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Longitudinal patterns of natural 
hazard exposures and anxiety 
and depression symptoms 
among young adults in four low‑ 
and middle‑income countries
Ilan Cerna‑Turoff  1*, Joan A. Casey 1,2, Katherine Keyes 3, Kara E. Rudolph 3,5 & 
Daniel Malinsky 4,5

We estimated the effect of community-level natural hazard exposure during prior developmental 
stages on later anxiety and depression symptoms among young adults and potential differences 
stratified by gender. We analyzed longitudinal data (2002–2020) on 5585 young adults between 19 
and 26 years in Ethiopia, India, Peru, and Vietnam. A binary question identified community-level 
exposure, and psychometrically validated scales measured recent anxiety and depression symptoms. 
Young adults with three exposure histories (“time point 1,” “time point 2,” and “both time points”) 
were contrasted with their unexposed peers. We applied a longitudinal targeted minimum loss-based 
estimator with an ensemble of machine learning algorithms for estimation. Young adults living in 
exposed communities did not exhibit substantially different anxiety or depression symptoms from 
their unexposed peers, except for young women in Ethiopia who exhibited less anxiety symptoms 
(average causal effect [ACE] estimate = − 8.86 [95% CI: − 17.04, − 0.68] anxiety score). In this study, 
singular and repeated natural hazard exposures generally were not associated with later anxiety 
and depression symptoms. Further examination is needed to understand how distal natural hazard 
exposures affect lifelong mental health, which aspects of natural hazards are most salient, how 
disaster relief may modify symptoms, and gendered, age-specific, and contextual differences.

Natural hazards, such as tropical cyclones and earthquakes, are disruptive events that adversely affect popula-
tions globally. Over the past 20 years, natural hazards increased in their number and severity, claiming an esti-
mated 1.23 million lives and affecting over four billion people1. A sizeable percentage of the affected population 
exhibits negative mental health symptoms and psychopathology after exposure to these events2. Associations 
between recent exposure to natural hazards and measures of impaired mental health have been found after the 
Mount Saint Helens volcanic eruption in the United States3, the Canterbury earthquake in New Zealand4, and 
a super-cyclone in India5, among many other disasters. Younger individuals often exhibit worse mental health 
symptoms compared to adults6. Considering that natural hazards disproportionately affect low- and middle-
income countries where the majority of the population is under the age of 30, a large segment of young people 
have the potential to experience negative mental health symptoms as a result of exposure7,8.

Natural hazards may negatively affect mental health among young adults by either giving rise to molec-
ular changes that increase susceptibility to mental health conditions or by changing the socioecological 
environment9–12. Life course epidemiology posits that specific developmental periods and transition points are 
sensitive and therefore, can exert a greater influence on later health13. In particular, early childhood and adoles-
cence are two critical stages of development14. From birth until adolescence, the brain undergoes a rapid period 
of development, and high levels of neuroplasticity increase susceptibility to environmental stressors15. The body 
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responds to stress by producing a glucocorticoid, cortisol, which can pass through the blood–brain barrier to 
shape neural development. As outlined by Tottenham and Sheridan16, an extensive body of animal and human 
studies document how cortisol alters the size, complexity, and activity of receptors in the brain that control 
socioemotional functioning. Stress-related brain structures develop at different stages, plateauing after the age 
of 25 years, so environmental exposures at several points in childhood, adolescence, and young adulthood are 
likely to be important for mental health over the life course16. Studies of hurricanes9 and earthquakes10,11 have 
found that children and adults experience changes in brain function and structure after exposure, which relate 
to stress and emotional reactivity in young adulthood and later life.

Social epidemiology proposes that natural hazards alter the context where a child lives and grows. Changes 
to the socioecological environment may lead to ongoing disadvantage that engenders the development of poor 
mental health in young adulthood12. After natural hazards, children may experience long-term separation from 
family members, displacement to new communities, or familial strain resulting from economic losses of their 
home or livelihood. Hurricane Katrina, for instance, produced separation of household heads and adult children 
at 2.2 and 2.7 times the national rate in a one-year period after exposure17. Amongst low-income parents, those 
who were relocated to new communities and those who were unstably housed had more psychological distress 
and perceived stress than returned households18. New or exacerbated economic vulnerability places children and 
adolescents at increased risk of child labor19, early marriage20, and other negative circumstances that can worsen 
their mental health and general wellbeing. Individual and household level vulnerability is further influenced 
by the overall economic context. Rubens et al.21 found that natural hazards were more strongly correlated with 
internalizing and externalizing among young people in countries with a medium Human Development Index 
(HDI) ( r = 0.56) versus high HDI ( r = 0.15)21. Regardless of context, gender has consistently been identified 
as an important factor, as girls tend to have worse mental health symptoms following natural hazard exposure 
than boys6,21–23.

