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Relationships between psychosocial distress and diet during pregnancy and infant birth 

weight in a lower-middle income country: “Healthy mothers, healthy communities” study 

in Vanuatu  

Background: Maternal stress during pregnancy is associated with birth outcomes, including 

birthweight. Exposure to natural disasters during pregnancy provides a model to study these 

relationships. However, few studies assess both stress and diet, which might have interactive 

effects. Furthermore, most are conducted in high-income countries. Patterns might differ in low- 

and middle-income countries (LMICs). 

Aim: To study relationships between stress and diet during pregnancy, and infant birthweight, 

following a natural disaster in a lower-middle income country. 

Subjects and methods: In 2015, the island nation of Vanuatu suffered a Category 5 cyclone. 

Three months later, we assessed hardship due to the cyclone, distress, and dietary diversity 

among 900 women, including 187 pregnant women. Of these, 70 had birth records available. We 

used multivariate linear regression to analyze relationships between cyclone exposure and infant 

birthweight among this subsample. 

Results: Neither hardship nor dietary diversity predicted birthweight. Distress was a robust 

predictor, explaining 8.5% of variance (p=0.012). There were no interactive relationships 

between distress and other exposure variables. 

Conclusions: Maternal distress following a natural disaster has important implications for 

maternal and child health. In LMICs, low birthweight remains a pressing public health concern. 

Distress during pregnancy might represent one underlying risk factor. 
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Introduction 

Prenatal stress is increasingly accepted as a risk factor for adverse birth outcomes (Hobel 

et al. 2008). The underlying mechanisms are varied, including effects of maternal stress 

hormones, which can cross the placental barrier and affect fetal development (Lazinski et al. 

2008); maternal physiological changes in response to stress, such as changes in blood circulation 

that could also alter blood flow to the placenta (Hobel et al. 2008; Maric et al. 2010); and 

epigenetic changes in developing placental and fetal tissues (Monk et al. 2012). Prenatal stress is 

a risk factor for smaller birth length (Lederman et al. 2004; Dancause et al. 2011b; Frith et al. 

2013), weight (Lederman et al. 2004; Maric et al. 2010; Frith et al. 2013), and gestational age 

(Lederman et al. 2004; Dancause et al. 2011b; Frith et al. 2013); low birthweight (LBW; 

birthweight less than 2500g) (Xiong et al. 2010; O'Donnell and Behie 2013); and preterm birth 

(Glynn, Wadhwa, Dunkel Schetter, et al. 2001; Xiong et al. 2010; Torche and Kleinhaus 2012; 

O'Donnell and Behie 2013). Effects often vary by timing of exposure (Glynn, Wadhwa, Dunkel-

Schetter, et al. 2001) and newborn sex (Ellman et al. 2008). Birthweight is of particular interest 

because it is associated with a number of immediate and long-term health outcomes. LBW is a 

major predictor of infant mortality, and remains a persistent public health concern, especially in 

low- and middle-income countries (LMICs) (Abu-Saad and Fraser 2010; WHO 2014). 

Additionally, LBW is associated with later development of chronic disease, including diabetes 

and cardiovascular conditions (Barker 2004), as well as with negative mental health outcomes, 

such as depression (Loret de Mola et al. 2014). Relationships between birthweight and 

developmental outcomes are observed not only for infants with LBW but across the continuum 

of birthweight measures (Walhovd et al. 2012).  

One cannot randomly assign pregnant women to stress or non-stress groups, so prenatal 

stress research relies largely on the assessment of stressful life events (such as divorce) or 

psychosocial traits that might be correlated with stress, such as anxiety. This imparts limitations, 

as anxiety and life events are not randomly distributed, but might be associated with other 

maternal sociodemographic, genetic, or other characteristics that affect child development. 

