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Body mass index in young school-age children in relation to
organochlorine compounds in early life: a prospective study
BB Høyer1, CH Ramlau-Hansen2, TB Henriksen3, HS Pedersen4, K Góralczyk5, V Zviezdai6, BAG Jönsson7, D Heederik8, V Lenters8,
R Vermeulen8, JP Bonde9 and G Toft1

OBJECTIVE: To investigate the association between maternal pregnancy and estimated postnatal serum concentrations of the
organochlorines 2,2′,4,4′,5,5′-hexachlorobiphenyl (CB-153) and 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene (p,p'-DDE) and body
mass index (BMI) z-scores in 5- to 9-year-old children.
METHODS: Maternal sera from the INUENDO birth cohort (2002–2004) comprising mother–child pairs (N= 1109) from Greenland,
Warsaw (Poland), and Kharkiv (Ukraine) were analysed for CB-153 and p,p'-DDE, using gas chromatography-mass-spectrometry, and
were grouped into tertiles for statistical analyses. A toxicokinetic model was used to estimate the first 12 months cumulative
exposure to the compounds. Associations between these compounds and child age- and sex-specific BMI z-scores were calculated
at follow-up (2010–2012), using multiple linear regression analysis.
RESULTS: No clear associations between pregnancy CB-153 and p,p'-DDE and child BMI were observed (the pooled differences in
BMI z-score (95% confidence interval) comparing 3rd tertile to 1st tertile were − 0.07 (−0.32 to 0.18) and − 0.10 (−0.30 to 0.10) kgm�2,
respectively). For postnatal CB-153 and p,p'-DDE and BMI, the overall differences in BMI z-score comparing 3rd tertile to 1st tertile
were 0.12 (−0.15 to 0.39) and − 0.03 (−0.20 to 0.27) kgm�2, respectively.
CONCLUSIONS: This follow-up study of Greenlandic, Polish and Ukrainian populations showed no clear association between
pregnancy and postnatal exposure to p,p'-DDE and CB-153 and BMI at the age of 5–9 years.
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INTRODUCTION
The man-made chemicals dichlorodiphenyltrichloroethane (DDT)
and polychlorinated biphenyls (PCBs) are ubiquitous in the
environment, although the use of them has been banned (PCBs)
or restricted (DDT). PCBs and DDT (and thereby the degradation
product 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene (DDE)) bio-
accumulate within the food chain and are measurable in human
serum and milk around the world.1–4 The compounds pass the
placenta, causing exposure of the fetus to the chemicals.1,5 This is
of major concern, as exposure during prenatal development and
early life may be related to a wide range of health outcomes in
children, such as perturbation of the endocrine system, attention
deficit hyperactivity disorder-like behaviour, decreased motor
skills and cognitive impairments.6–9

Prenatal PCBs have been found to downregulate thyroid
function in mice and rats10 and to be associated with lower levels
of free and total thyroxine (T4) in human cord and neonatal
blood,11 which could possibly lead to an increase in adipocyte
lipid accumulation.12 An upregulation of adipocytes in newborn
mice has been reported in relation to prenatal exposure to the
oestrogen diethylstilbestrol,13 and as o,p'-DDT is known to have

weak oestrogenic properties, mechanisms could be similar in
p,p'-DDE. Also, the relation between other environmental com-
pounds with supposed oestrogenic or antiandrogenic properties,
such as bisphenol A and phthalates, and overweight has been
discussed.14,15 Few studies have examined the relation between
pregnancy PCB and DDE exposures and body mass index (BMI)
standardized by age and sex, and findings are inconsistent.16–20

To our knowledge, only one study examined postnatal exposure
to these compounds in relation to BMI z-scores or related metrics
and found no association.16 Measurement of the child’s postnatal
exposure is rarely performed, and therefore a toxicokinetic model,
estimating the postnatal levels of persistent organic pollutants
was developed by Verner et al.21 Using this model, we were able
to estimate the child’s serum level of 2,2′,4,4′,5,5′-hexachlorobi-
phenyl (CB-153) and 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene
(p,p'-DDE) and thereby take the postnatal exposure of the
compounds into account. Thus, the aim of this study was to
investigate the associations between maternal pregnancy CB-153
and p,p'-DDE serum concentrations and the estimated accumu-
lated concentrations of the compounds during the first 12 months
of life in the offspring, and age- and sex-standardized BMI z-scores
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when the children reached young school-age. We hypothesized
that higher exposure to CB-153 and p,p'-DDE in utero and early life
would be associated with higher BMI.

