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Abstract 
 

This systematic review aimed to summarize the prevalence of work-related diseases among agriculturists in Thailand. 

A meta-analysis of prespecified subgroups of health hazards and effects from primary studies was conducted. The articles were 

searched for by using the following electronic databases: PubMed, TCI, and ThaiLIS published between 2007 and 2017. 

Heterogeneity between studies was assessed by using the I2 and Chi-square test. Data from 34 articles were analyzed using 

STATA and a comprehensive meta-analysis on the prevalence of diseases performed. The highest estimated pooled prevalence 

(random effects model) was that of musculoskeletal disorders (MSDs) at 67.8% (95%CI 66.3-69.3), followed by those of 

chemical hazard at 52.8% (95%CI 50.5-55.1), and other health effects, including heat effects, skin irritation and injuries, at 

53.1% (95%CI 51.7-54.4). This review shows that a health surveillance program using big data management to show work-

related diseases and Thai government support in strategic planning to decrease the prevalence of MSDs and pesticide exposure 

among agriculturists are a priority. 
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1. Introduction 
 

The National Statistical Office (NSO) of Thailand 

collected informal employment data in 2017. It was revealed 

that 55.6% of the 38.3 million workforce were informally 

employed (NSO, 2017). The agricultural sector had a majority 

of informal workers and almost all of them were engaged in 

crops cultivation (NSO, 2013). They lacked employee status 

as defined under the Labor Protection Act (LPA). Typically, 

they were not working in the status of an employee; they were 

working at home or maybe self-employed, or were temporary 

workers. Epidemiological studies of adverse health effects 

among agriculturists have been reported with regard to health 

risk and risk factors of exposure to health hazards, and injuries

 
caused by agricultural activities (Suggaravetsiri & Chaiklieng, 

2017; Veerast, Suggaravetsiri & Chaiklieng, 2013). 

  According to a global report on work-related 

diseases, the highest prevalence of the work-related diseases 

of agriculturists was work-related musculoskeletal disorders 

(MSDs) at 43.2% to 91.3% (Dong, Li, & Yu, 2012; Jo et al., 

2016; Kearney, Allen, Balanay, & Barry, 2016; McMillan, 

Trask, Dosman, Hagel, & Pickett, 2015; Osborne et al., 2010; 

Yee, Tamrin, Yik, Yusoff, & Mori, 2014), followed by skin 

irritation at 86.0% (Oesterlund et al., 2014) to 87.3% (Kim et 

al., 2013), injuries caused by all kinds of accidents at 26.3% 

to 60.0% (Browning, Westneat, & Reed, 2016; Kim, Lee, & 

Räsänen, 2016; Mayrhofer, Quendler, & Boxberger, 2014; 

Prasanna & Dewangan, 2009), heat-related illness at 4.0% 

(Banerjee, 1993) to 50.0% (Sahu, Sett, & Kjellstrom, 2013), 

toxicity from pesticide at 10% (Kamel et al., 2007) to 22.5% 

(Zare et al., 2015), infectious diseases at 0.7% to 28.6% 

(Adesiyun et al., 2010; Dahal et al., 2016; Fiecek, 
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Grochowalska, Chmielewski, & Tylewska-Wierzbanowska, 

2012), and lower respiratory tract complaints at 2.7% to 

26.0% (Hoppin et al., 2008; 2009; Kim et al., 2013), 

respectively.  

 In Thailand, occupational and environmental 

diseases among the Thai population visiting public hospitals 

are reported to the Health Data Center (HDC). It was reported 

between 2013 and 2016 that the highest prevalence among 

agriculturists was injuries (0.6%), followed by MSDs (0.3%), 

hearing loss and diseases caused by heat (0.2%), and pesticide 

toxicity (0.1%) (Health Data Center, 2017). The statistics 

were compiled from diagnosed cases of the passive 

surveillance report in Thailand and largely contradicted the 

global statistics mentioned in the research, which were mostly 

based on the complaints or health screening data reports of the 

study participants. Some work-related diseases were indicated 

in the previous studies, but there was no general report from 

the HDC on cases as occupational diseases, such as skin 

diseases and infectious diseases. One cross-sectional study 

indicated the prevalence of skin diseases, calculated from the 

self-reported symptoms of the agriculturists, at 71.5% 

(Lueangektin & Wongvigitsuk, 2010); this was much higher 

than the incidence rate calculated from diagnosed cases of 

skin diseases (6.2%) and infectious diseases (3.5%) in a 

retrospective cohort study of agriculturists (Phuengsangpaen 

& Chaiklieng, 2017). There was a higher incidence of MSDs 

(39.2%) and pesticide toxicity (0.4%) among the agriculturists 

of the previous study report (Phuengsangpaen & Chaiklieng, 

2017) when compared to those reports from the passive 

surveillance database of HDC. Although there have been 

studies on the prevalence of work-related diseases, they are 

not representative of the national prevalence of occupational 

diseases of agriculturists according to the surveillance report 

of health data and its studies. Therefore, the aim of this meta-

analysis was to summarize the prevalence of work-related 

diseases among agriculturists in Thailand. 

 

2. Materials and Methods 
 

2.1 Search strategy  
  

This review was carried out by searching the 

following electronic databases for primary studies: PubMed, 

TCI (Thai Journal Citation Index Centre), and ThaiLIS 

(Thailand Library Integrated System), published between 

January 2007 and September 2017. The search strategy 

included incorporation of the following terms: agriculture, 

agriculturist, farmers, planter, grower, prevalence, injuries, 

work-related, occupational diseases, health hazard, health 

effect, and Thailand.  