Furthermore, the effects of prenatal stress might vary depending on the timing of exposure 

during fetal development. However, many life events have long onset that make it difficult to 

establish timing with precision (King et al. 2012; King and Laplante 2015).  
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Natural disasters provide excellent models of prenatal stress because the stressor affects 

many people at once and is largely independent of maternal characteristics, and because the 

timing of exposure can be identified with precision. Results from the Stress in Pregnancy 

International Research Alliance (SPIRAL), a group studying stress among women who were 

pregnant during natural disasters, show effects of the timing and severity of exposure to natural 

disasters during pregnancy on outcomes at birth and throughout childhood (King et al. 2012; 

King and Laplante 2015). For example, studies of children who were in utero during a severe ice 

storm in Quebec (Project Ice Storm) showed that mid-gestation exposure to the ice storm 

predicted lower birth weight (Dancause et al. 2011b), and greater stress in early gestation 

predicted smaller head circumference (Dancause et al. 2011b). Similar studies in Australia (the 

Queensland Flood Study) showed that maternal dietary change in response to stress mediated the 

relationship between distress due to flooding and infant head circumference at birth (Dancause et 

al. 2017), highlighting the importance of assessing both diet and distress.   

Despite advances in our understandings of prenatal stress and birth outcomes, our most 

comprehensive studies of prenatal stress are in industrialized nations (Ramchandani et al. 2010). 

It is unclear how the effects of stress during pregnancy might differ in low- and middle-income 

countries (LMICs). Given the persistence of adverse birth outcomes in many LMICs, even 

modest effects of the prenatal environment might hold important public health implications. 

Furthermore, considering the vulnerability of populations in LMICs to natural disasters (Lee et 

al. 2014), characterizing the impact of such events on the health of pregnant women and their 

infants is necessary.  

 

The “Healthy Mothers, Healthy Communities” Study in Vanuatu 

Since 2007, we have studied population health in Vanuatu, a lower-middle income 

country in the South Pacific (Dancause et al. 2011a; Dancause et al. 2012b; Dancause et al. 

2013b; Olszowy et a. 2015; Olszowy et al. 2017; Sun et al. 2017; Weitz et al. 2017). In 2015, we 

created the “Healthy Mothers, Healthy Communities” Study to assess the role of maternal health 

during pregnancy on infant and child health outcomes. We planned to assess data on major life 

events, perceived stress, anxiety, depression, and health behaviors among pregnant women, and 

to follow their infants’ development from birth to age 2. 
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However, the study was abruptly modified when, in March 2015, the nation was hit by 

Cyclone Pam, a Category 5 cyclone that left many villages in ruins. Approximately 80% of 

Vanuatu’s rural population was affected by crop loss and damage as a result of wind and salt 

water inundation (Government of Vanuatu 2015). This also affected urban populations, which 

rely on fresh foods brought from the rural regions and sold in the marketplaces of the urban 

centers. Prices of staple foods increased by as much as 300% after the cyclone (Government of 

Vanuatu 2015). We thus created a study of stress and diet among women exposed to the cyclone 

during pregnancy, and infant development. We assessed objective hardship, distress, and diets 

following the cyclone, and their relationships with infant development, based our past experience 

studying prenatal stress due to natural disasters. 

 

Objectives & Hypotheses 

 Our objective in the current study was to assess relationships between exposure to Cyclone 

Pam during pregnancy and infant birthweight. We hypothesized that greater objective hardship, 

greater distress, and lower dietary diversity would be independent predictors of lower 

birthweight, and that distress and dietary diversity would have interactive effects.  

 

Methods 

This study was reviewed and approved by the Comité institutionnel d'éthique de la 

recherche avec des êtres humaines (Institutional Committee on Ethics for Research Involving 

Humans) at the Université du Québec à Montréal, and by the Vanuatu Ministry of Health. 

