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Abstract
Disasters cause a wide range of health impacts. Although there remains a need to understand and improve acute disaster management, a stronger understanding of how health is affected in the medium and longer term is also required to inform the design and delivery of measures to manage post-disaster health risks, and to guide actions taken before and during events which will also lead to reduction in health impact. Social determinants exert a powerful influence on different elements of risk, principally vulnerability, exposure and capacity, and thus, on people’s health. As disaster health data and research has tended to focus on the short-term health impacts, no systematic assessment of the social determinants of the mid- to long-term health impacts of disasters has been identified. We assessed the chronic health impacts of disasters and explored the potential socioeconomic determinants of health impact through a systematic review. Our findings, based on 28 studies, highlighted that regardless of health outcomes and event types, the influence of disasters on chronic heath persists beyond the initial disaster period, affecting people’s health for months to years. Using the World Health Organization's conceptual framework for the social determinants of health, we identified a total of 35 themes across the three conceptual domains (determinants related to the socioeconomic and political context, structural determinants, and intermediate determinants) as potentially influencing disaster impact. Investment to tackle modifiable underlying determinants could aid disaster risk management, improve medium and long-term health outcomes from disasters, and build community resilience.
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1. Introduction
Our global community’s vulnerability to disaster risks is growing faster than our ability to increase resilience [1]. As a result of underlying risk factors, such as widespread poverty, rapid and unplanned urbanization and the risks associated with a changing climate, the frequency of disasters is increasing both within and between countries, and the threats of multiple hazards, as well as persistence of impact, add an even greater sense of urgency to hasten our efforts for disaster preparedness both in developed and developing countries [2]. The 2010 World Bank report on the economics of disaster risk reduction estimated that the number of people living under the threat of earthquakes and cyclones would double by 2050 (from 680 million in 2000 to 1·5 billion in 2050) [3]. The least developed countries (LDCs) and small island developing states (SIDS) suffer the most from disasters [4]. Urgent global attention has been paid to disaster risk reduction [5], but the current tough economic situation has made our strategic investments in risk reduction a matter of spending wisely in an evidence-informed manner, rather than spending more [1].

Effective emergency and disaster risk management entails specific health and multi-sector measures to reduce the overall risk to health from different types of hazards. These measures include prevention, preparedness, response and recovery. The health measures to manage the risks of disasters include measures to reduce risks and build resilience of communities before disasters as well as preparedness, response and recovery measures. The design and delivery of measures to reduce risks and enable better health outcomes can be achieved by better understanding of the health impact of disasters and the potential risk factors that influence the disaster related health burden [6]. Past catastrophic disasters have demonstrated that socioeconomic factors have the potential to influence the likelihood and/or severity of disaster impacts on health [7,8], Most post-disaster evidence on social determinants of health relates only to the first few months after the disaster (i.e., the acute phase), where health care needs focus on emergency treatment for injuries, obstetric and neonatal care, infectious diseases and mental health care. For example, Raschky (2008), Toya et al. (2007), Rasmussen et al. (2004), and Albala-Bertand (1993) demonstrated that per capita income, education attainment and social inclusion were significant indicators of a society’s vulnerability to disasters (in terms of the immediate number of people killed and affected) [9-12]. The consideration of the socioeconomic factors associated with health, which are often collectively referred to as social determinants of health (SDH), in disaster risk management planning and programs could accelerate the capacities of communities and government to effectively manage and reduce risk and improve health and other outcomes for people at risk. Parvin et al. (2013) reported that the community’s disaster risk reduction strategy with a focus on socioeconomic factors, including the expansion of microfinance and support to enhance water and sanitation facilities, yielded success in that the clients of microfinance services reduced flood damage by 26% in Hatiya, Bangladesh [13].

Health outcomes and socioeconomic data on disaster affected people months or even years after the disaster events are often immeasurable or unknown because they are difficult to follow-up and/or attentions shift to new events as time passes. Therefore, information about disaster health impacts in the post-acute periods (i.e., mid- to long-term (months to years) periods), is particularly scarce, and the potential mechanisms through which socioeconomic factors may affect the disaster impact on long-term health are even less well evaluated.

The aim of this study was to enhance understanding of disaster-related stakeholders, including health practitioners, local leaders, civil societies, public/private sectors, and policy makers, with respect to the mid- to long-term health impact of disasters and social determinants of impact, in order to help identify entry points for action and develop strategic directions for health policy and practice on long-term disaster risk management. To achieve this aim, we investigated the existing literature in relation to disasters with two objectives: 1) to assess the mid- to long-term health impact of disasters with regard to the presence of persistent negative health consequences, and 2) to identify and appraise the social determinants associated with these impacts, as entry points for addressing disaster risk reduction. Building on this evidence, we also made practical recommendations for future disaster studies. To our knowledge, this is the first systematic review to assess the disaster impact on mid- to long-term health with a focus on social determinants of health.

2. Methods
Given that our specific objective was to assess the existing knowledge on health impacts of major disasters in the post-acute period, we exclusively assessed studies evaluating the period three months or more after the disaster [14]. To address potential social determinants of health in post-disaster situations, we considered the conceptual framework proposed by the World Health Organization’s Commission on Social Determinants of Health (Figure 1). As Solar et al. (2010) acknowledges, in the framework, individual health outcomes are considered as the result of the interaction of several determinants functioning at three different domains: determinants related to the socioeconomic and political context, structural determinants, and intermediate determinants [15]. To our knowledge, this is the first application of this framework to disaster situations.

Figure 1 Conceptual framework of the Commission on Social Determinants of Health (Solar and Irwin, 2010) [15]
[image: Macintosh HD:Users:shuhei:Dropbox:Wordl Health Organization:Systematic review:Figures:Figure 1 low.tiff]

The socioeconomic and political context is the highest level domain and refers to the wide spectrum of factors in society and the political context that cannot be directly measured at the individual level. These factors create social stratification and assign individuals to different social positions, which in turn generate differential exposure to health-compromising conditions and differential vulnerability in terms of health conditions and material resource availability, and thus, determine differential consequences on people’s health. As stated by Solar et al. (2010), this domain is composed of at least six aspects: (1) governance, such as accountability/transparency in public administration; (2) macroeconomic policies, including monetary and trade policy; (3) social policies, affecting immigration, employment and housing patterns; (4) public policy in other relevant areas, e.g. education, healthcare and social work; (5) culture and societal values; and (6) epidemiological conditions [15]. Structural determinants refer to factors that generate social stratification (i.e., the interplay between the socioeconomic and political context described above, and the socioeconomic position of an individual). General examples of proxy indicators of the determinants of this domain include: income, education, occupation, social class, gender, and race/ethnicity [15]. Intermediate determinants refer to downstream factors, which determine individual-level differences in exposure and vulnerability to health-hazards. The main aspects of this domain comprise: (1) material circumstances; (2) behavioral and biological factors; (3) the health system itself as a social determinant; and (4) social-environmental or psychosocial circumstances [15]. 

2.1. Literature search criteria
Peer-reviewed observational studies that both assessed disaster impacts on health in the ≥ 3-month period following a disaster by quantitatively comparing exposed- and less/unexposed- (or control) groups, and addressed associations between social determinants and the disaster impact in a quantitative or non-quantitative/descriptive manner or by reference to other literatures, were included. Studies with study periods crossing over the point of three months following the disaster were also included. Review articles were excluded. Disasters due to natural (including geological, hydrometeorological and biological), technological and societal hazards were included. Wars and conflicts were excluded from the scope of the study because the literature is vast and such disasters may have different characteristics from other events in terms of root causes, contexts, and challenges. As a consequence, the potential pathways linking social determinants of health to outcomes in individuals during wars/conflicts might be different. The general population, as well as specific target groups including elderly people, people with disabilities, nursing home residents, and school children were eligible for inclusion. Quantitative outcome measures indicating any health outcome, including chronic diseases, infections, physical trauma, and mental problems, were eligible for inclusion. Biometric data (e.g., body mass index (BMI), glycated hemoglobin (HbA1c), systolic blood pressure (SBP), and diastolic blood pressure (DBP)) related to health outcomes were also eligible. Health consequences of radiation damage were excluded because this is a complex phenomenon involving aspects associated with physiology and cell biology, and thus is difficult to fully address in the present study. No language restrictions were applied.

