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Abstract. Hill farmers, those who work on land that is partly or completely
hilly, may be at increased risk for occupational health problems. In this
study, we aimed to determine the prevalence of and factors associated with
occupational health complaints among hill farmers in northern Thailand.
Participants were recruited from hill farmers using convenience random
sampling. These subjects included ethnic Thais and Karen. Inclusion
criteria for study subjects were: any farmer who worked on partially or
completely hilly land for more than 6 months, being aged >18 years and
being able to communicate with the researchers. The exclusion criterion was
having a congenital physical disability. Study subjects were interviewed
following a structured questionnaire containing 4 sections: 1) socioeconomic
characteristics, 2) work characteristics, 3) occupational hazard exposures in
the previous six months and 4) occupational health problems in the previous
six months. We used univariate and multivariate binary logistic regression
analysis to determine factors associated with occupational health problems.
A total of 600 subjects were included in the study; 55% male. The mean
(xstandard deviation (SD)) age of subjects was 45.6 (+12.8) (range: 18-85) years;
51% were aged 30-49 years. Sixty-three percent of subjects self-identified as
being ethnic Karen. The mean (+SD) number of years the subjects worked
in agriculture were 23.8 (+14.8) years. Seven percent of subjects stated they
worked on land that was completely hilly and the other 93% worked on
land that was only partially hilly. The most prevalent occupational health
problems were: low back pain (79%), shoulder and neck pain (78%) and heat
exhaustion (74%). On multivariate analysis factors significantly associated
with low back pain were: having to bend or twist during their work (adjusted
odds ratio (aOR) = 7.3, 95% confidence interval (CI): 4.2-12.7; p<0.001) and
work on a completely hill farming terrain (aOR =4.0, 95%CI: 1.2-13.9; p=0.027).
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The factor significantly associated with shoulder and neck pain was: having to
lift heavy loads (aOR = 3.2, 95%CI: 1.8-5.6; p<0.001). The factors significantly
associated with heat exhaustion was: expose to heat from working outdoors
(aOR =11.4, 95%CI: 4.9-26.9; p<0.001). In summary, the prevalences of back
pain, shoulder and neck pain and heat exhaustion in our study population

were high. The factors significantly associated with these complaints were

working in a bent or twisted posture, work on a completely hilly farm, lift

heavy loads and being exposed to heat working outdoors. We conclude there

is need to develop methods to reduce these symptoms and apply them in this

study population. Further studies are needed to determine if these developed

interventions can reduce these symptoms in this study population.
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INTRODUCTION

Agricultural work can be
hazardous. Agricultural workers
may be exposed to occupational
hazards resulting in injuries or
illnesses such as heat exhaustion,
hearing impairment, musculoskeletal
disorders, mental illnesses, respiratory
diseases and skin diseases (Nordgren
and Charavaryamath, 2018;
Kaewthummnukul et al, 2020; Kongtip
et al, 2018). This population may not be
included in occupational safety, health
and work environment regulations in
Thailand (Kaewboonchoo et al, 2015).
Inadequate occupational health data
about agricultural workers may result
in inadequate protection of this group.

Thirty-four percent of the Thai
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working population is engaged in
agriculture and 47% of the land in
Thailand is used for agriculture,
including hilly areas (NSO Thailand,
2022). Twenty of the 76 provinces
in Thailand have hilly agricultural
areas, defined as a 35-degree slope
or an elevation of >500 meters above
sea level (HRDI, 2019). Hill farming,
defined as farming in partially or
completely hilly areas (Kunstadter
and Chapman, 1978), is common in
northern Thailand. Hill farming is
more dangerous than regular farming
on flat land due to the slippery nature
of the terrain (Chaothaworn et al, 2014;
Juntaracena et al, 2018).

