
Article Not peer-reviewed version

Effects of Ambient Temperatures on

Childhood Anemia in Africa

Muhammad Saeed * , Adeena Zaidi , Mohammad R. Saeed , Harris Khoker , Sami Khan , Binish Arif Sultan ,

Harris Majeed

Posted Date: 12 September 2024

doi: 10.20944/preprints202409.0937.v1

Keywords: Child anemia; temperatures; Africa; Low-income

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/3052973
https://sciprofiles.com/profile/3844882
https://sciprofiles.com/profile/2365134
https://sciprofiles.com/profile/3850277


 

Article 

Effects of Ambient Temperatures on Childhood 

Anemia in Africa 

Muhammad A. Saeed 1,*, Adeena Zaidi 2, Mohammad R. Saeed 2, Harris Khoker 2, Sami Khan 2, 

Binish Arif Sultan 3 and Harris Majeed 4 

1 Johns Hopkins University, Baltimore, Maryland, United States 
2 PRX Research, Dallas Regional Medical Center, Mesquite, Texas, United States 
3 Department of Pathology, Sindh Medical College, Jinnah Sindh Medical University, Karachi, Pakistan 
4 University Health Network, Toronto, Canada 

* Correspondence: admin@prxresearch.com 

Abstract: Emerging risk factors for childhood (<5 years) anemia cases in low-income countries have 

not been limited to COVID-19 and the spread of infectious diseases, hidden hunger, and other 

economic factors. Yet the effects of climatic factors, such as ambient temperatures, on child anemia 

have been in its infancy. In this population-based study, we study the region-specific associations 

between child anemia and ambient temperatures in 43 countries of Africa from 2000-2019. Using 

generalized linear regression models, we found that after adjusting for key covariates, the risk that 

temperatures pose on child anemia varies across the four African regions (Western, Eastern, Central, 

and Southern). This suggests that ambient temperatures have varying effects on child anemia by 

region. Other studies are needed in other low-income settings to expand our findings. 
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Introduction 

Anemia is characterized by a hemoglobin level below the 5th percentile for a given age [1]. With 

nearly 1.92 billion people, or one-fourth of the world’s population, affected in 2021, anemia is a 

widely prevalent blood condition with a 420 million increase in occurrences over the past few decades 

[2]. Children are the most anemia-affected age group, with the World Health Organization (WHO) 

reporting that around 40% of children aged 6-59 months had anemia globally [3]. In Africa during 

2019, nearly 103 million children were affected by anemia [3]. Furthermore, anemia reached an 

economic burden of US $14,535 per patient annually, 54% higher than the $9,451 average cost for non-

anemic patients [4].  

Past studies suggest that low socioeconomic status [5], maternal education [6], nutritional 

deficiencies [7], and air pollution [8] have been linked to increased anemia in children. However, 

temperature change is an underrepresented risk factor that warrants further research [9]. Globally, 

Africa is one of the most susceptible regions to climate change, with ambient temperatures on the rise 

[10]. It is still unclear whether global warming affects childhood anemia, particularly in low and 

middle-income countries (LMICs) [9]. A past study also showed for each 1°C increase in annual 

temperature, the odds of anemia prevalence rise by 1.138 [95% CI: 1.134–1.142] [9]. Moreover, African 

countries with higher temperatures report a higher prevalence of anemia among children, whereas 

those with lower temperatures show lower anemia rates [9]. On the other hand, colder temperatures 

have also been linked with adverse child health effects, including respiratory disease and infant 

mortality, suggesting that colder temperatures may also be an important area of focus [11]. This 

association underscores the importance of focusing on temperature as a critical risk factor for 

childhood anemia [9].  

We hypothesize that there will be regional differences between temperatures and child anemia 

in Africa. Consequently, this study aims to address the knowledge gap between temperatures and 
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the prevalence of anemia rates in children from African data in the past two decades. The findings 

can serve as a basis for creating new future policies to reduce the burden of child anemia.  

Methods 

This is a population based study for Africa from 2000-2019. Data for the number of children (<5 

years of age) with anemia for 43 African nations, segregated into four regions (Table 1). This outcome 

data was obtained from the World Health Organization (WHO). Prevalence of child anemia 

considered the ratio of annual number of children with anemia to the country-specific population for 

children less than 5 years of age. Aside from our primary outcome, exposure data for country-specific 

annual mean air temperature data from 2000-2019 was obtained from World Bank: 

https://www.kaggle.com/datasets/palinatx/mean-temperature-for-countries-by-year-2014-

2022?resource=download. 

