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Introduction
Thermal comfort can be broadly defined as a physiological and 

psychological condition of content with the thermal conditions of 
the ambient environment as these are defined by the combined 
effect of temperature, humidity, and airflow [1]. Beyond the 
determination of the thermally acceptable thermal zones, research 
about thermal comfort in hospitals has been driven by the 
investigation about the influence of physiological thermoregulation, 
activity levels and clothing insulation, which are crucial modifiers 
of thermal comfort and significantly differ among health-workers, 
patients and visitors due to their different roles in the strictly 
controlled hospital environment, on thermal comfort votes, 
acceptable thermal conditions and the applicability of P.M.V. index  

 
[2]. Although mechanical air-conditioning of inpatients facilities 
remains the primary recommendation by regulatory institutions 
with international influence, such as [3,4], acceptable temperature 
and airflow rate in naturally ventilated wards stand between 8 °C 
and 28 °C and minimum 6 ACH, respectively [5]. The Category I 
of the EN15251 [6] adaptive thermal comfort standard has been 
presented as the sole suitable overheating assessment tool for 
naturally ventilated hospital spaces, including inpatient facilities. 
However, being applicable only in the 8.00-25.00 °C range of 
outdoor temperatures (running mean) has limited use for hospital 
wards across the equatorial zone. Furthermore, the ASHRAE 55 
standard [7], which was revised according to 21,000 fieldwork data 
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from 160 non-domestic buildings (hospitals were excluded) in four 
different continents including the equatorial zone, is suitable for 
the assessment of thermal comfort only among healthy adults in 
naturally ventilated spaces.

According to the sole data available regarding the energy 
consumption for hospital cooling, the most impoverished 
countries with the weakest health systems, which are found in 
highest concentration in Africa, have the lowest levels of energy 
consumption for hospital cooling [8]. Therefore, it is likely that as 
the current COVID-19 pandemic evolves across the Global South, 
naturally ventilated clinical spaces will be repurposed for the 
treatment of COVID-19 cases. In this article, a critical review of 

thermal comfort studies in hospital spaces is presented, with the aim 
to highlight gaps in knowledge about thermal comfort in naturally 
ventilated wards in hot-humid settings. Using the keywords of 
thermal comfort, overheating and hospital, systematic database 
searching in peer-reviewed articles being published from 1970 
to 2020 was conducted in ScienceDirect, PubMed and MEDLINE. 
Only sixteen studies were selected for this review. These were the 
only studies that combined on-site environmental and subjective 
measurements in occupied hospital spaces (Table 1). This review 
addresses the following key question: Which are the research gaps 
as regards thermal comfort in naturally ventilated hospital wards 
across the equatorial zone of the Global South?

Table 1: Overview of evidence collected during thermal comfort surveys, which combined objective and subjective measurements, in hospital spaces across the 
temperature and equatorial zones.

Authors
Location 

(Climate1 ) 
Season)

Cooling, 
Heating 
and Ven-
tilization 
Systems 
(Space 

Function)

Sample Size 
(Occupant 

Type)

Indoor R.H. 
(%) (Space 
Function)

Indoor Team. (°C) A.M.V. 
(Space 

function) 
(Occu-
pant 
type)

Long-term 
(Space function)

Spot. (Space function 
season) Neutral Comfortable 

(A.P.D.=20%)

Yau & 
Chew 

[23] Yau 
& Chew 

[24]

Kuala Lum-
pur, Malaysia 
(AF) (r. & dr.)

mechanical 
(non-cli.) 293 (st.)    23.20-26.50b+ 

(st.) 23.70-27.70b+  

Aziz-
pour, et 
al. [29] 
Aziz-

pour, et 
al. [27]

Cheras, Slon-
gor. Malaysia 

(AF)

mechanical 
(non-cli.)

188 (st. & 
vis.)    23.40-26.80*b 

(st.) (vis.) 21.20-25.50c+ 0.75 (st.) 
(vis.)

Nema-
tchoua, 

et al. 
(2017)4

Antsiranana, 
Madagascar 
(AW) (r. & 

dr.)

natural 
(non-cli.) 198 (pat.)  25.50-27.50+ (dr.) 

24.50-25.00+ (r.)  26.42b*(pat.) 23.20-26.80b+  

Sattaya-
korn, et 
al. [22]

Bangkok, 
Thailand 

(AW) (r. & 
dr.)

mechanical 
(cli.)

146 (st.) 
451 (pat.) 
331 (vis.)

