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EXECUTIVE SUMMARY

Objectives

To establish whether low level exposure to organophosphate pesticides is associated with neuropsychological impairment and psychiatric disorder in UK sheep farmers; to determine the nature and extent of neurobehavioural problems following low level exposure to organophosphate pesticides; to investigate whether some individuals are more vulnerable to the effects of OPs than others.

Method

A cross-sectional study in which the performance on neuropsychological tests of 132 sheep farmers with a history of low level exposure to organophosphate pesticides (insufficient to produce acute intoxication) was compared with 79 non-exposed healthy volunteers (police workers) matched for age, gender, years in education and level of intelligence. In order to take account of the ‘healthy worker’ effect, both working and retired farmers and controls were included in this study. Rigorous exclusion and inclusion criteria were used in this study which meant that over 60% of exposed and unexposed individuals identified as potential study participants were subsequently excluded. 

All participants underwent detailed neuropsychological testing. Well known, standardized and clinically sensitive tests were used which are routinely used in NHS services for diagnostic purposes. Sheep farmers were interviewed about their work and exposure history. All participants completed a questionnaire regarding their physical health. Mood state was examined by a structured clinical interview (SCID) and questionnaire measures. 

Genetic differences between individuals render some people more susceptible to the toxic effects of certain chemicals than others. For example, the human paraoxonase 1/arylesterase enzyme (PON1) plays an important role in the detoxification of organophosphates and helps protect against the potentially harmful effects of OPs. Each study participant was asked to provide a sample of blood for determination of PON1 status.

Results: 

A range of emotional, physical and cognitive problems were identified in agricultural workers with a history of low level exposure to OPs. In terms of cognitive function, general intellectual ability, reasoning, visuo-spatial and verbal ability were relatively well preserved, but agricultural workers obtained lower scores on tests of response speed, working, verbal and visual memory, mental flexibility and fine motor control, than non-exposed controls.  These differences remained after controlling for Type 1 errors,  depression, removing participants with a history of ‘dippers flu’; and irrespective of whether exposed farmers were compared to rural police workers or with published test norms derived from a cross section of several thousand adults in the general population. Therefore, these findings are unlikely to have occurred by chance or to be due to confounding factors such as mood, acute exposure or selection of an inappropriate control group. 

 As far as we are aware, this is the first study in the UK to take account of the healthy worker effect and include individuals who have retired on ill health grounds. Although higher rates of emotional distress and physical symptoms were reported by retired farmers few differences were found on objective measures of cognitive function or potential vulnerability factors such as PON1 status.  Individuals who have retired on ill health grounds do not appear to be at increased risk of suffering cognitive impairment following exposure to OPs.

A number of significant correlations were observed between duration of exposure and verbal and visual memory, verbal ability, strategy making and fine motor control. Although weak, they were in the expected direction, consistent with findings from the group analyses and consistent with study hypotheses.  Binomial tests suggest they are unlikely to have occurred by chance.

Conclusions

Both correlation and group analyses suggest a relationship may exist between low level exposure to organophosphates and impaired neurobehavioural functioning. The cognitive deficits identified in this cohort can not be attributed to mood disorder, malingering or poor effort on testing, a history of acute exposure,  a past medical or psychiatric history that could otherwise account for ill health, genetic vulnerability in terms of PON1 polymorphisms, chance or because an inappropriate control group was selected. The cohort of farmers included in this study were relatively fit, none were poor metabolisers of OPs and yet they show evidence of neurobehavioural impairment. The pattern of deficits identified in this study is consistent with reports from previous studies and consistent with what would be expected given the principle action of OPs (i.e. inhibition of acetylcholinesterase) and the distribution of cholinergic cell groups in the brain. 

Implications

The results of this study suggest there may be a relationship between long-term low-level exposure to organophosphates and the development of neurobehavioural problems. This has implications for working practice and policies and guidelines about the use of organophosphate chemicals on the farm should be reviewed. 

Follow-up studies should be carried out to determine whether symptoms persist over time, improve or worsen. At present, there are no recommended treatment protocols for individuals who report chronic ill health following exposure to OPs, so there is a need for prospective treatment trials. 

It is also important to consider the possibility that clear cut dose-response relationships that might be discernable following acute exposure may not be apparent with low level exposure.  Low level exposure may produce subclinical neurological injury that accumulates over time and only becomes apparent when specialised neuropsychological or neurological tests are used to evaluate patients or when neuronal reserves are depleted by processes such as ageing, thus unmasking deficits.

