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Abstract
Background
Quantifying the effect of measles containing vaccine (MCV) coverage and the prevalence of global acute malnutrition (GAM) on mortality levels in populations of displaced and crisis-affected resident children is important for intervention programming in humanitarian emergencies.

Methods
A total of 1597 surveys containing data on under-five death rate, population status (internally displaced, refugee, or crisis-affected resident), measles containing vaccine coverage, and global acute malnutrition were extracted from the Complex Emergency Database (CE-DAT). Under-five mortality rates were dichotomized to those exceeding critical levels or otherwise. A Bayesian multivariable mixed-effect logistic regression model was used to assess the association between an under-five death rate (U5DR) exceeding this threshold and population status (i.e., internally displaced, refugees or residents), GAM prevalence (proxy for food security), and MCV coverage.

Results
The prevalence of GAM, MCV and U5DR were higher in internally displaced children (IDC) with values of 14.6%, 69.9% and 2.07 deaths per 10 000 per day, respectively. Refugee populations had lower average under-five mortality rate (0.89 deaths per 10 000 per day), GAM of 12.0% and the highest measles containing vaccine coverage (80.0%). In crisis-affected residents the prevalence of GAM, MCV and average U5DR are 11.1%, 65.5% and 1.20 deaths per 10 000 per day respectively. In mixed-effect logistic model taking 2 deaths per 10 000 children less than five years old per as emergency threshold (Model III); MCV (AOR = 0.66, 95% Highest Density Interval (HDI): 0.57, 0.78), GAM (AOR = 1.79, 95% HDI: 1.52, 2.12) were associated with a reduction of the odds of U5DR exceeding critical level accounting for country-specific levels of variability. The odds of U5DR exceeding critical level (2/10000/day) in crisis-affected resident children and refugees were 0.36 (95% HDI: 0.22, 0.58) and 0.25(95% HDI: 0.11, 0.55) less than amongst IDP children adjusting for GAM and MCV. In considering country specific yearly median U5DR (model IV) the odds of U5DR exceeding twice the median U5DR were associated with MCV (AOR = 0.72, 95% HDI: 0.64, 0.82), GAM (AOR = 1.53, 95%HDI: 1.34, 1.76). The odds of U5DR exceeding critical level in crisis-affected resident children was 0.30(95% HDI: 0.20, 0.45) less than IDP children, after adjusting for MCV and GAM. We found no difference between the odds of U5DR exceeding twice the country level median U5DR in the refugee population compared to the IDPs.

