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ABSTRACT  

Background - Natural hazards have become more frequent and more severe as a result of climate 

change. Their increasing impact has a negative effect on people’s health, including mental health. The aim 

of this ecological study is to investigate the association between exposure to disasters triggered by 

                  



 

2 

natural hazards and higher sexual risk-taking behavior as measured by one of its consequences, increased 

human immunodeficiency virus (HIV) incidence, at the country-level, worldwide.  

Methods - All data were extracted from publicly available sources. Crude and adjusted linear regression 

models were built to explore the association between the proportion of people affected by natural 

hazards and HIV incidence. Multivariable models included socio-demographic variables (literacy, income 

and age), and therapy coverage and the healthcare access and quality index.  

Results - In the crude regression model, the total number of people affected by natural hazards over a 5 

year time period is positively associated with HIV incidence. For every 10 new people per 100,000/year 

affected by natural hazards, the HIV incidence in the country was 1.5 higher per 1,000 uninfected. 

However, when adjusting for socio-demographic variables, the association is lost. In the fully adjusted 

multivariable model, only antiretroviral therapy coverage and health care access and quality were 

significantly positively and negatively associated with HIV incidence. No interaction was found by income 

groups, world regions or categories of high and low HIV prevalence.  

Conclusion – Globally, no association between exposure to natural hazards and increased sexual risk-

taking behavior at country level worldwide was detected after accounting for socio-demographic 

variables. Nonetheless, countries with a higher proportion of the population affected by disasters 

triggered by natural hazards were also those witnessing a higher incidence rate of HIV, possibly through 

the mediating effect of disrupted health system coverage, highlighting the coexistence of different 

vulnerabilities for public health.  

KEYWORDS: Disasters triggered by Natural Hazards, Risk-taking Behavior, 
Sexual Risk-taking Behavior, HIV Incidence, Ecological Analysis, Public Health, 
health systems   
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1. INTRODUCTION 

 

Natural hazards have always been and will always be present on our planet. However, as result of climate 

change, these events have become more frequent and more severe, leading to previously unseen and 

alarming scales of destruction and devastation [1,2]. The International Federation of Red Cross and Red 

Crescent Societies (IFRC) has defined natural hazards as “naturally occurring physical phenomena caused 

either by rapid or slow onset events”[3]. Natural hazards could be categorized as geophysical 

(earthquakes, landslides, tsunamis, and volcanic activity), hydrological (avalanches and floods), 

climatological (extreme temperatures, drought, and wildfires), meteorological (cyclones and 

storms/wave surges) or biological disasters (disease epidemics and insect/animal plagues)[4].  

Herein, a disaster is defined as a natural hazard that causes financial and human losses to which a society 

cannot respond using solely its existing capacities, requiring assistance from other communities  [5]. The 

increasing impact of disasters triggered by natural hazards poses a growing challenge to the field of 

global health, affecting individuals’ physical and mental wellbeing, worldwide. On average, 60,000 

people/year are killed by disasters triggered by natural hazards, which accounts for 0.1% of total deaths 

[6]. In the past century, however, mortality rates associated with natural hazards have decreased mainly 

due to the early warning and prediction of disasters, increased resilience of infrastructure, better 

emergency preparedness, and improved response systems [6]. Nonetheless, mortality alone does not 

fully capture the impact that such events have on human life. An increasing number of people are being 

affected by either injury, homelessness, or displacement, as a consequence of disasters triggered by 

natural hazards. These were estimated to be almost 100 million in 2020 [6].  

The impact of disasters has a negative effect on people’s health, including mental health. Research shows 

that disasters are associated with numerous mental health problems, such as psychological distress, post-

traumatic stress disorders, depression, anxiety, and behavioral problems [7,8]. Further, disasters are 

associated with an increased risk-taking behavior as possible coping mechanisms, such as alcohol 

(ab)use, excessive smoking, as well as illicit drug use [9–12].  