Natural hazards are inherently multidimensional in that they have geophysical, atmospheric, hydrological, 
or other drivers that lead to multiple traumatic experiences during a disaster event. Spatial variability may also 
occur, even within small geographic areas. A lack of consensus exists in disaster studies regarding how to measure 
exposure. In practice, exposure has been operationalized as a series of questions of individual traumatic experi-
ences to form scales, a continuous metric of area-level severity based upon aerial or sensor-based measures, a 
binary measure of exposure within administrative areas were the natural hazard occurred, or a binary measure 
of self-reported or community exposure24. Binary exposure measures on the community level are commonly 
used in low- and middle-income countries and serve as the exposure metric for this study25–30. Community-level 
exposures are then assigned to individuals. The socioecological model has been evoked as the theoretical basis 
for the validity of this exposure assignment, which posits that natural hazards change one’s environment and by 
way of this change, impact individuals12,31.

The current evidence excludes two important aspects of longitudinal exposures. One is that symptoms of poor 
mental health are often detected years after natural disaster exposure32–36. It warrants probing if distal exposures 
yield persistent negative effects. Second, young people increasingly are exposed to more than one natural hazard 
before reaching adulthood37. Natural hazards are common in low- and middle-income countries, but surprisingly, 
little is known about if repeat exposure affects mental health. This study aims to address these gaps by estimat-
ing how three patterns of natural hazard exposure histories influence later anxiety and depression symptoms 
among young adults in four low- and middle-income countries. Given the importance of gender in mental 
health symptoms, we further seek to estimate how exposure patterns may differ among young women and men.

Results
A total of 5585 young adults were included in the final analysis (Ethiopia: 1766, India: 844, Peru: 1232, and Viet-
nam: 1743) who lived in 158 communities (Ethiopia: 19, India: 39, Peru: 75, and Vietnam: 25). The distribution 
of covariates remained similar before and after imputation of the missing data (see Supplementary Tab. S1). After 
excluding communities for practical positivity violations, the most commonly reported natural hazard types 
were drought for Ethiopia (36.4%) and India (45.9%); unspecified types of natural hazards in Peru (28.9%); and 
flooding in Vietnam (30.0%) (Fig. 1). A natural hazard occurred in most young adult’s communities (68.3%) at 
the measured time points. Comparing across countries, the percentages ranged from 57.7% exposed in Peru to 
88.2% exposed in Vietnam. Communities were likewise frequently exposed to more than one natural hazard, 
with Vietnam having the highest average of 2.5 natural hazards per community.

Most GAD-7 and PHQ-8 scores were low in the final sample used for analysis (Table 1), with exception of 
Peru which had average and median scores that were in the mild range for anxiety and depression symptoms 
(see Supplementary Fig. S1).

Table 2 presents the average differences between young adults with each exposure pattern as compared to 
young adults who lived in communities that were never exposed. In the full sample, no pattern of exposure was 
associated with increases in anxiety and depression symptoms. Some estimates (e.g., repeat exposure in Vietnam) 
exhibited wide confidence intervals, which illustrates substantial uncertainty in the effect estimates for these 
exposure patterns in this dataset.

When examining young men and women separately, a more nuanced pattern of mental health emerges. 
Ethiopian young women who lived in communities that were repeatedly exposed to natural hazards had GAD-7 
scores that were 8.86 points lower [95% CI: -17.04, -0.68] than young women who had never been exposed 
(p-value = 0.034). A difference in PHQ-8 and GAD-7 scores were not identified in any other country or gender 
subgroup (Table 3).
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Discussion
Young adults who lived in communities that were exposed to any natural hazard exposure pattern did not have 
substantially different GAD-7 and PHQ-8 scores from their unexposed peers. Prior exposure was not associated 
with increased risk of later anxiety and depression symptoms in young adulthood in these four countries, regard-
less of context, and effects were not magnified when young people were exposed at both time points. Past studies 
have found mixed associations between exposure to natural hazards and mental health, likely due to differences in 
exposure measurement, study population, and study design. A global meta-analysis contrasting disaster exposed 
to unexposed groups and incorporating pre-post testing found slight increases in depression among the exposed 
population (standardized mean difference [SMD] = 0.55, 95% CI: 0.05, 1.06). Anxiety symptoms, however, did not 
conclusively differ38. Specific to children, Norris et al.6 found mixed but generally worse mental health symptoms 
among younger age groups as compared to adults across multiple studies. Another meta-analytic study similarly 
estimated a slight increase in combined anxiety and depression metrics after exposure for youth ( r = 0.18, 95% 