 

2.2 Study selection  
  

The search strategy aimed to identify all the 

available publications in Thai or English language that 

reported data on the prevalence of work-related diseases, 

including injuries among agriculturists in Thailand. Two 

reviewers independently reviewed titles and abstracts to 

identify acceptable studies from all sources which met the 

inclusion criteria: 1) there was a full-text article available, 2) 

the type of agriculture was presented and located in Thailand, 

and 3) the sample size of agriculturists and the prevalence of 

disease were identifiable enough to be classified according to 

health hazard, MSDs and other health effects groups.  

 

2.3 Data extraction  
  

Two reviewers independently extracted data from 

the acceptable studies. Any differences of opinion were 

discussed and the cases of disagreement were resolved by a 

third reviewer, who was an epidemiologist, to meet the 

eligibility criteria of a cross-sectional study designed for 

agriculturists. The data were extracted from 34 acceptable 

studies of cross-sectional design, and included the names of 

the authors and the year of article publication. The recorded 

parameters were province of study (from the following 

regions of Thailand: North, Northeast, Central, East and 

South) or locality, survey year, number of participants, type of 

agriculture, type of health hazard or health effects of 

exposure, and prevalence of work-related diseases and injuries 

according to the complaints or health screening data of the 

participants. Studies that used only diagnosis data from the 

health care service were excluded from the data analysis. 

 

2.4 Data analysis  
 

Studies were heterogeneous in many aspects, 

including the baseline of prevalence in the population, 

agricultural types of agriculturist, and self-prevention against 

hazards. Heterogeneity between studies was assessed using 

the I2 and Chi-square tests. Hence, we analyzed the studies in 

prespecified subgroups of health hazards of chemical hazards, 

and health effects, such as MSDs or other effects from 

different area-based studies in Thailand of agriculturists. We 

computed the prevalence in these studies according to a 

random effects model for data synthesis (the meta-analysis). 

Data were analyzed using Stata (version 10.0) and 

comprehensive meta-analysis (version 3) software. 
 

3. Results  
 

3.1 Description of included studies  
 

Of the 503 unique citations identified in the 

literature search, 38 articles describing results were selected, 

but there were only 34 articles which met the requirements of 

cross-sectional studies and eligibility criteria (Figure 1). The 

articles were classified into one health hazard group of 

chemical hazards (13 articles), and three health effect groups, 

which were musculoskeletal disorders, or MSDs (15 articles) 

and other health effects, i.e. heat effects (two articles), skin 

irritation (two articles), and injuries (two articles).  

 

3.2 Prevalence of work-related diseases and injuries 
 

The pooled prevalence of work-related diseases was 

classified by the health hazard group of chemical exposure 

hazards as 52.8% (95% CI 50.5 to 55.1). The reported 

prevalence ranged from 5.6 (95% CI 3.6 to 8.4) (Khobjai, 

Dumroungsut, Punta, & Dokpoung, 2010) to 95.1% (95% CI 

83.5 to 99.4) (Wongsakoonkan, Nguiyai, Phomngam, & 

Deelap, 2016) in various studies conducted at different 

provinces across five regions of Thailand (North, Northeast, 

Central, East, and South). Further detail on the types of 
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Figure 1. Study flow chart 

 

agriculture and the chemical hazards, which were classified as 

organophosphate and carbamate hazard, and paraquat hazard, 

are presented in Table 1 and the forest plot is shown in Figure 

2. I2, showing the heterogeneity of the reviewed studies was 

41.94%, while the Chi-square value was 20.67, at a p-value 

<0.001. 

The highest pooled prevalence estimates of work-

related diseases classified according to health effects was 

MSDs at 67.8% (95% CI 66.3 - 69.3) which ranged from 41.3 

(95% CI 38.0 - 44.7) to 91.9% (95% CI 87.6 - 95.0) in studies 

conducted in different provinces in only four regions of 

Thailand (North, Northeast, East and South), followed by 

heat-related effects or illness at 59.0% (95% CI 53.8 - 63.9), 

skin irritation at 54.4% (95% CI 48.2 - 60.6), and injuries at 

23.1% (95% CI 19.7 - 27.0), respectively. Further detail for 

types of agriculture are presented in Table 2 and Table 3, and 

the forest plot for musculoskeletal disorders is shown in 

Figure 3. I2, showing the heterogeneity of the musculoskeletal 

disorders, was 72.38%; Chi-square = 8.12, p-value <0.001. 

Other health effects subgroups were highly heterogeneous in 

the reviewed studies (I2 = 99.81, p-value <0.001). The 

random-effects pooled prevalence of the subgroup was 

53.09% (95%CI = 51.7-54.4) as shown in Table 4. The overall 

pooled prevalence of the random-effects estimate of work-

related diseases among agriculturists was 64.8% (95%CI 46.1-

83.5) and its forest plot is shown in Figure 4. 

