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ABSTRACT
Objectives This research evaluates whether 
environmental exposures (pesticides and smoke) 
influence respiratory and allergic outcomes in women 
living in a tropical, agricultural environment.
Methods We used data from 266 mothers from the 
Infants’ Environmental Health cohort study in Costa Rica. 
We evaluated environmental exposures in women by 
measuring seven pesticide and two polycyclic aromatic 
hydrocarbons metabolites in urine samples. We defined 
’high exposure’ as having a metabolite value in the top 
75th percentile. We collected survey data on respiratory 
and allergic outcomes in mothers as well as on pesticides 
and other environmental exposures. Using logistic 
regression models adjusted for obesity, we assessed 
the associations of pesticide exposure with multiple 
outcomes (wheeze, doctor- diagnosed asthma, high (≥2) 
asthma score based on symptoms, rhinitis, eczema and 
itchy rash).
Results Current pesticide use in the home was 
positively associated with diagnosed asthma (OR=1.99 
(95% CI=1.05 to 3.87)). High urinary levels of 
5- hydroxythiabendazole (thiabendazole metabolite) 
and living in a neighbourhood with frequent smoke 
from waste burning were associated with a high 
asthma score (OR=1.84 (95%CI=1.05 to 3.25) and 
OR=2.31 (95%CI=1.11 to 5.16), respectively). Women 
who worked in agriculture had a significantly lower 
prevalence of rhinitis (0.19 (0.01 to 0.93)), but were 
more likely to report eczema (OR=2.54 (95%CI=1.33 
to 4.89)) and an itchy rash (OR=3.17 (95%CI=1.24 to 
7.73)).
Conclusions While limited by sample size, these 
findings suggest that environmental exposure to both 
pesticides and smoke may impact respiratory and skin- 
related allergic outcomes in women.

INTRODUCTION
Women living in rural settings in low/middle- 
income countries experience a myriad of envi-
ronmental exposures that can cause or exacerbate 
respiratory and allergic diseases. These environ-
mental exposures can occur around the home as 
well as in the community or workplace. Women 
living in the banana growing regions in Costa Rica 
are exposed to a variety of environmental expo-
sures such as pesticides, including fungicides (eg, 

mancozeb), insecticides (eg, chlorpyrifos, perme-
thrin, buprofezin) and herbicides (eg, 2,4- D), and 
smoke from various sources.1–5 Pesticide expo-
sures occur through multiple pathways, including 
ambient exposure via aerial spraying, direct contact 
via occupational exposure and para- occupational 
exposure due to other household members working 
in agriculture.1 6 Pesticides are also applied in/
around the home by the Ministry of Health or 
women themselves, mainly for vector control. 
Exposures to smoke can be caused by tobacco 
smoke, household and industrial waste burning, or 
use of biomass for cooking fuel.4 5

Both pesticide and smoke exposures have been 
related to respiratory and allergic outcomes in 
women globally. Pesticides have been associated 
with respiratory and allergic symptoms in occu-
pationally exposed populations.1 7–9 Studies inves-
tigating the relationships between agricultural 
pesticide exposure and health outcomes have 
traditionally focused on men, but are increasingly 
examining women as many women are employed 

Key messages

What is already known about this subject?
 ► Pesticides may contribute to respiratory and 
allergic symptoms in occupationally exposed 
individuals. A majority of these studies have 
been conducted in men.

What are the new findings?
 ► Specific pesticides were associated with 
increased asthma symptoms in environmentally 
exposed women in Costa Rica.

 ► Occupationally exposed women were more 
likely to report allergic skin conditions than 
respiratory allergic conditions.

 ► Waste burning in rural settings continues to be 
a risk for asthma symptoms.

How might this impact on policy or clinical 
practice in the foreseeable future?

 ► These results may support stronger pesticide 
use controls which minimise environmental and 
occupational exposure. Waste burning should 
be replaced with more health protective means 
of waste disposal.
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in agriculture.1 8–12 Previous research on women exposed to 
pesticides has found increased risk of respiratory and allergic 
outcomes like rhinitis.9 11 13 Allergic skin conditions may also 
be associated with pesticide exposure,14–16 but more research on 
this relationship in women is warranted. Smoke exposure from 
waste burning (both commercial and household) and the use of 
biomass cooking fuel has been associated with respiratory symp-
toms and allergic symptoms such as rhinitis in resource- poor 
countries.17–20

The Infants’ Environmental Health (‘Infantes y Salud Ambi-
ental’, ISA) study is a prospective birth cohort study of preg-
nant women and their children living near banana plantations in 
Matina County, Costa Rica.2 21 This analysis examines the associ-
ations of women’s exposure to pesticides (during pregnancy and 
when their children were 1 and 5 years old) and smoke (when 
their children were 5 years old) with respiratory and allergic 
outcomes. The goal of this study is to observe the relation-
ship between these environmental exposures and the health of 
women in a resource- poor setting. We hypothesised that higher 
exposures to both pesticides and smoke would be associated 
with a higher likelihood of respiratory and allergic symptoms.

