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Prenatal exposure to pyrethroid insecticides and birth
outcomes in Rural Northern China
Guodong Ding1, Chang Cui2, Limei Chen2, Yu Gao2, Yijun Zhou2, Rong Shi2 and Ying Tian1,2

Although pyrethroid insecticides are widely used, little is known about potential adverse effects on fetal growth. Participating 454
mother–infant pairs were recruited from a prospective birth cohort in rural northern China between September 2010 and 2012. We
measured five non-specific pyrethroid metabolites in maternal urine at delivery and examined their association with birth outcomes
including birth weight, length, head circumference, and gestational duration. The creatinine-adjusted medians of pyrethroid
metabolites in urine were 0.51 μg/g for cis-DCCA, 0.65 μg/g for trans-DCCA, and 0.68 μg/g for 3-PBA. The pregnant women had
substantially higher levels of urinary pyrethroid metabolites compared with those reported in developed countries. A increase in
total (the sum of cis-DCCA, trans-DCCA, and 3-PBA) but not individual urinary metabolite levels was associated with a decrease in
birth weight (adjusted β= –96.76 g per log10 unit increase, 95% confidence interval = –173.15 to –20.37). No associations were
found between individual or total metabolite levels and birth length, head circumference, or gestational duration. We report an
adverse association of prenatal exposure to pyrethroids as measured by urinary metabolites with birth weight. More studies are
warranted in China given the relatively high levels of urinary metabolites in our study population.
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INTRODUCTION
Pyrethroids, a group of synthetic insecticides, were produced in the
1970s after the removal of organochlorine insecticides from the
consumer market.1 The synthetic pyrethroids not only display the
biologic activity of their natural pyrethrins, but also display
enhanced environmental stability.2,3 With the phaseout of
organophosphate insecticides use in residential environments
and some agricultural applications, pyrethroids have been subse-
quently developed and used extensively. There is a significant
trend that amount of pyrethroids introduced into the environment
will continuously grow to replace more toxic organophosphates.
Currently, pyrethroid insecticides are the most common class of
insecticides in global widespread use and account for approxi-
mately one-fourth of the worldwide insecticide market.4

A number of epidemiological studies have investigated the
possible relationships between low-level prenatal or early post-
natal pesticide exposures and children’s health consequences
such as fetal growth, neurodevelopment, and childhood cancer.5

However, the majority of these studies have focused on
organochlorine or organophosphate insecticides, and growing
evidence supports that exposure to pesticides could adversely
affect child health. Unlike many other classes of insecticides,
pyrethroid insecticides display dissimilar structure and biological
persistence and their modes of action are strikingly different.
Pyrethroids are rapidly metabolized by esterases in humans with
the elimination half time (t1/2) being about 6 h,6 and thus they are
generally considered among the less significant insecticides
regarding human toxicity.7 However, toxicological studies have
shown that they are considered to be endocrine disrupting

chemicals and have been classified as potential toxicants at
relative high exposure levels.8 Pyrethroids could induced sig-
nificant suppression of thyroid hormone (TH) levels, and
concomitant stimulation of thyrotrophin (TSH) concentrations.9,10

Pyrethroids have also been linked to adverse effects on
reproduction and sexual development as well as the immune
system.11,12 Furthermore, fetus and children are not ″little adults″,
they are more susceptible to the potentially adverse effects of
pesticides, not only because their organ systems are developing
rapidly but also because they have lower levels of the enzymes
that detoxify pyrethroids than adults.13,14 Therefore, their unique
physiological characteristics leave them particularly susceptible
and vulnerable to the health effects of pesticide exposures.
Today, approximately 3000 tons of pyrethroids are applied each

year throughout China and are widely used in agriculture,
horticulture, public health (e.g. hospitals), and homes.11 Recent
epidemiological studies have shown that exposure to pyrethroid
insecticides in China and around the world is widespread among
some susceptible populations, including pregnant women and
children.7,13,15–18 However, a very limited number of studies have
examined the association of pyrethroid exposures during gesta-
tion or the early postnatal period and children’s health risks, and
they also have reported less consistent results. For example,
Hanke et al.19 found that maternal exposure to pyrethroids during
pregnancy was associated with a significant decrease in birth
weight. In contrast, Dabrowski et al.20 observed no significant
reduction in birth weight after reported farm use of pyrethroids
during pregnancy.20 In light of the potential adverse effects of
insecticide exposures on child health, the US Environmental
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Protection Agency has recently released the revised develop-
mental and cumulative risk assessment of insecticides, and has
requested the registrants of insecticides to provide developmental
toxicity studies to the agency.4,21 Therefore, there is an urgent
need for research to fill the gaps of information on adverse effects
of pyrethroid exposures to the fetus and children.
As the metabolites of currently used pyrethroid insecticides are

