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Abstract

A growing body of literature indicates that the mental distress experienced by survivors of war is a
function of both experienced trauma and stressful life events. However, the majority of these
studies are limited in that they 1) employ models of psychological distress that emphasize
underlying latent constructs and do not allow researchers to examine the unique associations
between particular symptoms and various stressors; and 2) use one or more measures that were not
developed for that particular context and thus may exclude key traumas, stressful life events and
symptoms of psychopathology. The current study addresses both these limitations by 1) using a
novel conceptual model, network analysis, which assumes that symptoms covary with each other
not because they stem from a latent construct, but rather because they represent meaningful
relationships between the symptoms; and 2) employing a locally developed measure of
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experienced trauma, stressful life problems and symptoms of psychopathology. Over the course of
2009 to 2011, 337 survivors of the Sri Lankan civil war were administered the Penn-RESIST-
Peradeniya War Problems Questionnaire (PRPWPQ). Network analysis revealed that symptoms of
psychopathology, problems pertaining to lack of basic needs, and social problems were central to
the network relative to experienced trauma and other types of problems. After controlling for
shared associations, social problems in particular were the most central, significantly more so than
traumatic events and family problems. Several particular traumatic events, stressful life events and
symptoms of psychopathology that were central to the network were also identified. Discussion
emphasizes the utility of such network models to researchers and practitioners determining how to
spend limited resources in the most impactful way possible.

Keywords
Network analysis; Sri Lanka; war survivors; daily stressors; trauma; war trauma

There are currently 65.3 million people who have been displaced by violent conflict and
humanitarian disasters, the largest number since the mid-1990s (United Nations High
Commission for Refugees, 2016). Numerous studies have documented that refugees and
other displaced populations suffer from high rates of emotional distress, which stem from
their experience of war trauma (e.g., Neuner & Elbert, 2007) and other stressors related to
forced displacement (for a review, see Fazel, Wheeler, & Danesh, 2005). However, there
remains a lack of consensus among practitioners and researchers who work with conflict-
affected populations on how best to conceptualize and address their mental health needs (van
Ommeren, Saxena, & Saraceno, 2005). Practitioners in the field have observed a wide
variety of patterns of stressors and distress across different war-affected populations (e.g.,
Jones & Kafetsios, 2002). Conversely, researchers have typically conceptualized the
relationship between stressors and distress as a more limited stressors-distress equation, in
which each side of the equation is typically collapsed into a small number of constructs.
Stressors are usually operationalized as a set of composite causal indicators (usually scores
on a traumatic event checklists, but increasingly inclusive of other types of stressors), and
distress usually a set of latent variables reflected by responses to psychological symptom
items (often scores from posttraumatic stress disorder [PTSD] or depression questionnaires)
on the other. The current study takes a relatively novel approach to this problem,
conceptualizing and visualizing traumatic events, other stressors, and distress as nodes in a
network of problems. Although the visualization of data points in multidimensional space
has a number of time-testing precedents (e.g., Smallest Space Analysis; Guttman, 1968), in
psychology network approaches are relatively new (Armour, Fried, Deserno, Tsai &
Pietrzak, 2017; Boorshoom & Cramer, 2013; McNally, 2012); only one previous study has
included both stressors and distress in a network model within a war-affected population (De
Schryver, Vindevogel, Rasmussen & Cramer, 2015).

Conceptualizing psychological symptoms as reflecting underlying latent constructs has
several drawbacks. First, these models rest on the assumption that symptoms reflect
underlying latent constructs, and therefore do not allow researchers to examine the unique
associations between particular stressors and particular symptoms (or even sets of
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symptoms). Second, latent constructs are indicated by sets of symptoms, which means that
symptoms that are not correlated with others will be excluded—without regard for
potentially important bivariate associations with stressors (Layne, Olsen, Baker, Legershi,
Isakson, et al., 2010). This situation limits the variability that can be observed on the
emotional distress side of the stressor-distress equation, not allowing for the full range of
potential patterns reported by practitioners in the field. Finally, latent variable models also
violate basic statistical assumptions concerning the local independence of their indicators
(Boorshoom & Cramer, 2013).

As a solution to violation of local independence in latent variable models, several
researchers have proposed that sets of symptoms be modeled as causal networks of concrete
indicators (Boorsboom & Cramer, 2013). Network approaches assume that symptoms are
variables that indicate only themselves. This does not preclude the discussion of broader
psychological constructs—e.g., diagnoses—but rather posits that these broader constructs
are best conceptualized as sets of autonomous phenomena (i.e., symptoms) arranged in
networks of problems, perhaps even as causal chains of such problems (Schmittmann et al.,
2013). For example, PTSD might be conceptualized as a set of symptoms meaningfully
related to one another—e.g., trauma-related nightmares causing sleep difficulties which in
turn cause anger or irritability—rather than in a somewhat vague association between
intrusion, avoidance, negative alterations in cognitions and mood, and hyperarousal
(McNally, 2012; McNally et al., 2015). Notably, modeling sets of symptoms as causal
networks better reflects much short-term clinical practice, in which clinicians focus on
alleviating symptoms that seem to be at the root of other symptoms.

