Assessing the Influence of Temperature and Precipitation Extremes on Women's
Nutritional Status in Egypt and Jordan

Georgina Lily Gemayel and Clark Gray
University of North Carolina at Chapel Hill

Abstract

Women in the Southwest Asian and North Africa (SWANA) region are increasingly
vulnerable to the nutritional impacts of climate change. This study examines the relationship
between climate extremes and women's nutritional status, focusing on body mass index (BMI)
and hemoglobin levels among 110,213 women aged 15-49 in Egypt and Jordan. We employ
fixed-effects regression models to analyze these effects using data from the Demographic and
Health Surveys (DHS) and Climatic Research Unit-time series (CRU-TS). Higher temperatures,
especially when combined with average or lower precipitation, are associated with reduced BMI
and lower odds of obesity, particularly in urban areas. Conversely, hotter temperatures with
average precipitation are linked to increased hemoglobin levels and reduced odds of anemia,
with more substantial effects in rural areas. These findings underscore the need for targeted
public health interventions and policies, emphasizing the importance of addressing urban-rural
disparities and considering geographical contexts in shaping women's nutritional outcomes.

Introduction

The risk of climate change for health is greatest for vulnerable populations such as
women, children, older adults, and those of lower socioeconomic status (Bezner Kerr et al.,
2022; Duncan, 2006; Green et al., 2019; IPCC, 2023). In the Southwest Asian and North African
(SWANA) region, also known as the Middle East and North Africa, climate change, in addition
to ongoing social and political unrest, hinders poverty reduction and exacerbates food insecurity,
with disproportionate impacts on women and girls (Al-Jawaldeh et al., 2022; Neira et al., 2023;
Waha et al., 2017). Women have unique health needs, and face increased nutritional demands
during critical life stages such as menstruation, pregnancy, and lactation (Sorensen et al., 2018;
World Health Organization, 2017), rendering them one of the most vulnerable populations to
climate change and related illnesses (Goh, 2012; Kuehn & McCormick, 2017; Secretary-General,
2022; Sellers, 2016; Sorensen et al., 2018). Researchers have been and continue to be engaged in
examining the links between climate extremes and their effects on health and nutrition. Yet,
engagement that specifically examines the risks to women is rare. Several researchers have
considered the impacts of temperature and precipitation extremes on women’s nutrition and
wellbeing using a wide-scale analysis (Gray & Thiede, 2024; Trentinaglia et al., 2021). Others
have considered how climate extremes such as drought impact women in rural regions such as in
Andrha Pradesh, India, or Fars Province, Iran (Lambrou & Nelson, 2010; Keshavarz et al.,
2013). However, studies examining women’s nutrition on a regional scale using nationally
representative data are infrequent. Furthermore, the lack of research, specifically in the SWANA
region leaves a gap in understanding how one of the most at risk groups are affected by climate
change.

To address this lacuna, this study investigates the impact of temperature and precipitation
anomalies on two key nutrition indicators, body mass index (BMI) and hemoglobin levels,
among 110,213 women across Egypt and Jordan. These countries are each positioned differently
within the climate gradient of the SWANA region. Using the Demographic and Health Surveys



(DHS) and the Climatic Research Unit-time series (CRU-TS), we analyze how climate extremes
experienced during a woman's life affect BMI, odds of obesity, hemoglobin level, and odds of
anemia, examining these effects over two years to encompass more than two complete
agricultural cycles. Additionally, we disaggregate these effects by rural and urban settings to
better understand if the agricultural pathway mediates these impacts. By elucidating the role of
climate extremes, we aim to deepen the understanding of their impact on women's nutrition
within the SWANA region.

Background
Women’s Nutrition and Extreme Climate Events

Climate change can impact women’s nutritional outcomes through multiple pathways
such as agriculture, food insecurity, and susceptibility to infectious diseases (Al-Jawaldeh et al.,
2022; Bezner Kerr et al., 2022; Goh, 2012; Jobbins & Henley, 2015; Sorensen et al., 2018). For
example, heat waves, drought, and extreme precipitation events directly affect food availability
by increasing food prices and food insecurity and undermining the nutrition and livelihoods of
millions (Bezner Kerr et al., 2022; Romanello et al., 2023).These compounding climate events
can place immediate pressure on smallholder farmers and cause increased malnutrition in women
and children in farming families (IPCC, 2023). Furthermore, these vulnerable populations are
most at risk of diarrheal and vector-borne diseases exacerbated by climate change (Romanello et
al., 2023; Sorensen et al., 2018). Thus, it is difficult to isolate one pathway to which women will
become more malnourished with the changing climate, as many are interconnected and complex.

Micronutrient deficiencies are essential indicators of malnutrition in women, especially
pregnant women and their children, linking lifelong effects on children’s development and
women’s wellbeing (Sustainable Development Solutions Network, n.d). Micronutrient
deficiencies such as iron deficiency are the leading cause of anemia in women globally, due to
the life stages that women experience, such as menstruation and pregnancy (Christian, 2021;
Kassebaum et al., 2014; World Health Organization, 2017). Most micronutrients, such as iron,
are derived from food, primarily from plants and high-quality diets, of which women in low- and
middle-income countries (LMIC) are often unable to fulfill their daily requirements and most
susceptible to suffer from anemia (Christian, 2021; Kassebaum et al., 2014; Kinyoki et al.,
2021). Iron-deficiency anemia (IDA) is illustrated by lower hemoglobin levels, which diminishes
energy, leading to a severe lack of productivity, leaves women predisposed to infections, and can
cause serious harm to pregnant mothers (Haas & Brownlie, 2001; Kassebaum et al., 2014).
Furthermore, increasing risks include exposure to water-borne illnesses, which can increase
diarrheal illness and further exacerbate women’s nutritional absorption, causing them to be more
at risk for anemia (World Health Organization, 2017). By the year 2030, there is projected to be
an expected 250,000 further deaths a year from climate change-related malnutrition, malaria, and
other heat-related illnesses (WHO, 2021). Thus, mitigation and alleviation for WRA in LMICs is
critical.