usually excreted in urine, the biological monitoring of exposure to
pyrethroids has typically involved the quantification of urinary
metabolites in many epidemiological studies.13,22 Human dose-
excretion studies and occupational exposure studies have
confirmed that the five non-specific metabolites including cis-
DCCA, trans-DCCA, 3-PBA, 4F3PBA, and cis-DBCA are important
indicators of pyrethroid exposures in humans.13,23,24 Until now,
little information about pyrethroid exposures and child health has
been available in China. In this study, we investigated the five non-
specific urinary metabolites of pyrethroids in pregnant women,
recruited from a rural community in northern China, and we
evaluated the relationship between prenatal exposure to pyre-
throids and fetal growth. We tested the hypothesis that after
adjusting for potential confounders, prenatal exposure to
pyrethroids would be associated with reduced birth weight,
length, head circumference, and gestational duration.

METHODS
Participants and Recruitment
This study was a prospective birth cohort study begun in 2010 to examine
the relationship of pesticides and other environmental exposures with the
health of pregnant women and their children living in a rural community in
the southern coastal area of Laizhou Bay of the Bohai Sea in northern
China (Shandong province). These women have worked in agricultural
fields, and they are more likely to have physical contact with pyrethroids
used on crops and/or dietary exposure to pyrethroids. The adverse
consequences of the children were assessed at delivery and during the
follow-up, which lasted over a period of at least 2 years.
Pregnant women preparing for labor and delivery in Binhai Hospital (the

only county hospital in the southern coastal area of Laizhou Bay) were
recruited for the study. Eligibility criteria included a singleton pregnancy;
age over 18 years old; residence in the area for at least 3 years; and no
report of assisted reproduction, pregestational or gestational diabetes,
chronic or pregnancy-associated hypertension, HIV infection or AIDS, and
illicit drug use.25 Between September 2010 and September 2012, a total of
636 women met the eligibility criteria, and among whom 568 women
agree to take part in this study (response rate 89.3%). Of these, 63 women
without urine samples, 32 women with missing values for major
confounders, 17 infants with missing neonatal anthropometric data, and
2 women with urinary creatinine concentrations o0.1 g/l were excluded.
Therefore, 454 mother− infant pairs were included in the final analysis.
Each woman participating in the study signed an informed consent form,
and the research protocol for this study was approved by the Ethics
Committees of Shanghai Jiao Tong University School of Medicine. Detailed
methods for the study have been described elsewhere.25

Maternal Interviews and Assessments
Standardized face-to-face interviews were conducted with the women
after delivery by specially trained nurses in the hospital. The questionnaire
included the following: demographic and socioeconomic information
(maternal age, height, pre-pregnancy weight, education level, household
income, and address) and maternal characteristics (cigarette smoking,
alcohol use, dietary habits, and employment).25 All the women have
attended at least one prenatal visit at Binhai Hospital during the current
pregnancy. Unfortunately, we have no more details on their prenatal care
from the questionnaire (e.g. Have you received prenatal care at Binhai
Hospital during the current pregnancy? Yes or no). Other relevant
information, such as previous pregnancies, current pregnancy complica-
tions, weight gain, and self-reported last menstrual period (LMP), was
obtained by interview and confirmed by medical records.

Measures of Birth Outcomes
Infant sex, birth date, parity, body weight, length (crown–heel), and head
circumference were obtained from medical records. Data on prior medical
history, current health status, and clinical estimates of gestational age
(ultrasound) were also collected. Gestational age was estimated based on
the date of the LMP; if the LMP was unreliable or if there was a significant
discordance between the clinical estimate and LMP (42 weeks), the first
clinical estimation of gestational age was used.25 Low birth weight was
defined as o2500 g, and excessive birth weight (macrosomia) was defined
as ≥ 4000 g. Preterm delivery was defined as birth at less than 37
completed gestational weeks. The low and excessive birth weight infants
and preterm infants were also included in our final analysis.

