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Abstract

Background

Being overweight constitutes a health risk, and the proportion of overweight and obese
children is increasing. It has been argued that road traffic noise could be linked to adiposity
through its influence on sleep and stress. Few studies, to our knowledge, have investigated
whether noise and adiposity are associated. Most of them were on adults, and we are not
aware of any longitudinal study using repeated measures.

Objectives

The present longitudinal study investigated whether road traffic noise exposures in pregnancy
(N=6,963; 0bs=22,975) or childhood (N=6,403; obs=14,585) were associated with body mass
index (BMI) trajectories in children.

Methods

We obtained information on BMI and covariates from questionnaires used in the Norwegian
Mother and Child Cohort Study, Statistics Norway; and Medical Birth Registry of Norway.
We modeled road traffic noise for the most exposed facade of children’s present and historical
addresses at six time points from pregnancy to age 8. We investigated effects on BMI
trajectories using repeated measures and linear mixed models.

Results

The results indicated that BMI curves depended on road traffic noise exposure during
pregnancy;, but not on exposure during childhood. Children in the highest decile of traffic
noise exposure had increased BMI, with 0.35 kg/m” more than children in the lowest decile,

from birth to age 8 years.



Conclusions

The results indicate that exposure to road traffic noise during pregnancy may be associated
with children’s BMI trajectories. Future studies should investigate this further, using
anthropometric measures such as waist-hip ratio and skinfold thickness, in addition to BMI.
Keywords

Road traffic noise; body mass index; BMI; children; Norwegian Mother and Child Cohort

Study



Introduction

The prevalence of childhood overweight and obesity in Europe is estimated to be about 20
percent ', and it has increased during the recent decades >. Overweight and obesity are
associated with negative health outcomes such as increased risk for type II diabetes, increased
levels of cholesterol, elevated blood pressure, and reduced quality of life . Proposed causal
factors include genetics, endocrine disorders, nutritional habits, and level of physical activity
7. In recent years, associations with environmental factors like air pollution have also been
reported *. A few studies have investigated whether road traffic noise is related to body mass
index (BMI). Studies on adults found small positive associations between road traffic noise
exposure and waist circumference and BMI, but these findings were not entirely consistent *-
" and knowledge on these associations in children is scarce '*.

An increasing number of children are daily exposed to road traffic noise exceeding
recommended levels of Ly, 55 dB 13,14 Environmental noise is associated with both physical

14-17

and mental health effects, including impaired sleep . Noise-induced sleep impairments

could be mediating a noise and overweight association. Children’s sleep duration is shown to
be negatively associated with overweight in both cross-sectional and longitudinal studies '**'
possibly through the influence on the secretion of appetite regulating hormones such as leptin
and ghrelin %,

Stress is another possible mechanism. Stress during pregnancy, which may be caused by
exposure to noise, can affect fetal growth and physical development in childhood, including a

2324 1p addition, studies have

heightened risk for childhood overweight and increased BMI
found associations between traffic noise exposure and stress indicators in children *°. Stress in
childhood may be one of the predictors of subsequent BMI in children *°. Thus, there is a

possibility that high noise exposure during both pregnancy and childhood is associated with a

lower BMI at birth, but a subsequent higher BMI during childhood.



To the best of our knowledge, no study to date has employed a longitudinal design with
repeated measures to explore the relationship between road traffic noise and physical growth
in children. The present study explored two different time windows of road traffic noise
exposure. For exposure during pregnancy, we explored whether road traffic noise was
associated with different BMI trajectories from birth to age 8 years. For exposure during
childhood, we explored whether the average road traffic noise (between persons noise) was
associated with different BMI trajectories from age 18 months to 8 years, and whether a
change in road traffic noise level (within person noise) was associated with a corresponding
change in BMI. We also explored the moderating role of household income, maternal
education, and gender.

Methods

Study population

The study used questionnaire data from ages 6 and 18 months and 3, 5, 7 and 8 years from the
Norwegian Mother and Child Cohort Study, MoBa*’. MoBa is a prospective population-
based pregnancy cohort study conducted by the Norwegian Institute of Public Health.
Participants were recruited from all over Norway from 1999-2008. The women consented to
participation ifi 41% of the pregnancies. The cohort includes 114,500 children, 95,200
mothers and 75,200 fathers. Mothers received invitations by mail, along with appointments
forultrasound scanning in week 17 or 18 of pregnancy. No exclusion criteria were used in the
main study. MoBa'is described in more detail elsewhere’’. Due to the limited availability of
modeled road traffic noise, we used data only on Oslo residents. MoBa data was linked to the
Medical Birth Registry of Norway, Statistics Norway, and to noise exposure estimations from
the City of Oslo.