Limited research has explored how exposure to climate extremes affects women's
nutrition, with most studies focused on low-and middle-income settings, likely due to existing
concerns about food insecurity. Large-scale evidence indicates that increasing temperatures are
associated with an increased risk of being underweight among women of reproductive age
groups across 59 LMICs (Gray & Thiede, 2024). Gray and Thiede (2024) suggest that warming
temperatures will likely decrease crop yields, amplify infectious diseases, and diminish labor
productivity, leading to significant health implications for vulnerable populations. In contrast, a



study spanning 134 countries found that exposure to hot and cold temperatures significantly
increased BMI for women (Trentinaglia et al., 2021). Trentinagalia et al. (2021) found a link
between increased BMI and agricultural productivity, suggesting that higher agricultural
productivity in LMICs generally leads to lower food prices and increased caloric intake, which
can contribute to weight gain and obesity. Similarly, Huang and Hong (2024) found that a 1°C
increase in temperature results in 12.3% more adults with obesity globally. Notably, they find
that the impact of warming on obesity is more pronounced in the Eastern Mediterranean and
Asian region, highlighting the vulnerability to the SWANA region and need for research in this
area (Huang & Hong, 2024). These contrasting findings underscore the need for further research
and the complexity of climate change’s impact on nutrition. The 2019 Lancet report highlights
this complexity by drawing attention to the co-occurrence of three pandemics, climate change,
undernutrition, and obesity, in what they term The Global Syndemic (Swinburn et al., 2019). The
report emphasizes the need for integrated interventions and policies that address all three
pandemics simultaneously, rather than treating them in isolation from each other (Swinburn et
al., 2019).

Earlier evidence focused on a more narrow scale showed that drought exposure was
associated with a reduction in BMI for women in Zimbabwe while men’s BMI remained
constant (Hoddinott & Kinsey, 2000). Although fewer small-scale studies directly address
women's nutrition, several suggest that women consume less food during climate-related events
(Beaumier & Ford, 2010; Goh, 2012; Keshavarz et al., 2013; Lambrou & Nelson, 2010; Sellers,
2016). These relationships have been examined in places such as Andhra Pradesh, India
(Lambrou & Nelson, 2010), and in Fars Province, Iran (Keshavarz et al., 2013), where
researchers found that women in farming families consumed less food than men and children
during drought years, often going days without food altogether. However, very few studies have
examined these relationships using nationally representative data, and there is a notable absence
of research in the SWANA region. An example of this type of work looking at adult health in
general was conducted using nationally representative data in China to examine how climate
extremes impact nutrition (Mueller & Gray, 2018). Mueller and Gray (2018) found that extreme
heat significantly increased the likelihood of underweight status among older adults in China,
worsening their health outcomes. They suggest one possible mechanism: seniors may forego
meals to cope with income shocks—a strategy also noted in the research discussed on women,

Climate Change and Food Insecurity the SWANA Region

SWANA is highly vulnerable to the impacts of climate change, and compared to other
regions, crop yields were significantly impacted, resulting in decreased earnings for farmers and
increased food security concerns (Aggarwal et al., 2019). Agriculture is a critical source of
income and food for people across the SWANA region, with over 80% of agricultural land and
100% of pastoral land being rain-fed (Selvaraju, 2013). Given the high dependency on rain-fed
farming, climate-driven factors such as extreme water scarcity (Barlow et al., 2016; Borgomeo et
al., 2021), regionally increased warming and aridity (Tabari & Willems, 2018), rising sea levels
(Waha et al., 2017), and the potential of climate-induced conflicts (Ash & Obradovich, 2020;
Eklund et al., 2022) are expected to expose a significant proportion of the population, especially
women, to food insecurity, poverty, and malnourishment (Al-Jawaldeh et al., 2022; Waha et al.,
2017). The region already experiences an elevated prevalence of food insecurity and faces the
double burden of nutrition, with both overnutrition/overweight and obesity and undernutrition
(FAO et al., 2021; Jobbins & Henley, 2015). Obesity in the SWANA region is highly prevalent,



with 27% of the adult population classified as obese, ranked second in the world after the
Americas (FAO et al., 2021). Specifically, in Egypt, women are more than twice as likely to be
obese compared to men (Alebshehy et al., 2016), and Egypt is the 10" country in the world with
the highest proportion of adult women living with obesity (Worldobesity.org). The prevalence of
anemia among women of reproductive ages (WRA) was recorded of the highest in Middle
Eastern countries in 2018 compared to other low- and middle-income countries (LMICs)
(Kinyoki et al., 2021). 35% of women of reproductive age experience anemia, and the region
also faces significant challenges, with over fifty-five million people undernourished (FAO et al.,
2021).

The SWANA region is witnessing a rise in severe droughts, devastating flooding events,
and heat waves (Barlow et al., 2016; Hoell et al., 2024; Selvaraju, 2013; Waha et al., 2017).
Jordan is among the most water-scarce nations globally. Its unique geographic location leaves it
vulnerable to water poverty as its reserves are depleted, further exacerbated by its downstream
location on the Yarmouk-Jordan River, which supplies Syria and Palestine, and the increased
population from numerous refugee resettlement shocks in the region (Rajsekhar & Gorelick,
2017). In 1999 and 2000, Jordan experienced two droughts that impacted the livelihoods of
180,000 and 150,000 people, respectively, causing a major disruption to food-producing
communities (EM-DAT, 2023). Anthropogenic climate change will only further degrade the
limited water supplies in the region, potentially preventing countries like Jordan from growing
food and leading to increased dependence on imports (Waha et al., 2017).