Urine Collection and Urinalysis
Spot urine specimens were collected during hospital admission for delivery
(within 3 days before delivery) and were aliquoted and stored at –80°C
until shipment on dry ice to the Shanghai Municipal Center for Disease
Control and Prevention (CDC, Shanghai). The five non-specific metabolites
(cis-DCCA, trans-DCCA, 3-PBA, 4F3PBA, and cis-DBCA) of pyrethroids in
urine were measured using a sensitive and selective capillary gas
chromatography−mass spectrometric detection (GC−MS) (Shmadzu,
Kyoto, Japan) based on a slightly modified method described by Kühn et
al.26 The limits of detection (LOD) for all targeted metabolites was defined
as a signal-to-noise ratio of three, the LOD for the five metabolites was
0.1 μg/l. Individual metabolite levels below the LOD were assigned a value
equal to the LOD divided by the square root of two,27 and this value was
included in each sum. Details of urine analysis and quality control pro-
cedures are described elsewhere.13,16

Metabolite levels were adjusted using creatinine concentrations to
correct for variable urine dilutions in the spot urine samples. Urinary
creatinine was measured by the modified Jaffe colorimetric method using
automated Beckman Coulter analyzers (Beckman Coulter, Fullerton, CA,
USA). Urine samples with creatinine concentrations o0.1 g/l were
considered too dilute for accurate analysis, and two women were excluded
because of low creatinine concentrations.

Data Analysis
SPSS 16.0 software (SPSS, Chicago, IL, USA) was used for all analyses. Initial
descriptive statistics were calculated for the individual pyrethroid
metabolites (cis-DCCA, trans-DCCA, and 3-PBA) and birth outcomes (birth
weight, length, head circumference, and length of gestation). 4F3PBA and
cis-DBCA were not included in the statistical analysis due to their low
detection frequency in the study sample (o5%). To ensure that the
creatinine concentrations did not affect the results, we calculated the
urinary levels of pyrethroid metabolites with an adjustment for creatinine.
In light of the skewed nature of our data, the urinary metabolite levels
were log-transformed (log10) to minimize the disproportional impact of
extreme values. To assess the associations between prenatal pyrethroid
metabolite levels and birth outcomes such as birth weight, length, head
circumference, and length of gestation, we constructed separate linear
regression models for each of the four outcomes. We selected potential
confounders for the multivariate models based on associations reported in
the literature, and we included in the models those that were significantly
associated (Po0.10) with two or more outcomes in the present study (e.g.
infant gender, parity, pre-pregnancy BMI, pregnancy weight gain, maternal
age, household monthly income, passive smoking, and length of
gestation). All regression analyses were run using log-transformed
creatinine-adjusted metabolites.

RESULTS
Table 1 describes the sociodemographic characteristics of the
study population. The average maternal age was 28.0 years
(SD= 4.6), two-thirds of the women (67.0%) were primiparous, and
half of them (52.2%) had graduated from high school or above.
The majority of the women (91.0%) lived in households with a
monthly income of less than RMB (¥) 5000 yuan. Nearly three-fifths
(56.8%) of the women had a normal weight before pregnancy, and
half of them (52.0%) gained 10− 15 kg of weight during
pregnancy. Almost one-third (31.3%) of the women lived with a
smoker during pregnancy, although few smoked themselves or
consumed alcohol regularly. Nearly two-thirds (63.9%) of the
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families did not use household pesticide during pregnancy, and
one-fifth (18.3%) reported to use household pesticide frequently.
The majority (68.7%) of the women washed their fresh vegetables
and fruits under running water before eating or cooking, and only
12.6% of them seldom or never washed their fresh fruit and
vegetables.
Overall, 51.3% of the newborn infants were male. The average

(SD) birth weight was 3394 (438) g; average body (crown–heel)
length was 50.7 (2.7) cm; average head circumference was 33.3
(1.4) cm; and average length of gestation was 39.4 (1.5) weeks. A

total of 2.4% (n= 11) of infants were born of low birth weight,
5.3% (n= 24) were small-for-gestational-age (SGA) births, and 5.5%
(n= 25) were preterm.
Urinary pyrethroid metabolite levels of the study sample, both

unadjusted and adjusted for creatinine, are summarized in Table 2.
The most frequently detected metabolite was 3-PBA, a non-
specific urinary metabolite for many pyrethroid insecticides such
as permethrin, cypermethrin, and deltamethrin, followed by trans-
and cis-DCCA, two urinary metabolites for permethrin, cyperme-
thrin, and cyfluthrin.1,7 Very few urine samples had detectable
levels of 4F3PBA and cis-DBCA, specific metabolites for cyfluthrin
and deltamethrin, respectively.1,7

