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Abstract

Infants are at a higher risk of heat-related morbidity and mortality compared to children
and adults. However, it remains unclear whether this vulnerability stems from immature
thermoregulatory mechanisms or simply from their dependence on caregivers. This narra-
tive review examines current literature on infant thermoregulation during heat exposure
and explores how unique physiological characteristics may influence vulnerability. Key dif-
ferences in infants compared to older individuals include their larger surface area-to-mass
ratio, which (1) facilitates heat dissipation when skin temperature exceeds ambient tempera-
ture, but compromises heat loss in reversed conditions, and (2) likely enables a large portion
of an infant’s blood volume to shift to the skin, promoting heat loss but reducing blood vol-
ume in the central circulation. Infants also have a relatively high metabolic heat production.
Additionally, their lower sweat output per gland may represent either a limitation or a dif-
ferent thermoregulatory strategy. Contrary to common assumptions, most components of
infants’ thermoregulatory system do not appear inherently immature; rather, their distinct
physiological characteristics—combined with their reliance on caregivers—shape how and
when heat exposure may become harmful. Nevertheless, further research is needed to
better understand how these interacting factors influence infants’ ability to maintain stable
core temperature. Meanwhile, coordinated efforts by caregivers, health professionals, and
policymakers are essential to minimize infants’ heat-related health risks.

Keywords: thermoregulation; infants; heat; health risks; extreme temperatures; surface
area-to-mass ratio; skin blood flow; sweating; skin temperature; core temperature

1. Introduction
Infants, defined as those under the age of one, are widely recognized as a vulnerable

population that is at a higher risk of adverse health effects and mortality during extreme
heat. Several studies have documented increased mortality rates during heat exposure
within this age group. For instance, Basagaña et al. [1] observed a 25% increase in infant
mortality on extremely hot days in Spain. Basu and Ostro [2] estimated that a 4.7 ◦C (10 ◦F)
rise in daily temperature is associated with a 4.9% rise in infant mortality in California,
the largest increase among all age groups. In France, Fouillet et al. [3] reported an excess
mortality of 29% among male infants during the 2003 heatwave. Scovronick et al. [4] found
that in South Africa, the relative risk of mortality associated with extreme temperatures was
highest for children under 5 years old, with a relative risk of 1.24. Geruso and Spears [5]
analyzed data from Demographic and Health Surveys from over 50 countries in Latin

Int. J. Environ. Res. Public Health 2025, 22, 1265 https://doi.org/10.3390/ijerph22081265

https://doi.org/10.3390/ijerph22081265
https://doi.org/10.3390/ijerph22081265
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0009-0008-4774-2454
https://orcid.org/0000-0002-7459-0678
https://doi.org/10.3390/ijerph22081265
https://www.mdpi.com/article/10.3390/ijerph22081265?type=check_update&version=1


Int. J. Environ. Res. Public Health 2025, 22, 1265 2 of 13

America, Asia, and Africa, and found a significant impact of extremely hot and humid days
on infant mortality, particularly during the first month of life.

In addition to mortality, extreme heat also poses significant risks for infant morbidity. A
review by Lakhoo et al. [6] showed that high temperatures were associated with hand, foot,
and mouth disease and hospital admissions in infants. Mannan et al. [7] identified a positive
relation between ambient temperature (Ta), the heat-humidity index, and the occurrence of
severe diseases in infants living in two regions of India. Moreover, Teyton et al. [8] found
that heatwaves led to a rise in all-cause emergency visits among infants in California.

The vulnerability of infants to heat-related mortality and morbidity can, at least partly,
be attributed to their dependence on caregivers. Infants cannot seek a cooler environment,
drink more water, or remove excess clothing on their own, and rely on crying to express
discomfort [9]. Caregivers often estimate the thermal state of an infant based on their own,
which may lead to incorrect assumptions [10]. Failure of caregivers to provide adequate
fluid intake during heatwaves was found to be a contributing factor in heat-related illness
among hospitalized infants [11]. Additionally, pediatric vehicular heatstroke has become
a significant cause of mortality. Since 1998, over 987 children in the United States have
died of heatstroke after being left unattended in a car, with 31% of deaths under the age
of one [12].