The participants in the present study were children born between 2000 and 2009. Inclusion

criteria were: a) residential address in Oslo, b) live birth, c) single birth, d) born to term



(gestational age between 259 and 300 days®®, e) known date of birth. Children with address at
confinement (granted hidden address, thus no address available), and older siblings also
participating in the MoBa cohort, were excluded. 589 children were excluded due to preterm
birth. There were two different but overlapping study samples: one for analyses of noise
exposure during pregnancy (pregnancy sample), and one for analyses of noise exposure after
birth (childhood sample), since both pregnancy and childhood noise might affect BMI
trajectories through somewhat different mechanisms. The final pregnancy sample included
22,975 observations from 6,963 children, and the childhood sample included 14,585
observations from 6,403 children (see Figure 1 and eTable 15

http://links.Iww.com/EDE/B368). 4,587 children were part of both samples (1,816 only in

childhood sample, 2,376 only in pregnancy sample).

Informed consent was obtained from each MoBa participant (mother) upon recruitment.
MoBa and the present study were approved by The Regional Committee for Medical
Research Ethics in South-Eastern Norway.

2.2 Noise exposure assessment

Estimations of road and rail traffic noise exposure were conducted by the Agency for Urban
Environment, City of Oslo, in accordance with the Environmental Noise Directive » Noise

d ***! and the software program

exposure was modeled using the Nordic Prediction Metho
CadnaA version 4.3 (DataKustik, GmbH, Germany)**. A geographic information system
(GIS) approach was used to geocode all the residential addresses of the children’s mothers.
Grid predictions of 5x5 m” at 4 m height were used to assign noise level to the geocoded
addresses. Noise exposure was assessed as Lgen, and based on annual average daily traffic
(AADT) with diurnal distribution. Lge, 1s the A-weighted (meaning that low audio frequencies

are attenuated, since humans are less sensitive to low frequencies) day (07.00-19.00)- evening

(19.00-23.00)- and night-time (23.00-07.00) equivalent noise level with a 5 dB and 10 dB


http://links.lww.com/EDE/B368

penalty for the evening and nighttime noise respectively. Estimation of road and rail traffic
noise exposure is described in more detail elsewhere 33 The Lgen was estimated for the most
exposed facade. Noise exposure from road traffic and rail traffic in the pregnancy sample
covered the whole pregnancy period (excluded if less than 180 days of exposure information).
For childhood noise exposure, road traffic noise was a time-varying variable, calculated for
five different exposure windows, each including 1 year before each of the questionnaire
completion dates. The modeled Lge, for road traffic took into account the residential history of
each mother and was weighted by the time spent at each address.

We included road traffic noise was included as a continuous variable. Rail traffic noise was
categorized as unexposed, exposed to Lgen <30 dB, or Lge, =30 dB. Few were exposed to high
rail traffic noise levels. Lge, below 30 dB is below the background level, and is almost
negligible. Because the noise metric Ly, 1s an average made up of a certain number of clearly
distinct noise events, individuals exposed Lge, less than 30 dB may still be disturbed by some
events, although the average level is low:

Moving was the most important factor influencing noise exposure. Frequency of moves is

given in eTable 1; http:/links.lww.com/EDE/B368.

2.3 Outcome

We obtained measured values of length and weight at birth from the Medical Birth Registry
of Norway. Maternal reports of length/height and weight from MoBa questionnaires at 18
months and 3, 5, 7 and 8 years. We used height and weight to compute body mass index
(BMI) values as weight (kg) divided by height squared (m?).

