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Abstract 

The goal of this short communication is to analyze a published discussion that states that long-

term residing at a thermoneutral indoor temperature condition hinders human thermal acclimation 

capacities. According to current research, human thermal acclimation and acclimatization 

capacities can be easily gained through repeated heat and cold exposures mixed with physical 

activity over a period of days (often 3–21 days). Furthermore, heat and cold adaptations are not 

permanent, and heat acclimation would progressively fade away if frequent heat exposures 

(associated with physical work/exercise) were discontinued. People who have been heat 

acclimatized for a long period and live in tropical places may progressively lose their physiological 

and perceptual benefits when they shift to temperate zones. On the other hand, the decay of cold 

acclimation and cold acclimatization has not been well examined, demanding future research on 

this area. To summarize, there is no evidence to support the claim that extended exposure to 

thermoneutral conditions impairs human acclimatization abilities. 

 

Keywords: thermal neutral; acclimation; acclimatization; adaptation; health; indoor environments  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 March 2022                   doi:10.20944/preprints202203.0079.v1

©  2022 by the author(s). Distributed under a Creative Commons CC BY license.

mailto:dr.famingwang@gmail.com
https://doi.org/10.20944/preprints202203.0079.v1
http://creativecommons.org/licenses/by/4.0/


 2 

A number of recent publications [1,2] argued that staying at an indoor  neutral temperature 

for the majority of the time impairs human thermal acclimatization abilities, resulting in decreased 

body thermal resilience. If the preceding argument is correct, inactive residents living in warm and 

temperate regions (e.g., Cfa regions according to Köppen and Geiger classification [3]) should 

have poor thermal acclimatization abilities when compared to residents living in other climate 

regions around the world. To the best of the author’s knowledge, there is currently no scientific 

evidence to support this argument. 

 

Thermal acclimatization occurs in natural climates and is specific to the residing climate 

condition and level of daily physical activity [4]. Similar positive physiological adaptation can 

also be achieved by thermal acclimation, which can be readily developed by intentionally and 

consistently exposing an individual to artificial heat or cold for a specific time (varies from 5-14 

days to 3-4 weeks) [5]. A thermally acclimated human body performs better at work and/or during 

exercise in both hot (or cold) and thermoneutral environments [6]. At present, the mechanisms of 

thermal acclimation induction and decay, particularly heat acclimation, are well understood. 

 

Heat acclimation (HA) and cold acclimation (CA) are the two types of thermal acclimation 

(TA). HA necessitates at least 2 hours of daily heat exposure training in combination with physical 

activity for a minimum of 3-4 days [7]. HA can be developed using short-term, medium-term, or 

long-term HA training programs [8,9]. Short-term HA training lasts 4-8 days, whereas long-term 

HA training lasts 10-21 days [10]. Longer HA training periods may result in better heat adaptations. 

Females typically require more training to become completely acclimated to heat in order to 

establish thermoregulatory and cardiovascular stability [10]. It is widely accepted that HA-induced 

thermoregulatory benefits should be complete after 10 to 14 days of heat exposure [11]. 

Nonetheless, physiological tolerance improvements may require longer heat exposure times [12]. 

HA has been shown to improve the thermoregulatory system, fluid electrolytes, metabolism, the 

cardiovascular system, and sensory/receptor perception [13]. Table 1 tabulates the various types 

of adaptative changes and their demonstrated benefits. 

 

Table 1 HA induced adaptation changes and their possible demonstrated benefits [4, 6, 13] 
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HA induced adaptation 

changes 

Improvements 

Thermoregulatory adaptations Reduced core temperatures during rest and work/exercise, 

lowered skin temperatures, improved sweating capability 

(e.g., early sweating onset), improved skin blood flow 

Fluid electrolyte adaptations Improved fluid balance, decreased sweating electrolyte 

losses, increased body plasma volume 

Metabolic adaptations Decreased metabolic rate, decreased lactate threshold & 

muscle lactate, increased skeletal muscle force generation 

Cardiovascular adaptations  Increased stroke volume & cardiac output, enhanced cardiac 

efficiency & cardiac pressure generation, reduced heart rate 

Thermoreceptor sensory 

adaptations 

Reduced thermal sensation, improved thermal discomfort, 

improved exertion perception 

Molecular adaptation Increased heat shock protein  (HSP) levels, altered HSP 

expression patterns.  

 

The thermoregulation and metabolic adaptations shown in Table 1 can significantly 

improve the heat transfer from the core of the body to the peripheral skin, alleviating thermal strain 

in hot environments and thereby improving work and exercise performance [14]. 

 

In recent decades, cold acclimation (CA) and cold acclimatization (CAT) have received far 

less attention than heat adaptation. CA is an adaptation to a single stimulus, such as cold 

temperatures. Cold acclimatization occurs naturally as a result of living and working in cold 

regions. CAT reflects a variety of stimuli, including cold temperatures. People living in the 

circumpolar region, for example,  are not only subjected to cold temperatures, but their diet and 

daytime length differ significantly from those living in other regions of the world [15-17]. There 

are three known types of cold acclimatization: habituation, local acclimatization, and whole-body 

acclimatization. Habituation can be developed by exposing the body to short-term severe cold. 