METHODS
Study design
The ISA study enrolled 451 pregnant women between March 
2010 and June 2011.2 21 Eligible women were age >15 years, <33 
weeks pregnant and lived in Matina County, Costa Rica. Women 
completed 2–6 study visits between pregnancy and when their chil-
dren were 5 years old. These were 1–3 study visits during preg-
nancy (depending on their gestational age at enrollment), shortly 
after delivery (median=7 weeks postpartum) and when their chil-
dren were 1 and 5 years old (online supplemental figure S1). The 
majority of the attrition in the cohort occurred soon after childbirth.

This analysis focuses the 290 women who completed a ques-
tionnaire when their children were 5 years old (figure 1). We 
excluded the 24 women with any history of smoking, resulting 
in an effective sample size of 266. Only 259 women provided a 
urine sample at their children’s 5- year study visit.

Women completed a questionnaire based on both previous ISA 
questionnaires and the European Community Respiratory Health 
Survey at their children’s 5- year study visit that collected informa-
tion on age, education, parity, smoking history, occupational history 
and medical history (eg, medical conditions and medication use).22 
We also asked women about environmental exposures such as resi-
dential pesticide use, vector- control pesticide spraying by health 

authorities, frequency of smoke from any waste burning, cooking 
fuel use and tobacco use (both personally and in their homes). This 
questionnaire has been previously used in studies of Costa Rican 
populations.1 23 24 Women’s height and weight were measured at 
the same study visit and used to calculate body mass index (BMI).

All mothers provided written informed consent at enrollment 
and additional informed consent was obtained from the parents 
or legal guardians of participants aged <18 years.

Respiratory and allergic outcomes
We examined three respiratory outcomes: (1) wheeze, (2) 
doctor- diagnosed asthma and (3) asthma symptom score based 
on Sunyer’s methodology (a score ranging from 0 to 5 based on 
the following symptoms: wheezing with shortness of breath in 
the last 12 months, woken up with a feeling of chest tightness 
in the last 12 months, attack of shortness of breath at rest in the 
last 12 months, attack of shortness of breath after exercise in 
the last 12 months and woken by attack of shortness of breath 
in the last 12 months).25 The asthma score was developed using 
baseline self- reported responses from the health survey and 
has shown to be predictive of future asthma medication use 
and airway reactivity follow- up.26 We chose this as a potential 
metric of undiagnosed or poorly managed asthma in this medi-
cally underserved community. For our statistical analysis, we a 
priori dichotomised the asthma scores into low (0–1) and high 
(2–5).

We considered rhinitis, eczema and itchy rash as allergic outcomes. 
We recognise that these may not all meet the definition of allergy as 
defined by specific or total IgE.27 Notably, the questions related to 
eczema and itchy rash were administered to all (n=266), whereas 
the rhinitis question was administered to only 246 women (it was 
added to the questionnaire after the study visits had started).

Exposure assessment of pesticides and markers of smoke
At each study visit, we collected spot urine samples, which were 
frozen and shipped on dry ice to the lab. Details of specimen collec-
tion and analysis have been previously published.2 21 Urine samples 
were analysed at the Department of Occupational and Environ-
mental Medicine at Lund University in Sweden. The laboratory 
participates and has qualified as a European Human Biomonitoring 
Initiative (HBM4EU) laboratory for the analysis of 1- hydroxypyrene 
(1- HP). Urinary metabolites were measured using liquid chroma-
tography coupled to tandem mass spectrometry (QTRAP 5500, 
AB Sciex, Framingham, Massachusetts, USA). Briefly, the samples 
were analysed for fungicides (ethylenethiourea (ETU, metabolite of 
mancozeb), hydroxypyrimethanil (OHP, metabolite of pyrimeth-
anil), 5- hydroxythiabendazole (OHT, metabolite of thiabendazole)), 
organophosphate (OP) insecticides (3,5,6- trichloro- 2- pyridinol 
(TCP, metabolite of chlorpyrifos) used in banana plantations, the 
sum of cis/trans (3- (2,2- dichlorovinyl)- 2,2- dimethylcyclopropaneca
rboxylic acid (DCCA, metabolite of permethrin, cypermethrin and 
cyfluthrin)), 3- phenoxybenzoic acid (3PBA, metabolite of perme-
thrin, cypermethrin, cyfluthrin, deltamethrin, allethrin, resmethrin 
and fenvalerate)) and the herbicide 2,4- D.28 Urine samples collected 
from women when their children were 5 years old were also anal-
ysed for 1- HP and hydroxyphenanthrene (2- OH- PH), biomarkers 
of exposure to polycyclic aromatic hydrocarbons (PAHs) which can 
originate from wood burning.29 30 Urinary metabolite concentra-
tions were corrected for dilution using specific gravity. Detection 
limits have been previously published.21 28 30 Metabolite concentra-
tions below the limit of detection (LOD) were randomly imputed to 
vary between half the LOD and the LOD.Figure 1 Cohort sample sizes, Matina County, Costa Rica, 2010–2017.
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Statistical analysis
Sociodemographic, outcome and exposure data were summarised 
with counts (%) for categorical variables and medians (25th, 
75th percentiles) for continuous variables. Frequency of smoke 
from waste burning was grouped into three categories: Never, 
Some/Monthly and Weekly/Daily. The association between a 
woman working in agriculture and having high levels of OHT 
was assessed with a χ2 test. Spearman correlation coefficients 
between metabolites were calculated.

