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ABSTRACT

Aim The aim of this study was to investigate if working in
a cold environment and feeling cold at work are associated
with chronic pain (ie, lasting >3 months).

Methods We used data from the sixth survey (2007—
2008) of the Tromsg Study. Analyses included 6533 men
and women aged 30-67 years who were not retired,

not receiving full-time disability benefits and had no
missing values. Associations between working in a cold
environment, feeling cold at work and self-reported
chronic pain were examined with logistic regression
adjusted for age, sex, education, body mass index,
insomnia, physical activity at work, leisure time physical
activity and smoking.

Results 779 participants reported working in a cold
environment >25% of the time. This exposure was
positively associated with pain at >3 sites (OR 1.57;
95%Cl 1.23 to 2.01) and with neck, shoulder and leg pain,
but not with pain at 1-2 sites. Feeling cold sometimes

or often at work was associated with pain at >3 sites

(OR 1.58; 95% Cl 1.22 to 2.07 and OR 3.90; 95% Cl 2.04
to 7.45, respectively). Feeling cold often at work was
significantly and positively associated with pain at all sites
except the hand, foot, stomach and head.

Conclusion Working in a cold environment was
significantly associated with chronic pain. The observed
association was strongest for pain at musculoskeletal sites
and for those who often felt cold at work.

INTRODUCTION
By evolution, humans are not physiologically
fit to live in cold environments. To survive
in such environments, we must use different
strategies, such as insulating clothing, houses
and heating, which protect us from low
temperatures. However, these protective
measures may not be sufficient, as there is an
excess of deaths recorded during the winter
season. This excess is only partly explained by
seasonal diseases and thus indicates that even
moderately cold temperatures induce a strain
on the body and negatively affect health.'
Cold exposure can cause pain. Indeed,
immersing one’s hand in cold water is
commonly used as a test of pain tolerance.”
Exposure to a cold environment, at work or
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Strengths and limitations of this study

» The study has a high response rate (65.7%) which
increases the likelihood that it is a representative
sample of the working population.

» The observed associations in the present study are
consistent for pain at multiple sites and at specific
sites.

» The healthy worker effect may cause an underesti-
mation of the associations.

» The results are to some extent vulnerable to residual
confounding by other occupational risk factors.

during leisure time, can cause one to expe-
rience acute pain. In Finland, the reported
prevalence of musculoskeletal pain believed
by respondents to be caused by cold expo-
sure is as high as 30% for men and 27% for
women.” * Cold exposure is also known to
reduce both physical and cognitive perfor-
mance.” ® Cold temperatures may also have
subacute effects. Working in a cold environ-
ment has been found to be associated with
an increased prevalence of back, neck and
shoulder pain.7'10 In addition, it has been
suggested that working in a cold environment
is related to respiratory, cardiovascular and
dermatological complaints and diseases.""
Factors that affect workers’ thermal balance
are contact with water or cold surfaces,
humidity, air velocity, radiation, type of
clothing and the heat produced by executing
the work."”” A cold working environment is
defined as an environment with an ambient
temperature below 10°C."”" However, the
ambient air temperature might not be a good
measure of a worker’s heat loss. In a study
of seafood-processing workers, no relation-
ship was found between workers’ reports of
feeling cold and measured air velocity, air
temperature at the feet or air temperature 1.1
m above the floor."* This indicates that actual
cold exposure is difficult to measure. Some
studies have circumvented this problem by
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using self-reported cold experience as a measure of cold
exposure.” ' Among workers in the food processing
industry, self-reported experiences of cooling of the
neck, shoulder, wrist and lower back were associated with
a self-reported disadvantage in daily routines due to pain
at those sites.”” In a study of seafood industry workers,
feeling cold often at work was associated with musculo-
skeletal pain.'® Feeling cold often at work has also been
associated with an increased prevalence of symptoms
from skin and airways."*

