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Abstract

Background: Armed conflict can indirectly affect population health through detrimental impacts on political and
social institutions and destruction of infrastructure. This study aimed to quantify indirect mortality impacts of armed
conflict in civilian populations globally and explore differential effects by armed conflict characteristics and
population groups.

Methods: We included 193 countries between 1990 and 2017 and constructed fixed effects panel regression
models using data from the Uppsala Conflict Data Program and Global Burden of Disease study. Mortality rates
were corrected to exclude battle-related deaths. We assessed separately four different armed conflict variables
(capturing binary, continuous, categorical, and quintile exposures) and ran models by cause-specific mortality
stratified by age groups and sex. Post-estimation analyses calculated the number of civilian deaths.

Results: We identified 1118 unique armed conflicts. Armed conflict was associated with increases in civilian
mortality—driven by conflicts categorised as wars. Wars were associated with an increase in age-standardised all-
cause mortality of 81.5 per 100,000 population (8 81.5, 95% Cl 14.3-148.8) in adjusted models contributing 29.4
million civilian deaths (95% Cl 22.1-36.6) globally over the study period. Mortality rates from communicable,
maternal, neonatal, and nutritional diseases (3 51.3, 95% Cl 2.6-99.9); non-communicable diseases (3 22.7, 95% Cl
0.2-45.2); and injuries (8 7.6, 95% Cl 3.4-11.7) associated with war increased, contributing 21.0 million (95% Cl 16.3—
25.6), 6.0 million (95% Cl 4.1-8.0), and 2.4 million deaths (95% Cl 1.7-3.1) respectively. War-associated increases in
all-cause and cause-specific mortality were found across all age groups and both genders, but children aged 0-5
years had the largest relative increases in mortality.

Conclusions: Armed conflict, particularly war, is associated with a substantial indirect mortality impact among
civilians globally with children most severely burdened.
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Background

The number of armed conflicts globally is at a record
high with 182 wars and minor conflicts recorded in 2017
according to the Uppsala Conflict Data Program (UCDP)
[1]. Armed conflict has been highlighted by the United
Nations as a major barrier to the implementation and at-
tainment of the Sustainable Development Goals, includ-
ing improvements in global health [2]. Beyond direct
and immediate casualties, armed conflict can produce
enduring political instability, destroy welfare systems in-
cluding health systems, and increase homelessness, un-
employment, and poverty which have widespread
implications for population health [3]. The destruction
of key infrastructure during armed conflict as well as
general toxification of the environment can adversely
impact clean water and food supplies, further elevating
communicable disease risk [4].

Previous cross-national research on conflict and health
has methodological limitations including omitting con-
flicts that occur between non-state groups [5-16], con-
ceptualising the wide spectrum of conflict types and
intensities as a simple binary explanatory variable [11-
15, 17-20], and assessing only immediate or short-term
impacts [5-16, 18-23]. Statistical models often lack
grounding in a theoretical framework and therefore omit
important confounding variables that may explain the
association between armed conflict and health [6, 14,
16-18, 22]. Models are also prone to a bias in cases
where the number of battle-related deaths determines
both the armed conflict explanatory variable and health
outcome [6-13, 16, 24, 25]. Studies frequently restrict
their analyses to an examination of communicable dis-
eases [5, 6, 15, 17, 18, 22] and sub-Saharan Africa [5, 14,
17, 19, 21-25] which limits generalisability to other con-
ditions and settings.

A comprehensive global assessment of armed conflict
and health using robust approaches and addressing these
limitations is therefore past due. This study aims to as-
sess whether armed conflict of different types and inten-
sities indirectly affects civilian mortality in the short and
long term, and to determine inequalities in effect across
population sub-groups. We improve on the literature by
using a long time period of analysis (1990 to 2017),
assessing all conflicts globally irrespective of state in-
volvement, conceptualising conflicts using four different
explanatory variables, reconstructing mortality estimates
to avoid using battle-related deaths in both the exposure
and outcome, and assessing effects by age- and sex-
stratified causes of death up to 10 years after conflict.

Methods

Design and setting

This study used longitudinal (panel) regression models
to assess the impact of armed conflict on mortality rates
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in 193 countries between 1990 and 2017. Country was
the unit of analysis. Longitudinal regression methods are
frequently employed in health and economic studies to
examine dynamic and transitional associations over time
using routine data; examples include the association be-
tween democratisation and recession on health [26, 27],
and between government health spending on the inci-
dence of disease [28]. Fixed effects specifications were
employed, which adjust for time-invariant country-level
factors, and can be considered similar to differences-in-
differences approaches with multiple time points.

Data

We combined several datasets for our analysis. We ob-
tained armed conflict data from the UCDP Georefer-
enced Event Dataset (GED) Global v19.1 [29]. The
UCDP has collected country-year armed conflict data
since 1946, and event-specific data since 1989, which
have been used extensively for research purposes [5, 10,
12, 17, 18, 21]. The UCDP GED provides the best esti-
mate of the number of battle-related deaths at the
village-day level for all armed conflicts that meet the
UCDP definition of having at least 25 battle-related
deaths per calendar year [29]. We took data from 1990
to 2017 and converted it into a country-year dataset.
The UCDP GED assigns armed conflict events in
Palestine to Israel, misclassifying the former as being
conflict-free, so both countries were removed from the
dataset. Further details on the UCDP methodology are
shown in Additional file 1 (Paragraph 1.1).

We obtained country-level mortality data between
1990 and 2017 from the Global Burden of Disease
(GBD) study [30]. The GBD study utilises data from
various sources to produce internally consistent, statisti-
cally modelled annual estimates of mortality by causes of
death for each country. Estimates are not restricted to
country citizens or nationals, but include migrants and
refugees, including those displaced by conflict. The GBD
excludes direct battle-related deaths from initial all-
cause mortality calculations, reintroducing them in later
calculations. Thus, battle-related deaths are listed as a
separate cause of death (Category C3.3: terrorism and
armed conflict) [30]. The GBD is appropriate for study-
ing excess deaths from armed conflict because no indir-
ect consequences of armed conflict are built into the
underlying mortality estimations. Although GBD data
are modelled with smoothing functions, investigation of
mortality trends for selected countries experiencing con-
flict shows GBD smoothing functions did not obscure
abrupt changes in mortality and are unlikely to intro-
duce bias to this analysis (Additional file 1: Fig. S1).