Habitation improves both perceptual and physiological responses to cold. Noticeable perceptual 

benefits may include reduced thermal sensation, thermal discomfort, and pain sensation, while 

physiological benefits may be demonstrated by reduced blood pressure, decreased plasma 
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concentration of noradrenaline, reduced shivering, reduced metabolic rate, reduced heart rate, and 

reduced respiratory rate. Local acclimatization is often developed in human hands. Better blood 

circulation in the hands is often observed among locally cold acclimatized people. Meanwhile, the 

phenomenon of cold-induced vasoconstriction in locally acclimatized people is weaker than that 

in unacclimatized people. Whole-body CA can be developed in as little as 10 days [15]. Unlike 

heat adaptation, which results in a fairly uniform thermoregulatory changing pattern across 

individuals from different regions, whole-body CA results in four types of adaptation depending 

on the severity of cold stress and personal factors such as diet, fitness, and body fat content [18, 

19]: metabolic, hypothermic, insulative and insulative-hypothermic acclimation. The 

characteristics of these four distinct adaptation patterns are shown in Table 2. 

 

Table 2 Whole-body cold adaptation patterns and their characteristics [17-23] 

 

Cold adaptation patterns Characteristics  

Metabolic adaptation Unchanged core temperature, increased skin temperature, 

increased metabolic rate, enhanced shivering thermogenesis & 

non-shivering thermogenesis (found in Alacaluf Indians and 

Eskimos) 

Hypothermic adaptation Decreased core temperature, decreased metabolic rate, unchanged 

skin temperature (found in bushmen of the Kalahari Desert and 

Peruvian Indians) 

Insulative adaptation Unchanged core temperature, unchanged metabolic rate, decreased 

skin temperature, enhanced vasoconstriction, improved muscle 

blood slow redistribution (body heat towards the subcutaneous 

shell) (found in coastal aborigines of tropical northern Australia) 

Insulative-hypothermic 

adaptation 

Unchanged metabolic rate, decreased skin temperatures, decreased 

core temperature, sustained cutaneous vasoconstriction reaction 

(found in central Australian aborigines, nomadic Lapps, and 

Korean & Japanese women divers) 
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Whole-body cold water immersion has been widely used to develop the four cold 

adaptation patterns depicted in Table 2. Hypothermic cold acclimation can be achieved in 9 days 

by immersing the entire body in cold water at 15 °C for 20-60 min per day. Insulative cold 

acclimation may be achieved by immersing the entire human body in 18 °C cold water for 90 min 

per day, five days per week, for a total of five weeks. However, the cold exposure programs 

described above may not always result in the same pattern of cold adaptation in different ethnic 

groups. The exact factors influencing cold adaptation patterns induced by chronic cold exposure 

are still unknown. Cold acclimation types may be influenced by the intensity and extent of body 

cooling, cold exposure frequency and duration, and individual factors such as body composition 

and physical fitness [20, 21]. 

 

Adaptations to heat and cold are not permanent. The decay of heat acclimation has been 

extensively investigated [12, 22-26]. First, heat acclimation would gradually fade away if the 

repeated heat exposures (combined with physical work/exercise) are discontinued. The 

physiological and perceptual benefits of heat acclimation may last for about a week before fading, 

with approximately 75% lost within 4-6 days or three weeks of the heat exposure ceasing [12,26]. 

In a systematic review and meta-analysis conducted by Daanen et al. [25], a 2.5% daily decay in 

heart rate and core temperatures was deduced from reported literature studies. Thus, the HA-

induced physiological and perceptual benefits are expected to disappear after about 40 days of no 

heat exposure. Though the number of HA training days had no effect on the decay in heat 

adaptations, it did have an effect on sweating rate decay. That is, the longer the HA period, the less 

sweating rate decay could be observed [26]. On the other hand, re-acclimation during the decay 

period occurs faster than initial heat acclimation. Furthermore, exposing for a day or two in cool 

temperature conditions would not interfere with HA. Nonetheless, exposure to cold conditions for 

over 4 days may hasten the decay of HA [27]. Furthermore, after achieving HA, training and HA 

can be alternated every second or third day [7]. Long-term heat acclimatized people living in 

tropical regions may gradually lose their physiological and perceptual benefits (heat dissipation 

response, thermoregulatory responses, body fluid regulation functions, etc.) when they migrate to 

temperate regions [28-32]. Heat tolerance gained from long-term heat acclimatization also 

decreased gradually after relocating to a temperate region, confirming that long-term heat 

acclimatization is a partially phenotypic phenomenon [32]. Some of the benefits may last longer 
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than four years, though some aspects of heat adaptation may have decayed significantly in a short 

period of time [31]. To date, it is unknown how long it takes for an individual to regain complete 

heat acclimatization after returning from temperate regions to tropical regions where they were 

born and raised.  

 

There is currently no information available on the decay of cold acclimation and cold 

acclimatization, necessitating further investigation. Jones et al. [33] investigated the effects of cold 

acclimation on physiological and perceptual responses while working in hot conditions. The 

findings suggest that cold acclimatization ability is unlikely to be associated with an increased risk 

of thermal strain when subjected to physical activity in hot environments, implying that cold 

acclimation does not pose a higher risk of hyperthermia during subsequent work and exercise in 

hot environments. 

 

Based on reported results of preceding studies [4-33], it is safe to conclude that thermal 

acclimation can be easily obtained through heat/cold exposures combined with physical activity 

training. If an individual is healthy, staying in thermoneutral indoor and outdoor environments for 

an extended period of time should not affect thermal acclimatization (acclimation) abilities. 

Physical, genetic and behavioral traits have all been rigorously tested and well evolved over the 

long period of human evolution. Human thermal adaptation (morphological, chemical, functional, 

and genetic alterations that may aid the body in mitigating thermophysiological strain when 

exposed to thermal stress) [4] and thermal tolerance (the ability of an organism to survive a 

normally lethal thermal stress) [34]  abilities are far more powerful than previously thought. In 

conclusion, there is no  scientific evidence to support the argument that staying in a neutral 

temperature most of the time impedes human thermal acclimatization abilities, resulting in 

decreased thermal resilience. 
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