MATERIALS AND METHODS
Study population
A total of 1441 pregnant women from Greenland, Warsaw (Poland) and
Kharkiv (Ukraine) were enroled from antenatal health-care clinics and
provided a blood sample in the INUENDO birth cohort between May 2002
and February 2004. At baseline, 567 (85%) of 665 eligible women participated
in Greenland; 258 (37%) of 690 participated in Poland and 612 (25%) of 2478
eligible women participated in the study in Ukraine. Further details on the
baseline study population are described elsewhere.22 The follow-up of the
children in the cohort was conducted between January 2010 and May 2012,
when the children were between 5 and 9 years old. Parents were interviewed
using an interview-based questionnaire with regard to child physical
development and lifestyle. All participating parents signed informed consent,
and the local ethical committees approved the study.

Data collection
The follow-up interviews were primarily conducted face-to-face at the
participants’ residence or at the local hospitals. A medical doctor, assisted
by local health workers, was the main interviewer in Greenland. In Poland,
interviews were conducted at local meeting points or at the participant’s
residence by a team of four interviewers. In Ukraine, all interviews were
conducted by a team of 59 paediatricians at eight paediatric polyclinics.
Telephone interviews were performed when families lived in remote areas
of Greenland (n= 130) or had moved to Denmark (n= 34). Also, in
Greenland, a proportion of the questionnaires was filled in by the parents
without an interview.

Assessment of prenatal CB-153 and p,p'-DDE exposure
At baseline, the pregnant women had a blood sample drawn in order to
identify the fetal exposures through placental diffusion. In Greenland, the
blood samples were drawn when the women were (median (10–90
percentile)) in gestational week 24 (13–37); in Poland, in gestational week
33 (27–37); and in Ukraine, in gestational week 23 (9–40). Ten
millilitre cubital vein blood was drawn into vacuum tubes for serum
collection without additives (Becton Dickinson, Meylan, France). All centres
used the same ethanol-rinsed sampling device obtained from Lund
University, Sweden. Sera were stored at − 80 °C until analyses, and all
chemical analyses were performed at the Department of Occupational and
Environmental Medicine at Lund University Hospital. The sera were
analysed for CB-153 and p,p'-DDE and used as bio-markers of the prenatal
exposure to PCBs and DDT/DDE, respectively. The sera were analysed
by gas chromatography-mass-spectrometry following solid phase
extraction.23 Samples were analysed twice on different days and the
mean concentration of these two determinations was used. The detection
limits were 0.05 ngml�1 for CB-153 and 0.1 ngml�1 for p,p'-DDE. For
CB-153, 85 samples were below the detection limit (LOD) and for p,p'-DDE,
10 samples were below the LOD. When concentrations were below the
LOD, they were set to half the LOD based on fresh weight concentrations
for all subsequent analyses. In-house prepared quality control samples
were included in all analysed series. The relative standard deviations (s.d.)
were calculated from samples analysed in duplicate at different days.
These were used to estimate the imprecision. For this, the results of the
analysed sera were divided into three groups: low, medium and high level,
and the s.d. and the mean concentration for each group were calculated.24

These were 18% in the range 0.05–0.8 ngml�1 (n= 990), 10% in the range
0.2–0.8 ngml�1 (n= 990) and 10% in the range 0.7–19 ngml�1 (n=990)
for CB-153 and 11% in the range 0.1–2 ngml�1 (n= 1 058), 8% in the range
2–5 ngml�1 (n= 1 058) and 7% in the range 3–37 ngml�1 (n= 1 058) for p,
p'-DDE. CB-153 and p,p'-DDE levels were adjusted for serum concentrations
of triglycerides and cholesterol, which were determined by enzymatic
methods and were expressed as ng g�1 lipids. The inter-assay coefficients
of variation for cholesterol and triglycerides were 1.5–2.0%. Further details
are described elsewhere.23

Estimation of postnatal CB-153 and p,p'-DDE exposure
To estimate the postnatal cumulative contribution of the compounds for
the first 12 months after birth, a toxicokinetic model developed by Verner

et al. was used.21 The model was validated in a Canadian Inuit birth cohort
and a Slovakian birth cohort, leading us to assume validity in our
populations. The model inputs were: age of the mother at delivery,
maternal pre-pregnancy weight, duration of exclusive breast feeding,
duration of partial breastfeeding, gestational age, child sex, birth weight,
child’s weight at follow-up and age at measurement, and up to two
previous recorded weight measurements, maternal levels of CB-153 and
p,p'-DDE during pregnancy (placental diffusion), gestational age at blood
sampling and half-life of the compounds.21 The estimate of the postnatal
exposure used in the regression models was the area under the curve,
which is equivalent to cumulative accumulated CB-153 and p,p'-DDE levels
during the first 12 months after birth. We used this exposure metric, as the
contribution of persistent organic pollutants via breastfeeding is the most
prevalent and important source of a child’s postnatal exposure and we had
breastfeeding data up until the age of 12 months.21 As the toxicokinetic
model used total and exclusive duration of breastfeeding as predictors,
only children with this information were included in these analyses
(n=1047). The toxicokinetic model was performed using acslX software
(Aegis Technologies Group, Inc., Huntsville, AL, USA).

