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ARTICLE DETAILS 

TITLE (PROVISIONAL) Traffic pollution at home address and pregnancy outcomes in 

Stockholm, Sweden 

AUTHORS Olsson, David; Mogren, Ingrid; Eneroth, Kristina; Forsberg, Bertil 

 

VERSION 1 - REVIEW 

REVIEWER Tim Nawrot 
Hasselt University, Belgium 

REVIEW RETURNED 13-Jan-2015 

 

GENERAL COMMENTS The authors observed a robust association between pregnancy 
average NOx level at home address and preeclampsia. The OR for 
an increase in NOx corresponding to the IQR was 1.16 (95% CI 
1.09-1.23) in the fully adjusted model. The investigators also studied 
the shape of the association, which pointed out a plateau effect 
above the 2nd quartile. The study adds well to the existing literature 
on this topic.  
I have a few questions for clarification:  
 
• A random effect is used for adjustment for municipality. What is the 
difference with adjustment and unadjustment for municipality? 
Although the authors have high resolution data of NOx (100x100m 
grids), might municipality also not lead to over adjustment, as it 
might be proxy for exposure.  
 
• The unadjusted model (only including municipality as a random 
effect) shows no significant effect above the 2nd quartile, while the 
adjusted model the higher exposure quartiles do show increased risk 
but not higher than the effect observed in the 2nd quartile. Which of 
the adjustment leads to this change in risk between the models?  
 
• It would be of interest to add some validation statics of the used air 
pollution interpolation model. 

 

REVIEWER Marie Pedersen 
Danish Cancer Society Research Center  
Denmark 

REVIEW RETURNED 20-May-2015 

 

GENERAL COMMENTS Thanks for letting my peer-review this interesting manuscript. 
Relevant topic.  
Although this manuscript adds to the growing epidemiological 
evidence on this topic I have some few concerns that need to be 
addressed prior to publication. For instance, it is more accurate to 
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use the term „pregnancy-induced hypertensive disorders‟ instead of 
„preeclampsia‟ in this study.  
 
Abstract  
 
Specify at which time point information on maternal home addresses 
were collected. Was it address at birth or early during pregnancy?  
 
Add the number of subjects  
 
Spell out NOx, OR  
 
Revise the sentence ‟we observed no evidence that studied 
outcomes were correlated with vehicle flow the cruder indicator of 
traffic pollution‟ to for example ‟ there were no evidence of an 
association between vehicle flow the cruder indicator of traffic 
pollution and the studied outcomes in this study‟  
 
Cite meta-analyses on air pollution and preeclampsia at line 38, 
page 2 and again in the discussion. P. 14, l56 :  
Pedersen M, Stayner L, Slama R, Sørensen M, Figueras F, 
Nieuwenhuijsen MJ, Raaschou-Nielsen O, Dadvand P. Ambient air 
pollution and pregnancy-induced hypertensive disorders: a 
systematic review and meta-analysis. Hypertension. 2014 
Sep;64(3):494-500.  
 
Spell out CO, line 13, p 3  
 
Choose a better reference instead of a broad review for the 
sentence of ..‟to measure pollution or exposure markers in blood at 
the individual level‟. What is meant by measuring pollution? 
Metabolites of PAHS in urine? These could originate from dietary 
exposure too. There are as far as I am aware no exposure 
biomarkers which are specific for ambient air pollution, but several 
biomarkers that have been associated with traffic- or combustion 
related air pollution such as various DNA adducts, oxidative stress 
markers, DNA damage such as micronuclei.  
 
Explain preeclampsia once only in the introduction instead of at p 4, 
l. 25 and p. 2 l. 46.  
 
p.4 l 40 Specify for the aim that only outdoor exposures were 
examined  
 
 
Outcomes  
Has the author considered to evaluate very preterm (<32 weeks) in 
addition to preterm (<37 weeks)? Estimation of gestational duration 
suffers from large uncertainty. Early fetal growth could be restricted 
by exposure to air pollution and other factors associated with air 
pollution exposure and hereby influence on US based estimation of 
gestational age. If possible it would be preferred to use LMP for 
estimation of gestational age as this measure is less likely to 
influenced by individual exposure.  
 
