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ABSTRACT. Pyrethroids are a class of insecticides used widely for vector control programs. Acute
pyrethroid poisoning is rare, but well documented, whereas effects of cumulative exposure are insuffi-
ciently described, including possible negative effect on glucose regulation. The objective of this study
was to investigate an association between exposure to pyrethroids and abnormal glucose regulation
(prediabetes or diabetes). A cross-sectional study was performed among 116 pesticide sprayers from
public vector control programs in Bolivia and 92 nonexposed controls. Pesticide exposure (duration,
intensity, cumulative exposure) was assessed from questionnaire data. Participants were asked about
symptoms of diabetes. Blood samples were analyzed for glycosylated hemoglobin (HbA1c), a measure
of glucose regulation. No association was found between pyrethroid exposure and diabetes symptoms.
The prevalence of abnormal glucose regulation (defined as HbA1c ≥ 5.6%) was 61.1% among sprayers
and 7.9% among nonexposed controls, corresponding to an adjusted odds ratio (OR [95% confidence
interval]) for all sprayers of 11.8 [4.2–33.2] and 18.5 [5.5–62.5] for pyrethroid-exposed only. Among
sprayers who had only used pyrethroids, a significant positive trend was observed between cumulative
pesticide exposure (total number of hours sprayed) and adjusted OR of abnormal glucose regulation,
with OR 14.7 [0.9–235] in the third exposure quintile. The study found a severely increased prevalence
of prediabetes among Bolivian pesticide sprayers compared with a control group, but the relevance of
the control group is critical. Within the spraying group, an association between cumulative exposure
to pyrethroids and abnormal glucose regulation was seen. Further studies are needed to confirm this
association.
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INTRODUCTION

Pyrethroids are broad-spectrum insecticides
that have become widely used, primarily due to
low acute toxicity and low dermal uptake. Large
amounts of pyrethroids are used in agriculture,
the textile industry, as the main active substance
in insecticide-treated bed nets in the tropics,
and in aircraft “disinfection.” During the last
2 decades, the substances have been increasingly
used worldwide in the public health vector pro-
grams.1,2 Residential pesticide spraying for vec-
tor control is an essential part of the prevention
of malaria and other vector-borne diseases,1,3

and the pesticide sprayers are some of the most
heavily pesticide-exposed subjects.4 In Bolivia,
approximately 500 persons are employed by the
Ministry of Health and Sports as full-time pes-
ticide sprayers in vector programs. These pro-
grams are carried out as campaigns in the rainy
season from November to May, and during this
period the sprayers are exposed 6 days a week,
8 to 10 hours per day. Since the mid-1990s,
pyrethroids have almost completely replaced the
environmentally persistent organochlorines (i.e.,
DDT [dichlorodiphenyltrichloroethane]) and the
acutely toxic organophosphates in the vec-
tor control programs. Presently, the most used
pyrethroids in the programs are α-cypermethrin
and λ-cyhalothrin, but smaller amounts of β-
cypermethrin and deltamethrin are used as well
(personal communication, Rafael Cervantes
Morant, Fundación Plagbol, Bolivia).

The possibility of negative chronic health
effects of pyrethroids after occupational expo-
sure, by accident or from suicidal attempts, has
been widely discussed.2,5–7 In Germany, the
discussion of this long-term, low-dose expo-
sure in households and work environments has
reached a point where control operators refuse
to use pyrethroids.8 The debate has mainly
focused on neurotoxicity and relied mostly on
case stories.6 However, a diabetic effect has
also been suggested: Wang et al. found signif-
icantly higher prevalence of abnormal glucose
regulation among pyrethroid-exposed subjects

at two Chinese pesticide factories, compared
with employees not exposed to pyrethroids.9

As a part of a larger cross-sectional study
concerning the health of the workers of the
public vector controls programs in Bolivia,
the authors investigated the putative associa-
tion between pyrethroid exposure and abnormal
glucose regulation.