2.4 Covariates

Covariate information was obtained from the MoBa 6 and 18- month-, and 3-, 5-, 7- and 8-
year questionnaires, the Medical Birth Registry of Norway, Statistics Norway, and the City of

Oslo. Covariates were selected using Directed Acyclic Graphs (DAGs)***. Based on the
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DAG (see eFigure 1; http://links.lww.com/EDE/B368), we arrived at a minimal adjustment
set containing gross household income and urbanicity, using the web-based software program
dagitty.net *’. Urbanicity indicated proximity to the city center. Additional covariates included
were BMI at birth (only childhood sample), ethnicity, maternal education, child’s age, gender,
and mother’s BMI before pregnancy (see Table 1). Diet, from questionnaires at ages 3 and 7,
was based on New Nordic Diet*®. Physical activity, from questionnaire at age 7, was defined
as hours a week physically active/doing sports when not in school: <1 hour, 1-2, 3-4, 5-7, 8-
10, or more than 11 hours. Air pollution estimates were based on Land Use Regression
models fitted in the HELIX project 3941 Ajr pollution included modeled levels 0f PM; s, NO,,
and NOx for the same exposure windows as the noise variables and were only used in
sensitivity analyses.

2.5 Statistical analyses

The present study included repeated measurements of BMI from birth to 8 years. We used
linear mixed models in the main analyses, and diagnostics were met, except for some
heteroscedasticity observed in a standardized residuals versus fitted values plot. (See

eAppendix 1; http://links.lww.com/EDE/B368 on model building and diagnostics.) We

evaluated interactions and compared models using likelihood-ratio tests. The final models
contained a random subject intercept, random slope for age, and an unstructured covariance
matrix; and were estimated using maximum likelihood. The childhood models included an
independent residual structure estimating a distinct variance for each time point, in order to
account for heteroscedasticity. Akaike’s (AIC) and Bayesian information criteria (BIC)
indicated that this residual structure gave a better model fit than an exponential structure, the
latter taking into account the correlation between residuals, but not the heterogeneity of the
variance. For the pregnancy sample model, an exponential residual structure fitted better. The

basic models contained an interaction term between age (age splines) and gender. The factors
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of interest were the interaction terms between age and noise, because we wanted to explore
the effect of noise on the BMI trajectory. The model of noise exposure during pregnancy was
as follows:

BMI;j = po + piagespline;;j + £, agespliney;; + S5 agesplinesi; + S agesplines; + fs

agesplines;;
+ psNoisePregn;; + NoisePregni(f7agesplinesj + fsagesplineyij + foagesplines;
+ proagesplines;j + friagesplines;;) + Si2IncomePregn; + gisUrbanPregn; +
SraGender;

+ Genderi(fisagespline;;; + Bisagesplines;; + fizagesplines;; + Sisagesplines;; +
pioagesplines;) + frEduc;
+ p21Ethn; + fnMaternalBMI; + big + by + &
where ; indicates subject and ; indicates time point. bj 1s the random intercept (id-variable)
and b;; is random slope for age. g;; is.the error term. Cubic splines were made for age, with
knots at 0, 18, 36, 60, 84, and 96 months.
The model of noise exposure during childhood, estimating the influence of averaged road
traffic noise on the association between age and BMI, was as follows:

BMLI;; <= fo + pragespliney;; + £, agespliney;; + S5 agesplines;; + S4 agesplines;; +

PsNoisewp;;
+ psNoisebp; + Noisebpi(#ragesplines;j + fsagespliney;; + foagesplinesj
+ fioagesplines;j) + f11Incomewp;; + fi.Incomebp;; + £13Urbanwp;; +
prsUrbanbp;;
+ p1sGender; + Gender;(51csagespliney;; + fi7agespliney;; + fisagesplines;
+ proagesplinesij) + froEduci + £ Ethni+ fr,MaternalBMI; + £,3BirthBMI; + byg
+bi + g
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where wp=within person; bp=between persons. An intraclass correlation of .75 (95% CI=[.74,
.76]) for road traffic noise, .72 (95% CI=[.71, .73]) for income and .81 (95% CI=[.80, .82])
for urbanicity indicated sufficient within-person variability to warrant decomposition into
between and within person variables. This was done in the childhood sample to assess
associations between children’s average noise exposure and BMI, and associations between
change in noise exposure at a given time(s) and BMI. The between-persons component was
the mean level of noise exposure for each child (the mean of all one-year periods that were
included in the study for a particular child). The within-person component was estimated by
subtracting the child’s noise mean from the noise level at each time point. Income and
urbanicity were decomposed in the same way.