In network models of psychological distress, each symptom is a node, and covariance
between symptoms is represented as ties between nodes. Ties may be binary (i.e., symptoms
covary or do not) or weighted according to the strength of their covariance. Association
networks are based on correlations between nodes, and concentration networks on partial
correlations in order to account for background association between nodes in association
networks (McNally, 2012). Nodes’ prominence within networks is observed by calculating
their centrality. Centrality refers to a related set of measures that capture information about
the roles of individual nodes in the network and involves the number, weight, and pattern of
ties associated with each node. If an individual endorses a particular node that is central,
then the probability of that individual endorsing other nodes is greater than if the individual
endorses a node that is peripheral to the network (Fried et al., 2017). Visualizing networks
allows researchers to note relative placements of nodes, which indicate central or peripheral
roles within networks.

If we accept that both sides of the stressors-distress equation can be composed of diverse
and autonomous conceptual entities, it is not a stretch to conceptualize a causal network
between these entities. In other words, consistent with social ecological models in
psychology (e.g., Bronfenbrenner, 1977, Moos, 1984), a network approach allows various
traumatic events, other stressors and symptoms to be linked to one another, illustrating
patterns that may better reflect individuals” emotional experience of distress in the context of
traumas and other stressors. De Schryver and colleagues (2015) argued for such an approach
and have provided the only demonstration to date of how network analysis can identify
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relationships between traumatic events, stressors and symptoms. De Schryver et al. (2015)
examined ties between stressful wartime events, daily stressors, and PTSD symptoms in a
conflict-affected Ugandan sample. Their network revealed that although symptoms clustered
closely together on one side in a subnetwork and stressful wartime events and daily stressors
clustered closely on the other, there were several important intermediary nodes connecting
the two subnetworks. In addition, there was considerable variety in centrality, with traumatic
wartime events and daily stressors having greater centrality on average than symptoms.

Network science findings so far are consistent with several established theoretical
approaches describing how multiple types of losses and stressors result in multiple forms of
distress. The most prominent of these is Conservation of Resources (COR) theory (Hobfoll,
1989; 2001), which proposes that stress results from perceived loss or potential loss. If one’s
losses are large—as is often the case among survivors of war—then one has fewer remaining
resources that could be used to protect against further loss. COR theory predicts that losses
(and trauma, which often represents loss) often interact in loss spirals, i.e., cascading
stressors that result in considerable psychological distress (Hobfoll, 2001). COR theory has
substantial support in war-affected populations, including Sri Lanka (e.g., Mattock, 2005;
Siriwardhana et al., 2013, Somasundaram & Sivayokan, 2013; Witting, Lambert, Wickrama,
Thanigaseelan, & Merten, 2016). Other similar theories with empirical support include the
daily stressors model, in which the effects of war-related trauma on psychological distress
are mediated and moderated by frequent stressors and stressful conditions (Miller &
Rasmussen, 2010; 2014; 2017). It is not our intention in the current study to somehow
propose new theory via network science, only to present findings using alternative methods.

In the current study, we applied network science methods to understand how war trauma,
daily stressors and symptoms of mental distress interacted to create local networks of
problems in survivors of the Sri Lankan civil war (E. Jayawickreme, Jayawickreme, &
Miller, 2010). The war, which lasted from 1983 to 2009, was fought primarily between the
armed forces of the Sri Lankan government and the Tamil separatist group, the Liberation
Tigers of Tamil Eelam (LTTE) and resulted in the deaths of at least 100,000 people and the
displacement of a further 800,000 (Vhurumuku, Nanayakkara, Petersson, Kumarasiri, &
Rupasena, 2012). Civilians caught in the conflict experienced devastating losses, including
shelling, aerial bombardment, food and water shortages, loss of shelter, loss of employment,
loss of material goods, rape, torture, and forced recruitment into the LTTE (Harrison, 2012).
Seven years after the end of the war, over 45,000 internally displaced individuals remain in
Sri Lanka, many living in desperate conditions (United Nations High Commission for
Refugees, 2016).