Water scarcity, dependence on imports, urbanization, and shifts towards western diets
contribute to vulnerability and food insecurity in the SWANA region. Egypt, in particular, is the
world's largest wheat importer, with the Egyptian diet heavily reliant on this staple (FAO et al.,
2021; Jobbins & Henley, 2015). Due to socio-political factors, Egypt has faced several food
supply crises, and climate change has the potential to disrupt further the flow of food in this
region (FAO et al., 2021; Waha et al., 2017). These shifts exacerbate food insecurity, amplifying
the burden of malnutrition, especially among women in the region (Al-Jawaldeh et al., 2022;
Selvaraju, 2013). Over 77% of Egypt's population cannot afford a healthy diet (FAO et al.,
2021). Both due to food insecurity and the changing climate, there is a significant challenge for
women of reproductive ages (WRA) in the SWANA region to obtain enough iron and other
crucial nutrients, further perpetuating the risks of anemia and illness (Smith et al., 2017; Verner,
2012). Our study on Egypt and Jordan is useful to examine the impacts of climate change in the
SWANA region, considering the insights they provide on North Africa and the Levant. Using
publicly available data from the Demographic and Health Surveys (DHS), these two countries
have population-representative data over several years, making them amenable for our analysis
on women’s nutritional status.

Women in the SWANA region are particularly susceptible to the effects of climate
change due to the intersection of gender and societal norms. In patriarchal systems prevalent in
SWANA and other areas alike, food distribution within households such as the ones mentioned
above is influenced by the gendered perceptions of nutritional needs, further perpetuating
women's vulnerability to climate change (Al-Jawaldeh et al., 2022; Goh, 2012; Lambrou &
Nelson, 2010). Furthermore, those from lower socioeconomic backgrounds are particularly
vulnerable to climate extremes' health and nutritional impacts. By 2030, climate change is
projected to leave an additional 236 million women and girls hungry, doubling the number of
anticipated men (131 million) (UN, 2024). Extreme climate events contribute to rising food
prices, which can reduce dietary consumption and diversity, exacerbating the challenges



economically disadvantaged women face (Bezner Kerr et al., 2022). In order to address how
climate extremes might affect women's nutritional status in the SWANA region, this study
examines the impacts of climate extremes on the nutritional outcomes of women across Egypt
and Jordan. By analyzing nationally representative data and considering rural-urban disparities,
this research aims to provide understandings into the region's multifaceted interactions between
climate change, food security, and women's nutrition.

DATA AND METHODS
Data

To understand the relationship between women’s nutritional status and climate, this study
draws on nationally representative data from the Demographic and Health Surveys Program
(DHS) accessed via the IPUMS database (Boyle et al., 2022) and links it to temperature and
precipitation data. Using a multi-stage sampling cluster approach, the DHS collects nutrition and
health data, and data on wellbeing of women of reproductive ages 15-49 and children under five.
We use six rounds from Egypt, surveyed in 1992, 1995, 2000, 2005, 2008, and 2014, and four
rounds from Jordan, surveyed in 2007, 2009, 2012, and 2017-18. Each round contains measures
of height and weight for women and relevant contextual variables ranging from the individual to
the community level. BMI is available for all rounds, while hemoglobin and anemia level,
however, are not available in Egypt 1992, 1995, and 2008. The choice of BMI and hemoglobin
as our main outcome variables is particularly useful in assessing nutritional status and health
impacts. BMI provides insight into the prevalence of obesity or underweight status and other
underlying health issues (Hall & Cole, 2006), and has been used in several papers linking
environmental changes and health (Gray & Thiede, 2024; Hoddinott & Kinsey, 2000;
Trentinaglia et al., 2021). Hemoglobin levels indicate the prevalence of anemia, a condition
linked to nutritional deficiencies that can be exacerbated by climatic factors (Smith et al., 2017).

The individuals in our analytical sample consist of women between the ages of 15-49 at
the time of the interview. We exclude women for whom we do not have their location because
we cannot match them to our climate data. We also exclude women for whom we do not have
data on either of our primary outcome variables. Our analytical sample size is 110,213 women
(85,859 from Egypt and 24,354 from Jordan). For our anthropometric outcome variable, BMI,
we had data on 110,073 women. BMI is calculated using the height and weight of women taken
by the DHS personnel (Boyle et al., 2022). Women with a BMI above 30kg/m? are considered
obese, and those with a BMI less than 18.5kg/m? are considered underweight. For our
anthropometric outcome variable, hemoglobin, we had data on 44,795 women. A healthy
hemoglobin level for women of reproductive age is generally about 12 to 15.5g/dl, and women
with hemoglobin below 12g/dl are classified as anemic. DHS accounts for elevation, as
hemoglobin gets steeper with elevation increase (Nestel, 2002). When DHS personnel collect
blood spots to report hemoglobin levels, they also record location and elevation data, which is
implemented in an adjustment formula, making measuring anemic outcomes in places with
varying elevation reliable (Boyle et al., 2022). We generated our obesity measure by creating a
binary variable, 'obese’, defined as having a BMI greater than 30kg/m?. We generated our anemia
measure by creating a binary ‘anemic’ variable, defined using the biofanemialvl variable from
DHS that classifies women as anemic if their hemoglobin levels are below or equal to 11.9g/dl.