4. Discussion and Conclusions 
 

The pooled prevalence rate in the health hazard 

group classified as chemical hazard was 52.8%. This 

prevalence rate was seemingly higher than the prevalence 

reported among the registered rice farmers of Roi-Et province 

in the northeastern region of Thailand, which was evaluated 

from secondary data of 43 files of the health database on 

agriculturists. Moreover, those rates were higher than the 

prevalence among the general Roi-Et population and the trend 

of increasing prevalence was illustrated every year between 

2012 and 2015 (Thongbu, Suggaravetsiri, & Chaiklieng, 

2017). Several articles have shown that agriculturists are 

exposed to pesticides, such as organophosphate and 

carbamate. The exposure can be monitored by screening of 

cholinesterase enzyme activity. The highest prevalence was 

found at 95.1% in chili planters (Wongsakoonkan et al., 

2016). Lack of personal protective equipment (PPE) use was 

the basic cause of pesticide exposure. Skin contact was the 

primary route of pesticide exposure causing chronic health 

effects and cancer (Hoppin et al., 2008). Although pesticide 

toxicity was not the most prevalent work-related health effect 

in this review, the previous study analysing 43 files from the 

health database indicated the highest rate for case fatality was 

from pesticide poisoning (8.5%) in rice farmers of the 

Northeast. In addition, our previous study found that skin 
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Table 1. Prevalence of work-related diseases considering chemicals exposure hazard  
 

Type of chemicals and references Province, Region (survey year) 
Type of 

agriculture 
Participants  

(N) 
Prevalence rate 

(95%CI) 
     

Organophosphate and carbamate    
Kachaiyaphum et al., 2010 Chaiyaphum, NE (2009) Chili 350 32.0 (27.1-37.2) 

Khobjai et al., 2010 Phayao, N (2010) Corn, Cabbage 389 5.6 (3.6-8.4) 

Chaiklieng & Praengkrathok, 2013 Nakhonratchasima, NE (2012) Rice 110 90.9 (83.9-95.6) 
Kaewka, 2014 Nong Bua Lam Phu, NE (2013) Crops 63 87.3 (76.5-94.4) 

Ueng-udonpukdee et al., 2014 Phitsanulok, N (2013) Rice 140 35.5 (27.8-44.2) 

Paipard et al., 2014 Kalasin, NE (2014) Vegetables 50 86.0 (73.3-94.2) 
Kudting & Khanatho, 2015 Nong Bua Lam Phu, NE (2014) Sugarcane 291 78.7 (73.5-83.2) 

Pluemchan & Khansakorn, 2015 Chonburi, E (2014) Crops 310 79.7 (74.8-84.0) 

Wongsakoonkan et al., 2016 Phetchabun, C (2015) Chili 41 95.1 (83.5-99.4) 

Yaruang & Sukonthasarn, 2016 Chiang Rai, N (2015) Rice 401 50.6 (45.6-55.6) 

Teerarattanasoontorn & Parnsaneh, 2016 Nakhon Si Thammarat, S (2015) Pomelo 50 80.0 (66.3-90.0) 
Suebsimma et al., 2017 Sisaket, NE (2015)  Chili 165 37.7 (30.2-45.4) 

Paraquat     

Phetphung, 2015 Nan, N (2014) Corn 147 54.4 (46.0-62.6) 
     

 

Note: C= Central, E=East, NE = Northeast, N=North, S= South region of Thailand 

 
Figure 2. Forest plot of chemical hazard prevalence was pooled estimate by random effects model (heterogeneity: I2 = 41.94, Chi-square = 

20.67, p-value <0.001). 
 

Table 2. Prevalence of work-related diseases considering musculosketal disorders (MSDs) 
 

References Province, Region (survey year) 
Type of 

agriculture 

Participants 

(N) 

Prevalence rate 

(95% CI) 
     

Chanprasit & Kaewthummanukul, 2010 Chiang Mai, N (2009) Baby corn 130 69.2 (60.5-77.0) 
Puntumetakul et al., 2011 Khon Kaen, NE (2009) Rice 311 73.3 (68.0-78.1) 

Taechasubamorn et al., 2011 Phitsanulok, N (2009) Rice 283 77.4 (72.1-82.1) 

Plykaew et al., 2013 Nakhon Si Thammarat, S (2011) Para-rubber 235 87.7 (82.7-91.6) 
Sriwong & Inmuong, 2013 Nongbua Lampu, NE (2012) Sugarcane 146 78.4 (70.5-84.5) 

Settheetham & Nathapindhu, 2013 Mukdahan, N (2012) Rice 233 91.9 (87.6-95.0) 

Chaothaworn et al., 2014 Phayao, N (2012) Shallot 288 84.0 (79.3-88.1) 
Phajan et al., 2014 Khon Kaen, Udon Thani, Nakhon 

Ratchasima, NE (2012) 

Sugarcane 540 88.7 (85.7-91.2) 

Luangwilai et al., 2014 Nakhonratchasima, NE (2014) Rice 290 71.7 (66.2-76.8) 
Phucharoen & Karoonsupcharoen, 2015 Nakhon Nayok, E (2014) Ornamental flowers 222 82.9 (77.3-87.6) 

Yaruang & Sukonthasarn, 2016 Chiang Rai, N (2014) Rice 401 81.3 (77.1-85.0) 

Udom et al., 2016 Nakhon Si Thammarat, S (2015) Para-rubber 433 55.7 (50.8-60.4) 
Joomjee et al., 2017 Ubon Ratchathani, NE (2015) Para-rubber 238 47.1 (40.6-53.6) 

Choomthi et al., 2017 Chiang Mai, N (2015) Baby corn 249 88.4 (83.7-90.1) 

Thetkathuek et al., 2017 Chonburi, Rayong, Chanthaburi, E (2015) Crop 861 41.3 (38.0-44.7) 
     

 

Note: E=East, NE = Northeast, N=North, S= South region of Thailand 
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Table 3. Prevalence of work-related diseases considering other health effects 
 

