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Background: Increased rates of exclusive breastfeeding could significantly improve infant survival in low- and middle-income countries. There is a concern that increased hot weather due to climate change may increase rates of supplemental feeding due to infants requiring fluids, or the perception that infants are dehydrated.

Objective: To understand how hot weather conditions may impact infant feeding practices by identifying and appraising evidence that exclusively breastfed infants can maintain hydration levels under hot weather conditions, and by examining available literature on infant feeding practices in hot weather.

Methods: Systematic review of published studies that met inclusion criteria in MEDLINE, EMBASE, Global Health and Web of Science databases. The quality of included studies was appraised against predetermined criteria and relevant data extracted to produce a narrative synthesis of results.

Results: Eighteen studies were identified. There is no evidence among studies of infant hydration that infants under the age of 6months require supplementary food or fluids in hot weather conditions. In some settings, healthcare providers and relatives continue to advise water supplementation in hot weather or during the warm seasons. Cultural practices, socio-economic status, and other locally specific factors also affect infant feeding practices and may be affected by weather and seasonal changes themselves.

Conclusion: Interventions to discourage water/other fluid supplementation in breastfeeding infants below 6 months are needed, especially in low-middle income countries. Families and healthcare providers should be advised that exclusive breastfeeding (EBF) is recommended even in hot conditions.
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Introduction

The World Health Organization (WHO) recommends that infants are exclusively breastfed for the first 6 months of their life (1). Breast milk safely fulfills all nutritional and energy needs for the first few months of life and contains antibodies which are protective against childhood infections (2). A Lancet review of data from 153 countries found that exclusive breastfeeding (EBF) reduced infant mortality by 88% and was protective against infections and being overweight in later life and diabetes (2). EBF for the first 6months of life is one of the most effective interventions to promote adequate growth and prevent neonatal, infant, and childhood illness (3).

Infants in LMICs tend to experience longer durations of breastfeeding compared to those in high income countries (HICs) (2, 4). However, rates of early initiation of breastfeeding (the first hour after delivery is important for future breastmilk production) and EBF remain low in LMICs (2). Just over 40% of infants are exclusively breastfed until 6 months of age (with considerable variation in rates between settings) (5).

The initiation and duration of EBF can be determined by a range of factors including maternal employment, quality of care provided in health facilities, and local practices (6–8). Breastfeeding advice is provided by health workers, peers and family circles, and cultural beliefs can be highly influential on maternal intention to breastfeed exclusively (9–11). Past studies have detailed the common practice of giving supplementary water and/or tea to infants below the age of 6 months in many countries with hot climates (12, 13). Having or perceiving an inadequate milk supply is also associated with supplementing breastmilk with other foods or liquids (9, 14, 15). Another factor commonly identified with supplementing breast milk, particularly in hot climates, is a belief that the breastfeeding infant is thirsty, and therefore requires water (16–19).

The world is warming due to climate change. The International Panel on Climate Change (IPCC) estimates that global mean temperature increase will exceed 1.5–2°C by end of the century compared to the period 1850–1900 (20). Climate change is likely to increase impacts from more frequent and more intense heat waves. Observations confirm that the frequency and intensity of heatwaves has increased in Africa (21), while climate modeling has projected severe changes in both wet and dry extremes across Africa in the future (22).

This review is part of the CHAMNHA project that aims to understand how climate change may affect the health of pregnant women, newborns and infants in Africa (23). Despite increasing international attention on climate risks to maternal and neonatal health, no existing systematic review on heat impacts on infant feeding practices could be identified. Therefore, this review was conducted to explore how hot weather and/or climate conditions might affect perception of infant thirst and rates of non-EBF.



Methods


Objectives

To understand how hot weather conditions may impact infant feeding practices by identifying and appraising evidence that exclusively breastfed infants can maintain hydration levels under hot weather conditions, and by examining available literature on infant feeding practices in hot weather.



Search strategy

Four medical science databases were searched: MEDLINE, EMBASE, and Global Health from Ovid, plus Web of Science. Search terms were scoped for the weather and climate exposures by researching existing systematic reviews involving ambient heat exposures, drought, and hot climates (24–26), and search terms for “infant feeding practices” were scoped by researching an existing systematic review of breastfeeding and other infant feeding practices (27).

See Table 1 for definitions used in this review.


TABLE 1 Definitions used in this review.
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Inclusion and exclusion criteria for studies were defined prior to running the search in a PICO format:

• Population: infants up to the age of 1 year living in LMICs.

