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Abstract: This study investigated the effect of living (summer vs. winter) and working (morning vs.
afternoon) in a hot environment on markers of immune function and forearm strength. Thirty-one
healthy male gas field employees were screened before (between 05:30 and 07:00) and after their
working day (between 15:30 and 17:00) during both seasons. Body core temperature and physical
activity were recorded throughout the working days. The hot condition (i.e. summer) led a higher
(p<0.05) average body core temperature (~37.2 vs. ~37.4 °C) but reduced physical activity (—14.8%)
during the work-shift. Our data showed an increase (p<0.05) in lymphocyte and monocyte counts
in the summer. Additionally, work-shift resulted in significant (p<0.001) changes in leukocytes, lym-
phocytes and monocytes independently of the environment. Handgrip (p=0.069) and pinch (p=0.077)
forces tended to be reduced from pre-to post-work, while only force produced during handgrip
manoeuvres was significantly reduced (p<0.05) during the hot compared to the temperate season.
No interactions were observed between the environment and work-shift for any marker of immune
function or forearm strength. In summary, working and living in hot conditions impact on markers
of immune function and work capacity; however by self-regulating energy expenditure, immune
markers remained in a healthy reference range.
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Introduction

Human adaptation to varying degrees of heat stress re-
ceived great attention after the Second World War. Whereas
most of the early studies focused on the impact to soldiers®,
various experimentations were also performed to investi-

gate heat acclimation in workers such as mine labourers> >,
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However, these studies concentrated on performance and
work capacity but immune function received little attention.
Since this time, experimental studies have demonstrated
that both physical? and psychological stress® influence im-
mune function. Almost exclusively this research has been
conducted in a laboratory-based environment in response
to running on a treadmill or cycling on a stationary bicycle
rather than in response to field-based activity. Regardless,
the data shows that the extent of the impact on immune
function is dependent on the magnitude of the stress ex-
perienced by the individual®. For example, a passively-
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induced increase in body core temperature has been shown
to increase circulating leukocyte numbers”). Furthermore,
exercise-induced alterations in immune function, are de-
pendent on the intensity and duration of the activity itself in
addition to changes in body core temperature® 819,

Relatively few studies have investigated the combined
effect of working with the addition of heat stress on im-
mune function. Consensus amongst the limited data shows
that there is minimal impact on leukocyte numbers in
response to an exercise-induced body core temperature
increase of <1 °C'"""'¥). Due to ethical restrictions in
laboratory-based research, investigations are limited in the
extent and duration of the heat exposure investigated; how-
ever, field situations such as those observed in the mining
and fire fighting industries are not subject to these limita-
tions. Therefore, such workers might experience a greater
immune response than described in the literature. This is
very important to our knowledge-base as physical activity
induced changes in immune function have been proposed
to contribute to the development of heat stroke'®.

Working in the oil and gas industry requires, among
others, well-developed qualities of forearm force in order
to successfully perform specific tasks including the use of
tools. Decrease in force during isometric contractions of
both upper and lower extremities after either passive'> '
or active!” heating is evident at a body core temperature of
>38.5°C, even if such a decrease seems to be dependent of
the muscle considered'®. Although workers in a hot envi-
ronment are likely to reach such body core temperatures in
the afternoon'?, it is still unclear if working outdoors (812
h/day) during the summer months will induce a larger al-
teration in force production capacity compared to a neutral
test setting. Indeed, it has recently been reported that work-
ing in a hot environment can lead to a higher average body
core temperature than resting in neutral or hot environment
but not than continuously exercising in neutral environ-
ment'?. This study investigated the combined effect of
working and living in a hot environment on markers of
immune function and forearm strength.

Participants and Methods

A group of 31 non-acclimated Asian healthy male work-
ers (30 = 6 yr; 66 = 7 kg; 165 + 6 cm) from oil and gas in-
dustry took part in this study after providing their written
informed consent. All participants had their immune func-
tion and forearm strength assessed (constant temperature
of 22-24°C) before (between 05:30 and 07:00) and after a
regular work-shift (between 15:30 and 17:00) during a hot

W KNEZ et al.

(August; outside temperature: ~37°C (range 29-47°C))
and a temperate (January; outside temperature: ~17°C
(range 10-26°C)) season.

Body core temperature was continuously monitored
during the day (1 value per minute, precision 0.01°C) via
an ingestible radio-telemetric thermistor (VitalSense®
recording system, Mini Mitter, Respironics, Herrsching,
Germany). Physical activity was continuously monitored
by a tri-axial accelerometer (Actical, Respironics Inc.,
Germany) located on the hip (right side).

Blood, sampled from the antecubital vein, was drawn
before and after the work-shift into EDTA and serum
vacutainers and analysed to assess changes in the im-
mune cell counts of leukocytes, neutrophils, lymphocytes,
monocytes and eosinophils. Analysis was completed and
measured on the CELL-DYN 3700 SL analyser (Abbott
Diagnostics, Chicago, USA) and adjusted for blood vol-
ume changes using the method of Dill and Costill (1974)*”.