Besides their dependency on caregivers, infants might also be more vulnerable to
heat due to their thermoregulation. Thermoregulation refers to the process by which the
body maintains its internal temperature within a safe range regardless of changes in the
external environment [13]. The body produces heat through metabolic processes, and
heat exchange with the environment happens through evaporation, radiation, conduction,
and convection. The main non-behavioral thermoregulatory mechanisms during heat
are cardiovascular and vasomotor responses, which increase skin blood flow, and the
production and evaporation of sweat [14,15].

There are different views in the literature regarding the maturity of thermoregulatory
mechanisms in children, including in infants. Several studies suggest that these mechanisms
are still immature in children, which makes them more vulnerable to extreme temperatures.
Tsuzuki [16] states that this immaturity in young children limits their ability to effectively
regulate body temperature. Inoue et al. [17] note that the sweat mechanism in children
is underdeveloped in the prepubertal phase. Williams [18], Xu et al. [19], and Lakhoo
et al. [6] also emphasize that developmental differences in thermoregulation play a key role
in children’s vulnerability during heat exposure.

On the other hand, some researchers challenge the idea that thermoregulation in chil-
dren is inherently immature or underdeveloped. Smith [20] notes that there is accumulating
evidence of limited differences between children and adults in thermoregulation during
moderate heat. Singer [21] states that considering children’s thermoregulation as deficient
is one of the most common misconceptions in thermal balance, and only holds true for
preterm infants. Falk and Dotan [22] revisited some widely accepted child-adult differences
and concluded that “children are likely not as disadvantaged in terms of thermoregulation
as they have long been portrayed to be”.

However, most existing research has focused on older children, with conclusions often
extended to infants. Yet, the first few years of life involve rapid growth and development,
meaning findings may not be directly transferable. Given that infants experience higher
heat-related health risks—alongside rising global temperatures and more frequent and
intense heatwaves [23]—it becomes increasingly important to examine thermoregulation
specifically in this age group.

Therefore, this narrative review aims to clarify what is known, identify critical gaps,
and inform future research and public health strategies. To achieve this, it brings together
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findings from the limited number of studies specifically focusing on infant thermoregula-
tion during heat exposure, examines studies on thermoregulation in children (>1 year) to
evaluate which findings might apply to infants, and explores how specific infant charac-
teristics may affect vulnerability. Given the scarcity of studies on infant thermoregulation
in heat, a narrative review was found more suitable than a systematic review. The cur-
rent review argues that infant thermoregulation is not inherently immature, but instead
marked by distinct physiological characteristics which—together with their reliance on
caregivers—can increase vulnerability during heat exposure under certain conditions.

2. Differences in Thermoregulation Between Infants and
Older Individuals
2.1. Differences in Surface Area-to-Mass Ratio

One of the most noticeable differences between infants and adults is their surface
area-to-mass ratio. The body’s surface area, primarily the skin, plays a crucial role in heat
exchange with the environment. Relative to their body mass, infants have a significantly
greater body surface area (BSA) compared to adults.

Using Mosteller’s [24] formula for BSA, which gives accurate values for infants as
well as adults [25] and aligns well with BSA measurements of 3D scans of infants [26], we
calculate BSA as follows:

BSA =

√
weight(kg)× height(cm)

3600

Applying the WHO child growth standards for height and weight [27], we find that a
newborn has the highest surface area-to-mass ratio, with an average BSA of 648 cm2 per kg.
This ratio declines steeply during the first year of life, falling to 468 cm2 per kg by the age
of one—representing a 28% decrease. This trend of decreasing surface area-to-mass ratio
continues as the child grows (Figure 1).