The percentages of samples in which the pyrethroid metabo-
lites were more than the LODs were 82% for 3-PBA, 77% for trans-
DCCA, and 71% for cis-DCCA, respectively. The median levels
without creatinine adjustment for cis-DCCA, trans-DCCA, and 3-
PBA were 0.50, 0.57, and 0.62 μg/l, respectively. The median
concentration (interquartile range) of urinary creatinine of the
study population was 0.93 g/l (0.72− 1.30). After creatinine
adjustment, the median levels for cis-DCCA, trans-DCCA, and 3-
PBA were 0.51, 0.65, and 0.68 μg/g, respectively.
4F3PBA and cis-DBCA were detected in 3.7% and 2.4% of the

urine samples analyzed in the study population, respectively. Both
4F3PBA and cis-DBCA were detected in too few of the samples
tested to allow for a reliable estimation of the distribution
percentiles and geometric mean (GM) levels.
Table 3 presents the adjusted regression coefficients and 95%

confidence intervals (CIs) for individual (e.g. cis-DCCA, trans-DCCA,
or 3-PBA) and total metabolite levels (sum of the three individual
metabolites) in maternal urine with birth outcomes including birth
weight, length, head circumference, and length of gestation. We
observed that after adjusting for confounders, a 10-fold increase
(i.e. one log-unit increase) in total metabolite levels was associated
with a small but statistically significant decrease in birth weight of
96.76 g (95% CI = –173.15 to –20.37, P= 0.013). However, we did
not find associations between individual metabolite levels and
birth weight. Similarly, individual or total metabolite levels were
not found to be associated with birth length, head circumference,
or length of gestation.
We also analyzed the possible relationship of unadjusted

individual and total metabolites (not adjusted for creatinine,
μg/l) with birth outcomes, but pyrethroid metabolites were not
found to be associated with any of the four outcomes (data not
shown). We further examined the association between urinary
metabolite levels and SGA births using logistic regression models
after adjustment for potential confounders. Similarly, Cis-DCCA,
trans-DCCA, 3-PBA, and total metabolite levels were not found to
be associated with the risk of SGA births (data not shown).

DISCUSSION
Pyrethroid Insecticide Exposure in Northern China
Despite the wide use of pyrethroid insecticides, few studies have
assessed the pyrethroid exposure in the general population,
particularly for pregnant women. This study provides urinary
pyrethroid metabolite levels observed at delivery in pregnant
women, recruited from a rural community in northern China. Our
findings can be contrasted with those of studies elsewhere. As
shown in Table 4, the urinary metabolite levels (cis-DCCA, trans-
DCCA, and 3-PBA) in the pregnant women from northern China
were substantially higher than those for the US women who
participated in the NHANES 1999–2000, 2001–2002, and 2007–
2008 studies,7,28 and those for the US pregnant women who
participated in CHAMACOS cohort, 1999–2000.29 For example, the
median levels of urinary metabolites in our sample ranged from
0.51 (cis-DCCA) to 0.68 (3-PBA) μg/g, whereas the median levels of
metabolites ranged from less than the LOD to 0.43 μg/g (for 3-

Table 1. Demographic characteristic of the study population (n= 454).

Characteristic No. (%), mean± SD

Maternal characteristic
Age (years)

o25 122 (26.9%)
25–29 181 (39.9%)
30–34 107 (23.6%)
≥ 35 44 (9.7%)

Parity
0 (primiparous) 304 (67.0%)
≥ 1 (multiparous) 150 (33.0%)

Education (years)
≤ 9 (middle school) 217 (47.8%)
10–12 (high school) 130 (28.6%)
≥ 13 (greater than high school or college) 107 (23.6%)

Pre-pregnancy BMI (kg/m2)
o18.5 (underweight) 59 (13.0%)
18.5 to o23.0 (normal weight) 258 (56.8%)
≥ 23.0 (overweight) 137 (30.2%)

Pregnancy weight gain (kg)
o10 76 (16.7%)
10–15 236 (52.0%)
415 142 (31.3%)

Household monthly salary (RMB)
o3000 284 (62.6%)
3000− 5000 129 (28.4%)
45000 41 (9.0%)

Smoking during pregnancy
Yes 4 (0.9%)
Lived with smoker 142 (31.3%)
No 308 (67.8%)

Alcohol use during pregnancy
Yes 3 (0.7%)
No 451 (99.3%)

Household pesticide use during pregnancy
Never 290 (63.9%)
Occasionally (1–5 times) 81 (17.8%)
Often (≥6 times) 83 (18.3%)