We developed a conceptual framework (Additional file
2) using existing conflict and health literature which in-
formed the selection of covariates. The framework
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consisted of seven pathways through which armed con-
flict may affect civilian mortality, and seven drivers of
conflict which were used as potential confounders. To
capture changes in country wealth and income, we used
the gross domestic product (GDP) per capita in current
US dollars, available from the World Bank [31], and
membership of the Organisation for Economic Co-
operation and Development (OECD) [32]. For changes
in the degree of democratisation, we used the Varieties
of Democracy (V-Dem) dataset, specifically the Multi-
plicative Polyarchy Index (continuous variable, range 0
to 1, created by multiplying five core components of
electoral democracy) [33]. We used V-Dem rather than
the more commonly used POLITY IV [5, 7, 10, 12, 13]
due to better data completeness. For changes in demo-
graphic factors, we used data on the proportion of
people living with a density > 1000 people/km?, the pro-
portion living in urban areas (both taken from the Insti-
tute for Health Metrics and Evaluation (IHME) [34]),
and the age dependency ratio (ratio of under 15s and
over 64s to the working population) taken from the
World Bank [31]. For changes in the average levels of
educational attainment in countries, we used the mean
years of educational attainment per capita, separately for
males and females, available from the IHME [34]. We
captured changes in ethnic group composition using the
Historical Index of Ethnic Fractionalisation Dataset,
which corresponds to the probability that two randomly
drawn individuals within a country are not from the
same ethnic group [35]. Finally, to capture changes and
shocks in climate-related factors, we took data from the
Emergency Disasters Database to control for the pres-
ence of droughts and earthquakes [36], and the IHME to
control for the population-weighted mean temperature
and the proportion of people living in the 5th quintile of
annual rainfall. We were unable to find a suitable dataset
for income inequality, although it is plausible that its ef-
fects are captured through GDP per capita and educa-
tional attainment. Unlike previous research, we did not
adjust for health expenditure [5, 7-9], the prevalence of
HIV/AIDS [11, 13], and refugee movement [5, 15] as
these can be considered mediators (i.e. factors on the
causal pathway between conflict and health) rather than
confounders.

Measures

Our main outcome measures were all-cause and cause-
specific mortality rates, as reported by the GBD study
[30], but with deaths due to terrorism and armed con-
flict (Category C3.3) removed. Removing battle-related
deaths from all-cause mortality prevents the bias of in-
cluding battle-related deaths in both the explanatory
variable and outcome measure which is commonly
found in previous studies [6—13, 16, 24, 25]. The GBD
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study categorises cause-specific mortality into first-order
(communicable, maternal, neonatal, and nutritional dis-
eases; non-communicable diseases [NCDs]; injuries) and
second-order causes [30].

As explanatory variables for armed conflict, we ex-
plored four different specifications. Firstly, we used a
binary variable indicating the presence of armed conflict
per country-year observation (0 =no [< 25 battle-related
deaths per country-year], 1=yes [>25 deaths]) as per
the UCDP [1]. This approach is limited as it groups all
conflicts together regardless of intensity, so a second
specification was the rate of battle-related deaths per
100,000 population as a continuous measure. We used
the rate rather than absolute battle-related deaths to
avoid bias from emphasising small conflicts in populous
countries which are unlikely to exert country-wide ef-
fects. Thirdly, as previous research has shown the rela-
tionship between battle deaths and civilian mortality to
be non-linear [24], we explored quintiles of the rate of
battle-related deaths per 100,000 population. Fourthly,
we used intensity cutoffs as per the UCDP [1] to create
a categorical conflict variable (0=no conflict [<25
battle-related deaths per country-conflict-year], 1=
minor conflict [25-999 deaths], 2 = war [> 1000 deaths]).
We used county-conflict-year for this final specification
to prevent misclassifying large countries with multiple
small conflicts as war-affected (should the total of these
conflicts be greater than 1000 battle deaths).

Statistical analysis

We described our sample using frequencies and means
and reported the rates of battle-related deaths and civil-
ian mortality by the different conflict explanatory vari-
ables. We presented graphical time trends in the
number of conflicts, the number and rate of battle-
related deaths, and the mean battle-related deaths per
country.

We then used fixed effects linear panel regression
methods to assess the relationship between armed con-
flict and mortality, which was estimated using the fol-
lowing equation:

Mortality;, = 8, + B, Conflict;; _ 1) + B,Covariates;,
+itttu

where i is the country, ¢ is the year, and u is the error
term representing unexplained variation. We chose fixed
effects over random effects given the likelihood that our
error term u was correlated with our covariates (a key
assumption that would be violated in random effects)
and as indicated by the Hausman test. Fixed effects spec-
ifications control for time-invariant observed and unob-
served country-level factors (as denoted by i in the
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equation above) and therefore only assess within-
country associations rather than between-country associ-
ations. Model fit was assessed using scatter plots and
post-regression diagnostics (including the variance infla-
tion factor (VIF), studentised residuals, stem and leaf
plots, Cook’s D, and DFITS) to identify collinear vari-
ables and outliers. Due to collinearity with female educa-
tion (VIF>30) and superior goodness-of-fit, we only
included male education. Four data points were consid-
ered outliers and dropped (from the model only using a
continuous measure for armed conflict) based on having
large residuals and high leverage: Rwanda 1994, Bosnia
and Herzegovina 1995, Congo 1997, and Eritrea 1999.
Four of twelve covariates had missing data: age depend-
ency ratio (4.3%), GDP per capita (5.8%), Multiplicative
Polyarchy Index (11.7%), and Ethnic Fractionalisation
Index (31.6%); the latter two were omitted from main
analyses due to high levels of missing data, but their ef-
fects tested in sensitivity analyses (see below).

