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Background: Occupational heat stress is a well-known problem, particularly in tropical countries, affecting
workers, health and well-being. There are very few recent studies that have reported on the effect of heat stress
on mental health, or overall health in workers, although socioeconomic development and rapid urbanization
in tropical developing countries like Thailand create working conditions in which heat stress is likely.
Objective: This study is aimed at identifying the relationship between self-reported heat stress and
psychological distress, and overall health status in Thai workers.

Results: 18% of our large national cohort (>40,000 subjects) often works under heat stress conditions and
males are exposed to heat stress more often than females. Furthermore, working under heat stress conditions
is associated with both worse overall health and psychological distress (adjusted odds ratios ranging from
1.49 to 1.84).

Conclusions: This association between occupational heat stress and worse health needs more public health
attention and further development on occupational health interventions as climate change increases
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xposure to extreme heat conditions has been
Efound to be hazardous to health and has been
linked in many studies to a range of illnesses and
premature death (1-4). Workers frequently exposed to
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heat in their workplace have been found to suffer heat
exhaustion, heat stroke, kidney disease, heart or lung
disease, accidents, and injuries (5-8). This is especially
true for those people whose occupation involves perform-
ing physical labor outdoors, who are exposed to higher-
than-normal ambient temperatures combined with the
body heat generated by the jobs themselves (7, 9).
Factors such as pre-existing disease, clothing, age,
gender, ability for heat acclimatization, level of physical
activity, and body size, can influence the health impact of
heat stress (6, 10, 11). Moreover, socioeconomic factors
such as income and urbanization can compound the
adverse health outcomes from heat stress (9). For
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example, poor farmers and laborers are at greatest risk of
heat stress due to prolonged heat exposure during hot
days, in contrast to urban workers who have middle or
high incomes, and are likely to install air conditioning in
their dwellings and offices (7). Additionally, infrastruc-
ture, buildings, roads, and other major physical structures
capture and absorb solar heat radiation in urban areas,
causing the temperature to rise faster and to higher levels
than in rural areas because of the ‘urban heat island
effect’ (12), thus laborers in urban areas may experience
the largest temperature-related health risk.

Kjellstrom et al. (7) have identified the potential
occupational health problems that climate change and
associated increased heat exposure might cause, especially
in low- and middle-income countries in tropical areas.
For example, heat stroke has been reported among
laborers in gold mines in South Africa, and heat stress
has been noticed to lower productivity among female
workers in a shoe factory in Vietnam (9). They suggest
that more research is needed on links between heat stress
and adverse health outcomes in working populations,
especially in developing countries.

We have conducted such preliminary research in Thai-
land, a tropical developing country with a large working
population commonly exposed to heat with both high air
temperature and humidity, particularly during the hot
season. Moreover, the mean temperature in Thailand has
already increased 0.74°C in the past 40 years, and it is
expected that extreme temperature events will become
more prevalent in the future (13). However, heat effects
on health have received little attention in Thailand and
there are very few studies on occupational heat stress and
heat-related illness (6, 14) and no published studies report
on the effects of heat stress at work on mental health in
the Thai context.

Berry et al. (15) illustrated that the increasing heat
exposure on workers in tropical countries as an effect of
climate change may indirectly cause psychological dis-
tress in workers due to reduced work productivity, lost
income, and disrupted daily social activity . Therefore,
here we present an analysis of self-reported mental and
overall health and their association with heat stress
among workers in a large national cohort study underway
in Thailand. We also note the influence of age, sex, job
type and location, income, education, and other work
hazards among a group experiencing socioeconomic
development, rapid urbanization, demanding jobs, and
long working hours in hot conditions.

Methodology

Data

The data derive from the baseline measurements of a
large national Thai Cohort Study (TCS) that began in
2005, researching the health-risk transition in the adult
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Thai population. The study began with a 20-page mailout
questionnaire covering social demography, work, health
and injuries, social networks and well-being, diet and
physical activity, and tobacco, alcohol, and transport.
There were 87,134 respondents aged 15-87 years enrolled
as distance learning students at Sukhothai Thammathirat
Open University (STOU). Further details about the
questionnaire data collection and the attributes of
respondents are given in Sleigh et al. (16).