Conclusions
In this study vaccination coverage and global acute malnutrition (proxy for food security) were associated with U5DR exceeding critical level. The emergency threshold for IDPs and affected residents is significantly different and consistent across the different outcomes, whereas the result is inconsistent for IDPs and refugees. Continued improvement in measles vaccination coverage and reduction of malnutrition in humanitarian emergencies have the potential to minimize the deterioration of mortality level amongst children in emergency settings. To generate a robust understanding of the critical level of child mortality in displaced and affected resident populations, studies accounting for the impact of the duration of displacement, contextual factors in humanitarian settings, and the level of humanitarian assistance provided are needed.
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Background
Worldwide more than 1 billion people live in countries confronted with either new, existing or resurgent crises, and more than 50% of those people live in poverty [1]. Millions of people have been forced to flee their homes because of protracted violence and conflicts, with children bearing a disproportionate share of the burden. Globally, the number of forcibly displaced people increased from 79.5 million people at the end of 2019 to 82.4 million people at the end of 2020 [2, 3]. Regionally, Africa houses the highest number of countries experiencing forcible displacement and more than 67% of displacement persons abroad are from five countries — Syrian Arab Republic, Venezuela, Afghanistan, South Sudan and Myanmar [2, 3].
Refugees are often displaced due to violent conflicts and are susceptible to poor health status. Unlike internally displaced persons (IDPs), refugees are displaced persons that cross internationally recognized borders, have rights under International Humanitarian Law, and are protected by International Refugee Law [4]. In addition to the displaced persons, affected residents (individuals, groups, communities or countries that are directly or indirectly affected by humanitarian crisis) also experience the impacts of humanitarian crises and share the harsh realities of conflicts and violence, whether internal or in neighboring states [5]. Specifically, due to violence, conflicts, and disasters, more than 12 million children are refugees and more than 21 million are internally displaced at any given point in a given year [6].
The effects of humanitarian emergencies on the health status of the displaced and affected residents are not the same. For instance, a study in Somalia suggested that IDPs have higher risks of mortality than affected residents [7]. A comprehensive study based on multiple surveys conducted in humanitarian emergency settings suggested that IDPs have higher excess overall mortality than affected resident and refugee populations [8]. In 2018, across five refugee camps in Ethiopia, Somali refugees reported a lower average under-five mortality than values reported in 2019 for affected Somali residents of Hudur in the Bakool region [9, 10]. A 2005 retrospective survey conducted in Darfur revealed that under-five death rate (U5DR) and malnutrition were higher in IDPs than in resident populations in the North and West regions of Darfur [11].
The prevalence of malnutrition in humanitarian settings is usually high, compounding vulnerabilities resulting from insecurity, destruction of infrastructure, and limited access to civil and health services [12–19]. Together, high prevalence of malnutrition, low immunization coverage, and commensurate increases in the incidence of vaccine preventable communicable diseases foment high-mortality conditions in humanitarian settings [20–27]. For example, measles, one of the leading causes of child death in humanitarian emergencies, is more likely to have severe sequelae and higher mortality rates if infected children are under or malnourished [28]. Because the distribution of healthcare conditions and needs varies across populations, it is critical to understand how different health needs – such as food security or routine immunization – help explain the drivers of differential mortality profiles among affected residents versus displaced populations [29]. During a measles outbreak in refugee camps Somalia and Tanzania, for instance, disparate underlying vaccination coverage between new arrivals and the affected resident populations helped prime conditions for such outbreaks [30, 31].
Age-specific U5DR is one of the commonly used indicators for measuring the severity of a crisis, the volume of aid required by the affected population, and the evaluation of humanitarian response efforts. Typically, mortality thresholds indicate if the affected population’s condition has reached a critical level. For U5DR, according to the Humanitarian Charter and Minimum Standard, the doubling of the baseline mortality rate is considered an emergency threshold [32]. In the absence of a known baseline mortality value or when that measure is in doubt, a U5DR above 2/10 000/day is an indication of public health concern [32]. Humanitarian agencies use emergency thresholds to decide whether to continue, reduce, or commit more resources to their programs. However, Weissman has extensively addressed the limitations of the recommended and often contentious use of threshold value [33].
In this study, we evaluate variations in the association between the odds of U5DR exceeding emergency threshold in forcibly displaced and affected resident population using data from complex emergencies. Nutrition and vaccination coverage are included as moderating factors, with GAM and Measles Containing Vaccination (MCV) coverage – two commonly reported indicators – serving as a proxies for food security and vaccination coverage, respectively [34].
Methods
Data sources
We extracted aggregated survey data on under-five death rates (all-cause mortality in children less than five years old), GAM, MCV, and population status (IDPs, refugees and crisis affected residents) from the Complex Emergence Database (CE-DAT). CE-DAT is a repository of health, nutrition and mortality indicators from survey reports from complex emergency settings conducted and contributed by humanitarian organizations. The CE-DAT database contains 3432 surveys from 58 countries and territories. Nutrition, morbidity and mortality estimates (Crude Death Rate and U5DR) are extracted from retrospective household surveys conducted by humanitarian agencies and subsequently entered into and stored in CE-DAT. The estimation of the reported death rates is based on information such as recall period, number of deaths, number of births and number of people living or joining the household within a given period. Details of CE-DAT database are discussed elsewhere [35]. We also extracted country level under-five mortality rate per 1000 live deaths (U5MR) from United Nations International Children’s Emergency Fund database.
Selection criteria
We included survey data that contains complete information on U5DR, GAM, MCV and status of affected-population. The population status had to be either of IDPs, refugees or crisis-affected residents. Finally, U5DR had to be either reported in units of 10,000 population/day or in units that are convertible to 10,000 population/day. Figure 1 shows the selection of the 1597 estimates from 37 countries covering the period 1999 to 2020 used this study.[image: ]
Fig. 1selection of 1579 estimates used in our analysis