Assessment of anthropometric measures
The child’s height was measured with the child standing barefoot against a
wall, marking the top of the head and measuring the height to the nearest
centimetre by use of ordinary measure tape. The child’s weight was
measured to the nearest 0.1 kg by a weighing scale available at the family’s
home or at the clinics. All measurements were performed by the
interviewer except for those who were telephone-interviewed. Child BMI
was calculated from weight (in kilograms)/ height × height (in metres).
BMI was expressed as z-score representing the deviation in s.d. units from
the mean of a standard normal distribution of BMI specific to age (1 month
intervals) and sex. Positive z-values are above the 50 percentile and
negative z-values are below the 50 percentile. The standards were based
on the World Health Organization (WHO) Growth Standards 2007, which
are applicable regardless of ethnicity or country of origin,25 as population-
specific growth data were not available for all populations.

Covariates
Variables that according to the literature might influence child growth
were obtained from questionnaires. These variables were: maternal pre-
pregnancy BMI (continuous), paternal BMI (continuous), maternal smoking
(serum cotinine in pregnancy ⩽ 10/>10 ngml�1), maternal pre-pregnancy
alcohol intake (o7, ⩾ 7 drinks per week), maternal educational level (left
school at or before the age of 15 years, at the age of 16–17 years, at or
above the age of 18 years), parity (1, 2–3, 4+ child births), maternal age at
baseline (continuous), total breastfeeding duration (0, o6, 6–12,
>12 months), child physical activity level (o2.75 h a day, ⩾ 2.75 h
per day) and child diet (predominantly healthy versus predominately
unhealthy; derived as sugary drinks or deserts o6–7 versus ⩾ 6–7 times a
week).26–32 Gestational age at blood sampling in weeks (continuous) was
included as it was correlated with the exposure levels.

Statistical analyses
Missing information. The number of missing values on height, weight and
covariates ranged from 0 to 27%. As complete case analysis may lead to
selection bias, we addressed the missing information problem, using
chained multiple imputation allowing us to include participants with
incomplete data in the statistical analyses.33 Assuming the missing
information to be missing at random (systematic differences between
observed and missing values can be explained by differences in observed
data), this approach will result in more precise and unbiased estimates.33,34

Briefly, multiple different imputed data sets (m>1) are created, and each
missing value is replaced with a set of random plausible values based on
known subject characteristics and other predictors in the complete data
set, incorporating the appropriate variability across the m data sets.
The new m complete data sets are analysed, producing a single set of
results accounting for the variability of the missing data.33

In a combined imputation across country, we generated 100 imputed
data sets based on the following predictors: CB-153, p,p'-DDE, maternal
height, maternal pre-pregnancy weight, paternal height, paternal weight,
maternal educational level, maternal age at baseline, maternal smoking
status during pregnancy, maternal pre-pregnancy alcohol consumption,
parity, duration of breastfeeding, preterm birth, child sex, gestational age
at blood drawing, child physical activity level, child diet, child age at
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interview, birth weight, birth length, z-score of weight at follow-up and
z-score of height at follow-up.

Data analysis
Study subjects were divided into population-specific and total population
tertiles of exposure. A non-response analysis was performed to check for
inconsistencies between responders and non-responders. Spearman’s rank
correlation was used to assess the correlation between maternal
pregnancy levels of CB-153 and p,p'-DDE as well as the correlation
between maternal pregnancy levels and postnatal levels of the two
compounds. Crude associations between the exposures and age-
standardized z-scores of BMI at follow-up were examined with lowest
exposure tertile as the reference category, using univariate linear
regression. Adjusted associations of pre- and postnatal exposure to
CB-153 and p,p'-DDE on BMI z-score were examined, using multiple linear
regression with lowest exposure tertile as reference category. We chose a
priori to adjust for covariates, which were previously demonstrated to be
associated with child growth and the exposures, as described above. In
addition, odds ratios for the associations between organochlorines and
overweight were calculated, using logistic regression. Overweight (defined
as >+1 s.d. from the mean BMI of the WHO Growth Standards) was
compared with normal weight (>− 2 s.d. to ⩽ 1 s.d. from the mean of the
WHO Growth Reference). Additional analyses were performed to check the
robustness of the results: (a) stratified by sex, (b) birth weight and preterm
birth. These were included in the model but were not included in the main
analysis, as they may well be mediators of the relation between
prenatal and postnatal exposure to CB-153 and p,p'-DDE and growth, (c)
excluding maternal BMI from the model, as this also may be a mediator of
the associations under study, (d) prenatal and postnatal exposures kept in
the same model, (e) only adjusting for maternal age and maternal
smoking and, finally, (f) sensitivity analyses using different chained
imputation models and by creating a varying number of data sets
(20 and 150) were performed to check the robustness of the
imputation model.
All analyses were performed stratified by population as well as pooled

(adjusted for population). A P-value less than 0.05 was considered
statistically significant. The Stata statistical package (version 12.1,
StataCorp, College Station, TX, USA) was used for all analyses.