Figure 1.   Number of natural hazards reported by community respondents at each exposure time point across 
communities. Summarized as counts and color coded by the first exposure time point (participants were under 
eight years of age) and second exposure time point (participants were 15 and 22 years, respectively). Exposure 
to natural hazards was measured at the community level. The same disaster event could be reported multiple 
times by different community respondents, so these values should be interpreted as general descriptive trends. 
Flooding category includes floods from any cause, including flash floods and overflowing of lakes, seas, or rivers. 
Erosion/cracks/landslides were specified as not resulting from earthquakes or other listed natural hazards.

Table 1.   Distribution of GAD-7 and PHQ-8 scores among young adults in the 2020 telephone survey. 
SD = standard deviation; Min = minimum; Max = maximum; GAD-7 = Generalized Anxiety Disorder scale-7; 
PHQ-8 = Patient Health Questionnaire depression scale-8. Total sample size = 5585. Young adults were aged 19 
and 26 years in 2020.

GAD-7 PHQ-8

Mean (SD) Median 75th percentile Min Max Mean (SD) Median 75th percentile Min Max

Ethiopia 2.14 (3.06) 1.00 4.00 0.00 19.00 1.93 (2.80) 0.00 3.00 0.00 21.00

India 1.35 (2.04) 0.00 2.00 0.00 14.00 1.13 (1.95) 0.00 2.00 0.00 13.00

Peru 4.46 (4.18) 3.00 7.00 0.00 19.00 3.52 (3.78) 2.00 5.00 0.00 22.00

Vietnam 1.52 (2.51) 0.00 2.00 0.00 18.00 1.26 (2.37) 0.00 2.00 0.00 17.00
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CI: 0.14, 0.22)21, and a recent systematic review of post-disaster mental health recovery from 29 countries found 
that depression remained elevated for years after natural disaster or pandemic exposure among young people 
and at a higher rate than in adult populations39. Amongst these studies, exposure was commonly measured in 
low- and middle-income countries as residence in a geographic area affected by the natural hazard (e.g.,25–30). 
The current literature tends to indicate that exposure to natural hazards induces a slight but lasting increase in 
depression and anxiety symptoms among young people, with additional variation depending on the severity, 
duration, and personal impact of the natural hazard. In contrast, this study generally did not find evidence that 
exposure to natural hazards related to anxiety or depression symptoms. The findings support possible conclu-
sions about the frequency and historical/longitudinal patterns of exposure (i.e., repeat exposure, exposure in 
adolescence/young adulthood, and exposures in early life) which are not typical of studies that examine one 
natural hazard event, and they complement existing evidence involving “dose” of exposure from proximity or 
severity to natural hazards.

The type and severity of traumatic experiences over one’s lifetime and during the natural hazard may be 
most predictive in determining who experiences poor mental health. Tang et al.40 found that across studies of 
children, depression symptoms only significantly increased among subgroups that had prior experiences of 

Table 2.   Estimated effect of natural hazard exposure patterns on anxiety and depression scores. 
CI = confidence intervals; GAD-7 = Generalized Anxiety Disorder scale-7; PHQ-8 = Patient Health 
Questionnaire depression scale-8; Estimates and confidence intervals are rounded to two decimal places and 
p-values to three decimal places. The full list of individual-, household-, and community-level covariates 
included in each model are found in Supplementary Table S5.

Exposure

Ethiopia India Peru Vietnam

Estimate 95% CI p-value Estimate 95% CI p-value Estimate 95% CI p-value Estimate 95% CI p-value

GAD-7 scores

 Time point 1 − 0.57 − 3.22, 2.08 0.674 0.15 − 0.86, 0.56 0.681 0.42 − 1.50, 2.34 0.671 − 0.02 − 3.88, 3.85 0.994

Time point 2 − 0.94 − 2.84, 0.96 0.334 − 0.08 − 0.39, 0.22 0.593 − 2.27 − 5.42, 0.88 0.159 − 1.08 − 2.35, 0.18 0.093

 Both time points − 8.26 − 16.75, 0.24 0.057 − 0.11 − 0.86, 0.64 0.779 0.40 − 1.43, 2.23 0.668 1.22 − 2.75, 5.19 0.547