Measurements

The information on individual experiences of heat stress
was derived from the question: ‘During the last 12
months, how often have you experienced at work high
temperatures which make you uncomfortable?”, which
76,113 respondents answered on a four-point scale
(‘often,” ‘sometimes,” ‘rarely, and ‘never’). For analysis,
self-reported occupational heat stress was dichotomized
into often or not often.

Outcomes assessed were self-reported poor overall
health and psychological distress. Poor overall health is
based on the first question of the Medical Outcomes
short form instrument (SF8) — ‘overall how would you
rate your health during the past four weeks (excellent,
very good, good, fair, poor, or very poor).” For analysis,
we combined the last two categories as ‘poor overall
health’ and the first four categories as ‘not poor overall
health.” Psychological distress is based on the three
anxiety-oriented questions of the standard Kessler 6
psychological distress questions: ‘in the past 4 weeks,
about how often did you feel ... (nervous, restless or
fidgety, or everything was an effort)” with answers on a
five-point scale (1 =all of the time, 2 =most of the time,
3 =some of the time, 4 =a little of the time, 5 =none of
the time). For our analysis, if the average response for the
three questions was less than or equal to 2, the
respondent was classified as psychologically distressed.

The population hierarchy for participant analysis is
shown in Fig. 1. Overall, most of those excluded did not
answer the questions regarding work or were not working
in paid employment for at least 40 hours per week. All
respondents reported age, sex, education, income, loca-
tion of job, job type, and five other hazards at work
(beside high temperature); data on these variables were
collected because they could confound or modify our
estimates of the association between overall health,
psychological distress, and occupational heat stress.

For analysis, age in years was divided into three
categories (1529, 30-44, >45), highest education was
divided into three categories (high school, diploma, or
university), monthly income (in Thai Baht) was divided
into four categories (‘up to 7,000, °7,001-10,000,
10,001-20,000,” and ‘20,001 and more’), and job location
was divided into three categories (Bangkok, urban-out-
side Bangkok, and rural). Some analyses were restricted
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During the last 12 months, how often have you experienced high
temperatures which make you uncomfortable?
n=76,113 (87.4 %) —‘often,’ ‘sometimes,’ ‘rarely,” and ‘never’

1
—10,856 missing responses
—165 do not know

[

Do you work for income?
n=70,250 (80.6 %) Yes’

—2,114 do not work
—3,749 missing responses

—

( How many hours do you usually work each week in all paid jobs?\
n = 45,698 (52.4%) ‘Work > 40 hours per weeks’

-10,861 missing response
J —13,691 work < 40 hrs/wk

.
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e Health outcomes n = 45,205 (51.9%)
Psychological distress

- Did you feel nervous?

- Did you feel restless or fidgety?

- Did you feel that everything was an effort?

Poor overall health

Qverall how would you rate your health during the past 4 weeksy

N |

—493 missing responses

Analyzing groups
‘Fulltime workers & heat stress at work’
n=40,913 (47.0%)

- Age 15-29 yrs (52%), 30—44 yrs (43%), and
45-66yrs (5%)
- Mean age of females (29 yrs) & males (32 yrs)

I

4,292 Missing responses
- Age/Sex/Region
- Current permanent home located
- Highest level of education
- Average personal monthly income
- Vibrations from hand tools or machinery
- Noise so loud that you raise voice to talk
- Temperatures too low
- Vapors, fumes, dust, or dangerous substances
- Handling dangerous products or substances

‘No other-work hazard complaints’
n=29,153 (33.4%)

1
— 11,760 Multi-hazard exposure
(multi-complainers)

Reported job type n = 24,907 (28.6%)

In your main income-earning job, how describe yourself?
-5,886 Professional; 470 Senior Managers; 2,970 Middle
managers; 12,648 Office assistant; 2,933 Manual workers

— 977 Skilled jobs,
— 3,011 other jobs
— 258 answer more than one job type

Fig. 1. Selection process for the analyzed population from the Thai Cohort Study data.

to the population providing information on job type
categorized as office job or physical job (those reporting
as ‘skilled workers” were excluded because we could not
categorize them further). Complaints about five other
hazards at work (vibrations from tools or machines, loud
noise, uncomfortably low temperatures, dangerous fumes
(vapors, chemicals, infectious agents), and touching
dangerous substances) were each also categorized as
often/not often and the ‘often’ results combined into
three levels (0 other complaints, 1-2 other complaints,
3-5 other complaints).