RESULTS
At baseline, 1441 pregnant women participated in an interview
and donated a blood sample. A total of 1117 (78%) women and
their children were followed up when the median age of the
children was 8 years in Greenland and Poland and 7 years in
Ukraine. Twins (n= 8) were excluded, leaving a total study
population of 1109 at follow-up. The study population was
distributed across Greenland (525 (47.3% of the study popula-
tion)), Poland (92 (8.3%)) and Ukraine (492 children (44.4%)). The
participation rates at follow-up were 89% in Greenland, 36% in
Poland and 80% in Ukraine. The Spearman’s correlation coefficient
between maternal pregnancy levels of CB-153 and p,p'-DDE was
0.92 in Greenland, 0.47 in Poland and 0.46 in Ukraine. In
Greenland, the Spearman’s correlation coefficient between
maternal pregnancy levels and estimated postnatal levels was
0.81 and 0.82 for CB-153 and p,p'-DDE, respectively. In Poland, the
equivalents were 0.78 and 0.68, and in Ukraine, the correlations
were 0.56 and 0.49, respectively. The non-response analysis
showed only modest differences between responders and non-
responders at follow-up concerning exposure levels and no
difference in maternal pre-pregnancy BMI and paternal BMI
(Supplementary Table 1). Characteristics of the study population
are presented in Table 1. The median BMI (10–90 percentile) of the
Greenlandic children was 17 kgm�2 (15–21) compared with 15
(13–19) and 16 (14–18) in Poland and Ukraine, respectively. In
Greenland, 27% of the children were overweight or obese
according to WHO standards, whereas the equivalents in Poland
and Ukraine were 19% and 18%, respectively. In comparison with
women from Greenland, women from Ukraine were younger,
more often primiparous, less often smokers, more often breastfed
for >12 months, had a lower pre-pregnancy BMI and their children

were younger at follow-up. Women from Poland were older at
enrolment, had lower pre-pregnancy BMI, were more often
primiparous, had higher educational level and were less often
smokers in comparison with the Greenlandic population. In
Greenland, maternal median (10–90 percentile) serum CB-153
was 107 (30–369) ng g�1 lipids, which was considerably higher
than in Poland and Ukraine. Maternal p,p'-DDE concentrations
were highest in Ukraine, with maternal median (10–90 percentile)
serum p,p'-DDE at 639 (329–1303) ng g�1 lipids. The estimated
postnatal CB-153 exposure was highest in Greenland, whereas
estimated postnatal p,p'-DDE exposure was highest in Ukraine,
closely followed by Poland. The difference in prenatal and
estimated postnatal exposure profiles are further presented in
Table 2, describing the exposure tertiles stratified by country.
The pattern of missing data in relation to country is presented in
Table 3.
Table 4 presents crude and adjusted results of child BMI z-score

in relation to prenatal exposure to the compounds based on the
imputation-based analyses. Overall, there was no crude or
adjusted dose–response relation between prenatal CB-153 and
p,p'-DDE exposure and BMI z-scores. In Ukraine, crude and
adjusted associations of maternal p,p'-DDE concentrations in the
third tertile (>791 ng g�1 lipids) compared with the first tertile
(o488 ng g�1 lipids) were inversely associated with child BMI
z-scores (adjusted β=− 0.30 (95% confidence interval (CI): − 0.55
to − 0.04)). Results from the complete case analyses were similar
(Supplementary Table 2).
The results on the imputation-based associations between

estimated first 12 months postnatal exposures and child BMI
z-scores are presented in Table 5. Neither crude nor adjusted
analyses indicated associations apart from a statistically significant
association in Ukraine, where adjusted medium p,p'-DDE concen-
trations compared with low p,p'-DDE concentrations were
associated with lower BMI z-scores (adjusted β=− 0.35 (95% CI:
− 0.67 to − 0.03)). Results from the complete case analyses were
similar (Supplementary Table 3). ORs of the association between
maternal and estimated postnatal organochlorine concentrations
and overweight were consistent with the results of the linear
regression (data not shown).
Several sensitivity analyses showed generally similar results as

seen in Tables 4 and 5 (data not shown): (a) no difference was
observed when the results were stratified by sex, (b) including
preterm birth and birth weight in the model lead to similar results,
(c) removing maternal BMI from the model had no impact on
results, (d) having both prenatal and postnatal exposure in the
model gave similar results, except for a nonsignificant result for
the medium exposed group of postnatal p,p'-DDE in Ukraine and a
statistically significant P for trend in Poland on postnatal CB-153
and DDE and BMI z-score (Supplementary Table 4), (e) analysing
smaller models with only maternal age and smoking as covariates
made the Ukrainian result on high prenatal p,p'-DDE and BMI
z-score significant (β=− 0.35 (95% CI: − 0.60 to − 0.10)) but did not
change the results otherwise (Supplementary Table 5) and finally,
(f) the four sensitivity analyses on the imputation model proved
the imputation model robust, as the results did not materially
change.