Sample 

In June-July 2015, we collected data on damage and hardship due to the cyclone, 

psychosocial distress, and diets among women of reproductive age in Vanuatu. Sampling was 

conducted on four islands. On Efate, the home of the urban capital Port Vila, we conducted 

convenience sampling at local clinics, the women’s center, and the local open-air market, where 

women sell fruits and vegetables from Monday-Saturday. On three other islands (Aneityum, 

Tanna, and Erromango), we conducted similar convenience sampling at local clinics. We also 

worked in collaboration with a team that conducted malariometric surveys among 3009 people in 

12 rural communities (Chan et al. 2017). We sampled among reproductive-age women who 

attended the malariometric screenings. The total sample included more than 900 women, 
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including 187 women who were pregnant during the cyclone or who became pregnant within the 

following three months when stress hormones could still be elevated. 

Following delivery, we collected birth records from local hospitals and clinics to provide 

data on date of birth and birthweight of the women’s infants, and parity. We were able to identify 

birth records for 76 of the 187 pregnant women (40.6%). In Vanuatu, birth records consist of a 

single line of hand-written notes kept in a large book in the hospital or clinic. Women are usually 

identified by name, age, parity, and village of residence. Because of imprecisions in data entry 

(such as recording only the first name), matching women to birth records with confidence is 

challenging. However, this is not likely to introduce systematic bias into the analyses. In 

particular, there were no differences in sociodemographic variables, or in hardship, distress, or 

diet variables, among women who were successfully matched to birth records and those who 

were not except parity, which was lower among women with birth records (1.9, SD=1.6) 

compared to women with no birth records (2.5, SD=1.9; p=0.011). 

 

Instruments 

We created a self-administered questionnaire to assess maternal sociodemographic data 

(age, education, number and ages of children), pregnancy status, stress, and diet following the 

cyclone. Past studies of prenatal stress, including our own, distinguish between objective 

hardship (i.e. what happened) and subjective distress (i.e. how the participant responded). We 

followed similar methods in the current study. Surveys were in Bislama, a Melanesian pidgin 

language used across Vanuatu. Maternal age and number of children were compared to data on 

parity recorded in medical records for verification. 

 

Cyclone Exposure Variables 

Objective hardship: We assessed damage to women’s village, home, and garden. 

Responses for each category were on a 4-point scale from “Good, untouched by cyclone” (1) to 

“Severe damage, must rebuild” (4). We summed responses across the three categories. Scores in 

the current sample ranged from 5-12. Questionnaires also included loss of livestock and property 

and days without adequate food and water. These were not included in objective hardship scores, 

but their relationships with birthweight were analyzed separately. 
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Distress: Distress was evaluated using a Bislama adaptation of Impact of Events Scale - 

Revised (IES-R) (Weiss and Marmar 1997). This 22-item scale describes symptoms from three 

categories relevant to post-traumatic stress disorder (PTSD): intrusive thoughts, hyperarousal, 

and avoidance. Participants report the extent to which each behavior describes how they felt over 

the preceding seven days. Responses are on a 5-point Likert scale from “Not at all” (0) to 

“Extremely” (4). Items were written to reflect symptoms relative to the cyclone. We translated 

questions and responses into Bislama and reviewed them with native speakers. Some vocabulary 

was not directly translatable, leading to repetition in some items. We retained three questions 

from each category of PTSD symptoms (Appendix 1). The mean of response values for all 9 

items was used for analyses. Scores in the current sample ranged from 0-4. 

Diet/Dietary Diversity: We collected 24-hour recall and classified foods into nine groups 

based on micronutrients using the Women’s Dietary Diversity Score (Food and Agriculture 

Organization 2010). Dietary Diversity was calculated as the number of groups represented in the 

24-hour recall. Values in the current sample ranged from 1 to 7. 

Timing of Exposure: Timing of exposure to the cyclone during gestation was defined as 

280 (the length of a normal pregnancy) minus the difference between the beginning of the 

cyclone (March 13, 2015) and the date of birth. Thus, larger values represent exposure later in 

pregnancy. Thirteen women were exposed to the cyclone in the 3rd trimester (187-280 days 

gestation), 28 in the 2nd trimester (94-186 days gestation), and 16 in 1st trimester (0-93 days 

gestation). Three became pregnant in the six weeks following the cyclone. 