In the current study, symptoms of psychological distress, experienced war trauma and daily
stressors were assessed using a locally developed measure, the Penn-RESIST-Peradeniya
War Problems Questionnaire (PRPWPQ; Jayawickreme, Jayawickreme, Goonasekera, &
Foa, 2009; Jayawickreme, Jayawickreme, Atanasov, Goonasekera, & Foa, 2012). Compared
to standard instruments developed in the Western world, local measures that incorporate
local idioms of distress as well as traumatic events and daily stressors that are unique to that
particular setting allow for a more sensitive and accurate assessment (Jayawickreme et al.,
2012; Bolton & Tang, 2002). While other studies examining the relationship between
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experienced trauma, daily stressors and symptoms of psychological distress have used local
measures to measure at least one of these variables (e.g., Fernando, Miller, & Berger, 2010;
Rasmussen et al., 2010), none have thus far used measures comprised of local idioms to
measure all three. Thus, the current study aims to expand our understanding of the dynamic
relationship between experienced traumatic events, daily stressors and symptoms of
psychological distress in post-war settings by using network analysis and measures
developed specifically for those settings.

Method

Participants

Participants were 337 Sri Lankan Tamil survivors of war who received psychosocial
assistance from the Family Rehabilitation Center (FRC), a local nongovernmental
organization. Data were collected over the course of 2009 through to 2011from FRC clinics
in Jaffna, Batticaloa, Trincomalee, Vavuniya, and Nallur. These were all areas that were
greatly impacted by the civil war. Participation in the study was voluntary and participants
were paid 100 Sri Lankan rupees (approximately 75 U.S. cents) in compensation. The
average age of the survivors was 43.41 years (SD = 13.7). Of the participants, 185 were male
(54.9%), 149 were female (44.2%) and three did not report their gender (0.9%).

All procedures were approved by the Institutional Review Board at the University of
Pennsylvania, Philadelphia, PA, United States, and by the Ethics Committee at the
University of Peradeniya, Sri Lanka

Measure

Demographic Form—Participants completed a demographics form that included
questions about participants’ ethnicity, gender and age.

The Penn/RESIST/Peradeniya War Problems Questionnaire (PRPWPQ);
Jayawickreme et al., 2009, 2012)—The PRPWPQ is a Tamil language questionnaire
that assesses a wide range of war-related problems experienced by Sri Lankans living in the
North and East of the country. The questionnaire was developed through the coding of 604
individual interviews conducted in North-Eastern Sri Lanka (see Jayawickreme et al., 2009
for more details on measure development).

The PRPWPQ is comprised of three sections that measure 1) Trauma Exposure, 2) War-
Related General Problems and 3) War-Related Psychological and Behavioral Problems
(WRPBP). The Trauma Exposure section consists of two sub-sections, torture and other war
trauma, and focuses on 22 different traumatic experiences (see Table 1). The War-Related
General Problems section consists of five sub-sections: family problems (20 items),
economic problems (10 items), social problems (26 items), lack of basic needs (9 items) and
physical problems (19 items). The WRPBP section consists of three sub-sections: anxiety,
depression and negative cognitions. In the Trauma Exposure section, participants indicate
whether they have experienced the trauma in question, and if so, indicate the number of
times they had experienced that trauma. In the War-Related General Problems section,
participants indicate whether or not they have the problem in question. In the WRPBP
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section, participants rate the severity of problems ranging from 1 (not at all) to 4
(extremely). The questionnaire mostly included culturally specific expressions of general
anxiety and depression symptoms (e.g., “Inability to make decisions [not knowing what to
talk & what not to talk]”) as well as a few unique idioms of distress (e.g., “Not being able to
work with a peaceful mind”). These items are grouped into three sub-scales: an Anxiety
subscale and two depression subscales named Depression and Negative Perception (see
Jayawickreme et al., 2012 for how these subscales were identified). Only the Anxiety and
Depression subscales have been shown to predict functional impairment in this population
(Jayawickreme et al., 2012), so the Negative Perception subscale was not used in the current
study.

A number of PRPWQ items that represent similar phenomena were collapsed together to
create composite variables. For the trauma and stressful event variables, new binary
composite variables were created; for example, “Being dependent on relatives” and “Being
dependent on wife” were transformed into a new composite variable, “Dependent on
Family.”) For symptoms of psychopathology, the mean score of similar items was calculated
to create a new composite variable. A total of 68 individual items were collapsed into 25
new composite variables. For a list of composite variables and the individual items that they
are comprised of, see Supplementary Table 1. Further, in order to aid interpretation of the
networks, variables that were endorsed by fewer than 30 participants (9% of the sample)
were not incorporated in the network analyses.