I find it misleading to use the term preeclampsia when a different 
diagnosis were mixed. Please correct preeclampsia to pregnancy-
induced hypertensive disorders throughout the entire manuscript. It 
is not known whether preeclampsia and gestational hypertension is 
a spectrum of same disease or have different aetiology. The critical 
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windows of exposure, risk factors and later in life health effects differ 
from severe preeclampsia/eclampsia and gestational hypertension. 
The predictive validity of these outcomes differs according to a 
Danish Registry study by Klemmensen et al 2007. It is for this 
reason better to be more accurate on these outcomes.  
 
Exclusion  
Since the authors have access to registry data it could of relevance 
to adjust/exclude women with pre-existing hypertension and/or 
women with a previous pregnancy complicated by 
preeclampsia/hypertension. Why is this not done?  
 
 
Traffic data  
How often is traffic density data updated? For which year was data 
used? Traffic density in Stockholm has changed a lot during these 
years.  
 
Previous studies have reported ozone, NO2 and CO too. Why were 
these pollutants not reported here? And what about PM, could 
particles be modelled too?  
 
Temperature  
Indicate better why ambient temperature was included as 
adjustment factor before the statistical analyses. Mention that for 
preterm delivery both extreme periods of warmer and colder days 
have been shown to be associated with increased rates of preterm 
birth in cities including Stockholm – is this the case for pregnancy 
induced hypertensive disorders and SGA too? Mention during which 
time window temperature was fitted. It is unclear if temperature is 
part of the exposure modeling.  
 
Statistical analysis  
Specify how linearity was tested, p. 7 l. 31  
 
Why was SES by area not considered? Paternal education and 
other SES indicators may be of importance in addition to maternal 
education  
 
A number of sensitivity analyses could be done to further understand 
the findings:  
- separate the various hypertensive outcomes  
- stratify by parity  
- stratify by BMI  
- exclude smokers, woman with pre-existing hypertension/previous 
preeclamptic pregnancy  
 
Results  
Support the sentence „A non-linear relation between air pollution 
exposure and the outcome was indicated only for NOx and SGA ‟ by 
figures or explain better.  
Report correlation between NOx and traffic density  
Report results of traffic density adjusted for NOx  
 
 
Discussion  
Explain better how the reported NOX effect p. 16, l. 13 reflect traffic 
and not other sources or exposures.  
 
Discuss next steps in future analyses and the added value of the 
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present study to the existing literature. 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1  

 

Reviewer Name Tim Nawrot  

Institution and Country Hasselt University, Belgium  

 

Please leave your comments for the authors below  

 

The authors observed a robust association between pregnancy average NOx level at home address 

and preeclampsia. The OR for an increase in NOx corresponding to the IQR was 1.16 (95% CI 1.09-

1.23) in the fully adjusted model. The investigators also studied the shape of the association, which 

pointed out a plateau effect above the 2nd quartile. The study adds well to the existing literature on 

this topic.  

I have a few questions for clarification:  

 

• A random effect is used for adjustment for municipality. What is the difference with adjustment and 

unadjustment for municipality? Although the authors have high resolution data of NOx (100x100m 

grids), might municipality also not lead to over adjustment, as it might be proxy for exposure.  

 

The random effect for municipality was included as an effort to account for residual confounding from 

socioeconomical factors. A sentence has been added at the end of the results section (P 13 last 

paragraph), reporting that the inclusion of a random effect did not affect the estimated associations in 

consistent and significant ways.  

 

• The unadjusted model (only including municipality as a random effect) shows no significant effect 

above the 2nd quartile, while the adjusted model the higher exposure quartiles do show increased risk 

but not higher than the effect observed in the 2nd quartile. