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•  Introduction	to	acclimatization	
•  Physiological	adaptations	of	acclimatization	
•  How	long	to	acclimatize?	
•  What	about	decay	of	acclimatization?	
•  	How	long	to	re-acclimatize	after	absence?	
•  Acclimatization/Re-acclimatization	Guidelines	



EXERTIONAL HEAT ILLNESS 

•  Exertional	heat	illness	is	a	risk	for	workers	in	hot	
environments.	

Fatal	illnesses	
(n=14)	

Nonfatal	
illnesses	
(n=11)	

Total	sample	
(n=25)	

Unacclimatized	
	n	(%)	

11	(78.6)	 1	(9.1)	 12	(48.0)	

Tustin	AW,	Lamson	GE,	Jacklitsch	BL,	et	al.	Evaluation	of	Occupational	
Exposure	Limits	for	Heat	Stress	in	Outdoor	Workers	—	United	States,	
2011–2016.	MMWR	Morb	Mortal	Wkly	Rep	2018;67:733–737.	



PHYSIOLOGY OF ACCLIMATIZATION: 
HEART RATE 

•  Decreased	heart	rate	for	a	given	intensity	
•  Increased	plasma	volume		
•  Increased	stroke	volume	
•  Increased	skin	blood	flow	
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PHYSIOLOGY OF ACCLIMATIZATION: 
CORE TEMPERATURE 

•  Decreased	core	temperature	for	a	given	workload	
•  Decreased	threshold	for	the	onset	of	sweating	
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PHYSIOLOGY OF ACCLIMATIZATION: 
SWEAT RATE 

•  Greater	sweat	rate	
•  More	dilute	sweat	
•  Sweat	at	a	lower	core	temperature	
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AND… 

•  Decreased	perceived	exertion	
•  Reduced	oxygen	demand	at	a	given	intensity	
•  Fitness	confers	an	advantage	to	acclimatization	



CURRENT ACCLIMATIZATION 
GUIDELINES 

•  Occupational	Safety	and	Health	Administration:	
–  5	days	beginning	with	50%;	increase	to	100%	by	day	5	

•  National	Institute	for	Occupational	Safety	and	
Health:	
–  5	days	beginning	with	20%;	increase	20%	each	day	

•  Mining	Safety	and	Health	Administration	
–  6	days	beginning	with	50%;	increase	20%	each	day	

•  Military	guidelines	
–  2	weeks	



HOW LONG TO ACCLIMATIZE? 

•  n	=18	
•  Evidence	of	acclimatization	=	plateau	in	core	
temperature	over	last	30	minutes	for	3	days	

•  à	6	days	for	acclimatization	
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•  Adaptations	in	heart	rate	and	core	temperature	
occur	in	5	days	with	daily	heat	exposure.			
–  Increased	duration	of	daily	heat	exposure	improves	core	
temperature	adaptations.	

–  Increased	WBGT	improves	sweat	rate	adaptations.	

SYSTEMATIC REVIEW

Heat Acclimation Decay and Re-Induction: A Systematic Review
and Meta-Analysis

Hein A. M. Daanen1 • Sebastien Racinais2 • Julien D. Périard2,3

Published online: 11 November 2017
! The Author(s) 2017. This article is an open access publication

Abstract
Background Although the acquisition of heat acclimation

(HA) is well-documented, less is known about HA decay

(HAD) and heat re-acclimation (HRA). The available lit-
erature suggests 1 day of HA is lost following 2 days of

HAD. Understanding this relationship has the potential to

impact upon the manner in which athletes prepare for
major competitions, as a HA regimen may be disruptive

during final preparations (i.e., taper).

Objective The aim of this systematic review and meta-
analysis was to determine the rate of HAD and HRA in

three of the main physiological adaptations occurring

during HA: heart rate (HR), core temperature (Tc), and
sweat rate (SR).

Data Sources Data for this systematic review were

retrieved from Scopus and critical review of the cited
references.

Study Selection Studies were included when they met the

following criteria: HA, HAD, and HRA (when available)
were quantified in terms of exposure and duration. HA had

to be for at least 5 days and HAD for at least 7 days for
longitudinal studies. HR, Tc, or SR had to be monitored in

human participants.

Study Appraisal The level of bias in each study was
assessed using the McMaster critical review form. Multiple

linear regression techniques were used to determine the

dependency of HAD in HR, Tc, and SR from the number of
HA and HAD days, daily HA exposure duration, and

intensity.

Results Twelve studies met the criteria and were system-
atically reviewed. HAD was quantified as a percentage

change relative to HA (0% = HA, 100% = unacclimated

state). Adaptations in end-exercise HR decreased by 2.3%
(P\0.001) for every day of HAD. For end-exercise Tc, the

daily decrease was 2.6% (P\0.01). The adaptations in Tc
during the HA period were more sustainable when the daily
heat exposure duration was increased and heat exposure

intensity decreased. The decay in SR was not related to the

number of decay days. However, protracted HA-regimens
seem to induce longer-lasting adaptations in SR. High heat

exposure intensities during HA seem to evoke more sus-

tained adaptations in SR than lower heat stress. Only eight
studies investigated HRA. HRA was 8–12 times faster than

HAD at inducing adaptations in HR and Tc, but no dif-
ferences could be established for SR.

Limitations The available studies lacked standardization in

the protocols for HA and HAD.
Conclusions HAD and HRA differ considerably between

physiological systems. Five or more HA days are sufficient

to cause adaptations in HR and Tc; however, extending the
daily heat exposure duration enhances Tc adaptations. For

every decay day, * 2.5% of the adaptations in HR and Tc
are lost. For SR, longer HA periods are related to better
adaptations. High heat exposure intensities seem beneficial

for adaptations in SR, but not in Tc. HRA induces adap-

tations in HR and Tc at a faster rate than HA. HRA may
thus provide a practical and less disruptive means of

maintaining and optimizing HA prior to competition.
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ACCLIMATIZATION, DECAY AND 
REACCLIMATIZATION: HEART RATE 



ACCLIMATIZATION, DECAY AND 
REACCLIMATIZATION: CORE 
TEMPERATURE 



DECAY OF ACCLIMATIZATION 

	
•  For	every	decay	day,	≈	2.5%	of	adaptations	in	heart	
rate	and	core	temperature	are	lost.		

•  Rate	of	decay	in	core	temperature	can	be	reduced	
with	increased	duration	and	decreased	exposure.		
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RE-ACCLIMATIZATION TO HEAT 

•  OSHA:	
–  5	days	after	2	weeks	away	

•  MSHA:	
–  4	days	after	8	days	away;	
Beginning	with	50%	

•  NIOSH	
–  4	days	begin	with	50%	



RE-ACCLIMATIZATION TO HEAT 

•  Research:		
–  4	days	after	2	weeks	away		
–  5	days	after	4	weeks	away		



PROPOSED HEAT ACCLIMATIZATION 
TABLES 

•  Heat	stress	is	based	on:	
– Environmental	conditions	
– Metabolic	rate	
– Clothing	
	



ACCLIMATIZATION GUIDELINES  
ACCORDING TO TEMPERATURE AND WORK 
RATE 

Recommendations	for	Heat	Acclimatization	for	Warm	Conditions	
		 Light	Work	(125	-	275	W)	 Moderate	Work	(275	-	375	W)	 Hard Work (375 - 475 W)

		
Time	Spent	

working	in	hot	
environment	

Heat	
Acclimatization	

Days	

Time	Spent	
working	in	hot	
environment	

Heat	
Acclimatization	

Days	
Time	Spent	working	
in	hot	environment	

Heat	
Acclimatization	

Days	WBGT	℉	
78-81.9 90-100% 2 - 3 70-100% 3 - 5 50-100% 6	
82-84.9 80-100% 2 - 4 70-100% 3 - 5 50-100% 6	
85-87.9 70-100% 3 - 5 60-100% 4 - 6 50-100% 6	
88-89.9 60-100% 4 - 6 50-100% 6	 50-100% 6	
90+ 50-100% 6	 50-100% 6	 50-100% 6	



RE-ACCLIMATIZATION GUIDELINES  
ACCORDING TO TEMPERATURE AND WORK 
RATE 

Recommendations	for	Re-Acclimatization	for	Warm	Conditions	
Routine	
Absence	 Absence	Due	

to	Illness	

GREEN	

Day	1	 Day	2	 Day	3	 Day	4	 Day	5	
< 4 -- 100	 		 		 		 		
4-5 1-3 90	 100	 		 		 		
6-12 4-5 80	 90	 100	 		 		
12-20 6-8 60	 80	 90	 100	 		

>20 >8 50	 60	 80	 90	 100	

Routine	
Absence	 Absence	Due	

to	Illness	

YELLOW	

Day	1	 Day	2	 Day	3	 Day	4	 Day	5	
< 4 -- 90	 100	 		 		 		
4-5 1-3 80	 90	 100	 		 		
6-12 4-5 70	 80	 90	 100	 		
12-20 6-8 60	 70	 80	 90	 100	

>20 >8 50	 60	 70	 80	 90	

Routine	
Absence	 Absence	Due	

to	Illness	

RED	

Day	1	 Day	2	 Day	3	 Day	4	 Day	5	
< 4 -- 80	 90	 100	 		 		
4-5 1-3 60	 80	 90	 100	 		
6-12 4-5 50	 60	 80	 90	 100	
12-20 6-8 50	 60	 70	 80	 90	

>20 >8 50	 60	 70	 80	 90	



CONCLUSION 

•  Establishing	heat	acclimatization	policies	is	crucial	in	
ensuring	worker	safety.	

•  Adaptations	of	acclimatization	can	be	accrued	in	5	to	
6	days	with	greater	benefits	with	longer	exposures.	

•  Acclimatization	is	lost	when	workers	are	away	from	
the	heat,	and	a	re-acclimatization	schedule	is	
warranted.	

•  Prudent	acclimatization	and	reacclimatization	
guidelines	should	take	into	account	environmental	
conditions	and	work	rate.	
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