We assessed associations between road traffic noise and BMI at specific ages using linear
regression analyses. We performed sensitivity analyses for rail traffic noise and air pollutants
PM, s, NO,, and NOx, and for diet and physical activity. Graphs, predicted marginal means
and marginal effects for the linear mixed model results were obtained with the user-written
Stata program marginscontplot .

We used analysis of variance and chi-square tests to assess differences between non-
participants and study samples at different time points. In addition to the main analyses on the
original data, analyses on 50 multiple imputed data sets and on complete cases were also
done, in order to address the impact of loss to follow-up. (See eTables 1;

http:/links.lww.com/EDE/B368, 2, and eAppendix 2; http://links.lww.com/EDE/B368)

For the purpose of comparing with other studies, we calculated mean increase in BMI from
birth to age 8 in the pregnancy sample for the lowest and highest deciles of noise exposure.

All analyses were done in Stata, version 14.0 (StataCorp, Texas, USA) *.

11
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Results

Population characteristics

In the pregnancy sample, mean BMI at birth was 14.0 kg/m* (SD=1.2) and 16.7 kg/m*
(SD=1.3) at 18 months. BMI decreased to age 5 years, then increased to 15.9 kg/m* (SD=1.7)

at age 8 years (eFigure 2; http://links.lww.com/EDE/B368). Mean road traffic noise level

during pregnancy was Lgen 56.2 dB (SD=8.4, range 11-77). The mean BMI trajectory in the
childhood sample was similar to that in the pregnancy sample. The mean road traffic noise
level during childhood decreased with time, from Lgen 55.4 (SD=8:5, range 11-80) at age 18
months, to L4en 53.3 (SD=7.8) at age 8 years. The mean noise within-persons value was -.025

(SD=3.25). (Table 1, eTable 3; http://links.lww.com/EDE/B368)

Main results
Pregnancy sample
The BMI trajectory depended on road traffic noise exposure level during pregnancy (p=.02;

Figure 2, Table 2, eTable 4; http://links.lww.com/EDE/B368). Compared to children of

mothers exposed to an average of Ly, 45 dB during pregnancy (14.05 95% CI=[14.00,
14.10]), children of mothers exposed to Lgen 65 dB (13.95, 95% CI=[13.91, 13.99]) had a
lower predicted BMI at birth, but a higher BMI at 8 years (Lge, 65 dB: 15.96 kg/m?,
CI=[15.86, 16.05] vs. Lgey 45 dB: 15.83 kg/m?, CI=[15.73, 15.94]) (eTable 4;

http://links.lww.com/EDE/B368). Apart from at birth, we cannot rule out the possibility that

these differences were due to chance. This was also shown in linear regression analyses with
BMI at birth (B=-.0039, 95% CI=[-.0076, -.0002]) and at age 8 years (.0052, 95% CI=[-.0052,
0155]) as outcomes (but see results for imputed data below). Children in the highest decile of
road traffic noise exposure (> Lgen 67.2 dB) increased their predicted BMI from birth to age 8

with 0.35 kg/m” more than children in the lowest decile (< Lge, 45 dB). The effect of road

12
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traffic noise did not depend on gender (p=.36), education (p=.52) or household income
(p=.80). (Table 2.)
Childhood sample
The BMI trajectory did not depend on average road traffic noise exposure level during

childhood (p=.52; Table 2, eTable 5; http://links.lww.com/EDE/B368, Figure 3a). A change

in road traffic noise exposure from one time window to the next (age and within-person noise

interaction) was not associated with a corresponding change in BMI at that time point (p=.50;

eTable 6; http://links.lww.com/EDE/B368, Figure 3b). The findings did not depend on
gender, education, average household income, or change in household income (all p>.32;
Table 2).

Rail traffic noise, air pollution, diet and physical activity did not change the effect of road

traffic noise in any of the models (eTables 7-10; http://links.lww.com/EDE/B368).

Average imputed values for covariates and predicted values of BMI for different noise
categories were similar across imputed, original and complete cases data (eTables 11, 12;

http://links.Iww.com/EDE/B368). A Wald test on the imputed data results showed evidence of

an interaction between age and pregnancy road traffic noise (p=.03). Linear regression
analyses on the imputed pregnancy sample data showed associations between road traffic
noise and BMI at birth (B=-.0041, 95% CI=[-.0078, -.0004]) and BMI at age 8 years (.0083,
95% CI=[.0003,.0163]). There were no interactions between age and road traffic noise in the
childhood sample.