Washing fruits and vegetables before eating
Always (8–10/10 times) 160 (35.2%)
Often (5–7/10 times) 152 (33.5%)
Occasionally (2–4/10 times) 85 (18.7%)
Rarely or never (0–1/10 times) 57 (12.6%)

Infant characteristic
Gender
Male 233 (51.3%)
Female 221 (48.7%)

Length of gestation (weeks)
o37 25 (5.5%)
≥ 37 429 (94.5%)

Birth weight (g)
o2500 11 (2.4%)
2500–4000 401 (88.3%)
≥ 4000 42 (9.3%)

Birth weight (g) 3393.8± 437.9
Birth length (cm) 50.7± 2.7
Head circumference (cm) 33.3± 1.4
length of gestation (weeks) 39.4± 1.5
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PBA) in the US women. Similarly, the urinary metabolite levels in
this study were much higher than the urinary metabolite levels
reported in general population in Germany and Poland.17,30 It
should be noted that a pregnant woman is likely to have a lower
urinary creatinine concentration than would a non-pregnant
woman; therefore, a metabolite level in the pregnant woman
may be somewhat overcorrected when adjusting for creatinine.
We also found that the pregnant women from northern China had
higher levels of Cis-DCCA and equivalent levels of trans-DCCA and
3-PBA comparing with the corresponding population from the
Caribbean countries.31 In contrast, we found that the urinary
metabolite levels in pregnant women from a rural area in Jiangsu
province, southern China were much higher than the urinary
metabolite levels in the corresponding population from our study
(northern China), and the levels in rural southern China were
roughly 1− 3 times higher than those in rural northern China.16

These phenomena are probably attributable to several features
of pesticide use for agriculture in China. First, people in China may
have great exposure levels because of heavy use and high residue
in agricultural crops. China is now becoming the largest consumer
of pesticides in the world, and approximately 3000 tons (6.6
million pounds) of pyrethroids are applied annually.13 However,
the estimated annual use of pyrethroids in the US ranges from
several thousand to a million pounds.1 Indeed, increasing food
production has long been the priority of the Chinese government
to meet food requirements for its large population. Under the
adage ″if little is good, more is better″, many farmers may overuse
or improper use pesticides to get greater yields, which in turn,

could contribute to the excess residues of agricultural crops. A
recent study in China found that among the 1024 fresh vegetable
and fruit samples examined, 412 samples (40.2%) contained
detectable residues of at least one of the six target pyrethroids
(fenpropathrin, permethrin, cypermethrin, cyfluthrin, fenvalerate,
and deltamethrin), and 20 samples (1.9%) exceeded the national
maximum residue limits (0.05− 2mg/kg for the six pyrethroids list
above).32,33 Second, the amount of pesticides used in China is not
evenly distributed and rice is the major agricultural crop
accounting for pesticides.34 China is the largest rice producer
with 30.7% of the global production, and southern China is the
main rice cultivation region accounting for 93% of national rice
production.35 In contrast, northern China is too cold and dry for
rice cultivation; wheat, rather than rice, is the staple food of the
populations of this region. It was estimated in 2007 that the
amount of insecticides used in Jiangsu province was nearly three
times of that in Shandong province (140 vs 50 thousand tons).36

This factor may help to explain why urinary metabolite levels in
rural southern China are much higher than those in rural
northern China.
In addition, our results also showed that the most frequently

detected metabolite was 3-PBA, followed by trans- and cis-DCCA,
and very few urine samples had detectable levels of 4F3PBA and
cis-DBCA, which were in agreement with the previous domestic
reports.16 Interestingly, the common parent pesticides of 3-PBA,
trans-DCCA, and cis-DCCA were permethrin and cypermethrin,
suggesting that the parent pesticides exposed to the study
population may be predominantly permethrin or cypermethrin.

Table 2. Detection frequency, creatinine unadjusted and adjusted geometric mean, range and percentile of urinary pyrethroid pesticide metabolites
(n= 454)a.

Metabolitesb Detection no. (%) GM Range Percentile of distribution

25th 50th 75th 95th

Not adjusted for creatinine (μg/l)
cis-DCCA 322 (71%) 0.37 oLOD–7.11 oLOD 0.50 0.79 2.60
trans-DCCA 349 (77%) 0.47 oLOD–8.36 0.27 0.57 0.96 2.79
3-PBA 372 (82%) 0.54 oLOD–10.61 0.33 0.62 1.17 3.27

Creatinine adjusted (μg/g) c

cis-DCCA — 0.39 oLOD–10.30 oLOD 0.51 0.91 2.65
trans-DCCA — 0.49 oLOD–16.59 0.23 0.65 1.10 3.21
3-PBA — 0.57 oLOD–13.63 0.32 0.68 1.24 3.31

aLOD, limit of detection; GM, geometric mean. The LOD for the three metabolites was 0.1 μg/l. b4F3PBA and cis-DBCA were not shown due to their very low
frequencies of detection in the study sample (o5%). coLOD means less than the limit of detection for the urine levels not corrected for creatinine.