• Interventions/Exposures: ambient temperature, ambient humidity, hot weather, hot climate, hot season. Also, socio-cultural beliefs/medical advice relating to infant feeding in hot weather/climate conditions, EBF.

• Comparators: the same study sample under different weather/temperature conditions, the same study sample not breastfeeding exclusively, a control group from the same or very similar population.

• Outcome: weight loss, dehydration, infant feeding practices.

Articles were excluded if they:

• Reported heat exposures from heat sources unrelated to weather, unless heat exposures were controlled in order to simulate weather conditions.

• Referred to feeding practices of animals.

• Not in English.

• Were not published in peer-reviewed journals.

• Were reviews or commentaries.

• Examined feeding practices of children older than 1 year.

• Only report a study population in a high-income country.

• Were published prior to 1970.

The last search was conducted on 11th July 2020. The reference lists of included papers and review papers were examined for relevant articles. Google Scholar was also used to find more recent papers by searching for articles that cited those already identified. Search results were screened by one reviewer (JE) by title. Abstracts were then screened by the same reviewer and excluded if irrelevant. The full text versions of the remaining articles were downloaded and assessed against inclusion and exclusion criteria.



Study quality

To appraise the quality of each article, the study designs for all articles were assessed according to predetermined quality criteria checklists adapted from the Joanna Briggs Institute critical appraisal tools for analytical cross-sectional studies (32), cohort studies (32), randomized controlled trials (33), and quasi-experimental studies (33) (for the purposes of this review, intervention studies that did not meet all of the methodological criteria of randomized controlled trials were designated quasi-experimental studies). These checklists were used to inform the rating of the quality of each study, which was either “poor,” “fair,” or “good” (details can be found in the Tables 4 and 5).



Data extraction

For this review, data were extracted from each study on the study setting, population, sample size, methods, exposure measures, outcome measures, results, authors' conclusions, and potential sources of bias.



Data synthesis

Findings were described using a narrative synthesis (34). Due to heterogeneity in study designs, a meta-analysis was not appropriate. The included studies were divided into two categories and findings compared within each group:

1. Studies that investigated the association between EBF and ambient temperature and/or humidity on infant hydration, including:

i. Associations between EBF and indices of infant hydration (e.g., urine specific gravity, urine volume etc.).

ii. Associations between temperature and indices of infant hydration;

iii. Associations between EBF and indices of infant hydration modified by temperature.

2. Studies that investigated how weather factors influence infant feeding practices, including:

i. Associations between ambient temperatures or the heat season and infant feeding practices;

ii. Explanations for these associations, including reports whether infant water supplementation was perceived to be necessary in hot conditions.

For studies in the first group, descriptive data was summarized in tables (34). For studies in the second category, a thematic analysis of the key findings was conducted to identify pathways by which hot weather and climate exposures might impact infant feeding. Methodological robustness and study quality are described in the results and discussion.




Results

Eighteen studies met the inclusion criteria. The full texts for three of these articles could not be located. Bibliography searching of already identified papers yielded two additional included articles and searching for articles which cited already selected papers in Google Scholar identified one additional article (see Figure 1).
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FIGURE 1
 PRISMA flow diagram of included and excluded records [adapted from (35)].


Dates of publication ranged from 1978 to 2012 with most papers more than 10 years old. The review found a wide range of study designs:

1. Studies investigating the effect of EBF and ambient temperature and humidity on infant hydration (summarized in Table 2):

° Quasi-experimental studies (n = 6).

° Cross-sectional studies (n = 2).

° Cohort study (n = 1).

2. Studies investigating factors (specifically including weather/season/climate exposures) affecting infant feeding practices (summarized in Table 3):

° Cohort studies (n = 7).

° Cross-sectional study (n = 1).


TABLE 2 Summary of studies investigating infant hydration.
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TABLE 3 Summary of studies investigating determinants of infant feeding practices relating to hot seasons and high ambient temperatures.
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Studies were conducted in Africa, Asia, and South America: Pakistan (n = 3), India (n = 2), Egypt (n = 2), Israel (n = 2), Brazil (n = 1), Honduras (n = 1), Lesotho (n = 1), Peru (n = 1), Kenya (n = 1), and Jamaica (n = 1). The country locations of three studies were not identified in the journal articles, but since these articles specified the locations were “tropical,” it was inferred that the settings were more likely to be in LMICs than in HICs.