Health effect (references) Province, Region (survey year) 
Type of 

agriculture 
Participants 

(N) 
Prevalence rate 

(95% CI) 
     

Heat effect (Chakreng et al., 2010) Samutsongkram, C (2009) Rice 171 35.7 (28.5-43.3) 
Heat effect (Thammachak, 2012) Phrae, N (2010) Rice 265 75.5 (69.8-80.5) 

Skin irritation (Lueangektin & Wongvigitsuk, 2010) Samutprakarn, E (2008) Rice 123 71.5 (62.7-79.3) 

Skin irritation (Phetphung, 2015) Nan, N (2014) Baby corn 147 41.5 (33.3-49.9) 
Injuries (Chaothaworn et al., 2014) Phayao, N (2012) Shallot 288 20.1 (15.7-25.2) 

Injuries (Promphonjorn & Kuhirunyaratn, 2016) Udon Thani, NE (2014) Para-rubber 230 26.5 (20.9-32.7) 
     

 

Note: C= Central, E=East, NE = Northeast, N=North region of Thailand 
 

 
Figure 3. Forest plot of the random-effects pooled estimate of MSDs prevalence (heterogeneity: I2=72.38%, Chi-square = 8.12, p-value <0.001) 

 

Table 4. The summary of pooled prevalence estimation for work-related diseases among agriculturists 
 

Work-related diseases Number of studies Prevalence rate S.E. 95% CI 

     

Chemical hazard 13 52.8 0.14 50.5 - 55.1 

Heterogeneity: Chi-square = 20.67, d.f. = 12 (p-value <0.001); I2 = 41.94 

Pooled prevalence (random effect model) = 61.6%, 95%CI = 36.4-83.8, S.E.= 12.08 
Musculoskeletal disorders (MSDs) 15 67.8 0.12 66.3 - 69.3 

Heterogeneity: Chi-square = 8.12, d.f. = 14 (p-value <0.001); I2 = 72.38 

Pooled prevalence (random effect model) = 74.6%, 95%CI = 47.0-87.5, S.E.= 9.28 
Other health effects group 

- Heat effects 2 59.0 0.35 53.8 - 63.9 

- Skin irritations 2 54.4 0.35 48.2 - 60.6 
- Injuries 2 23.1 0.29 19.7 - 27.0 

Heterogeneity: Chi-square = 2,567.64, d.f. = 5 (-p-value <0.001); I2 = 99.81 

Pooled prevalence (random effect model) = 53.1%, 95%CI = 51.7-54.4, S.E.= 0.69 
Work-related diseases (34 studies) 

Heterogeneity: Chi-square = 19.74, d.f. = 33 (P <0.001); I2 = 67.12 

Pooled prevalence (random effect model) = 64.8%, 95%CI = 46.1-83.5, S.E.= 9.54 
 

 

irritation related to pesticide toxicity was highly prevalent 

among agriculturists (Chaiklieng, Phuengsangpaen, 

Suggaravetsiri, & Trinwoottipong, 2019). This review 

confirms the high prevalence of pesticide toxicity in crop and 

vegetable agriculturists in the northeastern region of Thailand 

and that the pooled prevalence estimate (random effects 

model) of other related health effects, including skin irritation, 

was as high as that of chemical hazard (53.1%).  

The skin irritation, such as rash, was possibly 

caused by pesticides (Lueangektin & Wongvigitsuk, 2010) but 

this problem was not reported to the HDC for work-related 

diseases. However, all cases with skin problems were an 

adverse health effect of chemical use (Phetphung, 2015). In 

addition, more than 50.0% of agriculturists exposed to the 

chemical hazards of insecticides such as organophosphate and 

carbamate, or herbicides such as paraquat, had adverse effects 
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Figure 4. Forest plot of overall prevalence of work-related diseases pooled estimate by the random effects (heterogeneity: I2 = 67.12, Chi-square 

= 19.74, p-value <0.001) 

 

(Kaewka, 2014; Wongsakoonkan, Nguiyai, Phomngam, & 

Deelap, 2016). Moreover, health problems such as those seen 

in the asthma clinic of Srinagarind Hospital, Khon Kaen, 

Thailand, have been reported; in this clinic, it was shown that 

33.3% of asthmatic patients were in farmers (Worton, 

Chaiear, & Boonsawad, 2014). The effects of pesticide-related 

toxicity on the respiratory system have also previously been 

reported as complaint symptoms of paraquat sprayers 

(Chagkornburee, Chaiklieng, & Preuktharatikul, 2019). 

The highest pooled prevalence of work-related 

diseases classified according to health effects was that of 

MSDs at 67.8%. Agriculturists have had pains in different 

areas of their body, particularly the lower back (Chanprasit & 

Kaewthummanukul, 2010; Joomjee et al., 2017; Phajan, 

Nilvarangkul, Settheetham, & Laohasiriwong, 2014; 

Puntumetakul et al., 2011; Settheetham et al., 2013; Sriwong 

& Inmuong, 2013; Taechasubamorn, Nopkesorn, & 

Pannarunothai, 2011; Yaruang, & Sukonthasarn, 2016). 

Lower back pain is a common adverse symptom among 

agriculturists who perform dynamic exertion work. One study 

showed that 55 percent of agriculturists had suffered with 

chronic lower back pain during the last 12 weeks 

(Taechasubamorn, Nopkesorn, & Pannarunothai, 2011). This 

study suggests that MSDs were prevalent in non-specific types 

of agriculture with regard to the major concern of disease 

surveillance among agriculturists in Thailand. The ergonomics 

risk assessment and occupational health risk assessment 

matrix should be applied as per the previous guidelines 

(Chaiklieng, 2019) in parallel with ergonomics training and 

implementation following assessment of risk levels in order to 

prevent MSDs among agriculturists.  