PHQ-8 scores

 Time point 1 − 0.57 − 4.74, 3.60 0.789 − 0.20 − 0.83, 0.44 0.544 0.38 − 1.49, 2.25 0.692 − 0.34 − 3.91, 3.23 0.851

 Time point 2 − 0.87 − 2.39, 0.64 0.259 − 0.14 − 0.35, 0.07 0.204 − 1.82 − 6.17, 2.52 0.410 − 0.93 − 6.46, 4.60 0.742

 Both time points − 3.15 − 13.82, 7.52 0.563 − 0.25 − 1.15, 0.66 0.592 0.21 − 1.42, 1.85 0.796 1.17 − 1.85, 4.20 0.447

Table 3.   Subgroup analysis by gender of the estimated effect of natural hazard exposure patterns on 
anxiety and depression scores. CI = confidence intervals; GAD-7 = Generalized Anxiety Disorder scale-7; 
PHQ-8 = Patient Health Questionnaire depression scale-8. Estimates and confidence intervals are rounded 
to two decimal places and p-values to three decimal places. Significant estimates under p-value < 0.05 are 
indicated in bold.

Exposure

Ethiopia India Peru Vietnam

Estimate 95% CI p-value Estimate 95% CI p-value Estimate 95% CI p-value Estimate 95% CI p-value

Girls—GAD-7 scores

 Time point 1 − 1.84 − 4.27, 0.59 0.137 − 0.41 − 1.74, 0.92 0.544 1.23 − 1.12, 3.58 0.306 − 0.48 − 4.75, 3.79 0.825

 Time point 2 − 1.73 − 3.78, 0.32 0.100 − 0.24 − 0.58, 0.11 0.176 0.15 − 0.95, 1.24 0.795 − 1.20 − 22.99, 20.60 0.914

 Both time points − 8.86 − 17.04, − 0.68 0.034 0.19 − 1.07, 1.45 0.768 0.59 − 1.53, 2.72 0.584 1.34 − 2.26, 4.94 0.465

Girls—PHQ-8 scores

 Time point 1 − 1.02 − 3.53, 1.49 0.427 − 0.06 − 1.07, 0.95 0.907 0.57 − 1.25, 2.40 0.539 − 0.41 − 3.61, 2.80 0.803

 Time point 2 − 0.82 − 2.79, 1.14 0.412 − 0.23 − 0.47, 0.02 0.071 − 0.35 − 1.47, 0.78 0.543 − 1.92 − 9.92, 6.08 0.638

 Both time points − 7.63 − 19.44, 4.19 0.206 − 0.35 − 1.60, 0.90 0.586 0.45 − 1.31, 2.20 0.619 1.47 − 0.83, 3.78 0.211

Exposure

Ethiopia India Peru Vietnam

Estimate 95% CI p-value Estimate 95% CI p-value Estimate 95% CI p-value Estimate 95% CI p-value

Boys—GAD-7 scores

 Time point 1 − 0.25 − 2.84, 2.33 0.848 − 0.02 − 1.01, 0.98 0.975 2.68 − 1.67, 7.03 0.227 0.68 − 1.52, 2.88 0.545

 Time point 2 − 0.93 − 2.99, 1.12 0.372 0.00 − 0.14, 0.15 0.960 2.21 − 1.66, 6.07 0.263 0.70 − 2.85, 4.25 0.697

 Both time points − 7.16 − 16.36, 2.05 0.128 − 0.10 − 0.85, 0.65 0.785 2.82 − 1.32, 6.96 0.182 − 0.11 − 3.39, 3.18 0.950

Boys—PHQ-8 scores

 Time point 1 0.40 − 2.44, 3.24 0.781 − 0.39 − 1.13, 0.34 0.296 2.55 − 2.51, 7.61 0.324 0.13 − 1.68, 1.94 0.887

 Time point 2 − 0.41 − 2.02, 1.21 0.623 0.00 − 0.31, 0.32 0.981 1.75 − 3.03, 6.53 0.473 0.76 − 4.89, 6.42 0.791