Data analysis

Data were digitized using Thai Scandevet software and
further processed using SPSS and Stata statistical
packages. The initial analysis group included 40,913
fulltime workers for overall heat stress analyses. Final
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heat stress analyses were restricted to the 24,907 workers
whose job type was known (allowing assessment of this
variable) and who did not make non-thermal work hazard
complaints (preventing any influence on the results of
adverse effects of ‘multiple hazard complainers’).

Summary statistics (means and proportions by variable
category and sex) were prepared for heat stress, age,
education, income, job, and work hazard complaints. All
explanatory variables (i.e. sex, age, job location, job type,
education, income, other work hazards) were assessed as
potential confounders of our estimates of heat stress
associations on health outcomes by investigating their
association with the exposure of interest (heat stress) or
the outcomes (overall health or psychological distress).
Both outcomes were assessed graphically for association
with heat stress and these analyses were broken down by
age group (15-29, 30-44, >45 years) and sex.
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The association between heat stress and overall health
or psychological distress was assessed by odds ratios
(ORs) and 95% confidence intervals. Using multivariable
logistic regression, these heat stress ORs were adjusted
for the influence of all confounding variables (sex, age,
job type, job location, education, income, and complaints
of other work hazards). These variables were also
evaluated as potential modifiers of heat stress associa-
tions by stratified analyses that estimated the ORs
separately for each category (i.e. by sex, age group,
education group, income group, complaint group, job
location, job type and by the joint effect of job type
and location). Each stratified OR was adjusted for the
confounding influence of other explanatory variables (e.g.
sex, age group, etc.).

Finally, using stepwise logistic regression to include only
significant confounders and heat stress interaction terms,
models were prepared to show the fully adjusted heat
stress association on overall health and on psychological
distress. The final model for the 40,913 fulltime workers
for overall health included heat stress, sex, age, education,
other complaints, job location, and two interaction terms
(education x heat, and other complaints x heat). The final
model for psychological distress included heat stress, sex,
age, education, income, other complaints, job location,
and an interaction term for other complaints x heat. When
job type was offered for the stepwise models and these
workers were potentially exposed to heat stress only
(restricted data set, n =24,907), the final model for both
poor health and psychological distress included heat
stress, sex, age, and job location. There were no significant
interaction terms in these final models linking heat stress
to either health outcome.

Ethical issues

Ethical approval was obtained from STOU Research
Committee and the Australian National University Hu-
man Research Ethics Committee (ANU HREC). In-
formed written consent was obtained from all
participants.

Results

Characteristics of the cohort

Tables 1 and 2, and Fig. | present the main characteristics
of all 40,913 Thai cohort members who were fulltime
workers. Overall, 56% were female. More than half the
cohort was young, aged between 15 and 29 years (52%).
Nearly 20% of workplaces were located in Bangkok, 41%
were in other urban areas (outside Bangkok), and 39%
were in rural areas, 19% of classifiable jobs were physical
and 81% were based in an office. Compared with males,
females were younger and worked in Bangkok (22 vs 17%).
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On average, women had moderately higher educational
achievements whereas men had substantially higher
personal incomes. Overall, 5% of fulltime workers re-
ported often experiencing three to five other hazards
beside high temperature at work, more for males (6%)
than females (3%). Over 18% (n =7,476) of the analyzed
group reported they often experienced uncomfortably
high temperatures at work (Table 2). This problem was
worse for males (23%) than females (15%); also females
more frequently than males reported never experiencing
heat stress at work (27 vs 17%).

Associations of cohort attributes with heat stress,
overall health, and psychological distress

Heat stress exposure together with health and psycholo-
gical distress outcomes are summarized in Table 3. Here
we explore the associations of heat stress exposures and
health outcomes with potential confounders of the heat
stress effects. The prevalence of heat stress (‘often’
experiencing high temperatures at work (n=40,913))
varied considerably among subgroups and was notably
high for those with other complaints regarding hazards at
work. Nearly 5% of workers reported poor overall health
and this figure rose to 9% for those reporting often being
troubled by three to five other work hazards. Psycholo-
gical distress was more common; overall, it affected 8% of
workers and was reported by 20% of those with three to
five other work hazards.