Another form of risk-taking behavior can manifest as changes in sexual behavior, a coping mechanism 

that has been described in association with exposure to trauma [13]. Multiple sex partners and little to no 

use of barrier contraception can be considered a high-risk sexual behavior. The consequences of such 
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high-risk sexual practices can lead to sexually transmitted diseases (STDs) and human immunodeficiency 

virus (HIV) transmission, as well as an increased rate of unwanted pregnancies.  

Evidence on the association between disasters triggered by natural hazards and sexual risk-taking 

behavior in general, and HIV in particular, is scattered. A study conducted in the United States suggested 

that exposure to disaster could lead to changes in sexual risk-taking behavior [14]. After Hurricane 

Katrina in the US, an increased incidence of STDs among adolescents (HIV incidence was not included in 

the research) was detected [15]. To our knowledge the association between disasters triggered by natural 

hazards and HIV has never been investigated, except for one study carried out in Pakistan where no 

increase in HIV prevalence was seen after the 2005 earthquake [16].  

Other potential mechanisms driving our hypothesis are increase of post-disaster domestic violence and 

sexual abuse [17]. Due to resource scarcity, increases in prostitution and sex trafficking have also been 

observed [18], which will increase sexual risk taking behavior. Furthermore, drug markets are often 

severely disrupted after disasters, leading to increasingly risky drug use, such as sharing contaminated 

needles [14].  

The aim of this ecological study is to investigate the association between exposure to disasters triggered 

by natural hazards and sexual risk-taking behavior as measured by increased HIV incidence in the general 

population, at a countrylevel, worldwide; and define the role of confounding and potentially mediating 

variables, such as health system quality and accessibility. 

  

2. METHODS 

Data used to build the dataset were extracted from different available sources. Worldwide data assessed 

at the country level were gathered for the exposure variable (proportion of the population affected by 

natural hazards), the outcome variable (HIV incidence) and a series of potentially confounding and 

interacting variables. Only publicly available data were used, therefore no Ethical Committee approval 

was sought.  
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2.1. Natural hazards 
The data on disasters caused by natural hazards used for this analysis is measured as the total number of 

people affected by natural hazards per 100,000 population/year. The total number of people affected is 

the sum of the people injured, affected or homeless by disaster. Data was extracted for five consecutive 

years (2015-2019) from Our World in Data [6]. The period prevalence was then calculated as the sum of 

the available points prevalence, to reduce year-to-year variability. Data was available for 173 countries. 

2.2. Sexual risk-taking behavior as measured by HIV incidence  

HIV incidence, measured as the number of new HIV infections per 1,000 uninfected population/year aged 

15-49 years and for both sexes combined,  was collected from the World Bank [19] for the year 2020. 

Data for the year 2019 was also extracted for comparison to assess if the start of the COVID-19 pandemic 

had an effect on the associations under investigation. Given that the estimated average time lag between 

HIV infection and diagnosis is 3 years (95% Confidence Interval (C.I.): 2.2-3.8) [20],  this time interval 

wasused between the mid-year of period prevalence of the exposure and year of ascertainment of the 

outcome. Data was available for 133 countries.  

2.3 Possible confounding variables 

Data on HIV-antiretroviral therapy (ART) coverage was derived from WHO for the year 2020 [21]. It is 

measured as the percentage of people living with HIV, who are currently receiving ART. Data was 

available for 133 countries. 

The accessibility and quality of healthcare systems was measured through the Healthcare Access and 

Quality index (HAQi). This is a scale from 0 to 100 based on death rates from 32 causes that could be 

avoided by timely and effective medical care. The higher the number, the better healthcare accessibility 

and quality of a country. Data on HAQi was extracted from Our World in Data for the year 2015 [22] and 

was available for 192 countries. 