Women’s pesticide exposures were classified as ‘historic’ (ie, 
during pregnancy, shortly after delivery and when their children 
were 1 year old) or ‘current’ (ie, when their children were 5 years 
old). Due to the large variability in metabolite concentrations and 
presence of extreme values, we dichotomised current exposure to 
each pesticide or PAHs biomarker into low (≤75th percentile) and 
high (>75th percentile). This was done prior to any modelling 
analysis. The cut point was selected based on the distributions of 
the metabolites in conjunction with power considerations (online 
supplemental figure S2). Historic pesticide exposures also varied 
widely over time, thus we used the overall historic distributions 
to identify a cut point for ‘high’ exposure.21 To avoid regression 
to the mean in the historic exposures, we created distributions 
of pesticide exposures from all historic samples. A woman who 
exceeded the 75th percentile of a distribution in more than 40% 
of her historic study visits was considered to have frequent high 
exposure to that pesticide. Frequent high exposure was defined 
as greater than 40% of a woman’s historic visits based on the 
number of visits where exposures were high (>75th percentile). 
This method of exposure classification was driven by the short 
half- lives of pesticide metabolites and assumes if a woman has 
been frequently exposed to high levels of a specific pesticide she 
is likely to have repeated exposure to this pesticide.

We fit individual logistic regression models adjusted for 
obesity (dichotomous: BMI <30, BMI ≥30) to assess the expo-
sure–outcome associations of interest. We excluded ever smokers 
(n=24) from our main models, but they were included in sensi-
tivity analyses. We highlight statistically significant associations 
(α=0.05). All analyses were done in R (V.3.6.1).31

RESULTS
A total of 266 women were included in this analysis. At the time 
of questionnaire administration (2016–2017), the median (25th, 
75th) age of study participants was 29 (25, 35) years and 45% 
(n=119) of the women were obese (table 1). Women included 
in our main analysis did not smoke or live with someone who 
frequently smoked.

Doctor- diagnosed asthma was more commonly reported 
(21%, n=56) than wheeze in the 12 months prior to the survey 
(16%, n=43; table 1). The asthma score was right skewed with 
44% (n=118) of participants having a score of 0. A total of 98 
women (37%) had two or more asthma symptoms and were 
considered to have a high asthma score. About 70% (n=184) of 
the women with a high asthma score had been diagnosed with 
asthma by a doctor, whereas 8% (n=20) reported an asthma 
diagnosis but did not have a high asthma score (table 2). The 
variability between diagnosed asthma and symptomatic asthma 
suggests some women with asthmatic symptoms were not diag-
nosed with asthma, while others had well- controlled asthma as 
they were asymptomatic.

We evaluated three allergic outcomes (rhinitis, itchy rash and 
eczema). Rhinitis (9%, n=25) and itchy rash (9%, n=25) were 
uncommon, but eczema (31%, n=83) was reported by about 
one- third of the study population (table 1).

We also collected data on non- specific occupational and resi-
dential exposures using self- reported information (table 1). 
One- third of study participants reported working in agriculture 
(including banana farms) in the 3 years prior to the health survey 
(34%, n=89). About half of the women reported using pesticides 

Table 1 Demographic, health and exposure data for 266 non- 
smoking women living in Matina County, Costa Rica, 2016–2017

Median (25th, 75th)

Cohort demographics

Age 29 (25, 35)

  n %

Obesity

  Obese (BMI >30) 119 44.7

  Not obese (BMI <30) 147 55.3

Outcomes

Wheeze 43 16.2

Asthma diagnosed by doctor 56 21.1

Asthma score25

  0 118 44.4

  1 50 18.8

  2 34 12.8

  3 27 10.2

  4 24 9.0

  5 13 4.9

Dichotomised asthma score

  0, 1 168 63.2

  2, 3, 4, 5 98 36.8

Rhinitis 25 9.4

  Missing* 17 6.4

Eczema 83 31.2

Itchy rash 25 9.4

Exposures

Historic urine sample obtained 266 100

Concurrent urine sample obtained 259 97.4

  Missing 9 3.1

Mother worked in banana or other agriculture business in the 
last 3 years

89 33.5

  Missing 9 3.4

Mother currently working in banana or other agriculture 
business

47 17.7

  Missing 9 3.4

Husband worked in banana field in the last 3 years 137 51.5

  Missing 9 3.4

Husband currently working in banana field 125 47

  Missing 9 3.4

Husband worked in other agriculture business in the last 3 
years

21 7.9

  Missing 9 3.4

Husband currently working in other agriculture business 14 5.3

  Missing 9 3.4

Smoke from waste burning reached house (grouped)