Maximal handgrip and pinch forces of the dominant
forearm were measured using transducers (Captels, St
Mathieu de Treviers, France). Participants were vigorously
encouraged to perform maximally during two voluntary
efforts (4s in duration with 30s of rest between each trial),
which were averaged for further analysis.

Participants were also tested during a specific work
task consisting of screwing two plates together with nuts
and bolts of mixed sizes fitting in holes of mixed sizes
randomly positioned on the plates. Participants were
instructed to carry out the task as fast as possible and the
outcome measure was time.

Statistical analysis

All data was coded and analysed using SPSS (v 18.0).
Two-way repeated-measures analysis of variance (ANOVA)
were conducted to investigate the main effects of the
season (hot vs. temperate) and working day (morning vs.
afternoon) along with possible interaction effects. Prior to
ANOVA tests, data were screened for normality, homoge-
neity of variance and presence of outliers. Multiple com-
parisons were made with the Bonferroni post hoc test. A
p-value <0.05 was considered as the cut-off for statistical
significance. Cohen’s d was used to represent effect size
with ~0.2 to 0.3 to denote a “small” effect, ~0.5 a “medium”
effect and >0.8 a “large” effect.

Results

Body core temperature, physical activity and blood pressure
The average body core temperature during the work-
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Table 1. Immune cell counts corresponding to changes in environment and work-shift (mean + SD)

Hot environment Neutral environment Reference

Parameters ANOVA

Pre-work Post-work Pre-work Post-work Range
Leukocytes (cells x 10%.1°1) 7.27+1.65 8.17+1.55 Wi 7.05+1.59 8.02+1.59 4.0-10.5
Neutrophils (cells x 10°.17") 3.61 £1.50 3.89+1.42 N/S 4.01+1.28 3.96+1.09 1.4-6.6
Lymphocytes (cells x 10°.171)  2.21 £0.70 2.76 £0.76 E*, Wt 1.98 +£0.49 2.51+0.71 1.1-3.5
Monocytes (cells x 10°.1°1) 0.60+0.13 0.66+0.14 E*, Wt 0.54+0.15 0.61+0.17 0.3-0.8
Eosinophils (cells x 10°.17") 0.55+0.45 0.54 +£0.40 N/S 0.44+0.34 0.47+0.35 <0.81

*p<0.05; tp<0.001. E=Environmental main effect, W=Working-shift main effect.

Table 2. Forearm strength and job specific skill values corresponding to changes in environment and work-

shift (mean + SD)
Hot environment Neutral environment
Parameters ANOVA
Morning Afternoon Morning Afternoon
Handgrip force (kg) 38.91+7.79 38.14+7.24 4242 +7.57 4091 +7.92 E*
Pinch force (kg) 7.51+£2.35 7.00+1.71 7.89+£2.03 7.60 £2.28
Specific task (s) 168.55 + 67.68 138.20 + 38.87 151.48 £48.20 132.30 £41.21 w#

* p<0.05; # p<0.01. E=Environmental main effect, W=Working-shift main effect.

shift was significantly (p<0.01) higher in the hot season
(37.4 £ 0.20°C) in comparison to a temperate environment
(37.2 £ 0.2°C). The normalised (acceleration) physical
activity was significantly lower (—14.8%) during the shift
in hot than in temperate environment (98 + 6 vs. 120 +
7x1073 g, p<0.01).

Immune function

Table 1 displays immune cell counts corresponding
to changes in environment and work-shift. Compared
to a temperate environment, living in a hot environment
resulted in an increase in lymphocytes (1.98 £ 0.49 vs.
2.21 + 0.70; p<0.025) and monocytes (0.54 + 0.15 vs.
0.60 £ 0.13; p=0.035). Analysis showed that a work-shift
had a significant impact on leukocytes (7.16 = 1.61 vs.
8.10 £+ 1.56; p=0.042), lymphocytes (2.09 + 0.61 vs. 2.63
+ 0.74; p<0.001) and monocytes (0.57 £ 0.14 vs. 0.64 =
0.16; p<0.001). Data analysis showed no interaction in the
combined impact of the change in the environment and the
effect of work-shift in any of the markers of immune func-
tion investigated.

Forearm strength

Handgrip force was lower during the hot than the
temperate season (p<0.05). Handgrip force (p=0.069) and
pinch forces (p=0.077) tended to decrease from pre-to
post-work-shifts. Whilst, the speed of the job specific skill
of screwing two metal plates together improved (p<0.01)
from pre-to post-work-shift (Table 2). Testing of a specific

task showed that participants were faster in screwing two
metal plates together in the afternoon as compared to the
morning (p<0.005, Table 2). There was no significant
(»>0.05) interaction between environment and work-shift
for any strength variable or for the specific task.