 

Outcomes 

From hospital records, we recorded date of birth, birthweight (g), gestational age (weeks), 

and Apgar scores at 1, 5, and 10 minutes, as well as notes about the health of the mother and 

baby. We computed birthweight Z-scores based on World Health Organization standards (World 

Health Organization 2017). 

 

Analyses 

We examined descriptive statistics and correlations among variables. We conducted 

linear regression analyses to test relationships between maternal hardship and distress due to the 

cyclone and dietary diversity, and infant birthweight. We first tested hardship, distress, and 
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dietary diversity independently in three separate models. In Block 1, we controlled for maternal 

age, parity, years of education, and infant sex. In Block 2, we entered days of exposure. In Block 

3, we entered hardship, distress, or dietary diversity.  

Based on results of these analyses, we conducted a second set of regression analyses to 

test interactive relationships between distress and dietary diversity, and distress and objective 

hardship; and to test a final model including all cyclone exposure variables. Analyses were 

conducted in SPSS version 22.0 (Armonk, NY: IBM Corp.). 

 

Results 

Descriptive statistics 

Among the 76 women with birth records, 6 were excluded from analyses. Birthweight 

was not recorded for infants of two women. One woman with twins, and one woman whose 

infant was stillborn, were excluded. Finally, two women had incomplete questionnaire data, 

leaving 70 women for analyses. Fourteen women had already given birth at the time of the 

survey, whereas 56 gave birth later. Thus, data were collected prospectively for 80% of the 

sample. The number of children at the time of the questionnaire ranged from 0 (for primiparous 

women with no adopted children) to 6. These figures were consistent with the data on parity 

recorded in medical records for all except one woman, who had one adopted child and whose 

number of children was thus greater than parity. Descriptive statistics for the 70 women included 

in analyses are presented in Table 1. 

Mean birthweight and birthweight Z-scores did not differ among boys (3352 g, SD=394; 

-0.02, 0.82) and girls (3165 g, SD=387; -0.18, 0.91) (p=0.136; p=0.690) or based on trimester of 

exposure (3rd T=3208 g, SD=290; 2nd T=3292 g, SD=391; 1st T=3358 g, SD=355; 

Preconception=2695 g, SD=746) (p=0.053).  

Correlation among variables are shown in Appendix 2.  

 

Predictors of birthweight 

Multivariate linear regression analyses controlling for maternal age, parity, education, 

infant sex, and exposure timing indicated that distress was the strongest predictor of birthweight. 

At entry into the model, objective hardship explained 0.7% of variance (p=0.489). Dietary 

diversity did not explain any variance in birthweights (R2 = 0.000, p=0.937). Days without 
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adequate food (R2 = 0.025, p=0.194) and water (R2 = 0.042, p=0.091) were also not significant 

predictors. Distress was a robust predictor of birthweight, explaining 8.5% of variance 

(p=0.012). Variance inflation factors were low (less than 1.2 for all variables), suggesting little 

collinearity. Table 2 shows standardized coefficients and p-values for final models testing 

objective hardship, dietary diversity, and distress. 

Based on these results, we tested interactive relationships and models controlling for all 

variables. We observed no interactive relationships between distress and dietary diversity (R2 = 

0.001, p=0.822), nor between distress and objective hardship (R2 = 0.003, p=0.612). Finally, we 

tested whether the relationships between distress and birthweights persisted when controlling 

first for objective hardship and dietary diversity. Distress remained a significant predictor, 

explaining 8.8% of variance (p=0.011). Variance inflation factors were again low (1.3 or less for 

all variables), indicating little collinearity. Table 3 shows standardized coefficients and p-values 

for final models testing objective hardship, dietary diversity, and distress together. 

We re-tested all models replacing birthweight with birthweight Z-scores, and replacing 

parity with number of children at the time of the questionnaire. Results were unchanged (data not 

shown). 