  Never 44 16.5

  Some/monthly 54 20.3

  Weekly/daily 168 63.2

Cooking fuel: gas 235 88.3

Cooking fuel: wood 66 24.8

Cooking fuel: electric 50 18.8

Pesticide used inside the home 139 52.3

  Missing 11 4.1

Pesticide used outside the home 13 4.9

  Missing 14 5.3

Vector control (spraying by health authorities) 146 54.9

  Missing 11 4.1

*n=17 women received a questionnaire missing a question about rhinitis.
BMI, body mass index.
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inside their home (52%, n=139) or having been exposed to 
vector- control pesticide spraying by health authorities during the 
last 6 months (55%, n=146). Waste burning was common with 
most women reporting smoke from waste burning reaching their 
home daily or weekly (63%, n=168).

Pesticide exposure was common in the study population; over 
99% of historic samples had detectable concentrations of all 
metabolites. Detection in current samples was also high (pyre-
throids, ETU, TCP and 2,4- D were detected in all samples). OHP 
was measured in 92% of current samples; OHT was measured in 
72% of samples (online supplemental table S1). The range of each 
metabolite as well as the value used for the 75th percentile cut- 
off is shown in online supplemental table S1. Historic pesticide 
exposure levels were similar to current exposure concentrations 
for TCP, 2,4- D, OHP and OHT. For ETU, current exposures 
were slightly lower than historic exposures. Pyrethroid (3PBA, 

DCCA and combined pyrethroids) concentrations were slightly 
higher in current samples. Women who worked in agricul-
ture were more likely to have high values of OHT (p<0.001). 
Metabolites of PAHs were detected in 94% (2- OH- PH) and 98% 
(1- HP) of the current samples. PAH metabolites were correlated 
with each other (r=0.74), but most pesticide metabolites had 
weak correlations (online supplemental table S2). Only 3PBA 
and DCCA were strongly correlated, as they are both markers 
of pyrethroids (r=0.80). Respiratory outcomes were associated 
with self- reported exposure to pesticides and other environ-
mental chemicals and with current urinary pesticide metabo-
lite concentrations, but there was no clear pattern in the results 
(table 3). Pesticide use in the home was associated with increased 
odds of doctor- diagnosed asthma (OR=1.99, 95% CI: (1.05 to 
3.87)). For the symptom- based asthma score, frequent exposure 
to smoke burning (daily/weekly vs never) was significantly asso-
ciated with a high asthma score (OR=2.31, 95% CI: (1.11 to 
5.16)). Wheeze was not associated with any occupational or resi-
dential exposures assessed via questionnaire. Current high OHT 
exposure was associated with a high asthma score (OR=1.84, 
95% CI: (1.05 to 3.25)). Wheeze was inversely associated with 
high historic pyrethroid exposure (OR=0.38, 95% CI: (0.14 to 
0.91)) and DCCA (OR=0.31, 95% CI: (0.10 to 0.77) (online 
supplemental table S3); current exposures showed similar asso-
ciations (table 3). Doctor- diagnosed asthma had a suggestive 

Table 2 Diagnosed asthma and asthma score counts for 266 non- 
smoking women living in Matina County, Costa Rica, 2016–2017

Diagnosed asthma

Asthma score

0 1 2 3 4 5

Yes 12 8 8 12 11 5

No 106 42 26 15 13 8

Table 3 Unadjusted ORs and adjusted ORs (aORs) for respiratory outcomes and environmental exposures in non- smoking women living in Matina 
County, Costa Rica, 2016–2017 (n=266)

Exposure
n exposed

Wheeze (n=43) Doctor- diagnosed asthma (n=56) High asthma score (n=98)

OR (95% CI) aOR* (95% CI) OR (95% CI) aOR* (95% CI) OR (95% CI) aOR* (95% CI)

Occupational/residential exposures (n=266)

Mother currently works in 
banana or other agriculture 
business

47 1.69 (0.73 to 3.67) 1.75 (0.75 to 3.89) 1.58 (0.74 to 3.20) 1.64 (0.76 to 3.40) 1.81 (0.73 to 4.22) 1.4 (0.72 to 2.70)

Father currently works on 
banana plantation

125 0.79 (0.39 to 1.56) 0.68 (0.33 to 1.37) 0.89 (0.48 to 1.62) 0.77 (0.41 to 1.43) 1.04 (0.49 to 2.19) 1.21 (0.72 to 2.05)

Father worked in other 
agriculture business in last 
3 years

21 1.35 (0.37 to 3.91) 1.26 (0.34 to 3.71) 2.54 (0.96 to 6.40) 2.43 (0.90 to 6.28) 0.79 (0.12 to 3.07) 1.26 (0.49 to 3.14)

Pesticide used inside the 
home

139 1.24 (0.62 to 2.51) 1.14 (0.57 to 2.34) 2.11 (1.13 to 4.08) 1.99 (1.05 to 3.87) 1.66 (0.78 to 3.68) 1.17 (0.70 to 1.99)