43.00-85.00+ 
(w.r.) 40.00-
93.00+ (ex.r. 

& n.s.)

20.00-29.30+ 
(w.r.) 18.70-
29.30+ (w.r.) 

18.70-29.60+ (ex. 
r. & n.s.)

 

21.80-27.90+b 
(pat.) 22.00-
27.10+b vis.) 

24.10-25.60+b 

(st.)

21.80-27.90b+ 
(pat.) 22.0-
27.0b+ (vis.) 

24.10-25.60b+ 
(st.)

 

Khalid, 
et al. 
[20]

Kuala Lum-
pur, Malaysia 
(AF) (r. & dr.)

mechanical 
(in-pat.)

305 (pat.) 
84 (vis.)   23.50b* (pat.r.)  25.30b+ (pat.) 

25.50b+ (vis.)

 -0.90 
(pat.) 
-1.10 
(vis.)

Hwang, 
et al. 
[14]

Taiwan (Cfa) 
(s. & w.)

mechanical 
(in-pat.) 927 (pat.)    22.60-23.20b 

(w.) (pat.)
20.70-25.40b 

(w.)  

Khoda-
karami 

& 
Knight 

[21]

Iran (BWh, 
BWk) mechanical 79 (pat.) 41 

(st.)   
20.00-22.00c+(n.s.) 

22.00-24.00c+(pat.r) 
26.00-28.00c+(pat.r)

 
19.00-26.00b 
(st.) 22.50-

31.50b (pat.r)
 

Skoog 
[26]2,3

Sweden (Cfb) 
(s. & w.)

mixed (in-
pat.)

40(st.) 35 
(pat.)   

21.50b* (n.s.) (s.) 
21.40bc* (pat.r.) (s.) 

21.80b* (st.) (w.) 
21.60* (pat.r.) (w.)

  

3.50 (s.) 
(st.) 4.00 
(s.) (pat.) 
3.70 (w.) 
(st.) 3.90 
(w.) (pat.)
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Hashi-
guchi, et 
al. [19]

Fukuoka, 
Japan (Cfa) 

(w.)

mechanical 
(in-pat.)

36 Ppat.) 45 
(st.)

29.0037.00* 
day (pat.r.) 

<30.00* day 
(n.s.)

23.00-25.00+day 22.1-27.60c+ 23/3-
27.80b+    

Verhey-
en, et al. 

[17]

Belgium 
(Cfb)

mechanical 
(in-pat.) 99 (pat.) 59.4-69.2      

Pour-
shagh-
aghy, et 
al. [16]

Kermanshah, 
Iran (Csa) (s. 

& w.)

mechanical 
(in-pat.)

403 (sy. & 
pat.)       

Wang, et 
al. [18]

Taiwan (Cfa) 
(s.)

mechanical 
(cli. & in-

pat.)
     22.90-26.30  

De Giuli, 
et al. 
[11]

Padova, Italy 
(Cfa)

mixed 
mode (in-

pat.)

55 (st.) 35 
(pat.)

24.00-33.00+ 
(ortho.) 

22.00-32.00+ 
(in.med.)

 

26.80-28.30c+ (ortho.) 
26.30-28.20b+ (ortho.) 

24.00-25.10c+ (in.med.) 
23.90-26.00b+

   

Ferraro, 
et al. 
[13]

Central Italy 
(Csa) (au.)

mechanical 
(in-pat.)

19 (st.) 30 
(pat.)

30.90-
45.70* 20.90-24.30c+ 20.90-24.30*   0.61 (st.) 

(pat.)

Derks, 
et al. 
[12]

Netherlands 
(Cfb) (s. & 

au.)

mechanical 
(non-cli. & 

in-pat.)
132 (st.)

54.10*(d.) 
(s.) 

52.50*(e.) 
(s.) 

54.10*(n.) 
(s.) 

40.30*(d)
(a.) 

40.30*(e.) 
(a.) 

38.90*(n.) 
(a.)

20.00-25.00+ 
23.50*(m.) (s.) 
23.60*(e.) (s.) 
23.20*(n.) (s.) 
22.40*(d.) (a.) 
22.50*(e.) (a.) 
22.30*(n.) (a.)

 20.20-23.30d 
(st.)   

Alotaibi, 
et al. 
[25]

Jeddah, 
Saudi Arabia 

(BWh)(s.)

Mechanical 
(in-pat.) 120 (pat.) 41.51-

60.35* 20.24-25.48c+  25.59  0.32 
(pat.)

aan empty cell indicates the lack of evidence.