Our first models separately tested the association be-
tween the four explanatory variable specifications for
armed conflict and age-standardised all-cause mortality,
adjusting for ten covariates (GDP per capita, OECD
member, population density, urban living, age depend-
ency ratio, male education, temperature, rainfall, earth-
quakes, droughts), and year-country fixed effects.
Mortality rates were standardised using the GBD world
population standard. We included country-clustered
Huber-White robust standard errors to account for pos-
sible heteroscedasticity and serial correlation. In all
models, we lagged the armed conflict variable by 1 year
unless otherwise stated to capture indirect deaths in the
year after.

Because higher intensity armed conflicts drove the as-
sociations, our second models employed the same speci-
fication as above but using only the categorical armed
conflict exposure variable for war (we present “war” vs.
no conflict). These models used age-standardised all-
cause and cause-specific mortality rates (first- and
second-order causes; the latter helping to explain under-
lying drivers) and age- and sex-stratified all-cause and
cause-specific mortality rates (first-order causes only).
We then assessed the lagged effects of war (from 2 to
10 years with a separate model for each year lag) on age-
standardised all-cause and cause-specific (first-order
causes only) mortality to account for the varying pro-
gression of disease pathologies. We used the models’
“war” beta coefficients to calculate the absolute and rela-
tive change in civilian mortality and used post-
estimation commands to calculate the number of civilian
deaths.

In additional analyses, we explored whether armed
conflicts that involved particular actors (“armed conflict
actor type”) had differential associations with civilian
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mortality. In accordance with UCDP definitions, we
categorised each armed conflict as being state-based (at
least one actor is the state of a country), non-state (no
actors are the state of a country), or one-sided violence
(one actor in armed conflict with civilians). We analysed
all four explanatory variable specifications for conflict
(i.e. binary, continuous, quintiles, and categorical) by
armed conflict actor type, and for countries with only
one actor type in each year, we interacted actor type and
the rate of battle-related deaths, leaving all specifications
identical to prior models.

Sensitivity analyses

We undertook multiple sensitivity analyses to check the
robustness of findings. First, we tested alternative model
specifications with sequential addition of covariates,
addition of new covariates that contained high rates of
missing data, and random effects. Second, to address the
possibility of misclassification bias between deaths due
to armed conflict and deaths due to homicide, we re-
peated our main model removing deaths from interper-
sonal violence. Third, we used an alternative measure of
armed conflict exposure derived from the Major Epi-
sodes of Political Violence dataset compiled by the
Centre for Systemic Peace [37]. This dataset captures
major conflicts globally, and its binary conflict variable
(0 =no conflict, 1 = conflict) is 97.6% specific and 97.7%
sensitive to the UCDP “war” binary variable (0 = no con-
flict, 1 = war). More details about how this dataset com-
pares to the UCDP are presented in Additional file 1:
Paragraph 1.2. All analyses were conducted in Stata 15.

Results

Sample description

Between 1990 and 2017, the UCDP recorded 1118
unique armed conflicts involving 102 countries. Con-
flicts accounted for 1020 of 5404 (18.9%) country-year
observations in the dataset, of which 686 (67.3%) were
minor conflicts and 334 (32.7%) were wars (Table 1).
The highest number of conflicts in any year was 182, re-
corded in 2017, of which 60.3% were categorised as war
(Fig. 1a). Despite an increase in the number (Fig. 1b)
and rate (Fig. 1c) of battle-related deaths annually since
2014, these figures were lower than during the decade
from 1990 to 2000. Countries in conflict had an average
of 19.2 battle-related deaths per 100,000 population, and
this was substantially higher for countries in war (54.7)
than in minor conflict (2.0) (Table 1). Countries in con-
flict had an average mortality rate of 1273 per 100,000
population compared with 962 in those without conflict;
this was only slightly higher for countries in war (1355)
than in minor conflict (1233). By country quintiles of the
rate of battle-related deaths, the average mortality rate
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Table 1 Description of data used in the study
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Countries (N) Observations (N)

Total 193 5404
Armed conflict exposure’
No 186 4384
Yes 102 1020
- Minor conflict 99 686
-War 48 334
Quintile of exposure?
- None 177 3986
- First 65 284
- Second 80 284
- Third 68 283
- Fourth 71 285
- Fifth 50 283
Covariates Countries (N) Observations (N)
GDP per capita 190 5082
OECD membership 193 5404
Population density 193 5404
Urbanisation 193 5404
Age dependency ratio 185 5171
Male education 193 5404
Temperature 193 5404
Rainfall 193 5404
Earthquake 193 5404
Drought 193 5404
Multiplicative Polyarchy Index 172 4774
Ethnic Fractionalisation Index 156 3703

Battle-related deaths per
100,000 population (mean, SD)

Civilian mortality rate per
100,000 population (mean, SD)

3.63 (135.52) 1020.84 (484.54)
0.01 (0.08) 962.11 (459.71)

19.23 (311.58) 1273.26 (507.18)
1.96 (4.09) 1233.39 (492.27)
54.72 (543.30) 1355.15 (527.87)

- 943.81 (449.20)

0.02 (0.01) 998.09 (435.49)

0.13 (0.05) 1179.62 (473.60)
0.51 (0.18) 1197.73 (463.11)
244 (1.18) 1310.55 (501.44)
66.35 (589.68) 1501.68 (553.86)
Mean sD

9825.06 15,484.47

0.15 0.36

029 0.21

0.56 0.19

65.39 19.61

821 329

14.12 1332

045 042

0.09 028

0.08 0.27

0.52 0.27

045 0.26

GDP per capita is in current US dollars. Population density represents the percentage of the population living in a density of > 1000 people/km? Urbanisation
represents the percentage of the population living in urban areas. The age dependency ratio represents the percentage of the population younger than 15 years
and older than 64 years per 100 working-age population. Male education is expressed as years per capita and is age-standardised. Temperature is in degrees
Celsius and is the mean population-weighted annual temperature. Rainfall represents the percentage of the population living in the top world quintile of annual
rainfall. Earthquake and drought are binary variables representing their absence or presence

"Based on the number of battle-related deaths per country-conflict-year: no, < 25; yes, > 25; minor conflict, 25-999; war, > 1000. 2Based on the number of battle-

related deaths per 100,000 population per country-year

increased from 998 in the first quintile to 1502 in the
fifth (Table 1).