Government spraying 146 1.23 (0.62 to 2.53) 1.35 (0.67 to 2.81) 1.44 (0.78 to 2.73) 1.59 (0.84 to 3.06) 0.89 (0.42 to 1.91) 0.91 (0.54 to 1.54)

Smoke from waste burning reached house

  Never 44 Ref Ref Ref Ref Ref Ref

  Some months/monthly 54 1.36 (0.42 to 4.80) 1.32 (0.40 to 4.71) 1.15 (0.42 to 3.26) 1.11 (0.40 to 3.20) 1.02 (0.33 to 3.20) 1.35 (0.55 to 3.40)

  Weekly/daily 168 1.7 (0.66 to 5.23) 1.82 (0.70 to 5.67) 1.27 (0.57 to 3.15) 1.36 (0.60 to 3.42) 1.06 (0.43 to 2.88) 2.31 (1.11 to 5.16)

Current metabolites† (n=259)

Pesticides

  ETU 70 1.1 (0.51 to 2.24) 1.07 (0.50 to 2.20) 1.03 (0.52 to 1.98) 1 (0.50 to 1.94) 0.73 (0.29 to 1.65) 0.84 (0.46 to 1.48)

  TCP 63 0.7 (0.29 to 1.53) 0.68 (0.28 to 1.51) 1.74 (0.89 to 3.30) 1.75 (0.89 to 3.36) 0.62 (0.22 to 1.50) 0.97 (0.53 to 1.75)

  2,4- D 65 0.79 (0.34 to 1.69) 0.82 (0.35 to 1.76) 0.71 (0.33 to 1.42) 0.73 (0.33 to 1.48) 1.08 (0.46 to 2.35) 0.86 (0.47 to 1.56)

  OHP 66 0.65 (0.27 to 1.42) 0.67 (0.27 to 1.49) 0.6 (0.27 to 1.22) 0.62 (0.28 to 1.28) 1.7 (0.76 to 3.65) 1.57 (0.88 to 2.80)

  OHT 70 1.44 (0.69 to 2.88) 1.46 (0.70 to 2.96) 1.29 (0.66 to 2.44) 1.31 (0.67 to 2.51) 1.7 (0.76 to 3.65) 1.84 (1.05 to 3.25)

  3PBA 65 0.79 (0.34 to 1.69) 0.7 (0.30 to 1.52) 1.64 (0.85 to 3.11) 1.5 (0.76 to 2.88) 1.06 (0.44 to 2.37) 1.1 (0.61 to 1.96)

  DCCA 65 0.55 (0.22 to 1.24) 0.53 (0.20 to 1.20) 0.71 (0.33 to 1.42) 0.67 (0.31 to 1.37) 0.91 (0.38 to 2.01) 0.74 (0.40 to 1.34)

  Pyrethroid‡ 64 0.57 (0.22 to 1.27) 0.52 (0.20 to 1.19) 0.94 (0.46 to 1.85) 0.88 (0.42 to 1.75) 1 (0.41 to 2.21) 0.9 (0.49 to 1.62)

Polycyclic aromatic hydrocarbons

  1- HP 71 0.68 (0.29 to 1.45) 0.6 (0.25 to 1.30) 0.96 (0.48 to 1.84) 0.86 (0.42 to 1.67) 1.05 (0.47 to 2.27) 0.69 (0.37 to 1.23)

  2- OH- HP 62 0.84 (0.36 to 1.81) 0.6 (0.25 to 1.30) 1.08 (0.53 to 2.10) 1.02 (0.49 to 2.02) 1.22 (0.52 to 2.70) 0.96 (0.52 to 1.74)

*ORs adjusted for obesity (BMI ≥30).
†Dichotomised at the 75th percentile.
‡Sum of 3PBA and DCCA.
BMI, body mass index; DCCA, 3- (2,2- dichlorovinyl)- 2,2- dimethylcyclopropanecarboxylic acid; ETU, ethylenethiourea; 1- HP, 1- hydroxypyrene; 2- OH- HP, hydroxyphenanthrene; OHP, 
hydroxypyrimethanil; OHT, 5- hydroxythiabendazole; 3PBA, 3- phenoxybenzoic acid; TCP, 3,5,6- trichloro- 2- pyridinol.
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positive association with current TCP (OR=1.75, 95% CI: (0.89 
to 3.36)), but there was no evidence of an association of current 
TCP with wheeze or asthma score. High levels of hydroxypyrene 
metabolites related to burning were not significantly associated 
with any respiratory outcomes.