The percentage of young people of both sexes, aged 15-24 years old who could answer a full set of 

questions on HIV prevention correctly (prevention knowledge) and the percentage of adults of both 

sexes, aged 15-49 years old who reported the use of a condom the last time they had sexual intercourse 

with a non-marital, non-cohabiting sexual partner (condom use), were both extracted for the year 2016 

from Our World in Data [23,24]. Data were only available for 80 countries and 56 countries, respectively. 
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Data on the number of HIV testing and counselling facilities per 100,000 population (testing facilities) 

was also extracted from WHO for the year 2014 [25]. Data was available for 116 countries. Literacy rate, 

measured as the percentage of  people ages 15 and above who can both read and write, was derived from 

the World Bank for the latest year available [26]. Data was available for 162 countries.  

In order to account indirectly for the age structure of the countries' populations, data on the number of 

adolescents in 2020, measured as the percentage of the population aged 14-25 was retrieved from the 

United Nations (UN) [27], and was available for 191 countries. Data on the countries’ wealth, measured as 

gross domestic product (GDP) per capita, based on purchasing power parity in constant 2017 

international dollars, was extracted from the World Bank for the year 2020 [28]. Data was available for 

189 countries.  

Data on income groups, WHO world regions and HIV prevalence were gathered from the World Bank 

[29], WHO [30] and Our World in Data [31], which was available for 198, 199 and 196 countries, 

respectively. Countries were divided by the World Bank in the categories low-income, lower-middle-

income , upper-middle-income, and high-income based on gross national income (GNI) data [29]. They 

were also grouped by WHO into 6 world regions (Africa, Americas, Eastern Mediterranean, South-East 

Asia, Western Pacific). Countries were also divided into low or high HIV prevalence, using the median 

value (0.26%) as the cut-off. Finally, data on the progress of the Health National Adaptation Plan (HNAP) 

available for a total of 88 countries were extracted from the WHO Health and Climate Change Global 

Survey Report [32], and categorized into having a climate change plan, not having it, and working 

towards it.  

In order to compare the findings with other non-sexual risk-taking behaviors, data on alcohol 

consumption was also extracted from the World Bank. This is calculated as the total per capita intake, in 

liters of pure alcohol, for the year 2018 [33]. Data was available for 187 countries. In order to compare 

the findings with other consequences of sexual risk-taking behavior, data on the crude birth rate, 

measured as the number of live births occurring during the year 2019 per 1,000 population, from the 

World Bank [34] was extracted. Data was available for 194 countries.  
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2.4 Statistical analysis  

The exposure variable (proportion of population affected by disaster due to natural hazards over the 5-

year period 2015-2019; or disaster 5-years) and the outcome variable (incidence of HIV in the year 2020; 

or HIV incidence) were mapped to examine their geographical distribution, using QGIS 3.8. The 

distribution of all the variables were checked for normality; variables with skewed distributions were 

log-transformed (HIV incidence, natural disaster 5-years, income and testing facilities) or recoded as a 

categorical variable using the quartiles as cut-off values (literacy), to be entered in regression models. For 

the proportion of population affected by disasters, 11 countries with a reported value of zero were 

recoded to 0.01 before log transformation to minimize loss due to missing data.  

Crude and adjusted linear regression models were built to explore the associations between the 

proportion of people affected by disasters in the time period 2015-2019 and HIV incidence in the year 

2020. The first multivariable regression model was adjusted for the socio-demographic confounders: 

literacy rate, income per capita and share of adolescents in the population. The second adjusted 

regression model explored the further adjustment for proxies for health system coverage on the 

association and included additionally the variables HAQi and ART coverage.  A p-value of <0.05 was 

considered statistically significant.  

Interaction with WHO regions, level of income (high, upper-middle, lower-middle, low-income) and 

progress towards a climate change health adaptation plan (yes, no, in progresses) were tested using the 

likelihood ratio test. Where indication of interaction was present, data were described by category of the 

interacting variable. The variables for prevention knowledge, condom use and testing facilities were not 

included in the final multivariable regression model because of the high proportion of missing data. A 

separate sensitivity analysis was performed adding these three variables to a fully adjusted model. All 

statistical analyses were conducted using StataSE17. 