Table 3. Adjusted coefficients (95% CIs) in points on the birth weight, length, head circumference, and length of gestation for a log10 unit increase in
metabolite levels of pyrethroid insecticides in maternal urine (n= 454).

Metabolites Birth outcomes

Birth weight (g)a Birth length (cm)a Head circum
ference (cm)a

Length of gestation
(weeks)b

β (95% Cl) P β (95% Cl) P β (95% Cl) P β (95% Cl) P

Cis-DCCA − 37.67 (−108.11, 32.78) 0.294 0.18 (−0.27, 0.63) 0.431 0.01 (−0.22, 0.24) 0.928 0.05 (−0.22, 0.31) 0.728
Trans-DCCA 22.60 (−49.46, 94.65) 0.538 0.13 (−0.32, 0.57) 0.574 0.06 (−0.17, 0.29) 0.613 0.17 (−0.09, 0.43) 0.194
3-PBA − 36.61 (−107.03, 33.80) 0.307 0.18 (−0.28, 0.63) 0.447 − 0.07 (−0.30, 0.17) 0.590 0.10 (−0.17, 0.36) 0.482
∑3pyrethroids

c − 96.76 (−173.15, − 20.37) 0.013 0.25 (−0.32, 0.82) 0.393 − 0.01 (−0.31, 0.29) 0.957 0.23 (−0.10, 0.56) 0.177

aModel included infant sex, parity, pre-pregnancy BMI, pregnancy weight gain, maternal age, household monthly income, passive smoking, and length of
gestation. bModel included infant sex, parity, maternal age, household monthly income, passive smoking. CI, confidence interval. c∑3 pyrethroids mean the
sum of three metabolites (cis-DCCA, trans-DCCA, and 3-PBA).
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Table 4. Comparison of cis-DCCA, trans-DCCA, and 3-PBA urinary metabolite levels observed in several epidemiological studies.

Metabolites Study/author Country Sample size/study population/age LOD (μg/l) Detection
frequency

GM Percentile of distribution

25th 50th 75th 95th

Cis-DCCA
Shandong, 2010–2012 China n= 454, pregnant women, 18–45 years 0.1 71% 0.39a oLOD 0.51 0.91 2.65

0.37b oLOD 0.50 0.79 2.60
NHANES, 1999–20007 USA n= 1004, women, 6–59 years 0.1 47% NCa oLOD oLOD 0.20 1.55

NCb oLOD oLOD 0.28 1.47
NHANES, 2001–20027 USA n= 1617, women, ≥ 6 years 0.1 33% NCa oLOD oLOD 0.27 0.96

NCb oLOD oLOD 0.19 0.90
NHANES, 2007–200828 USA n= 1292, women, 6–59 years 0.5 NA NCa oLOD oLOD oLOD oLOD

NCb oLOD oLOD oLOD oLOD
CHAMACOS, 1999–200029 USA n= 481, pregnant women, ≥ 18 years 0.2 9% NAa NA NA NA NA

NCb oLOD oLOD oLOD 0.5
Heudorf and Angerer (2001)17 Germany n= 483, ≥ 20 years 0.1− 0.2 28% NCa oLOD oLOD 0.07 0.53

NCb oLOD oLOD 0.10 0.65
Wielgomas et al. (2013)30 Poland n= 132, 5–77 years 0.05− 0.1 8% NCa oLOD oLOD oLOD 0.17

NCb oLOD oLOD oLOD 0.15
Jiangsu, 2009–201016 China n= 1149, pregnant women, 17–45 years 0.1 95% 0.73a 0.30 0.69 1.59 6.15

0.47b 0.18 0.44 1.04 4.64
Dewailly et al. (2014) 31 Ten Caribbean countries n= 295, pregnant women 0.007 99% NAa NA NA NA NA

0.17b NA NA NA 0.98
trans-DCCA

Shandong, 2010–2012 China n= 454, pregnant women, 18–45 years 0.1 77% 0.49a 0.23 0.65 1.10 3.21
0.47b 0.27 0.57 0.96 2.79