 Both time points − 4.99 − 19.68, 9.71 0.506 − 0.21 − 1.03, 0.60 0.611 2.60 − 2.55, 7.74 0.322 − 0.29 − 2.29, 1.71 0.775
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trauma or specific negative experiences during and after the natural hazard (i.e., being trapped during the dis-
aster; experiencing injury, fear, or bereavement during the disaster; witnessing injury or death; or having poor 
social support). Personal behaviors and worldviews additionally act to protect or exacerbate symptoms. Stoicism 
and maladaptive coping, such as venting and distraction, can lead to greater deterioration of mental health, 
whereas acceptance, positive reframing, and humor are protective41. Similarly, individuals that use religious 
coping to find meaning and positive lessons in negative events often have overall better mental health42. Young 
people, likewise, are embedded within families, communities, and societies that influence their mental health 
symptoms and recovery. Familial and social support as well as the overall sociopolitical context influence the 
development of symptoms of poor mental health after natural hazards21,43,44. This nuance collectively points to a 
complicated pattern of individual and socioecological factors that may modify the relationship between natural 
hazards and mental health. Although our study sought to adjust for all meaningful pre-exposure covariates in 
the dataset, individual, relational, and societal dimensions of mental health response are not fully understood or 
sufficiently captured in data on disaster-related mental health. Furthermore, a lack of consensus exists on how to 
best operationalize exposure, and measures of exposure at the community or individual level may differ in their 
sensitivity. Exposure has been constructed using individual disaster-related stressors or area-level measures of 
proximity, severity, and general residence in an affected area24. These measurements merit further exploration 
among young people in future research.

Unexpectedly, young women in Ethiopia exhibited lower GAD-7 scores (less reported anxiety) when living 
in communities that were repeatedly exposed to natural hazards at both time points. The literature largely finds 
that women have worse mental health symptomology than men when exposed to natural hazards6,21–23. Ethiopia 
is likely no exception. Of the limited evidence, a cross-sectional study from the capital of Addis Ababa found 
that woman had 1.74 (95% CI: 1.21, 2.50) higher adjusted odds of posttraumatic stress disorder (PTSD) after a 
landslide45. School-based samples among adolescents and young adults from various parts of the country further 
indicate that female gender is associated with higher depression and anxiety symptoms46–48. The lower anxiety 
symptoms among repeatedly exposed young women in Ethiopia may be an artifact of unmeasured confounding 
from factors that were not included in this study. One such covariate would be the structure of disaster relief aid. 
It is plausible that a greater amount of gender-sensitive aid was allocated to communities where natural hazards 
repeatedly occurred, as compared to communities that did not experience natural hazards. Ethiopia receives 
some of the world’s highest amount of foreign aid and hosts several national safety net programs that provide 
gender-responsive support to households affected by drought and other climate-related shocks49,50. It may be that 
young women in affected communities benefited from this investment in early childhood disproportionate to 
their peers and therefore, had lower anxiety for their future wellbeing when repeated natural hazards occurred. 
When baseline services are not well-distributed nationally, and one group receives targeted aid, asymmetries 
commonly occur51. Ethiopia has had mixed success in its aid distribution and gender-responsiveness52,53; however, 
qualitative evidence collected as part of a longitudinal study with Ethiopian adolescents and young adults, aged 10 
to 20 years, corroborates that climate mitigation strategies led to investment in gender-sensitive social protection 
programs, which positively impacted young women and girls50. Young women who lived in communities where 
these programs were implemented may have benefited over the long-term. Furthermore, the study measured 
anxiety and depression during the height of the COVID-19 pandemic. Poor households in rural areas were 88.0% 
more likely to receive government assistance within the 10 months after the start of the pandemic than non-poor 
households. These households were disproportionately female headed and overlapped with areas of the country 
where natural hazards frequently occur54. COVID-19 investment could have lowered recent anxiety symptoms 
among young women in these communities. One’s perception of the government’s response to natural hazards 
may be as important as the actual aid received in influencing mental health symptoms. Although a different 
context, an estimated 18.0% of survivors of the Southeast Asian earthquake and tsunami in Thailand newly devel-
oped posttraumatic stress symptoms when they perceived that there was a low level of government support55.