DISCUSSION
Overall, this study suggests no strong association between
prenatal and early-life p,p'-DDE and CB-153 exposures and BMI
z-scores at 5–9 years of age.
Our hypothesis was that higher early-life exposure to DDE and

PCBs would be associated with higher BMI. However, the results
did not support this. Our results are in line with a recent study
within the US Collaborative Perinatal Study, which reported
no associations between high levels of prenatal p,p’-DDE or
total-PCB exposures and overweight or obesity at 7 years.35
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We observed no association between prenatal CB-153 exposure
and BMI z-score, whereas a study reported higher BMI s.d. scores
in relation to cord blood total-PCBs at 1–3 years.17 The difference
in results could be caused by duration of follow-up, as the children
in this cohort are somewhat older and potential associations
earlier in life have not been investigated. Also, the observed
association could be due to congeners other than CB-153. Another
well-performed but rather small study found an association
between high prenatal total-PCB exposures and risk of overweight
in girls at 6.5 years compared with low exposures.16 This was also
observed in a cohort study of 5-year olds from the 1960s with high
PCB exposure levels,36 but these results are inconsistent with our
study results. Also, in contrast to our study, a small Spanish study

reported an association between medium prenatal DDE exposure
and increased risk of overweight compared with low exposure,16

whereas another study with rather high prenatal DDE exposure
levels observed no independent association between prenatal
DDE exposure and BMI or risk of overweight.37 Our null finding for
postnatal exposure to CB-153 supports a previous null finding in a
small but well-performed Dutch cohort study examining weight
and height as outcomes.38 However, one small informative study
has reported increased risk of overweight in relation to postnatal
PCB and DDE levels.16 Results of all the above discussed follow-up
studies have reached inconsistent conclusions, which could be
due to different exposure levels, measured congeners, choice of
covariates in the model and age at the follow-up.

Table 1. Characteristics of mothers, fathers and their children, INUENDO cohort (born 2002–2004)

Characteristics Greenland (n= 525) Poland (n= 92) Ukraine (n=492)

Maternal and paternal characteristics
Maternal age at pregnancy, years (median (10–90 percentile)) 26 (20 to 36) 29 (26 to 33) 24 (19 to 32)
Maternal pre-pregnancy BMI, kgm�2 (median (10–90 percentile)) 24 (20 to 30) 21 (19 to 24) 21 (18 to 26)
Paternal BMI, kgm�2 (median (10–90 percentile)) 26 (21 to 31) 25 (22 to 30) 24 (20 to 28)
Parity, no. (%)
1 166 (33) 87 (95) 401 (82)
2 or 3 247 (49) 5 (5) 91 (18)
4 or more 88 (18) 0 (0) 0 (0)

Maternal smoking during pregnancy, no. (%)
Yes (serum cotinine >10 ng ml�1) 295 (56) 2 (2) 75 (15)
No (serum cotinine ⩽ 10 ng ml�1) 230 (44) 88 (98) 412 (85)

Maternal alcohol consumption when trying to conceive, no. (%)
⩽ 7 Drinks per week 466 (89) 87 (95) 495 (100)
>7 Drinks per week 60 (11) 5 (5) 0 (0)

Maternal educational level, left school at the age (years), no. (%)
⩽ 15 44 (9) 0 (0) 25 (6)
16–17 169 (37) 0 (0) 115 (26)
⩾ 18 251 (54) 82 (100) 293 (68)

Child characteristic
Sex, no. (%)
Male 284 (54) 54 (59) 263 (53)
Female 239 (45) 38 (41) 229 (47)

Total breastfeeding duration (months), no. (%)
0 18 (4) 2 (2) 42 (9)
o6 120 (25) 19 (21) 164 (33)
6–12 124 (26) 37 (40) 175 (36)
>12 213 (45) 34 (37) 108 (22)

Gestational age (weeks), no. (%)
⩾ 37 498 (95) 68 (94) 480 (98)
o37 25 (5) 4 (6) 9 (2)

Gestational age at blood sample, weeks (median (10–90 percentile)) 25 (13 to 37) 33 (27 to 37) 23 (9 to 40)
Birth weight, g (median (10–90 percentile)) 3593 (2835 to 4350) 3445 (2880 to 4000) 3290 (2800 to 3800)
Age at follow-up, years (median (10–90 percentile)) 8 (7 to 9) 8 (7 to 8) 7 (7 to 8)

