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SEX HORMONE LEVELS IN RURAL  
WORKERS EXPOSED TO PESTICIDES:  

A Systematic Review With Meta-Analysis
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Murilo de Jesus Porto3, Jeferson de Menezes Souza4, 
Liz Oliveira dos Santos5, Maria de Fátima Santana de Souza Guerra6, 

André Lacerda Braga Teles7

Highlights:  
(1) Exposure to pesticides led to decreased levels of testosterone and prolactin.  

(2) While for SHBG there was a significant increase.  
(3) There was no significant evidence of alteration in FSH and LH hormone levels.

ABSTRACT
The present study aims to analyze the excitatory and/or inhibitory effects of pesticide exposure 
on the production of male sex hormones in rural populations. The protocol for this systemat-
ic review was previously registered in Prospero (CRD42022354863) and follows the guidelines 
recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(Prisma). The research question addressed was: Does pesticides exposure cause excitatory and/
or inhibitory effects on the production of sex hormones? The literature search was conducted 
from July 1 to July 17, 2023, in the following databases: Public Medline (PubMed), Latin Ameri-
can and Caribbean Literature in Health Sciences (Lilacs), Science Direct, and Scientific Electronic 
Library (Scielo). The results indicate that pesticides exposure was associated with a significant 
decrease in testosterone levels (mean difference: -1.60, 95% CI: -2.47 to -0.72) and prolactin 
levels (mean difference: -1.28, 95 %: CI -2.19 to -0.37). In constrast, there was significant in-
crease in Sex Hormone Binding Globulin (SHBG) levels (mean difference: 4.24, 95% CI: 1.54 to 
6.93). No significant changes were observed in the levels of Follicle Stimulating Hormone (FSH) 
(mean difference: 0.98, 95% CI: 0.74 to 1.21) and Luteinizing Hormone (LH, mean difference: 
0.44; 95% CI: 0.25 to 0.64) between the groups studied. In conclusion, evidence suggests that 
pesticide exposure may alter the production of various sex hormones. Specifically, individuals 
exposed to pesticides tend to exhibit lower levels of testosterone and prolactin, while SHBG 
levels are increased compared to those without exposure.
Keywords: sex hormones; pesticide; endocrine disruptors.
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NÍVEIS DE HORMÔNIOS SEXUAIS EM TRABALHADORES RURAIS EXPOSTOS A AGROTÓXICOS:  
UMA REVISÃO SISTEMÁTICA COM META-ANÁLISE

RESUMO
O presente estudo tem como objetivo mensurar os efeitos excitatórios e/ou inibitórios sobre a 
produção de hormônios sexuais masculinos em populações rurais expostas a agrotóxicos. Assim, o 
protocolo para esta revisão sistemática foi previamente registrado no Prospero (CRD42022354863) 
e segue as recomendações do protocolo Preferred Reporting Items for Systematic Reviews and Me-
ta-Analyses (Prisma). Apresenta a questão central: A exposição a agrotóxicos causa efeitos excitató-
rios e/ou inibitórios sobre a produção de hormônios sexuais? A busca de publicações foi realizada 
no período de 1º a 17 de julho de 2023 nas bases de dados Public Medline (PubMed), Literatura 
Latino-Americana e do Caribe em Ciências da Saúde (Lilacs) e Science Direct e Scientific Electronic 
Library (Scielo). Como resultado, observa-se que a exposição a agrotóxicos foi associada a uma di-
minuição nos níveis de testosterona (-1,60, IC 95%: -2,47 a -0,72) e prolactina (-1,28, IC 95%: -2,19 a 
-0,37), enquanto para SHBG houve um aumento significativo (4,24, IC 95%: 1,54 a 6,93). Não houve 
evidência significativa de alteração nos níveis do hormônio FSH (0,98, IC 95%: 0,74 a 1,21) e LH 
(0,44; IC 95%: 0,25 a 0,64) entre os grupos estudados. Em conclusão, sugere-se que alterações no 
padrão fisiológico dos hormônios sexuais nesta população estudada estejam acontecendo, mas de 
forma discreta, uma vez que todos os estudos mostram resultados dentro do padrão de normalida-
de estabelecido pelo laboratório Hermes, com exceção da prolactina, que apresentou níveis eleva-
dos, na maioria dos estudos selecionados, para ambos os grupos (controle e exposto).