 

0

100

200

300

400

500

600

700

0 1 2 3 4 5

Su
rf
ac
e
 a
re
a‐
to
‐m

as
s 
ra
ti
o
 (
cm

2
/k
g)

Age (years)

Figure 1. Surface area-to-mass ratio by age. The solid line shows the values calculated for children
using the formula for body surface area by Mosteller [24] and child growth standards for height and
weight by WHO [27]. The dashed line shows the average surface area-to-mass ratio for adults, based
on values reported by Verbraecken et al. [28].

A greater surface area-to-mass ratio is an advantage in dry heat loss (convection,
radiation, conduction) when the ambient temperature (Ta) is below skin temperature
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(Tsk), and for wet heat loss, as there is a relatively larger BSA for sweat evaporation [29].
Under these conditions, a larger proportion of heat could be dissipated through the skin.
Davies [30] demonstrated that children, due to their larger surface area-to-mass ratio, lose a
larger proportion of heat through convection and radiation during heat exposure compared
to adults. More recent studies have further explored the role of BSA and found that a
lower surface area-to-mass ratio is associated with an increased risk of heat intolerance
in adults [31,32].

In extreme heat, when Ta exceeds Tsk, the advantage of a large surface area-to-mass
ratio is lost as the heat flux turns the other way. This leads to dry heat gain from the
environment. However, as stated by Rowland [33], whether this actually increases core
temperature remains unclear. While not focused directly on infants, some studies have
shown no significant differences in the increase in rectal temperature (Trec) between children
and adults in extreme heat (with Ta ranging from 41 ◦C to 48 ◦C) [34–36]. Delamarche
et al. [36] did note that while the increase in Trec at rest at 45 ◦C was similar to adults,
children experienced greater convective and radiative heat gains. This suggests that their
higher surface area-to-mass ratio does lead to more heat absorption; however, the lack
of a significant difference in Trec may be due to other mechanisms at play, such as heat
dissipation through the evaporation of sweat.

Thus, while infants’ higher surface area-to-mass ratio can facilitate heat loss in moder-
ate heat, it may contribute to heat gain in extreme temperatures—though it remains unclear
whether this is balanced out by other mechanisms such as the evaporation of sweat.

2.2. Differences in Metabolic Rate

The metabolic rate equals the amount of heat produced by the body in the absence
of external work. A recent analysis by Pontzer et al. [37] investigated metabolic rates
throughout the course of life, specifically focusing on total and basal energy expenditure
(Figure 2). The study found that newborns, during the first month of life, have energy
expenditures comparable to those of adults when adjusted for fat-free mass. However, this
increases rapidly during the first year of life, reaching its peak around 8–9 months of age.
From birth to this peak, energy expenditure rises about 85%. From 9 to 15 months of age,
energy expenditure is past its peak but still approximately 50% higher than in adults. After
the first year of life, this steadily declines until reaching stable levels at around 20 years of
age. These findings indicate that infancy is characterized by a high size-adjusted energy
expenditure when compared to other stages of life. These increased expenditures likely
reflect the increased metabolic demands associated with growth and development [38].

Thus, metabolic heat production peaks around 8–9 months of age. At this stage, infants
must dissipate more heat per unit of surface area than both newborns and older children to
maintain thermal balance. Earlier studies showed similar trends of increasing metabolic
heat production during the first year of life. Bauer et al. [39] observed an increase in resting
energy expenditure when comparing the first week to the sixth week of life. Azaz et al. [40]
showed that during the first three months of life, infants started to produce increasingly
more heat per unit of BSA during sleep.
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Figure 2. Size-adjusted total (red) and basal (black) energy expenditure over the life course. Energy
expenditures are expressed as percentages of adult-level adjusted total energy expenditure (~100%).
BEE: basal energy expenditure. TEE: total energy expenditure. From Pontzer et al., Daily energy
expenditure through the human life course. Science 373, 808–812 (2021). Reprinted with permission
from AAAS [37].