Data Analysis

Percentage of individuals who experienced specific traumas, stressful life
events and symptoms of psychopathology—We calculated the percentage of
individuals who experienced specific traumas, stressful life events and symptoms of
psychopathology as measured by the PRPWPQ. For the purposes of describing percentage
endorsement only, participants who endorsed specific symptoms on the WRPBP section of
the PRPWPQ as either “quite a bit” (a score of 3) or “extremely” (4) were considered to
have that particular symptom. Means and standard deviations for symptoms on the WRPBP
section of the PRPWPQ were also calculated.

Association network—In an association network, each edge represents the zero-order
correlation between two nodes. We created a matrix of zero-order correlations that reflected
Pearson correlation coefficients between all stressful life events, traumatic events, and
symptoms of psychopathology and used the R package ggrap/ (Epskamp, Cramer, Waldorp,
Schmittmann, & Borsboom, 2012), to create a visualization of this network. Stressful life
events, traumatic events, and symptoms of psychopathology were nodes in the network, and
zero-order correlations between variables were ties (i.e., edges) connecting nodes. The
Fruchterman and Reingold (1981) algorithm within ggraph placed nodes with stronger
correlations between them closer to the center of the network and nodes with weaker
correlations further from the center. Due to the large size of the network and consistent with
previous work (McNally et al., 2015), we suppressed correlations with effect size less than r
=.30| from the visualization.
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Concentration network—In a concentration network, edges depict partial correlations,
i.e., correlations between nodes after statistically controlling for all other associations in the
network. These networks can illuminate potential causal pathways between nodes (Epskamp
& Fried, 2016) and have increasingly been used to model symptoms of psychopathology
(Armour et al., 2017; McNally et al., 2015). However, these networks include very small
partial correlations between nodes—false positives that are not likely to represent potential
causal pathways. In order to reduce the number of these edges, we used the graphical least
absolute shrinkage and selection operator (GLASSO) procedure (Tibshirani, 1996) in R
package ggraph - a newly established approach for reducing small edges to zero (Epskamp
& Fried, 2016), We estimated partial correlations between all stressful life events, traumatic
event types, and symptoms using the /avaan package in R which detects ordinal and
continuous variables and calculates Pearson, polychoric, and polyserial correlations as
appropriate. We set the EBIC hyperparameter to 0.5, which is recommended in order to
create a more parsimonious network with greater specificity (Barber & Drton, 2015). The
Fruchterman and Reingold (1981) algorithm again placed nodes with stronger correlations
between them closer to the center of the network. To assess the accuracy and stability of this
network using procedures described by Epskamp, Borsboom, and Fried (2016), we utilized
the R package bootnet (Epskamp, 2015). To assess the accuracy of the network edges, we
computed 95% confidence intervals of the edges using bootstrapping techniques. To assess
stability of the centrality indices, we compared centrality values derived from the original
sample to centrality values derived from increasingly smaller bootstrapped subsamples. This
also allows calculation of a correlation stability coefficient, which indicates the highest
proportion of cases that can be dropped from the sample while preserving a correlation of -
= 0.70 or greater between the original and bootstrapped centrality indices.

Node centrality—We used the R package ggraphto measure three types of centrality for
each node within both association and concentration networks: betweenness, closeness, and
strength. Betweenness represents how often a node falls on the shortest path between pairs
of nodes in the network—i.e., the degree to which a given problem, event, or symptom
connects other problems, events, or symptoms. Closeness represents the inverse of the mean
shortest distance between a particular node and all other nodes in the network—i.e., the
greater the closeness, the greater the proximity between a particular problem, traumatic
event, or symptom and all other problems, events, and symptoms. Strength represents the
sum of correlations between a node and adjacent nodes—i.e., a measure of the number and
magnitude of edges connected to the node. Centrality values were normalized on a scale of
0-1 to facilitate interpretation.

Trauma Exposure

The percentage of participants who experienced specific traumatic events can be found in
Table 1. Commonly experienced traumas included witnessing the injury of loved ones
(47.5%), witnessing the death of loved ones (44.5%), torture (38.9%), and being imprisoned
(35.9%).
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Stressful Life Events

The percentage of participants who experienced specific stressful life events can be found in
Table 2. The vast majority of participants indicated having economic problems, with all six
of the items pertaining to this set of problems being endorsed by at least 73% of participants
or more. Furthermore, a majority of participants indicated experiencing a lack of five out of
the nine assessed basic needs (i.e., clothes, rights, medical help, food and security).
Common family problems included strain caused by family members (54.9%), insufficient
support from relatives (48.7%), child care stress (48.4%) and no steady life because of duties
towards family (46.6%). Common social problems included fear of death (65.6%), inability
to travel (63.5%), stress due to relocation (58.2%), being alone (55.8%), fear of being
kidnapped (49.3%), and not being able to talk freely (46%). Common physical problems
included aches (73.3%), headaches (64.4%) and shivering (41.8%).