Discussion

Comparing with previous studies

Road traffic noise during pregnancy showed an association with the BMI trajectory in
children. There was no effect modification by gender, household income, or maternal

education. Rail traffic noise, air pollution, diet, and physical activity did not affect the results.

13
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For childhood road traffic noise exposure, no statistically significant effects on the BMI
trajectory were found.

Our findings are partly in line with a Danish study '* that found no association between
averaged lifetime noise exposure and BMI z-scores at age 7, using a linear regression
analysis. In contrast with our study, they found no association between noise during
pregnancy and BMI. The estimates reported in the Danish study were in the expected
direction, though, and an association with overweight was found for both noise exposure
windows. Due to the different study designs, direct comparisons are difficult. Compared with
a study on air pollution and BMI with repeated measures *, the magnitude of the effect of
noise in our study was similar to the effect of air pollution in that study, where an increase in
BMI of 0.4 kg/m* was found for 10-year-olds in.the highest decile of NOx exposure,
compared to those in the lowest decile. In our study, the similar difference for noise during
pregnancy was 0.35 kg/mz. An explanation for why we observed associations in the
pregnancy sample, but not in the childhood sample; might be that adults are more easily
disturbed by noise than children™, and that the influence of noise on children goes mainly
through the mother, in pregnancy.

In accordance with other studies on road traffic noise and adiposity markers, we found no
influence of air pollution or rail traffic noise on the effect of road traffic noise 10,12 PM; 5
levels were somewhat lower in our study area compared to those typically found in other
studies, whereas NO, and NOx levels were higher **. Diet and physical activity did not
substantially change the effect of road traffic noise, indicating that the lack of complete diet
and physical activity information was relatively unimportant, as was concluded in a
comparable study ®.

Children of mothers exposed to higher noise levels during pregnancy had, on average, a lower

BMI at birth. Previous studies have found associations between pregnant women highly noise

14



exposed at work and impaired fetal growth **. Noise exposure at night can impact the
mothers’ sleep, leading to increased stress*®*®. Noise-induced maternal stress during
pregnancy may be one explanation for the different BMI trajectories for different noise
exposure levels. A study by Li et al. ** compared Danish children whose mothers had or had
not experienced a highly stressful life event during pregnancy. BMI and prevalence of
overweight were higher in the exposed children at all ages from 7 to 13 years; especially from
age 10 and onwards. Both the Li et al. ** and the Jerrett et al. ® study, and our multiple
imputation analyses, suggest that the effects of noise in the present study might have been
larger for older children.

The mean trajectory for BMI was similar or slightly lower compared to that found in other
studies, including one reporting growth references for Norwegian children, although children
in the higher BMI range was somewhat underrepresented ***~'. Average BMI in the study
samples was at most of the time points similar to the average BMI of non-participants.

The effect of road traffic noise did not depend on household income. Others have found no
effect modification by other SES variables when investigating noise and BMI . Lower
income has been associated with a steeper increase in BMI with age >2 There might be a
threshold above which income level is too high to reveal an effect modification.

A large portion of missing data was due to children not living in Oslo at one or more points in
time, children dropping out of the MoBa, or, for ages 7 and 8 years, the full MoBa data set not
yet being available. Results of the multiple imputation analyses support the results obtained
with the original data, indicating that loss to follow-up did not influence the results.

Strengths and limitations

To the best of our knowledge, the present study is the first to examine road traffic noise and
children’s BMI trajectories. The longitudinal design allowed a comparison of both within and

between persons effects of noise. The analyses were based on a large number of observations
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of many participants. Most covariate information was obtained from registries, reducing
missing and increasing the reliance in the information. The noise exposure range was wide,
increasing the chances of detecting effects of noise, if present.

The study had some limitations. Whereas BMI is a good indicator of excess adiposity in
overweight children, BMI differences for thinner children can to a larger extent be due to fat-
free mass (eg, muscles, bones)™. Thus, it might be that road traffic noise is associated with
adiposity, but that this association is not detected or is underestimated due to the moderate
sensitivity of BML A recent study on adults ' found associations between foad traffic noise
and both waist circumference and waist-to-hip ratio, but no association with BMI.
Unfortunately, anthropometrics other than BMI were unavailable in the present study.