2.3. Differences in Cardiovascular Response

The cardiovascular system plays an important role in heat dissipation during heat
stress. By adjusting the heart rate and stroke volume, cardiac output increases, and by
adapting vasomotor responses, cutaneous vasodilation occurs, together resulting in more
blood flow to the skin [41,42]. This facilitates heat loss to the environment when Ta is below
Tsk. Already in newborns, thermal stimuli can trigger increases in heart rate and skin blood
flow, demonstrating that their cardiovascular system already responds to heat [43–45].

Heart rate decreases with age; therefore, infants have higher heart rates compared to
older individuals [46,47]. An increase in core temperature results in a rise in heart rate, as
the body needs to compensate for decreased blood flow to the heart while maintaining
nutritional blood flow to the tissues [48]. The extent of heart rate rise associated with
increasing temperature is age-dependent as well, where both the relative and absolute
increase is most pronounced in infants [49,50].

Studies on skin blood flow responses to heat have shown that children exhibit higher
skin blood flow compared to adults. Martin et al. [51] looked at maximal skin vascular
conductance by measuring skin blood flow on the forearm at a Tsk of 42 ◦C in participants
aged 5 to 84 years, and found that the youngest participants had the highest skin blood
flow. Similarly, Falk et al. [52] observed that forearm blood flow during exercise at 42 ◦C
was higher in prepubertal boys than in late pubertal boys.

There is a lack of studies investigating skin blood flow in infants and comparing this to
older children and adults under the same thermal conditions. However, if these age-related
trends extend to infants as well, they would have an advantage in dry heat loss through
convection and radiation when Ta is below Tsk, but a disadvantage when Ta is above Tsk,
as heat would be absorbed rather than dissipated.

Additionally, the higher skin blood flow and greater increase in heart rate in response
to heat in younger individuals may indicate challenges in maintaining adequate venous
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return. As noted by Drinkwater et al. [34], due to the larger surface area-to-mass ratio in
children, a larger proportion of their total blood volume may need to be diverted to the skin.
This would result in less blood flow to internal organs and muscles, potentially leading
to heat intolerance. Both Drinkwater et al. [34] and Falk et al. [52] observed that younger
children showed more signs of headaches, fatigue, and dizziness during heat exposure,
likely due to the redistribution of blood volume from central to peripheral circulation.

Thus, infants might also have relatively high skin blood flow during heat, which
facilitates heat dissipation to the environment when Ta is below Tsk. However, the greater
increase in heart rate in infants as a response to high temperatures suggests that their
cardiovascular system needs to work harder to compensate for decreased blood flow to
the heart, potentially leading to symptoms of heat intolerance. More research on infants
specifically is needed to draw conclusions regarding cardiovascular limitations during heat.

2.4. Differences in Sweat Production

Heat loss through evaporation—also known as wet heat loss—occurs primarily
through sweating, as opposed to wet heat loss from the respiratory airways. Eccrine
sweat glands start developing around 14 weeks of gestation, and by 28 weeks of gestation,
all sweat glands are formed [53]. No new sweat glands are formed after birth [53,54]. As a
result, the density of sweat glands per unit of surface area is highest in newborns. Infants
in the first two weeks of life have an average of 414 eccrine sweat glands per cm2 of skin on
the thigh, which is 6.5 times the density found in adults [55].

Around 36 weeks of gestation, the sweat glands become active. This means term
infants are able to exhibit sweat responses directly after birth, most pronounced on the
forehead [55,56]. Tsuzuki-Hayakawa et al. [57] compared the thermoregulatory responses
to heat in children aged 9 months to 4.5 years to those of their mothers. They found that
the average sweat rate per BSA was higher in young children (1.5 times higher). However,
when looking at individual sweat glands, the output was about half that of the mothers.
Furthermore, the sodium concentration in sweat was significantly lower in the children,
which has been suggested to be due to more time for sodium reabsorption because of the
slower sweat flow rates [18,57]. Sweat rates in children are also lower than in adults when
measured relative to the rise in Trec [35]. Another study by Tsuzuki [16], which compared
the thermoregulatory response of age groups ranging from under 1 year to 8 years, found
no significant differences in whole-body sweat rate per BSA across the different age groups.