All-cause mortality

Armed conflict was positively associated with an in-
crease in the age-standardised all-cause mortality rate
among all four explanatory variable specifications
(Table 2). Each battle-related death per 100,000 popula-
tion was associated with an increase in civilian mortality
by 1.8 per 100,000 population (5 1.8, 95% CI 0.6-3.0).
The fifth quintile of armed conflict exposure (ie. >5
battle-related deaths per 100,000 population) was associ-
ated with an increase in civilian mortality of 99.2 per
100,000 population (8 99.2, 95% CI 28.2-170.3), with

other quintiles showing no significant association. Only
war was associated with an increase in civilian mortality
of 81.5 per 100,000 population (5 81.5, 95% CI 14.3—
148.8) (Fig. 2a) with no significant association for minor
conflict. The relationship was consistent when armed
conflict was expressed as a binary variable (5 26.4, 95%
CI -129-65.8) although was non-significant. Post-
estimation analysis predicted 29.4 million (95% CI 22.1—
36.6) civilian deaths were attributable to all wars over
the study period.

Cause-specific mortality
As associations identified were driven by the more in-
tense armed conflicts, we used war as our explanatory
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variable in cause-specific analyses. Wars were associated
with an increase in the age-standardised mortality rate
from communicable, maternal, neonatal, and nutritional
diseases by 51.3 per 100,000 population (8 51.3, 95% CI
2.6—99.9; relative increase 22.6%, 95% CI 1.3-43.8)
(Fig. 2b and Additional file 3: Table S3). The association
was driven by increased deaths from respiratory infec-
tions and tuberculosis, neglected tropical diseases and
malaria, enteric infections, and maternal and neonatal
disorders (Additional file 4: Fig. S4). Post-estimation
analysis estimated 21.0 million (95% CI 16.3-25.6) civil-
ian deaths from these diseases were related to all wars
over the study period.

Wars were also associated with an increased civilian
mortality from NCDs by 22.7 per 100,000 population (5
22.7, 95% CI 0.2-45.2; relative increase 3.4%, 95% CI
0.1-6.8; number of deaths 6.0 million, 95% CI 4.1-8.0)
(Fig. 2c and Additional file 3: Table S3). The association
was driven by increased cardiovascular diseases, diabetes
and kidney diseases, neoplasms, and digestive diseases
(Additional file 4: Fig. S4). Wars were associated with

increased civilian mortality from injuries by 7.6 per 100,
000 population (5 7.6, 95% CI 3.4—11.7; relative increase
10.9%, 95% CI 5.0-16.9; number of deaths 2.4 million,
95% CI 1.7-3.1) (Fig. 2d and Additional file 3: Table S3).
The association was driven by self-harm and interper-
sonal violence (Additional file 4: Fig. S4).

Differences by sex

Wars were associated with increases in all-cause mortal-
ity for males (5 97.0, 95% CI 28.7-165.2; relative in-
crease 8.6%, 95% CI 2.6-14.6), but not females (5 66.6,
-0.6-133.8) (Fig. 2a and Additional file 5: Table S5.1-
S5.2). This pattern remained similar for mortality from
communicable, maternal, neonatal, and nutritional dis-
eases (Fig. 2b and Additional file 5: Table S5.1-S5.2) and
for NCD mortality (Fig. 2c and Additional file 5: Table
S5.1-S5.2). Wars were associated with higher increases
in mortality from injuries in males (8 12.0, 95% CI 5.9—
18.1) than in females (3 3.1, 95% CI 0.4-5.8), but their
relative increases were similar (males 11.7%, 95% CI
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Table 2 The association between armed conflict and age-standardised all-cause mortality, 1990-2017

Binary Continuous (battle-related  Quintiles of conflict Categories of conflict
deaths per 100,000)
Armed conflict variable B (95% Cl) B (95% CI) B (95% Cl) B (95% Cl)
No (< 25 battle deaths/year) 0.00
Yes (= 25 battle deaths/year) 2644 (—12.88, 65.76)
Battle deaths/100,000 population 1.76 (0.56, 2.96)**
None (0 battle deaths/year) 0.00
First quintile —11.59 (- 31,62, 844)
Second quintile —16.24 (- 4250, 10.02)
Third quintile 881 (—34.20,51.82)
Fourth quintile 27.26 (—23.31,77.83)
Fifth quintile 99.21 (28.16, 170.26)**
None (< 25 battle deaths/year) 0.00

Minor conflict (25-999 battle
deaths/year)

War (= 1000 battle deaths/year)

Covariates

13.05 (—22.74, 48.84)

81.52 (1430, 148.75)*

GDP per capita
OECD membership
Population density
Urbanisation

Age dependency ratio
Male education
Temperature
Rainfall

Earthquake
Drought
Observations

Countries

0.00 (- 0.00, 0.00)
—3832 (- 96.14, 19.50)
—20.00 (- 34562, 305.61)
—16.58* (3093, — 2.22)
—249 (-5.52,053)
—34.09 (—87.46, 19.29)
—7.10 (-~ 24.75,10.55)
19.97 (- 14.97, 54.91)
4.79 (= 16.49, 26.06)

1.38 (= 14.50, 17.26)
4746

183

0.00 (- 0.00, 0.00)
—38.23 (—95.85, 19.40)
— 2452 (=350.11, 301.07)
—1645* (=30.70, — 2.21)
—236 (-5.37,065)
—3263 (- 8553, 20.27)
—6.93 (—24.54, 10.63)
20.71 (= 13.70, 55.11)
530 (=16.12, 26.72)
1.84 (- 13.17, 16.85)
4746

183

0.00 (- 0.00,0.00)
—4038 (-97.92,17.16)
—3648 (—366.3, 293.3)
—15.75% (= 2991, — 1.60)
—2.50 (- 549, 0.50)