 

3. RESULTS 

 
Worldwide, 202 countries were initially considered for the analysis. The cumulative proportion of the 

population affected by disasters triggered by natural hazards in the time-span 2015-2019 ranged from 0 
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(Barbados, Belgium, Czechia, Estonia, Kuwait, Latvia, Lithuania, Netherlands, Samoa, Slovakia and 

Sweden) to 140,827 per 100,000/year people (Dominica), with a mean of 12,854 per 100,000/year 

(standard deviation (SD) 22,471). Quintiles of distribution of the variable are shown in Figure 1. HIV 

incidence in the year 2020 ranged from 0.01 per 1,000 uninfected population (Comoros, Japan, Jordan, 

Mongolia, Norway, Singapore, Slovenia, Sri Lanka and Syria) to 5.28 per 1,000 uninfected people 

(Eswatini) with a mean of 0.44 per 1,000 uninfected (SD 0.95). Quintiles of distribution by country are 

shown in Figure 2. 

A total of 120 countries were considered for the regression analysis after excluding countries for which 

either the proportion of population affected by disaster or HIV incidence was not available. The results 

for the crude and adjusted linear regression model are displayed in Table 1. The total number of people 

affected by disaster over a 5- year time period is positively associated with HIV incidence in 2020 in the 

crude model (β 0.12; 95% CI 0.04, 0.20; p=0.003). For every 10 new people per 100,000/year affected by 

natural hazards, the HIV incidence in the country was higher by 1.2 per 1,000 uninfected. A total of 103 

countries were included in a multivariable model adjusting for sociodemographic factors (education, 

income, proportion of adolescents in the population, and literacy rate) allowing for missing values in 

literacy rate (N=12) and income (N=5). A total of 102 countries were included into the fully adjusted 

model additionally including ART coverage and the HAQi, allowing for an additional missing value for 

ART (Table 1). However, when adjusting for confounders the association is lost. In the fully adjusted 

model, ART coverage and HAQi are positively and negatively associated with HIV incidence, respectively 

(Table 1). Furthermore, the proportion of the population affected by disasters was also negatively 

associated with HAQi (β -3.108; 95% CI -3.872, -2.343; p<0.001). 

No interaction was detected by income groups, or world regions (p=0.197; p=274). Evidence of 

interaction across levels of high and low prevalence of HIV was detected (p=0.049), however the beta 

coefficients for the adjusted model suggested lack of association in both groups after stratification 

(results not shown). No evidence of interaction was detected by categories of progress towards a climate 

change health adaptation plan (p=0.865). A sensitivity analysis further adjusting for condom use, 

prevention knowledge and testing facilities in those countries with information available (N=45), found 

no associations between disaster and HIV incidence. When using HIV incidence in the year 2019 as an 

outcome, comparable results were found (data not shown).   
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The age-adjusted linear regression model investigating the association between disaster and alcohol 

consumption as an outcome found no association (β -0.094; 95% CI -0.323, 0.135; p=0.419). The age-

adjusted linear regression model investigating the association between disasters and birth rate as an 

outcome detected a significant negative association (β -0.515; 95% CI -0.868, -0.161; p=0.005).  

 

4. DISCUSSION 

This is the first study exploring the ecological association between exposure to disasters triggered by 

natural hazards and sexual risk-taking behavior at a country-level, worldwide. Overall, the present 

findings do not support an association between exposure to disaster and increased sexual risk-taking 

behavior at a population level. However, the crude regression models suggest that per every 100 more 

people per 100,000/year affected by disasters triggered by natural hazards in a country, HIV incidence 

was detected to be higher by 15 people per 1,000 uninfected. This points towards the coexistence of 

different vulnerabilities for public health that can act synergistically at the population level, even when 

lacking direct causality.  