Discussion

This project was the first to determine the impact of
both living and working in a hot environment on mark-
ers of immune function and voluntary force production
capacity. Compared to a temperate condition, working in
a hot environment led to a moderate (4=0.50) increase in
average body core temperature (37.4 = 0.20°C vs. 37.2
+ 0.20°C), but with a corresponding decrease in energy
expenditure (—14.80%). However, the effects of the work-
shift on immune markers and forearm force were indepen-
dent of the environmental conditions.

Effects of environment

The present study showed that despite the large differ-
ences in environmental temperature between the hot and
the neutral environment, living in these hot conditions
(average summer temperature of 37°C, with diurnal
temperature up to 47°C) had very little impact on immune
cell counts. Data showed that lymphocytes and monocytes
increased in the hot environment compared to the neutral
environment but this change was minimal and remained
within a healthy range. This finding supports previous
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research that reported the circannual impact on both
lymphocytes and monocytes is minor and remains stable
across the year’". Furthermore, the moderate impact on
immune cell counts, in response to the hot environment
provides support for previous literature showing minimal
impact on immune cell number if body core temperature
does not increase by 1 °C!'™13) It is clinically relevant to
observe that such prolonged heat exposure did not mark-
edly alter the immune function.

Interestingly, handgrip but not pinch force was reduced
with heat exposure. Some decrement in maximal voluntary
force has recently been observed from the early stage of
an increase in central temperature during thumb abduction
in a laboratory setting'”. However, the effects of hyper-
thermia are different for different muscle groups (e.g. knee
extensors vs. plantar flexes)'®. The current data suggests
that voluntary muscle force production can be affected
during the hot environment (i.e summer months); however
this is dependent upon the muscle group considered. Inter-
estingly, this decrement was present after a day of work in
a hot environment, even when participants were tested in
a controlled and neutral environment. Future study needs
to investigate the time course of occurrence and decay of
such alteration along with the underlying mechanisms (e.g.,
motivational drop or physiological limitation).

Work-day

Irrespective of whether the participants worked in a neu-
tral or hot environment, an increase leukocyte, lymphocyte
and monocyte®? counts were observed from pre- to post-
work shift, but no change was observed in neutrophils. The
lack of any significant changes in circulating neutrophils
may be due to modest change in body core temperature.
Indeed, it has been suggested that both lymphocytes and
monocytes are more sensitive to changes in temperature
when exercising in the heat than neutrophils®. Notwith-
standing these changes, all of the counts remained within a
normal healthy range. It is therefore reasonable to suggest
that the modest increases observed in body core tempera-
ture (<1 °C) may explain the mild changes in immune cell
counts'> 13,

Previous research in physical activity and environmen-
tal stress has been conducted at a fixed work-load; physi-
cal activity at a fixed intensity >50% of VO;peak and has
resulted in an average body core temperature in excess of
38.5°C and an increase in leukocyte count'" 2* 2%, How-
ever, when participants’ final rectal temperature is modest
(37.6 °C), little impact on leukocyte count is observed®>.
In the current project there was no fixed working intensity
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but rather self-paced as attested by the significant decre-
ment in activity (—13%, p<0.01). This supports previous
research conducted on athletes in a hot controlled envi-
ronment that has shown that when given the opportunity
individuals will adjust their work-rate to maintain thermal
homeostasis®® 2. It appears that in the present study the
participants may have self-regulated their physical activity
and thereby enabling them to complete their tasks whilst
experiencing modest changes in body core temperature
and minimal impact on immune function.

The fact that total leukocytes, lymphocytes and mono-
cytes increased regardless of the environmental conditions
gives rise to the possibility that these changes were simply
due to a circadian effect. These results provide support
for previous research’? observing a nadir in leukocytes,
lymphocytes and monocytes in the morning (~09:00)
significantly increasing throughout the day to a peak
at approximately ~22:30-23:50 (p<0.0001, p<0.0001,
p=0.0009 consecutively).

Although not significant, it is also interesting to observe
that both handgrip and pinch forces decreased (—2.4% and
—4.5% respectively) between morning and afternoon test
sessions. None of these alterations were dependent of hav-
ing performed the work-shift in a hot or temperate envi-
ronment suggesting that changes in forearm strength may
reflect the acute fatigue due to the day of work without any
additional alteration specifically triggered by working in
hot environment. Despite the reduction in forearm force,
performance during the specific task was not impaired,
indeed it improved. This shows that maximal voluntary
force production capacity is probably not a good indicator
for performance of specific tasks in this population.

Conclusion

The present study showed that both living and working
in a hot environment impact markers of immune function
and forearm strength; however in the absence of hyper-
thermia these results remained within a healthy range
and therefore have limited biological significance. This
provides support for previous laboratory-based research;
when participants are provided with the opportunity, they
will self-regulate their work output and in a field environ-
ment this restricts the change in body core temperature be-
low a threshold response resulting in immune cell counts
not being clinically significant.
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