2.2. Literature search methods
The following electronic databases were searched from their dates of inception to August 2014: PubMed, Embase, POPLINE, LILACS, CINAHL and PsycINFO. The search strategy combined relevant general research terms with filter terms, expanded and appropriately modified depending on database. The search strategies are listed in Appendices (Table A.1–6). Key personnel and organizations working in disaster risk management for health, including members of the various networks of disaster researchers and policymakers, were contacted to identify additional references. The proceedings of major disaster conferences, such as The Asia Pacific Conference on Disaster Medicine, World Congress on Disaster and Emergency Medicine, and World Conference on Disaster Risk Reduction were also searched. The search strategy was iterative, in that bibliographies of the potentially eligible studies were also searched for additional articles. 

The methods for data collection were based on guidance from the Cochrane Handbook for Systematic Reviews [16]. All identified studies were inspected independently and critically by two review authors to determine the potentially eligible studies for inclusion. Initially, titles and abstracts of the identified studies were independently screened and assessed against eligibility criteria. Potentially eligible studies were then further evaluated with review authors independently reviewing the full articles in regard of the criteria above. All disagreements were resolved by discussions between the reviewers. Note that we did not appraise the quality of the included studies as a part of inclusion/exclusion criteria because disasters occurs very rarely and often leave insufficient opportunity for anything other than opportunistic studies of impact. We considered that any insights generated following a disaster were likely valuable, regardless of the methodological quality of the study.

A standardized observation form was independently completed by the two review authors for each selected study. The extracted data included the following information: publication year, study title, first author, event type, event site, study objectives, study population, study period (of target group and control/reference group), sample selection methods, health outcome, outcome measures and measurement tool (if any), disaster impact (i.e., results of the comparison between target and control/reference groups), evidence of social determinants of impact, and type of evidence (i.e., quantitative, non-quantitative/descriptive, or reference to the literature). Discrepancies in abstracted data were resolved through discussion between the reviewers. 

2.3. Synthesis approach
Owing to the nature of disaster studies, heterogeneity with respect to study population, study designs, and outcome measures was expected and observed amongst the selected studies. As such it was not possible to perform a meta-analysis. Therefore, we employed a narrative synthesis approach [17], which have recently been used in healthcare review studies [18-20]. Reporting methods were based on the recommendations provided by Meta-analysis Of Observational Studies in Epidemiology (MOOSE) group [21], as well as Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) group [22]. 

2.4. Data analyses
We explored the characteristics of the studies by event type and by outcome, and examined the post-acute disaster impacts in terms of the presence of prolonged adverse health consequences. Major themes were identified as proxy indicators of the potential social determinants of the disaster impacts on health in accordance with the WHO's framework on SDH. The themes were stratified by domain (i.e., determinants related to socioeconomic and political context, structural determinants, and intermediate determinants) and types of evidence noted in order to enhance their application for disaster risk management policy and practice. 

3. Results
3.1. Results of the search
A total of 1,407 citations were obtained from our search of the databases. After excluding 321 duplicate manuscripts, we were left with 1086 studies for screening. The screening process identified 116 studies for full-text review. Of these, 19 studies were determined to meet the eligibility criteria. A further nine studies were found through other sources, including the bibliographies of the included studies. We then abstracted data and analysed a total of 28 studies. A full flowchart of the review process is available in Figure 2.

Figure 2 Flowchart of review of disaster studies
[image: Macintosh HD:Users:shuhei:Dropbox:Wordl Health Organization:Systematic review:Figures:Figure 2 20150831.tiff]
* Other sources include bibliographies of the potentially eligible studyes.
** Reasons of exclusion included: no comparison with pre-disaster/other control population; review study; intervention study; not a disaster study; did not address health outcomes; short term/acute impact.

3.2. Characteristics of the studies
Disasters evaluated in the 28 studies are summarized in Table 1. Most of the studies investigated a 'major' disaster, where an internationally recognized name had been given (n=27: 96.4%). Major event sites were disaster-prone Pan-Pacific countries, including China, Colombia, Japan, and Taiwan (Chinese Taipei). The most frequently studied single type of disaster was earthquake (n=16: 57.1%), followed by cyclone/hurricane (n=4: 14.3%) and tsunami (n= 2: 7.1%). Four studies addressed multiple-hazards, i.e., the 2011 Great East Japan Earthquake, subsequent tsunami and nuclear power plant incident [23-26], Post-disaster periods studied ranged from three months to 40 years, with a median of one year. 

Table 1: Disaster evaluated in included studies
	Event type and internationally recognised event name
	Number of studies 
	Event time
	Event site

	Single hazard
	　
	
	

	Earthquake (n=16, 57.1%)
	
	
	

	Agadir Earthquake 
	1 
	Feb 1960
	Morocco

	Spitak Earthquake
	1 
	Dec 1988
	Armenia

	Great Hanshin-Awaji Earthquake
	1 
	Jan 1995
	Japan

	Armenia-Colombia Earthquake
	1 
	Jan 1999
	Colombia

	Athens-Greece Earthquake
	1 
	Sep 1999
	Greece

	Chi-Chi Earthquake
	3 
	Sep 1999
	Taiwan

	South Iceland Earthquake
	1 
	Jun 2000
	Iceland

	Niigata-Chuetsu Earthquake
	3 
	Oct 2004
	Japan

	L'Aquila Earthquake
	2 
	Apr 2009
	Italy

	Great Sichuan Earthquake
	1 
	May 2008
	China

	Great Chilean Earthquake
	1 
	Feb 2010
	Chile

	Hurricane (n=4, 14.3%)
	　
	
	

	Hurricane Katrina 
	4 
	Aug 2005
	United States

	Tsunami (n=2, 7.1%)
	
	
	

	Great Indian Ocean Tsunami
	2 
	Dec 2004
	Countries bordering the Indian Ocean

	Flood (n=1, 3.6%)
	　
	
	

	NA
	1 
	Jul 1987
	Bangladesh

	Fire* (n=1, 3.6%)
	
	
	

	Volendam New Year's fire
	1 
	Jan 2001
	Netherlands

	NA
	1 
	Jul 2004
	Belgium

	Multiple hazards
	　
	
	

	Earthquake and Tsunami (n=1, 3.6%)
	
	
	

	Great East Japan Earthquake and Tsunami 
	1 
	Mar 2011
	Japan

	Earthquake, Tsunami and Nuclear incident (n=3, 10.7%)
	　
	
	

	Great East Japan Earthquake, Tsunami and Fukushima 
Daiichi Nuclear Power Plant Accident
	3 
	Mar 2011
	Japan


* One study covered two events

37

6

3.3. Mid- to long-term disaster impacts on health
In the 28 studies identified, the following health outcomes were addressed: 1) mortality (excluding suicide); 2) suicide death; morbidities from 3) mental and behavioural disorders, 4) diseases of the circulatory system, 5) infectious and parasitic diseases, and 6) nutritional diseases; and 7) outcomes based on biometric data (e.g., BMI, HbA1c, SBP, DBP). The most frequently studied outcome was mental and behavioural disorders (n=15, 53.6%), followed by mortality (n=4, 14.3%), and diseases of the circulatory system (n=4, 14.3%). The higher number of studies on mental health than other health disciplines may be due to a more active mental health research community, and public and service provider interests in understanding the mental health needs and targeting appropriate responses. Many post-disaster health outcomes were evaluated in comparison with pre-disaster populations (100% for mortality, diseases of the circulatory system, certain infectious and parasitic diseases, and nutritional diseases, and 80.0% for biometric data), while mental and behavioural disorders were studied by comparing with un- or less-exposed populations (70.6%). Among the outcomes evaluated in more than two studies (i.e., mortality, mental and behavioural disorders, diseases of the circulatory system, and biometric data), the median post-disaster follow-up period was 12 months, 10 months, 30 months, and 6 months respectively. Table 2 presents the range of post-disaster relative risks by health outcome. Except for suicide, all the health outcomes, evaluated by several outcome measures, demonstrated a statistically significant increase in risk in the post-acute (> 3 months) phase after the disaster in more than one study.