BMI was based on parental reports. A recent paper ° reported the results of a validation study
done to assess the accuracy of parental-reported BMIin the MoBa study. The reported BMIs
were compared with measured BMIs Obtained in the Bergen Growth Study *°. The correlation
was high: Pearson’s r=0.86 (95% CI: [0.81, 0.90]); indicating that the parental-reported BMI
was accurate (although misclassification cannot be completely ruled out).

Road traffic noise was modelled for the most exposed facade outside. Many participants
probably had bedrooms facing the quiet side. Highly exposed were probably more likely to
sleep with windows closed '’ and have better fagade insulation. Unfortunately, information
about these factors was lacking. In another study on adults on road traffic noise and obesity,
associations were stronger for men with bedrooms facing a road '. Using noise outside the
most exposed facade, the result is likely an underestimated association between noise and
sleep for those with a bedroom facing the most exposed fagade *°. Not accounting for these
factors might have led to underestimation of the effects of road traffic noise.

Some heteroscedasticity was present in the models. We were not able to fully correct this,

resulting in underestimation of high values and overestimation of lower values of BMI, but

16



correct estimates of values in the middle range. This might also have led to underestimation of
effects of road traffic noise on BMI.

Conclusions

The present longitudinal study found an association between road traffic noise exposure
during pregnancy and BMI trajectories from birth to age 8 years. No association between
exposure in childhood and BMI trajectories from age 18 months to 8 years was observed.
Future studies should investigate the association between road traffic noise and BMI with
repeated measures data, using measured BMI instead of or in addition to parental reports, as
well as using additional anthropometric measures. Possible mechanisms should also be

investigated.
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Figure legends

Figure 1. Flow chart for inclusion of the study sample.

Figure 2. Predicted BMI trajectories for different levels of noise exposure during pregnancy,
with 95% confidence intervals.

Figure 3. (a) Predicted BMI trajectories for different average levels of noise exposure during
childhood (solid lines), with 95 % confidence intervals (Cls), and (b) predicted change in

BMI per 1 dB increase in noise level at the different times, with 95 % Cls.