Palavras-chave: hormônios sexuais; agrotóxicos; desreguladores endócrinos.

INTRODUCTION

The high global demand for food has led to an exorbitant increase in the pesticide use, specially 
in Brazil, where consumption increased from approximately 162,000 tons of active ingredient in 2000 
to 620,000 tons in 2019, a roughly 280% increase 1,2. According to FAOSTAT3, Brazil is the second largest 
consumer of pesticides in the world, by planted area.

Although pesticides are primarily used for pest control and to boost large-scale productivity, 
their use has several negative implications, mainly for the health of workers involved in this process4.

In vitro and in vivo research indicates that a variety of pesticides, included organophosphates, 
carbamates, synthetic pyrethroids, different herbicides, and fungicides, can act as chemical disruptors 
that directly interfere with the production of sex hormones5-12. In humans, studies on pesticide 
exposure have demonstrated changes in the functioning of the hypothalamic-pituitary-gonadal 
axis13-16 and correlation with the emergence of the reproductive system disorders such as infertility 
and cancers of prostate, testis, breast and ovary17.

Experimental studies have also clearly shown (anti) estrogenic and/or (anti) androgenic 
activities associated with the toxicity of certain pesticides12, 18-19. However, these findings are not always 
reproducible in human research due to several limiting factors. According to Ye and Liu12, the exposure 
doses used in animal experiments often exceed those experencied by humans, and the duration of 
exposure in animals is generally much shorter. Another limiting factor is the heterogeneity in human 
research results, which arises from variations in pesticide exposure patterns and the simultaneous use 
of multiple products, making it difficult to understand the changes that occur in sex hormones16.

In this context, studies focusing on human subjects have produced conflicting results when 
analyzing hormonal levels in rural populations exposed to pesticides, with some studies reporting 
negative (inhibitory) associations, others positive (stimulatory) associations, and some finding no 
association at all16, 20.
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Therefore, although pesticide exposure may alter reproductive hormone levels, the extent to 
which this occurs in humans is not yet well understood in the literature16. Thus, the present review and 
meta-analysis aims to measure the excitatory and/or inhibitory effects of persticide exposure on the 
production of male sex hormones in rural populations.

METHODS

Protocol and registration
The protocol of this systematic review was previously registered in the Prospero database 

(CRD42022354863) and follows the recommendations of the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (Prisma) l21-23.

Search strategy and Data extraction
The search was conducted from July 1, 2023 to July 17, 2023, in the databases Public Medline 

(PubMed), Latin American and Caribbean Literature in Health Sciences (Lilacs), Science Direct 
and Scientific Electronic Library (Scielo). The objective was to identify studies that reported on the 
dosage of sex hormones in rural populations exposed to pesticides, with no restriction on the year of 
publication. In addition, other studies were consulted from the SaberAberto database, the institutional 
repository of the State University of Bahia (Uneb).

The search was conducted using Health Sciences Descriptors combined research in English 
with the following terms: “sex hormones AND pesticides AND rural workers AND occupation”; “sex 
hormones AND pesticides AND toxicology AND occupational”; “Sex hormones AND pesticides”.

This systematic review is based on the following question: Does pesticide exposure cause 
excitatory and/or inhibitory effects on the production of sex hormones? Using the PICO strategy (P: 
male rural workers who work in rural areas; I: exposure to pesticides. C: male rural workers not exposed 
to pesticides, O: quantitative changes in sex hormone levels, including testosterone, prolactin, Follicle 
Stimulating Hormone (FSH), Luteinizing Hormone (LH), estradiol, and Sex Hormone Binding Globulin 
(SHBG), assessed through measures of central tendency and variability.