Variables
In addition to the U5DR data collected from CE-DAT, we collected UNICEF-reported, country-level yearly median under-five morality rate (U5MR) from 1999 to 2020 [36]. We obtained the yearly median under-five death rate (U5DRmd) by approximating the U5MR as follows:[image: $$\frac{10000*U5MR}{1000*5*365.25} \approx U5DRmd$$]




We have two independent outcomes. The first outcome variable was dichotomised and values corresponding to U5DRs below 2 deaths/10 000 population/day were set as reference group and the second outcome variable was dichotomised such that values of U5DRs below twice the value of the yearly median U5DR were set as the reference group. The first outcome was used in Model I & III and the second outcome in Model II & IV. In both models the independent variables are GAM, MCV, and population type. GAM was measured as the percentage of children between 6 and 59 months old classified as having low weight-for-height and/or oedema. We used GAM as a more distant indicator of the food security situation and as a proxy of nutritional status in a population, GAM is important to consider because malnutrition increases the risks of illness and death amongst children, and serves as an indication of food security in humanitarian emergencies [37]. We assumed that the level of malnutrition serves as an indication of food security. However, this may not be a perfect representation of food security because GAM could change within a short period. MCV measures the percentage of children aged 9—59 months who received at least one dose of measles-containing vaccine by their second birthday. As a routine, universally indicated, early childhood vaccine, MCV coverage is an indication of the level of access to (or disruption and therefore lack of) routine healthcare services [38]. The population status refers here to a categorical variable with three groups: IDP, resident (crisis-affected residents), and refugee.
Statistical analyses
We assessed the relationship between the odds of U5DR exceeding emergency threshold and population status, MCV and GAM using a Bayesian logistics fixed and mixed-effect model. To examine how country specific thresholds may have influenced our estimates, we fitted a second model to assess the relationship between the odds of U5DR exceeding twice the reported median U5DR and population status, MCV and GAM. The standard linear fixed-effect model assumes that observations are independent. Given that observations collected within the same country may be correlated (underlying humanitarian emergencies within a country may have the same root cause and populations more related), intra-country correlation was accounted for when analyzing the data. The advantage of the linear mixed-effect model, including fixed and random effects, is that observations within the same country are assumed to be correlated by a random effect parameter, which allows the quantification of the between and within-country variability [39]. The advantage of the Bayesian technique over the frequentist approach is that information from past results, if available, can be incorporated via priors improving the model, and complex models with a larger number of random variance components can be easily fit and interpreted [40, 41].
Accordingly, we fitted a fixed effect model (Model I) using the first outcome (U5DR < 2/10000/day as reference), with GAM, MCV, an interaction term between GAM and MCV, and population status as the independent variables, while assigning a non-informative prior to the model parameters. Then, we extended the fixed-effect model by including a random term for country level estimate, based on the assumption that the random effect term follows a normal distribution with mean of 0 and variance tau (Eq. 2), to obtain a mixed-effect Model III. To assess if the association observed in our analysis could be explained by the difference in the mortality profile of the different countries, we refitted the fixed-effect model (Model II) and mixed-effect model (Model IV) using the second outcome variable ( U5DR < 2*U5DRmd). The interaction term was not statistically significant in the fixed and mixed-effect models; hence, we excluded the interaction term, and our final models contain GAM, MCV and population status. Given that the mixed-effect models capture possible country variability we interpreted the results of the mixed-effect models.[image: $${y}_{ik} \sim dbern({mu}_{i})$$]



[image: $$logit\left({mu}_{i}\right)= \alpha + \sum_{j=1}^{5}{\beta }_{j}{X}_{j}$$]