Table 2: Disaster impacts evaluated in included studies (n=28)
	Effect measure by health outcome (number of studies, and percentage)1
	Follow-up period in months
	Reference population2
	Range of relative risk (RR)3
	Statistical significance of RR (p<0·05)
	References


	
	
	
	
	YES
	'Yes' in some group4
	NO
	

	Mortality (n=4, 14.3%)
	　
	　
	　
	　
	　
	　
	　

	Hazard rate
	12
	Pre-disaster
	0·8–2·9
	　
	○
	　
	Nomura et al. (2013)

	Incidence rate
	12
	Pre-disaster
	0·8–1·1
	
	○
	
	Chan et al. (2003)

	　
	12
	Pre-disaster
	NA
	　
	　
	○
	Burton et al. (2009)

	Number of cases
	3.5
	Pre-disaster
	1·5 
	○
	　
	　
	Kario et al. (1997)

	Suicide (n=1, 3.6%)
	　
	　
	　
	　
	　
	　
	　

	Incidence rate
	36
	Un-exposed
	0·7-2·5
	　
	　
	○
	Hyodo et al. (2010)

	Mental and behavioural disorders5 (n=15, 53.6%)
	
	
	
	
	
	
	

	Mean disease rating score
	3
	Un-exposed
	1·0–1·6
	
	○
	
	Bodvarsdottir et al. (2004)

	　
	5
	Pre-disaster
	NA
	○
	　
	　
	Toyabe et al. (2006)

	
	5
	Pre-disaster
	NA
	○
	
	
	Zubizarreta et al. (2013)

	　
	6
	Un-exposed
	1·4
	○
	　
	　
	Kolaitis et al. (2003)

	
	6–14
	Less-exposed
	1·3–3·8
	○
	
	
	Heir et al. (2011)

	　
	8
	Un-exposed
	NA
	　
	○
	　
	Scott et al. (2003)

	
	9
	Pre-disaster
	1·1 
	○
	
	
	Chiu et al. (2002)

	　
	9
	Un-exposed
	1·5–2·4
	　
	○
	　
	Sawa et al. (2013)

	
	10
	Un-exposed
	NA
	
	○
	
	Dell'Osso et al. (2013)

	　
	12
	Less-exposed
	0·7–1·2
	　
	○
	　
	Li et al. (2011)

	
	15
	Pre-disaster
	1·1 
	○
	
	
	Seplaki et al. (2006)

	　
	24
	Un-exposed
	NA
	　
	○
	　
	Van Loey et al. (2012)

	
	40 years
	Un-exposed
	NA
	
	
	○
	Kadri et al. (2006)

	Odds
	14
	Pre-disaster
	0·9–12·5
	　
	○
	　
	Wahlstrom et al. (2009)

	Prevalence
	9
	Un-exposed
	3·0–4·5
	
	○
	
	Sawa et al. (2013)

	　
	12
	Un-exposed
	2·1
	○
	　
	　
	Toukmanian et al. (2000)

	　
	40 years
	Un-exposed
	1·3
	　
	　
	○
	Kadri et al. (2006)

	Diseases of the circulatory system6 (n=4, 14.3%)
	　
	　
	　
	　
	　
	　
	　

	Hospital admission rate
	4
	Pre-disaster
	1·1
	○
	　
	　
	Sofia et al. (2012)

	
	24
	Pre-disaster
	3·1
	○
	
	
	Gautam et al. (2009)

	　
	41
	Pre-disaster
	2·9
	○
	　
	　
	Jiao et al. (2012)

	Mortality rate
	36
	Pre-disaster
	1·13–1·15
	○
	　
	　
	Nakagawa et al. (2009)

	Certain infectious and parasitic diseases7 (n=1, 3.6%)
	　
	　
	　
	　
	　
	　
	　

	Odds
	16
	Pre-disaster
	2.2
	○
	　
	　
	Nsuami et al. (2009)

	Prevalence
	16
	Pre-disaster
	2·2 
	○
	　
	　
	Nsuami et al. (2009)

	Nutritional diseases8 (n=1, 3.6%)
	　
	　
	　
	　
	　
	　
	　

	Prevalence
	6
	Pre-disaster
	1·5-6·8
	　
	○
	　
	Choudhury et al. (1993)

	Biometric data9 (n=3, 10.7%)
	
	
	
	
	
	
	

	Measured value
	4
	Pre-disaster
	NA
	
	○
	
	Ogawa et al. (2012)

	　
	4
	Un-exposed
	NA
	　
	○
	　
	Ogawa et al. (2012)

	
	6
	Pre-disaster
	NA
	
	○
	
	Tsubokura et al. (2013)

	　
	24
	Pre-disaster
	NA
	　
	　
	○
	Gautam et al. (2009)


1: Burton et al. (2009) evaluated post-disaster all cause, but it was not included in this table because of its broad scope.
2: The reference population refers to the comparator against which the target (i.e. affected population) is compared to evaluate the health impact
3: If the relative risk was not available in the paper, it was calculated from the data reported in the paper. Confidence intervals were, then, not able to be estimated.
4: The significance was dependent on sub-group characteristics (e.g., age and/or sex)
5: includes depression, post traumatic stress disorder, anxiety disorders, and behavioural disorders
6: includes acute myocardial, cardiovascular diseases, and cerebrovascular diseases
7: includes gonorrhoea
8: includes malnutrition
9: includes BMI, HbA1c, SBP, and DBP

3.4. Social determinants influencing the disaster impact on health outcomes
Themes that emerged under the social determinants of health domains are detailed in Table A.7, and briefly described below. Note that the WHO's conceptual framework of social determinants of health does not describe official indicators of the determinants, but instead provides some conceptual definitions of each domain that enable identification of themes associated with health.

3.4.1. Socioeconomic and political context
Only five studies (17.9%) addressed this domain, and from these studies we identified six themes: the insurance system (n=1), national and international societal attention (n=1), public security (n=1), cultural mentality (n=1), evacuation policy (n=1), and policy for vitamin A supplementation (n=1). 

Burton et al. (2009) suggested that, in the case of the 2005 Hurricane Katrina, United States, a health insurance system that expanded coverage to include post-hurricane treatment by out-of-area healthcare providers (i.e., providers in areas originally not covered by the health insurance) might help displaced-victims access healthcare and attenuate health consequences [27]. Scott et al. (2003) assessed psychological functioning in adolescent victims of the earthquake that occurred in Armenia in 1999, and showed that eight months after the event no significant difference in the psychological status was observed among those who did versus those who did not experience the event [28]. The authors implied that this might be because the affected areas had been a focus of national and international attention, and external support gave the disaster victims a sense of optimism and reduced their psychological distress [28]. In addition, because of low public security in the affected area, adolescents had been commonly exposed to violent and threatening occasions prior to the earthquake, which built resilience against adversity and, as the author mentioned, might enable the adolescent victims to recuperate from disaster in a short period of time, resulting in no-significant mid- to long-term health effects [28]. As evaluated by Sawa et al. (2013), after Japan’s 2011 Fukushima radiation-release nuclear incident, some caregivers evacuated from Fukushima prefecture, resulting in their own psychological distress at the thought that they caused substantial manpower shortage in the affected area. The authors suggested that this ‘cultural mentality’ might delay recovery from their psychological distress [25]. Nomura et al. (2013) demonstrated a significant increase of mortality in elderly evacuees after the 2011 nuclear incident in Japan, and argued this was due, to insufficient evacuation policy, including inadequate transportation arrangement and poor preparation for care-provision at evacuation sites [24]. Choudhury et al. (1993) described that the government policy of Vitamin A supply for 3-11 month-aged children in monsoon-prone areas might reduce the vulnerability to the effect of disasters on severe malnutrition [29]. 

3.4.2. Structural determinants
Fourteen studies (50.0%) were identified that included analyses of the impact of the structural domain, addressing nine themes: age (n=8), gender (n=8), marital status (n=1), education (n=1), immigrant background (n=1), social class (n=1), income (n=1), and occupation (n=1). Themes assessed in more than two studies (age and gender) are presented below.

Age
Age in general could be a potential determinant influencing the disaster impact on mental disorders. Toyabe et al. (2006) demonstrated that after the 2004 Niigata-Chuetsu Earthquake, Japan, psychological distress levels increased with increasing age (p<0.001) five months after the earthquake, while no pre-earthquake difference in age was observed. This result indicated that age might be a determinant influencing the earthquake impact on psychological distress [30]. Seplaki et al. (2006) suggested that after the 1999 Chi-Chi Earthquake, Taiwan, the near-elderly, aged 54 to 70, were more likely to be providing financial and other types of support to their children and relatives, and thus be facing financial challenges near retirement, which might lead to more psychological distress than that experienced by the elderly, aged more than 70 [31]. Chiu et al. (2012) and Dell’Osso et al. (2013) also indicated an age effect on health impact (i.e., the higher the age, the higher the risk), of the earthquake on mental and behavioural disorders [32,33]. Toukmanian et al. (2000) also suggested age as a determinant, but found the relationship somewhat inconsistent with other studies above, and showed interaction with marital status [34]. Here the authors demonstrated that all three age groups (17-30, 31-55, and 56+) showed increased depression levels one year after the 1988 Spitak Earthquake, Armenia, but among the three groups, those aged 31 to 55 and who were either single, widowed, or divorced had the highest post-earthquake depression level followed by single, widowed, or divorced people aged over 55. Meanwhile, amongst those who were married, it was the younger group (aged 17 to 30) that had the highest depression levels followed by those aged 31 to 55.