 

Discussion 

 The goal of the current study was to assess relationships between prenatal stress due to a 

natural disaster, and dietary diversity following the event, on infant birthweight in a lower-

middle income country (LMIC). As observed in other studies, greater distress due to the disaster 

predicted lower birthweight. However, surprisingly, objective hardship and dietary diversity did 

not predict birthweight. Effects of distress were robust and persisted even controlling for other 

cyclone exposure variables, highlighting the importance of psychosocial health following 

disasters among pregnant women. 

Results from studies of the Stress in Pregnancy International Research Alliance team 

often show strong results of objective hardship on child outcomes, including measures of 

physical growth. Objective hardship due to a severe ice storm in Canada predicted body mass 

index and obesity risk in childhood (Dancause et al. 2012a; Liu et al. 2016), cognitive and 

language development in childhood (Laplante et al. 2004; Laplante et al. 2008), and insulin 

secretion in adolescence (Dancause et al. 2013a). In contrast, hardship as a result of the cyclone 
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was an unexpectedly poor predictor of birthweight in the current study. We expected that women 

experiencing greater objective hardship would also experience greater distress and lower dietary 

diversity as a result of food insecurity due to the hardships created by the cylcone. The 

expectation was that these factors would culminate in lower birthweight. However, areas with 

the most damage from the cyclone were often where aid was focused first (WFP 2015). This may 

have mitigated the effects of severe loss and property damage. Objective hardship was not 

significantly correlated with dietary diversity three months after the cyclone (r=-0.166, p=0.169). 

Furthermore, although objective hardship was correlated with distress three months after the 

cyclone (r=0.284, p=0.019), the strength of this relationship would be expected to diminish with 

time. The effects of objective hardship on outcomes at birth, several months later for most 

women, were likely alleviated by major recovery of damages in the months following the 

cyclone. In contrast, women in the SPIRAL studies in industrialized countries had other 

persistent burdens such as time off of work and dealing with insurance companies that were 

incoprorated into the objective hardship calculation (King et al. 2015) but that are not pertinent 

in Vanuatu or in many similar LMICs. 

Similarly, maternal dietary diversity three months after the cyclone did not explain any 

variance in birthweight. Previous studies investigating dietary supplementation during pregnancy 

indicated that simple caloric supplementation had little impact on infant birthweight (Abu-Saad 

and Fraser 2010), but targeted macro nutrient or multimicronutrient supplementation has been 

shown to decrease the risk of low birthweight in low-income and developing nation populations 

(Shah et al. 2009; Imdad and Bhutta 2012; Haider and Bhutta 2015). Because dietary diversity 

evaluates micronutrient adequacy (Food and Agriculture Organization 2010), we might expect a 

positive association between maternal dietary diversity and birthweight. However, mean dietary 

diversity in the sample was low (mean=3.1 of a possible 9). It is likely that few participants were 

taking in adequate micronutrients, even among those with a high dietary diversity score within 

the sample. Furthermore, after the cyclone, the food shortage was exacerbated by a prolonged El-

Nino induced drought (Eriksson et al. 2017), which might have resulted in low dietary diversity 

throughout pregnancy and among the community as a whole. Limited variability in dietary 

diversity scores might underlie the lack of relationship with birthweight. Furthermore, results 

might reflect an underlying adaptation to low dietary diversity. If women had low dietary 
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diversity (and thus likely inadequate micronutrient intake) before the cyclone, a slight further 

decrease may not cause disruption to fetal growth. 

We expected to observe interactive relationships between distress and dietary diversity. 

Food insecurity is a major source of daily stress in developing populations, especially for women 

(Weaver and Hadley 2009). Similarly, micronutrient deficiency has been associated with mood 

disorders such as depression, anxiety, and stress (Kaplan et al. 2007), and affects females more 

strongly than males (Benton et al. 1995). This indicates a deeper interplay between dietary 

diversity and distress that may lead to intrauterine growth restriction and lower birthweight. 

