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A B S T R A C T   

Background: Organophosphates are frequently applied insecticides that inhibit acetylcholinesterase (AChE) ac
tivity resulting in cholinergic overstimulation. Limited evidence suggests that organophosphates may alter 
thyroid hormone levels, although studies have yielded inconsistent findings. We aimed to test the associations 
between AChE activity, a physiological marker of organophosphate exposure, and thyroid function in 
adolescents. 
Methods: We included information of 80 adolescent participants (ages 12-17y in 2016, 53% male) growing up in 
agricultural settings in Ecuador. We measured fingerstick erythrocytic AChE activity and hemoglobin concen
tration, and concurrent serum thyroid stimulating hormone (TSH) and free-T4 (fT4) concentrations. General 
linear models were used to test associations which adjusted for demographic and anthropometric variables. TSH 
associations were further adjusted for fT4. 
Results: The mean (SD) AChE, TSH and fT4 levels were 3.77 U/mL (0.55), 2.82 μIU/ml (1.49) and 1.11 ng/dl 
(0.13), respectively. Lower AChE activity, indicating greater organophosphate exposure, was marginally asso
ciated with greater fT4 concentrations (difference per SD decrease in AChE activity (β) = 0.03 ng/dL, [90% CI: 
0.00, 0.06]) but not with TSH (β = − 0.01 μIU/ml, [-0.38, 0.36]). Gender modified the AChE-TSH association (p 
= 0.03). In girls, lower AChE activity was associated with higher fT4 levels (β=0.05 ng/dL [0.01, 0.10]) and 
lower TSH concentrations (β = − 0.51 μIU/ml, [− 1.00, − 0.023]). No associations were observed in boys. 
Discussion: These cross-sectional findings suggest that alterations in the cholinergic system from organophosphate 
exposures can increase fT4 levels coupled with a beyond-compensatory downregulation of TSH in female ado
lescents. This is the first study to characterize these associations in adolescents.   

1. Introduction 

Organophosphates are commonly used insecticides in agricultural 
production worldwide, and inhibit acetylcholinesterase (AChE) activity 
resulting in buildup of acetylcholine and altered neurotransmission 
(Colovic et al., 2013). Evidence suggests that organophosphate pesti
cides can disrupt the function of endocrine organs (Kitamura et al., 
2011). Findings from human studies are limited yet suggest that 
organophosphate pesticides may disrupt thyroid hormones. However, 
the type of thyroid hormone alteration and its directionality is not 

generally consistent among studies. Organophosphate exposure in ad
olescents and adults has been linked with both higher (Fortenberry 
et al., 2012; Lacasaña et al., 2010) and lower levels of fT4 (Meeker et al., 
2006), and with both lower TSH (Fortenberry et al., 2012; Suhartono 
et al., 2018) and higher TSH levels (Lacasaña et al., 2010; Meeker et al., 
2006). Another study showed no significant associations between or
ganophosphates and thyroid hormone levels (Piccoli et al., 2016). The 
only two studies to date that have characterized this association in 
children using urinary pesticide metabolites have reported lower TSH 
concentrations with organophosphate exposures (Fortenberry et al., 
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2012; Suhartono et al., 2018). 
There are several pathways through which organophosphate pesti

cides could disturb thyroid hormone regulation. Thyroid hormone levels 
are regulated by the hypothalamic-pituitary-thyroid axis. At the level of 
the central nervous system, hypothalamic neurons stimulate the release 
of thyroid stimulating hormone (TSH) into systemic circulation. TSH 
then stimulates the thyroid to produce the thyroid hormones thyroxine 
(T4) and to a lesser extent, triiodothyronine (T3) (Molina, 2018). T4 and 
T3 are then converted to their metabolically active forms of free 
thyroxine (fT4) and free triiodothyronine (fT3) which act on peripheral 
tissues (Jameson et al., 2018). T3 and T4 provide negative feedback to 
the hypothalamus which downregulates TSH (Molina, 2018). At the 
level of the central nervous system, cholinergic overstimulation associ
ated with organophosphate pesticide exposures (via AChE inhibition) 
can stimulate somatostatin which can inhibit TSH release (Smallridge 
et al., 1991). 

It is well established that thyroid hormones play central roles in 
growth, organogenesis, and metabolic homeostasis throughout the 
lifecycle (Jameson et al., 2018). Both thyroid dysfunction and organo
phosphate pesticide exposures, separately, have been associated with 
developmental and neurobehavioral delays in children (Aakre et al., 
2017; Sapbamrer and Hongsibsong, 2019; Suarez-Lopez et al., 2013). 