Other studies also suggested that age alone might have limited influence on mortality following disaster. Chan et al. (2003) showed that the mortality after the 1999 Chi-Chi Earthquake significantly decreased overall in the affected area, though amongst males over 45 years of age mortality increased in the 3rd and 7th month after the earthquake [35]. Burton et al. (2009) examined the sex and race/ethnicity adjusted relative mortality risk before and year after the 2005 Hurricane Katrina, and showed that the relative risk for a 1 year increase in age was 1·11 (95% CI: 1.10–1.11) before the event and 1.02 (95% CI: 1.02–1.03) after the event, indicating that age effect on mortality was lower following the hurricane [27]. 

Gender
Gender was also identified by several studies as a determinant of the disaster impact on post-disaster mental disorders. Seplaki et al. (2006) showed that women had significantly higher post traumatic stress disorder (PTSD) levels after the earthquake, than men, after adjusted for pre-earthquake PTSD levels (p<0·05) [31]. Toukmanian et al. (2000), Toyabe et al. (2006), Heir et al. (2011), Van Loey et al. (2012), and Dell'Osso et al. (2013) suggested the same gender effect (i.e., females having higher risk) of the disaster impact on mental and behavioural disorders [30,33,34,36,37]. On the other hand, Kadri et al. (2006) demonstrated that after the 1960 Agadir Earthquake, Morocco, there were no significant correlations between PTSD prevalence and gender in either exposed- or non-exposed populations (p=0.44, and p=0.21, respectively) [38]. Kolaitis et al. (2003), who evaluated the 1999 Athens-Greece Earthquake, Greece, came to a similar conclusion [39].

3.4.3. Intermediate determinants
This domain was addressed by 16 studies (57.1%), with a total of 20 themes identified. With regard to behavioural and biological factors, five studies addressed the themes of smoking, alcohol consumption, change in exercise, change in diet, and substance abuse. From five studies that addressed the health system as a social determinant, we identified the following five themes: insufficient sanitation, insufficient food supply, loss of medical records, lack of health insurance, and post-disaster psychosocial aftercare. Finally, from 14 studies that referred to social-environmental or psychosocial circumstances, 10 themes were identified: (lack of) social and community support/attention, displacement/living in a temporary housing, experience of life threat, financial loss (aid), insufficient litigation, living without family, loss of job, loss or injuries of family members or loved ones, property loss/damage​, and social disruption. Themes assessed in more than two studies are presented below.

3.4.3.1. Behavioural and biological factors
Smoking
Gautam et al. (2009) indicated that two years after the 2005 Hurricane Katrina, among the people admitted to the hospital in the affected area with acute myocardial infarction (AMI), there was a significant increase in prevalence of smoking (58.1% vs. 39.3%, p=0.001) in comparison with two years before the hurricane. The authors suggested that this may reflect a change in the local population behaviour and health practices, resulting in the increased hospital admission rate from AMI in the two years following the hurricane [40], although the effect of change in the composition of the population in the affected areas cannot be ruled out. Jiao et al. (2012) updated this study by extending the follow-up period to three years, and echoed this conclusion [41]. 

Change in diet
Ogawa et al. (2012) described that after the 2011 Great East Japan Earthquake and Tsunami, Japan, fresh foods, such as vegetables and fish, were in short supply in refugee camps, and therefore, refugees mostly subsisted on preserved foods, including sweets, pastries, canned products, cup noodles and boil-in-the-bag foods [23]. The authors suggested that this inappropriate diet might affect blood pressure control through, for example, an increased salt intake via instant noodles. Kario et al. (1997) described that after the 1995 Great Hanshin-Awaji Earthquake, Japan, many people had to abandon their homes and live in shelters, and as a result, the composition of their diet also drastically changed. The authors suggested that this change in diet might be one of the reasons that the total number of coronary heart diseases deaths increased after the earthquake [42]. Tsubokura et al. (2013) also suggested that changes in diet after the disasters of Japan in 2011 might be associated with the change in biometric parameters [26].

3.4.3.2. The health system
Lack of health insurance 
Two years after the 2005 Hurricane Katrina, as Gautam et al. (2009) indicated, a significant increase was observed in prevalence of un-insured people among those who were admitted with AMI to the hospital at the heart of the hurricane (18.3% vs. 6.0%, p=0.0001), although there were no significant difference in the pre- and post-hurricane subjects with regard to medical conditions, such as, hypertension, hyperlipidemia, and diabetes mellitus [40]. Jiao et al. (2012) updated this figure to 15.6% three years after the hurricane [41]. These authors suggested that the lack of health insurance might affect a person’s ability to maintain close healthcare follow-up, resulting in the increased rate of AMI admissions after the hurricane.
 
3.4.3.3. Social-environmental or psychosocial circumstances
(Lack of) social and community support/attention
Li et al. (2011) discussed that after the 2008 Great Sichuan Earthquake, China, students who were in severely exposed areas (i.e., Pengzhou city, where the majority of the residents lost their homes) received more public attention and had more social resources and supports than students in less exposed areas (i.e., Chongqing city, where a minority of residents lost their homes) [43,44]. The authors suggested that this might result in their trauma levels being lower in severely exposed students than students who were less exposed to the earthquake. Van Loey et al. (2012) also suggested that the survivors of the 2001 Volendam New Year's fire in the Netherlands, received significant social support and attention because of the companionship between the victims, which might have reduced their post-event stress levels [37].

Displacement/living in a temporary housing 
Bodvarsdottir et al. (2004) showed that three months after the 2000 South Iceland Earthquake, Iceland, the experience of having to relocate was associated with increased post-earthquake psychological problems in adults [45]. Sawa et al. (2013) also suggested a relationship between living in temporary housings and impaired post-disaster psychological recovery nine months after the Japan disasters in 2011 [25]. On the other hand, Seplaki et al. (2006) observed no associations between displacement and stress levels 15 months after the Chi-Chi earthquake [31].

Financial loss (aid)
Nakagawa et al. (2009) suggested that financial loss due to the 2004 Niigata-Chuetsu Earthquake, might result in increased mortality due to AMI three years after the earthquake [46], and Hyodo et al. (2010) suggested that temporary financial aid from the government following this earthquake might have decreased the earthquake impact on suicide in the three years following the earthquake [47].

Living without family
As Nsuami et al. (2009) described, there were a sizeable number of students not living with their parents 15 months after the 2005 Hurricane Katrina, instead living with neighbours with whom they might not feel socially connected. The authors suggested that this might result in poor health care situations, leading to the increase in infections of Gonorrhea [48]. Sawa et al. (2013) also suggested a relationship between living without family and delayed recovery from psychological distress nine months after the Japan disasters in 2011 [25].

Loss of job
Gautam et al. (2009) and Jiao et al. (2012) showed that after the 2005 Hurricane Katrina, the percentage of unemployed among the AMI patients increased from 2.0% to 13% in two years and to 15% in three years following the hurricane [40,41]. These authors suggested that the loss of job might be associated with the post-hurricane increase in AMI admission rate.

Loss or injuries of family members or loved ones
The impact of the loss of a family member was addressed by Sawa et al. (2013) and Seplaki et al. (2006) and suggested to be a determinant of impaired post-disaster psychological recovery 9 and 15 months after the earthquake, respectively [25,31].

Property loss/damage
Bodvarsdottir et al. (2004) showed that damage to property, including a house, during the earthquake was associated with the increased post-earthquake psychological disorders in adults three months after the earthquake [45]. and Kolaitis et al. (2003) demonstrated that children whose families had property damage by the earthquake had significantly higher distress levels six months after the earthquake than those who did not (p=0.02) [39]. In addition, Seplaki et al. (2006) showed that those who reported that their house was damaged in the earthquake had higher psychological distress levels than those reporting no damage after adjusted for demographic characteristics (p<0.05) 15 months after the earthquake [31]. Sawa et al. (2013) and Chiu et al. (2002) also suggested property loss or damage due to the earthquake was a determinant of disaster impact on psychological disorders [25,32]. 