These previous studies mostly used 12months prev-
alence, that is, musculoskeletal pain over the last 12
months, as the outcome. This includes acute periods
of pain within the past 12 months, but contributes no
information about the duration of pain. Chronic pain,
defined as pain lasting 3 months or longer, may be a
better measure of the impact on quality of life and future
work ability.'” '® However, there is a lack of studies on the
association between cold exposure and chronic muscu-
loskeletal pain or pain in other tissues. Therefore, the
main aim of this study was to investigate if working in a
cold environment and feeling cold at work are associated
with chronic pain. We hypothesise that exposure to a cold
work environment increases the prevalence of chronic
pain.

METHODS

Participants

The Tromsg Study is a prospective cohort study performed
in the municipality of Tromsg in Northern Norway. The

study currently consists of seven surveys, with the first
conducted in 1974 and the seventh in 2015-2016. Tromsg
has a coastal climate; the outdoor temperature is below
10°C for a major part of the year and seldom falls below
~10°C." This study includes participants from the sixth
survey of the Tromsg Study (Tromsg 6), which was carried
outin 2007-2008 and encompassed physical examinations
and extensive health questionnaires.”’ Of the 19762 indi-
viduals invited to Tromsg 6, 12984 (65.7%) participated.
The age of the participants ranged from 30 to 87 years.
We excluded participants who were retired, were above
retirement age (ie, 67 years), on full-time disability bene-
fits and those with missing values. Thus, the final study
population comprised 6533 men and women (figure 1).
The Regional Committee of Research Ethics approved
Tromsg 6 and this particular analysis.

Pain

Participants were asked ‘Do you have persistent or recur-
rent pain lasting 3 months or more’ (Yes/No), and if so,
at which anatomical site the pain was situated. The alter-
natives were jaw, neck, back, shoulder, arm (including
elbow), hand, hip, leg (including thigh, knee and calves),
foot (including ankle), head (including face), chest,
stomach, genitals, skin and other. Sites where participants
reported pain were then counted, and participants were
categorised as having: no pain, pain at 1-2 sites and pain
at 23 sites.

Cold exposure
The Tromsg 6 questionnaire included the question ‘Do
you work outdoors at least 25% of the time or in cold

[ 19,762 invited

J

A4

[ 12,984 participated ]

No consent to medical research, 3
Retired, 1101

Above retirement age, 2928

Full time disability benefits, 1294

—{ Missing values, 1125 ]

Number of included
participants: 6533

Figure 1
excluded and included in the present analysis.

Flowchart presenting number of subjects invited to Tromsg 6, those who participated in Tromsg 6 and those
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buildings (eg, storage/industry buildings)?’. Only those
who answered ‘Yes” were given an extra set of questions
about working in a cold environment in the second ques-
tionnaire. Among those questions were ‘Do you feel cold
at work?’ (yes, often/yes, sometimes/no, never).

Confounders

Possible confounders obtained from the questionnaires
were age, sex, education, insomnia, physical activity at
work, leisure time physical activity and smoking. Body
mass index (BMI) was calculated from weight and height
measured at the examination. BMI was categorised into
underweight/normal weight (<25kg/m?), overweight
(>25kg/m* and <30kg/m”) and obese (>30kg/m?*) in
the descriptive statistics, but it was included as a contin-
uous variable in the regression analysis. Insomnia was
assessed by the question ‘In the past 12 months, how
often have you suffered from sleeplessness?’ (never or
just a few times a year/1-3 times a month/approximately
once a week/more than once a week). Physical activity at
work was measured with the question ‘If you have paid or
unpaid work, which statement describes your work best?’
(mostly sedentary/requires a lot of walking/requires a
lot of walking and lifting/heavy manual labour). Leisure
time physical activity had four categories: sedentary, low,
moderate and hard. Sedentary was described as ‘reading,
watching TV or other sedentary activity’, low as ‘walking,
cycling or other forms of exercise at least 4hours per
week’, moderate as ‘recreational sports, heavy gardening
for at least 4hours per week’ and hard as ‘hard training
or sports competition, regularly several times per week’.
Smoking was categorised into current, former and never
smoker.