We applied a doubly robust estimator of longitudinal effects to estimate the extent to which different patterns 
of natural hazard exposure affected later anxiety and depression symptoms. In addition to its doubly robust 
property (i.e., it produces an unbiased estimate if either the model for the exposure or the model for the outcome 
is consistent), this estimator allows for the incorporation of machine learning algorithms in model fitting while 
retaining theory-based inference and appropriately accounts for time-varying confounders affected by prior 
exposure56. It further is semi-parametrically efficient if both exposure and outcome models are consistent57. Para-
metric models, like standard regression, suffer from substantial bias if the functional form is misspecified (e.g., 
a linear form is incorrectly assumed for how covariates relate to the outcome). Nonparametric approaches, such 
as the one implemented in this analysis, have been shown to be less biased and more robust for estimating causal 
effects58. The use of machine learning ensembles to estimate these “nuisance” models further avoids reliance on 
potentially strong parametric assumptions and has as high or higher accuracy than individual models59,60. The 
study employed psychometrically validated mental health scales that have been widely used with young adults 
in a variety of cultural settings61–66. Depression and general anxiety are the two most common mental health 
symptoms and are common after natural hazard exposure40,67. Extensive research has documented the connection 
between singular exposure to natural hazards and poor mental health2–4 and identified young people as vulnerable 
to poor mental health shortly after exposure6,21,23. The majority of studies, however, originate from high-income 
countries, use cross-sectional designs, and focus on a singular and recent event2–4. This study builds on each of 
these respective areas of the literature. In particular, the adoption of a life course approach that seeks to quantify 
long-term mental health consequences of natural hazard exposures is a distinct framing in the disaster literature. 
Our results did not provide a clear pattern, and so, further research should consider collection of longitudinal 
information on natural hazard exposure over several critical developmental stages.

Our study also has several limitations. Community respondents reported on community-level exposure to 
natural hazards, which does not fully capture individual experiences of young adults during disaster events or 
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discordance between individuals and community members in their reporting. Certain types of natural haz-
ards may affect a segment of the community, leading to differential exposure to the natural hazard within the 
same area (e.g., the difference between living on hilltops versus valleys when community flooding occurs). This 
analysis should therefore be interpreted as estimating differences in the average mental health of young adults 
living in communities that experienced and did not experience natural hazards. Substantial debate exists as to 
the best way to measure exposure to natural hazards, but it is widely acknowledged that living in communities 
affected by natural hazard will disrupt the socioecological environment to some extent, regardless of the sever-
ity of personal experiences, and community exposure is deemed a valid metric in the disaster literature24,68. 
Relatedly, information on individual experiences during natural hazards was not captured in the Young Lives 
study. Specific experiences—namely, damage to one’s house and belongings, perceived or experienced danger, 
and illness or injury to one’s self or others—in validated trauma scales are most indicative of poor mental after 
natural hazard exposure69,70. We did not have access to validated scales to contrast individual experiences, but 
we hypothesize that it would have been more sensitive than binary reporting of community exposures. Alterna-
tive metrics for measuring exposure on a continuous scale, such as strength of, proximity to, or damages from a 
natural hazard, would capture how specific levels or severity of exposure influenced mental health outcomes. It 
may be that mental health worsens as proximity and impact of exposure increases. Nevertheless, binary meas-
ures of total community exposure can estimate the overall effect in the target population24. Furthermore, recall 
bias may exist in exposure reporting. Although community respondents are likely to remember major natural 
hazards, they may have underreported minor natural hazards, which would artificially make the exposed and 
unexposed groups seem more similar than they were in actuality and bias towards the null. In addition, this 
dataset did not consistently collect information on exposure types at each wave, which precluded analysis of the 
influence of specific types of natural hazards or the creation of a count for the number of natural hazards that 
occurred in a community. It may also be that other developmental periods are more influential on mental health 
in young adulthood. The two time periods used in this study, however, are emphasized in global health strate-
gies for intervening on lifelong health14, and other measures were not comparable. Last, we were interested in 
distal exposures that happened in early childhood and/or four years prior to the outcome measurement. For the 
majority of individuals who exhibit poor mental health after natural hazard exposure, symptoms are short lived 
and improve over time6,21,23. It may be that effects would have been detected if we utilized a shorter time frame 
between exposure and outcome. Nevertheless, a segment of the population continues to experience symptoms 
of poor mental health years after natural disaster exposure32–36. A recent multilingual systematic review found 
that specifically anxiety and depression symptoms remain elevated for years after exposure to disasters and 
pandemics and that young people having higher rates than adult populations (p < 0.005)39. It, therefore, merits 
understanding if patterns can be detected in later developmental stages.

In terms of outcome measures, anxiety and depression symptoms were not measured in earlier data collection. 
We adjusted for a measure of past subjective wellbeing, but subjective wellbeing does not completely overlap 
with anxiety and depression constructs. Although widely used, standardized scales do not capture culturally 
specific expressions of anxiety and depression. Poor mental health is commonly expressed as somatization in 
non-Western societies. For instance, the Luo of South Sudan define depression as “nger yec,” a conglomeration of 
symptoms that overlap with Western definitions of depression but also include stomach pain and diarrhea71. Simi-
lar somatic symptoms have been found among Ethiopian72, Indian73, Peruvian74, and Vietnamese populations75. 
Last, these selected scales did not screen for other expressions of poor mental health. It may be that young adults 
had other mental health conditions, such as PTSD, which were outside of the purview of this study.