While dietary diversity was indeed correlated with distress (r=-0.374, p=0.002), it did not 

exacerbate the effects of distress on birthweight.  

The factor that best predicted variance in birthweight after the cyclone was distress, 

showing surprisingly robust relationships even when controlling for hardship and dietary 

diversity. The distress measure captures symptoms of hyperarousal, intrusive thoughts, and 

avoidance following a stressful event, which can persist long after the event. Furthermore, given 

limited mental health service provisions in Vanuatu (Government of Vanuatu 2009), as in many 

LMICs, mental health interventions were not available to the majority of the affected population 

following the disaster. The persistence of distress symptoms – potentially thoughout a large part 

of the pregnancy for many women – could underlie the relationships observed between distress 

and birthweight.  

Other studies following natural or man-made disasters have shown similar relationships 

between prenatal stress and birthweight. For example, retrospective cross-sectional studies 

following the 1999 bombing of Belgrade showed that infants of mothers exposed to the 

bombings during pregnancy had lower birthweight than those born to women who were pregnant 

in 1996 and 2003, when no stressful events affected the city (Maric et al. 2010). Similarly, 

studies following Hurricane Katrina in the US showed that high hurricane exposure (a measure 

combining both objective hardship and subjective distress measures) predicted low birthweight 

(Xiong et al. 2008). It is not necessarily clear from these studies which element of the stress 

exposure and response – objective hardship or distress – has the strongest relationships with 

birthweight. Our current results highlight the critical role of maternal distress, even controlling 

for objective hardship.  
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Few other studies in LMICs have analyzed relationships between maternal distress and 

infant birthweights following natural or man-made disasters. One study in Thailand (Sanguanklin 

et al. 2014) analyzed depressive symptoms among 175 women who were at 26-38 weeks of 

pregnancy during a flood. Controlling for confounders, depressive symptoms did not predict 

birthweight, nor did displacement or social support. The authors note that depressive symptoms 

did not differ between displaced and nondisplaced women, and suggest that even women who 

were not displaced might worry over their friends and family, and experience adverse 

psychosocial health outcomes as a result. Studies of 25 women in the Democratic Republic of 

Condo (Mulligan et al. 2012) used ethnographic interviews as well as a Post-Traumatic Stress 

Disorder questionnaire to analyze the effects of wartime stress on birth outcomes and 

methylation profiles in maternal and cord blood. Results showed associations between maternal 

deprivation (e.g.  clothing, housing, and other material goods), “mundane stressors” (e.g. 

prenatal care, home life, trauma), and war stress (with 6 questions on rape and 3 on kidnapping, 

refugee status, and death of a family member) with offspring birthweight. This study provides 

very important insights from a highly-stressful, non-Western setting. However, it is difficult to 

distinguish the effects of distress specifically from those of depression, trauma, social support, 

resources, as well as food security and chronic illnesses. The relative lack of studies on maternal 

stress and infant development following disasters in LMICs likely reflects the difficulty of 

reaching affected communities in time, as well as limited research and healthcare infrastructure 

that complicates data collection and follow-up. Furthermore, linguistic and cultural differences 

might complicate the adaptation of common psychosocial health assessment tools for use in 

LMICs.  

Others in LMICs have analyzed anxiety, depression, life events, and perceived stress in 

daily life, and relationships with birthweight. For example, low birthweight was associated with 

high state anxiety among women in Iran (Nasiri Amiri et al. 2010) and with depressive 

symptoms and anxiety among women in Bangladesh (Nasreen et al. 2010). Similarly, two studies 

used the General Health Questionnaire to assess minor psychiatric disorders among pregnant 

women, one in Brazil (Rondó et al. 2003) and one in Sri Lanka (Ruwanpathirana and Fernando, 

2014). Results showed that higher scores predicted low birthweight and small for gestational age, 

respectively. Two studies of depression, one in Ethiopia (Wado et al. 2014) and one in South 