Statistics

Pearson %2 test was used to test differences in prevalence if
all cells had n>b; Fisher’s exact test was used if n<bh. T-test
was used for age. Multivariable logistic regression was
used to assess the association between working in a cold
environment >25% of the time and self-reported pain. All
statistical analyses were performed in Stata MP 15.

Patient and public involvement
There was no patient or public involvement in this partic-
ular substudy.

RESULTS

Participants

Among the 6533 participants included in the study, 779
reported to work in a cold environment >25% of the
time. These individuals were younger, were mostly men,
had lower levels of education compared with the rest
of the working population and had a higher BMI. They
were also more likely to have physically demanding work,
have lower levels of leisure time physical activity and to be
current or former smokers (table 1).

Out of the 779 workers who reported working in a cold
environment >25% of the time, 92 never felt cold at work,
635 felt cold sometimes and 52 felt cold often. The prev-
alence of chronic pain at different anatomical sites was
higher in those who often or sometimes felt cold at work
compared with those who never felt cold (table 2).

Multiple pain sites

Working in a cold environment >25% of the time was
significantly associated with pain at 23 sites after adjust-
ment (OR 1.57; 95% CI 1.23 to 2.01) (table 3).

n the fully-adjusted model, those who worked in a cold
environment 225% of the time did not have higher odds
for pain at 1-2 sites compared with those who worked
in a cold environment <25% of the time. When those
who worked in a cold environment 225% were divided
by frequency of feeling cold, feeling cold sometimes
and often was associated with pain at =3 sites (OR 1.58;
95% CI 1.22 to 2.07 and OR 3.90; 95% CI 2.04 to 7.45,
respectively) (figure 2).

Pain at specific sites

In the analysis with pain at specific sites as outcomes, the
low number of participants who worked in a cold environ-
ment 225% with pain in the jaw (n=4), chest (n=10), skin
(n=5), genitals (n=8) and other location (n=3) prevented
separate analyses for these outcomes. When using pain
at the remaining 10 sites as separate outcomes, working
in cold environments >25% of the time was significantly
associated with pain at all sites except the foot, head and
stomach in the model adjusted for age and sex (table 3).
Although those working in cold environments >25% of
the time had higher odds for pain at all sites except the
foot in the fully-adjusted model, only the associations for
pain at the neck, shoulder and leg were statistically signif-
icant (table 3).

When those working in cold environments >25% of
the time were divided by frequency of feeling cold, those
who felt cold sometimes or often at work had signifi-
cantly higher odds for pain at most musculoskeletal sites
compared with those working in a cold environment
<25% of the time. In the model adjusted for age and sex,
feeling cold often was significantly associated with head
and stomach pain (figure 2).

After adjusting for possible confounders, only pain from
musculoskeletal pain sites remained significant; workers
who felt cold often had higher odds for neck, shoulder,
arm, leg, back and hip pain compared with the group
that worked in a cold environment <25% of the time
(figure 2). The strongest association was for neck pain
(OR 3.05; 95%CI 1.64 to 5.66). Among those working
in cold environments 225% of the time, the group that
reported feeling cold sometimes at work had higher odds
for neck, shoulder and leg pain, with ORs between those
who never felt cold and those who felt cold often at work
(figure 2). In the group working in cold environments
>25% of the time, never feeling cold at work was not
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Working in a cold environment >25% of the time
No, n=5754 Yes, n=779
n % n %

t/)(2
P value

Sex

Male 2576 44.8 636 81.6 <0.001

Primary/secondary 727 12.6 262 33.6

High school 513 8.9 75 9.6

College/university>4 years 1903 33.1 40 5.1 <0.001

Under and normal weight (<25 kg/m?) 2233 38.8 205 26.3

Obese (=30kg/m?) 1027 17.8 168 21.6 <0.001

Never or just a few times a year 3927 68.2 576 73.9

Approximately once a week 365 6.3 42 54

Physical activity at work

Work that requires a lot of walking 1454 25.3 176 22.6

Heavy manual labour 43 0.7 137 17.6 <0.001

Sedentary 1081 18.8 186 23.9

Moderate 1176 20.4 174 22.3

Smoking

Former 2227 38.7 319 40.9

*Numbers are mean and SD for age, otherwise n and %.

significantly associated with chronic pain at any specific
site in either of the models.