For allergic conditions and current exposures, we found 
evidence of both positive and inverse associations (table 4). For 
occupational and residential exposures with allergic outcomes, 
we observed that women who currently worked in agriculture 
were more likely to have eczema (OR=2.54, 95% CI: (1.33 to 
4.89) and itchy rash (OR=3.17, 95% CI: (1.12 to 7.73)), but 
were less likely to report rhinitis (OR=0.19, 95% CI: (0.01 to 
0.93)) (table 4). Women whose partners worked in agriculture in 
the 3 years prior to the health survey were more likely to report 
an itchy rash (OR=3.44, 95% CI: (1.03 to 10.00)), but were 
less likely to report rhinitis (OR=1.04, 95% CI: (0.16 to 3.94). 
Pesticide spraying by health authorities was also associated with 
increased rhinitis (OR=2.43, 95% CI: (0.97 to 6.93)). High 
exposure to OHT both historically and currently was associated 
with a doubling of itchy rash odds, but this was not statistically 
significant with either exposure (table 3 and online supplemental 
table S3).

Sensitivity analyses including the current and past smokers 
showed similar associations to those from our main models 

(online supplemental tables S4 and S5). Similarly, adjusting for 
cotinine had no effect on the results.

DISCUSSION
We used three different outcome measures to address respira-
tory symptoms: wheeze, asthma score (a sum of five respira-
tory symptoms) and doctor diagnosis of asthma. While all three 
have been used in epidemiologic studies, they probably measure 
different things in medically underserved areas than in more 
developed parts of the world. Health outcome data were self- 
reported, which is why we chose to focus more on symptoms 
than self- reported diagnoses where possible. Our cohort had a 
higher prevalence of asthma compared with other cohorts of 
adults. For example, AGRICOH (A Consortium of Agricultural 
Cohort Studies) found an average asthma prevalence of 7.8% in 
women in the 18 cohorts studied, while 21% of women in our 
cohort reported an asthma diagnosis and 37% exhibited asthma 
symptoms, as measured by the asthma score.32 Our cohort did 
have a similar prevalence of wheeze (16%) compared with 
AGRICOH, which found an average of 15% of participants had 
respiratory symptoms (cough and wheeze).32 A study of mothers 
of young children living in an urban setting in Ethiopia found a 
lower prevalence of wheeze (6.2%) compared with our cohort; 
it also reported a statistically significant relationship between 

Table 4 Unadjusted ORs and adjusted ORs (aORs) between allergic outcomes and environmental exposures in non- smoking women living in 
Matina County, Costa Rica, 2016–2017 (n=266)

Exposure n exposed

Rhinitis (n=25) Eczema (n=83) Itchy rash (n=25)

OR (95% CI) aOR* (95% CI) OR (95% CI) aOR* (95% CI) OR (95% CI) aOR* (95% CI)

Occupational/residential exposures (n=266)

Mother currently works in 
banana or other agriculture 
business

47 0.19 (0.01 to 0.94) 0.19 (0.01 to 0.93) 2.51 (1.31 to 4.81) 2.54 (1.33 to 4.89) 3.08 (1.22 to 7.45) 3.17 (1.24 to 7.73)

Father currently works on 
banana plantation

125 0.2 (0.06 to 0.54) 0.2 (0.06 to 0.56) 1.12 (0.66 to 1.90) 1.08 (0.63 to 1.84) 0.88 (0.37 to 2.05) 0.81 (0.34 to 1.90)

Father worked in other 
agriculture business in last 
3 years

21 1.02 (0.15 to 3.85) 1.04 (0.16 to 3.94) 1.37 (0.52 to 3.41) 1.34 (0.51 to 3.33) 3.57 (1.08 to 10.30) 3.44 (1.03 to 10.00)

Pesticide used inside the 
home

139 1.34 (0.56 to 3.35) 1.36 (0.57 to 3.40) 1.03 (0.61 to 1.76) 1 (0.59 to 1.71) 1.33 (0.56 to 3.31) 1.25 (0.52 to 3.13)

Government spraying 146 2.47 (0.99 to 7.03) 2.43 (0.97 to 6.93) 0.94 (0.55 to 1.61) 0.96 (0.56 to 1.65) 0.66 (0.28 to 1.56) 0.69 (0.29 to 1.64)

Smoke from waste burning reached house

  Never 44 Ref Ref Ref Ref Ref Ref

  Some months/monthly 54 2.49 (0.54 to 17.65) 2.55 (0.55 to 18.15) 1.19 (0.51 to 2.86) 1.18 (0.50 to 2.83) 1.44 (0.49 to 4.57) 1.41 (0.47 to 4.51)

  Weekly/daily 168 2.4 (0.65 to 15.56) 2.38 (0.64 to 15.43) 1.07 (0.53 to 2.27) 1.09 (0.53 to 2.31) 0.36 (0.12 to 1.13) 0.37 (0.12 to 1.16)

Current metabolites† (n=259)

Pesticides

  ETU 70 0.83 (0.29 to 2.05) 0.83 (0.29 to 2.08) 0.93 (0.50 to 1.66) 0.92 (0.50 to 1.65) 1.1 (0.41 to 2.65) 1.08 (0.40 to 2.61)

  TCP 63 1.91 (0.77 to 4.50) 1.93 (0.77 to 4.55) 1.14 (0.61 to 2.06) 1.13 (0.61 to 2.06) 0.59 (0.17 1.62) 0.58 (0.16 to 1.60)