The highest pooled prevalence estimate of other 

health effects in the subgroup was heat-related effects 

(59.0%). The effects of heat in agriculturists' exposure were 

heat exhaustion, heat rash, and heat cramp, which were 

significantly correlated with heat in the working environment 

(r=0.76, p-value <0.001) (Chakreng, Phadungtet, & 

Aekpanyasakul, 2010). That study suggested resting-time 

management during the workday, which would reduce the 

adverse heat-related effects on the agriculturists. Hence, there 

were only two studies regarding heat-related illness among 

rice farmers; there should be further studies to confirm the 

representative prevalence of physical hazards affecting 

agriculturists’ health. 

The last health effect subgroup is occupational 

injuries. A previous report showed that informal workers had 

an accident rate 10 times (62.6%) higher than that of formal 

employees (Kongtip et al., 2015). In addition, the agriculturist 

group had the highest incidence of severe injury due to 

transport accidents between 2005 and 2010 (Department of 

Disease Control, 2012). A limitation in this review is that 

there were only two studies which mentioned injures related 

to cultivation activities; there should be further analysis of 

occupational injuries to cover the periods of cultivation hours 

and transportation between the workers’ residential place and 

the plantation or field workplace. 
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 This systematic review had several strengths. 

Firstly, it used a comprehensive bilingual search strategy 

using multiple sources and databases in Thai and English to 

retrieve relevant studies of agriculturists in Thailand. 

Secondly, data were pooled only when studies were 

reasonably consistent in their methods. This review had 

certain limitations, in that various types of agriculture were 

not related to the prevalence of ill health from chemical 

hazards and MSDs. Each type of agriculture is a subset of 

agricultural cultivation; therefore, all agriculturists have a 

chance to be exposed to similar health hazards, and neither the 

regions of the area-based research nor agriculture types have 

been correlated to adverse effects. In addition, unavailable 

full-text publications from some local study reports led to the 

inclusion of small numbers of participants in the analysis, so 

the conclusion for prevalence of disease caused by heat-

related illness, skin irritation, and injuries should be confirmed 

with analysis of big data from the HDC database.  

Even though this review pooled prevalence 

estimates because of methodological similarity between 

studies on prevalence in each hazard exposure, the pooled 

averages will need to be interpreted with caution because of 

heterogeneity in the study results. In conclusion, this review 

shows that the health care management of agriculturists in 

Thailand should be a priority. The government should support 

occupational health services for agriculturists who are in the 

informal sector. A health surveillance program using big 

health data analysis from the HDC and active health 

surveillance in the risk group of the cohort study should be 

vigorously used to reduce MSDs and prevent pesticide 

toxicity by making risk assessments and implementing 

prevalence programs. 

 

Acknowledgements 
 

This systematic review was partially supported by 

the Thailand Research Fund, Faculty of Public Health, Khon 

Kaen University, Thailand. 

 

References 
 

Adesiyun, A., Rahaman, S., Bissessar, S., Dookeran, S., 

Stewart-Johnson, A., & Hilaire, M. G. (2010). 

Seroprevalence of toxoplasmosis, leptospirosis and 

brucellosis in sugarcane field-workers in Trinidad 

and Tobago. West Indian Medical Journal, 59(1), 

14-19. 

Banerjee, S. R. (1993). Agricultural child labor in West 

Bengal. Indian Pediatric, 30(12),1425-1429. 

Browning, S. R., Westneat, S. C., & Reed, D. B. (2016). Farm 

work injuries among a cohort of children in 

Kentucky, USA. Annals of Agricultural and 

Environmental Medicine, 23(4), 604-611. doi:10. 

5604/12321966.1226854 

Chagkornburee, C., Chaiklieng, S., Preuktharatikul, V. (2019). 

The development of occupational health risk matrix 

for surveillance of paraquat exposure among 

paraquat knapsack spraying farmers. The Public 

Health Journal of Burapha University, 14(1): 57-68. 

Chaiklieng, S. (2019). Health risk assessment on 

musculoskeletal disorders among potato-chip 

processing workers. PLOS ONE, 14(12), e0224980. 

doi:10.1371/journal. pone.0224980 

Chaiklieng, S., Phuengsangpaen, S., Suggaravetsiri, P., & 

Trinwoottipong, K. (2019). The prevalence and 

severity of occupational diseases among field crop 

farmers in Nongbualamphu Province. Journal of the 

Office of Disease Prevention and Control 7th Khon 

Kaen, 26(1), 77-86.  

Chaiklieng, S., & Praengkrathok, S. (2013). Risk assessment 

on pesticide exposure by biological monitoring 

among farmers: A case study in Tambon 

Kangsanamnang, Nakhonratchasima Province. 

Srinagarind Medical Journal, 28(3), 382-389. 

Chakreng, J., Phadungtet, C., & Aekpanyasakul, T. (2010). 

Physical health effects from occupational exposure 

to natural heat among salt production workers in 

Samutsongkhram province. Journal of 

Srinakharinwirot University, 2(1), 10-18. 

Chanprasit, C., & Kaewthummanukul, T. (2010). 

Occupational health hazards, work-related illness 

and injury, work behaviors among informal 

workforce: case study in baby corn planting farmer 

group. The Public Health Journal of Burapha 

University, 5(2), 40-50. 