DISCUSSION

Key results

In this study, working in a cold environment >25% of the
time was associated with chronic pain (ie, pain lasting >3
months) at the neck, shoulder and leg, as well as pain

at >3 sites, even after adjusting for age, sex, education,
BMI, insomnia, physical activity at work and leisure time
physical activity. Those who felt cold often at work had
significantly higher odds for pain at 23 sites and for pain
at all specified sites except the hand, foot, head and
stomach. Feeling cold sometimes at work was significantly
associated with neck, shoulder and leg pain. We found
no significant differences in chronic pain between those

E-
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Table 2 Prevalence of chronic pain in participants working in a cold environment <25% of the time and in those working in a

cold environment >25% of the time by frequency of feeling cold

Working in a cold
environment <25% of

Frequency of feeling cold at work among those working in a cold
environment >25% of the time

the time n=779

n=5754 Never, n=92 Sometimes, n=635 Often, n=52
Anatomical sites n % n % n % n %
1-2 sites 783 14 14 15 91 14 8 15
>3 sites 904 16 7 8 128 20 21 40
Neck 765 13 8 9 106 17 18 85
Back 811 14 6 7 106 17 14 27
Shoulder 753 13 8 9 113 18 18 85
Arm 465 8 6 7 69 11 11 21
Hand 341 6 3 3 39 6 6 12
Hip 514 9 7 8 49 8 9 17
Leg 557 10 7 8 76 12 13 25
Foot 385 7 3 3 36 6 4 8
Head 318 6 0 0 32 5 7 14
Stomach 210 4 1 1 27 4 5 10

who never felt cold when working in a cold environment
>25% of the time and those who worked in cold environ-
ment <25% of the time.

There are many different aetiologies of pain and we do
not have sufficient information to appropriately identify
the origin of the pain.”' Additionally, we have no informa-
tion on whether the reported pain was present at all times

or only when exposed to cold environment. Nevertheless,
the ORs for chronic pain at musculoskeletal locations in
the present study were lower than estimates for muscu-
loskeletal pain during the last 12 months from studies of
slaughterhouse and seafood industry workers."” ' Interest-
ingly, in the fully-adjusted model, we found no association
between working in a cold environment 225% of the time

Table 3 Logistic regression analysis with pain at 1-2 or >3 sites and specific pain sites as outcomes

Working in a cold environment
<25% of the time

Working in a cold environment >25% of the time

n=5754 n=779

Reference Adjusted for age and sex  Fully adjusted model*
Anatomical sites n n OR 95% Cl OR 95% ClI
1-2 sitest 783 113 1.15 0.92 to 1.44 0.95 0.73to 1.24
>3 sitest 904 156 2.02 1.64 to 2.48 1.57 1.23 to 2.01
Neck 765 132 1.78 1.44t02.20 1.46 1.13 to 1.89
Back 811 126 1.38 1.12to0 1.71 1.18 0.91to 1.52
Shoulder 753 139 1.96 1.58 to 2.42 1.39 1.08 to 1.78
Arm 465 86 1.93 1.49 to 2.50 1.34 0.98 to 1.83
Hand 341 48 1.66 1.19 to 2.32 1.16 0.79 to 1.71
Hip 514 65 1.59 1.19to 2.12 1.26 0.90to 1.75
Leg 557 96 1.87 1.47 to 2.40 1.47 1.10 to 1.96
Foot 385 43 1.16 0.83t0 1.63 0.80 0.54t01.19
Head 318 39 1.28  0.89to0 39 1.13 0.75t0 1.70
Stomach 210 33 1.42 0.96 to 33 1.30 0.82 t0 2.04

Statistically significant results are highlighted in bold (p < .05)

*Adjusted for age, sex, education, body mass index, insomnia, physical activity at work, leisure time physical activity and smoking.

