1 .15(1.03, 1.28) 0.013 * 

Household Wealth 
      Poorest Ref 

     Poor 1.02 (0.77,1.34) 0.85 
 

1.61 (1.09, 2.36) 0.016 * 

Middle 0.50 (0.27, 0.52) <.0001 *** 1.79 (1.05, 3.06) 0.033 * 

Richer 0.21 (0.13, 0.34) <.0001 *** 0.52 (0.21, 1.29) 0.157 
 Richest 0.17 0(.11, 0.29) <.0001 *** 2.39 (0.61, 9.33) 0.211 
 Rural (vs. Urban) 5.15 (3.91, 6.78) <.0001 *** 3.87 (2.5, 6) <.0001 *** 

Possess at least one ITN 1.49 (1.20, 1.85) <.0001 *** 1.51 (1.18, 1.92) 0.001 ** 

       Conflict Events*Wealth 
      Poorest 
   

Ref 
  Conflict Events*Poor 

   
0.82 (0.69, 0.98) 0.026 * 

Conflict Events*Middle 
   

0.67 (0.5, 0.91) 0.010 * 

Conflict Events*Rich 
   

1.45 (0.77, 2.75) 0.251 
 Conflict Events*Richest 

   
0.24 (0.05, 1.06) 0.060 

   



Figure Legends 

 

Figure 1.  Time series of conflict events in Angola, 1997-2002. From the ACLED database. 

 

Figure 2.  Conceptual model of conflict as a determinant of malaria. 

 

Figure 3.  Mean number of conflict events by socio-economic group. Size of bubbles is 

proportional to the percentage of each socio-economic group that tested positive for 

malaria. 

Figure 4. Armed conflict events (red) with malaria survey clusters (white). Chloropleth 

interpolation of malaria prevalence in surveyed households. 

Figure 5. Results of Geographically Weighted Regression. a) Odds ratios of conflict events 

on positive malaria tests at local households. Background interpolation represents areas of 

statistical significance. b) Correlation coefficients between conflict events and positive 

household malaria. Chloropleth interpolation of correlation between conflict events and 

malaria outcomes. 

 

 



Figure 1 Time series of weekly conflict events in Angola 1997-2002 

 

  



Figure 2 Conceptual model of conflict as a determinant of malaria. 

 

   



Figure 3: Mean number of conflict events by socio-economic group. Size of bubbles is proportional to the percentage of each 
socio-economic group that tested positive for malaria.  

 

 



Figure 4: Armed conflict events (red) with malaria survey clusters (white). Chloropleth interpolation of malaria prevalence in 
surveyed households. 

 

Figure 5  



Figure 6: Results of Geographically Weighted Regression. a) Odds ratios of conflict events on positive malaria tests at local 
households. Background interpolation represents areas of statistical significance. b) Correlation coefficients between conflict 
events and positive household malaria. Chloropleth interpolation of correlation between conflict events and malaria 
outcomes. 

  
 

 