Symptoms of Psychopathology

Node Type

The percentage of participants who endorsed specific symptoms of psychopathology as well
as the means and standard deviations of those symptoms can be found in Table 3. Symptoms
of psychopathology were very common, with the most widely seen symptoms including
thinking a lot about the past (54.6%), not being able to sleep (51.6%), expressing harsh
emotions when reminded of the past (47.8%), feeling fearful due to traumatic memories
(47.8%), and fear for the future (47.5%).

As presented in the association network depicted in Figure 1, in general, nodes of the same
type tended to cluster together. Symptoms were all tightly clustered and associated with each
other. All lack of basic needs nodes were also tightly clustered with each other, as were all
economic problems. With regard to location of nodes within the network, social problems
and lack of basic needs appeared relatively central in the network, in contrast to family
problems, economic problems, or traumatic events. To facilitate interpretation of the figures
in this paper, descriptions of node abbreviations are included in Table 6.

For the association network, mean betweenness, closeness, and strength by node type are
included in Table 4. Symptoms of psychopathology possessed the highest betweenness,
closeness, and strength centrality as compared to other node types. In contrast, traumatic
events had the lowest values across all three types of centrality relative to other node types.
However, one-way ANOVA permutation tests confirmed that of the three types of centrality,
only closeness and strength significantly varied by node type (betweenness: p > .05;
closeness: p < .001; strength: p<.001). Pairwise permutation tests confirmed significant
differences between node types, as reported in Supplementary Tables 2, 3, and 4. Anxiety
symptoms had significantly higher closeness than all other node types except for depression
symptoms, and depression symptoms had significantly higher closeness than all other node
types except for anxiety symptoms and lack of basic needs. Lack of basic needs and social
problems also had significantly greater closeness than traumatic events and all other
stressors, i.e., family problems, economic problems, and physical problems. These findings
are illustrated in Figure 1, where symptoms, lack of basic needs, and social problems appear
most central in the network and proximal to many other nodes. With regard to strength
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centrality, there was a very similar pattern of results. Anxiety and depression symptoms
possessed significantly greater strength than all other node types, as did lack of basic needs
and social problems when compared to traumatic events and all other stressors. This can be
seen in Figure 1, in which symptoms, lack of basic needs, and social problems are densely
connected to nodes of the same type.

The concentration network is depicted in Figure 2. Similar to the association network, nodes
of the same type tended to cluster together. However, symptoms were less tightly clustered
together, and there were more connections between stressors or traumatic events and
symptoms—representing potential causal pathways between these nodes.

Mean betweenness, closeness, and strength by node type for the concentration network are
included in Table 5. In contrast to the association network, social problems in had elevated
betweenness, strength, and closeness centrality compared to other node types. However, one-
way ANOVA permutation tests confirmed that, of each of the three types of centrality, only
closeness significantly varied by node type (betweenness: p> .05; closeness: p<.001;
strength: p> .05). Pairwise permutation tests reported in Supplementary Tables 5, 6, and 7
confirmed that social problems had significantly greater closeness than traumatic events,
family problems, and symptoms. Symptoms had significantly lower closeness than all other
node types. This is illustrated in Figure 2, wherein social problems are located near each of
the other types of stressors and symptoms are not proximal to other node types. Thus, the
relative prominence of social problems in concentration networks indicates that once partial-
correlations between nodes were represented — controlling for correlations between all other
variables and eliminating third variable correlations — social problems were particularly
central to the network.

Concentration Network Accuracy and Stability

With regard to accuracy of the concentration network, the bootstrapped confidence intervals
for the edge values are represented in Figure 4. The relatively wide and overlapping
confidence intervals suggest that the magnitude of the edge values should be interpreted
cautiously. With regard to network stability, the average correlations between centrality
values from the original sample and centrality values from increasingly smaller bootstrapped
subsamples are represented in Figure 3. The correlation stability coefficient —which indicates
the highest proportion of cases that can be dropped from the sample while preserving a
correlation of r=0.70 or greater between the original and bootstrapped centrality values —
was 0.145 for betweenness, 0.294 for closeness, and 0.341 for strength. Guidelines state that
these coefficients should preferably be above 0.50 but not below 0.25 (Epskamp et al.,
2016), indicating that the closeness and strength centrality indices meet the minimum
requirement for stability but that differences in centrality between nodes should not be over-
interpreted (Armour et al., 2017).