1according to the Köppem-Getter climate classification system [15].

2reported evidence in this table is combined with the information about the same thermal comfort survey published by Skoog et al. [26] and by Fransson.et al. [26]. 

3windows were open during the survey in summer, whereas during winter they remained dosed.

4results from hospital spaces were grouped with results from shopping malls

Space function: cli=clinical space (s) only. Non-cli. = nonclinical space (s) only. In-pat. =inpatient ward, pat. r = patient room, w. r. = waiting room, n. s = nurse station, 
ex. r. = examination room, ortho. = orthopedics, inmed. = internal medicine, mat. = maternity, onc. = oncology, neu. = neurology, gas. = gastro-enterology, ab. sur. 
= abdominal surgery, tho. sur. = thorovascular marshal.

Occupant type: st. = Staff, pat. =patient, vis. = visitors

Key statistics: = * = mean, + =min-max, day = daily

Season: s. = summer, w. = wisnter, a. = autumn, r. = Rainy, dr.= dry, au. = autumn

Time of the day/shift: m. = morning, n. = night, e. = evening

Environmental variables: b = operative temperature, c= air temperature, d = effective temperature

Discussion 

Mixed-methods thermal comfort field-surveys in hospital 
spaces in equatorial climates, which are limited to only five studies 
with three of them being conducted in Malaysia, failed to include 
the participation of hospitalized patients in naturally ventilated 
facilities (Table 1). Only Kushairi, et al. [9] performed a thermal 

comfort survey in an occupied open plan multibed ward in Kuala 
Lumpur, in Malaysia but without taking any environmental 
measurements, while [10] interviewed patients and took physical 
measurements in waiting across five hospitals in Antsiranana, 
in Madagascar. Low functional diversity of case-studies in both 
inpatient and outpatient facilities is evident among the thermal 
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comfort surveys across the equatorial zone, whereas the case-
studies across the temperate zone comprised in both surgical and 
medical wards with diverse specializations [11-18]. Across both the 
temperate and the equatorial zones, patients were the most studied 
type of hospital occupants, followed by hospital workers, whose 
responses were not differentiated according to their professional 
role in all the studies. At the same time, visitors have been included 
only in thermal comfort surveys in equatorial climates (Table 1). 
Female participants, especially among staff, prevailed in most of the 
samples across both the temperate and the equatorial zones [12,18-
21]. Whereas age distribution among patients covered a wide 
range of years (10-80 yrs) [2,14,21,22], most of the interviewed 
hospital workers and visitors were in their twenties, thirties, and 
forties [2,14,22,23,28]. Patients tended to have the highest clothing 
insulation values especially among the studies that included the 
additional insulation of the bedcoverings (0.49-1.84clo) [11,20,21], 
whereas nurses were the most physically active (1.10-1.70 met) 
[11,16,23].

Comparisons of acceptable thermal conditions between 
thermal comfort surveys in hospital spaces are limited by the 
lack of standardization in the reporting of the results as well as 
differences in the levels of thermal acclimatization among the 
participants, which were evident even between hospital spaces 
with similar functions, ventilation systems and outdoor climates 
(Table 1). These differences are indicated in the extensive range of 
outdoor temperatures and relative humidity levels were monitored 
during thermal comfort surveys in hospital spaces (Table 1). 
Recorded outdoor temperatures varied from 25.40 to 35 °C in Kuala 
Lumpur, Malaysia [20,24], between 23.80-48.80 °C in Saudi Arabia 
[25], from -0.40 to 18.70 °C in the Netherlands [12], between 0 
and 12 °C in Fukuoka, Japan [2], and above 29 °C in Belgium [17], 
while recorded outdoor relative humidity levels stood from 42.30 
to 89.30% in Fukuoka, Japan [2] and between 74.00 and 86% in 
Belgium [17]. Monitored indoor temperature ranges over both the 
rainy and dry seasons, were wider, varying from 20.00 to 29.30 
°C in air-conditioned waiting rooms in Thailand [22], than those 
recorded in naturally ventilated waiting rooms in Madagascar that 
stood between 24.50 and 27.50 °C [10] (Table 1). Differentiations 
in the mean indoor temperatures between air-conditioned clinical 
spaces with different uses in Sweden and Japan were low (below 
0.50K) [2,26] (Table 1). De Giuli, et al. [11] found that wind-driven 
indoor airflows through openable windows had a weak impact 
(below 0.20K) on the in the fluctuations of the indoor mean 
temperature and relative humidity values in mixed-mode spaces in 
a hospital in Italy [11].