Africa (Brittain et al. 2015), showed that depressive symptoms predicted low birthweight and 
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birthweight Z-scores, respectively. Studies in Nicaragua (Valladares et al. 2009) showed that low 

social resources and high perceived stress predicted increased cortisol, and that increased cortisol 

then predicted low birthweight. Similarly, studies of perceived stress among Romanian women 

in a smoking cessation program showed that high stress predicted lower birthweight (Meghea et 

al. 2014). Studies in China showed that experiencing stressful life events during the 1st trimester 

predicted lower birthweight, although there were no significant relationships following exposure 

in the 2nd or 3rd trimester (Zhu et al. 2010). Finally, studies in South Africa showed that 

experiencing stressful life events in the year before delivery predicted lower birthweight in one 

cohort (Rothberg et al. 1991).  

These studies provide important insights on relationships between more long-term 

maternal psychosocial health characteristics and infant size at birth. Results from our study and 

others following independent stressors help to distinguish the effects of distress from those of 

other factors, supporting the independent effects of psychosocial health on birth outcomes. 

Furthermore, they highlight that effects are not limited to individuals with anxiety, depression, or 

other persistent psychosocial disorders, but that stressful events affecting the community as a 

whole might have widespread effects. The Government of Vanuatu has highlighted the 

importance of psychological distress following the cyclone and similar stressful events 

(Government of Vanuatu 2015), with a priority to expand mental health provisions. Similar 

efforts on the part of other countries might have measurable benefits not only for adult health and 

wellbeing, but for the health of infants at birth. 

 

Strengths and Limitations 

Our study is limited by the sample size, the data collection timeline, and the adaptation of 

instruments used. As noted above, linking study participants to birth records is difficult in 

Vanuatu. Continued follow-up is planned to assess later infant development measures among all 

pregnant women in the sample. The collection of data at only one time point also provides a 

limited window into maternal characteristics that might have affected birthweight throughout 

pregnancy. For example, the prolonged drought that followed Cyclone Pam likely caused 

prolonged low dietary diversity that was not captured in our surveys (Eriksson et al. 2017). 

However, the inclusion of women from all trimesters allows us to consider the role of the timing 

of exposure on outcomes. Furthermore, in order to limit the length of the questionnaire, we 
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restricted our data collection to key sociodemographic, hardship, diet, and distress variables. 

More detailed assessment of maternal and household characteristics, especially potential 

moderators of distress such as coping styles and social support, would provide a more nuanced 

perspective and represent an important area for future research. Finally, we were unable to 

reliably translate all items on the original Impact of Events Scale – Revised, which limits our 

ability to define Post-Traumatic Stress Disorder among the sample and to directly compare our 

results with others. Nevertheless, the adaptation of this validated and widely-used measure is an 

important strength of the study. Our study is also strengthened by the prospective longitudinal 

design. Retrospective studies of stress suffer from the fact that women’s responses might be 

biased by their perceptions of their infants’ health. Eighty percent of participants completed the 

questionnaires before giving birth. Thus, their responses to our questionnaire items were not 

biased by the outcomes of their pregnancies. Finally, the inclusion of women from several 

islands and villages provides for broader generalizability of results. 

 

Conclusions 

Populations in LMICs are increasingly vulnerable to natural disasters, which might have 

important implications for dietary patterns and psychosocial health and, for pregnant women, the 

outcomes of their babies at birth. Efforts to increase psychosocial health resources and 

infrastructure in LMICs might have the dual benefit of improving adult health and wellbeing, as 

well as infant health outcomes. Where small size at birth remains a persistent problem, this could 

represent a particularly important public health initiative. 
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Appendix 1: Questionnaire items from the Impact of Events Scale – Revised (Weiss and 

Marmar 1997) used in the current study 

 