The objective of the present pilot study was to characterize the as
sociation between AChE activity, a physiological marker of cholines
terase inhibitor insecticides, and thyroid hormone levels in adolescents 
growing up in agricultural communities in Ecuador. The inconsistent 
associations found in the limited number of existing human observa
tional studies did not allow us to develop a coherent a-priori hypothesis. 

1.1. Participants and methods 

The Study of Secondary Exposures to Pesticides among Children and 
Adolescents (ESPINA; Spanish: Estudio de la Exposicion Secundaria a 
Plaguicidas en Niños y Adolescentes) is a prospective cohort study that 
seeks to understand the effects of chronic pesticide exposure on chil
dren’s health and development. Specimens and survey data were 
collected from children living in the agricultural county of Pedro Mon
cayo, Pichincha province, Ecuador. Flower plantations in this county 
frequently use various pesticides including insecticides (organophos
phates, neonicotinoids and pyrethroids), fungicides and, to a lesser 
extent, herbicides (Grandjean et al., 2006; Handal et al., 2016; Harari, 
2004; Suarez-Lopez et al., 2017). 

In 2008, participants were recruited from the 2004 Survey of Access 
and Demand of Health Services, a representative sample of the popu
lation of Pedro Moncayo County, and via word of mouth. The ESPINA 
study sought out participants who lived in households with a flower 
plantation worker as well as those living in households without an 
agricultural worker. To be eligible to participate, participants must have 
been between 4 and 9 years of age and: 1) lived with a flower plantation 
worker for at least one year, or 2) never lived with an agricultural 
worker, never inhabited a house where agricultural pesticides were 
stored and have had no previous direct contact with pesticides. In 2008, 
313 boys and girls were examined, of which 48% lived with a floricul
tural worker. In 2016, participants, previously examined in 2008, were 
re-contacted and new adolescent participants were recruited using the 
System of Local and Community Information (SILC) developed by 
Fundación Cimas del Ecuador. A total of 545 participants ages 11–17 
years (48% lived with a floricultural worker) were examined in 2016, 
including 245 participants from 2008. Additional details about the study 
methodology in 2008 and 2016 have been published elsewhere (Suar
ez-Lopez et al, 2012, 2019). 

The present analyses included 80 adolescent participants examined 
in 2016 who were selected by their AChE activity levels in 2008: 40 who 
had the lowest and 40 who had the highest AChE levels. The mean AChE 
activity in 2008 among participants in the high AChE group was 0.98 U/ 
mL higher (95% CI: 0.87, 1.08) than those in the low AChE category, 

after adjusting for age, gender, z-score for height-for-age and hemo
globin. This difference across these AChE groups persisted in 2016, with 
an adjusted difference of 0.72 U/mL (95% CI: 0.53, 0.91). The height of 
children was measured to the nearest 1 mm following established pro
tocols (World Health Organization, 2008). Z-scores for height-for age 
were calculated using the World Health Organization (WHO) growth 
standards (World Health Organization Multicentre Growth Reference 
Study Group, 2006). 

Erythrocytic AChE activity and hemoglobin concentrations (mg/dL) 
were measured with the EQM Test-mate ChE Cholinesterase Test System 
400 (EQM AChE Erythrocyte Cholinesterase Assay Kit 470; EQM 
Research, Inc, Cincinnati, OH) from a fresh finger-stick blood sample 
collected in 2016, following standard procedures (EQM Research Inc., 
2003). TSH and fT4 levels in serum were measured using enzymatic 
assays by ALPCO (The Ultrasensitive Thyroid Stimulating Hormone 
ELISA. Cat No. 25-TSHHUU-E01; and Free Thyroxine ELISA Cat No. 
25-FT4HU-E01) at the Altman Clinical and Translational Research 
Institute laboratory at the University of California San Diego. Thyroid 
hormones were measured in serum samples collected minutes after the 
finger-stick sample. Serum samples were stored at − 80 ◦C prior to 
analyses. 

Parents provided informed consent and permission for their children 
to participate in the study. All participants younger than 18 years of age 
provided assent to participate. This study received approval from the 
institutional review boards at the University of California, San Diego, 
and Universidad San Francisco de Quito. Additionally, the Ecuadorian 
Ministries of Health and Education approved the present study. 