The hill tribe people, such as
the Karen, Hmong, Yao and Lahu
tribes often live and work in hilly
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areas (Thai Department of Social
Development and Welfare, 2016).
Previous studies of Hmong farmer
exposures, such as frequently bending
over and lifting heavy objects, can
cause musculoskeletal problems
(Neitzel et al, 2014; de Castro et al,
2014). Not using personal protective
equipment can increase the risk of
blade injuries and pesticide exposure
(Neitzel et al, 2014). Previous studies
of Thai hill tribe populations focused
primarily on general health conditions,
such as mental health problems,
alcohol abuse and hepatitis B infection
(Apidechkul, 2019; Detpitukyon et al,
2018; Singkhorn et al, 2021). None
looked at occupational hazards and
problems due to farming in hilly
areas. It is important to understand
the prevalence of occupational health
problems and their associated factors
among hill farmers in northern
Thailand in order to develop programs
to prevent these problems.

In this study, we aimed to
determine the prevalence of and
factors associated with occupational
health complaints among hill farmers
in northern Thailand in order to inform
efforts to reduce these complaints.

MATERIALS AND METHODS

Study location

This cross-sectional study was
conducted in Ban Cham Pui, Ban Klang
and Ban Mae San Villages, Ban Dong
Subdistrict, Mae Mo District, Lampang
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Province, Thailand during the growing
season of May-September 2021. These 3
villages have partly or completely hilly
agricultural land (Thai Department
of Social Development and Welfare,
2016). These 3 villages are located at
542,510 and 774 meters above sea level,
respectively. They have steep slopes
(Fig 1). Sixty percent of the population
in these 3 villages are ethnic Karen and
the remaining 40% are ethnic Thais.

Study population and recruitment

The minimum sample size
calculated to be needed for the study
using a method previously described
(Daniel and Cross, 2019) was 542; a
total of 600 subjects were recruited into
the study to account for missing data.

The inclusion criteria for study
subjects were: being a farmer who
farmed partially or completely hilly
land for more at least 6 months,
being aged >18 years and being able
to communicate with the researcher.
The exclusion criterion was having a
congenital physical disability. Subjects
were chosen using convenience random
sampling.

This study protocol was approved
by the Ethics Review Committee for
Human Research, Boromarajonani
College of Nursing, Nakhon Lampang,
Thailand (E 2564-010). Each subject
gave written informed consent prior
to inclusion in the study

Data collection tool and analysis

Each study subject was interviewed
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by a qualified village health volunteer
who had the subject complete
a questionnaire developed after review
of the literature (Chaothaworn et al,
2014; Kongtip et al, 2018; Nankongnab
et al,2020). The questionnaire consisted
of 52 items divided into 4 sections:
1) socioeconomic characteristics
(15 items), 2) work characteristics
(7 items), 3) occupational hazards
exposure in the previous six months
(16 items) and 4) occupational health
problems in the previous six months

(14 items). Most of the questions
were multiple-choice type but some
were open-ended answer type.
Our questionnaire was reviewed by
3 experts, 1 specialized in occupational
health, 1 specialized in epidemiology
and 1 specialized in nursing.
The overall index of item-objective
congruence (IOC) was 0.96.
We pilot tested the questionnaire
among 30 hill farmers from
a non-study area to validate the
instrument.
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Fig1- Elevation contour map of the study area (a) and a cross section (b) of the study area
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We used univariate and
multivariate logistic regression
analyses to determine associations
between exposure to occupational
hazards in the previous six months
(yes/no) and self-reported occupational
health problems (yes/no). A p-value
<0.05 was considered statistically
significant for both univariate and
multivariate analyses. Variables
included in the multivariate analysis
were: study area, subject sex, subject
age, whether the subject self-identified
as an ethnic Karen, subject education
level, household income, number of
household members, subject history
of cigarette smoking and alcohol
consumption, physical activity level,
being a community leader, health
information and healthcare-seeking
behavior. Crude odds ratios (OR)
and adjusted odds ratios (aOR) with
95% confidence intervals (Cls) were
used for univariate and multivariate
analyses. Frequencies, percentages,
means and standard deviations were
used where applicable to describe
characteristics, reported factors and
occupational health problems. All
analyses were performed using IBM
Statistical Package for the Social
Sciences (SPSS) for Windows, version
23 (IBM Corp, Armonk, NY).