Studies have also observed differences in the size of sweat glands between children
and adults. Children generally have smaller sweat glands [58] and because the size of the
sweat glands in adults is directly related to the sweat rate [59]; this difference has been
suggested to explain the lower sweat rate observed in children. Moreover, local sweat rates
across different body regions vary between children and adults, with children showing
relatively higher sweat rates on the hands and feet, and adults on the back [60].

The overall lower sweat rate in children does not necessarily mean that their sweat
response is inadequate or immature, as Falk and Dotan [22] state. Their review—which
revisits some commonly accepted child–adult differences in thermoregulation—explains
that maximal sweating rates, especially in children, have not been determined. This raises
the question of whether children’s thermoregulation is limited by their sweating rates
or if their lower sweating rate simply reflects a different thermoregulatory strategy. For
instance, children may be more efficient in their sweating, with a greater proportion of
their sweat output evaporating instead of dripping off the skin compared to adults. This is
supported by Inbar et al. [35], who found that prepubertal boys had lower overall sweat
rates than adults, yet demonstrated higher sweat efficiency—losing more heat through
evaporation relative to the amount of sweat produced. The authors suggest this may be
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due to smaller sweat drops in children, which are less likely to coalesce and drip. Greater
sweating efficiency may also be a result of the higher Tsk in children caused by greater dry
heat gain in extreme heat, due to their larger surface area-to-mass ratio [22]. A higher Tsk

is linked to a higher sweat temperature, which, in turn, facilitates evaporation. Moreover,
lower sweat rates could slow down dehydration, enabling children to better withstand
heat stress [22]. However, there is a lack of infant-specific data, leaving sweat efficiency
and its role in managing heat stress in infants largely unexplored.

Thus, wet heat loss by sweating, together with dry heat loss, is an essential part of ther-
mal control in infants directly after birth. The size of sweat glands in infants is even smaller
than in children [58], and little is known about their actual sweating capacity or efficiency.
Only one study has directly compared infant sweat rates to those of older children and
found no significant differences in sweat rate per BSA across age groups [16]. How infants’
sweat rates compare to those of older individuals, and whether a lower rate indicates a
limitation of their thermoregulatory system or a different strategy—accounting for their
larger surface area-to-mass ratio, as suggested in children—requires additional research.

3. Infant Core Temperature During Heat Exposure
Few studies exist that have investigated how the differences described above are

reflected in the ability to maintain a stable core temperature in infants during heat exposure.
Tsuzuki et al. [57] compared mother–child pairs (children aged 9 months to 4.5 years)
in a heat exposure study. The participants first spend 10 min in a thermoneutral room
(Ta 25 ◦C, Rh 50%, V < 0.2 m/s), before being exposed to a hot room (Ta 35 ◦C, Rh 70%,
V = 0.3 m/s) for 30 min, followed by another 30 min in the thermoneutral room. They
found no significant differences in the relative change of Tsk between the mothers and their
children. However, Trec in children and infants significantly increased upon entering the
hot room, while it remained stable in the mothers.

Under similar thermal conditions, Tsuzuki [16] investigated heat exposure in children
of different age groups. Infants under the age of one showed significant increases in Trec

compared to children two years and older. There were no significant differences in the
relative change of Tsk and whole-body sweat rate between the different age groups.