— 3446 (—86.93, 18.02)
—7.31(=25.29,1068)
20.38 (- 13.19, 53.95)
6.13 (= 15.28, 27.54)
1.31 (= 14.31,1692)
4746

183

0.00 (= 0.00, 0.00)
—3967 (—97.20, 17.86)
—20.36 (—342.29, 301.58)
—16.17* (= 3033, — 2.00)
—245 (=546, 057)
—33.80 (- 86.85, 19.25)
—7.16 (- 24.87,10.55)
21.18 (= 1267, 55.04)
6.12 (= 15.29, 27.52)

1.27 (- 14.27,16.82)
4746

183

GDP per capita is in current US dollars. Population density represents the percentage of the population living in a density of > 1000 people/km?. Urbanisation
represents the percentage of the population living in urban areas. The age dependency ratio represents the percentage of the population younger than 15 years
and older than 64 years per 100 working-age population. Male education is expressed as years per capita and is age-standardised. Temperature is in degrees
Celsius and is the mean population-weighted annual temperature. Rainfall represents the percentage of the population living in the top world quintile of annual
rainfall. Earthquake and drought are binary variables representing their absence or presence. All armed conflict variables were lagged by 1 year

Note: * p < 0.05, ** p <0.01, *** p <0.001. Robust standard errors were employed. Each column is the output from one panel regression with fixed effects adjusted
for the covariates in the table in addition to year dummies (not shown). Coefficients are interpreted as the change in all-cause mortality per 100,000 following a

change in one unit of the independent variable

5.8-17.6; females 8.3%, 95% CI 1.1-15.5) (Fig. 2d and
Additional file 5: Table S5.1-S5.2).

Differences by age group

Absolute increases in all-cause mortality associated
with war were largest among children under the age
of 5years (8 263.7, 95% CI 49.7-477.7) and adults
over the age of 69years (5 317.3, 95% CI 55.2-579.4)
(Fig. 2a and Additional file 6: Table $6.1-S6.5). This
pattern was consistent for deaths from communicable,
maternal, neonatal, and nutritional diseases (Fig. 2b)
and for deaths from injuries (Fig. 2d). However, for
NCD mortality, the absolute effects were largest

among adults over the age of 69years only (5 184.1,
95% CI 18.8-349.3) (Fig. 2c and Additional file 6:
Table S6.1-S6.5). Relative increases in all-cause and
cause-specific mortality associated with war were con-
sistently largest in children aged under 5years and
decreased incrementally as age increased (Fig. 2 and
Additional file 6: Table S6.1-S6.5).

Lagged effects

Following the onset of war, increases in mortality per-
sisted for 2 years for all-cause mortality and 3 years for
mortality from injuries (Additional file 7: Fig. §7). Wide
confidence intervals do not preclude longer lagged
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effects for these outcomes nor for mortality from com-
municable, maternal, neonatal, and nutritional diseases
and mortality from NCDs.

Actor type

Countries experiencing one-sided violence had a higher
average rate of battle-related deaths (21.1) than countries
experiencing state-based (8.1) and non-state (2.0) con-
flicts (Additional file 8: Table S8.1.) This pattern
remained similar for armed conflict actor types cate-
gorised as war or as quintiles. A visual inspection of
scatter plots by armed conflict actor type showed no
clear differences in the relationship between the rate of
battle-related deaths and civilian mortality (Additional
file 8: Fig. S8.1). In a sub-sample of 4133 country-years
that only had one armed conflict actor type, no signifi-
cant association between actor type and the rate of
battle-related deaths was found (Additional file 8: Table
$8.2) indicating that differential effects in mortality by
armed conflict actor type is determined by the intensity
of battle rather than the actors involved.

Sensitivity analysis

Sensitivity analyses demonstrated the robustness of our
findings. Alternative model specifications including ran-
dom effects (Additional file 9: Table S$9.1) did not
change our results. The sequential addition of covariates
demonstrated model stability (Additional file 9: Table
$9.2). The addition of two new covariates with substan-
tial missing data, the Multiplicative Polyarchy Index and
the Ethnic Fractionalisation Index, reduced the number
of country-year observations from 4754 to 3381 and the
number of countries from 183 to 152. However, the
model’s output (war coefficient: S 87.7, 95% CI 19.1-
156.1) was otherwise similar to our main findings, show-
ing the inclusion of additional potential confounders did
not alter our findings. An analysis of age-standardised
all-cause mortality omitting deaths from interpersonal
violence to assess misclassification bias also showed con-
cordant results (Additional file 9: Table S9.3; war coeffi-
cient: 8 78.3, 95% CI 11.1-145.5). Replacing the UCDP
dataset with the MEPV dataset also showed a positive
association between armed conflict and all-cause
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mortality (8 51.2, 95% CI - 6.8—109.1) although this did
not attain statistical significance due to the MEPV data-
set including many low-intensity conflicts in its binary
conflict variable (mean rate of battle-related deaths com-
pared with the UCDP, 22.7 vs. 53.7; Additional file 1:
Table S2.2.).

Discussion

This study is the first to quantify the indirect impact of
armed conflict on mortality in civilian populations glo-
bally. We found that armed conflict, irrespective of how it
is measured, was positively associated with all-cause
mortality. While conflicts can involve a range of different
state and non-state actors, we found that it is the intensity
of conflict rather than who is involved which determines
civilian mortality impact. Wars, the most intense form of
armed conflict, were associated with an increase in age-
standardised mortality of civilians from all causes by an
average of 81.5 per 100,000 population which equated to
approximately 29.4 million deaths between 1990 and
2017. Communicable, maternal, neonatal, and nutritional
diseases (21.0 million deaths); NCDs (6.0 million deaths);
and injuries (2.4 million deaths) all contributed to
increased civilian deaths associated with wars. Effect
estimates were disproportionately larger for children aged
under 5 years, regardless of the cause of death.