In almost all instances the potential confounders
shown in Table 3 (sex, age group, education, income,
job type, job location, and other work hazard com-
plaints) were significantly associated with both the
exposure of interest (heat stress) and the two outcomes
(overall health and psychological distress). Accordingly,
our analyses of heat stress effects were adjusted for these
confounding variables, or restricted to exclude all those
respondents who had multiple work hazard complaints.

Effect of heat stress on overall health and
psychological distress

Figs. 2 and 3 reveal the positive association between heat
stress and poor health or psychological distress stratified
by age group and sex. This analysis was restricted to the
24,907 workers who did not complain of multiple work
hazards and whose job type was known. The association
between overall health, psychological distress, and occu-
pational heat stress are substantial and revealed no
consistent pattern with age. Generally, the adverse effects
of heat stress on poor health were worse for females; the
opposite association was noted for heat stress and
psychological distress, which was especially bad for males
aged between 15 and 29 years.
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Table 1. Socioeconomic and other attributes in a cohort of 40,913 fulltime workers in Thailand

Male Female Total

Attributes n % n % n %
Total 18,148 44.7 22,765 55.6 40,913 100.0
Job location

Bangkok 3,117 17.2 4,961 21.8 8,078 19.7

Urban 7,682 42.3 8,955 39.3 16,637 40.7

Rural 7,349 40.5 8,849 38.9 16,198 39.6
Job type?®

Office 11,708 81.0 17,042 85.2 28,750 83.4

Physical 2,741 19.0 2,970 14.8 5,711 16.6
Education

University 5,271 29.0 6,925 30.4 12,196 29.8

Diploma 4,900 27.0 8,208 36.1 13,108 32.0

High school 7,977 44.0 7,632 33.5 15,609 38.2
Personal income (Baht/month)

20,001 + 2,554 14.1 1,930 8.5 4,484 11.0

10,001-20,000 6,353 35.0 5,862 25.7 12,215 29.9

7,001-10,000 5,121 28.2 6,626 29.1 11,747 28.7

<7,000 4,120 22.7 8,347 36.7 12,467 30.5
Other work hazard complaints

No other complaints 12,669 69.8 16,484 72.4 29,153 71.3

Scored 1-2 items with ‘often’ 4,436 24.4 5,501 24.2 9,937 24.3

Scored 3-5 items with ‘often’ 1,043 5.8 780 3.4 1,823 4.5
Overall health

No poor overall health 17,484 96.3 21,503 94.5 38,987 95.3

Poor overall health 664 3.8 1,262 5.6 1,926 4.7
Psychological distress

Not psychologically distressed 16,807 92.6 20,714 90.99 37,521 91.71

Psychologically distressed 1,341 7.4 2,051 9.0 3,392 8.3

2Job type is available for analysis with 24,907 respondents (see Section ‘Methods’).

Modifications of the heat stress effects are summarized but none of these interactions are strong. Perhaps the
in Table 4. For both outcomes, the heat stress effects are most notable interaction is the attenuation of heat stress
increased for workers aged more than 45 years and for associations among those with multiple work hazard
the better educated, and for work located in rural areas, complaints; for example, the association of heat stress

Table 2. Reported heat stress at work in a cohort of 40,913 fulltime workers in Thailand

Experience high temperature

Often Sometimes Rarely Never Total
Sex n % n % n % n % n %
Males 4,081 22.5 6,187 34.1 4,743 26.1 3,137 17.3 18,148 44.4
Females 3,395 14.9 6,479 28.5 6,789 29.8 6,102 26.8 22,765 55.6
Total 7,476 18.2 12,666 30.9 11,532 28.3 9,239 22.6 40,913 100
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Table 3. Heat stress, poor overall health, and psychological distress by potential confounding factors in a cohort of 40,913

fulltime workers

Heat stress

Poor overall health Psychological distress

% OR? 95% Cl % OR® 95% ClI % OR? 95% Cl

Total 18.3 4.7 8.3
Sex

Males 22.5 1 3.8 1 74 1

Females 14.9 0.60™* 0.57-0.63 5.6 1.55* 1.40-1.70 9.0 1.24* 1.16-1.35
Age group (%)