Table 1 presents unweighted descriptive statistics for all variables in our analytical
sample. This table includes our dependent variables (women’s nutritional markers), our
independent variables (climate-combined categories and continuous climate anomalies), and
sociodemographic controls. The average BMI for the women in our sample is 28.78 kg/m?,
coupled with a relatively large standard deviation of 5.65. According to global health standards,
a substantial portion of our sample falls into the overweight category (NIH, 2023). Thirty-seven
percent of women were classified as obese (a BMI of 30 or higher), indicating a nutritional
burden and the need for targeted nutrition interventions for this population. Globally, the
prevalence of obesity is 16% in adults, and the prevalence of overweight is 44% in women
(WHO, 2024). Furthermore, the average hemoglobin level in our sample is 12.29 g/dL, which is
at the lower limit of the normal range for adult women, indicating a potential concern for anemia,
especially considering the lowest observed value (4.110 g/dL) was significantly below the
normal range. The prevalence of anemia in our sample is 35%, which is of critical concern for
women of reproductive age and an alarming public health issue (World Health Organization,
2017). Globally, the prevalence of anemia is 24.3% across all ages; however, for WRA, the
global prevalence of anemia is 33.7%, with high geographic variation (GBD 2021 Anaemia
Collaborators, 2023). Combined, these descriptive results suggest a double burden of
malnutrition in the region, with women in Egypt and Jordan facing both overnutrition and
undernutrition. Additionally, 28% of women in our sample did not have an education, and 94%
were married. We see an even distribution of women living in rural and urban regions, and about
47% of them were exposed to combined climate anomalies in the areas in which they lived.

Table 1

Descriptive statistics for the predictors and outcomes
Variables N Mean SD Min  Max
Women'’s health outcomes
Body Mass Index 110,073 28.78 5.65 12.35 59.93
Hemoglobin 44,795 1224 144 410 18.00
Obese 110,073 037 048 0.00 1.00
Anemic 44,800 0.35 048 0.00 1.00

Reproductive age groups

15-19 110,213 0.04 019 0.00 1.00
20-24 110,213 0.15 035 0.00 1.00
25-29 110,213 0.21 041 0.00 1.00
30-34 110,213 0.18 039 0.00 1.00
35-39 110,213 0.17 037 0.00 1.00
40-44 110,213 0.14 035 0.00 1.00
45-49 110,213 0.12 033 0.00 1.00

Education level
None 110,213 0.28 045 0.00 1.00
Primary 110,213 0.14 0.34 0.00 1.00



Secondary 110,213 0.44 050 0.00 1.00
Higher 110,213 015 035 000 1.00

Socioeconomic characteristics

Marriage status 110,213 094 0.23 0.00 1.00
Children ever born 110,213 329 232 0.00 19.00
Pregnancy status 110,213 0.10 0.30 0.00 1.00
Rural 110,213 051 050 0.00 1.00
Improved toilet 110,205 096 0.19 0.00 1.00

Climate - anomalies

12-month Rainfall anomaly 110,213 -0.19 0.99 -252 243
12-month Temperature anomaly 110,213 0.13 070 -1.83 1.40
24-month Rainfall anomaly 110,213 -0.21 0.90 -2.12 270
24-month Temperature anomaly 110,213 021 074 -158 1.65

Climate-combined anomalies
(Temperature/precipitation)

Normal/normal 110,213 055 050 0.00 1.00
Hot/wet 110,213 0.01 010 0.00 1.00
Hot/normal 110,213 0.14 0.34 0.00 1.00
Hot/dry 110,213 0.07 025 0.00 1.00
Normal/dry 110,213 0.13 033 0.00 1.00
Cold/normal 110,213 0.00 0.04 0.00 1.00
Cold/wet 110,213 0.00 0.06 0.00 1.00
Normal/wet 110,213 0.11 031 0.00 1.00

We measured climate exposure for each woman by extracting data from the Climatic
Research Unit-time series (CRU-TS) database v4.06 on monthly mean temperature and
precipitation totals (Harris et al., 2020). CRU-TS, a project of the University of East Anglia, is a
high-resolution gridded dataset that utilizes monthly land station observations to create climate
anomalies for several variables. This study uses temperature and precipitation values provided by
CRU-TS. CRU-TS collects data from over 4,000 global weather stations and utilizes temporal
and spatial interpolation methods to derive monthly means of the anomalies onto a 0.5° grid over
the land surface while accounting for missing data and poor station coverage (Harris et al.,
2020). CRU-TS data is widely used in research examining climate extremes and health (Gray &
Thiede, 2024; McMahon & Gray, 2021; Mueller & Gray, 2018; Nicholas et al., 2021; Randell et
al., 2020; Trentinaglia et al., 2021). While this data has not yet been utilized in research
examining climate extremes and health in SWANA to our knowledge, it has been used in recent
climatic studies in the region (Hoell et al., 2024; Zittis et al., 2022).

We extract a monthly time series at the governorate level in Egypt and Jordan because
while DHS has GPS locations for households, they are unavailable for all Egypt and Jordan



rounds. By using the governorate level, we maintained temporal resolution without sacrificing
spatial resolution. These data were extracted as spatial means of temperature and precipitation
anomalies within each governorate. Next, using the raw climate data, we created 12-month and
24-month running means in each governorate to capture the complete annual agricultural cycle
and the preceding agricultural season. We then standardize these values into anomalies (z-scores)
to capture the relative deviation from the historical climate. Standardized climate anomalies are
preferred over raw climate data because they capture meaningful deviations from typical
experiences and are better predictors of social outcomes (Gray & Wise, 2016).

For our analysis, we developed a categorization scheme for temperature and precipitation
extremes using our 24-month running anomalies to create a nine-category measure. Temperature
anomalies were divided into three groups: hot, for anomalies greater than one standard deviation
above the mean, indicating warmer than usual temperatures; normal, for anomalies within one
standard deviation of the mean, indicating typical temperatures; and cold, for anomalies more
than one standard deviation below the mean, indicating colder than usual temperatures.
Similarly, precipitation anomalies were categorized into three groups: wet, for anomalies greater
than one standard deviation above the mean, indicating wetter than normal precipitation levels;
normal, for anomalies within one standard deviation of the mean, indicating typical rainfall; and
dry, for anomalies more than one standard deviation below the mean, indicating drier than
normal precipitation levels. This categorization allows for a nuanced analysis of climate
extremes and their potential impacts on women's nutritional outcomes in the SWANA region.
These anomalies are then linked to the DHS sample based on location and interview date.