25



Table 1: Characteristics of the study population

Pregnancy exposure Childhood exposure
Time Covariate Lgen <55 dB Lgen 55-60 Lgen >=60 dB Total Lgen <55 dB Lgen 55- Lgen >=60 dB Total
point dB 60 dB
0 %noise exposed 23 51 26 100.0
1 25 51 25 100.0 28 50 23 100.0
5 25 52 23 100.0 35 50 15 100.0
0 BMI, 14.0 (1.2) 14.0 (1.2) 13.9(1.2) 14.0 (1.2)
1 mean (SD) 16.7 (1.3) 16.7 (1.3) 16.8 (1.3) 16.7(1.3) | 16.7(1.3) 16.7 (1.3) 16.8 (1.3) 16.7 (1.3)
2 16.1(1.4) 16.2 (1.4) 16.1(1.4) 16.1(1.4) | 16.1(1.4) 16.1(1.4) 16.1 (1.4) 16.1 (1.4)
3 15.4 (1.5) 15.5 (1.4) 15.5 (1.5) 15.4(1.5) | 15.4(1.5) 15.5 (1.5) 15.4 (1.5) 15.4 (1.5)
4 15.5 (1.6) 15.6 (1.5) 15.6 (1.6) 15.5(1.6) | 15.5(1.5) 15.6 (1.6) 15.5 (1.6) 15.6 (1.6)
5 15.9 (1.7) 16.0 (1.7) 16.0 (1.8) 15.9(1.7) | 15.9(1.7) 15.9 (1.7) 15.9 (1.7) 15.9 (1.7)
0 Age, 0 0 0 0
1 mean (SD) 16.0 (1.1) 16.1(1.2) 16.1(1.2) 16.1(1.2) | 16.0(1.1) 16.1(1.2) 16.1(1.2) 16.1(1.2)
2 36.7(.7) 36.7(.8) 36.8(.9) 36.7(.8) 36.7(.8) 36.7(.8) 36.7(.9) 36:7.(.8)
3 61.4(1.7) 61.4(1.8) 61.3 (1.9) 61.4(1.8) | 61.6(2.3) 61.7 (2.3) 61.6 (2.4) 61.6 (2.3)
4 85.2 (1.4) 85.4 (1.5) 85.4(1.7) 85.3(1.5) | 85.4(1.5) 85.4 (1.6) 85.4 (1.7) 85.4 (1.6)
5 97.4(1.3) 97.6 (1.5) 97.5(1.4) 97.5(1.4) | 97.5(1.5) 97.7(1.7) 97.5(1.4) 97.5(1.5)
0 Household 835,586 766,689 765,755 793,541
income (NOK)?, (647,568) (469,296) (481,266) (550,919)
1 mean (SD) 812,771 783,411 764,694 789,665 821,231 771,650 746,205 786,839
(534,144) (487,820) (431,950) (491,742) | (542,300) (490,441) (414,868) (496,433)
5 845,162 755,641 751,399 792,831 1,084,253 964,061 915,078 1,027,684
(711,445) (546,790) (434,562) (597,664) | (594,667) (579,292) (487,023) (577,525)
0 Ethnicity® 10 9 11 10
1 (% non-western) 8 8 9 8 8 8 10 9
5 7 6 9 7 6 12 15 9
0 Gender 51 50 52 51
1 (% male) 51 49 50 50 51 49 49 50
5 50 48 52 50 52 45 48 50
0 Urbanicity® 10 32 42 27
1 (% in city center) 8 29 40 24 6 24 34 19
5 9 29 37 23 3 13 18 8
0 Mother’s BMI, 23.1(3.6) 23.0(3.5) 22.8(3.5) 23.0(3.5)
1 mean (SD) 23.0(3.4) 23.0(3.5) 22.8(3.3) 23.0(3.4) 22.9(3.3) 23.0(3.5) 22.8(3.3) 22.9(3.4)
5 23.1(3.4) 22.9(3.4) 22.8(3.2) 23.0(3.3) 22.8(3.2) 22.9(3.3) 22.9(3.5) 22.8(3.3)
0 Education 17 16 15 16
1 (% max. high 16 14 14 15 15 13 14 14
5 school) 14 13 11 13 12 15 12 12
1 BMI, birth 14.0 (1.2) 14.0 (1.2) 13.9(1.2) 14.0 (1.2)
5 14.2 (1.5) 14.0 (1.7) 14.0 (1.3) 14.1 (1.5)

?Adjusted according to consumer price index, in Norwegian kroner (NOK). For pregnancy sample, income at birth. For childhood sample, income at ages 18
and 96 months.

®Dichotomized according to Statistics Norway 7

“Divided into three categories: Outskirts: outside the Ring 3 road in Oslo; Between: between roads Ring 2 and Ring 3; Center: inside Ring 2 road. Indicates
distance lived from the city-center. For pregnancy sample, urbanicity at birth; for childhood sample, urbanicity at 18 and 96 months.
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Table 2: Main results of likelihood ratio tests

p-value, p-value,
pregnancy childhood
Analysis sample sample
Gender X Age <.0001 <.0001
Pregn noise® X Age .02 -
Pregn noise X Age X Gender .36 -
Pregn noise X Age X Education .88

Pregn noise X Age X Income®
Noise BP® X Age
Noise WP® X Age
Noise BP X Age X Gender
Noise BP X Age X Education
Noise BP X Age X Income BP®
Noise BP X Age X Income wp'
Noise WP X Age X Gender
Noise WP X Age X Education

Noise WP X Age X Income BP

a,
. Lgen, roa
Income at bi i mer price index.

YMean difference i certain time point, and Noise BP.

"Mean dif i certain time point, and Income BP.
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Figure 1: Flow chart for inclusion of the study sample
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Figure 2: Predicted BM| trajectories for different levels of noise exposure during pregnancy, with 95 %
confidence intervals.

Predicted marginal means of BM I for different noise levels over time,

pregnancy sample (95% confidence interval)

Lyen 45 dB
4= Lyen 65 dB

=

-]

S

c 16

©

U

£

©

£

bt

©

©

Q’

ke

©

2

(-9

14

T T T
0 18 36

Age in mont

29



Figure 3: (a) Predicted BMI trajectories for different average levels of noise exposure during childhood
(solid lines), with 95 % confidence intervals (Cls), and (b) predicted change in BMI per 1 dB increase in
noise level at the different times, with 95 % Cls.
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