Effect of EBF on infant hydration in hot weather/climate conditions

The 6 quasi-experimental studies (see Table 2) involved requesting participating mothers to exclusively breastfeed their infants and investigating the effect of this on infant health and hydration status. Two studies were cross-sectional (38, 42) and a cohort study (43). The intervention group (in which mothers were requested to exclusively breastfeed) was compared to a control group (where mothers followed their usual feeding regime). It would not be possible to randomize for heat exposures. The studies were published between the 1970's and the 2000's. The most recent study was published in 2009 (43) but the findings of the quasi-experimental studies are likely to still be relevant.

Measures of infant hydration included urine specific gravity (USG), urine osmolality (UO), urine volume, total fluid intake, and infant weight change. USG and UO are two (correlated) measures of urine concentration and can be used to diagnose abnormal hydration levels when the subject's maximal urine concentration ability is known (54). There is no cut-off value for either USG or UO in the medical literature that distinguishes normal hydration from dehydration, as urine concentration ability is affected by many variables, including sex and age (55). In order to interpret USG or UO values, therefore, many studies also used additional health measures (e.g., identified participants' likely maximal urine concentration abilities) or compared with baseline values from start of study. Two studies used a cut-off value for “normal” USG; ≥ 1.020 (43) and ≥ 1.018 (41), but neither cited sources supporting these thresholds.

Nearly all the studies measured USG and/or UO and showed a high level of variance, reflecting the natural high variability in USG and UO levels, and also known variation in subgroups (infants of low birthweight and infants born near-term (with a gestational age of 350/7−376/7 weeks) (41, 43). In several studies, additional measures were also used to validate assigned outcome status or to investigate risk factors for the primary outcome, including USG, infant weight, fluid and/or breast milk intake, blood serum sodium, haematocrit, concentration of sodium in the mother's breast milk, rectal temperature, and blood serum osmolality. Increased haematocrit is a consequence of water loss and can therefore indicate dehydration (56–58). It is worth noting that there is no formal measurement methodology for dehydration in infants (59). Weight loss has traditionally been used as a “gold standard” measure of infant dehydration (59), but it is not always possible to obtain pre-dehydration weight for comparison (60, 61). A mix of measures has been shown to be most reliable for assessing dehydration (59–61).

As far as can be ascertained, temperatures and relative humidity levels measured during the studies ranged from 11–41°C to 10–96%, respectively. The average range of temperatures was 26.5–34.8°C and the average range of relative humidity levels was 38.8–69.2%. For the studies that recorded it, the average mean temperature was 29.7°C and the average mean level of relative humidity was 61%. Almost all studies that reported weather conditions reported mean temperatures above 30°C (36, 40–44) and most studies reported relative humidity to be 60% or above (37–41, 43).

All studies reported that even under hot conditions, exclusively breastfed infants maintained normal hydration levels without concentrating urine to maximal levels and concluded that supplementary water was therefore not necessary. Several studies concluded that exclusively breastfed infants could maintain normal levels of hydration in hot and humid conditions (37, 38, 41, 44). Only one study investigated hydration levels of exclusively breastfed infants in hot and dry conditions (42); these authors also concluded that the lack of water supplementation did not provoke abnormal dehydration. Furthermore, supplementary water did not appear necessary for exclusively breastfed infants that were low birthweight (41) or born near-term (43). No studies investigated or measured hydration levels or any other health indicators in the mothers.

Comparing exclusively breastfed and partially breastfed infants, no significant difference in incidence of weight loss or hypernatraemia was found (43), nor were there significant differences in urine output, urine or serum osmolality, weight change, or rectal temperature between exclusively breastfed infants and a control group (44). Even when infants who had been partially breastfed previously were breastfed exclusively for a week, observed levels of haematocrit and sodium in blood serum and USG did not change, suggesting that withholding water did not cause dehydration (39). In one study, infants were injected with desmopressin, which is a type of medication that limits the amount of water that is eliminated into urine (62). The infants then experienced a significant increase in USG, suggesting that exclusively breastfed babies can concentrate their urine when water is restricted and do not experience dehydration (39).



Effects of weather and climate exposures on infant feeding practices

Most of the included studies of infant feeding practices in hot weather were cohort studies (see Table 3) (46–52); the remaining two studies had a cross-sectional design (45, 53).

Studies investigating how factors relating to the weather or season affect infant feeding practices reported very different strengths and directions of associations. A cohort study conducted in Brazil (48) and a cross-sectional study conducted in Egypt (53) found that prevalence and duration of EBF increased in the warmer months. Conversely, four cohort studies, all conducted in either Pakistan (46, 51) or Israel (47, 52), found the opposite - that prevalence and duration of EBF decreased in the warmer months. In Kenya, a cohort study found that rainfall was also associated with lower rates of EBF (49).