Analysis

We examine the effect of temperature and precipitation anomalies on BMI and
hemoglobin using fixed-effects linear regression models. For the binary obesity and anemia
variables, we employ fixed-effects logistic regression models. Our modeling approach
incorporates DHS survey weights and adjusts for clustering at the governorate level to account
for climate exposure and characteristics among women within each governorate. Additionally,
we include a time trend (interview year) to control for any linear changes over time that might
influence our results, such as changes in healthcare access. We also incorporate area-fixed
effects to account for persistent characteristics of these regions that tend not to change over time,
such as historical climate patterns or geographic features. These fixed effects control for linear
changes and time-invariant factors at the governorate level, such as development, infrastructure,
topography, and soil, that may be linked to climate change and women’s nutritional outcomes.
Using our combined climate anomalies in specification 1, 12-month continuous climate
anomalies in specification 2, and 24-month continuous climate anomalies in specification 3, we
model BMI and hemoglobin in a linear regression model, and obesity and anemia using logistic
regression. We subsequently extend these analyses by adding interactions with our urban and
rural measures to allow these characteristics to modify the effects of temperature and
precipitation on BMI, hemoglobin, obesity, and anemia.

We hypothesize that exposure to extreme temperatures and precipitation will significantly
affect the nutritional outcome of WRA in Egypt and Jordan. Furthermore, we expect these
effects of temperature and precipitation on women’s nutrition to be more pronounced for those
living in rural areas than urban areas. To test our hypotheses, we incorporate linear and non-
linear specifications of climate effects and interactions with our control variables. To account for



additional factors known to affect women’s nutrition, we include a set of control variables such
as age, education level, marital status, pregnancy status, number of births, and household
characteristics. These household characteristics include access to improved toilet infrastructure
(e.g., flush toilets or non-flushing systems) and rural or urban status. There may be substantial
variation in the definition of rural-urban status because the DHS program does not have a
standardized definition. They adopt the definition from each country (Boyle et al., 2022). Egypt
defines the following places as urban: the governorates of Cairo, Alexandria, Port-Said, the
frontier governorates, district capitals, and the capitals of other governorates. Conversely, Jordan
defines places with 5,000 or more inhabitants and each governorate's district and sub-district
centers as urban (Boyle et al., 2022). These controls allow us to account for biological factors
influencing women’s anthropometry and the availability or lack thereof of resources that could
contribute to nutritional change.

RESULTS

Table 2 displays the regression coefficients quantifying the effects of combined climate
anomalies, 12-month continuous climate anomalies, 24-month continuous climate anomalies,
and our control variables on BMI and hemoglobin levels in Egypt and Jordan for women of
reproductive age. For specification 1, the climate effects are jointly significant for both
outcomes. We find a significant positive association between exposure to normal/dry conditions
and BMI and a significant positive association between the same conditions and hemoglobin.
Exposure to hot/wet conditions is associated with a decrease in BMI, as is exposure to hot/dry
conditions. In contrast, exposure to hot/normal conditions is associated with increased
hemoglobin levels. Compared to normal conditions, exposure to hot/wet extremes is associated
with a decrease in BMI by 2.10 units. In comparison, exposure to hot/dry conditions is associated
with a reduction in BMI by 1.17 units. Conversely, exposure to average temperature and dry
precipitation anomalies is associated with an increase in BMI by 0.47 units and hemoglobin by
0.31 units. We did not observe any significant relationship between exposure to colder
temperature categories and BMI or hemoglobin levels among women. The climate effects for
specifications 2 and 3 are jointly significant for hemoglobin but not BMI. We find a significant
positive association between exposure to 12-month temperature anomalies and hemoglobin
levels, as is exposure to 24-month temperature anomalies. For each unit increase in 12-month
temperature anomalies, hemoglobin increases by 0.457 units; for each unit increase in 24-month
temperature anomalies, hemoglobin increases by 0.454 units. We did not observe any significant
relationship between precipitation anomalies and hemoglobin.

Table 2

BMI and hemoglobin on combined climate exposures and continuous 12- and
24-month anomalies. Table shows coefficients when outcomes are regressed
on climate anomalies and sociodemographic covariates. Joint tests of
significance for climate is listed below each model.

Variables BMI Hemoglobin

Climate-combined anomalies
(Temperature/precipitation)
Normal/normal (reference) 0.00 0.00



Normal/wet 0.23 0.25 +

Normal/dry 0.47 *xx 031 Fkk
Hot/wet -2.10 *xx o 0.17 +
Hot/normal -0.12 0.23 *
Hot/dry -1.17 *xx 011
Cold/normal 0.62 n/a

Cold/wet -0.12 n/a

Cold/dry n/a n/a

Reproductive age groups

15-19 (reference) 0.00 0.00
20-24 0.91 *** 0.03
25-29 1.94 =% 0.10
30-34 3.15 *** 0.10
35-39 4.15 *** 0.03
40-44 5.37 *** 0.10 *
45-49 6.01 ***x 0.16 *

Socioeconomic characteristics

Marriage status 0.29 *** - 0.02
Children ever born 0.14 Fxk o .0.03  F*
Pregnancy status 0.62 xR -0.77 faleka
Improved toiled 1.23 *** 0.03
Rural -0.71 *x o .0.02

Education level

None 0.00 0.00

Primary 0.84 *** 0.00
Secondary 0.68 **x - -0.02

Higher -0.10 0.01

Joint test of climate effects 171.00 *xk o 40.01  ***

Climate-continuous anomalies

12-mo precipitation anomaly 0.161 0.009

12-mo temperature anomaly 0.002 0.457  ***
Joint test of climate effects 2.01 19.27  ***
24-mo precipitation anomaly 0.070 0.009

24-mo temperature anomaly -0.179 0.454  ***
Joint test of climate effects 1.32 13.33  ***
N 110,065 44,795

+p<0.10, * p < 0.05, ** p < 0.01, *** p < 0.001.
Region indicators and a time trend term are included in the model but not shown.