Exposures
Maternal CB-153, ng g�1 lipids (median (10–90 percentile)) 107 (30 to 369) 11 (3 to 24) 27 (8 to 54)
Maternal p,p'-DDE, ng g�1 lipids (median (10–90 percentile)) 300 (75 to 954) 385 (160 to 718) 639 (329 to 1303)
Estimated postnatal CB-153, ng g�1 lipids (median (10–90
percentile))

2 647 (558 to 9618) 297 (83 to 742) 516 (104 to 1419)

Estimated postnatal p,p'-DDE,ng g�1 lipids (median (10–90
percentile))

7 075 (1282 to 23 133) 11 627 (4017 to 26 435) 12 535 (2914 to 34 724)

Anthropometric measures at follow-up
Weight, kg (median (10–90 percentile)) 29 (24 to 38) 26 (21 to 35) 24 (20 to 30)
Height, cm (median (10–90 percentile)) 131 (122 to 138) 128 (122 to 138) 124 (117 to 131)
BMI, kgm�2 (median (10–90 percentile)) 17 (15 to 21) 15 (13 to 19) 16 (14 to 18)
BMI z-scores, kgm�2 (median (10–90 percentile)) 0.7 (−0.4 to 2.2) − 0.1 (−1.6 to 1.9) 0.2 (−1.1 to 1.5)
Overweight (+1 s.d.), no. (%) 93 (18) 12 (13) 66 (13)
Obese (+2 s.d.), no (%) 46 (9) 5 (5) 28 (6)
Underweight (o − 2 s.d.), no. (%) 0 (0) 4 (4) 13 (3)

Abbreviations: BMI, body mass index; CB-153, 2,2′,4,4′,5,5′-hexachlorobiphenyl; p,p'-DDE, 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene.
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The results of this study should be interpreted in light of some
study limitations. In the main analyses, we chose to use the WHO
Growth Standards for BMI z-scores as internally derived standar-
dized BMI z-scores might have caused unreliable coefficients
because of the small sample in Poland. As the WHO Growth
Standards are generally representative across ethnicities,39 we
deemed this approach preferable, and sensitivity analyses proved
the results to be robust.
We used different scales for weighing children at the follow-up

examination. However, any misclassification most likely did not
differ between exposure groups and therefore was non-
differential. Further, we had no measure of the children’s postnatal
organochlorines exposure and used a toxicokinetic model to
estimate the accumulated concentrations during the first
12 months of life. The toxicokinetic model has proven robust in
a validation study in similar settings, and a study suggests that the
method is superior to the often used method of duration of

breastfeeding multiplied by the prenatal exposure.21 As exclusive
breastfeeding has been reported as having the largest relative
influence on estimates of postnatal exposure,21 we chose the first
12 months of life, where exclusive breastfeeding is present, as the
postnatal period. An exact measure of exposure of each child
would, however, have been desirable. Blood samples were
collected throughout pregnancy and as organochlorine concen-
trations tend to decrease during pregnancy, there is a risk of
exposure misclassification. However, we addressed this issue by
adjusting for gestational age at blood sampling, although we
recognize that this has not completely eliminated misclassification.
Also, analysis of only complete cases in a follow-up study with
missing data could cause selection bias and to overcome this
challenge, we performed multiple imputation analyses. The
considerable loss to follow-up in Poland (follow-up participation
rate 36%) could introduce selection bias. However, non-response
analysis showed only modest difference according to exposure

Table 2. Description of the prenatal and estimated postnatal CB-153 and p,p'-DDE exposure tertiles of children, INUENDO cohort (born 2002–2004)

Exposure a Tertile Greenland Poland Ukraine

Maternal CB-153 Low 2.6–73.0 (n= 175) 2.5–7.3 (n= 31) 2.4–20.4 (n= 165)
Medium 73.1–167.1 (n= 175) 7.4–13.3 (n= 31) 20.5–34.5 (n= 164)
High 167.2–2223.4 (n= 175) 13.4–74.8 (n= 30) 34.6–533.4 (n= 163)

Maternal p,p'-DDE Low 5.3–205.2 (n= 175) 88.1–302.8 (n= 31) 147.1–487.8 (n= 165)
Medium 205.3–439.3 (n= 175) 302.9–471.2 (n= 31) 487.9–790.4 (n= 164)
High 439.4–3122.0 (n= 175) 471.3–1750.1 (n= 30) 790.5–4835.6 (n= 163)

Est. postnatal CB-153b Low 21.6–527.0 (n= 164) 7.5–143.4 (n= 24) 11.1–312.4 (n= 162)
Medium 527.1–1627.7 (n= 164) 143.5–432.3 (n= 24) 312.5–732.6 (n= 162)
High 1627.8–72 266.5 (n= 163) 432.4–1225.2 (n= 23) 732.7–9108.2 (n= 161)