15-29 18.2 1 51 1 99 1

30-44 18.6 1.02 0.97-1.07 45 0.87* 0.79-0.95 6.7 0.65* 0.60-0.70

>45 16.4 0.88* 0.78-0.99 3.9 0.71* 0.56-0.90 43 0.41* 0.33-0.52
Job location

Bangkok 14.0 1 5.8 1 95 1

Urban 18.6 1.39* 1.30-1.50 48 0.81* 0.72-0.92 8.3 0.86* 0.78-0.95

Rural 20.1 1.54* 1.43-1.66 41 0.70* 0.62-0.79 7.7 0.80* 0.72-0.88
Job type®

Office 10.6 1 39 1 6.6 1

Physical 14.3 1.40* 1.26-1.57 3.8 0.99 0.81-1.21 6.4 0.97 0.83-1.14
Education

University 15.3 1 49 1 78 1

Diploma 171 1.14* 1.06-1.22 4.7 0.99 0.88-1.11 89 1.16* 1.06-1.28

High school 21.6 1.562** 1.43-1.62 4.8 0.96 0.86-1.09 8.2 1.05 0.97-1.62
Personal income (Baht/month)

20,001+ 12.6 1 44 1 58 1

10,001-20,000 18.1 1.54** 1.39-1.70 4.5 0.99 0.83-1.17 71 1.26* 1.09-1.47

7,001-10,000 18.9 1.62* 1.46-1.78 5.0 1.16 0.98-1.37 8.8 1.56™ 1.36-1.81

<7,000 19.9 1.73* 1.57-1.91 51 1.17 0.98-1.38 9.9 1.77 1.55-2.06
Other work hazard complaints

No other complaints 114 1 39 1 6.3 1

Scored 1-2 items with ‘often’ 30.9 3.47* 3.32-3.67 6.7 1.75* 1.59-1.92 121 2.05* 1.91-2.24

Scored 3-5 items with ‘often’ 59.4 11.34* 10.26-12.54 8.9 2.48™ 2.09-2.94 19.5 3.60"™ 3.13-4.06

8Associations with heat stress, poor overall health, and psychological distress each expressed as crude odds ratios (ORs).
®Job type analysis is restricted to 24,907 respondents (see Section ‘Methods?’).

*P <0.05; **P <0.001.

and overall health (OR =1.75) compares to an OR of
1.22 for those with three to five complaints.

Table 5 shows crude and adjusted OR estimates for
associations between heat stress and poor health and
psychological distress outcomes. The adjusted ORs
derive from models that include age, sex, income,
education, job location, and other work hazard com-
plaints. Cohort members who experienced heat stress at
work had higher odds of poor overall health (crude
OR =1.67, P-value <0.001; adjusted OR =1.49, P-value
<0.001). They also had higher odds of psychological
distress (crude OR =2.22, P <0.001; adjusted OR =1.84,
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P-value <0.001). For workers who did not complain of
other work hazards and for whom job type was reported
(n =24,907), the adjusted heat stress models ORs for
poor health (1.80) and psychological distress (2.19) differ
little from previous estimates.

The final logistic regression models included all
significant confounders and all significant interactors
(see Section ‘Methods’ and footnote of Table 5). The final
ORs linking heat stress to poor overall health were
1.55 (n=40913) and 1.81 (when restricted to those
reporting job type and no other work hazard complaints,
n =24,907). For psychological distress, the corresponding
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% Poor overall health

15-29 3044 >45 15-29 3044 >45
Males Females

| I Notoften  NENNEE Often heat|

Fig. 2. Prevalence of reported ‘poor overall health’ by age
group, sex, and reported occupational heat stress in 24,907
Thai workers.

final adjusted ORs were similar for the two analytical
groups (2.21 for n=40,913 and 2.17 for n=24,907).
Accordingly, these final models show considerable and
consistent strength of association between heat stress and
health outcomes, and the confidence limits and p-values
show results unlikely to be due to chance.

Discussion

Statement of principal findings

These findings add to the limited literature on the
association between overall health, psychological distress,
and occupational heat stress of Thai workers (17). We
found heat stress exposure reported by nearly 20% of our
large national cohort, more frequently among laborers
and male workers, those with low incomes and low
education, and declining with age possibly due to an age-
related shift away from physical work. Occupational heat
stress was reported less frequently in Bangkok, probably
reflecting air conditioning in Thai cities, especially in
Bangkok (9).