 (1)


[image: $$logit\left({mu}_{i}\right)= \alpha + \sum_{j=1}^{5}{\beta }_{j}{X}_{j}+ {\eta }_{k}$$]

 (2)



where [image: $$i=1, \dots , n$$], [image: $$n$$] is the number of observations,
[image: $$k$$]= 1 … [image: $$m$$] is the number of countries, [image: $${y}_{ij}$$] is the [image: $$ith$$] response in country k,
[image: $$\alpha$$] is the intercept, [image: $${\beta }_{j}$$] are regression coefficients for the independent variables [image: $${X}_{j}$$] (GAM, MVC, resident and refugee), [image: $$\alpha$$] and [image: $${\beta }_{j} \sim dnorm(0, 0.001)$$], [image: $${\eta }_{k}$$] (random effect term) [image: $$\sim dnorm(0,{\tau }^{2})$$].
We assigned non-informative inverse gamma prior to [image: $$\tau , ie {\tau }^{2} \sim Invgamma(0.001, 0.001)$$].
We used the Markov Chain Monte Carlo (MCMC) sampling procedure to estimate the model parameters for our model using three MCMC chains with different starting values. The results obtained were derived by using a burn-in period of 50 000 iterations, with a thin rate of taking one point for every 10 iterations to account for possible autocorrelation. The Geweke diagnostic and Brooks-Gelman-Rubin diagnostics were considered for checking stationarity of chains, and we assessed our model fit using the posterior predictive check (PPC) and Bayesian p-value [42]. Statistical analyses were performed using RStudio version 4.0.2, R2jags package, version 0.6.1 [43], HDInterval package, version 0.2.2 [44] and ggplot2 package, version 3.3.2 [45] for graphics. The full reproducible codes are available in supplementary material (additional file 1).
Model analyses
We fitted fixed and mixed-effect models. Visual inspection of the traceplots indicated convergence with a Gelma-Rubin “R-HAT” value of 1 and a good mix of the three chains (additional file 3). The Bayesian p-value of the posterior predictive check were 0.53 (Model I) and 0.54 (Model II) for the fixed effects models, and 0.59 (Model III) and 0.4 (model IV). For the mixed-effect models, these values are closer to 0.5 than to 0 or 1 indicating an appropriate fit [42]. The PPC plots show considerable fit (Supplementary additional file 4 and additional file 5).
Results
Descriptive statistics
Of the 1597 surveys included, 476 (29.8%) reported the number of children sampled, giving a total sample size of 493 952 children.
All the data were obtained from humanitarian emergency settings and/or low-income countries. The majority of the surveys (91.3%) were from Africa as shown in Table 1 below.Table 1Distribution of selected surveys by continents and population status


	Continent
	Resident
	IDPs
	Refugee
	Total

	Africa
	1114
	181
	164
	1459

	Asia
	78
	5
	13
	96

	North America
	41
	0
	0
	41

	South America
	1
	0
	0
	1




A total of 557 841 households were samples across 661 surveys (41.4%). The remaining surveys (28.8%) reported neither number of children nor household sample. Summary statistics of the U5DR, GAM, and MCV are presented in Table 2.Table 2Description of data used in the study


	Population status
	Country N
	Obs N
	U5DR (10,000 per day) mean(SD)
	Prevalence of GAM (%) mean(SD)
	Prevalence of MCV (%) mean(SD)

	Resident
	34
	1234
	1.20 (1.46)
	11.10 (6.70)
	65.50 (23.70)

	IDP
	11
	186
	2.07 (2.28)
	14.6 0 (8.60)
	69.90 (22.10)

	Refugee
	13
	177
	0.89 (0.74)
	12.0 0 (7.30)
	80.0 (20.50)