While both studies showed a more significant rise in Trec in infants, indicating less
stable core temperatures, it is difficult to determine how this rise relates to critical Trec limits
in children and infants. As argued by Falk and Dotan [22], ethical considerations prevent
researchers from allowing participants to reach their physiological limit. Consequently,
heat exposure ends before heat intolerance occurs, but rather once pre-determined Trec

thresholds are reached. These cut-off thresholds have often been based on adults. Ap-
plying them to infants may not be appropriate and might give them a definition-based
disadvantage or advantage.

Given these limitations, experimental studies are unlikely to resolve how close ob-
served increases in Trec come to critical thermal limits in infants, highlighting the need
for alternative approaches. Computational modeling—once a better understanding of
infant thermoregulation in general is established—could simulate responses under varying
thermal conditions. Additionally, wearable sensors could enable longer-term monitoring
during naturally occurring heat events.

Since heat stroke—a severe form of heat-related illness—is defined not only by elevated
core temperature but also by neurological dysfunction [61], assessing heat strain should
extend beyond temperature measurements alone. In adults, early neurological signs such as
deviations in walking patterns have proven useful in detecting the onset of heat stroke [62].
While comparable early markers have not yet been identified in infants, investigating
mild deviations in neurological responses—particularly during natural heat exposure or
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heat-related hospital admissions—could offer a way to better understand heat vulnerability
without experimental exposure to thermal limits.

4. Challenges of Researching Infant Thermoregulation
In addition to unclear Trec limits, several factors complicate conducting research on

infants’ thermoregulation. The first few months of life are characterized by rapid growth
and developmental changes, resulting in significant variability in surface area-to-mass
ratio among infants. Trec also shows considerable variability over the first year of life [63].
The variability within this population becomes even more complex when taking into
account other factors, such as sex, race, and ethnicity [64,65]. As a result, making broad
generalizations about infants is challenging.

Further challenges include controlling the infant’s rest state. Active behaviors, such
as crying, can alter an infant’s heart and metabolic rate, making it difficult to standardize
conditions. Additionally, infants cannot be asked to perform controlled physical activities to
reach a certain metabolic load, as is often done in research on thermoregulatory responses.

Moreover, tools and methods used to measure core temperature in adults are not
always suitable for infants. Trec has been commonly used to reflect core temperature;
however, its measurement can be distressing for infants and upsetting for parents [66,67].
Tympanic thermometers are rapid and noninvasive, but require correct use, such as using
the same ear in repeated measurements [68]. The Temple Touch Pro™ is a non-invasive
monitor for core temperature that uses the heat flux technique and provides accurate
readings in infants, but still requires further validation in extreme temperature ranges [69].
A balance must be struck between using validated, accurate methods while minimizing
discomfort for the infant.

Ethical considerations are central to any study involving infants, especially as they
cannot consent to participation and are completely reliant on caregiver protection. As a
vulnerable population, infants must be protected from any procedures that may cause
distress or harm. Ethical research design in this context requires measurement techniques
that are minimal in invasiveness, careful management of infants’ exposure to heat, and
continuous monitoring to avoid overheating or dehydration. Given the ethical constraints
on studying heat stress in this population, future research should focus on study designs
with minimal risks, such as those conducted in mild heat conditions, or consider alterna-
tive approaches, including computational models, infant thermal manikins, or naturally
occurring heat events.

5. Maturity of Infant Thermoregulation and Future Research Directions
As outlined in the sections above, there are key differences in infants compared to