TModel does not include those with pain at >3 sites.
FModel does not include those with pain at 1-2 sites.
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Figure 2 ORs with 95% Cls for chronic pain. Working in a cold environment >25% of the time and feeling cold never,
sometimes or often compared with those working in a cold environment <25% of the time.

and hand and foot pain. These are the body parts that are
most susceptible to cooling. If cooling of local tissue is the
mechanism for a higher prevalence of chronic pain, one
could assume that body parts most exposed to cold would
be at a higher risk for pain. The results for hand and foot
in the present study do not support such an assumption.
However, this observation is in contrast to other studies
that found associations between a cold environment or an
experience of cooling of the wrist and pain in the wrist,
hand and forearm.” " The difference between earlier
findings and the present study might be due to a different
aetiology and pathology for chronic musculoskeletal pain
and 12month pain prevalence. Different study popu-
lations and cold exposures could also contribute to the
contradictory results.

Feeling cold is a subjective experience and contains little
or no information about the actual environment, such as
ambient temperature, humidity and air velocity. However,
ambient temperature could also be a poor measure of
cold exposure. A study of seafood industry workers could
not establish a simple relationship between thermal envi-
ronmental factors and the prevalence of workers feeling
cold. The same study also found that working in relatively

high temperatures (>12°C) led to low finger tempera-
tures and a major drop in foot temperature.'"* Thermal
comfort and sensation seem to be closely connected to
both average skin temperature and rectal temperature.”
Although subjective, feeling cold might be a better indi-
cation of the environment’s effect on the body than
ambient air temperature.

The general health status of a person might also influ-
ence to what degree they feel cold. Individuals with
already existing diseases are more prone to report cold-
related musculoskeletal pain,** and male slaughterhouse
workers with chronic pain had more complaints about
indoor climate, including complaints about tempera-
tures that were too low and draughts, when compared
with those without pain.*> Chronic pain could also influ-
ence the perception of feeling cold. The design of the
present study is not adequate to address the direction of
the observed association.

Few plausible causal mechanisms between cold expo-
sure and musculoskeletal pain, chronic or not, have
been suggested. Studies have found that cooling induces
acute physiological alterations in the musculoskeletal
and neural system. There seems to be a dose-response
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relationship between the temperature in the muscle and
muscle power, and the contraction velocity decreases with
decreasing temperature. Further, there is an increased
activation of the antagonist muscles indicating a reduced
motor control.***¥ Another study reports an enhanced
fatigue in the muscles when performing repetitive work
in a cold environment.”” These alterations point in the
direction that cold exposure increases the strain on
the musculoskeletal apparatus . Repeated exposure to
a cold environment can also have a long-term effect in
the form of habituation or acclimatisation. Habituation
is described as a reduction in shivering, vasoconstriction
stress response and cold sensation. Additionally, different
acclimatisation processes like lowering core temperature,
increasing the metabolic rate and increasing vasoconstric-
tion or subcutaneous fat have been reported.” However,
a relationship between these altered acute and long-term
physiological responses, and subsequent chronic pain
has not been satisfactorily established. A cross-sectional
study of slaughterhouse workers found that a lower pres-
sure pain threshold was associated with more complaints
about the indoor climate.” A possible explanation for the
observed association between chronic pain and frequency
of feeling cold in the present study could be that persons
who felt cold have a lower pain threshold than those who
did not. Future research should explore whether this is
genetic or if thermal stimuli could contribute to a sensiti-
sation process.