The full distribution of the data by country and year are presented in supplementary material (additional file 2).
Predictors of odds of under-five death rate exceeding emergency threshold
The estimates from the fixed-effect models are similar to results of the mixed-effect models. However, since the mixed-effect model has the advantage of considering variability within country we decided to interpret the results of the mixed-effect models instead. The results of the fixed-effect model are shown in Table 3 below.Table 3Odds ratios, 95% High density interval of Multivariable fixed-effect analysis of determinants of under-five death rates exceeding critical level in humanitarian emergency settings


	Variable
	Model Ib
	Model IIb

	 	Est[95%HDI]
	Est[95%HDI]

	MCV
	0.76[0.66, 0.88]*
	0.85[0.76, 0.95]*

	GAM
	1.48[1.30, 1.69]*
	1.48[1.32, 1.66]*

	IDP
	1
	1

	Refugee
	0.17[0.08, 0.33]*
	0.47[0.30, 0.72]*

	Resident
	0.36[0.25, 0.52]*
	0.37[0.27, 0.51]*


aOdds ratios of the Bayesian logistics fixed-effect models
bSame sample size (n = 1597) was used for both Model I & II. Model I the critical value for U5DR is 2/10 000/day and in Model B the critical U5DR value is double country level reported U5DR for a given period
*statistical significant at alpha = 0.05 level



The consequence of forced displacement on the odds of U5DR exceeding emergency threshold in humanitarian settings
The mixed-effect models reveal a country-specific U5DR with a standard error from zero of 1.18 and 0.9 for model III and IV respectively. Based on our data, model III and IV revealed that a unit (1%) increment in vaccination coverage leads to a reduction of the odds of U5DR exceeding emergency thresholds in IDPs by approximately 33.6% (AR = 0.66, 95% HDI: 0.57, 0.78) and 28.8% (AR = 0.72, 95% HDI: 0.64, 0.82), respectively, when country variability is accounted for and GAM is constant. Assuming that the population status is constant, if the level of GAM increases by 1 unit, we expect a higher odds of 79% (AR = 1.79, 95% HDI: 1.52, 2.12) and 53% (AR = 1.53, 95% HDI: 1.34, 1.76) of U5DR exceeding emergency threshold in IDPs when country variability is considered.
Assuming that MCV and GAM are the same across the different populations (IDPs, affected residents, and refugees), the odds of U5DR exceeding emergency thresholds for refugees is 75.0% lower in model I (AR = 0.25, 95% HDI: 0.11, 0.55) and 28.0% lower in model III (AR = 0.82, 95% HDI: 0.47, 1.44) than the odds of exceeding the emergency threshold values by IDPs. While for affected residents, the odds of U5DR exceeding thresholds in model III is 64.0% lower in model III (AR = 0.36, 95% HDI: 0.23, 0.58) and 70.0% lower in model IV (AR = 0.30, 95%HDI: 0.20, 0.45) than the odds of IDPs exceeding the emergency threshold.
The results of the mixed-effect analyses are shown in Table 4 and for the random intercept estimates (see supplementary material additional file 6).Table 4Odds ratios, 95% High density interval of Multivariable mixed effect analysis of determinants of under-five death rates exceeding critical level in humanitarian emergency settings 


	Variable
	Model IIIa
	Model IVa

	ORb [95%HDI]
	ORb [95%HDI]

	MCV
	0.66[0.57, 0.78]*
	0.72[0.64, 0.82]*

	GAM
	1.79[1.52, 2.12]*
	1.53[1.34, 1.76]*

	IDP
	1
	1

	Refugee
	0.25[0.11, 0.55]*
	0.82[0.47, 1.44]

	Resident
	0.36[0.23, 0.58]*
	0.30[0.20, 0.45]*


aAdjusted odds ratio of the posterior mean estimates of Bayesian mixed effect logistics analysis after taking into account data and priors
bSame sample size (n = 1597) was used for both models. Model III the critical value for U5DR is 2/10 000/day and in Model IV the critical U5DR value is double country level reported U5DR for a given period
*statistical significant at alpha = 0.05 level