Study Selection
Sstudies were selected by reading the titles and abstracts. When the studies met the eligibility 

criteria, each study was read in full. The authors rigorously constructed the data extraction instrument, 
ensuring a meticulous detailing of the information extracted from the primary articles. The selection 
was carried out independently by two reviewers, and in cases of divergence, a third reviewer was 
consulted. The information recorded for each selected study was: (i) study identification data (name of 
authors, year of publication, journal); (ii) study population (occupation of the population; sex; sample 
size; participant selection strategies; country of origin); (iii) type of exposure (type of pesticide and 
form of exposure); (iv) hormones analyzed in each study and (v) results (mean and standard deviation 
of each hormone in the exposed and unexposed groups).

Elebility criteria
Articles, dissertations, and theses resulting from original research that included analyzes of sex 

hormone levels in male participants exposed to pesticides were included. There was no restriction 
regarding the year of publication and time of exposure to the pesticide. Works written in Portuguese, 
English and Spanish were selected. Systematic reviews were excluded from this study; overview; scope 
review; meta-analyses; editorials; case reports; studies that did not present inclusion and exclusion 
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criteria for sample selection; exposed population not classified as rural; studies with missing data (e.g. 
did not present mean and standard deviation for hormone levels).

Quality analyses 
Two researchers used the Newcastle-Ottawa Scale (NOS)24 in order to evaluate the quality of 

the studies included in this meta-analysis research. The scale is based on the “star system” where 
the included studies are evaluated according to three concepts: selection of study group participants, 
group comparability and exposure.

Analysis
Qualitative data were tabulated in Microsoft® Office Word version 2019 in a table created by 

the authors themselves, covering the following variables: age group; minimum exposure time; types 
of pesticides; type of exposure (occupational and/or environmental); kind of study; analytical method 
employed; analyzed hormones. 

Quantitative data on mean and standard deviation of hormonal levels were tabulated in 
Microsoft® Office Excel version 2019. As the works have different measurement units, the data were 
converted into standardized measures according to the International System of Units (SI), as available 
at Unitslab website25. Therefore, the measurement units for hormonal levels were standardized for 
the present work as follows: Testosterone expressed in nmol/L;Luteinizing hormone-LH expressed in 
mU/ml; Follicle Stimulating Hormone-FSH expressed in mUI/Ml; Prolactin- PRL expressed in mU/ml;  
Sex Hormone-Binding Globulin-SHBG expressed in nnmol/L. 

Data are presented as mean and standard deviation (SD) for independent groups. Then, the 
data were exported and analyzed by the REVMAN 5.4 software26. Due to the observed heterogeneity, 
a fixed effects meta-analysis was performed and confidence intervals were estimated. The I-squared 
(I2) was analyzed to assess the heterogeneity magnitude among the selected works, with I2 > 50% 
and >75% being considered substantial and considerable heterogeneity, respectively. Significant 
heterogeneity among studies were considered when Chi-square (X2) had p<0.10.

We adopted as reference values considered normal for each hormone; the values proposed 
by the Instituto Hermes Pardini laboratory. The bias analysis of the included studies was carried out 
considering the Newcastle-Ottawa School (NOS). The scale is based on the “star system” where the 
included studies are evaluated according to three concepts: selection of study group participants, 
comparability of groups and exposure24. The included articles ranged from 4 to 9 stars, that is, showing 
a good quality of the searched parameters.

RESULTS

The search in the databases returned a total of 8,168 documents, of which 8,120 were excluded 
after reading the titles because they did not meet the eligibility criteria. The abstracts of 48 articles 
were read, 20 being excluded because they were duplicates. Subsequently, 28 articles were read in 
full, of which 21 were eliminated. Therefore, seven works were selected in this review (Figure 1).
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Figure 1 – Studies identified by searching the databases 

The publications included cover the years 2006 to 2022, comprising participants aged 18 to 73, 
with many interviewees exposed for more than 1 year to different types of pesticides. The main form 
of exposure was occupational and the collection of biological samples from the studies was carried 
out at a single moment, constituting cross-sectional studies. It was found that most of the works (3 
studies) were developed in Brazil. In addition, hormonal measurements were taken using different 
techniques such as immunoradiometric assay (Irma); radioimmunoassay (RIA); Electrochemilumines-
cence immunoassay; Enzyme-linked immunosorbent assay (Elisa) (Table 1)
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Regarding the methodological quality and risk of bias of the selected studies, it was found that 
six studies had good methodological quality and only one work was classified as “poor quality”, as it 
did not score in the exposure criteria (Table 2). Additionally, the studies showed great heterogeneity 
(Figure 2).