The strong negative association between proportion of population affected by disaster and health system 

quality and accessibility on one hand, and the strong negative association between health system quality 

and accessibility and HIV incidence on the other, suggest possible alternative mechanisms. The impact of 

disasters at the population level might directly alter the capacity of health systems to provide a high 

quality and accessible service to the population, which in turn might result in higher HIV incidence. This 

mechanism, however, would not necessarily imply the presence of an increased sexual risk-taking 

behavior. This interpretation is supported by evidence of the vulnerability of health systems to natural 

hazards in low [35] as well as high-income countries [36,37]. Moreover, a recent systematic review 

highlighted how the impact of natural hazards on health systems specifically affects sexual and 

reproductive health in low- and high-income countries [38]. This implies that sustaining access to 

efficient high-quality care in the aftermath of disasters is an important preventive measure in reducing 

the HIV incidence. 

One of the reasons why the association between disaster and HIV incidence did not hold after adjustment 

for socio-demographic variables could be ascertainment bias. The entire healthcare system, in fact, is 

affected in the aftermath of a disaster, including testing facilities and epidemiological surveillance. This 
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could artificially bias the reporting of HIV incidence in countries which have witnessed disasters.  Two 

comparative studies after the 2010 earthquake in Haiti showed a significant decline in HIV testing, new 

HIV patient registration, and ART uptake after the earthquake, although these numbers rapidly 

rebounded [39,40]. Similar results were found in an interrupted time series analysis in the US, showing a 

significant and immediate decline of HIV testing after  Hurricane Sandy. Testing rates declined up to -24% 

in high impact areas and returned to the baseline 6-17 weeks later [41]. The 3-year gap between the 

disaster and the estimation of HIV incidence in the current analysis, however, should be enough to 

minimize this bias, given that duration of underreporting shown by these studies.  

The origin of this coexistence can also be explained in terms of social vulnerability. Disaster risk consists 

of a combination of three factors: social vulnerability, exposure, and severity of hazards [42,43]. 

Therefore, natural hazards with the same intensity do not produce the same results in different countries 

and regions of the world. For instance, two earthquakes of the same magnitude might not cause casualties 

or financial damage in one area, but may cause extensive damage in another. Social vulnerability is one of 

the key factors that increases the risk of disasters [44], thus the impact of  disasters reflect social 

vulnerability and inequalities [45]. Countries with higher levels of social vulnerability and inequalities 

will  therefore be not only more exposed to both disasters and higher HIV incidence. These countries will 

also be more likely to suffer a disproportionally greater damage caused by natural hazards with cascading 

effects on other vulnerabilities, such as HIV incidence [46]. According to the social vulnerability paradigm, 

possible mechanisms explaining the coexistence of disasters and higher HIV incidence can be sought in 

higher sexual trafficking, prostitution, and sexual violence among girls and women, which can increase 

after disasters [47].  

The positive association between ART coverage and HIV incidence is difficult to interpret given that an  

increase in ART coverage has been previously shown to be associated with a decrease in HIV incidence 

and mortality [48], as expected. It is possible that with the introduction of ART, condomless sex increased, 

overcoming the beneficial effects of ART on HIV incidence, as observed elsewhere [49,50].  

The year 2020 was a special year, with the beginning of the COVID-19 pandemic. As for many other direct 

and indirect consequences of the pandemic, the present results might have suffered from its impact 

through, for example, delayed doctors’ visits and less screening and prevention campaigns. The 

consistency of the present results with those obtained after running the models using the HIV incidence 
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data in 2019 suggested a marginal effect of the pandemic on the association. Some factors might have 

affected the HIV incidence after the onset of the COVID-19 pandemic such as regulations imposed by 

governments limiting social life and affecting the mental health of people worldwide [51–53]. However, it 

is improbable that these effects can be captured by comparing the incidences in the years 2019-2020, as 

they might have a more delayed impact on incidence.  