METHODS

Participant Recruitment and Information

Examinations took place in each of the three
largest Bolivian cities—La Paz, Santa Cruz,
and Cochabamba—during June and July 2012,
that is, a few months beyond the intensive
spraying season, thus avoiding measuring any
acute negative health effect on the sprayers.
Male sprayers were recruited from the pub-
lic vector control centers, which employed
approximately 160 pesticide sprayers or former
sprayers now working in administration. A total
of 120 accepted the invitation to participate.
Among the 40 nonparticipants, two sprayers
specified that they had health problems related
to spraying and feared being dismissed if they
participated. The motives of the remaining non-
participants were unknown. A total of 93 nonex-
posed controls were recruited among the non-
spraying employees at the centers (≈26 per-
sons), among university students taught by some
of the examiners (41 persons), and some oth-
ers (≈26 persons). Controls were male at age
20 to 60 years. As the objective of this study was
to investigate effects of exposure to pyrethroids
below the level where acute intoxication occurs,
four sprayers were excluded due to former hos-
pitalization due to acute pesticide poisoning.
To maintain independency between observa-
tions, one nonexposed control was excluded, as
he was a son of one of the sprayers. The final
study groups included for analyses of symptoms
(108 sprayers and 89 control subjects) are shown
in Figure 1.
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FIGURE 1. Summary of participant recruitment and exclusion.

Participation in the study was voluntary, and
an informed consent form was completed by
all participants before inclusion. Participants
were financially compensated for their partici-
pation in the study. The investigation had been
approved by the Medical Ethical Committee
in Bolivia. All test materials and test admin-
istration protocols were translated to Spanish
by a non-native Spanish speaker. Afterwards,
the quality of translation was controlled and a
backward translation to English was performed
by a native Spanish speaker.

Interview and Physical Examination

An interview questionnaire was administered
by an experienced specialist in occupational
medicine. The questionnaire included questions
about demographic variables, health status, and
pesticide exposure.

Participants were asked if they had expe-
rienced any of 62 specific symptoms during
the past year. Three of these symptoms were
included in the study as possible signs of dia-
betes: urinating more often than usual (pol-
lakisuria), urinating a greater quantity than
usual (polyuria), and unintentional weight loss.
Blurred vision, lethargy, and tiredness were
deemed to unspecific for inclusion.

Weight and height of the participants were
measured and 1.5 kg was subtracted to take
clothes-wearing into consideration. Also, 2 cm
was subtracted from the height for participants
measured with shoes on.

Collection and Biochemical Examination
of Blood Samples

Blood samples were collected from all par-
ticipants using 4-mL EDTA tubes. In La Paz,



420 IS PYRETHROID EXPOSURE ASSOCIATED WITH PREDIABETES?

samples were brought to the Genetic Institute,
centrifuged, separated into cells and super-
natant, and frozen at −17◦C. In Santa Cruz
and Cochabamba, samples were centrifuged
and separated into cells and supernatant before
being stored at −4◦C. After 1 to 3 days, the
samples were packed with dry ice and sent
to the Genetic Institute of La Paz (this took
16 to 20 hours), where they were frozen at
−17◦C. Upon completion of the operative phase
of the project, blood samples were brought to
a local private biochemical laboratory where
they were thawed and analyzed for hemoglobin
A1c (HbA1c) by high-performance liquid chro-
matography (HPLC).

Subjects were initially categorized as normal
(HbA1c < 5.6%), prediabetic (5.6% ≤ HbA1c
≤ 6.4%), or diabetic (HbA1c > 6.4%). Because
only three subjects were diabetic, it was decided
to collapse the categories of “prediabetic” and
“diabetic.” Thus, the final categorization was
“normal” (HbA1c < 5.6%) versus “abnormal
glucose regulation” (HbA1c ≥ 5.6%).

In the analyses of HbA1c data, three con-
trols and eight sprayers were excluded, because
they had reported suffering from malaria or gen-
itourinary diseases, and the diseases in question
can influence HbA1c.10 See Figure 1 for a sum-
mary of participant recruitment and exclusion
for HbA1c analysis.