RESULTS

General sociodemographic
characteristics

A total of 600 subjects were
included in the study, 55% male.
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The mean (+standard deviation (SD))
age of subjects was 46 (+x13) (range:
18-85) years; 51% were aged 30-49
years. Sixty-three percent of study
subjects self-identified as ethnic Karen.
Fifty-four percent of subjects had
a primary school education level.
Sixty-three percent of subjects had
a household income of <THB5,000
(USD150) per month and 67% of
subject households had >3 members.
Thirty-three percent of subjects were
current smokers and 34% of subjects
were current alcohol drinkers.
Thirty-two percent of subjects had
physical activity 6-7 days per week.
Eighty-two percent of subjects had
been to see a physician or health care
worker due to a work-related condition.
Fifty-four percent of subjects had
seen occupational health-related
information from the media
(Table 1).

Work related characteristics

Ninety-three percent of subjects
farmed on partially hilly land
and 7% on completely hilly land.
The mean (+SD) number of years
the subjects worked in agriculture
was 24 (+15) years; the mean (+SD)
number of hours worked per day was
6.8 (x1.4) and the mean number of
days worked per week was 5.3 (¥1.3).
Ninety percent of subjects worked in
cultivation, 46% did wild foraging
and 22% worked with livestock.
Nineteen percent of subjects reported
using at least one type of pesticide.
The percentages of subjects who used
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personal protective equipment were as Factors associated with occupational

follows: trousers (95%), boots (91%), health problems

long sleeve shirts (90%), hats (85%), Among farmers who had to work

gloves (62%) and a balaclava (56%) outdoors and were exposed to heat

(Table 2). (93%), 74% reported a history of heat
Table 1

Sociodemographic characteristics of study subjects (N = 600)

Characteristics n (%)

Sex

Male 330 (55.0)

Female 270 (45.0)
Age (years)

<30 60 (10.0)

30-39 156 (26.0)

40-49 152 (25.3)

50-59 134 (22.3)

260 98 (16.4)
Self-identified as Karen

No 225 (37.5)

Yes 375 (62.5)
Education level

Illiterate 91 (15.2)

Primary school 325 (54.2)

Junior high school 97 (16.1)

Senior high school or vocational certificate 64 (10.7)

High vocational certificate or Bachelor’s or higher degree 23 (3.8)
Monthly household income

<THB5,000 (USD150) 375 (62.5)

>THB5,000 (USD150) 225 (37.5)
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Table 1 (cont)

Characteristics n (%)

Number of household members

<3 201 (33.5)

>3 399 (66.5)
Smoking history

Never 362 (60.3)

Former 40 (6.7)

Current 198 (33.0)
Alcohol drinking history

Never 368 (61.3)

Former 31(5.2)

Current 201 (33.5)
Frequency of physical activity

None 102 (17.0)

1-3 days/week 157 (26.2)

4-5 days/week 149 (24.8)

6-7 days/week 192 (32.0)
Healthcare seeking history

Physician or other healthcare worker 493 (82.2)

Self-medicating or no treatment 107 (17.8)
Source of occupational health information

Television, radio, website or social media 322 (53.7)

Neighbor, acquaintance, or family member 20 (3.3)

Village health volunteer 258 (43.0)
Community leader role

No 527 (87.8)

Yes 73 (12.2)

THB: Thai baht; USD: US dollar
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Table 2

Characteristics of agricultural work among study subjects (N = 600)

Characteristics n (%)*

Terrain

Partially hilly 558 (93.0)