Chaothaworn, C., Chanprasit, C., & Jongrungrotsakul, W. 

(2014). Health status related to risk at work among 

shallot farmers, Cham Pa Wai subdistrict, Muang 

district, Phayao province. Nursing Journal, 41(2), 

35-47. 

Choomthi, A., Suthakorn, W., & Songkham, W. (2017). 

Physical workload and musculoskeletal disorders 

among baby corn farmers. Nursing Journal, 44(2), 

127-139. 

Dahal, K. P., Sharma, S., Sherchand, J. B., Upadhyay, B. P., 

& Bhatta, D. R. (2016). Detection of anti-Leptospira 

IgM antibody in serum samples of suspected 

patients visiting national public health laboratory, 

Teku, Kathmandu. International Journal of 

Microbiology, 4, doi:10.1155/2016/7286918 

Dong, H. Y., Li, H. J., & Yu, S. F. (2012). Analyzing the 

factors of influencing the musculoskeletal disorders 

of greenhouse vegetable farmers. Zhonghua Lao 

Dong Wei Sheng Zhi Ye Bing Za Zhi, 30(3), 198-

200. 

Fiecek, B., Grochowalska, A., Chmielewski, T., & Tylewska-

Wierzbanowska, S. (2012).  Leptospira spp. and 

Coxiella burnetii infections occurring in Radomskie 

District  in people of selected professional groups. 

Przeglad Epidemiologiczny, 66(4), 605-610.  

Health Data Center, Ministry of Public Health. (2017). 

Standard report of occupational disease 2017. 

Bangkok Thailand: Statistical Forecasting Division. 

Hoppin, J. A., Umbach, D. M., London, S. J., Henneberger, P. 

K., Kullman, G. J., . . . Alavanja, M. C. R. (2008). 

Pesticides and atopic and nonatopic asthma among 

farm women in the agricultural health study. 

American Journal of Respiratory and Critical Care 

Medicine, 17(7), 11–18. 

Hoppin, J. A., Umbach, D. M., London, S, J., Henneberger, P. 

K., Kullman, G. J., . . . Coble, J. (2009). Pesticide 

use and adult-onset asthma among male farmers in 

the agricultural health study. European Respiratory 

Journal, 34, 1296-1303. 



S. Chaiklieng et al. / Songklanakarin J. Sci. Technol. 43 (3), 638-647, 2021  645 

 

Jo, H., Baek, S., Park, H., Lee, S., Moon, J., . . . Yang, J. 

(2016). Farmers’ cohort for agricultural work-

related musculoskeletal disorders (farm) study: 

study design, methods, and baseline characteristics 

of enrolled subjects. Journal of Epidemiology, 

26(1), 50-56. 

Joomjee, R., Bureelerd, O., Songserm, N., & Theppitak, C. 

(2017). The study of ergonomic management for 

reduce musculoskeletal symptoms among the para-

rubber farmer. Journal of Industrial Technology 

Ubon Ratchathani Rajabhat University, 7(1), 92-

105. 

Kachaiyaphum, P., Howteerakul, N., Sujirarat, D., Siri, S., & 

Suwannapong, N. (2010). Serum cholinesterase 

levels of Thai chilli-farm workers exposed to 

chemical pesticides: prevalence estimates and 

associated factors. Journal of Occupational Health, 

52, 89-98. 

Kaewka, T. (2014). Risk of pesticide use in agriculturists in 

Wang Thong sub-district, Nawung district, Nong 

Bua Lam Phu province. Community Health and 

Development, Quarterly Khon Kaen University 

Journal, 2(4), 117-128. 

Kamel, F., Tanner, C. M., Umbach, D. M., Hoppin, J. A., 

Alavanja, M. C. R., . . . Blair, A.  (2007). Pesticide 

exposure and self-reported parkinson's disease in the 

agricultural health study. American Journal of 

Epidemiology,165(4), 364-374. 

Kearney, G. D., Allen, D. L., Balanay, J. A., & Barry, P. 

(2016). A descriptive study of body pain and work-

related musculoskeletal disorders among Latino 

farm workers working on sweet potato farms in 

Eastern North Carolina. Journal of Agromedicine, 

21(3), 234-243. doi:10.1080/1059924X.2016.1178 

613  

Khobjai, W., Dumroungsut, A., Punta, P., & Dokpoung, D. 

(2010). Behavior of using pesticide and 

cholinesterase blood level of riverhead agriculture 

group: a case study of Mong Hilltribe, Phayao 

Province. Journal of Health Science Research, 4(2), 

36-46. 

Kim, E., Moon, J. K., Lee, H., Kim, S., Hwang., Y. J., . . . 

Kim, B. J. (2013). Exposure and risk assessment of 

operators to insecticide acetamiprid during 

treatment on apple orchard. Korean Journal of 

Horticultural Science and Technology,31(2), 239-

245.  

Kim, H., Lee, K., & Räsänen, K. (2016). Agricultural injuries 

in Korea and errors in systems of safety. Annals of 

Agricultural and Environmental Medicine, 23(3), 

432–436. doi:10.5604/12321966.1219182 

Kongtip, P., Nankongnab, N., Chaikittiporn, C., 

Laohaudomchok, W., Woskie, S., & Slatin, C. 

(2015). Informal workers in Thailand: Occupational 

health and social security disparities. New Solutions: 

A Journal of Environmental and Occupational 

Health Policy, 25(2), 189-211. 