Exposure Assessment

Based on the questionnaire data, the follow-
ing four measures of exposure to pesticides were
derived:

• Sprayer (yes/no)
• Pesticide spraying duration (the total num-

ber of years working with pesticides—
from the day of first use to the last day of
use or to the day of the interview)

• Pesticide spraying intensity (number of
hours of spraying per week in the weeks
with actual spraying)

• Cumulative pesticide exposure (total num-
ber of hours sprayed)

Only sprayers were assigned a value for spray-
ing duration, spraying intensity, and cumulative

exposure, and the three measures were used
to evaluate dose-response relationships within
the group of sprayers. A total of 17 con-
trols had used pesticides, mainly to kill insects
in their own homes, but their exposure lev-
els were judged negligible. The three contin-
uous exposure variables were converted into
quintiles, with 21 to 23 exposed subjects in each
exposure group.

Statistical Analysis

Questionnaire data were double-entered
by two different people using EpiData 3.1
(epidata.dk; Epidata Association, Odense,
Denmark). HbA1c analysis results were deliv-
ered in Microsoft Excel format by the analyzing
laboratory and had not been double entered.

All outcome variables were analyzed using
both simple and multivariate logistic regres-
sions. In the multivariate analyses, the following
potential confounders were included: body mass
index (BMI; continuous variable), age (contin-
uous variable: number of years), educational
level (categorical variable: less than primary
school, primary school, secondary school or
technical education, university), use of antidi-
abetics (dichotomous variable: yes/no), fam-
ily history of diabetes (dichotomous variable:
yes/no), location (categorical variable: La Paz,
Santa Cruz, or Cochabamba; used as a proxy
for ethnicity), and smoking status (categorical
variable: never smoker, ex-smoker, or current
smoker). Decisions to include variables in the
models were made a priori, as they were judged
to be possible confounders in the association
between exposure and blood glucose.

Exposure was initially treated as a dichoto-
mous variable (sprayer yes/no). If a significant
difference was found between sprayers and con-
trols, dose-response relationships for sprayers
were modeled by using quintiles of spray-
ing duration, spraying intensity, and cumulative
exposure as exposure measures. Each quintile of
exposure was treated as a separate variable in the
model. Further, a test for trend was performed
where exposure quintiles were treated as a single
continuous variable. Analyses were performed
on all sprayers and repeated for the sprayers
who had only used pyrethroids—and no other
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pesticides. Analyses were repeated where only
age, BMI, and use of antidiabetics were included
as confounders. All models were checked using
the Hosmer-Lemeshow goodness-of-fit test.

The level of significance was 5%. Data
cleanup and analysis were performed using Stata
12.1 (StataCorp, College Station, TX, USA).

RESULTS

Demographic variables for the sprayers and
nonexposed controls can be seen in Table 1. The
exposed subjects had higher BMI, were older,
were more poorly educated, smoked more, and
used more antidiabetics than nonexposed con-
trols. Furthermore, the distribution of subjects
with regard to city (and thus possibly ethnicity)
differed between the groups.

The point prevalence of abnormal glucose
regulation (defined as HbA1c ≥ 5.6%) and 1-
year cumulative prevalence of subjective dia-
betes symptoms can be seen in Table 2. The
prevalence of abnormal glucose regulation in
the sprayer group was very high, 61%, com-
pared with 8% among the nonexposed controls.
No one reported having experienced “urinating
a greater quantity than usual.”

Significantly increased odds ratios (ORs) of
abnormal glucose regulation were found for
the sprayers in both raw and adjusted analyses
(Table 2). The ORs increased after exclusion of
sprayers who had at some time used pesticides
other than pyrethroids. No significant differ-
ences were found between groups with regard to
the symptoms “urinating more often than usual”
and “unintentional weight loss.”

The adjusted analyses for dose-response rela-
tionships between exposure levels and abnormal
glucose regulation among sprayers are seen in
Figure 2a–c. In Table 3, both raw and adjusted
analyses are shown. No clear dose-response
relationships were found for quintiles of neither
spraying duration nor spraying intensity. There
was also no clear trend for cumulative expo-
sure when looking at all sprayers. But when
limiting the analysis to sprayers who had only
used pyrethroids (52 out of 108 with valid
HbA1c results), a statistically significant trend
was revealed between cumulative exposure
and odds ratio of abnormal glucose regulation
(P = .01).