Completely hilly 42 (7.0)
Mean + SD number of years worked in agriculture 23.8+14.8
Mean + SD number of hours worked per a day 6.8+14
Mean + SD number of days worked per week 53+13
Farming activities in the previous 6 months

Cultivation 543 (90.5)

Wild forage 275 (45.8)

Livestock 131 (21.8)
Used at least one type of pesticide

No 485 (80.8)

Yes 115 (19.2)
Type of personal protective equipment used

Balaclava 333 (55.5)

Gloves 373 (62.2)

Boots 546 (91.0)

Hat 509 (84.8)

Trousers 569 (94.8)

Long sleeve shirt 541 (90.2)

*Unless otherwise stated

SD: standard deviation

exhaustion, 27% had been sunburned
and 6% reported having a history
of syncope due to heat exposure
(Table 3). Subjects who reported heat

Vol 53 No.4 July 2022

were significantly more likely to have
a history of heat exhaustion (aOR =
11.4; 95% CI: 4.9-26.9; p<0.001) but
heat exposure was not significantly
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Table 3

Self-reported occupational hazard exposures and occupational health problems
among study subjects (N = 600)

Characteristics No Yes
n (%) n (%)
Occupational hazard exposures
Heat exposure from the working outdoors 40 (6.7) 560 (93.3)
Agricultural machinery use 293 (48.8) 307 (51.2)
Sharped machinery or tools use 53 (8.8) 547 (91.2)
Broken machine or tool use 451 (75.2) 149 (24.8)
Worked on a slippery surface 261 (43.5) 339 (56.5)
Lifted heavy loads 407 (67.8) 193 (32.2)
Body bending or twisting 119 (19.8) 481 (80.2)
Work-related stress 157 (26.2) 443 (73.8)
Insecticide use 558 (93.0) 42 (7.0)
Herbicide use 496 (82.7) 104 (17.3)
Fungicide use 570 (95.0) 30 (5.0)
Occupational health problems
Heat exhaustion 159 (26.5) 441 (73.5)
Heat syncope 565 (94.2) 35 (5.8)
Sunburn 438 (73.0) 162 (27.0)
Hearing difficulty 526 (87.7) 74 (12.3)
Work-related accident 537 (89.5) 63 (10.5)
Slip, trip, or fall 341 (56.8) 259 (43.2)
Shoulder or neck pain or injury 135 (22.5) 465 (77.5)
Low back pain or injury 128 (21.3) 472 (78.7)
Leg or foot pain or injury 169 (28.2) 431 (71.8)
Having >1 symptom of work-related stress 446 (74.3) 154 (25.7)
Respiratory symptoms after pesticides use 543 (90.5) 57 (9.5)
Skin symptoms after pesticide use 575 (95.8) 25 (4.2)
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associated with having been sunburned
or having had heat-induced syncope
(Table 4).

Fifty-one percent of the subjects
used at least one type of agricultural
machinery (Table 3). The types of
agricultural machinery used reported
by subjects were: hand mower (46%),
hand tractor (17%), mechanized water
pump (12%), battery backpack sprayer
(9%) and motorized backpack sprayer
(4%). Subjects who used agricultural
machinery were significantly more
likely to have had a work-related
accident (aOR = 2.3, 95%CI: 1.1-4.6; p
= 0.020). Twelve percent of subjects
reported having hearing difficulty but
we found no significant association
between hearing loss and using
agricultural machinery (Table 4).
Ninety-one percent of subjects had
used sharp machines or tools; 25% had
used broken machines or tools (Table
3). The subjects who had used broken
machines or tools were significantly
more likely to have had a work-related
accident (aOR = 7.9, 95%CI: 4.1-15.5;
p<0.001) but we found no significant
association between using a sharp tool
and having a work-related accident
(Table 4).

Working on a slippery surface was
reported by 57% of subjects and 43%
of subjects reported having had a slip,
trip or fall (Table 3). Those who had
worked on a slippery surface were
significantly more likely to have had
a slip, trip or fall than those who had
not (aOR =4.4, 95%CI: 2.8-6.9; p<0.001)
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(Table 4).