Discussion
With an increase in forced displacement, more children are significantly affected, especially considering that displacement has continued to increase over a number of years [2]. Poor nutritional status and the lack of essential vaccinations has worsened the mortality risk of forcibly displaced children. In this study, we assessed the difference in the odds of under-five mortality exceeding critical levels amongst children in IDP, refugee, and affected resident populations. The strength of our study is the use of several retrospective surveys from various countries with different complex emergency situations, allowing us to compare the critical level of U5DR in internally displaced populations with that of crisis-affected residents and refugees.
We found that the odds of under-five mortality exceeding critical level for children in affected resident and refugee populations (The difference between refugees and internally displaced persons is not consistently greater than zero across all models) are lower than that of children in IDP populations when accounting for nutrition and vaccination coverage. This finding is in concordance with findings from retrospective mortality surveys conducted in Darfur [11]. A possible explanation is that in humanitarian emergencies, people who are most at risk are most likely to locate to a safer place. Since the mass displacement of people results in temporary, mostly crowded living arrangements that are characterized by inadequate sanitation facilities and poor hygiene [19], IDPs are likely to present with comparatively poor health status to the non-displaced affected resident. IDPs are often more difficult for humanitarian agencies to locate and reach, unlike refugees and affected resident populations. This makes it increasingly difficult to provide life-saving aid and healthcare services to them, hence necessitating unique considerations for care [46].
In situations where displaced persons are located and cared for, their presence may increase the demands for goods and services, potentially negatively affecting the provision of these goods and services to residents [47–49].
Furthermore, the results of our analyses are similar to studies that showed that in humanitarian crises, improving food security [13, 50, 51] and increasing vaccination coverage [52–54] are linked with the reduction of child mortality. Addressing the issues of displacement and the resultant effect on the health status of affected children via humanitarian activities [55] provides a temporary solution. To achieve a long-term permanent solution requires infrastructural, social, and political stability, although these are often difficult to achieve due to the complex nature of conflict environments.
Limitations
This study has some limitations. The data used were contributed freely to the CE-DAT project by NGOs without obligation. This might lead to information bias, such that certain surveys are overrepresented while others (with negative findings) are under-represented. Secondly, the database has not been updated systematically in the last years due to lack of sustained funding. The implication is that the most recent studies were under-represented in our data. For many of the estimates there is not enough information (e.g., sample sizes, design effects, number of child deaths, precise affected population and context specific information) required for detailed analysis. As in most studies, the survey results are prone to recall bias. We have no way to quantify the scale of potential bias and its associated effect on our results. Although the use of the recommended threshold by the Humanitarian Charter and Minimum Standard is controversial in some contexts, we feel that it represents the best available estimate. However, lack of more granular, emergency-specific country/region/ecological and zone/district level mortality thresholds may have masked the true variations of our estimates. The classification of population into IDPs and refugee does not provide further information on how long the population has been displaced. A previous study has indicated that duration of displacement is an important variable to consider when studying U5DR in these groups [56]. Future studies should quantify and assess the impacts of duration of displacement, as displaced households or refugees may have stayed long enough to share similar health status as the affected residence.
Conclusion
Notwithstanding the aforementioned limitations, we believe that this study provides insight into important factors that determine critical under-five mortality level in humanitarian emergencies, such as displacement status, measles vaccination coverage and prevalence of global acute malnutrition. In this study, U5DR levels over the critical level were linked to vaccination coverage and global acute malnutrition. The emergency threshold is considerably different and consistent across the different outcomes for IDPs and affected residents, whereas the conclusion is inconsistent for IDPs and refugees. Understandably, ending forced displacement is a difficult and tedious process that requires coordinated humanitarian efforts and political commitment to address the root causes. Nevertheless, deliberate efforts to not only locate forceful displaced and crises affected children but also to improve access to quality healthcare and food security in humanitarian emergencies, may significantly reduce mortality measures below critical levels. Furthermore, there is need for studies that consider additional elements in their analysis, such as the impact of the duration of displacement, the humanitarian contexts, and levels of interventions provided in order to inform a broader understanding of the disparities in the critical level of child mortality amongst IDPs, refugees, and affected-residents.
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