% Psychological distress

1529 3044 >45 1529 3044 >45
Males Females

| NN Notoften NN Often heat|

Fig. 3. Prevalence of reported ‘psychological distress’ by age
group, sex, and reported occupational heat stress in 24,907
Thai workers.
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The proportion of male workers who reported poor
health and psychological distress declined with age. This
was especially noteworthy for psychological distress,
possibly reflecting longer work experience and the ability
to control emotions among older men. For women, the
trend of less psychological distress with advancing age
was similar. However, heat-stressed females did show a
trend of worsening overall health with increasing age,
which may reflect aging as well as more responsibilities
and daily stress from the mix of professional work and
homemaking once a family has formed. This finding is
similar to Lennon (1995), who found that women have
substantially higher psychological distress than men (18).
However, in our study, men aged between 15 and 29 years
reported the highest prevalence of distress (Fig. 3), which
may be linked to the high rates of suicide and distress in
young men in Thailand (19).

Our principal finding is that heat stress was strongly
and significantly associated with both poor overall health
and psychological distress, with adjusted ORs ranging
from 1.49 to 1.84. These epidemiological associations
remained substantial and highly significant statistically
when extensively adjusted for confounding (by age, sex,
income, education, and job location) and when restricted
to those who did not have other (non-thermal) work
hazard complaints (i.e. non-complainers). The strength of
association between overall health, psychological distress,
and occupational heat stress interacts weakly with an
array of other sociodemographic variables. However,
none of the interactions significantly modified the heat
stress associations.

Strengths and weaknesses of the study

Access to a large national cohort of 40,913 Thai workers
is the main advantage of this study. It represents working-
age Thais reasonably well for geographic location, age,
sex, and socioeconomic status (16). Cohort members are
better educated than average Thais of the same age and
sex, but this difference enabled us to gather complex heat
exposure and health outcomes on large numbers by
questionnaire. This is the first time such a study has
been attempted. The cohort shows a wide range of values
for the variables of interest, allowing us to investigate the
relationship between heat stress at work and health
outcomes.

Furthermore, we can be reassured of our results by the
restricted analyses of 24,907 workers with all the multi-
complainers excluded and job types known. The results
are similar to the overall analysis of 40,913 cohort
members that was adjusted for confounding and interac-
tion. However, this study could not directly establish that
these overall health problems and psychological distress
arose as a result of heat stress. There are some difficulties
in interpreting these data on exposure patterns and
associated health outcomes given that we cannot be
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Table 4. Stratified odds ratios revealing interaction of demographic and work-related variables with the association between

overall health, psychological distress, and occupational heat stress (n =40,913)

Poor overall health

Psychological distress

Variables Heat stress (n)? ORP 95% ClI ORP 95% ClI
Sex
Males 4,081 1.40* 1.17-1.69 1.95% 1.72-2.22
Females 3,395 1.55* 1.35-1.79 1.78* 1.59-1.99
Age group
15-29 3,906 1.38** 1.18-1.60 1.80** 1.62-2.01
30-44 3,234 1.57 1.31-1.87 1.86** 1.62-2.14
>45 336 1.83* 1.05-3.18 2.35* 1.42-3.88
Education
University 1,867 1.94* 1.58-2.37 2.04* 1.73-2.40
Diploma 2,240 1.26* 1.02-1.55 1.85* 1.60-2.15
High school 3,369 1.38* 1.15-1.66 1.70* 1.48-1.94
Income
20,001+ 563 1.76* 1.20-2.57 1.99* 1.42-2.77
10,001-20,000 2,214 1.55* 1.24-1.92 1.74* 1.47-2.06
7,001-10,000 2,215 1.39* 1.13-1.72 1.71* 1.47-2.00
<7,000 2,484 1.46* 1.20-1.77 1.99* 1.73-2.28
Complaint effect
No other complaints 3,324 1.75* 1.49-2.06 2.21* 1.96-2.49
Scored 1-2 items with ‘often’ 3,070 1.33* 1.12-1.58 1.54* 1.36-1.75
Scored 3-5 items with ‘often’ 1,082 1.22* 0.87-1.71 1.80** 1.39-2.32
Job location
Bangkok 1,133 1.36* 1.06-1.76 1.88** 1.55-2.29
Urban 3,089 1.49* 1.25-1.77 1.75% 1.54-2.00
Rural 3,254 1.53* 1.27-1.84 1.90* 1.66-2.18
Job type®
Physical 420 1.91* 1.21-3.00 1.87* 1.30-2.68
Office 2,338 1.79* 1.48-2.15 2.24* 1.94-2.58
Job location/type®
Bangkok/office 251 2.41* 1.52-3.80 2.62* 1.84-3.74
Bangkok/physical 58 0.91 0.25-3.18 1.10 0.36-3.38
Urban/office 945 1.84* 1.37-2.45 2.04* 1.62-2.56
Urban/physical 150 2.32* 1.13-4.75 1.41 0.75-2.65
Rural/office 1,142 1.55* 1.15-2.07 2.35** 1.90-2.90
Rural/physical 212 2.15% 1.08-4.28 2.49* 1.50-4.11