Sensitivity analyses that only included age,
BMI, and use of antidiabetics as confounders
gave similar estimates as the fully adjusted
models, although the association between

TABLE 1. Demographic Characteristics of Sprayers and Controls Subjects

Variable Sprayers Controls

n 116 92
Age in years∗ 49.7 [40.4−56.5] 25.5 [23.0−36.7]
Body mass index∗ 27.3 [25.1−29.9] 23.7 [21.1−27.0]
Spraying duration (years)∗ 10.0 [4.0−20.0] N/A
Familiar diabetes∗∗ 16.4 [10.2−24.4] 13.0 [6.9−21.7]
Consumption of antidiabetics∗∗ 9.5 [4.8−16.3] 3.3 [0.7−9.2]
Educational level (highest level completed)

Less than primary school∗∗ 4.3 [1.4−9.8] 1.1 [0.0−5.9]
Primary school∗∗ 44.8 [35.6−54.3] 8.7 [3.8−16.4]
Secondary school or technical education∗∗ 47.4 [38.1−56.9] 67.4 [56.8−76.8]
University∗∗ 3.4 [0.9−8.6] 22.8 [14.7−32.8]

Smoking status
Never smoker∗∗ 70.7 [61.5−78.8] 82.6 [73.3−89.7]
Ex-smoker∗∗ 15.5 [9.5−23.4] 7.6 [3.1−15.1]
Current smoker∗∗ 13.8 [8.1−21.4] 9.8 [4.6−17.8]

Location
Cochabamba∗∗ 25.9 [18.2−34.8] 44.6 [34.2−55.3]
Santa Cruz∗∗ 46.6 [37.2−56.0] 18.5 [11.1−27.9]
La Paz∗∗ 27.6 [19.7−36.7] 37.0 [27.1−47.7]

∗Median [interquartile range].
∗∗Proportion in percent [95% CI].
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FIGURE 2. (a–c) Dose-response relationships between exposure and odds of abnormal glucose
regulation within the exposed group. All analyses adjusted for BMI, age, education, use of

antidiabetics, location, and smoking status. All = all sprayers, no matter the pesticides used;
Pyr = only pyrethroids used; p = P value for trend; R2 = pseudo-R2 for trend.

Numerical data corresponding to the plots can be found in Table 3.

cumulative exposure and OR of abnormal
glucose regulation among sprayers who had
only used pyrethroids was only borderline sig-
nificant at P = .08 (data not shown).

DISCUSSION

No differences were seen between sprayers
and nonexposed controls with regards to signs
of diabetes such as polyuria or unintentional
weight loss. Furthermore, the consumption of
antidiabetic drugs was similar in the two groups
studied. All but three of the participants with
abnormal glucose regulation had prediabetes
and not diabetes as such. This all corresponds
well with the fact that prediabetes is a pre-
clinical condition associated with increased risk
of developing diabetes (although some dia-
betic complications may be seen).11 Our study
revealed a strong association between being a

vector control sprayer exposed to a mixture
of insecticides and having abnormal glucose
regulation, even after confounder control. The
association was even stronger when limiting the
analysis to sprayers who had only been exposed
to pyrethroids.

However, difficulties in recruiting controls
had led to inclusion of a large number of young
students, and large differences in, for exam-
ple, BMI, educational level, and age were found
between sprayers and controls, making it likely
that the two groups also differed with regards to
other variables of importance for development
of diabetes such as lifestyle (including diet),
which is not taken into account. This calls for
caution when we interpret the results. Twenty-
five percent of the current or former sprayers
employed at the vector control centers did not
participate. This could have led to bias away
from the null hypothesis (possibly explaining
the results found) if affected sprayers were more
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TABLE 3. Numerical Data for Dose-Response Relationships Between Pesticide Exposure and
Odds Ratio of Abnormal Glucose Regulation

Sprayers included Analysis
type

Spraying duration Spraying intensity Cumulative exposure

Quintile OR [95% CI] Quintile OR [95% CI] Quintile OR [95% CI]