Individual Nodes

Figures 5 and 6 depict the standardized centrality values of individual nodes within the
association and concentration networks, respectively. Due to poor stability of the
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betweenness centrality indices in the concentration network, we will focus on individual
nodes with high closeness or strength centrality.

Nodes with high closeness are proximal to many other nodes in the network and thus may
signal that other problems are present. In terms of stressors and traumatic events, in the
current study these included fear of being kidnapped (Fr kdnp), experiencing burns or boils
(Burn), living in a camp (Camp), lack of proper security (Security), and fear of death, such
as facing bombs, land mines, or armed groups (Fr dtf). Symptoms with highest closeness
included anxiety symptoms of avoidance due to fear (Avo/d) and not visiting nearby
relatives or friends (Mo Visit) and depressive symptoms of lack of happiness (Mo Happy),
feeling unable to live even one day, (Unable /v), and impatience (/mpal).

Nodes with high strength are strongly linked to multiple other nodes and represent those that
tend to co-occur with other nodes. For stressors or traumatic events, these included strain
caused by family members (Fam strn), fear of being kidnapped (Fr kdnp), experiencing
bodily aches (Aches), being unable to work (Unabl nk), and experiencing torture ( 7orture).
With regard to symptoms with highest strength, these were the same as the ones with
greatest closeness, described above.

Discussion

In the current study, we used network analysis — a novel statistical method that
conceptualizes emotional distress as stemming from a system of interacting problems — and
locally developed measures to better understand the dynamic interaction between traumatic
events, stressful life events and symptoms of psychopathology in survivors of war in Sri
Lanka. In the association network (which consisted of zero-order correlations between the
different variables), symptoms of psychopathology, problems pertaining to lack of basic
needs, and social problems were central, in contrast to traumatic events and all other types of
stressors (family problems, economic problems, and physical problems). The concentration
network indicated that social problems in particular were the most central, significantly
more so than traumatic events and family problems, after controlling for shared association.
Inspection of the visualization of the concentration network (Figure 2) provides some
guidance in interpreting these findings. Social problems are situated between each of the
other types of problems in the network, with traumatic events and family problems
positioned towards the periphery of the network.

These findings echo holistic theoretical approaches to examining traumatic events, stressors,
and distress that provide for complex interactions between them. That there were clusters of
multiple types of nodes that appeared to reinforce each other is consistent with the
theoretical loss spirals in COR theory (Hobfoll, 2001). That social problems were so central
to the network supports the psychosocial emphasis on daily stressors being mediators of the
effects of trauma on mental health (Miller & Rasmussen, 2010; 2014; 2017). Whether this is
because traumatic events set off chains of stressors or because those exposed to trauma are
more likely to rate problems as more stressful and perhaps even generate problems (Neuner,
2010) is subject to some debate, and not likely solved here. Nevertheless, we believe that
these findings provide network science support that joins other data gleaned from more
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conventional approaches to stressors and trauma supporting holistic theoretical approaches
(Fernando et al., 2010; Jordans, Semrau, Thornicroft, & van Ommeren, 2014; Newnham,
Pearson, Stein, & Betancourt, 2015; Rasmussen et al., 2010), and is in line with the
guidelines of numerous aid organizations that recommend psychosocial professionals
consider both trauma exposure and daily stressors as precipitating factors among their
beneficiaries (Medicins Sans Frontiers, 2005; Inter-Agency Standing Committee, 2007).

When we looked at the centrality of specific trauma and stressful life events in the
concentration network, fear of being kidnapped was found to be a key event that was often
highly proximal to other nodes in the network and strongly linked to multiple other nodes, as
indicated by their high scores on two measures of centrality, closeness and strength. The
centrality of this concern reflects a horrifying reality of constant threat and overwhelming
fear. This finding is consistent with previous findings from Sri Lanka. Jayasuirya,
Jayasuriya, Tay and Silove (2016) collected data from a representative sample of Sri
Lankans and concluded that helping individuals with threat or protection issues would
significantly reduce mental suffering in post-war Sri Lanka. In addition, experiencing burns
or boils, living in a camp, lack of proper security and fear of death were found to have high
closeness centrality, indicating that these variables are relatively close to other variables in
the network. Strain caused by family members, experiencing bodily aches, being unable to
work and torture had high strength centrality, suggesting that these variables co-occur with
many other variables in the network.

Avoidance due to fear, not visiting nearby relatives, lack of happiness, feeling unable to live
even one day and impatience emerged as key symptoms of psychopathology in the network,
with high scores of closeness and strength centrality. The fact that three items measuring
avoidance and emotional numbing symptoms- i.e., avoidance due to fear, not visiting nearby
relatives, lack of happiness — were highly central to the network is striking, given that
avoidance and emotional numbing symptoms have not always been shown to be especially
salient in non-Western contexts (Hinton & Lewis Fernandez, 2011) and particularly in non-
Western emergency settings (Rasmussen, Keatley, & Joscelyne, 2014). These results indicate
that at least in the Sri Lankan context, avoidance/numbing symptoms are closely associated
to, and co-occur with many other symptoms, stressors and traumas.