Strengths and limitations

In our study, participants who worked in a cold environ-
ment =25 of the time had generally low education and
executed a lot of heavy physical work, both of which
have been identified as risk factors for musculoskeletal
pain®™?; adjusting for these confounders attenuated the
associations in the present study. Workers exposed to
cold are also exposed to several other occupational risk
factors that can be associated with poor health, and phys-
ical activity at work is not a satisfactory measure of these
risk factors.* Consequently, the results are to some extent
vulnerable to residual confounding.

There are a number of clinical conditions that could
be a cause of pain or increase the risk of chronic pain.”!
As these conditions could be unevenly distributed, they
could confound the observed association. Our results
could also be influenced by the healthy-worker effect.”
Feeling cold is uncomfortable, and individuals negatively
affected by a cold environment might change their occu-
pation or workplace to avoid getting cold. The remaining
employees exposed to cold may therefore be the ones
that are the least negatively affected by the cold. Addi-
tionally, chronic pain can contribute to selection bias by
having a different impact in different occupations. There
is a social gradient in disability benefits, and physical work
has been found to increase the risk for disability pension,
even after adjustment for health status.>® Thus, the effect
estimates may be underestimated.

The high response rate (65.7 %) of Tromsg 6 is a major
strength and increases the likelihood that the findings are
representative of the general population. Nevertheless,
non-participants in Tromsg 6 tend to have lower education
than participants;* therefore, we cannot rule out that the
prevalence of cold-exposed workers was higher among non-
participants. Additionally, some of the occupations in which
workers are typically exposed to cold environments have a
high number of migrant workers, a group not invited to
participate in The Tromsg Study. As an example, in 2008 in
Norway, approximately 12% of workers in the construction
industry were migrant workers.”” These aspects may have
led to selection bias and thus an underestimation of the
proportion of workers exposed to a cold environment. How
this selection bias affects the association between feeling
cold and musculoskeletal pain or cold-related health
complaints is not known.

A clear limitation of the study is the low number of
participants who reported feeling cold often or never,
resulting in large Cls. Also, there were few female partic-
ipants working in a cold environment 225% of the time
(n=123), which prevented any useful analysis stratified
by sex. There are sex differences in types of work, prev-
alence of cold discomfort or cooling" and in the preva-
lence of musculoskeletal pain.* The association between
working in cold environment and musculoskeletal pain is
likely different by sex.

The observed associations in the present study are
consistent for pain at multiple sites and at specific sites.
Although not all the effect estimates were significant, the
direction of the associations was consistent, with increased
reporting of pain with increasing experience of cold at
work, at all sites except the hip. This consistency and the
high effect estimates indicate that the observed associa-
tions are robust and that additional adjustment for occu-
pational risk factors would not explain all associations.

Even though Tromsg is situated at 69°N, the climate is
relatively mild due to the Gulf Stream. There are also several
factors other than ambient air temperature that can affect
aworker’s thermal balance, for example, amount of protec-
tive clothing. At work, individual differences in heat loss,
protection and adaptations, such as behavioural responses,
adjusting clothing or increasing physical activity, are very
difficult to measure and would vary throughout a workday.
The heat loss of one worker in a cold environment may be
the same as that of another in a moderately cold environ-
ment if not properly protected. Thus, we believe the results
of the present study are not specific to our study popula-
tion, but relevant to others working in cold environments,
whether they are indoor or outdoor.

CONCLUSION

Working in a cold environment >25% of the time was asso-
ciated with chronic pain at 23 sites and with neck, shoulder
and leg pain. Those who worked in a cold environment and
felt cold often at work had higher odds for neck, shoulder,
arm, back, hip and leg pain compared with those who
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worked in a cold environment <25% of the time. Working
in a cold environment >25% of the time and never feeling
cold was not associated with pain at any site. Organising
work and workplaces in a way that ensures thermal balance
for workers might reduce the risk of chronic pain.
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