NHANES, 1999–20007 USA n= 1015, women, 6–59 years 0.4 33% NCa oLOD oLOD 0.88 3.65
NCb oLOD oLOD 0.55 4.19

NHANES, 2001–20027 USA n= 1612, women, ≥ 6 years 0.4 27% NCa oLOD oLOD 0.85 2.98
NCb oLOD oLOD 0.44 2.62

NHANES, 2007–200828 USA n= 1286, women, ≥ 6 years 0.6 NA NCa oLOD oLOD oLOD 6.23
NCb oLOD oLOD oLOD 5.08

CHAMACOS, 1999–200029 USA n= 481, pregnant women, ≥ 18 years 0.4 17% NAa NA NA NA NA
NCb oLOD oLOD oLOD 1.5

Heudorf and Angerer (2001)17 Germany n= 483, ≥ 20 years 0.1− 0.2 62% NAa oLOD 0.17 0.39 1.28
NAb oLOD 0.23 0.45 1.67

Wielgomas et al. (2013)30 Poland n= 132, 5–77 years 0.05− 0.1 7% NCa oLOD oLOD oLOD 0.17
NCb oLOD oLOD oLOD 0.12

Jiangsu, 2009–201016 China n= 1149, pregnant women, 17–45 years 0.1 98% 1.91a 0.80 1.86 4.50 15.07
1.22b 0.48 1.17 2.97 11.73

Dewailly et al. (2014) 31 Ten Caribbean countries n= 296, pregnant women 0.01 99% NAa NA NA NA NA
0.40b NA NA NA 2.44

3-PBA
Shandong, 2010–2012 China n= 454, pregnant women, 18–45 years 0.1 82% 0.57a 0.32 0.68 1.24 3.31

0.54b 0.33 0.62 1.17 3.27
NHANES, 1999–20007 USA n = 1024, women, 6–59 years 0.1 68% 0.32a oLOD 0.28 0.60 5.03

0.31b oLOD 0.25 0.74 6.03
NHANES, 2001–20027 USA n= 1617, women, ≥ 6 years 0.1 73% 0.39a oLOD 0.33 0.73 4.43

0.31b oLOD 0.25 0.73 3.76
NHANES, 2007–200828 USA n= 1238, women, ≥ 6 years 0.1 NA 0.50a NA 0.43 1.28 7.20

0.39b NA 0.36 1.07 6.79
CHAMACOS, 1999–200029 USA n= 481, pregnant women, ≥ 18 years 0.1 27% NAa NA NA NA NA

NCb oLOD oLOD 0.1 1.1
Heudorf and Angerer (2001)17 Germany n= 483, ≥ 20 years NA NA NAa NA NA NA NA

NAb NA NA NA NA
Wielgomas et al. (2013)30 Poland n= 132, 5–77 years 0.05− 0.1 80% 0.22a 0.12 0.19 0.42 0.95

0.26b 0.14 0.26 0.47 1.15
Jiangsu, 2009–201016 China n= 1149, pregnant women, 17–45 years 0.1 99% 1.53a 0.85 1.55 2.95 8.11

0.97b 0.52 1.01 1.94 5.39
Dewailly et al. (2014) 31 Ten Caribbean countries n= 297, pregnant women 0.01 100% NAa NA NA NA NA

0.54b NA NA NA 3.51

LOD, limit of detection; NC, not calculated because proportion of results below the LOD was too high to provide reliable result; NA, not applicable; Unit is μg/g creatinine (creatinine-adjusted levels) for individual
metabolites; oLOD means less than the limit of detection for the urine levels not corrected for creatinine. aCreatinine-adjusted concentrations (μg/g creatinine). bVolume-based concentrations (μg/l, not
adjusted for creatinine).
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The low frequency of detection of 4F3PBA and cis-DBCA indicated
that exposure to cyfluthrin and deltamethrin was infrequent.

Effects of Prenatal Pyrethroid Exposures on Birth Outcomes
This study not only investigated the pyrethroid metabolite levels
in maternal urine but also examined the possible relationships of
pyrethroid exposures with birth outcomes. Our results indicated
that a 10-fold increase in total but not individual urinary meta-
bolite levels was associated with a decrease in birth weight
(adjusted β= –96.76 g, 95% CI = –173.15 to –20.37). No associa-
tions were found between individual or total metabolite levels and
birth length, head circumference, or gestational duration.
Few epidemiological studies have examined the effects of