Kudting, W., & Khanatho, M. (2015). Factors associated with 

knowledge, behaviour, and effects from chemical 

pesticide use among farmers in the area of 

responsibility of Suksamran sub-district health 

promotion hospital, Na Dan sub-district, 

Suwannakhuha district, Nong Bua Lam Phu 

province. Community Health Development 

Quarterly Khon Kaen University, 3(1), 133-146. 

Luangwilai, T., Norkaew, S., & Siriwong, W. (2014). Factors 

associated with musculoskeletal disorders among 

rice farmers: cross-sectional study in Tarnlalord 

sub-district, Phimai district, Nakhonratchasima 

province Thailand. Journal of Health Research, 28, 

85-91. 

Lueangektin, P., & Wongvigitsuk, S. (2010). Skin problems of 

agricultural workers at Tambol Nongprue, Bangplee 

district Samutprakarn province. Khon Kaen 

University Journal for Public Health Research, 

3(1), 11-19.  

Mayrhofer, H., Quendler, E., & Boxberger, J. (2014). 

Narrative text analysis of accident reports with 

tractors, self-propelled harvesting machinery and 

materials handling Machinery in Austrian 

agriculture from 2008 to 2010 – A comparison. 

Annals of Agricultural and Environmental 

Medicine, 21(1), 183-188. 

McMillan, M., Trask, C., Dosman, J., Hagel, L., & Pickett, W. 

(2015). Prevalence of musculoskeletal disorders 

among Saskatchewan farmers. Journal of 

Agromedicine, 20(3), 292-301. doi:10.1080/10599 

24X.2015.1042611 

Myint, K. S. A., Gibbons, R. V., Murray, C. K., 

Rungsimanphaiboon, K., Supornpun, W., . . . 

Sithiprasasna, R. (2007). Leptospirosis in 

Kamphaeng Phet, Thailand. American 

Journal of Tropical Medicine and Hygiene, 76(1), 

135–138. 

National Statistical Office. (2013). The informal employment 

survey 2017. Bangkok, Thailand: Statistical 

Forecasting Division. 

National Statistical Office. (2017). Preliminary report 2013 

agricultural census. Bangkok, Thailand: Statistical 

Forecasting Division. 

Oesterlund, A., Thomsen, J., Sekimpi, D., Maziina, J., 

Racheal, A., & Jørs, E. (2014). pesticide knowledge, 

practice and attitude and how it affects the health of 

small-scale farmers in Uganda: a cross-sectional 

study. African Health Sciences, 14(2), 420-433. 

Osborne, A., Blake, C., McNamara, J., Meredith, D., Phelan, 

J., & Cunningham, C. (2010). Musculoskeletal 

disorders among Irish farmers. Occupational 

Medicine (Lond), 60(8), 598-603. doi:10.1093/ 

occmed/kqq146 

Paipard, N., Supannatas, S., Suttiprapa, T. (2014). Effects of 

pesticide use on farmer’s health and the 

environment in Rong Kham district, Kalasin 

province. Khon Kaen University Agricultural 

Journal, 42(3), 301-310. 

Phajan, T., Nilvarangkul, K., Settheetham, D., & 

Laohasiriwong, W. (2014). Work-related 

musculoskeletal disorders among sugarcane farmers 

in north-eastern, Thailand. Asia Pacific Journal in 

Public Health, 26(3), 320-327. doi:10.1177/1010 

539514528026 

Phetphung, P. (2015). Health effects of paraquat use and risk 

management at Pongsanuk sub-district, Wiangsa 

district, Nan province. Thai Journal of Pharmacy 



646 S. Chaiklieng et al. / Songklanakarin J. Sci. Technol. 43 (2), 638-647, 2021 

 
 
 

Practice, 7(2), 250-258.  

Phucharoen, P., & Karoonsupcharoen, O. (2015). Survey of 

musculoskeletal disorder and ergonomic associated 

factors in flower agriculturist at Klong 15 Village, 

Ongkarak district, Nakhon- Nayok province. Thai 

Journal of Physical Therapy, 37(1), 13-40. 

Phuengsangpaen, S., & Chaiklieng, S. (2017). Work-related 

illness of crops farmers in Nongbualumphu 

province. E-Journal of Safety and Environment 

Review, 26(1), 15-30.  

Pluemchan, N., & Khansakorn, N. (2015). Factors associated 

with blood cholinesterase enzyme level of 

agricultural workers in Ko-Chan Sub-district, Ko-

Chan district, Chonburi province. Thai Journal of 

Toxicology, 30(2), 128-141. 

Plykaew, R., Chanprasit, C., & Kaewthummanukul, T. (2013). 

Working posture and musculoskeletal disorders 

among rubber plantation workers. Nursing Journal, 

40(1), 1-10.  

Prasanna, K. G. V, & Dewangan, K. N. (2009). Agricultural 

accidents in north eastern region of India. Safety 

Science, 47, 199–205. 

Promphonjorn, S., & Kuhirunyaratn, P. (2016). Health status 

among rubber tapping workers in Banphue district, 

Udon thani province. Khon Kaen University Health 

Development Journal, 4(2), 225-239. 

Puntumetakul, R., Siritaratiwat, W., Boonprakob, Y., 

Eungpinitpong, W., & Puntumetakul, M. (2011). 

The prevalence of disorders of the musculoskeletal 

system in farmers: case study Tambon Silathip 

Khon Kaen district, Khon Kaen province. Journal of 

Medical Technology and Physical Therapy, 23(3), 

297-303.  