  2,4- D 65 0.38 (0.09 to 1.15) 0.38 (0.09 to 1.14) 1.17 (0.64 to 2.11) 1.19 (0.65 to 2.15) 0.97 (0.34 to 2.43) 1 (0.35 to 2.51)

  OHP 66 1.19 (0.44 to 2.90) 1.18 (0.44 to 2.87) 1.14 (0.62 to 2.05) 1.16 (0.63 to 2.08) 0.55 (0.16 to 1.51) 0.57 (0.16 to 1.57)

  OHT 70 0.39 (0.09 to 1.18) 0.38 (0.09 to 1.16) 1.71 (0.96 to 3.02) 1.72 (0.96 to 3.04) 2.01 (0.83 to 4.67) 2.04 (0.84 to 4.76)

  3PBA 65 1.86 (0.75 to 4.38) 1.96 (0.78 to 4.66) 1.07 (0.58 to 1.93) 1.04 (0.56 to 1.88) 1.23 (0.46 to 2.97) 1.13 (0.42 to 2.77)

  DCCA 65 1.77 (0.71 to 4.16) 1.81 (0.73 to 4.28) 0.88 (0.47 to 1.61) 0.87 (0.47 to 1.60) 1.52 (0.59 to 3.61) 1.49 (0.58 to 3.55)

  Pyrethroid‡ 64 1.56 (0.61 to 3.72) 1.6 (0.62 to 3.83) 1.33 (0.73 to 2.39) 1.31 (0.71 to 2.35) 1.55 (0.61 to 3.69) 1.49 (0.58 to 3.56)

Polycyclic aromatic hydrocarbons

  1- HP 71 0.86 (0.30 to 2.15) 0.88 (0.31 to 2.22) 1.28 (0.71 to 2.27) 1.24 (0.69 to 2.21) 1.28 (0.50 to 3.02) 1.18 (0.46 to 2.83)

  2- OH- PH 62 0.59 (0.17 to 1.65) 0.6 (0.17 to 1.67) 1.06 (0.57 to 1.94) 1.04 (0.56 to 1.91) 1.92 (0.77 to 4.52) 1.86 (0.74 to 4.4)

*ORs adjusted for obesity (BMI ≥30).
†Dichotomised at the 75th percentile.
‡Sum of 3PBA and DCCA.
BMI, body mass index; DCCA, 3- (2,2- dichlorovinyl)- 2,2- dimethylcyclopropanecarboxylic acid; ETU, ethylenethiourea; 1- HP, 1- hydroxypyrene; 2- OH- HP, hydroxyphenanthrene; OHP, 
hydroxypyrimethanil; OHT, 5- hydroxythiabendazole; 3PBA, 3- phenoxybenzoic acid; TCP, 3,5,6- trichloro- 2- pyridinol.
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pesticide use in the household and respiratory symptoms.33 We 
similarly found an association between pesticide use in the home 
and doctor- diagnosed asthma.

We saw little evidence of associations between current pesti-
cide exposure measures and current respiratory symptoms and 
disease. A positive association between thiabendazole expo-
sure and high asthma score was the only significant associa-
tion observed for current pesticide exposures. Thiabendazole 
is a post- harvest fungicide, applied to bananas before packing 
them for export. Women working on banana plantations had 
higher OHT concentrations compared with women not working 
in agriculture. With respect to questionnaire data, the strongest 
association was for pesticide use in the home with an almost 
twofold increase in doctor- diagnosed asthma in women who 
reported pesticide use. We did not observe this association for 
asthma score or wheeze. These results suggest this association 
for asthma may be associated with increased use of insecticide by 
people with asthma, rather than insecticides leading to increased 
asthma risk.

OP insecticides have been associated with respiratory symp-
toms in other populations.1 8 11 We found no strong evidence 
of an association between chlorpyrifos (measured by TCP) 
and respiratory symptoms. High TCP concentrations were 
inversely associated with wheeze, but positively associated with 
asthma (there was no association with asthma score). We do 
not have additional data to evaluate if our findings are due to 
chance, a difference in application methods in the study site or 
something else. Measurement error may have influenced these 
results in a number of ways. Pesticide metabolites are very 
short lived and only capture very recent exposures, so urinary 
biomarkers may miss peaks of exposure that may contribute 
to respiratory symptoms. This is for example reflected by the 
relatively low intraclass correlation coefficient of ETU during 
pregnancy (ICC=0.15).2 Our analysis of current exposures is 
cross- sectional and limited to one biomarker measurement. 
While the evidence was somewhat stronger for current expo-
sures than for exposures 5 years prior, repeated measures of 
recent exposures would potentially help to strengthen our 
estimates. We attempted in our historic exposure assignment 
strategy to try to assign women how had been consistently 
highly exposed, but we probably had too few measurements to 
accurately assign exposure.