Table 1. Total annual number of children (<5 years) with anemia by African region and country, 2000-

2019. 

Region Country Number of Children with Anemia 

East (n=613,660,310) Burundi 17,626,800 

 Comoros 1,187,090 

 Eritrea 4,714,000 

 Ethiopia 158,345,000 

 Kenya 57,797,000 

 Madagascar 36,580,000 

 Malawi 32,383,000 

 Mauritius 459,320 

 Mozambique 56,049,000 

 Rwanda 13,688,100 

 South Sudan 18,374,200 

 Uganda 74,517,000 

 United Republic of Tanzania 96,414,000 

 Zambia 27,740,000 

 Zimbabwe 17,785,800 

Central (n=323,793,130) Angola 55,729,000 

 Cameroon 43,674,000 

 Central African Republic 10,984,700 

 Chad 33,943,000 

 Congo 8,928,000 

 Democratic Republic of the Congo 167,170,000 

 Gabon 3,003,400 

 Sao Tome and Principe 361,030 

South (n=50,795,450) Botswana 2,020,990 

 Eswatini 1,298,760 

 Lesotho 2,545,000 

 Namibia 2,724,700 

 South Africa 42,206,000 

West (n=787,156,600) Benin 22,949,200 

 Burkina Faso 47,534,000 

 Cote d’Ivoire 50,802,000 

 Gambia 4,291,700 

 Ghana 49,904,000 

 Guinea 27,065,000 
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 Guinea-Bissau 3,718,300 

 Liberia 9,127,400 

 Mali 46,473,000 

 Mauritania 7,693,400 

 Niger 53,040,000 

 Nigeria 401,095,000 

 Senegal 32,168,000 

 Sierra Leone 15,842,100 

 Togo 15,453,500 

Total  1,775,405,490 

Table 2. Regional-specific association models for annual child anemia and air temperatures from 

2000-2019. 

Region Number of Child with Anemia Adjusted RR (P-value)* 

West 787,156,600 0.989 (P=0.0013) 

East 613,660,310 0.993 (P=0.001) 

Central 323,793,130 1.023 (P<0.0001) 

South 50,795,450 1.005 (P=0.006) 

* adjust for NO2, cereal yield, GDP, stunting, prevalence reproductive women anemia (moderate levels), child 

hemoglobin, and trend. 

We included covariate data on country-specific annual mean air pollution (specifically NO2 in 

μg/m3), cereal yield (in tonnes per hectare), gross domestic product (GDP), prevalence of child 

stunting, prevalence of reproductive women with anemia (moderate levels), average children’s 

hemoglobin, and annual trend.  

We modelled the region-specific associations between the annual number of children and 

average air temperatures using generalized linear model, specifically negative binomial regression 

using autocorrelation order 1 (i.e., AR1). This is because the outcome’s variance was much greater 

than its mean, leading to overdispersion of data. Model coefficients were exponentiated to be 

interpreted as rate ratios (RR) for each 1℃ rise in annual mean air temperatures. 95% confidence 

intervals were evaluated at P<0.05 using Student’s two-sided t-tests. Microsoft Excel (V.2021) and 

RStudio (V.4.1.1) were used for computation, analyses and figure composition. 

Results 

Over the twenty years of our study from 43 countries, within four regions of Africa, there were 

a total of 1,775,405,490 children with anemia reported by WHO data. Out of the four African regions, 

West Africa bared the highest proportion of child anemia cases (44.3%), whereas Southern Africa has 

the lowest proportion (2.9%). Table 1 shows the total annual number of children with anemia for each 

country and corresponding region from 2000-2019. 

On a geographic perspective, the prevalence of child anemia are observed to be the highest over 

Western and Eastern Africa (Figure 1A). Similarly annual mean air temperatures are also highest in 

Western Africa reaching 29℃, whereas the lowest mean air temperature in Southern Africa 13℃ 

throughout the 2000 to 2019 period (Figure 1B).  
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Figure 1. A) Annual country-specific child (<5 years) anemia prevalence; B) annual mean 

temperatures from 2000-2019. 

Our models suggest that for each 1℃ rise in air temperature the RR for children anemia in 

Western [0.989 (P=0.0013)], Eastern [0.993 (P=0.001)], Central [1.023 (P<0.0001)], and Southern Africa 

[1.005 (P=0.006)] had differing magnitude associations. The main findings from this suggests that 

Central and Southern African regions had a positive association between child anemia and air 

temperatures, whereas Western and Eastern regions had a negative association. Overall, Central 

Africa had the strongest effect of annual mean air temperatures on child anemia from 2000-2019. 