The current results suggest that network analysis provides researchers and practitioners alike
with an intelligible map of the dynamic between traumatic events, symptoms and stressful
life events in post-war societies. Such an approach allows one to identify those problems that
are not especially impactful in a particular context and to highlight a finite set of focus
points for possible intervention. For example, our analyses indicated that individuals living
in war-affected areas of Sri Lanka who experienced a particular subset of traumatic events,
stressful life events and symptoms of psychopathology are more likely to have experienced
other traumas and to be struggling with multiple stressors and symptoms. Given that
governments, international agencies and local agencies assisting survivors of conflict and
disaster often have limited funds for psychosocial services (Saxena, Thornicroft, Knapp, &
Whiteford, 2007), knowing which of the multiple war-related problems are both frequent
and associated with others is essential if one is to use the resources at hand most efficiently.
Problems with high betweenness centrality thus may be key targets for intervention; in other
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words, removing them may disrupt the causal chain between other problems in the network.
Problems with high closeness centrality are the most proximal to other problems in the
network and may thus facilitate identifying efficacious opportunities for intervention.

Different war contexts in different cultures would likely produce different networks of
problems. Hinton and Good (2016) draw on their empirical work with Cambodian refugees
in the United States (e.g., Hinton, Nickerson, & Bryant, 2011) to argue that symptoms of
psychological distress interact with contextual variables such as daily stressors to create
syndromes of mental illness that are specific to specific locales and cultures. Thus, networks
of problems will need to be identified in specific post-war contexts before specific problems
can be targeted with interventions. It is possible that as more studies on the networks of
problems in post-war contexts are conducted, we will observe that certain problems tend to
be central across different cultures and contexts.

Future studies examining war survivors can also broaden their focus beyond examining
networks between traumatic events, daily stressors and symptoms of psychology and
investigate the role of particular psychological variables that have been hypothesized to
impact mental health (Jones, Heeren, & McNally, 2017). For example, selective optimization
with compensation (SOC) theory (Baltes & Baltes, 1990) posits that individuals use three
particular behavioral strategies, namely selection, optimizationand compensation, to
maintain their health in the face of stress and change. According to SOC theory, individuals
selecttheir own goals, gptimize the use of resources to attain those goals and compensate for
a lack of resources by using what resources they have effectively or identifying new
resources. Network science could examine the relationship between these three behavioral
strategies, traumas, daily stressors and symptoms of psychopathology, and determine if use
of these strategies are indeed effective in managing the often horrifying post-war
environment.

The current study has a number of limitations. First, the data in the current study were cross-
sectional, limiting our ability to determine the direction of the relationships between various
problems. For example, it is unclear from the current analyses whether tension due to war
causes one to feel unable to live due to trauma or vice versa. Longitudinal studies would
allow one to create directed networks and so better estimate the direction of the relationships
between different problems (Fried et al., 2017). However, in order to fully establish cause-
and-effect relationships between problems, experimental studies are needed that intervene in
a particular problem area and then measure the impact the intervention has on other
problems in the network. Second, we measured stressful life events using a binary scale;
participants simply had to indicate if they had a particular stressor or not. Use of a Likert
scale would have allowed for a more sensitive measurement of stressful life events and may
have resulted in a different network structure. Third, the modest stability of the centrality
indices calls for caution in interpreting differences between individual nodes. Finally, even
though our sample drew from survivors from different parts of the country that were affected
by the civil war (i.e., Jaffna, Batticaloa, Trincomalee, Vavuniya, and Nallur), all participants
were survivors who sought psychosocial assistance at clinics run by a specific local non-
governmental organization. This may limit the generalizability of the current results to the
broader Sri Lankan population living in areas affected by the civil war.
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Nevertheless, the current study expands our understanding of the dynamic relationship
between experienced trauma, daily stressors and symptoms of psychological distress in post-
war settings by using measures developed specifically for the local context in a network
science framework. Network analysis presents the opportunity to identify whether symptoms
of psychological distress interact with contextual factors such as daily stressors to create
culturally specific networks of problems. Network approaches allow us to identity key
variables, whether they be symptoms of mental distress or daily stressors, that appear to be
central to the network; in other words, their presence substantially increases the likelihood of
the presence of the other symptoms and stressors. Such information promises to be of great
utility to researchers and practitioners who are determining how to spend limited resources
in the most impactful ways possible.
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Refer to Web version on PubMed Central for supplementary material.
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. Uses network analysis to identify relations between problems in war survivors