Number of respondents who reported heat stress at work (see Section ‘Methods’).
POdds ratios show within-strata estimates for heat stress associations adjusted for all other explanatory variables.

°Job type analysis restricted to 24,907 respondents (see ‘Methods’).

*P <0.05; **P <0.001.

sure that heat stress preceded adverse outcomes. More-
over, the source or nature of the heat stress or the work
situations was not categorized in this study. Indeed, we
were not able to make a direct measurement of work
environments or health outcomes, hence we must classify
this study as preliminary in nature. Therefore, there is
need for more detailed direct observations in informative

(page number not for citation purpose)

work settings to validate our findings and explore the
underlying mechanisms.

We were able to find only one other study (an
unpublished thesis) of thermal environment and mental
health in Thailand, among a small population of 90
workers in a seafood factory (17). This factory study did
not document heat stress (but did measure temperature);
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Table 5. The association between occupational heat stress, overall health, and psychological distress

Poor overall health

Psychological distress

Heat stress OR 95% ClI OR 95% CI

Heat stress (crude estimate)
n=40,913 Not often 1 1

Often 1.67* 1.50-1.85 2.22* 2.06-2.40
All variables (adjusted)?
n=40,913 Not often 1 1

Often 1.49** 1.32-1.66 1.84** 1.69-2.00
All variables (adjusted)®
Restricted n =24,907 Not often 1 1

Often 1.80** 1.51-2.14 2.19* 1.92-2.50
Final models
Final model includes interact terms®
n=40,913 Not often 1 1

Often 1.65* 1.87-3.38 2.21* 1.89-2.37
Final model®
Restricted n =24,907 Not often 1 1

Often 1.81* 1.52-2.15 217 1.90-2.48

*P <0.05; **P <0.001.

8Adjusted ORs derived from heat stress models that included sex, age, income, education, job location, and complaints (n =40,913) plus

job type (n =24,907).

PFinal model for estimating the association between heat stress and poor overall health includes all statistically significant confounders
(sex, age, education, complaints, job location), and the two significant interaction terms (education x heat and complaints x heat). Final
model for estimating the association between heat stress and psychological distress includes all statistically significant confounders (sex,
age, education, income, complaints, job location) and the one significant interaction term (complaints x heat).

°Final model in restricted group (n =24,907) for association between heat stress and both poor overall health and psychological distress
includes all statistically significant confounders (sex, age, and job location).

nor did it find evidence of widespread psychological
distress. Although, there are reports on occupational heat
exposure and comfort of workers, they do not usually
mention psychological distress or mental health problems
as a variable (11, 14). Therefore, our study is one of the
first to provide evidence on an association between heat
stress and psychological distress of workers.

Significance of this study

This is the first large-scale study of occupational heat
stress and adverse health outcomes in Thailand. The
findings of widespread heat stress and associated ill-
health are disturbing. This is particularly important at
present because we can expect that the existing problem
will worsen if global warming continues and workplaces
become even more thermally stressful. Given the con-
strained resources in middle-income Thailand, and the
possibility that psychologically stressful work is becom-
ing more widespread, our results on psychological
distress are of particular concern. If workers exposed to
excessive heat cannot cool down, they can experience
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severe psychological distress caused by heat-related
exhaustion or develop long-term conditions such as
chronic depression or chronic anxiety disorders (11, 20).
Furthermore, Ramsey (21) reported that heat stress
diminished mental ability and increased injury risks,
and others have noted increased suicide risk (15, 22, 23).

Future research

Occupational heat stress requires more public health
attention. Further studies are needed to accurately
characterize workplace humidity, air movement, radiant
temperature, health outcomes, and work performance in
various settings in Thailand, especially as the workforce
structure changes with economic development (24, 25).
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