Table 3
BMI and hemoglobin on combined climate exposures and continuous climate anomalies decomposed by rural
and urban settings. Table shows coefficients when outcomes are regressed on climate anomalies.

Variables BMI (N =110,065) Hemoglobin (N = 44,795)
Climate-combined anomalies Urban Rural Urban Rural
(Temperature/precipitation)

Normal/normal (reference) 0.0.500 0.00 0.00 0.00
Normal/wet 0.23 0.25 0.28 + 027 +
Normal/dry 0.48 ** 0.40 * 0.38 **x 022 0*
Hot/normal -0.69 * 0.31 0.18 * 032 *
Hot/wet -2.09 falele -2.09 fale 0.22 * 022 *
Hot/dry -1.38 falaia -0.51 -0.10 -0.21  +
Cold/normal 0.60 0.67 * n/a n/a
Cold/wet -0.23 -0.14 n/a n/a

Joint test of interaction 5.74%** 3.47%**

Climate-continuous anomalies

12-mo precipitation anomaly 1.10 1.184 + 1.00 1.01

12-mo temperature anomaly 0.60 + 1.35 154  *** 162  ***
Joint test of interaction 47.95%** 0.56

24-mo precipitation anomaly 1.16 * 0.97 0.99 1.03

24-mo temperature anomaly 0.53 Frk 181 152  *** 164  ***
Joint test of interaction 21.0*** 1.68

+p<0.10, * p <0.05, ** p <0.01, *** p < 0.001.
Region indicators and a time trend term are included in the model but not shown.

We also test for interactions between climate exposures and urbanicity to provide insight
into BMI and hemoglobin levels that vary by rural and urban regions (Table 3). Our joint
significance tests indicate that the relationship between exposure to combined climate anomalies
and BMI and hemoglobin is significantly modified by whether women live in an area classified
as urban or rural. Specifically, while we observed a significant positive association between
normal/dry conditions and BMI, the association is stronger among women living in urban areas.
Similarly, a significant positive association between normal/dry conditions and hemoglobin
levels is observed, with more substantial effects in urban areas. Exposure to hot/normal
conditions is associated with decreased BMI among women in urban areas but not rural areas.
Additionally, exposure to hot/dry conditions is associated with decreased BMI in urban areas
rather than rural areas. We also find a significant positive association between hot/normal
conditions and hemoglobin levels, with these relationships being more robust for the populations
living in rural regions (an increase of 0.38 units) than those in urban areas (0.18 units). Finally,
there are no significant effects of any cold temperature category on BMI except for a slight, non-
significant increase in BMI under cold/normal conditions in rural areas (an increase of 0.67
units). These effects are weaker and not statistically significant in urban regions. For



hemoglobin, cold temperature categories did not apply (n/a) to either urban or rural areas,
indicating non-applicability for these conditions.

The joint test for interaction for specifications 2 and 3 is significant for BMI but not
hemoglobin (Table 3). We find a significant positive association between exposure to 24-month
precipitation anomalies and BMI among women in urban areas but not in rural areas, and a
positive association between 24-month temperature anomalies and BMI in urban areas. For each
unit increase in 24-month precipitation anomalies, BMI increases by 1.16 units in urban areas;
for each unit increase in 24-month temperature anomalies, BMI increases by 0.53 units in urban
areas. We did not observe any significant relationship between 12-month anomalies and BMI.
Our findings highlight a complex relationship between climate exposures and health outcomes,
which is further influenced by the urban or rural context of the population. Urban areas
experience more pronounced changes in BMI in response to temperature and precipitation
extremes compared to rural areas, emphasizing the need for tailored public health strategies that
consider these differential impacts.



Impact of Climate Anomalies on Obesity & Anemia
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Figure 1: Impact of climate anomalies on obesity and anemia among women of reproductive age in Egypt and
Jordan. The plots display odds ratios and 95% confidence intervals for different climate anomaly
specifications, shown for the full sample and decomposed by rural and urban subsamples.

Next, we examine the impact of combined climate categories on our binary obesity and
anemia outcomes using logistic regression models. Figure 1 presents results, showing the
likelihood, expressed as odds ratios (OR), of being obese or anemic when women are exposed to
climate anomalies for both the full sample and decomposed by rural and urban subsamples. For



obesity, we observed significant associations with several combined climate categories
(Specification 1). Women exposed to hot/wet conditions had significantly lower odds of being
obese (OR=0.564, P <0.001) in the full sample, with the exact effect sizes in both the urban and
rural strata. Exposure to hot/normal conditions was associated with a significantly reduced
likelihood of obesity (OR=0.771, P <0.05), only in urban areas. Similarly, women exposed to
hot/dry conditions had significantly lower odds of being obese in urban areas (OR=0.639, P
<0.001) but not in rural areas. The more substantial effect in the urban subsample may influence
the significant effect observed in the full sample. Exposure to normal/dry conditions was
associated with a slight but significantly higher likelihood of obesity (OR=1.168, P <0.01) in
urban areas, potentially contributing to the significant effect in the full sample. Women exposed
to cold/normal conditions had significantly higher odds of being obese in the full sample
(OR=1.505, P <0.01), and urban areas (OR=1.586, P <0.001), whereas those in rural areas had
significantly lower odds of obesity (OR=0.649, P <0.05). Lastly, exposure to cold/wet conditions
was associated with a significantly reduced likelihood of obesity in rural areas (OR=0.595, P
<0.001), which may be contributing to the significant effect in the full model (OR=0.696, P
<0.05). For our continuous climate anomalies (specifications 2 and 3) on obesity, we find several
significant relationships. Women exposed to 12-month precipitation anomalies had slightly
higher odds of being obese only in the full sample (OR=1.071, P<0.05). No significant
differences were observed for 12-month temperature anomalies across full, urban, and rural
samples. Women exposed to 24-month precipitation anomalies had slightly higher odds of
obesity in the urban subsample (OR=1.079, P<0.5). Exposure to 24-month temperature
anomalies resulted in lower odds of obesity in the urban sample (OR=0.809, P<0.01).