Eighty percent of subjects reported
having to bend or twist during work
and 32% reported having to lift
heavy loads. Seventy-none percent
of subjected reported having an injury
or pain in the low back, 78% in the
shoulder or neck and 72% in the leg or
foot. Skeletomuscular problems were
the most frequently reported type of
work-related health problem among
study subjects (Table 3). Subjects who
had to lift heavy loads as part of their
work (32%) were significantly more
likely to report shoulder or neck pain
or injury (aOR = 3.2, 95%CI: 1.8-5.6;
p<0.001), low back pain or injury (aOR
=2.5,95%CI: 1.4-4.3; p=0.002) or leg or
foot pain or injury (aOR = 2.0, 95%CI:
1.3-3.3; p = 0.004). Those who had
to bend or twist during work were
significantly more likely to have low
back pain or injury (aOR =7.3, 95%CI:
4.2-12.7; p<0.001), have leg or foot pain
or injury (aOR = 4.2, 95%CI: 2.5-7.0;
p<0.001) or have shoulder or neck pain
or injury (aOR = 2.9, 95%CI: 1.8-4.8;
p<0.001) (Table 4).

Seventy-four percent of subjects
were stressed about work and 26%
had stress related symptoms, such
as insomnia, anorexia, concentration
difficulties or irritability (Table 3).
We found a significant association
between having work related stress
and having at least one stress-related
symptom (aOR = 4.7, 96%CI: 2.6-8.6,
p<0.001) (Table 4).
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Table 4 (cont)
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p-value  *Adjusted OR (95% CI)  p-value

Crude OR (95% CI)

Factors

Fungicide use (yes/no)

<0.001
0.021

10.9 (3.9-31.0)

4.1 (1.2-13.4)

<0.001
<0.001
0.067

24.2 (10.7-54.5)

Respiratory symptoms after pesticide use

9.3 (3.6-24.6)
2.3 (0.9-5.5)

Skin symptoms after pesticide use

0.043

2.9 (1.1-8.4)

Hearing difficulty

SOUTHEAST AsIaN | TRop MED PusLic HEALTH

CI: confidence interval; OR: odds ratio

*Adjusted for the study area, sex, self-identifying as Karen, age, education, household income, number of

household members, cigarette smoking, alcohol consumption, physical activity frequency, community leader

role, health information and healthcare-seeking

Seventeen percent of subjects
reported using herbicide on their farm,
7% reported using insecticide and 5%
reported using fungicide. The most
common symptoms reported by those
after using pesticide were respiratory
symptoms (10%) and skin symptoms
(4%) (Table 3). Those who reported
respiratory or skin symptoms were
most likely to have used an herbicide
followed by an insecticide and a
fungicide (Table 4). Having used an
insecticide (aOR =4.6, 95%CI: 1.8-11.8;
p = 0.002), an herbicide (aOR = 2.9,
95%ClI: 1.3-6.6; p =0.011) or a fungicide
(aOR = 2.9, 95%CI: 1.1-8.4; p = 0.043)
were significantly positively associated
with hearing loss (Tables 3 and 4).

The factors significantly associated
with working on a completely hilly area
among subjects were: having a sunburn
(aOR = 3.7, 95%CI: 1.8-7.5; p<0.001),
slipping, tripping or falling (aOR =
2.7, 95%CI: 1.3-5.6; p = 0.010), having
low back pain or injury (aOR = 4.0,
95%ClI: 1.2-13.9; p =0.027) and having
work-related stress (aOR = 2.9, 95%CI:
1.5-5.9; p = 0.003) (Table 5).