Our finding of increased war-associated deaths from
respiratory, enteric, and neglected tropical diseases is ex-
plained by difficulties in maintaining sanitation, avoiding
overcrowded living arrangements, and continuing cover-
age of immunisations following armed conflict and
forced displacement [38]. We also found increased
deaths from maternal and neonatal disorders, a finding
supported by studies from sub-Saharan Africa [21, 24,
25], which may reflect less access to skilled birth atten-
dants and health centres for delivery. NCDs have been
highlighted as a particular health concern in modern-
day protracted conflicts [39], especially in the growing
list of conflict-affected countries where the epidemio-
logical transition has occurred and the baseline burden
of NCDs is already substantial. Our finding of increased
NCD deaths associated with war supports the results of
a recent review on the topic which linked both the de-
struction of health systems and changes to individual be-
haviours (e.g. increased tobacco and alcohol use) to
increased cardiovascular disease risk [39]. Our positive
associations between war and injuries, including self-
harm and interpersonal violence, also align with recently
published literature [40, 41].

This study uses robust statistical methods to compre-
hensively quantify the impact of armed conflict on excess
mortality globally over the last 30years. We provide a
detailed examination of this relationship by armed conflict
exposure, across causes of death, and explore differential
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impacts by population sub-groups. However, there are
several limitations. The UCDP relies on journalism
and may not include smaller armed conflicts that are
not considered newsworthy; however, our findings are
driven mainly by the most intense conflicts so it is
unlikely that small-scale omissions would affect our
results. Other armed conflict datasets such as ACLED
are generally incomplete on a global scale and are
less suitable for longitudinal cross-national research,
e.g. ACLED commenced data collection for Africa in
1997, Asia in 2010, the Middle East in 2016, and
Europe in 2018 [42].

Another limitation is data processing of mortality esti-
mates from the GBD. The modelling methods of the GBD
study are complex, and smoothing processes may mask
sudden shifts in mortality. While we have shown the pres-
ence of civilian mortality spikes in conflict-affected coun-
tries that justify our methodological approach (Additional
file 1: Fig. S1), we cannot exclude the possibility that data
smoothing processes may produce conservative estimates.
However, our findings are in line with recent estimates of
indirect deaths from several armed conflicts. Applying our
model coefficient to the 2003 US-led invasion of Iraq
would estimate 20,902 indirect deaths in 2004, which is
slightly higher than but similar to Burnham et al.’s average
estimate of 16,181 per year [43]. Similarly, our model
would estimate 21,603 indirect deaths in Yemen in 2016,
whereas a recent UNDP report on the impact of armed
conflict estimated an average of 32,750 per year [44].
While other cross-national health data are available, in-
cluding from the World Health Organization and World
Bank, these also have shortcomings in relation to incom-
pleteness and reporting inconsistencies, especially in
conflict-affected settings. The GBD is the only source of
health data to our knowledge that provides first- and
second-order causes of death that can support an examin-
ation of the broader mortality patterns observed.

Our analysis is also ecological at the country-level, and
our findings may mask focal points of conflict intensity
sub-nationally and the likely large inequalities in impact
across populations. Fixed effects panel regression pro-
duces effect sizes interpreted in relation to the “average
country” rather than a global average and is more robust
than that typically used by previous cross-national studies
in this field. Panel regression models can also be poten-
tially biased from unmeasured confounders which could
explain both changes in mortality and conflict status.
However, we control for a range of variables that are the-
oretically justified and serve as key proxies for potential
unmeasured confounders. Finally, we were unable to cap-
ture the effect for conflict-displaced refugees who died in
conflict-free countries, and this necessitates further inves-
tigation especially as these populations are likely to be
heavily affected by conflict. Limitations relating to possible
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under-reporting of conflict, the use of country-level data,
and data on refugees all suggest our analyses offer conser-
vative estimates of the impact of conflict.

Quantifying the wider health burden of armed conflict is
vital to draw the attention of citizens and world leaders to
this important global issue. This study provides robust esti-
mates that can help galvanise communities that fight to
prevent conflict and to protect civilians. While our study re-
ports average impacts of conflict globally, humanitarian and
public health responses must be tailored to the unique con-
text of each armed conflict. Health policy implications of
armed conflict typically focus on secondary or tertiary pre-
vention, such as integrating humanitarian aid and peace
building initiatives with health system planning and recon-
struction [45], and strengthening accountability for viola-
tions of international humanitarian law [46]. While these
are important goals, prevention and conflict deterrence is
vital. The upstream drivers of armed conflict include socio-
economic inequalities, normalisation of militarism, and
small arms and light weapons (SALW) proliferation. Health
professionals can play an important role in the prevention
of armed conflict, including through documenting its wider
physical and mental health burden. Furthermore, health
professionals in all countries have the moral responsibility
to use their influence and status to protect communities
most affected by conflict by advocating for nonviolent and
diplomatic political resolution. Public health and medical
curricula worldwide should include more on the prevention
of armed conflict to promote further awareness, research,
and capacity building. Further research should focus on
quantifying the impact of armed conflict using a broader
range of mortality and morbidity health indicators, examine
inequalities in impacts masked by country-level data, and
identify effective strategies to preserve health systems and
health-promoting institutions to reduce mortality during
conflict and post-conflict periods. In particular, linkage
studies of civilian mortality and morbidity, including quanti-
tative research and victimisation surveys, in conflicts to spe-
cific risk exposures e.g. SALW and explosive remnants of
war [47], can drive powerful evidence-based policy-making
through national interventions and multi-lateral agreements.

Conclusion

Armed conflict, especially the most intense types, in-
directly impacts civilian mortality. Our estimates suggest
that almost 30 million civilian deaths were indirectly at-
tributable to armed conflict globally between 1990 and
2017, two thirds of which were due to communicable,
maternal, neonatal, and nutritional diseases. Broader and
more robust measures of civilian impacts at subnational
and national levels are needed to inform policy and ad-
vocacy to prevent war and protect civilians. This could
include greater use of linkage studies that incorporate
data from routine health and demographic sources,
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exposure to conflict-specific environmental risks, and
quantitative epidemiological methods such as national
and subnational victimisation surveys.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512916-020-01708-5.

Additional file 1. Additional methodological details.
Additional file 2. Conceptual framework.
Additional file 3. First order causes of death.
Additional file 4. Second order causes of death.
Additional file 5. Differences by sex.