Proposed or investigated mechanisms behind these associations were varied. A cohort study conducted in Egypt (48) found that prelacteal feeding was associated with both warmer temperatures during the month of birth and with lower rates of EBF in later months of life. The authors proposed that birth attendants were advising mothers to give infants water, particularly in summer months. A cross-sectional study in Lesotho (45) reported advice from healthcare providers also encouraging mothers to feed their infants supplementary water, although hot weather was not the justification for this recommendation. Studies of communities in Pakistan (51) and Israel (46) reported beliefs among mothers that dehydration was a risk for their babies in the hot and dry season, and so supplemented their breast milk with water more frequently during these periods.

Some associations between weather and infant feeding practices were found to be modified or confounded by other variables. For example, a cohort study of Bedouin women in Israel found that the relationship between mothers' experience of social support and infant feeding practices was modified by the infant's season of birth (47). School holidays took place during the hot, dry months, placing more childcare responsibilities on breastfeeding mothers, therefore higher temperatures seemed to affect rates of EBF only by their coinciding with the end of the school term. Similarly, research in Egypt indicated that associations between hot weather and reduced rates of EBF could be in part explained by higher pregnancy rates in the hot season, rather than temperatures themselves (53). In some settings, breastfeeding while pregnant is believed to cause the breast milk to become poisonous, therefore mothers stop breastfeeding as soon as they become aware of pregnancy (17), although it is not clear from the report if this is the case in the Egyptian study population. It was also proposed that Egyptian women's participation in seasonal agriculture might take them away from their infants and limit breastfeeding, which could also explain why EBF was less prevalent in summer (53). Furthermore, lower rates of diarrhoeal disease occurred in the early summer months–women were less inclined to supplement breastfeeding when there was a high risk of diarrhoeal disease, for fear of giving infants contaminated water (53).

Some studies found associations in the opposite direction: reduced rates of EBF were associated with cooler or wetter weather. It was reported that in the leaner, wetter months, Kenyan Turkana mothers would feed infants milk and butterfat to supplement fat perceived to have been lost from breast milk (49). Studying Brazilian mothers, researchers proposed that reduced liquid intake on the part of the mother in colder seasons could cause real or perceived maternal dehydration, which might encourage supplementing breast milk with fluids to prevent dehydration transferring to the infant (48). Alternatively, the authors proposed that a lack of central heating in homes could mean that mothers were unwilling to get out of bed to breastfeed in a cold home, while increased prevalence of infections and illnesses in infants during colder months could prevent babies from suckling. These hypotheses have not been fully investigated by scientific means, however.




Discussion

All studies investigating hydration in exclusively breastfed infants reported that even under hot conditions, exclusively breastfed infants maintained normal hydration levels, and concluded that supplementary water was therefore not necessary.

The methodological quality of most of these studies was fair (38–41) or poor (36, 37, 42) (see Tables 4, 5). Study designs often did not account for biases or confounding, which weakened the strength of their findings. Many also did not include a control group or any comparisons for the study infants, which meant that it was difficult to isolate any associations, or lack thereof, between EBF and dehydration in hot conditions. With all of this in mind, both of the studies rated “good” (43, 44) also concluded that exclusively breastfed infants do not require supplementary water or fluids in hot conditions, and their findings were found to be less susceptible to bias. Given this and that no study provided any evidence for increased risk of dehydration in exclusively breastfed babies in hot conditions, it would be reasonable to agree with the WHO and UNICEF guidelines that recommend healthy infants up to the age of 6 months are fed exclusively with breast milk, regardless of weather conditions.


TABLE 4 Methodological problems identified in included studies.
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TABLE 5 Critical appraisal of studies.

[image: Table 5]

Studies investigating how factors relating to the weather, season, or climate affect infant feeding practices were largely rated “fair” (47, 49, 51, 53) or “good” (48, 50, 52) and reported a wide variety of findings. No conclusive general relationship between weather and/or seasonal changes and infant feeding practices could be ascertained–rather, relationships were often context specific, mediated by other distal factors.

Despite no evidence supporting the need (as established by this review), several studies investigating infant feeding practices in LMICs reported that mothers supplemented breast milk because they believed that their infants were at risk of dehydration in hot weather (49–51). This concern has been proposed elsewhere in the literature as a potential reason why women are not breastfeeding exclusively in many LMICs (17, 18, 63–68).