DISCUSSION

In our study, most of our subjects
were exposed to heat outdoors,
increasing their risk for heat-related
illness, similar to previous studies
from India (Venugopal et al, 2015) and
Iran (Heidari et al, 2015). We found a
significant association between heat
exhaustion and heat exposure working
outdoors similar to the findings of
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a previous study from Kamphaeng
Phet Province, Thailand (Kiatkitroj
et al, 2021). In our study we found a
significant association between working
on completely hilly land and having
sunburn but not between exposure to
heat and having a sunburn. Higher
altitudes have thinner atmosphere
to absorb solar radiation increasing
sunburn risk (WHO, 2016). Working
at higher elevations increases risk for
sunburns (Singh, 2017).

Heavy machinery has less of a role
in hilly country and this may explain
the relatively low proportion of subjects
who had machinery associated injuries
in our study. We did see a significant
association between broken machinery
and injuries in our study, similar to a
previous study from Phayao Province,
Thailand (Chaothaworn et al, 2014).
This suggests keeping machinery
in good repair may be important
for preventing injuries in our study
population. Many of our subjects
reported slips, trips and falls, similar to
the results of a study from a hilly part
of Trinidad (Baksh et al, 2015). More
of our subjects reported slips, trips
or falls than subjects in other studies
from Nan and Pathum Thani Provinces,
Thailand (Arphorn et al, 2021; Kaewdok
et al, 2020), possibly due to more hilly
country in our study area than in those
studies.

In our study, a common
skeletomuscular complaint among
study subjects was low back pain,
similar to a study from Lampang
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Province, Thailand (Manothum and
Arphorn, 2018). In our study we found
a significant association between heavy
lifting, bending or body-twisting while
working on completely hilly land and
lower back pain or injuries, similar to
a study Chiang Rai Province, Thailand
(Tonchoy and Suta, 2020). Since the use
of machinery is difficult in completely
hilly land, much of the labor has to be
done by hand increasing the risk for
skeletomuscular problems.

In our study, most of the subjects
complained of work-related stress,
similar to studies from Chiang Rai
Province, Thailand (Pintakham et al,
2019) and a study of multiple provinces
in northern Thailand (Sapbamrer et al,
2022).

In our study, most of the ethnic
Thai subjects used pesticides and
most of the ethic Karen subjects did
not, similar to a study from the USA
in which most of the Hmong farmers
did not use pesticides (Neitzel et al,
2014) but in contrast to a study among
Lahu farmers in Chiang Rai Province,
Thailand who did use pesticides
(Nambunmee et al, 2021).

In our study, we found a significant
association between pesticide use
and the presence of respiratory and
skin symptoms, similar to a study
from Phayao Province, Thailand
(Chaothaworn et al, 2014) but in
contrast to a study from Chiang Rai
Province, Thailand, in which no
association was seen (Nambunmee et
al, 2021).
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In our study, pesticide exposure
was associated with hearing problems,
similar to studies from Thailand
(Choochouy et al, 2019), the United
States (Crawford et al, 2008), and Brazil
(Delecrode et al, 2012). In our subjects
we found no significant association
between exposure to agricultural
machinery and hearing loss, similar to
previous studies Thailand (Suwanno et
al, 2008), the United States (Humann et
al, 2012) and New Zealand (McBride et
al, 2003). Our questionnaire was not
designed to determine the frequency
and loudness of noise exposure to
agricultural machinery; therefore,
could not accurately determine an
association between machinery
exposure and hearing loss.

A limitation of our study was that
it was retrospective and subject to
recall bias. Further prospective studies
are needed to eliminate this bias.

In summary, the prevalences of
back pain, shoulder and neck pain and
heat exhaustion in our study population
were high. The factors significantly
associated with these complaints were
working in a bent or twisted posture,
work on a completely hilly farm, lift
heavy loads and being exposed to
heat working outdoors. We conclude
there is need to develop methods to
reduce these symptoms and apply
them in this study population. Further
studies are needed to determine if
these developed interventions can
reduce these symptoms in this study
population.
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