Est. postnatal p,p'-DDEb Low 169.2–4147.2 (n= 164) 929.1–7653.3 (n= 24) 429.5–8078.2 (n= 162)
Medium 4147.3–11 845.0 (n= 164) 7653.4–15 130.7 (n= 24) 8078.3–18 005.5 (n= 162)
High 11 845.1–111 728.9 (n= 163) 15 130.8–51 498.9 (n= 23) 18 005.6–165 654.9 (n= 161)

Abbreviations: CB-153, 2,2′,4,4′,5,5′-hexachlorobiphenyl; Est., estimated; p,p'-DDE, 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene. aExposure range of CB-153 and
p,p'-DDE is measured in ng g�1 lipids. bThe estimated postnatal exposures are cumulative exposures to 12 months.

Table 3. Number (%) of missing values according to country, INUENDO cohort (born 2002–2004)

Variables Greenland (n=525), n (%) Poland (n= 92), n (%) Ukraine (n= 492), n (%)

Exposures
Prenatal exposuresa 0 (0) 0 (0) 0 (0)
Estimated postnatal exposuresb 0 (0) 0 (0) 0 (0)

Anthropometric measures
Weight at follow-up 92 (18) 3 (3) 0 (0)
Height at follow-up 45 (9) 2 (2) 0 (0)
BMI at follow-up 97 (19) 3 (3) 0 (0)
BMI z-score 141 (27) 3 (3) 8 (2)

Maternal, paternal and child characteristics
Maternal age at baseline 38 (7) 0 (0) 25 (5)
Pre-pregnancy BMI 2 (0) 2 (2) 8 (2)
Paternal BMI 132 (25) 1 (1) 16 (3)
Parity 24 (5) 0 (0) 0 (0)
Smoking during pregnancy 0 (0) 2 (2) 5 (1)
Alcohol before pregnancyc 0 (0) 0 (0) 0 (0)
Maternal educational level 62 (12) 10 (11) 59 (12)
Child sex 3 (1) 0 (0) 3 (1)
Total breastfeeding information 53 (10) 0 (0) 3 (1)
Gestational age at birth 0 (0) 0 (0) 0 (0)
Child age at follow-up 54 (10) 0 (0) 5 (1)
Gestational age at blood sample 16 (3) 3 (3) 32 (7)
Birth weight 6 (1) 20 (22) 1 (1)

Abbreviation: BMI; body mass index. aN= 1109. bN= 1047. cMissing answer was coded as no drinks.
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levels, and no difference on maternal pre-pregnacy BMI and
paternal BMI between responders and non-responders indicating
no high risk of selection bias by the loss to follow-up.
Exposure levels vary according to population. Still, the results

are somewhat consistent across population apart from the inverse
association observed in Ukraine, which could be spurious. The lack
of associations, however, may be a result of generally low
exposure levels as both exposures are receding.
This study has some important strengths. First, the follow-up

was continued for up till 9 years, enabling analyses of associations
for a considerable period of time. Second, the sample size in
Greenland and Ukraine made it possible to model the

associations, including adjustment for a number of covariates,
with substantial power in these two countries and in the pooled
analyses. Third, the varying exposure levels in the three countries
enhanced our chance to observe an association, if any. Finally, we
used a standardized measure of BMI, which facilitates comparison
across studies with populations of different ages. Our results were
generally robust, as several sensitivity analyses showed similar
results with few exceptions.
In conclusion, in this prospective birth cohort study of

Greenlandic, Polish and Ukrainian populations, we found no
overall association between pre- or postnatal exposure to p,p'-DDE
and CB-153 and BMI at the age of 5–9 years.

Table 5. The association between estimated postnatal CB-153 and p,p'-DDE concentrations during the first 12 months of lifed and differences in child
BMI z-scores at 5–9 years, INUENDO cohort (born 2002–2004)

Z-scores BMI n Crude modela P trendc Adjusted modela,b P trendc

Medium
β (95% CI) kg m�2

High
β (95% CI) kg m�2

Medium
β (95% CI) kg m�2

High
β (95% CI) kg m�2

Greenland
CB-153 491 − 0.02 (−0.30 to 0.26) 0.03 (−0.25 to 0.31) 0.78 0.01 (−0.27 to 0.29) 0.00 (−0.32 to 0.31) 0.82
p,p'-DDE 491 0.03 (−0.25 to 0.31) 0.03 (−0.25 to 0.31) 0.90 0.03 (−0.26 to 0.31) − 0.05 (−0.36 to 0.26) 0.57