4. Discussion
We systematically reviewed the observational studies that assessed the disaster impact on mid- to long-term health and that also considered the social determinants of health. Seven health outcomes were addressed across the 28 studies reviewed. Studies reported a statistically significant negative mid- to long-term impact of the disasters for all the health outcomes, except suicide. These results indicate that the health impacts of most major disasters may persist over months/years regardless of event types and health outcomes assessed. We also identified a total of 35 themes across the three conceptual domains of the social determinants of health as potentially influencing the disaster impacts on health. 

Our study findings have important practical implications for academia, scientific and research entities. The studies included in this review most frequently addressed earthquakes, followed by hurricanes (Table 1). However, this focus of the studies can be contrasted with the severity of disaster types in terms of occurrences and/or death toll. The Centre for Research on the Epidemiology of Disasters (CRED), a research institute based at the School of Public Health of the Universite Catholique de Louvain, Belgium, maintains an emergency events database (EM-DAT) since1990. The disaster events are recorded in this database if they meet at least following criteria: 10 or more people dead, 100 or more people affected, declaration of a state of emergency, or call for international assistance, thus there are many small-scale disasters that are not recorded as they do not exceed any one of these thresholds [49]. According to CRED, the most frequent disaster meeting their criteria as of the end of 2014 was transport accident (n=5,247: 24.7%), followed by flood (n=4,382: 20.6%), with earthquake, hurricane, tsunami, and fire representing just 6·0%, 9·4%, 0.3%, and 3.9% of disasters, respectively [49]. In terms of death toll, drought accounted for the highest proportion of deaths (30.5% of a total of 38 million), followed by infectious epidemics (24.9%), with earthquake, hurricane, tsunami, flood, and fire accounting for 6.6%, 3.4%, 0.7%, 18.1%, and 0.1%, respectively [49]. In addition, in terms of mean death toll per incident, drought was the highest with 17,829, followed by infectious epidemic of 7,052, with earthquake, hurricane, tsunami, flood, and fire accounting 1,995, 643, 4,547, 1,585, and 45 deaths per incident, respectively [49]. These data suggest the number of studies included in our review for each event type do not necessarily reflect the frequency or severity of the event. Nonetheless, regardless of event types and health outcomes assessed, it appears that the health impacts of most major disasters persist over months/years (Table 2). More research attention with regard to the mid- to long-term health impacts should be given to events including transport accident, infectious epidemics, and drought as well as more diverse health impacts, such as chronic diseases, and their social determinants, which are not well covered in the literature.

People’s health remains a key imperative for effective disaster risk management. Communities that are vulnerable to disasters and unprepared for them experience large-scale and prolonged negative health consequences more readily than do communities that are better prepared [50]. With the economic losses from disasters expected to double by 2030 and the number of people affected and health losses expected to rise, the burden of disasters falls most heavily on communities where effective risk reduction policy is not in place and/or not working well [3]. On 14 to 18 March, 2015 in Sendai, Japan, the Third United Nation’s World Conference on Disaster Risk Reduction was held, representing a unique opportunity for member states to consider the experience gained through the regional and national strategies and plans for disaster risk reduction [50]. Delegates from every state in the world agreed that a substantial progress in reducing disaster risk and building resilience requires a more explicit focus on people’s health with a better understanding of the scale of disaster impacts on health and the determinants that influence this impact [50]. Such knowledge can be leveraged for the development and implementation of adequate prevention, preparedness and effective response to health emergencies [50], and to ensure that public and private investments for disaster risk reduction are cost effective to save lives [50]. 

No country, regardless of culture, religion, or economy, is immune from disaster resulting from various (and sometimes multiple) hazards [14]. It is critical to plan for and reduce disaster risk in all settings to more effectively protect persons, their health and assets, and strengthen their resilience. More dedicated investment should focus on underlying determinants of health/vulnerability to identify entry points for more effective action. Such a focus would also support the development of meaningful strategic directions for health policy work on post-disaster recovery, including long-term disaster risk reduction. In this context, our study provides invaluable insight of these determinants of disaster health impact. Note that stakeholders share responsibility for reducing disaster risk. In particular, academia, scientific and research entities are encouraged to: focus on the determinants of disaster risk not only in the acute term, but also in the mid- to long-term; increase research for regional, national and local application; support action by local communities and stakeholders; and support the interface between policy and research/science for decision-making [50].

This study had several limitations. First, our review was constrained by potential reporting bias. It is widely acknowledged that statistically significant outcomes were more likely to be reported than non-significant outcomes[51-53], and severe cases are more likely to be reported, which might lead to an overestimation of the disaster impact [16]. This potential bias also made it meaningless to compare the number of studies with positive and negative results within/between disaster type and/or by health outcome. Second, because we restricted the eligibility criteria for inclusion to those studies which assessed both the disaster impact and the social determinants influencing this impact, some studies that evaluated only the disaster impact will have been missed in this study. Third, because many ‘themes’ of the social determinants of health were assessed by a single study only (n=23: 65.7%), these may be specific to a disaster event, or be very location- and/or hazard-specific. Finally, it should also be noted that most studies evaluated in this systematic review came from high- and middle-income countries. Given that low income countries often face heightened risks of disasters, strategies to increase studies in these countries are required to provide evidence of the risks and impacts for the design and development of risk management strategies and the associated investments. 

5. Conclusion
Our findings, based on 28 studies identified through the systematic database searching, highlighted that the health impacts of most major disasters may persist over months/years regardless of event types and health outcomes. According to the World Health Organization's conceptual framework for the social determinants of health, we identified a total of 35 themes across the three conceptual domains (determinants related to the socioeconomic and political context, structural determinants, and intermediate determinants) as potentially influencing disaster impact on health. More dedicated investment should focus on modifiable underlying determinants of health/vulnerability, which could enable disaster risk management to be effective, improve medium and long-term health outcomes from disasters, and build strong community resilience. 
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Appendices 
Table A.1: Search strategy for article selection on PubMed in August 7th, 2014
	Step
	Search term

	#1
	“Social Determinants of Health”[MeSH] OR “social determinants of health” OR “social health determinants” OR “Socioeconomic Factors”[MeSH] OR “socioeconomic factors” OR “socioeconomic status” OR “socio economic factors” OR “socio economic status” OR “socioeconomics” OR “socio economics” OR “ social economics” OR “social support” OR “social supports” OR “Social Conditions”[MeSH] OR “social condition” OR “social conditions” OR “social interaction” OR “social interactions” OR “Social Class”[MeSH] OR “social class” OR “social classes” OR “social mobility” OR “social mobilities” OR “Social Environment”[MeSH] OR “social environment” OR “social environments” OR “Educational Status”[MeSH] OR “educational status” OR “educational achievement” OR “educational achievements” OR literacy[tiab] OR “low income populations” OR “low income population” OR “Vulnerable populations” [Mesh] OR “vulnerable populations” OR “vulnerable population” OR “sensitive populations“ OR “sensitive population” OR “Disadvantaged”[tiab] OR "Family Characteristics"[MeSH] OR "family characteristics” OR “marital status”[tiab] OR “Social Welfare”[MeSH] OR “social welfare” OR “elderly”[tiab] OR “Schools”[MeSH] OR schools[tiab] OR school[tiab]

	#2
	“Control Groups”[MeSH] OR “control group” OR “control groups” OR “control population” OR “control populations” OR “comparative”[tiab] OR “comparison”[tiab] OR “non-exposed”[tiab] OR “un-exposed”[tiab] OR “Cross-Cultural Comparison”[MeSH] OR “Cross-Cultural Comparison” OR “Cross-Cultural Comparisons” OR “reference group” OR “reference groups” OR “reference population” OR “reference populations” OR “pre and post” OR “before and after”

	#3
	“tsunami”[tiab] OR “tsunamis”[tiab] OR “Earthquakes”[MeSH] OR “earthquake”[tiab] OR “earthquakes”[tiab] OR “nuclear accident” OR “nuclear incident“ OR “nuclear accidents” OR “nuclear incidents“ OR “chemical hazard”[tiab] OR “chemical hazards”[tiab] OR ”biological hazard”[tiab] OR “biological hazards”[tiab] OR “radiological hazard”[tiab] OR “radiological hazards”[tiab] OR “Landslides”[MeSH] OR “landslides”[tiab] OR “landslide”[tiab] OR “Floods”[MeSH] OR “flood”[tiab] OR “floods”[tiab] OR “Cyclonic Storms”[MeSH] OR “cyclone”[tiab] OR “cyclones”[tiab] OR “hurricane”[tiab] OR “hurricanes”[tiab] OR “typhoon”[tiab] OR “typhoons”[tiab] OR “volcanic”[tiab] OR “eruption”[tiab] OR “extreme temperature”[tiab] OR “extreme temperatures”[tiab] OR “heat wave”[tiab] OR “heat waves”[tiab] OR “cold wave”[tiab] OR “cold waves”[tiab] OR “wild fire”[tiab] OR “wild fires”[tiab] OR “Droughts”[MeSH] OR “drought”[tiab] OR “droughts”[tiab] OR “Epidemics“[MeSH] OR “epidemics”[tiab] OR “Pandemics“[MeSH] OR “pandemics”[tiab] OR “power outage”[tiab] OR “power outages”[tiab] OR “water disruption”[tiab] OR “water disruptions”[tiab] OR “water supply disruption”[tiab] OR “water supply disruptions”[tiab] OR “mass gathering”[tiab] OR “mass gatherings”[tiab] OR “displaced population”[tiab] OR “displaced populations”[tiab]