Methods
This study adhered to STROBE guidelines for observational studies (see Supplementary Tab. S2)76. The Institu-
tional Review Board at the University of Oxford as well as country-specific ethical review boards approved the ini-
tial data collection, and informed consent was obtained from all study participants77. This analysis was conducted 
on secondary data and deemed exempt from Columbia University’s Institutional Review Board (IRB-AAAT9321).

Sample and study design
The Young Lives study followed a cohort of children from birth to young adulthood in Ethiopia, India, Peru, 
and Vietnam from 2002 to the present78. Five waves of data collection occurred at regular intervals every three 
to four years from 2002 to 2016. Sentinel sites were selected from poorer regions of each country using a three-
stage sampling frame77. The primary data collection consisted of multiple linked surveys at each time point. Our 
study merged information from surveys administered to adult caregivers, community respondents, and young 
adults (Table 4).

The young adults were recruited as children as well as their adult caregivers. Within sentinel sites, households 
containing children within the target age group were randomly selected77. Refusal rates were low at baseline 

Table 4.   Sources of information for study design.

Adult caregivers Community respondents Young adults

Study component 1. Participant-level covariates 1. Community-level covariates
2. Exposures

1. Participant-level covariates
2. Outcomes

Data source Household survey Community leader/informant survey Household survey
Telephone survey
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(under 2.0%), and replacement sampling was used to obtain a sufficient number of participants79. The initial 
cohort was gender balanced and targeted 3000 children for each country (2000 children between six and eighteen 
months and 1000 children between seven to eight years). Within each household, an adult caregiver provided 
information on the selected child at baseline and subsequent waves into early childhood. As children, young 
adults began to self-report upon reaching the age of eight years and increasingly provided information on them-
selves and their households into young adulthood. In addition, community respondents reported on natural 
hazard exposures in the locality where the participants lived and characteristics of those communities at each 
exposure time point. A purposeful sample of community respondents was selected at each wave by national field 
team supervisors. Community respondents included teachers, government officials, and other local leaders77. 
The sixth wave of data collection was adapted for the COVID-19 pandemic. In 2020, a series of three rounds of 
telephone surveys were conducted, during which young adults self-reported on their recent anxiety and depres-
sion symptoms. The participants were young adults in 2020, aged 19 and 26 years. Of the original sample of 11,784 
children, 83.7% of the participants were retained across survey waves and into the 2020 telephone surveys80.

Definition of exposure
Community respondents were asked a series of binary questions on exposure to different natural hazards at 
each survey wave between 2002 until 2016 (“In the past [number of years since last survey round], has any of the 
following natural disasters occurred in this locality?”). The original baseline survey in 2002 asked community 
respondents about natural disasters in the past two years. We organized the responses into ten non-overlapping 
categories of geophysical and climactic natural hazards and a category of no exposure (see Supplementary Tab. 
S3). Due to inconsistent documentation of natural hazard types at each survey wave and the potential for dupli-
cate reporting of the same disaster event by different community respondents, we aggregated exposure across 
types to create a binary exposure (i.e., a community was exposed if one or more natural hazards were reported 
and unexposed if no natural hazard was reported). Each young adult was then assigned a community exposure 
based upon consistently living in a community since the last survey wave. We further restricted exposure to two 
survey waves that were meaningful stages in child development and collected consistent exposure information—
the first survey wave in 2002 and the fifth survey wave in 2016. Our study design therefore had three possible 
exposure regimes: (a) “time point 1”: exposure to one or more natural hazards in 2002 when participants were 
under eight years of age; (b) “time point 2”: exposure to one or more natural hazards in 2016 when participants 
were 15 and 22 years old, respectively; and (c) “both time points”: exposure to one or more natural hazards in 
2002 and 2016.

Expected mental health scores were estimated for participants under each of these potential regimes and 
contrasted to a regime in which individuals lived in communities that were never exposed to natural hazards. 
The causal contrasts of interest were the expected differences in mental health scores under each exposure 
regime versus never being exposed. These estimates may be interpreted as average causal effects (ACEs) under 
the assumption that there were no unmeasured sources of confounding (see Supplementary Tab. S4)56.