Sahu, S., Sett, M., & Kjellstrom, T. (2013). Heat exposure, 

cardiovascular stress and work productivity in rice 

harvesters in India: implications for a climate 

change future. Industrial Health, 51(4), 424-431. 

Settheetham, D., Nathapindhu, G., Ishida, W., & Patte, T. 

(2013). Risk behavior and the association of risk 

behavior with the health status of rice farmers. Khon 

Kaen University Journal for Public Health 

Research, 6(2), 4-12. 

Sriwong, N., & Inmuong, U. (2013). Health impact of 

sugarcane farmers in Nong Kung Kaeo Sub-District, 

Sriboonruang District, Nongbua Lampu Province. 

Khon Kaen University Journal for Public Health 

Research, 6(2), 14-22.  

Suebsimma, C., Silawan, T., & Khansakorn, N. (2017). 

Pesticides use and personal protective behaviour, 

adverse health effects among chilli farm sprayers: A 

case study in Suan Kluai sub-district, Kantharalak 

district, Sisaket province. Thai Journal of 

Toxicology, 32(1), 9-25.  

Suggaravetsiri, P., & Chaiklieng, S. (2017). Health risk 

assessment on exposure to chemical hazards in work 

environment among farmers involved jasmine’s 

agriculture. E-Journal of Safety and Environment 

Review, 2(2), 43-51. 

Taechasubamorn, P., Nopkesorn, T., & Pannarunothai, S. 

(2011). Prevalence of low back pain among rice 

farmers in a rural community in Thailand. Journal 

of the Medical Association of Thailand, 94(5), 616-

621. 

Teerarattanasoontorn, P., Parnsaneh, P., & E-Tae, P. (2016). 

Factors associated with cholinesterase blood level of 

riverhead agriculture group among pomelo growers 

in Klong noi sub-district, Pakpranang district, 

Nakhon Si Thammarat Province. Environmental 

Health Journal, 18(4), 3-15. 

Thammachak, T. (2012). Work related illness and injuries 

among farmers in Huamuang sub-district, Song 

district, Phrae province. Chiang Mai, Thailand: 

Chiang Mai University. 

Thetkathuek, A., Meepradit, P., & Sangiamsak, T. (2017). A 

cross-sectional study of musculoskeletal symptoms 

and risk factors in Cambodian fruit farm workers in 

eastern region, Thailand. Safety and Health at Work, 

9(2), 192-202. 

Thongbu, W., Suggaravetsiri, P., & Chaiklieng, S. (2017). 

Prevalence of pesticide poisoning among farmers in 

Roi-Et Province: A study in Southern Roi Et. The 

Public Health Journal of Burapha University, 12(2), 

41-52. 

Udom, C., Janwantanakul, P., & Kanlayanaphotporn, R. 

(2016). The prevalence of low back pain and its 

associated factors in Thai rubber farmers. Journal 

Occupational Health, 58, 534-542. 

Ueng-udonpukdee, P., Taechatiwat, P., Proysurin, N., 

Intharachom, W., Jaithan, B., & Warotmarung 

simun, C. (2014). Situation of agricultural chemical 

uses and health impact among farmers: case study at 

Hor Glong sub-district, Phrompiram district, 

Phitsanulok province. Environmental Health 

Journal, 16(Special), 65-77. 

Veerast, S., Suggaravetsiri, P., & Chaiklieng, S. (2013). 

Factors associated to health protection against 

pesticides among jasmine gardeners at Sila sub-

district, Muang district, Khon Kaen province. Khon 

Kaen University Journal for Public Health 

Research, 6(2), 24-33. 

Waiwarawooth, J., Jutiworakul, K., & Joraka, W. (2008). 

Epidemiology and clinical outcome of melioidosis 

at Chonburi hospital, Thailand. Journal of Infectious 

Disease Antimicrobial Agents, 25(1), 1-11. 

Wongsakoonkan, W., Nguiyai, S., Phomngam, P., & Deelap, 

S. (2016). Behaviors of pesticide exposure among 

chilli farmers: case study at Chai Nat village, Phu 

Nam Yot subdistrict, Wichianburi district, 

Phetchabun province. VRU Research and 

Development Journal, 11(3), 75-83. 

Wortong, D., Chaiear, N., & Boonsawad, W. (2014). 

Occupations and stimulating agents of asthma 

amongst asthmatic patients in asthma clinic, 

Srinagarind hospital, Khon Kaen, Thailand. 

Srinagarind Medical Journal, 29(3), 223-230. 

Yaruang, N., & Sukonthasarn, P. (2016). Occupational safety 

behaviors and health status among rice farmers in 

Chiang Rai province. Journal of The Royal Thai 

Army Nurses, 17(2), 163-174. 

Yee, G., Tamrin, S., Yik, W., Yusoff, I., & Mori, I. (2014). 

The prevalence of musculoskeletal disorder and 

association with productivity loss: A preliminary 

study among labour intensive manual harvesting 

activities in oil palm plantation. Industrial Health, 



S. Chaiklieng et al. / Songklanakarin J. Sci. Technol. 43 (3), 638-647, 2021  647 

 

52(1), 78-85. doi:10.2486/indhealth.2013-0017 

Zare, S., Behzadi, M., Tarzanan, M., Mohamadi, M. B., 

Omidi, L., Heydarabadi, A. B., & Kazemi, S. 

(2015). The impacts of pesticides on the health of 

farmers in Fasa, Iran. Electronic Physician Journal, 

7(4), 1168-1173. 

 