Intrusive thoughts 

I had dreams about it 

I had trouble staying asleep 

I had waves of strong feelings about it 

Hyperarousal 

I was jumpy and easily startled 

Reminders of it caused me to have physical reactions, such as sweating, trouble breathing, 

nausea, or a pounding heart 

I felt watchful and on-guard 

Avoidance 

I felt as if it hadn’t happened or wasn’t real 

I tried not to talk about it 

I tried not to think about it 
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Appendix 2: Correlations between key predictor and outcome variables 

  1 2 3 4 5 6 7 8 9 10 11 

1. Age r ---           

p-value             

2. Parity r 0.711 ---          

p-value <0.001            

3. Education 

(years) 

r -0.167 -0.247 ---         

p-value 0.167 0.039           

4. Exposure days r 0.085 0.030 0.065 ---        

p-value 0.484 0.805 0.595          

5. Objective 

hardship 

r 0.124 0.245 -0.424 -0.033 ---       

p-value 0.306 0.041 0.000 0.787         

6. Dietary 

diversity 

r -0.232 -0.158 0.156 -0.111 -0.166 ---      

p-value 0.054 0.193 0.199 0.359 0.169        

7. Days without 

food 

r -0.020 0.001 -0.095 0.077 0.025 -0.238 ---     

p-value 0.874 0.995 0.447 0.538 0.842 0.054       

8. Days without 

water 

r 0.076 0.163 -0.154 -0.071 0.222 -0.166 0.409 ---    

p-value 0.547 0.194 0.222 0.575 0.075 0.186 0.001      

9. Distress r 0.211 0.153 -0.336 -0.112 0.284 -0.374 0.141 0.092 ---   

p-value 0.084 0.214 0.005 0.364 0.019 0.002 0.265 0.474     

10. Birthweight 

(g) 

r 0.024 0.128 -0.205 0.075 0.041 -0.055 0.138 0.277 -0.214 ---  

p-value 0.842 0.292 0.089 0.536 0.739 0.653 0.268 0.026 0.080    

11. Birthweight 

Z-score 

r -0.014 0.102 -0.203 0.115 0.016 -0.044 0.174 0.250 -0.238 0.986 --- 

p-value 0.907 0.402 0.092 0.342 0.894 0.716 0.162 0.044 0.051 <0.001   
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Table 1: Characteristics of women in the current analyses (n=70) 

Variable Mean (SD) 

Parity 1.9 (1.7) 

Maternal age 25.8 (4.9) 

Maternal education (years) 7.9 (4.2) 

Timing of exposure 126 (74) 

Objective hardship 10.7 (1.7) 

Dietary diversity 3.1 (1.2) 

Days without adequate food 14.2 (21.6) 

Days without adequate water 11.0 (19.6) 

Distress 2.2 (0.9) 
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Table 2: Summary of regression models (standardized coefficients β, and p-values) testing 

individual predictors of birthweight 

 

Variable Objective 

Hardship (1) 

Dietary Diversity (2) Distress (3) 

 β p-value β p-value β p-value 

Parity 0.046 0.294 0.163 0.346 0.137 0.404 

Maternal age -0.016 0.258 -0.183 0.292 -0.112 0.495 

Maternal education (years) -0.021 0.104 -0.184 0.142 -0.283 0.024 

Sex of baby -0.196 0.048 -0.243 0.053 -0.249 0.036 

Timing of exposure 0.001 0.301 0.126 0.142 0.105 0.360 

Cyclone exposure variable 

(1, 2, or 3) 

-0.022 0.489 0.010 0.937 -0.317 0.012 
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Table 3: Multivariate regression models testing all cyclone-related variables together 

 

Variable β p-value 

Parity 0.149 0.377 

Maternal age -0.132 0.434 

Maternal education (years) -0.294 0.028 

Sex of baby -0.239 0.048 

Timing of exposure 0.092 0.435 

Objective hardship -0.042 0.744 

Dietary diversity -0.102 0.420 

Distress -0.344 0.011 

 

 