	#4
	#1 AND #2

	#5
	#3 AND #4




Table A.2: Search strategy for article selection on MEDLINE in August 29th, 2014
	Step
	Search term

	#1
	(social determinants of health OR social health determinants OR socioeconomic factors OR socioeconomic status OR socio economic factors OR socio economic status OR socioeconomics OR socio economics OR social economics OR social support? OR social condition? OR social interaction? OR social class$ OR social mobility$ OR social environment? OR educational status OR educational achievement? OR literacy OR low income population? OR vulnerable population? OR sensitive population? OR Disadvantaged OR family characteristics OR marital status OR social welfare OR elderly OR school?).ti,ab.

	#2
	“Social Determinants of Health”/ OR Socioeconomics/ OR Social status/ OR Social Class/ OR Social Environment/ OR Educational Status/ OR Family size/ OR Social Welfare/ OR Schools/ OR Vulnerable populations/

	#3
	(control group? OR control population? OR comparative OR comparison OR non-exposed OR un-exposed OR Cross-Cultural Comparison? OR reference group? OR reference population? OR (pre adj2 post) OR (before adj2 after)).ti,ab.

	#4
	Control Group/ OR Cultural factor/

	#5
	(tsunami? OR earthquake? OR nuclear accident? OR nuclear incident? OR chemical hazard? OR biological hazard? OR radiological hazard? OR landslide? OR flood? OR cyclone? OR hurricane? OR typhoon? OR volcanic OR eruption OR extreme temperature? OR heat wave? OR cold wave? OR wild fire? OR drought? OR epidemics OR pandemics OR power outage? OR water disruption? OR water supply disruption? OR mass gathering? OR displaced population?).ti,ab.

	#5
	Earthquake/ OR Landslide/ OR Flooding/ OR Hurricane/ OR Drought/ OR Epidemic/ OR Pandemic/

	#6
	#1 OR #2

	#7
	#3 OR #4

	#8
	#5 OR #6

	#9
	#6 OR #7 OR #8




Table A.3: Search strategy for article selection on POPLINE in August 29th, 2014
	Step
	Search term

	#1
	Title= (tsunami OR earthquake OR “nuclear accident” OR “nuclear incident“ OR “chemical hazard” OR ”biological hazard” OR “radiological hazard” OR landslide OR flood OR cyclone OR hurricane OR typhoon OR volcanic OR eruption OR “extreme temperature” OR “heat wave” OR “cold wave” OR “wild fire” OR drought OR epidemics OR pandemics OR “power outage” OR “water disruption” OR “water supply disruption” OR “mass gathering” OR “displaced population”)




Table A.4: Search strategy for article selection on LILACS in August 29th, 2014
	Step
	Search term

	#1
	Words= ((social determinants) OR (social health determinants) OR (socioeconomic factors) OR (socioeconomic status) OR (socio economic factors) OR (socio economic status) OR socioeconomics OR (socio economics) OR (social economics) OR (social support) OR (social condition) OR (social interaction) OR (social class) OR (social mobility) OR (social environment) OR (educational status) OR (educational achievement) OR literacy OR (low income population) OR (vulnerable population) OR (sensitive population) OR Disadvantaged OR (family characteristics) OR (marital status) OR (social welfare) OR elderly OR school)

	#2
	Words= ((control group) OR (control population) OR comparative OR comparison OR (non-exposed) OR (un-exposed) OR (Cross-Cultural Comparison) OR (reference group) OR (reference population) OR (pre and post) OR (before and after))

	#3
	Abstract words= (tsunami OR earthquake OR (nuclear accident) OR (nuclear incident) OR (chemical hazard) OR (biological hazard) OR (radiological hazard) OR landslide OR flood OR cyclone OR hurricane OR typhoon OR volcanic OR eruption OR (extreme temperature) OR (heat wave) OR (cold wave) OR (wild fire) OR drought OR epidemics OR pandemics OR (power outage) OR (water disruption) OR (water supply disruption) OR (mass gathering) OR (displaced population))

	#4
	#1 AND #2 AND #3




Table A.5: Search strategy for article selection on CINAHL in August 29th, 2014
	Step
	Search term

	#1
	(“social determinants of health” OR “social health determinants” OR “socioeconomic factors” OR “socioeconomic status” OR “socio economic factors” OR “socio economic status” OR socioeconomics OR “socio economics” OR “social economics” OR “social support*” OR “social condition*” OR “social interaction*” OR “social class*” OR “social mobility*” OR “social environment*” OR “educational status” OR “educational achievement*” OR literacy OR “low income population*” OR “vulnerable population*” OR “sensitive population*“ OR Disadvantaged OR "family characteristics” OR “marital status” OR “social welfare” OR elderly OR school*).ti,ab.

	#2
	Social Determinants of Health/ OR Socioeconomic Factors/ OR Social Class/ OR Social Environment/ OR Educational Status/ OR Family Characteristics/ OR Social Welfare/ OR Schools/

	#3
	(“control group*” OR “control population*” OR comparative OR comparison OR “non-exposed” OR “un-exposed” OR “Cross-Cultural Comparison*” OR “reference group*” OR “reference population*” OR “pre and post” OR “before and after”).ti,ab.

	#4
	Control Group/

	#5
	(tsunami* OR earthquake* OR “nuclear accident*” OR “nuclear incident*“ OR “chemical hazard*” OR ”biological hazard*” OR “radiological hazard*” OR landslide* OR flood* OR cyclone* OR hurricane* OR typhoon* OR volcanic OR eruption OR “extreme temperature*” OR “heat wave*” OR “cold wave*” OR “wild fire*” OR drought* OR epidemics OR pandemics OR “power outage*” OR “water disruption*” OR “water supply disruption*” OR “mass gathering*” OR “displaced population*”).ti,ab.

	#6
	Natural disasters/ OR Disease outbreaks/

	#7
	#1 OR #2

	#8
	#3 OR #4

	#9
	#5 OR #6

	#10
	#7 AND #8 AND #9




Table A.6: Search strategy for article selection on PsycINFO in August 29th, 2014
	Step
	Search term

	#1
	((social determinants of health OR social health determinants OR socioeconomic factors OR socioeconomic status OR socio economic factors OR socio economic status OR socioeconomics OR socio economics OR social economics OR social support? OR social condition? OR social interaction? OR social class$ OR social mobility$ OR social environment? OR educational status OR educational achievement? OR literacy OR low income population? OR vulnerable population? OR sensitive population? OR Disadvantaged OR family characteristics OR marital status OR social welfare OR elderly OR school?).ti,ab.

	#2
	Socioeconomic Status/ OR Social Class/ OR Social Environments/ OR Educational attainment status/ OR Schools/)

	#3
	((control group? OR control population? OR comparative OR comparison OR non-exposed OR un-exposed OR Cross-Cultural Comparison? OR reference group? OR reference population? OR (pre adj2 post) OR (before adj2 after).ti,ab.

	#4
	Cross-Cultural differences/

	#5
	((tsunami? OR earthquake? OR nuclear accident? OR nuclear incident? OR chemical hazard? OR biological hazard? OR radiological hazard? OR landslide? OR flood? OR cyclone? OR hurricane? OR typhoon? OR volcanic OR eruption OR extreme temperature? OR heat wave? OR cold wave? OR wild fire? OR drought? OR epidemics OR pandemics OR power outage? OR water disruption? OR water supply disruption? OR mass gathering? OR displaced population?).ti,ab.