Figure 2 – Funnel Plot on the risk of bias
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The hormonal levels of the groups (exposed and not exposed to pesticides) were summarized in 
Table 3. It was found that all studies recorded hormonal levels within the reference range considered 
normal for testosterone, FSH, LH and SHBG in both groups. However, changes in prolactin were 
recorded in participants in two studies, both in the control and exposed groups (Table 3).

It was found that adding the number of participants from all studies, the group exposed to 
pesticides comprised a sample of 543 people, while the unexposed group comprised 320 individuals. 
To seek generalizations about the influence of pesticides on hormone production, we analyzed 
separately each hormone portrayed in the seven studies selected in the review. In this context, the 
meta-analysis showed that there is a statistical difference between people exposed and not exposed 
to pesticides for all hormones analyzed (Figure 3).

It is possible to verify that data on testosterone was available in their studies, and that exposure 
was associated with a decrease in testosterone levels. Additionally, all seven articles analyzed the 
influence of pesticides on the levels of follicle-stimulating hormone and luteinizing hormone, showing 
that the levels of both hormones are favored by the unexposed group. When it comes to SHBG, there 
is a significant difference between the two groups, favoring the unexposed group. Furthermore, there 
is a difference between the exposed and unexposed groups in relation to prolactin levels, with a 
tendency for the hormone to decrease among the exposed population (Figure 3).

Figure 3 – Forest plot showing hormone levels in people exposed to pesticides
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Analysis of the table below shows that the study findings result in average hormonal levels within 
the normal range established by the Hermes Pardine laboratory, except for the hormone prolactin. This 
would be a positive point for the workers surveyed, however, there is a pattern of distance between 
the averages of the exposed group and the control group for the hormones testosterone, SHBG and 
prolactin, something that is not repeated for the hormones FSH and LH.
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DISCUSSION

This meta-analysis covers studies published between 2006 and 2022, which together include 
a total sample size of 863 participants (exposed group: n = 543; control group: n = 320). In general, 
participants’ ages range from 18 to 73 years across all studies that compared age between the exposed 
and control groups, except Celik-Ozenci et al.27. This is particularly important because, according 
Cunha, Moura e Reis28, hormone levels vary according to certain age groups. 

All selected studies employed a cross-sectional design, with biological samples collected at a 
single point in time. According to Souza el al16, this may be a limitation, as it does not characterize the 
inhibitory or inductive profiles of hormonal actions relative to the variations in exposure that occur 
throughout periods of high, medium, and low pesticide use during the year.

Additionally, although the studies measured hormone levels using different assays – such as 
Irma, RIA, and electrochemiluminescence immunoassay – they are all based on the same fundamental 
principle: the immunoassay method, which involves an in vitro immunological reaction between 
antigen and antibody29. Because most immunoassay techniques use this basic principle, the hormone 
dosage methods are similar, which supports the accuracy of the data presented in this meta-analysis.

In all selected studies, the subjects were rural workers occupationally exposed to pesticides, 
including sprayers, farmers, and others. However, it is important to note that although all individuals 
working in rural areas are occupationally exposed, studies indicate that pesticide applicators – who 
handle, mix, and apply these toxic substances directly – are most affected and more likely to develop 
hormonal disorders30,16.

Only the study by Yucra et al.31 selected a sample consisting of 31 pesticide sprayers (with at 
least two years of exposure) and 80 non-exposed men, and it observed that serum testosterone and 
LH levels were significantly lower in the exposed group compared to those not exposed to organo-
phosphate (OP) pesticides. This finding suggests that further studies are needed – not only to classify 
workers as occupationally exposed but also to include details of their specific activities so that direct 
and/or indirect exposures can be categorized, yielding more comparable data in terms of hormone 
measurements.