1.2. Statistical analysis 

Participants’ characteristics were calculated as mean (SD) and 
stratified by tertiles of AChE activity. Crude linear regression analyses 
were used to evaluate p-trends of participant characteristics across AChE 
activity values. Linear regression analyses were used to test associations 
of AChE activity with TSH and fT4. Models were defined a-priori and 
adjusted for age, hemoglobin concentration, gender, height-for-age z- 
score, and parental years of education (the average years of education 
for both parents). Models that included TSH were further adjusted for 
fT4 considering that TSH levels fluctuate in response to fT4 concentra
tions. Associations were tested using a 90% confidence interval due to 
the limited sample size of the study. The AChE-thyroid hormone asso
ciations were calculated per SD decrease in AChE activity since lower 
AChE reflects greater exposure to cholinesterase inhibitors. We tested 
for curvilinear associations using a quadratic term (ACHE + AChE*
ACHE). We also tested for effect-modification by gender using a multi
plicative term (AChE + gender + AChE*gender) and plotted the 
adjusted least squares means of fT4 and TSH for each quintile of AChE 
activity. 

2. Results 

2.1. Participant characteristics 

Participants had a mean age of 14.6 years (SD = 1.7) and 53% were 
male. The mean AChE activity was 3.77 U/ml (SD = 0.63) and the mean 
hemoglobin concentration was 12.9 g/L (SD = 1.2, Table 1). The mean 
concentrations for TSH and fT4 were 2.83 μIU/mL (SD = 1.62) and 1.10 
(SD = 0.14) ng/dL, respectively. Participants were on average 1.56 SD 
shorter (z-score height-for-age) than the WHO normative sample. A 
greater proportion of boys had higher AChE activity than girls, and age 
was positively associated with AChE activity. 

2.2. AChE and thyroid hormones 

Overall, we observed that every SD decrease in AChE activity (β) was 
marginally associated with higher fT4 (β: 0.03 ng/dL, 90% CI: 0.00 to 
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0.06) but was not associated with TSH levels (β: 0.01 μIU/mL, 90% CI: 
0.38 to 0.36, Figs. 1 and 2). There was no evidence for curvilinear 
associations. 

There was significant effect modification by gender on the associa
tion between AChE activity and TSH (p = 0.03) but not with fT4 (p =
0.56). In girls, lower AChE activity was marginally associated with 
greater fT4 concentrations (β = 0.05 ng/dl, 90% CI: 0.01 to 0.10, Figs. 1 
and 2) and with lower TSH concentrations (β = − 0.51 μIU/ml, 90% CI: 
− 1.00 to − 0.023), independently of concurrent fT4 concentrations. 
Among boys, lower AChE activity was also associated with higher fT4 
concentrations, although this association was weaker and non- 
significant. AChE activity was not associated with TSH in boys. 

3. Discussion 

In this pilot study, we examined the cross-sectional relationships 
between AChE activity, a marker of organophosphate pesticide expo
sure, and the thyroid hormones fT4 and TSH in adolescents living in an 
agricultural region of Ecuador. Findings suggest that alterations in the 
cholinergic system from non-occupational pesticide exposures may alter 
thyroid hormone levels in female adolescents. We observed that lower 
AChE activity, indicating greater exposure to cholinesterase inhibitor 
pesticides, was associated with greater fT4 and lower TSH concentra
tions among adolescent girls living in agricultural areas of Ecuador. 
These findings partially indicate that cholinesterase inhibition can in
crease serum fT4 levels coupled with a downregulation of TSH in girls. 
The amount of TSH down regulation appears to be at levels beyond what 
would be expected from the observed higher fT4 levels, considering that 
the AChE-TSH associations observed were adjusted for concurrent fT4 
concentrations. In boys, AChE activity was also positively associated 
with fT4, but the association was weaker and not statistically significant. 
To our knowledge, this is the first study in adolescents to characterize 
the associations between AChE activity and thyroid hormone levels. 

Findings from this study are consistent with those from the National 
Health and Nutrition Examination Survey (NHANES), which included 
cross-sectional data on adults and children in the United States (For
tenberry et al., 2012). That study reported a positive association be
tween the urinary organophosphate metabolite 3,5, 
6-Trichloro-2-pyridinol and serum total T4 in adolescent and adult 
males, and corresponding negative associations with TSH; however, 
contrary to our findings, no associations were observed among females. 
The difference may be due to variable levels of exposure among sexes in 
each study population or differences in the measurement variables. The 
present study measured free thyroxine (fT4) while the NHANES study 
measured total thyroxine (T4), which includes both protein-bound T4 

Table 1 
Participant characteristics by AChE activity tertile.   