. Argues that network analysis can allow us to identity key problems in war
survivors

. Social problems are particularly key problems for Sri Lankan war survivors

. Network analysis can be used to determine the best use of limited resources
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Figure 2.
GLASSO network with ties (i.e., edges) representing partial order correlations between

nodes. Dashed edges represent negative correlations, and edge thickness corresponds to the
magnitude of the correlation.
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Average correlations between original centrality indices of the GLASSO network and
centrality indices after dropping increasing percentages of participants from the sample.
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Figure 4.
Bootstrapped 95% confidence intervals for estimated GLASSO network edge values. The

red line represents the edge values, and the gray regions indicate the confidence intervals
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Standardized centrality scores from association network.
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Standardized centrality scores from GLASSO network.
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Table 1

Experienced Trauma as assessed by the Trauma Exposure section of the Penn/RESIST/Peradeniya War
Problems Questionnaire (n = 337)

Percentage who endorsed this

item (%)
Witnessed the injury of loved ones 475
Witnessed the death of loved ones 445
Torture (Beaten or electrocuted in detention; force-fed a mosquito coil; beaten with a bag containing
gasoline; pricked under nails; burnt with cigarette) 38.9
Being imprisoned 35.9
Family members kidnapped 30
Death of family members due to war 249
Family members handicapped 13.4
Being kidnapped 125
Caught in a land mine 33
Being raped 12
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Table 6

Descriptions Corresponding to Variable Abbreviations

Abbreviation  Variable Description

Aches aches

Affected affected mental state

Afraid being afraid of everything (i.e., being easily scared)
Agitated being extremely agitated/being in a panic situation
Alcohol alcohol abuse by self

Avoid avoidance due to fear

Bribe having to give a bribe in order to get basic needs or services
Burn burns/boils

Camp living in a camp

Cardio cardiovascular problems

Childcare child care stress

Clean problem maintaining cleanliness

Clothes lack of clothes

Conc difficulty in concentrating

Deaf being deaf

Debt financial debt

Disappt disappointed in life

Discomf physical discomfort/tension due to fearfulness
Duties not being able to reach a steady life because of duties towards family
Educ not being able to obtain education

Eye prb eye problems

Fam alc alcohol abuse by family

Fam dep dependent on family

Fam dth death of family members due to war

Fam hand family members handicapped

Fam kdnp family members kidnapped

Fam strn family member strain

Fam supp insufficient support from relatives

Food lack of food

Fr alone afraid of going out alone

Fr dth fear of death (from bombs/land mines/armed groups)
Fr fut fear for the future

Fr kdnp fear of being kidnapped

Fr strg afraid of being with strangers

Fract Fractures

Frustr feelings of frustration

Fuel lack of fuel

Head inj head injury

Headache Headache
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Abbreviation

Variable Description

Impat
Indeci

Int emo
Isol
Kidnap
Limb prb
Liv othr
Loss eqgp
Loss gds
Loss hse
Marr chi
Marr prb
Med
Mem diff
Mem tr
Mine
Neg beh
No care
No caretk
No comm
No docs
No happy
No mon
No part
No peace
No talk
No trav
No trust
No visit
Old mem
Prison
Reloc
Rights
Saw dth
Saw inj
Security
Shiver
Sleep
Teeth
Tort
Unabl Iv
Unabl wk

irresponsibility/carelessness/impatience

inability to make decisions (not knowing what to talk, what not to talk)
expressing harsh emotions when remembering bad things from the past
isolation

being kidnapped

limb problems

living with others

loss of work equipment

loss of material goods

loss of house/land

not being able to get children married or to give dowry
problems in marriage plans

lack of medical facilities

having memory difficulties

feeling fearful due to unwanted images of trauma that come to mind
caught in a land mine

negative changes in the good behavior one had earlier

not cared for by society

lack of caretakers

being alone

not having needed documents (e.g., identity card)

no happiness

lack of money

not being able to participate in cultural events (e.g., weddings, temples)
lack of peace of mind

not being able to talk freely

inability to travel

not trusting others

not visiting nearby relatives or friends

thinking a lot about past (old memories), causing confusion
being imprisoned

stress due to relocation

losing rights

witnessed the death of loved ones

witnessed the injury of loved ones

lack of proper security

Shivering

not being able to sleep

loss of teeth

torture

feeling unable to pass even one day

unable to work
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Abbreviation

Variable Description

Unstable
War inj
Water

unstable mind/fluctuations in mind
war injuries

lack of water
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