	#6
	Natural disasters/ OR Epidemics/ OR Pandemics/)

	#7
	#1 OR #2

	#8
	#3 OR #4

	#9
	#5 OR #6

	#10
	#7 AND #8 AND #9





Table A.7: Themes that emerged related to the socio-economic and political context, structural, and intermediate domains, by outcomes and type of evidence (Quantitative/Descriptive/Citations from relevant literatures)
	Domain level and Outcome
	Themes as proxy indicators of the potential social determinants of the disaster impacts on health

	Domain 1: Socio-economic and political context
	　

	Outcome: Mortality (two themes)
	[Insurance system] Descriptive: Peoples Health (a health insurance career) contacted its enrolees who were displaced after the hurricane and assured out-of-network providers (i.e., those who were not part of the enrolees’ preferred healthcare providers) of payment, which might make it easy for the displaced individuals to access to care and have attenuated worse health consequences. [Hurricane_Burton et al. 2009]

	
	[Insufficient evacuation policy] Descriptive: Insufficient nuclear incident response, such as, not-appropriate evacuation means and low preparedness at evacuation places, might be associated with the increased mortality in elderly people. [Earthquake, Tsunami and Nuclear incident_Nomura et al. 2013]

	Outcome: Mental and behavioural disorders (three themes)
	[National and international societal attention] Descriptive: As of external support systems in emergency settings, the area of Armenia, Colombia, is a focus of national and international attention. This situation might give the earthquake victims a sense of optimism and reduced their sense of helplessness. [Earthquake_Scott et al. 2003]

	
	[Public security] Descriptive: Adolescents may have been commonly exposed to situations of violence and aggression, which might desensitize them to catastrophic stress from the earthquake. [Earthquake_Scott et al. 2003]

	
	[Public security] Citations from relevant literatures: Miler et al. (1994) suggested that repeated traumatic events often permit individuals to recuperate from disaster, leading to less post-disaster psychopathology [54]. [Earthquake_Scott et al. 2003]

	　
	[Cultural mentality] Descriptive: After the nuclear incident, some caregivers from the affected areas reported that they felt guilty because they left their professional position, which led to a shortage of manpower in the affected area. This mentality might be one of the potential reasons of the delayed recovery from the post-incident stress. [Earthquake, Tsunami and Nuclear incident_Sawa et al. 2013]

	Outcome: Nutritional diseases (one theme)
	[Policy for vitamin A supplementation] Quantitative: The odds ratio of severe malnutrition of post- and pre-flood period among children who had vitamin A supply was 1.74, and for those who were not supplied vitamin A, it was 3.52, showing a substantial difference by the intake of Vitamin A [Flood_Choudhury et al. 1993]

	Domain 2. Structural determinants 
	

	Outcome: Mortality (two themes)
	
	[Age and Gender] Quantitative: The mortality risks of the earthquake were somewhat inconsistent. The mortality significantly increased only in males over 45 years of age in the 3rd and 7th month after the earthquake, while the mortality decreased after the earthquake for residents of all age groups and females over 45 years of age. [Earthquake_Chan et al. 2003]

	　
	[Age] Quantitative: The relative risk of a 1-year increase in age to the incidence of death was 1.11 (95% CI: 1.10–1.11) for those who died before the hurricane and 1.02 (95% CI: 1.02–1.03) for those who died after the hurricane. This difference might indicate that the relative risk of mortality due to age alone was slightly lower following the hurricane after adjusting for sex and race/ethnicity. [Hurrican_Burton et al. 2009]

	Outcome: Mental and behavioural disorders (six themes)
	[Age] Quantitative: After the earthquake, psychological distress levels, measured in GHQ-12 scale, were increased with increasing age of people (p<0.001) at five months after the earthquake, while no difference between age groups in GHQ-12 score before the earthquake was observed. This result indicated that age might be a determinant influencing the earthquake impact on the psychological distress. [Earthquake_Toyabe et al. 2006]

	　
	[Age] Descriptive: After the earthquake, the near-elderly were more likely to be providing financial and other types of support to their children and relatives, and thus, to be facing financial challenges at an impending retirement, which might lead to more disaster induced psychological distress than the elderly. [Earthquake_Seplaki et al. 2006]

	
	[Age] Citations from relevant literatures: Some studies suggested that although post-disaster psychological stress may decline gradually as time passes, some vulnerable groups such as the elderly people with severe housing damage may be at a risk of prolonged psychological disorders [55-57]. [Earthquake_Chiu et al. 2002]

	　
	[Age and Gender] Quantitative: In young population, males were more likely to maintain higher post-fire incident stress scores whereas in the older population group, female was a risk factor. [Fire_Van Loey et al. 2012]

	
	[Age and Gender] Quantitative: Although both earthquake-exposed female and male had significantly higher TALS-SR scores than non-exposed subjects, female were more likely to have the higher post-earthquake scores than men (p<0·001). Age differences in the scores only emerged among women (p=0.003). [Earthquake_Dell'Osso et al. 2013]

	　
	[Age and Gender] Citations from relevant literatures: Past studies suggested that elderly and females and subjects exposed to the earthquake are at higher risk for development of psychological distress [58-61]. [Earthquake_Toyabe et al. 2006]

	
	[Age and Marital status] Quantitative: All the three age groups (17-30, 31-55, and 56+) increased the depression levels after the earthquake, but among the three groups, those who were aged 31 to 55 and were either single, widowed, or divorced had the highest post-earthquake depression level followed by the single, widowed, or divorced elderly people aged over 55. Meanwhile, in the married group, it was the younger group aged 17 to 30 that had the highest depression level followed by those aged 31 to 55. [Earthquake_Toukmanian et al. 2000]

	　
	[Gender] Quantitative: In children, males had significantly higher post-earthquake depression level than females after the earthquake (p=0.02). [Earthquake_Kolaitis et al. 2003]

	
	[Gender] Quantitative: Women had a significantly higher post-earthquake depression levels than men. [Earthquake_Toukmanian et al. 2000]

	　
	[Gender] Quantitative: Women had significantly higher post-earthquake CES-D scores than men, after adjusted for pre-earthquake CES-D scores, pre-earthquake health status, experience levels and socio-demographic factors (p<0.05). [Earthquake_Seplaki et al. 2006]

	
	[Gender] Quantitative: For both the target and control group, there were no significant correlations between PTSD prevalence and gender (p=0.44, and p=0.21, respectively). [Earthquake_Kadri et al. 2006]

	　
	[Gender] Citations from relevant literatures: Olff et al. (2007) suggested that female gender is a risk factor for post traumatic stress after disasters [62]. [Fire_Van Loey et al. 2012]

	
	[Gender] Citations from relevant literatures: Past reports suggested that women were more likely to have higher depression level than men after the disaster [63,64]. [Earthquake_Toukmanian et al. 2000]

	　
	[Gender and Education] Quantitative: Female and low education were significantly associated with higher levels of post-tsunami PTSD symptoms (both for p<0.001). [Tsunami_Heir et al. 2011]

	
	[Immigrant background] Quantitative: Immigrant children had significantly higher post-earthquake CDI scores compared to the native children (p=0.001). The immigrant children also had significantly higher levels of symptoms related to “social phobia”, measure in the SCARED scale (p=0.029). [Earthquake_Kolaitis et al. 2003]

	　
	[Social class and Income] Quantitative: Higher levels of social or economic status were associated with lower post-earthquake CES-D scores. Specifically, the higher an individual’s subjective assessment of his/her relative social position (p<0.01), individual’s income (p<0.05), or number of social ties (p<0.01), the lower the depression levels. Similarly, individuals who had difficulty in meeting post-earthquake expenses had higher CES-D scores than those who did not experience the financial problems (p<0.01). [Earthquake_Seplaki et al. 2006]

	
	[Other than education, income, and employment] Quantitative: After the earthquake, residents in highly affected areas had less education, lower income, and lower employment, and they lived in cheaper housing; however, these measured differences could be removed after adjustment, indicating that the higher Davidson Trauma Scale scores in the exposed-group might be explained by other factors. [Earthquake_Zubizarreta et al. 2013]

	Outcome: Diseases of the circulatory system (one theme)
	[Age] Quantitative: Only the elderly had a significant increase in the frequency of hospital admissions after the earthquake (p<0.01). [Earthquake_Sofia et al. 2012]

	Outcome: Biometric data (one theme)
	[Occupation] Descriptive: After the nuclear incident, while local company employees resumed their jobs after their companies could recover their workplace, fishing and farming families could not restart their jobs due to concerns of radiation contamination. This difference of occupation and resulting employment status might be associated with the changes in health screening variables. [Earthquake, Tsunami and Nuclear incident_Tsubokura et al. 2013]