 

4.1. Strengths and weaknesses of the study  
 

An ecological analysis conducted at a country level inherently suffers from the main limitation of 

ecological fallacy, not allowing the generalization of results found at the ecological level to that of an 

individual level [54]. In addition, in order to better explore the sexual risk-taking behavior hypothesis, 

data on HIV testing and prevention would have been used as potential confounders, were it available for 

the majority of the countries. Unfortunately, it was not possible to retrieve sex-disaggregated HIV 

incidence figures, limiting the ability to  inferwith respect to any gendered-patterned effect. Nonetheless, 

the present study, by confuting the original hypotheses, paves the way to new, interesting, and 

challenging hypotheses explaining the coexistence of impact of disasters and HIV incidence which are 

worthy of further exploration.  

4.2. Conclusion and policy implications  
 

The proportion of people affected by disasters caused by natural hazards was not associated with 

increased sexual risk-taking behavior globally, when analyzed at the country level, after accounting for 

socio-demographic characteristics of the populations. Nonetheless, countries with a higher proportion of 

the population affected by disasters also experienced a higher incidence rate of HIV, possibly through the 

mediating effect of disrupted health system coverage and/or increased social vulnerability. This 

highlights the importance of access to efficient high-quality care as a preventive measure in tackling the 

global HIV pandemic. It also highlights the coexistence of different vulnerabilities for public health, which 

is worth studying  in more detail in order to plan for an equitable allocation of resources and funding.    

Based on these results, international policy institutions must promote and support strengthening the 

preparedness of health systems including the prevention of sexually transmitted diseases. Additionally, 

emergency and humanitarian organizations active in providing relief efforts to assist people affected by 
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disasters must be properly trained in the recognition, treatment, and prevention of sexually transmitted 

diseases in in internally displaced person camps and emergency shelters.  
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TABLE 1: CRUDE AND ADJUSTED LINEAR REGRESSION BETA COEFFICIENT AND RELATIVE 95% CONFIDENCE 

INTERVAL (CI) ASSESSING THE ASSOCIATION BETWEEN THE PROPORTION OF PEOPLE AFFECTED BY DISASTERS 

OVER 5 YEARS AND HIV INCIDENCE IN 2020 (N=NUMBER OF COUNTRIES) 

  HIV incidence* 

 

 

N 

 

Crude beta coefficient 

(95% C.I.) 

Disasters 5-years* 120 0.124 (0.044, 0.204) 

ART coverage 128 0.005 (-0.008, 0.018) 

HAQi 132 -0.050 (-0.064, -0.037) 

Testing facilities*  84 0.649 (0.378, 0.920) 

Prevention knowledge  70 0.040 (0.022, 0.059) 

Condom use 51 0.015 (-0.008, 0.037) 

Literacy 118 -0.367 (-0.595, -0.138) 

Income* 125 -0.520 (-0.735, -0.305) 

Adolescents 131 0.181 (0.118, 0.243) 

 

 

N = 103  

 

Adjusted beta coefficient 

(95% C.I.) 

Disasters 5-years*  -0.009 (-0.119, 0.102) 

Literacy  0.129 (-0.283, 0.541) 

Income*  -0.046 (-0.494, 0.401) 

Adolescents  0.179 (0.034, 0.325) 

 

 

N = 102 

 

Adjusted beta coefficient 

(95% C.I.) 

Disasters 5-years*  -0.031 (-0.132, 0.067) 

Literacy  0.246 (-0.129, 0.620) 

Income*  0.456 (-0.012, 0.925) 

Adolescents  0.062 (-0.083, 0.207) 

ART  0.018 (0.006, 0.030) 

HAQi  -0.081 (-0.119, -0.043) 

*variable log-transformed to be entered in the regression models  
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FIGURE 1: WORLD MAP SHOWING THE QUINTILES OF DISTRIBUTION OF THE CUMULATIVE NUMBER (YEAR 2015-2019) OF POPULATION PER 100,000/YEAR AFFECTED BY 

NATURAL DISASTERS. 
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FIGURE 2: WORLDWIDE MAP SHOWING QUINTILES OF DISTRIBUTION OF HIV INCIDENCE MEASURED AS NUMBER OF NEW CASES PER 1,000 UNINFECTED POPULATION, IN THE 

YEAR 2020 

 

 

                  