For anemia, we identified several significant associations with various combined climate
categories. Women exposed to hot/wet conditions had slightly lower odds of being anemic in the
full sample (OR=0.831, P <0.1), with the same effect for the rural and urban subsamples
(OR=0.787, P <0.05). Exposure to hot/normal conditions resulted in significantly lower odds of
anemia in the full sample (OR=0.683, P <0.01), less pronounced in urban areas (OR=0.741, P
<0.05) and more pronounced in rural areas (OR=0.580, P <0.01). Women exposed to normal/dry
conditions had significantly lower odds of being anemic in all three models: full (OR=0.664, P
<0.001), urban (OR=0.621, P <0.001), and rural (OR=0.745, P <0.05). For continuous climate
anomalies on anemia, no significant differences in anemic odds were observed across full, urban,
and rural samples for 12-month precipitation anomalies. However, women exposed to 24-month
temperature anomalies had significantly lower odds of anemia in the full sample (OR=0.561,
P<0.001), the urban sample (OR=0.592, P<0.001), and in the rural sample (OR=0.529,
P<0.001). These findings underscore the nuanced relationships between climate anomalies and
health outcomes among women in Egypt and Jordan with differential impacts observed across
urban and rural areas. These highlight the importance of considering geographical context when
developing public health strategies.

DISCUSSION

Our study aimed to determine whether temperature and precipitation anomalies affect
women’s nutrition in Egypt and Jordan. In particularly, our findings highlight the impact of
higher temperatures on BMI and obesity odds. We discovered that higher temperatures, when
combined with wet or dry precipitation levels, are associated with reduced BMI among WRA.



When examining the impact of these climate conditions on obesity, we find that higher
temperatures, also when combined with wet or dry precipitation levels, decrease the odds of
obesity. Furthermore, when stratifying by rural and urban areas, we found that higher
temperatures combined with normal or dry precipitation levels are associated with a reduction in
BMI in urban areas but not rural areas. This is consistent with our obesity models, where the
same conditions decreased the odds of women being obese in urban areas, as confirmed by the
significant reduction in obesity odds with 24-month temperature anomalies. Interestingly, our
results show that urban women are more affected by temperature anomalies than their rural
counterparts, possibly due to the urban heat island effect and differing access to resources.
Additionally, when women are exposed to average temperatures and dry conditions, we find an
association with increased BMI and hemoglobin levels, with a more substantial effect in urban
areas. Similarly, under these conditions, women have higher odds of obesity and lower odds of
anemia, both with a more robust effect in urban areas. An increased BMI is consistent with a
higher chance of obesity; likewise, increased hemoglobin levels are consistent with lower
chances of anemia. Moreover, when combined with average precipitation, hotter temperatures
are associated with increased hemoglobin for WRA in Egypt and Jordan, with a larger effect in
rural areas. This result is consistent with our anemia models, which predict that women have
lower odds of being anemic under the same conditions, which has a more substantial effect in
rural areas, as confirmed by the significant reduction in anemia odds with 24-month temperature
anomalies.

Our results indicate that temperature is a significant determinant of women's body mass.
In Egypt and Jordan, higher temperatures are linked to decreasing BMI and a lower likelihood of
being obese for WRA. This result is consistent with Gray & Thiede's (2024) findings of women
across LMICs exposed to increasing temperatures, which were at risk of being underweight.
However, our findings contradict those of Trentinaglia et al. (2021), who found that increasing
temperatures were linked to increasing BMI and obesity. This discrepancy could be due to the
difference in scale as their study was done on a global scale while ours was a small regional
study. Our finding which highlights a decrease in BMI likely reflects an intersection of reduced
agricultural productivity, which limits access to nutritious food, and increased physiological
stress due to extreme temperatures. Further, we found that in several cases of higher
temperatures, the climate effects appeared larger on women that DHS labeled living in urban
regions. While we expected rural areas to be most impacted due to the agricultural mechanism,
which can affect women's health through multiple pathways, our results indicate that women in
urban locations are not protected from climatic shocks.

The SWANA region is one of the most rapidly urbanizing areas of the world (Schafer,
2013), and Egypt holds the largest and only mega-city in the region (Cairo). One of the main
drivers of food insecurity by the year 2030 will be urbanization (Jobbins & Henley, 2015).
Urbanization is increasing vulnerability to extreme heat, especially for at-risk populations, such
as women in LMICs (Romanello et al., 2023). Notably, the urban heat island effect is amplifying
heat extremes in cities (Ranasinghe et al., 2021). Furthermore, climate shocks such as extreme
heat can impact food availability and prices. Specifically, the poorest groups in urban settings,
such as female-headed households, tend to face malnutrition due to choosing calorie-rich but
nutritiously poor food because of high prices (Bloem et al., 2010; FAO, 2008; FAO et al., 2021).
And while we were focusing more on the agricultural and food production aspect, researchers
have suggested that studies begin to focus their attention on the climate change impacts on the
poorest and most vulnerable in urban areas (Jobbins & Henley, 2015). A limiting factor to this is



that DHS uses a dichotomous rural/urban classification that lacks standardization and is defined
independently by each country (Boyle et al., 2020). Thus, there may be distinct variations
between what is categorized as urban in Egypt and Jordan. As urbanization increases, the
distinctions between rural and urban areas shift. Thus, it would be beneficial to have a more
continuous variable of urbanicity, such as using the DHS variable popdensity, which is not
available for all rounds used in this study.