Additional file 6. Differences by age group.
Additional file 7. Lags.

Additional file 8. Differences by actor type.

Additional file 9. Sensitivity analysis.

Acknowledgements
None

Authors’ contributions

Study conception and design: MJ, TH, EV, and CM. Acquisition of data: MJ
and TH. Analysis and interpretation of data: MJ, TH, EV, PR, RS, and CM.
Drafting of the manuscript: MJ and CM. Critical revision: MJ, TH, EV, PR, RS,
and CM. The authors read and approved the final manuscript.

Funding

MJ is supported by the Medical Research Council Doctoral Training
Partnership. PHPE is supported by the NIHR School of Public Health
Research. The funders had no role in the design, analysis or writing of this
manuscript, nor the decision to submit for publication. The corresponding
author (MJ) has full access to all the data in the study and had final
responsibility for the decision to submit for publication.

Availability of data and materials
All data used in this study are publically available and are cited with URLs.

Ethics approval and consent to participate
This study used publically available country-level routine data sources and as
such was exempt from ethical review.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Public Health Policy Evaluation Unit, Imperial College London, 3rd Floor,
Reynold's Building, St Dunstan’s Road, Hammersmith, London W6 8RP, UK.
“Primary Care and Population Sciences, University of Southampton,
Southampton SO16 6YD, UK. Institute of Cancer Policy, King's College
London & Guy's & St Thomas' NHS Trust, London SET 9RT, UK.

Received: 15 January 2020 Accepted: 14 July 2020
Published online: 10 September 2020

References

1. Uppsala Universitet. Department of Peace and Conflict Research [online].
Available at: https://bitly/2Xant85 [Date of Access 27 June 2019].

2. UN Chronical. Implemeting the 2030 Agenda: the challenge of conflict
[online]. Available at: https://bitly/2aucPAX [Date of Access 15 July 2019].
2015.

3. Murray CJL, King G, Lopez AD, Tomijima N, Krug EG. Armed conflict as a
public health problem. BMJ. 2002,324(7333):346-9.


https://doi.org/10.1186/s12916-020-01708-5
https://doi.org/10.1186/s12916-020-01708-5
https://bit.ly/2Xant85
https://bit.ly/2aucPAX

Jawad et al. BMC Medicine

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2020) 18:266

Sikder M, Daraz U, Lantagne D, Saltori R. Water, sanitation, and hygiene
access in southern Syria: analysis of survey data and recommendations for
response. Confl Health. 2018;12(1):17.

Igbal Z, Zorn C. Violent conflict and the spread of HIV/AIDS in Africa. J Polilt.
2010;72(1):149-62.

Gates S, Hegre H, Nygérd HM, Strand H. Development consequences of
armed conflict. World Dev. 2012;40(9):1713-22.

Ghobarah HA, Huth P, Russett B. Civil wars kill and maim people—long
after the shooting stops. Am Polit Sci Rev. 2003,97(2):189-202.

Ghobarah HA, Huth P, Russett B. Comparative public health: the political
economy of human misery and well-being. Int Stud Quart. 2004;48(1):73-94.
Ghobarah HA, Huth P, Russett B. The post-war public health effects of civil
conflict. Soc Sci Med. 2004;59(4):869-84.

Igbal Z. Health and human security: the public health impact of violent
conflict. Int Stud Quart. 2006;50(3):631-49.

Carlton-Ford S. The impact of war, adult HIV/AIDS, and militarization on
young children's mortality. Bass, L. (Ed.) Sociological Studies of Children and
Youth (Sociological Studies of Children and Youth, Vol. 10). Bingley: Emerald
Group Publishing Limited; 2005. p. 231-55.

Li Q, Wen M. The immediate and lingering effects of armed conflict on adult
mortality: a time-series cross-national analysis. J Peace Res. 2005;42(4):471-92.
Plimper T, Neumayer E. The unequal burden of war: the effect of armed
conflict on the gender gap in life expectancy. Int Organ. 2006,60(3):723-54.
Darrouzet-Nardi AF. Nonviolent civil insecurity is negatively associated with
subsequent height-for-age in children aged< 5y born between 1998 and
2014 in rural areas of Africa. Am J Clin Nutr. 2016;105(2):485-93.

Montalvo JG, Reynal-Querol M. Fighting against malaria: prevent wars while
waiting for the “miraculous” vaccine. Rev Econ Stat. 2007,89(1):165-77.
Jenkins D, Marktanner M, Merkel AD, Sedik D. Estimating child mortality
attributable to war in Yemen. Int J Dev Issues. 2018;17(3):372-83.
Berrang-Ford L, Lundine J, Breau S. Conflict and human African
trypanosomiasis. Soc Sci Med. 2011;72(3):398-407.

Berry |, Berrang-Ford L. Leishmaniasis, conflict, and political terror: a spatio-
temporal analysis. Soc Sci Med. 2016;167:140-9.

Kelly JT, Colantuoni E, Robinson C, Decker MR. From the battlefield to the
bedroom: a multilevel analysis of the links between political conflict and
intimate partner violence in Liberia. BMJ Glob Health. 2018,;3(2):e000668.
Kinyoki DK, Moloney GM, Uthman OA, Kandala N-B, Odundo EO, Noor AM,
et al. Conflict in Somalia: impact on child undernutrition. BMJ Glob Health.
2017;2(2):2000262.

@stby G, Urdal H, Tollefsen AF, Kotsadam A, Belbo R, Ormhaug C. Organized
violence and institutional child delivery: micro-level evidence from sub-
Saharan Africa, 1989-2014. Demography. 2018;55(4):1295-316.

Sedda L, Qi Q, Tatem AJ. A geostatistical analysis of the association
between armed conflicts and Plasmodium falciparum malaria in Africa,
1997-2010. Malar J. 2015;14(1):500.

Chukwuma A, Ekhator-Mobayode UE. Armed conflict and maternal health
care utilization: evidence from the Boko Haram Insurgency in Nigeria. Soc
Sci Med. 2019,226:104-12.