All Raw 1 1.0 [N/A] 1 1.0 [N/A] 1 1.0 [N/A]
2 0.8 [0.3–2.8] 2 0.7 [0.2–2.2] 2 1.0 [0.3–3.4]
3 1.6 [0.5–5.6] 3 0.6 [0.2–1.8] 3 1.0 [0.3–3.4]
4 1.5 [0.5–5.2] 4 1.0 [0.3–3.0] 4 1.9 [0.5–6.7]
5 1.3 [0.4–4.2] 5 0.8 [0.2–4.4] 5 1.3 [0.4–4.5]

P for trend: .450 P for trend: .959 P for trend: .393

Adjusted 1 1.0 [N/A] 1 1.0 [N/A] 1 1.0 [N/A]
2 0.8 [0.2–3.8] 2 1.5 [0.4–6.6] 2 1.3 [0.3–5.3]
3 1.3 [0.3–5.8] 3 0.8 [0.2–2.8] 3 1.1 [0.3–4.7]
4 1.4 [0.3–7.2] 4 2.5 [0.6–10.7] 4 2.7 [0.6–12.5]
5 1.0 [0.2–5.8] 5 1.0 [0.1–7.3] 5 2.1 [0.4–10.3]

P for trend: .668 P for trend: .560 P for trend: .193

Sprayers who had only
used pyrethroids

Raw 1 1.0 [N/A] 1 1.0 [N/A] 1 1.0 [N/A]
2 1.0 [0.2–4.0] 2 0.9 [0.2–4.4] 2 1.9 [0.5–7.5]
3 6.0 [1.0–34.8] 3 1.2 [0.2–5.8] 3 3.8 [0.8–18.6]
4 1.5 [0.2–11.2] 4 1.1 [0.2–4.9] 4 7.5 [0.7–75.7]
5 Insufficient data 5 Insufficient data 5 Insufficient data

P for trend: .092 P for trend: .702 P for trend: .034

Adjusted 1 1.0 [N/A] 1 1.0 [N/A] 1 1.0 [N/A]
2 1.2 [0.1–10.3] 2 7.3 [0.3–170.7] 2 7.4 [0.5–116.3]
3 Insufficient data 3 1.3 [0.1–11.9] 3 14.7 [0.9–235.4]
4 0.5 [0.0–16.1] 4 0.7 [0.0–17.4] 4 Insufficient data
5 Insufficient data 5 Insufficient data 5 Insufficient data

P for trend: .179 P for trend: .661 P for trend: .014

likely to participate than nonaffected sprayers.
This is unlikely to have happened, as no effects
were found with regards to subjective symp-
toms. On the contrary, some sprayers with work-
related health issued chose not to participate due
to fear of being fired. This could lead to bias
towards the null hypothesis and cannot explain
the results. The only previous study on the
possible association between chronic pyrethroid
exposure and abnormal glucose regulation was
performed by Wang et al., who compared
exposed and nonexposed participants among
employees in two pyrethroid factories in China.
They revealed a slightly increased OR for abnor-
mal glucose regulation among exposed persons,
OR = 1.5 (95% confidence interval: 1.2–1.8).9

When we restricted the analysis to persons
who had only used pyrethroids, we found a
significant positive trend between cumulative
spraying (total number of hours sprayed) and

odds of abnormal glucose regulation. An effect
was demonstrated even though few of the
exposed subjects had sprayed recently, support-
ing that long-term cumulative exposure is the
exposure of interest.

A comprehensive literature search revealed
no further studies on associations between
chronic pyrethroid exposure and abnormal
glucose regulation except that of Wang et al.9

Two experimental animal studies demonstrated
changed glucose metabolism during acute
pyrethroid intoxication.12,13 The hypothesis
of pyrethroids causing abnormal glucose reg-
ulation is supported by the fact that DDT, an
organochlorine insecticide, has been shown
to be associated with diabetes.14 The main
toxicological effect of DDT is in some way
similar to that of pyrethroids, that is, slowing
the inactivation of the voltage-gated sodium
channels of excitable cells.14,15 One could
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therefore hypothesize that low-level pyrethroid
exposure affected glucose regulation by this
mechanism; however, this is purely specula-
tive, as pyrethroids have been shown to affect
cells in a multitude of manners. Targets for
pyrethroids include protein phosphorylation,
voltage-gated chloride channels, noradrenaline
release, γ -aminobutyric acid (GABA)-gated
chloride channels, nicotinic receptors, mito-
chondrial complex 1, apoptosis induction,
voltage-gated calcium channels, lymphocyte
proliferation, volume-sensitive anion channels,
calcium adenosine triphosphatase (ATPase),
intercellular gap junctions, and chromosomal
damage.16 Except for the first three, these
targets are only affected at concentrations 2 or
more orders of magnitude larger than the ones
affecting voltage-gated sodium channels.