	Domain 3. Intermediate determinants
	　

	Outcome: Mortality (four themes)
	[Displacement and Change in diet] Descriptive: The increase of earthquake-induced CHD death might be attributed to drastic changes in their lifestyle after the earthquake. Many had to abandon their homes and live in shelters, and the composition of their diet also drastically changed. [Earthquake_Kario et al. 1997]

	
	[Financial loss and Social disruption] Descriptive: Financial loss and social network disruption due to the earthquake might cause psychological stress, resulting in increased long-term mortality fro AMI. [Earthquake_Nakagawa et al. 2009]

	Outcome: Suicide (one theme)
	[Financial aid] Descriptive: Temporary financial aid from the government might contribute to the decrease of the earthquake impact on suicide. [Earthquake_Hyodo et al. 2010]

	Outcome: Mental and behavioural disorders (nine themes)
	[Community support] Descriptive: The community empowerment and companionship between the survivors of the fire increased social support, which might reduce their post-accident stress levels. [Fire_Van Loey et al. 2012]

	　
	[Displacement] Quantitative: The experience of having to leave one’s house was associated only with the increased post-earthquake arousal scale of HTQ in adult. [Earthquake_Bodvarsdottir et al. 2004]

	
	[Displacement and Loss of family members] Quantitative: Post-earthquake displacement and death of a family member were not significantly associated with the CES-D score. [Earthquake_Seplaki et al. 2006]

	　
	[Experience of life threat] Quantitative: Those who experienced life threat during the tsunami, including loss or severe injury significantly increased the depression level after adjusted for demographic characteristics (p<0.001). [Tsunami_Wahlstrom et al. 2009]

	
	[Insufficient litigation] Descriptive: The litigation process for the cafe´ fire was completed within the study period and the survivors of the cafe´ fire received financial compensation, while this process had not even started for the industrial fire, indicating that lingering litigation proceedings and resulting financial problems might be associated with the persistence of PTSD. [Fire_Van Loey et al. 2012]

	　
	[Insufficient litigation] Citations from relevant literatures: Hickling et al. (1999) and Mayou et al. (2002) suggested that lingering litigation proceedings after an accident might cause the persistence of PTSD [65,66]. [Fire_Van Loey et al. 2012]

	
	[Living in a temporary housing without family, Property loss and Loss/injuries of family members or loved ones] Descriptive: The caregivers from Fukushima had to live in temporary apartments without their families. In addition, some caregivers evacuated from Fukushima prefecture lost their houses, loved ones, and had injured family members. These situations caused delayed recovery from stress. [Earthquake, Tsunami and Nuclear incident_Sawa et al. 2013]

	　
	[Living in a temporary housing and Living without family] Citations from relevant literatures: Kuwabara et al. (2008) suggested that living with unfamiliar people and staying in a temporary housing might be associated with an impaired post-disaster psychological recovery [67]. [Earthquake, Tsunami and Nuclear incident_Sawa et al. 2013]

	
	[Post-disaster psychosocial aftercare] Descriptive: Two days after the cafe´ fire, the local authorities initiated a long-term psychosocial aftercare. Meanwhile, the needs for a regular psychosocial aftercare were not met in the industrial fire survivors. As a result, 42% of the industrial fire survivors did not return to work at 12 months after the event. This fact may suggest that the unmet-aftercare might be associated with the persistence of PTSD. [Fire_Van Loey et al. 2012]

	　
	[Property damage] Quantitative: Damage to one’s property was associated with the increased post-earthquake HTQ score in adult. [Earthquake_Bodvarsdottir et al. 2004]

	
	[Property damage] Quantitative: Children whose families had property damage (besides damage to the house) after the earthquake scored significantly higher in the CDI scale than those who did not have property damage (p=0.02). [Earthquake_Kolaitis et al. 2003]

	　
	[Property damage] Quantitative: Those who reported that their house was damaged in the earthquake had the higher CES-D scores than those reporting no damage after adjusted for demographic characteristics (p<0.05). [Earthquake_Seplaki et al. 2006]

	
	[Property damage] Citations from relevant literatures: Some studies suggested that although post-disaster psychological stress may decline gradually as time passes, some vulnerable groups such as the elderly people with severe housing damage may be at a risk of prolonged psychological disorders.[55-57] [Earthquake_Chiu et al. 2002]

	　
	[Social support/attention] Descriptive: Students who were severely exposed to the earthquake received more public attention and had more social resources and supports, resulting in that the trauma did not have severe affects compared to students exposed to mild earthquake. [Earthquake_Li et al. 2011]

	Outcome: Diseases of the circulatory system (six themes)
	[Loss of job, Smoking, Substance abuse, Living in a temporary housing, Lack of health insurance] Quantitative: After the hurricane there observed a significantly higher prevalence of unemployment (13% vs. 2%, p=0.0003), smoking (58.1% vs. 39.3%, p=0.001), substance abuse (15.4% vs. 6.7%, p=0.03), people living in temporary housing (15.8% vs. 1.3%, p=0.0001), and a lack of medical insurance (18.3% vs. 6.0%, p=0.0001), than before the hurricane. These may reflect a change in the local population behaviour and health practices, resulting in the increased hospital admission rate due to AMI. [Hurricane_Gautam et al. 2009]

	　
	[Loss of job, Lack of health insurance and Smoking] Quantitative: After the hurricane, unemployment rate and uninsured rate increased from 2.0% to 15.3% (p=0.0001) and from 6.0% to 15.6% (p=0.001), respectively. Smoking rates also increased from 39.3% to 56.9% (p<0.01). These situations might contribute to the increased rate of AMI after the hurricane. [Hurricane_Jiao et al. 2012]

	
	[Smoking and Alcohol consumption] Citations from relevant literatures: Hamer et al. (2008) suggested that the association between psychological distress and cardiovascular disease risk might be largely explained by behavioural processes such as smoking, alcohol intake, and sedentary lifestyle [68]. [Hurricane_Gautam et al. 2009]

	Outcome: Certain infectious and parasitic diseases (one theme)
	[Living without family] Descriptive: There were still a sizeable number of students who were not living with their parents 15 months after the hurricane, and lived with neighbours with whom they may not feel socially connected. This might result in poor health care situations, leading to the increased infection of Gonorrhea. [Hurricane_Nsuami et al. 2009]

	Outcome: Biometric data (six themes)
	[Insufficient food supply and Change in diet] Descriptive: Fresh foods, such as vegetables and fish were short supply after the disasters, and hence, refugees mostly subsisted on preserved foods, including sweets, pastries, canned products, cup noodles and boil-in-the-bag foods. Therefore, such the inappropriate diet in refuge life might affect blood pressure control through, e.g., an increased salt intake via instant noodles. Although medical supplies returned to pre-disaster levels three months after the disasters, utility services, such as, power, water and gas had not reached the pre-disaster levels, and therefore, the food-supply situation had still not completely recovered and it was difficult to ensure that refugees stuck to proper diet, which might influence their health condition. [Earthquake and Tsunami_Ogawa et al. 2012]

	　
	[Insufficient sanitation] Citations from relevant literatures: Kumar et al. (2007), Ramachandra et al. (2006) and Prueksaritanond et al. (2007) demonstrated that women were more likely to develop blood pressure elevation after the earthquake because of the earthquake-induced stress due to the challenges of ensuring a hygienic environment, toilets, bathing, and supplies of female sanitary products [69-71]. [Earthquake and Tsunami_Ogawa et al. 2012]

	
	[Change of attending doctor] Descriptive: Four months after the disasters, medical supplies were already available in sufficient quantities in the affected areas, but due to the changes in the living environment, patients might have been examined by a physician other than their attending doctor, and been prescribed different less effective drugs, which might influence the post-disaster health condition. [Earthquake and Tsunami_Ogawa et al. 2012]

	　
	[Change in exercise and Change in diet] Citations from relevant literatures: As Miller et al. (2002) and Garber et al. (2011) suggested, changes in exercise and meals in daily lives after the disasters might be associated with the change in Biometric data [72,73]. [Earthquake, Tsunami and Nuclear incident_Tsubokura et al. 2013]

	　
	[Loss of medical records] Descriptive: Medical records of patients in the affected group were swept away by the tsunami as well as patient information previously stored in the hospital. This situation made it impossible to resume the same treatment they had received before the disasters, which might drastically worsen their glycaemic and blood pressure control. [Earthquake and Tsunami_Ogawa et al. 2012]


* Burton et al. (2009) studied a post-disaster ‘morbidity’, but it was not counted in any of the health outcomes in this table because of its broad scope. 
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