Reported thermal sensation votes in different air-conditioned 
hospital spaces in Malaysia indicated lower levels of thermal 
discomfort than in air-conditioned spaces in Sweden with patients 
and visitors in general wards [20] and staff and visitors in non-
clinical spaces [27] feeling significantly cooler than patients in 
Sweden [26] (Table 1). Operative temperatures corresponding to 

“neutral” A.M.Vs. and to “slightly cool”, “neutral” and “slightly warm” 
A.M.Vs. were in the 23.20-27.70 °C range in mechanically and 
naturally ventilated non-clinical spaces in Malaysia and Madagascar 
[10,23,27]. Among the surveyed air-conditioned hospital spaces 
across the temperate zone comfortable temperatures varied 
between 22.40 (in winter) and 22.60 °C (in summer) in an 
orthopaedical ward in Sweden [26] and from 20.30 and 23.30 °C 
in clinical and non-clinical spaces in the Netherlands [12], while in 
hospital spaces in Iran comfortable temperatures stood between 
19.00 to 26.00 °C among staff, from 22.50 and 28.00 °C among 
patients covered with blankets and between 27.00 and 31.50 °C 
among patients without blankets [21]. The application of the PMV 
indexes according to the EN15121 (2008) and ASHRAE 55 (2013) 
standards resulted in the overestimation of thermal discomfort in 
the inpatient facilities in central Italy [13] and in Saudi Arabia [25] 
and the non-clinical spaces in Malaysia [27].

Limited evidence is provided in the published thermal comfort 
surveys in hospital spaces about the impact of seasonality, different 
spatial and temporal conditions, personal factors and the effect 
of humidity and airflow on thermal discomfort, especially among 
the studies across the equatorial climates. During summer 
unacceptability of the thermal conditions was higher than during 
winter in hospital spaces in the Netherlands [12]. The morning 
shift during winter and the evening shift during summer collected 
most of the discomfort votes in hospital spaces in Iran [16]. Low 
relative humidity levels adversely affected thermal comfort only 
during periods of high temperatures in an orthopaedical ward in 
Sweden [26]. Low airflow rates were linked with high levels of 
dissatisfaction with the indoor thermal conditions in inpatient and 
outpatient areas in a hospital in Taiwan [12]. Gender and age-based 
differences were found to be statistically significant only among 
the interviewed patients in the air-conditioned wards in central 
Italy, where female patients reported higher sensitivity to elevated 
temperatures and the coolest thermal sensations were expressed 
by patients older than sixty-five years [13].

Conclusion

The existing thermal comfort indexes of the EN15251 and the 
ASHRAE 55 standards cannot be applied for the assessment of 
thermal discomfort among patients being hospitalized in naturally 
ventilated wards with hot-humid conditions. There is no evidence 
about the thermal conditions and the perceived thermal comfort 
in operational naturally ventilated inpatient facilities across the 
equatorial zone, while the realized surveys in air-conditioned 
inpatient facilities across the equatorial zone have been applied 
to hospital spaces with limited functional diversity leaving an 
evidentiary gap as regards the thermal comfort-related challenges 
caused by the diverse operational requirements among spaces 
with diverse specialized functions. This lack of evidence becomes 
more important due to the limited interoperability of the findings 
from naturally ventilated wards across the temperate zone and 
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from the air-conditioned wards across the equatorial zone. This 
lack of interoperability is primarily driven by the differences in 
the levels of thermal acclimatization among the hospital occupants 
and the small size samples. These participants’ samples have 
been characterized by asymmetrical distributions of gender, 
age, clothing insulations and metabolic rates that limit their 
representativeness for hospital spaces across both the equatorial 
and the temperate zones. Furthermore, crucial aspects of thermal 
comfort in naturally ventilated spaces such as the effect of humidity 
and airflow and occupant-controlled window operation [10] have 
been overlooked from the existing thermal comfort surveys in 
mixed-mode and naturally ventilated spaces. Knowledge about 
occupant adaptive behaviors especially among those who are 
most vulnerable to thermal discomfort are fundamental for the 
efficient mitigation of overheating in hospitals [28]. Therefore, 
strategies for the mitigation of overheating in naturally ventilated 
wards across the equatorial zone that might be repurposed for 
the treatment of COVID-19 patients, although they are currently 
adversely affected by the significant lack of evidence, they can be 
greatly benefitted by studies that explore both environmental and 
behavioral performances in real-time in hot-humid clinical settings 
with limited resources [29].
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