Total AChE Activity Tertiles  

AChE Range, 
U/mL 

1.97–5.92 1.97–3.52 3.54–4.04 4.06–5.92 P- 
trend 

N 80 26 27 27  
Age, years 14.6 (1.7) 14.4 (1.7) 13.8 (1.4) 15.7 (1.4) 0.01 
Gender (male), 

% 
53 31 59 59 0.01 

Parental 
education, 
years 

9.2 (3.3) 9.3 (2.70) 9.1 (3.1) 9.1 (4.1) 0.97 

Height-for-age 
z-score, SD 

− 1.56 
(0.88) 

− 1.42 
(0.98) 

− 1.61 
(0.83) 

− 1.66 
(0.84) 

0.28 

AChE, U/mL 3.77 
(0.63) 

3.08 
(0.38) 

3.79 
(0.16) 

4.43 
(0.31) 

– 

Hemoglobin, 
mg/dL 

12.9 (1.2) 12.3 (1.4) 12.9 (1.0) 13.6 (1.0) <0.01 

Displayed values are either percent or mean (SD). 

Fig. 1. Relationship between fT4 and AChE activity in girls and boys. N = 80. 
fT4 Difference per SD* decrease in AChE activity (90% CI) 
All 0.03 (0.00 to 0.06) 
Girls 0.05 (0.01 to 0.10) 
Boys 0.02 (-0.02 to 0.07) 
* AChE SD=0.63 U/mL 
Circles represent the mean fT4 values for quintiles of AChE activity. Connecting 
lines are displayed for visualization purposes. Dotted lines are the linear slopes 
of the adjusted model using continuous dependent and independent variables. 
Adjusted for age, hemoglobin concentration, gender, height-for-age z-score and 
parental years of education. 

Fig. 2. Relationship between TSH and AChE activity in girls and boys. N = 80. 
TSH Difference per SD* decrease in AChE activity (90% CI) 
All** -0.01 (-0.38 to 0.36) 
Girls -0.51 (-1.00 to -0.023) 
Boys 0.36 (-0.19 to 0.90) 
* AChE SD=0.63 U/mL 
** p for gender interaction = 0.03 
Circles represent the mean TSH values for quintiles of AChE activity. Con
necting lines are displayed for visualization purposes. Dotted lines are the linear 
slopes of the adjusted model. 
Adjusted for age, hemoglobin concentration, gender, height-for-age z-score, 
parental years of education and fT4. 
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and fT4. 
The positive association between fT4 and organophosphate exposure 

as reported in the present study aligns with an observational study of 
adult floricultural workers in which increased levels of total T4 were 
observed during high-spraying periods of organophosphate pesticides 
(Lacasaña et al., 2010). However, TSH levels in that study were found to 
be increased, which differs with our findings. 

In contrast with our finding of higher fT4 in association with 
organophosphate pesticide exposure, decreased T4 in association with 
organophosphate exposure has also been reported in the literature. An 
observational study of males in the United States seeking infertility 
treatment reported increased organophosphate urinary metabolites in 
association with reduced T4 and increased TSH levels (Meeker et al., 
2006). Among adult agricultural laborers in Brazil, there was no sig
nificant association between AChE activity, a physiological marker of 
organophosphate and carbamate pesticide exposure, and thyroid hor
mone levels (Piccoli et al., 2016). 

Besides the findings in NHANES, the only other pediatric study to our 
knowledge is a cross-sectional study that included 66 children in an 
agricultural region of Indonesia. This study found that the presence of 
organophosphate metabolites in urine (vs. not) was significantly asso
ciated with hypothyroidism defined as TSH >4.5 μIU/L, but there was 
no difference in levels of fT4 (Suhartono et al., 2018). That study, 
however, did not report the linear associations between continuous 
variables of exposure (e.g. AChE activity or metabolite levels) and thy
roid hormones, so we are unable to compare our main findings. 