The main strength of this study is the expo-
sure assessment. Even though no objective
measures of pesticide exposure for the partici-
pants are available at the present time, detailed
self-reported information was collected, allow-
ing modeling of dose-response relationships
between exposure levels (in terms of spray-
ing duration, intensity, and cumulative expo-
sure) and OR of abnormal glucose regulation.
Exposed subjects had sprayed for an average
of 10.0 years, meaning that the population was
suitable for a study on long-term effects.

Glycosylated hemoglobin A (HbA1c) is a
well-documented marker of glycemic status,
reflecting average blood glucose level in the
last 8 to 12 weeks.10 It has been approved by
the World Health Organization for the diagno-
sis of diabetes mellitus.10 For this study, HbA1c
analysis was chosen over the fasting glucose
test and the oral glucose tolerance test because
HbA1c does not vary diurnally and subjects do
not have to fast. HbA1c results can be biased
by a number of factors, including genitouri-
nary disease, malaria, and variant hemoglobin10;
therefore, subjects with self-reported genitouri-
nary diseases and malaria were excluded. We do
not have data on the occurrence of variant
hemoglobin of the participants. A literature
search gave no results regarding the prevalence
of variant hemoglobin in Bolivia, but a certain
prevalence of sickle cell trait can be expected

due to the selection pressure from malaria in the
lowland areas of Cochabamba and Santa Cruz.

The main weakness in our study is the exter-
nal control group that was substantially differ-
ent from the sprayers. We therefore have to
interpret data with great caution. Another lim-
itation is the lack of objective exposure mea-
surements such as analysis of urine samples for
pyrethroid metabolites or measurements of air-
borne pyrethroid concentration in the working
environment (although both are markers of acute
exposure and not directly measures of long-
term exposure). All measures of exposure in this
study were self-reported and inaccurate recall
without association to outcome would lead to
bias towards the null hypothesis. We have tried
to compensate for inaccurate recall by analyzing
dose-response relationships based on quintiles
of exposure. Because prediabetes is a subclini-
cal condition, it is not likely to lead to systematic
recall bias.

Regarding the external validity of the find-
ings, it must be remembered that the exposed
population of this study can be assumed to
have high (peak) exposure to pyrethroids due to
indoor spraying and suboptimal use of personal
protective equipment. Care should be exerted
before extrapolating the results to other popu-
lations exposed to pyrethroids, such as farmers,
inhabitants of the sprayed buildings, and people
sleeping under insecticide-treated bed nets. All
participants were male, and although we have
no reason to believe that the female response
to pyrethroid exposure differs from that of the
male, it cannot be ruled out beforehand.

Residential spraying with pyrethroids is an
important part of vector management.1 Even
though the results may indicate that exposure
to pyrethroids can lead to prediabetes (and
thus possibly diabetes) for the vector control
sprayers, at the current time we cannot recom-
mend stopping the vector control programs or
replacing pyrethroids with more acutely toxic
pesticides. The most adequate response is use
of personal protective equipment while spray-
ing to minimize exposure until better data are
available. Future studies should improve upon
the design of this study, namely, better matching
of exposed subjects and controls, larger study
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population, and a follow-up design. Detailed
self-reported measures of pesticide exposure
should be included, along with environmental
monitoring of external and biological monitor-
ing of internal exposure.

CONCLUSION

Cumulative pyrethroid exposure might be
associated with abnormal glucose regulation
in terms of higher risk of prediabetes. Some
methodological problems in the study mean that
care is needed when interpreting the results.
Further research is warranted.

Data sharing statement. All raw data from
this study are available in digital form for any
researcher. For access, please contact Dansk
Data Arkiv at www.sa.dk/dda.
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