synthetic pyrethroids on developmental outcomes, and they also
have reported inconsistent results.19,20,37–39 However, only one
study that has measured biomarker (phenoxybenzoic acid) of
pyrethroid exposures in maternal urine during the third trimester
of pregnancy found no association with birth weight, length, head
circumference, or gestational age.40 Unlike our study, most of
previous studies examining the relationship of pyrethroid
exposures with fetal growth have assessed exposure based on
the reported home use or parental occupation. Because exposure
is measured indirectly and is self-reported, it may be substantially
different from the actual measured value. Furthermore, the lack of
information about specific chemicals has made it difficult to
pinpoint risks associated with specific pesticides or classes of
chemicals.13 Direct comparison with available studies is compli-
cated by differences in the exposure scenarios, method of
exposure assessment, and statistical approaches. Our study
observed that the total metabolite levels of pyrethroids in
maternal urine were negatively associated with birth weight.
The precise mechanism for the potential adverse fetal growth

effects associated with pyrethroids is not well understood,
particularly in the absence of a clinically defined adverse outcome.
Fetuses may be more susceptible to pyrethroids toxicity because
their organ systems are developing rapidly, and they have lower
than adult levels of detoxifying enzymes. Differences in toxicity
are most likely the result of the pyrethroid-specific metabolism by
carboxylesterase and cytochrome P450 enzymes, which are
expressed at much lower levels in the developing mammal.41

Indeed, the use of esterase and P450 inhibitors was observed to
alter the toxicity of pyrethroids in animals.42 Pyrethroids have
been considered as potential endocrine disruptors, which could
adversely affect fetal growth and development.8–12 In addition,
sodium and calcium channels as well as GABAA receptors have
also been reported to be molecular targets of these
compounds.43–45 Recent data supported the concept that these
alternate targets may contribute to differences in toxicity
observed with these compounds.46

To our knowledge, this study is the first in China to examine
possible adverse effects of prenatal exposure to pyrethroids on
fetal growth. However, our study also has several limitations. First,
as in most studies on the effects of pesticide exposure, we did not
adjust for other environmental pollutants (e.g. organophosphate
insecticides, lead, and mercury) or possible developmental
benefits (e.g. prenatal nutrients and prenatal care) which may
be potential confounders, since we had little detailed data on
these information. Although several important factors have been
adjusted as potential confounders for the final analysis, it is
possible that unassessed confounding effects may still exist.
Second, we measured urinary metabolites of pyrethroids at a
single time point only (delivery). We are limited in our ability to
understand what the average cumulative dose from different
sources was and to what extent these measurements reflect expo-
sures over critical windows before conception and during entire
pregnancy.47 However, in cases of chronic exposure, a biomarker
measured at a single time point may provide a representative

dosimeter even if the toxicant has a short half-life.48 Cotinine, for
example, has a half-life of 15–40 h in plasma but is well validated
as a biomarker of cigarette smoke exposure.49,50 Third, the non-
specific metabolite measurements do not allow differentiation
between exposures that result from more or from less toxic
pyrethroids. However, they are important indicators and excellent
integrated measures of exposure to a class of insecticides in
humans.51 Currently, there are no analytical methods for measure-
ment of specific exposure to many important pyrethroids in urine
or in blood. Fourth, the measurements of urinary non-specific
metabolites characterize and integrate multiple sources of
pyrethroid exposure, but the measurements reflect both exposure
to parent compounds and non-toxic preformed metabolites in the
environment. In addition, questionnaires were administered to
women after delivery, use of these questionnaire data may be a
limitation; however, the majority of outcome measures used in the
study were based on medical records.
In summary, we observed an adverse association of prenatal

exposure to pyrethroids as measured by urinary metabolites with
birth weight, and these findings should be further replicated in
other populations. Given the relatively high levels of urinary
metabolites in pregnant women in China, a large longitudinal
study with repeated measurement of exposure levels in urine
samples is needed to further examine the possible relationship
between prenatal exposures and children’s long-term health. In
the meantime, it is important to take the precaution of minimizing
pesticide exposures to pregnant women and children wherever
possible.

ABBREVIATIONS
CI, confidence interval; cis-DBCA, cis-(2,2-dibromovinyl)-2,2-
dimethylcyclopropane-1-carboxylic acid cis-DCCAcis-3-(2,2-Dichl-
orovinyl)-2,2-dimethylcyclopropane carboxylic acid 4F3PBA4-
fluoro-3-phenoxybenzoic acid; GM, geometric mean; LOD, limit
of detection; 3-PBA3-phenoxybenzoic acid; trans-DCCA, trans-3-
(2,2-Dichlorovinyl)-2,2-dimethylcyclopropane carboxylic acid
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