Definition of outcomes
Young adults reported their recent anxiety and depression symptoms in two of the three rounds of telephone 
surveys in 2020, using psychometrically validated scales—the Generalized Anxiety Disorder-7 (GAD-7) and 
the Patient Health Questionnaire depression-8 (PHQ-8). The PHQ-8 is an eight-question screener that meas-
ures depressive incidents in the past two weeks81, and the GAD-7 is a seven-item questionnaire that measures 
symptoms of anxiety in the past two weeks82. Both tools have a strong overlap with the Diagnostic and Statistical 
Manual of Mental Disorders (DSM-IV) criteria81,82. They have been extensively used globally with young adults 
and have been validated in the four study countries83–86. GAD-7 and PHQ-8 scores were collected twice; we 
sought to avoid possible biases from regression towards the mean often exhibited in repeat psychological testing 
and seasonal differences in mental health symptoms by analyzing the first time that mental health scores were 
recorded87. Only participants who answered all questions in the series were included in the analysis to maintain 
the psychometric validity of the mental health scales (percentage of participants missing items for GAD-7 and 
PHQ-8 scales: less than 1.0% for Ethiopia, India, and Vietnam and approximately 1.7% for Peru).

Covariates
Based on epidemiological theory about the correlates of mental health outcomes and factors related to natural 
hazard exposure, we included a wide selection of individual-, household-, and community-level covariates (see 
Supplementary Tab. S5). Additional information on data preparation can be found in previous work88. Gender 
was a key covariate included in the outcome models to reflect that women tend to have worse mental health 
symptoms after exposure to disaster events89,90. Covariates varied in their percentage of missingness from less 
than 1.0% to 36.3%. For all missing covariates, we conducted multiple imputation to analyze the dataset as if it 
was complete, in line with past recommendations91.

Analyses
We applied a longitudinal targeted minimum loss-based estimator to estimate anxiety and depression scores 
under exposure regimes, using the lmtp package in the R statistical software92,93. This estimator is doubly robust 
and non-parametric56. We fit the models for treatment and outcome using an ensemble of machine learning 
algorithms in SuperLearner59. The ensemble included the sample mean, generalized linear models, tree-
based algorithms (extreme gradient boosting), and spline methods (multivariate adaptive regression splines and 
general additive models) and used five-fold cross-validation to select an optimal combination. We further added 
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trimming at the 99th percentile to exclude extreme weights in estimation. An analysis stratified by gender was 
conducted to identify differential effects. 

The lmtp package allows for specification of covariates separately in exposure, censoring, and outcome 
models to mitigate practical positivity violations94. To reduce the extent of practical positivity violations, we 
restricted analyses to geographic areas where the risk of natural hazards was more varied, conditional on covari-
ates (Ethiopia: excluded desert communities [29.9%], India: excluded hill communities and regions that consisted 
only of inland plains [67.4%], and Vietnam: excluded the Red River region [22.9%]). In the excluded areas, the 
participants were always exposed to natural hazards (with no “unexposed” comparison peers), and therefore, 
these regions violated the positivity identification assumption. We also restricted the data to those individuals 
who did not move to different communities between the first and second exposure time points to reduce potential 
exposure misclassification. We incorporated community clustering for standard error calculation. 

Conclusions
Climate change will continue to spur increases in the frequency and severity natural hazards. Globally, a major-
ity of young people live in low- and middle-income countries that are disproportionately affected by climate 
change7,8. It is essential to better understand the effect of distal natural hazards exposures on later mental health. 
While encouraging that we did not observe increased anxiety and depression symptoms among exposed indi-
viduals, information gaps exist as to which developmental period and the number and type of natural hazard 
exposure that might lead to future poor mental health. Comprehensive and consistent collection of data on 
location, timing, and intensity of exposures is needed to ensure that we accurately pinpoint health effects. Great 
care must be taken in future study design to collect disaggregated information on recipients by age and gender 
and levels/types of aid. The call for better documentation should be integrated into disaster response and climate 
change policies, and high-quality evidence should drive structures for mental health service provision among 
the most impacted populations.

Data availability
The underlying data used in this analysis can be accessed from the UK Data Service, a public social science digital 
repository (https://​beta.​ukdat​aserv​ice.​ac.​uk/​datac​atalo​gue/​series/​series?​id=​20000​60).

Code availability
The R scripts that accompany this analysis can be found on GitHub (https://​github.​com/​ilan-​cerna-​turoff/​lmtp-​
hazar​ds-​mental-​health.​git).
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