Increasing temperatures in some circumstances are linked to increasing hemoglobin and
lower odds of anemia in women in Egypt and Jordan. In particular, hot/normal and 24-month
continuous climate anomalies had a more pronounced effect in rural areas. Extreme heat
conditions due to climate change put immense pressure on rural communities’ food security,
health, and livelihoods in regions like SWANA (Food and Agriculture Organization of the
United Nations and United Nations Economic and Social Commission for Western Asia, 2021).
Despite the consensus that climate change is expected to cause increased illness and decreases in
the nutritional content of food and thus exacerbate diarrhea and anemia, we find a different trend
for this case study (Bezner Kerr et al., 2022; Smith et al., 2017). While these results warrant
further investigation, there has been some evidence that physically active people, such as
athletes, who undergo heat training, experience increasing hemoglobin levels, and farmers who
work outdoors did not exhibit a high anemia prevalence (Olivares et al., 2022; Rgnnestad et al.,
2021). Furthermore, we would have expected that extreme climate exposures like hot/dry would
lead to decreasing hemoglobin and increased prevalence of anemia, but our results were null.

While we observed some associations between rainfall patterns and women's BMI and
hemoglobin, the relationships were less consistent, suggesting a need for a more in-depth
analysis to understand these associations fully. Our study revealed that average temperatures and
dry conditions are associated with increased BMI, hemoglobin levels, odds of obesity, and
decreasing odds of anemia. Interestingly, an increase in continuous precipitation anomalies was
also sometimes associated with increasing BMI and odds of obesity. This inconsistency in our
precipitation findings may be attributed to limitations in our data. The CRU-TS dataset has
sparse station measurements in the SWANA region. Despite its advantage of interpolating
missing values from multiple sources to provide continuous climate data, potential discrepancies
in the data can arise based on how and where the original observations are collected, which can
introduce variability. Because of interpolation, temperature data is generally more consistent
over large areas than precipitation data. According to the IPCC, temperature variables have
higher consistency than other variables, especially precipitation (Seneviratne et al., 2021). For
example, Trentinaglia et al. (2021) examined the impacts of temperature and precipitation on
obesity across 150 countries using CRU data. Their results indicated that the overall effect on
BMI was primarily driven by temperature rather than precipitation. Future studies, especially in
the SWANA region, could benefit from supplementing precipitation data with additional
localized measurements or exploring alternative datasets that have shown success in similar
climatic regions.

To our knowledge, this is the first analysis to quantitatively link women’s nutrition in the
SWANA region to temperature and precipitation extremes. However, other studies have noted
that women in the area, particularly those of lower socioeconomic backgrounds are at the
greatest risk of diminishing health and nutrition due to climate change impacts (FAO et al., 2021;
Food and Agriculture Organization of the United Nations and United Nations Economic and
Social Commission for Western Asia, 2021; Smith et al., 2017), suffer from gendered
perceptions of nutritional needs perpetuating their risks to climate change impacts (Al-Jawaldeh



et al., 2022; Food and Agriculture Organization of the United Nations and United Nations
Economic and Social Commission for Western Asia, 2021), are burdened disporportionatly with
domestic work and take on more agricultureal duties in challending climatic conditions, known
as the feminization of agriculture (Jobbins & Henley, 2015; Keshavarz et al., 2013; Selvaraju,
2013; Verner, 2012), face a number of risks related to water instability (Borgomeo et al., 2021,
Verner, 2012), and are more at risk of water and climate related gender-based violence
(Borgomeo et al., 2021; FAO et al., 2021). These compounded stressors significantly increase
their overall health risks, likely to contribute to higher rates of obesity and anemia. Therefore,
addressing climate resilience and nutritional interventions in this region is crucial for mitigating
the adverse health outcomes women face.

This study explores the complex relationships between climate anomalies and women's
nutritional status in the SWANA region, shedding light on the critical impacts of temperature
and precipitation extremes on health outcomes in Egypt and Jordan. While we do not specifically
test differences in health outcomes between men and women, there is strong consensus that
climate change, together with gender inequality, is one of the greatest challenges of our time, and
women and girls are disproportionately vulnerable to the impacts of climate change (Bezner Kerr
et al., 2022; Duncan, 2006; Secretary-General, 2022). Women in places like the SWANA region
are particularly at risk because of existing social and political tensions and the fact that they
make up a large proportion of displaced people (Jolof et al., 2022). In these situations, women
experience high adversity and climate change is likely to critically challenge their livelihoods
and well-being (Borgomeo et al., 2021). Addressing the challenges posed by climate change
requires a concerted effort from governments, international organizations, and local communities
to develop integrated and sustainable solutions. By focusing on the intersection of climate
change and women's health, we can better tailor interventions to meet the unique needs of
women in the SWANA region, ultimately reducing the burden of malnutrition and improving
overall public health outcomes. While women are critical in implementing adaptive measures,
they are underrepresented in climate policymaking (Secretary-General, 2022; Sellers, 2016;
Sorensen et al., 2018). While women represent a large portion of those vulnerable to climate
change, acknowledging that women are powerful agents of adaptation through their roles as
community leaders, mothers, and educators, thus ensuring women become a part of the
conversation, is critical to our future.

CONCLUSION

Our findings reveal that adverse climate conditions, particularly increased temperatures,
are strongly associated with reduced body mass index among women of reproductive age in the
SWANA region, with less pronounced effects on hemoglobin and anemia. The observed
decrease in BMI underlines a significant nutritional stressor that could exacerbate health
disparities and underweight status among women. This connection between extreme climate
conditions and nutritional deficits underscores the urgent need for targeted public health
interventions and policy measures. Implementing nutrition-specific programs that support
women during critical periods such as pregnancy and lactation is essential to prevent
micronutrient deficiencies and safeguard maternal and child health. Our study highlights the
importance of further research into the nuanced impacts of climate change on different
subpopulations. Notably, studies should explore the differential effects on rural versus urban



populations, considering the distinct socioeconomic and environmental contexts influencing

nutritional outcomes. By addressing these challenges with integrated and sustainable solutions,

we can better support the health and well-being of women in the SWANA region and ultimately

improve overall public health outcomes.
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