Frequent exposure to smoke from waste burning was associ-
ated with increased odds of a high asthma score, but not with 
doctor- diagnosed asthma. We did not find associations with the 
metabolite measurements of PAH, which may have been due to 
the short half- lives of 1- HP and 2- OH- PH. While we do not have 
detailed data on what types of waste burning occurred, burning 
of residential waste can result in a diverse exposure mixture 
including PAHs, carbon monoxide and nitrogen oxides.18 34 35 
These air pollutants are known contributors to airway disease 
worldwide and contribute to the estimated 235 million global 
burden of asthma.17 20 36 37 Given that general waste burning 
happens on a regular basis in this area, we expect less measure-
ment error in the questionnaire estimates than those for PAH 
metabolites.

Although smoking is a known risk factor for respiratory 
disease, we excluded smokers from our main analysis due to 
small numbers. Our results were consistent when smokers were 
included or we adjusted for cotinine levels. The women in this 
study did not report frequent exposure to secondhand smoke in 
their homes. Our small sample size and the small proportion of 
smokers impacted our ability to examine smoking as an effect 
modifier.

We found less evidence for associations between pesticide 
metabolites and rhinitis than other studies. Our cohort had a 
similar prevalence of rhinitis (9%) to a recent study in Colombia, 
which had a rhinitis prevalence of 10% and observed an 
increased risk for rhinitis in adults exposed to mixtures of para-
quat, profenofos and glyphosate.38 Similarly, a study of grape 
farmers in Greece had a higher prevalence of allergic rhinitis 
(37%) and found positive associations between use of some 
pesticides and allergic rhinitis. Consistent with our findings, this 
study did not find evidence of an association between OPs and 
rhinitis.39 We found that women who currently worked in agri-
culture were five times less likely to have rhinitis, consistent with 
a healthy worker effect. This finding may suggest women with 
rhinitis are less likely to seek employment in agriculture, or that 
women with rhinitis leave agricultural work. A study of occupa-
tional rhinitis in Slovakia also found a low prevalence of rhinitis 
in agricultural workers.40

Allergic skin conditions were more often associated with indi-
rect measures of pesticide exposure such as agricultural work or 
government spraying of pesticides. Our findings were similar to 
research done in the United Arab Emirates (UAE) which found 
associations between agricultural pesticide exposures and skin 
conditions like eczema and itchy rash.15 A study of agricultural 
workers in the UAE found 21% had eczema and 24% had rash.15 
Our cohort had more eczema (31%) than itchy rash (9%), but 
both studies found associations between working in agriculture 
and eczema. Skin- related allergic conditions were associated 
with longer- term exposure (ie, both eczema and itchy rash being 
more common in women who currently worked in agriculture).

Additionally, high OHT concentrations were associated 
with increased odds of eczema and itchy rash. This finding is 
consistent with previous research from Panama on thiabenda-
zole exposure and dermatologic conditions among workers in 
banana packing.41 42 Exposure levels of OHT were very low 
among most of the women in our sample and as a result the high 
exposed group contained women with relatively low exposures 
(75th percentile=0.387 µg/L, max=299.96 µg/L). These results 
suggest that allergic skin conditions may appear after prolonged 
exposure to pesticides.

Pyrethroids may contribute to allergic outcomes. Studies in 
Greece and the USA found associations between pyrethroid 
exposures and rhinitis.43 44 In our sample, women whose houses 
were treated for vector control were more likely to report 
rhinitis. Pyrethroids are commonly used for vector control in 
Costa Rica and around the world, both by health authorities and 
by individuals. In Costa Rica, pyrethroids are readily available 
at local markets and their sale is not regulated, therefore some 
women may be simultaneously exposed from personal use and 
vector control programmes.

The major limitation of this study is its small sample size, 
which restricted our statistical power. While respiratory 
and allergic outcomes are common, they are multifactorial 
outcomes, and we lacked the ability to control for other factors. 
We excluded women who smoked to help address that issue 
but that reduced our sample size further. For rhinitis, we had 
an even smaller sample size since some women were not asked 
this question. Given our small sample size, the cross- sectional 
nature of the majority of this analysis and the high variability in 
the pesticide metabolite concentrations, we still observed signif-
icant associations with these outcomes, suggesting that studies 
with a larger sample size with more measures of exposure are 
necessary to help address these questions related to pesticides 
and other environmental exposures and respiratory and allergic 
outcomes.
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Further research is needed on measures to effectively reduce 
pesticide exposures. For example, thiabendazole exposure 
primarily occurs at banana packing plants via fumigation cham-
bers. Exposure may be mitigated through effective extraction 
procedures in the chambers or direct topical application rather 
than fumigation, but best practices in exposure reduction remain 
unknown.12

The ISA cohort provides a unique cohort to study the associ-
ations between environmental and occupational pesticide expo-
sures and respiratory and allergic diseases. By studying women 
who experience pesticide exposure due to their living conditions 
and occupations we are able to explore how these exposures 
uniquely impact women. Our results add to the growing litera-
ture linking pesticides and disease among women.
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