Poland
CB-153 71 − 0.50 (−1.25 to 0.26) 0.20 (−0.56 to 0.97) 0.89 − 0.41 (−1.35 to 0.52) 0.04 (−0.94 to 1.03) 0.71
p,p'-DDE 71 0.60 (−0.15 to 0.06) − 0.04 (−0.29 to 0.20) 0.20 0.47 (−0.43 to 1.38) 0.31 (−0.66 to 1.28) 0.53

Ukraine
CB-153 485 − 0.04 (−0.28 to 0.21) 0.21 (−0.04 to 0.45) 0.28 − 0.04 (−0.32 to 0.25) 0.29 (−0.04 to 0.63) 0.57
p,p'-DDE 485 − 0.19 (−0.43 to 0.06) − 0.04 (−0.29 to 0.20) 0.90 − 0.35 (−0.67 to − 0.03) − 0.24 (−0.61 to 0.13) 0.10

Pooled
CB-153 1047 0.09 (−0.09 to 0.27) 0.13 (−0.10 to 0.37) 0.65 0.07 (−0.13 to 0.28) 0.12 (−0.15 to 0.39) 0.89
p,p'-DDE 1047 0.00 (−0.19 to 0.18) 0.09 (−0.10 to 0.27) 0.99 −0.05 (−0.26 to 0.15) 0.03 (−0.20 to 0.27) 0.34

Abbreviations: BMI, body mass index; CB-153, 2,2′,4,4′,5,5′-hexachlorobiphenyl; CI, confidence interval; p,p'-DDE, 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene.
β is the difference in BMI z-score, compared with the lowest tertile of exposure. aThe pooled estimates are adjusted for country. bAdjusted for maternal
tobacco smoking during pregnancy, maternal age at baseline, maternal pre-pregnancy BMI, paternal BMI, maternal alcohol intake before pregnancy, parity,
maternal education, duration of breastfeeding, gestational age at blood sampling, child physical activity level and child diet. cExposures are natural logarithm
transformed in test for trend using continuous linear regression analysis. dEstimated in a toxicokinetic model. Please see text for specifications.

Table 4. The association between pregnancy CB-153 and p,p'-DDE concentrations and differences in child BMI z-scores at 5–9 years, INUENDO cohort
(born 2002–2004)

Z-scores BMI n Crude modela P trendc Adjusted modelb P trendc

Medium High Medium High
β (95% CI) kg m�2 β (95% CI) kg m�2 β (95% CI) kg m�2 β (95% CI) kg m�2

Greenland
CB-153 525 − 0.09 (−0.35 to 0.17) − 0.10 (−0.36 to 0.16) 0.79 − 0.13 (−0.38 to 0.13) − 0.08 (−0.35 to 0.18) 0.93
p,p'-DDE 525 − 0.08 (−0.34 to 0.18) 0.02 (−0.25 to 0.28) 0.75 − 0.12 (−0.37 to 0.14) − 0.06 (−0.33 to 0.22) 0.60

Poland
CB-153 92 − 0.14 (−0.79 to 0.51) − 0.21 (−0.85 to 0.43) 0.46 0.00 (−0.67 to 0.66) − 0.15 (−0.85 to 0.56) 0.61
p,p'-DDE 92 0.23 (−0.41 to 0.88) 0.14 (−0.51 to 0.79) 0.49 0.35 (−0.33 to 1.03) 0.12 (−0.56 to 0.80) 0.40

Ukraine
CB-153 492 0.07 (−0.17 to 0.31) − 0.02 (−0.26 to 0.22) 0.88 0.14 (−0.11 to 0.39) 0.06 (−0.20 to 0.32) 0.45
p,p'-DDE 492 − 0.11 (−0.35 to 0.13) − 0.38 (−0.62 to − 0.14) 0.01 − 0.09 (−0.34 to 0.15) − 0.30 (−0.55 to − 0.04) 0.11

Pooled
CB-153 1109 − 0.06 (−0.24 to 0.12) − 0.11 (−0.36 to 0.14) 0.87 − 0.02 (−0.20 to 0.16) − 0.07 (−0.32 to 0.18) 0.73
p,p'-DDE 1109 0.06 (−0.13 to 0.25) − 0.12 (−0.32 to 0.08) 0.27 0.03 (−0.16 to 0.21) − 0.10 (−0.30 to 0.10) 0.41

Abbreviations: BMI, body mass index; CB-153, 2,2′,4,4′,5,5′-hexachlorobiphenyl; CI, confidence interval; p,p'-DDE, 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene.
β is the difference in BMI z-score, compared with the lowest tertile of exposure. aThe pooled estimates are adjusted for country. bAdjusted for maternal
tobacco smoking during pregnancy, maternal age at baseline, maternal pre-pregnancy BMI, paternal BMI, maternal alcohol intake before pregnancy, parity,
maternal education, duration of breastfeeding, gestational age at blood sampling, child physical activity level and child diet. cExposures are natural logarithm
transformed in test for trend using continuous linear regression analysis
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