Discussion 

Our findings from the WHO between 2000-2019 show that Eastern and Western Africa 

demonstrated an inverse relationship between the prevalence of childhood anemia and temperature, 

whereas Central and Southern Africa exhibit a direct relationship. One previous study also found 

regional differences in Africa with an association between ambient heat and child mortality [12]. This 

past study also showed a 1.27 risk ratio [95% CI: 1.19–1.36] for child mortality in Eastern Africa 

associated with heat exposure while also showing a 0.92 risk ratio [95% CI: 0.88–0.97] for child 

mortality in Southern Ghana, Côte d’Ivoire, and Nigeria - all countries located in Western Africa [12]. 

Brimicombe et al. [12] study is consistent with ours in that there are regional differences in the 

association between temperature and child health. Although these results do not directly correspond 

with our data, they provide further evidence suggesting regional differences in the association 

between childhood health factors, such as anemia, and temperature. 

The biological pathways linking temperature to childhood anemia are complex, involving 

various environmental effects [9]. Warmer temperatures increase parasite spread, heightening 

malaria risk and consequently raising anemia rates, with studies suggesting that this effect on 

childhood anemia is significantly mediated through malaria infection [13–15]. Moreover, the 

prevention of anemia was shown to result from avoidance of exposure to heat, which further links 

increased heat with a rise in anemia [16]. Although previous studies have linked the lack of fluid 

retention with the severity of anemia, further research is needed to reach a definitive conclusion [17]. 

A history of diarrhea has also been identified as a risk factor for childhood anemia, with an adjusted 

odds ratio of 2.44 [95% CI: 1.03-3.85], indicating a significant association between diarrhea and 

anemia [18]. Additionally, high temperatures in combination with drought can worsen water 

shortages, causing poor sanitation and hygiene, contributing to environmental enteric dysfunction – 

a significant risk factor for childhood anemia [19,20]. Conversely, a previous study also found that 

cold temperatures affect child health by increasing severe neonatal infections, such as pneumonia 

and sepsis, which can further exacerbate an infant’s physiological susceptibility to heat and cold in 

Africa [21]. Additionally, a past study indicates that child mortality in South Africa was associated 

with both cold and heat and the total attributable mortality was 3.4%, mostly from cold (3.0%) rather 

than heat (0.4%), using confidence intervals determined by an approximate parametric bootstrap 

estimator [22,23].  
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Overall, the impacts of climate change on temperature-related neonatal mortality were largest 

in countries that had relatively high baseline neonatal mortality rates and experienced large 

temperature increases due to climate change (Sierra Leone, Ethiopia, Liberia, Mali, Guinea, Benin, 

Cameroon, Nigeria, Angola, Timor-Leste, Haiti) [21]. Thus, colder temperatures have been associated 

with negative child health outcomes, such as respiratory diseases and infant mortality, indicating 

that cold temperatures should be further analyzed. 

As discussed, there are regional differences in the association between child anemia and 

temperature in Africa. Understanding how temperatures are directly linked to childhood anemia in 

low-income regions such as Africa is essential for addressing resulting health issues. [24]. Specifically, 

high temperatures and anemic rates in Western Africa, Central Africa, and parts of Eastern Africa 

have been affected by several factors, such as malnutrition and malaria infection, which have 

mediated the associations between annual mean temperature and childhood anemia by 11.40% and 

9.74%, respectively [9]. On the other hand, infections are a risk factor for childhood anemia [8] and 

cold temperatures have been shown to increase pneumonia risk by 1.06 times [95% CI: 0.98–1.14] in 

children [25], thus suggesting that colder temperatures are also associated with increased infection 

rates. Additionally, other factors, such as poverty or lack of education, have also been linked with 

influencing childhood anemia [26].  

This study was limited by the data being generalized to regions of Africa, which did not allow 

for the consideration of specific disparities such as healthcare access [27], access to adequate nutrition 

[28,29], and sufficient sanitation [30], in turn leading to increased rates of childhood anemia that may 

have confounded the results. Additionally, since topographic elevation has been found to be 

associated with temperature [31], the generalization of data to large regions may have impaired the 

temperature data collected due to the possibility of topographic variations within each region 

affecting the occurrence of ambient temperatures. The study did not consider other regional risk 

factors such as maternal education [32] and access to water within households [30] which may also 

contribute to an increase in child anemia. Northern Africa was also not assessed in this study since 

there is limited data regarding childhood anemia prevalence over time in this region. Nonetheless, 

the data collected in the study is able to support a regional association between ambient temperatures 

and the prevalence of childhood anemia in Africa. 
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