In all selected studies, the subjects included were rural workers occupationally- exposed to 
pesticides, including sprayers, farmers, and others. However, it is important to note that although 
all individuals working in rural areas are occupationally exposed, studies indicate that pesticide 
applicators – who handle, mix, and apply these toxic substances directly – are most affected and more 
likely to develop hormonal disorderss16, 30.

Only the study by Yucra et al.31 selected a sample consisting of 31 pesticide sprayers (with at 
least two years of exposure) and 80 non-exposed men, and it observed that serum testosterone and 
LH levels were significantly lower in the exposed group compared to those not exposed to organo-
phosphate (OP) pesticides. This finding suggests that further studies should be developed, not only 
classifying workers as occupationally exposed, but also to include details of their specific activities so 
that direct and/or indirect exposures can be categorized, yielding more comparable data in terms of 
hormone measurements.

The hormones evaluated in these studies were testosterone. FSH, LH, SHBG, and prolactin. 
Most studies (n= 6) suggested that exposure to pesticides alters the levels of sex hormones. However, 
the study by Celik-Ozenci et al.27 did not find any significant change in hormone levels but concluded, 
based on other biomarkers, that exposure to the pesticide abamectin can impair male fertility, and 
affect semen quality.
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The data from this meta-analysis reveal both excitatory and inhibitory effects of androgenic 
and pituitary hormones in different rural populations exposed to pesticides, as observed in previous 
studies16,20. In the forest plot comparing the groups, there is strong evidence that pesticide exposure is 
associated with inhibitory effects on the testosterone and prolactin production, excitatory effects on 
SHBG levels, and no significant associations for FSH and LH. However, the data in table 2 indicate that 
average hormone levels remain within the normal range, except for prolactin, which was elevated in 
two of the three selected studies, for both control and exposed groups. 

Several studies have already suggested an inverse association between pesticide exposure 
and testosterone levels, which is consistent with the findings of this meta-analysis16, 32-35. Lower 
testosterone levels may indicate abnormal functioning of Leydig cells of these workers, leading to a 
reduced hormone production. This hypothesis is corroborated by the histopathological findings in 
Leydig cells of rats and mice exposed to pesticides, suggesting that tissue injury may contribute to 
decreased testosterone levels36-40.

It is also suggested that this small change in testosterone level among the groups could be 
exacerbated by the significant increase in SHBG observed in exposed workers. An excessive increased 
in SHBG levels can reduce free testosterone, as more androgens (including DHT and testosterone) 
become bound, potentially leading to a symptomatic state of androgen deficiency, sometimes 
progressing to hypogonadism41-43. A study carried out by Cremonese44 in the rural area of Farroupilha 
(RS) corroborates these findings found in this meta-analysis, as It reported that farmers with longer 
pesticide exposure had higher SHBG and lower testosterone levels. There are also studies with 
divergent results, indicating a negative association between pesticide exposure and SHBG levels45,46.

This meta-analysis found an apparently null association between pesticide exposure with FSH 
and LH levels, a finding that is corroborated by other studies27,45,47,48. At first glance, this might suggest 
that the hypothalamic-pituitary axis is not compromised. However, the lower prolactin levels observed 
in exposed individuals challenge this assumption, since prolactin regulation is also controlled by central 
nervous system factors, specifically, by dopamine produced in the hypothalamus49,50.

Based on these findings, it can be predicted that the blood-brain barrier, which is formed by 
endothelial cells connected by tight junctions51, may limit the extent of pesticides penetration into the 
brain, thereby reducing endocrine disruptions in the hypothalamic-pituitary complex. On the other 
hand, androgen receptors and glands, located in the peripheral part of the human body, would receive 
a higher toxicological load, leading to more pronounced changes in hormone levels, which may explain 
our findings.