children and adults. Infants have a relatively large surface area-to-mass ratio, which
facilitates heat dissipation when Ta is below Tsk. However, when Ta exceeds Tsk, this
could lead to more heat absorption, although the extent of this effect remains unclear. Size-
adjusted metabolic heat production is highest during infancy, peaking around 8–9 months,
during which infants must dissipate more heat per unit surface area to maintain thermal
balance [37]. Additionally, it is theorized that a higher proportion of infants’ blood volume
is directed to the skin during heat exposure, which could be beneficial for dry heat loss
when Ta is below Tsk but reduces central blood flow, potentially leading to symptoms of
heat intolerance. However, no studies have specifically investigated this in infants. Infants
have a lower sweat output per gland [57], with multiple hypotheses offering explanations,
including immature sweat glands, more efficient sweating, or a strategy to conserve water
and prevent dehydration [22].
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Overall, these differences do not seem to stem from an underdeveloped or immature
thermoregulatory system, but rather from infants’ large surface area-to-mass ratio and
high energy expenditure related to growth. Their unique physiological characteristics,
combined with a reliance on caregivers for behavioral thermoregulation, primarily shape
their vulnerability in extreme heat. The maturity of the sweating mechanism, however,
remains unclear. Further research is needed to better understand how all these aspects
affect core temperature in different thermal conditions, and how these responses compare
to those of children and adults.

Another important gap in current research is how infants acclimatize to heat. In adults,
repeated exposure to heat leads to physiological changes, including improved fluid balance
and cardiovascular stability that can reduce heat-related health risks [70]. Children seem
to acclimatize more slowly than adults [29], yet it remains unknown if infants develop
similar adaptations and at what rate. Understanding this could clarify whether the early
days of heat pose a higher risk due to lack of acclimatization or if proactive acclimatization
protocols could protect infants, as currently being explored in elderly populations [71].
Future research could assess physiological changes after short-term heat exposure to
mild heat, either in controlled settings such as climatic chambers (e.g., [72]) or during
natural heatwaves.

6. Recommendations for Protecting Infants from Heat-Related
Health Risks

Mitigating heat-related health risks for infants requires a multi-level approach. Care-
giver behavior plays an essential role in protecting infants from heat exposure. This
includes ensuring adequate hydration, dressing infants in light, breathable clothing, provid-
ing shade and cool environments, and recognizing early signs of overheating. For example,
caregivers should be mindful of carrying infants in a sling during heat, as this can limit
the ability of dry heat exchange [73], and covering a stroller with a dry muslin cloth can
raise temperatures inside, while the combination of a moist muslin cloth and a fan could
reduce temperatures [74].

These caregiver actions must be supported by broader public health strategies. Health
authorities and policymakers should include infant-specific guidance in national heat
warning systems and public awareness campaigns. Such materials should clearly outline
early signs of heat-related illness and dehydration in infants—such as excessive sweat-
ing, reduced urine output, few or no tears when crying, rapid breathing, and confu-
sion [75,76]—as well as safe cooling strategies and when to seek medical help. Health
professionals and educators also play a key role in disseminating evidence-based recom-
mendations to caregivers, such as revisiting commonly given advice like dressing infants
in “one extra layer” than adults [77]—which needs to be reconsidered in hot weather.

Additionally, it is important to recognize that heat may not only affect infants directly—through
heat strain—but also indirectly by increasing the risk of respiratory allergies, such as asthma,
potentially through oxidative stress and activation of the TRPV1 receptor pathway [78,79]. These
indirect effects on infant health further highlight the need for additional research and public health
strategies to protect infants from heat-related harm.

7. Conclusions
The mechanisms for thermoregulation are already present at birth in full-term infants.

Key differences in infants compared to older children and adults include a large surface
area-to-mass ratio, high size-adjusted metabolic rate, low sweat output per sweat gland,
and potentially high skin blood flow. Most of these differences do not appear to result from
an inherently immature thermoregulatory system, but rather from infants’ larger surface
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area-to-mass ratio and higher energy expenditure. Infants seem to have certain advantages
in heat dissipation during moderate heat (Ta < Tsk) but may face challenges during extreme
heat (Ta > Tsk). However, the overall impact of these mechanisms on heat tolerance in
infants is not yet fully understood.

A crucial factor in mitigating heat-related health risks for infants is providing care-
givers with appropriate education and support. While further research is needed to fully
understand the complexities of infant thermoregulation, immediate action should be taken
to protect infants during heat exposure. Such efforts are vital in reducing the risk of
heat-related health complications and thereby the vulnerability of this population.
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