Rodent models demonstrate that organophosphate pesticides can 
induce changes in thyroid hormone levels, although trends in specific 
thyroid hormone levels have not been consistent. Rats given a single 
injection of diisopropyl fluorophosphate, an organophosphate pesticide, 
had an 80% reduction in TSH levels which aligns with TSH trends seen 
in the present study (Smallridge et al., 1991). Contrary to our findings, 
rodents who received an oral dose of the organophosphate malathion 
and mice pups exposed to organophosphate pesticides in utero and after 
birth had significantly decreased serum levels of T4 and T3, and 
increased TSH concentrations (Akhtar et al., 1996; Jeong et al., 2006). 
Similarly, female mice who received the highest dose of the organo
phosphate pesticide chlorpyrifos had significantly lower T4 levels than 
female mice who received lower or no pesticide doses (Angelis et al., 
2009). The results reported in these studies differ from those seen in our 
study population and may be explained by different metabolic pathways 
of organophosphate pesticides, different thresholds for induction of 
hormone level changes in humans compared with rodents, or varying 
effects during different windows of development (early life vs 
adolescence). 

Our findings also suggest that lower cholinesterase activity, marking 
greater exposure to cholinesterase inhibitor pesticides, is associated 
with greater concentrations of fT4. It is not well understood how 
organophosphate pesticides interact with peripheral thyroid hormone 
levels, but they may alter hepatic metabolism. Conversion of T4 to its 
more metabolically active form, T3, occurs in the liver and other tissues 
(Brent and Koenig, 2017). Lacasaña et al. (2010) proposed that inhibi
tion of enzymes such as hepatic 5′-deiodinase type II involved in the 
metabolism of T4 to T3, may drive up levels of T4 while diminishing T3. 
Higher T4 levels associated with organophosphate exposures was also 
seen in catfish and thought to be due to decreased T4 to T3 conversion 
(Sinha, 1992). This mechanism may help to explain the association be
tween elevated T4 and increased organophosphate exposure observed in 
participants in this study. While we did not measure T3 levels, it may be 
a helpful next step in elucidating a mechanism. 

The present study has some limitations. First, the sample size may 
have limited our ability to detect differences in thyroid hormones in 
relation to AChE levels. This may be an explanation as to why we only 
observed borderline significant associations among girls but not boys. 
Additionally, the present findings are cross-sectional, so we cannot 
completely discern the directionality of the associations; that is, whether 

AChE activity influences fT4 production or whether fT4 levels affect 
AChE activity. However, there is no physiological premise to indicate 
that circulating thyroid hormones may affect circulating red blood cell 
AChE activity. Exposure assessment utilizing AChE activity precludes us 
from identifying specific cholinesterase inhibitor pesticides that may be 
driving the observed associations. Considering that in agriculture, 
mixtures of multiple classes of pesticides are frequently used, it is 
plausible that AChE activity may also be indirectly marking exposure to 
other classes of pesticides besides cholinesterase inhibitors. Erythrocytic 
AChE activity is less sensitive and specific than most pesticide quanti
fication methods (Barr and Angerer, 2006; He, 1999); however, it has 
certain benefits over measuring urinary pesticide metabolites. First, 
AChE is a more stable indicator of exposure to cholinesterase inhibitors 
than pesticides metabolites in bodily fluids (Lefkowitz et al., 2007; 
Suarez-Lopez et al., 2017) and is a better indicator of long-term exposure 
as it is estimated that it may take up to 82 days for AChE levels to return 
to baseline levels after irreversible inhibition by organophosphates 
(Mason, 2000). Furthermore, it is a physiological marker of exposure; 
hence, it signals that pesticide exposures are altering a physiological 
process in the organism (Taylor, 2011). Additionally, erythrocytic AChE 
activity is similar to neuronal AChE activity (Aaron CK, 2007) and brain 
AChE has been reported to be diminished after chlorpyrifos exposure in 
rats (Dam et al., 2000; Johnson et al., 2009; Qiao et al., 2002; 
Richardson and E, 2005; Song et al., 1997). This is particularly impor
tant as a major component of thyroid hormone regulation is in the 
central nervous system. Larger prospective studies of children and ad
olescents that characterize the associations between various pesticide 
exposure constructs and thyroid hormones are warranted. 

4. Conclusion 

In conclusion, the present cross-sectional study is the first to our 
knowledge to assess the association of AChE activity and thyroid hor
mones in adolescents. Our findings bring attention to the role of pesti
cide exposures and the cholinergic system on thyroid hormone 
homeostasis. Lower AChE activity, marking greater exposure to 
cholinesterase inhibitor pesticides, was associated with greater fT4 and 
lower TSH concentrations in girls but not boys. Thyroid hormone dis
turbances in childhood pose several risks to physiologic development. 
Findings from this pilot study suggest that larger studies of this rela
tionship are warranted. Further investigation on the effects of chronic 
pesticide exposure on thyroid hormone function in children is necessary 
to understand and mitigate potential risks of exposure. 
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