There are conflicting interpretation of the prolactin data in this study. The forest plot shows a 
decrease in this hormone for the exposed group compared to the control group, corroborating the 
study by Khan et al.52. However, in the analysis of table 2, reveals that most studies44,46 present values 
above the reference curve (0.9 to 17 ng/mol) for both groups, with a lower mean prolactin level in the 
exposed group. Therefore, in both studies, there is evidence of increased prolactin production\(hyper-
prolactinemia) that can cause negative effects on reproduction, even lead to erectile dysfunction in 
men.

It is important to note that, among the main known causes of elevated prolactin levels are the 
use of some medications and clinical conditions such as macroprolactinemia, hypothyroidism and 
pituitary adenoma53. If the subjects of the aforementioned research were affected by such conditions, 
this could be explain the findings in both groups studied. However, these instruments applied during 
the research did not evaluate these aspects. 

Despite the significant differences observed between the control and exposed groups, the 
endocrine hormone levels remain within the normal range, except for prolactin. This raises the 
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question of whether these differences might affect the functionality of organs mediated by these 
hormones. In this sense, a study carried out by Bapayeva et al.54 in southern Kazakhstan suggested 
that the population exposed to pesticides already showed impairments in sexual development 
due to hormonal changes. In the referred work, 524 female adolescents aged between 10 and 17 
years (exposed, n = 253; unexposed, n = 271) were assessed via questionnaires on secondary sexual 
characteristics studies in parallel with the biological samples analysis. Pesticides have been linked 
to a numerous of health problems, especially due to their toxicity and mutagenic and carcinogenic 
potential. Over time, continuous exposure to these substances can result in serious clinical conditions, 
especially affecting the endocrine system55.

According to Souza et al16, it suggests that there is a possible tendency for a negative association 
between testosterone and LH levels and exposure to various types of pesticides. On the other hand, it 
is observed that there is a possible positive association with FSH. In the long term, it can be suggested 
that rural populations may present disorders of the reproductive system such as infertility, prostate, 
testicular and breast cancer, as has already been reported by Koifman and his collaborators56.

In the present work, we compared sex hormones levels across several studies that varied in 
methodology, duration and intensity of exposure, types of pesticides applied, the use of personal 
protective equipment, and characteristics of agricultural work. These differences may limit data 
interpretation in this meta-analysis. A study focused solely on the hormonal impact of pesticide 
exposure might have a gap by not considering other important markers. Cholinesterase activity, 
concentration of metabolites or pesticide compounds in blood and urine and even exposure variables, 
these are examples of factors that would contribute to a more accurate interpretation of the results.

Although most hormone levels remained within the normal range – with the exception of 
prolactin – it is suggested that discreet changes in the physiological patterns of sex hormones are 
occurring in this population, as indicated by statistically significant differences between the exposed 
and non-exposed groups in each study.

The literature demonstrates a subtle pattern of hormonal changes resulting from pesticide 
exposure; however, further studies incorporating additional biomarkers are needed to fully understand 
the residual and long-term effects on this population. These observations, based on the potential risks 
of pesticide exposure, underscore the considerable need for public authorities to enhance healthcare 
measures for rural workers and the general population.

CONCLUSION

In summary, this is the first systematic review with meta-analysis aimed at investigating the 
effects of pesticides on the sex hormone levels of rural workers. A careful qualitative analysis of the 
selected studies provided strong evidence that pesticide exposure can affect the production of several 
sex hormones. Inhibitory effects were observed for testosterone and prolactin, while excitatory effects 
were noted for SHBG levels in individuals exposed to pesticides compared to the non-exposed group. 
Although most hormone levels remained within the normal range, with the exception of prolactin, it 
is suggested that discreet changes in the physiological patterns of sex hormones are occurring in this 
population, as indicated by statistically significant differences between the exposed and non-exposed 
groups in each study.

The literature demonstrates a subtle pattern of hormonal changes resulting from pesticide 
exposure; however, further studies incorporating additional biomarkers are needed to fully understand 
the residual and long-term effects on this population. These observations, based on the potential risks 
of pesticide exposure, underscore the considerable need for public authorities to enhance healthcare 
measures for rural workers and the general population.
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