Wagner Z, Heft-Neal S, Bhutta ZA, Black RE, Burke M, Bendavid E. Armed
conflict and child mortality in Africa: a geospatial analysis. Lancet. 2018;
392(10150):857-65.

Wagner Z, Heft-Neal S, Wise PH, Black RE, Burke M, Boerma T, et al. Women
and children living in areas of armed conflict in Africa: a geospatial analysis
of mortality and orphanhood. Lancet Glob Health. 2019;7(12):.e1622-€31.
Bollyky TJ, Templin T, Cohen M, Schoder D, Dieleman JL, Wigley S. The
relationships between democratic experience, adult health, and cause-
specific mortality in 170 countries between 1980 and 2016: an observational
analysis. Lancet. 2019;393(10181):1628-40.

Hone T, Mirelman AJ, Rasella D, Paes-Sousa R, Barreto ML, Rocha R, et al.
Effect of economic recession and impact of health and social protection
expenditures on adult mortality: a longitudinal analysis of 5565 Brazilian
municipalities. Lancet Glob Health. 2019;7(11):e1575-e83.

Lu C, Schneider MT, Gubbins P, Leach-Kemon K, Jamison D, Murray CJ.
Public financing of health in developing countries: a cross-national
systematic analysis. Lancet. 2010;375(9723):1375-87.

Sundberg R, Melander E. Introducing the UCDP georeferenced event
dataset. J Peace Res. 2013;50(4):523-32.

Wang H, Naghavi M, Allen C, Barber RM, Bhutta ZA, Carter A, et al. Global,
regional, and national life expectancy, all-cause mortality, and cause-specific

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

Page 11 of 11

mortality for 249 causes of death, 1980-2015: a systematic analysis for the
Global Burden of Disease Study 2015. Lancet. 2016;388(10053):1459-544.
World Bank. World Bank Open Data [online]. Available at: https://bit.ly/2
yUZmdS [Date of Access 12 Apr 2019].

OECD. Where: Global reach [online]. Available at: https.//bitly/32nmyj4
[Date of Access 16 Oct 2019].

Coppedge M, Gerring J, Knutsen CH, Lindberg S|, Skaaning S, Teorell J, et al.
V-Dem Methodology v8. Varieties of Democracy (V-Dem) Project. 2018.
https.//www.v-dem.net/media/filer_public/5a/f1/5af198e9-f3e8-4619-bofd-
a8387fdc22a5/v-dem_methodology_v8.pdf.

Global Burden of Disease Collaborative Network. Global burden of disease
study 2017 (GBD 2017) covariates 1980-2017. Seattle: Institute for Health
Metrics and Evaluation (IHME); 2018.

Drazanova L. Historical Index of Ethnic Fractionalization Dataset (HIEF),
https://doi.org/10.7910/DVN/4JQRCL, Harvard Dataverse, V1, UNF:6:z4)/b/
PKbUpNdloeEFPvaw== [fileUNF]. 2019.

EM-DAT. The International Disaster Database [online]. Available at:
https://bitly/31nekH8 [Date of Access 06 Oct2019].

Marshall MG. Major episodes of political violence (MEPV) and conflict regions,
1946-2018 [online]. Available at: https//bitly/33iGSWr. Accessed 2 Aug 2020.
Beyrer C, Villar JC, Suwanvanichkij V, Singh S, Baral SD, Mills EJ. Neglected
diseases, civil conflicts, and the right to health. Lancet. 2007,370(9587):619-27.
Jawad M, Vamos EP, Najim M, Roberts B, Millett C. Impact of armed conflict
on cardiovascular disease risk: a systematic review. Heart (British Cardiac
Society). 2019;105:1388-94.

Stamatel JP, Romans SH. The effects of wars on postwar homicide rates: a
replication and extension of Archer and Gartner's classic study. J Contemp
Crim Just. 2018;34(3):287-311.

Henderson R, Stark C, Humphry RW, Selvaraj S. Changes in Scottish suicide
rates during the Second World War. BMC Public Health. 2006;6(1):167.
ACLED. ACLED Coverage to Date [online]. Available at: https:/bitly/2Bjh1hP
[Date of access 16 October 2019].

Burnham G, Lafta R, Doocy S, Roberts L. Mortality after the 2003 invasion of
Iraqg: a cross-sectional cluster sample survey. Lancet. 2006;368(9545):1421-8.
Moyer JD, Bohl D, Hanna T, Mapes BR, Rafa M. Assessing the impact of war
on development in Yemen [online]. Available at: https.//bit.ly/2XsGPE3 [Date
of access 03 June 2020]. 2019.

Spiegel PB. The humanitarian system is not just broke, but broken:
recommendations for future humanitarian action. Lancet. 2017,50140-
6736(17):31278-3.

Patel P, Gibson-Fall F, Sullivan R, Irwin R. Documenting attacks on health
workers and facilities in armed conflicts. Bull World Health Organ. 2017;95(1):79.
Frost A, Boyle P, Autier P, King C, Zwijnenburg W, Hewitson D, et al. The
effect of explosive remnants of war on global public health: a systematic
mixed-studies review using narrative synthesis. Lancet Public Health. 2017;
2(6):e286-€96.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://bit.ly/2yUZmdS
https://bit.ly/2yUZmdS
https://bit.ly/32nmyj4
https://www.v-dem.net/media/filer_public/5a/f1/5af198e9-f3e8-4619-b9fd-a8387fdc22a5/v-dem_methodology_v8.pdf
https://www.v-dem.net/media/filer_public/5a/f1/5af198e9-f3e8-4619-b9fd-a8387fdc22a5/v-dem_methodology_v8.pdf
https://doi.org/10.7910/DVN/4JQRCL
https://bit.ly/31nekH8
https://bit.ly/33iGSWr
https://bit.ly/2Bjh1hP
https://bit.ly/2XsGPE3

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Design and setting
	Data
	Measures
	Statistical analysis
	Sensitivity analyses

	Results
	Sample description
	All-cause mortality
	Cause-specific mortality
	Differences by sex
	Differences by age group
	Lagged effects
	Actor type
	Sensitivity analysis

	Discussion
	Conclusion
	Supplementary information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