However, fear of infant dehydration in hot conditions is not the only mechanism by which weather can influence infant feeding practices. Time spent taking part in agricultural labor can vary according to weather conditions (69) and was identified in one of the included studies as potentially affecting breastfeeding duration (53). Similarly, a study in Ethiopia indicated that rainfall during the primary agricultural season in a child's first year of life had a significant impact on EBF duration due to mothers increased hours worked in farming (70).

While some of the studies included in this review (51, 52) found that grandmothers, aunts, or the mother's own beliefs influenced infant feeding practices, others (44, 45, 50) reported that it was healthcare providers who advised mothers to give infants below the age of six months supplementary water. Similar findings have been reported elsewhere in the literature (64, 68)–they were not included as studies in this systematic review as they did not match the inclusion criteria. Healthcare providers have an important role to play in encouraging optimal breastfeeding, being one of the main sources of breastfeeding advice and knowledge in many communities. A study of infant feeding practices in Tanzania found that women who received advice on EBF were five times more likely to breastfeed exclusively (18). In communities that are both more vulnerable to climate risks and where access to formal healthcare is limited, increasing heatwaves could increase concerns regarding infant hydration.


Limitations

Only one reviewer screened, selected, assessed, and summarized the included studies, which means that these stages of the review process may have been affected by bias. However, the other co-authors were consulted during these processes to reduce bias. Secondly, this review included studies published as early as 1978, due to the limited number of available studies matching the inclusion criteria. There may be a higher chance of such studies containing outdated information or knowledge, or their findings being less relevant to current practices and/or trends. This review also only included studies published in English, with relevant studies published in other languages probably missed. The literature search was not conducted in regional databases such as Africa-wide, which may have also led to missed records. Other limitations include the lack of detail in included studies on hot weather exposures (so it was not possible to directly compare temperature exposures) and lack of information on the hydration status of the mother. It is reasonable to assume that the mothers in studies were well-hydrated but, in some settings, mothers may be dehydrated with poor nutrition.




Conclusion

A systematic review of studies investigating the ability of exclusively breastfed infants to stay hydrated in hot weather/climate conditions was conducted and found no evidence that exclusively breastfed infants required additional water or other liquids. A systematic review investigating hot weather and climate impacts on infant feeding practices in low- and middle-income settings was also conducted and found that multiple pathways exist by which temperatures and weather may influence infant feeding practices, including the belief that infants required water and/or other liquids alongside breast milk in hot weather or seasons. In addition, some factor, such as the demands on a woman's time (work or childcare), are highly seasonal and/or weather-dependent and linked to reduced time spent breastfeeding.

Global average temperatures are increasing, which means that populations everywhere will be exposed to higher daily temperatures. It has also been suggested that as LMICs economically transition, overall breastfeeding rates could decrease to similar levels to those of HICs (1). It is a concern that there has been a lack of studies conducted in the last two decades on infant feeding practices in hot weather. Future studies of infant feeding practices should use the WHO definition of ‘EBF' consistently, to improve the validity and compatibility of results. Many countries are already experiencing effects of climate change, so research in the worst-affected areas could be particularly relevant for determining intervention priorities for infant health as climate change progresses.
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Exclusive breastfeeding (EBF)

High ambient temperatures

High humidity

Hot weather
Infant

Infant feeding practices

Low
(LMIC)

le-income country

Newborn
Partial breastfeeding/mixed

methods feeding

Prelacteal feeding

Definition

“No other food or drink, not even water,
except breast milk (including milk expressed
or from a wet nurse)” (1)

Air temperatures of >30°C: the midpoint
between the range of air temperatures
(25-35°C) that the WHO recommends
infants to be exposed to avoid hyperthermia
and hypothermia (28)

>60% relative humidity: the upper limit to
the United States Occupational Safety and
Health Administration recommendation for
relative humidity for indoor air (29)

Days where air temperatures exceed 30°C

A child up to the age of 12 months

All methods of feeding infants food and
water/other fluids, including exclusive
breastfeeding, feeding infants expressed
breastmilk or formula milk, feeding infants
non-breast milk food and fluids,
supplementing breast milk with water, tea, or
other fluids, and supplementing breast milk
with fluids and solid food

As defined by the World Bank (30)

Aninfant aged up to 28 days
Feeding an infant breast milk and other food
and/or fluids (excluding oral rehydration
solution, drops and syrups for medical

purposes) (1)

Givinga newborn food or drink prior to the
first breast feed. It is not recommended by

the WHO (31)
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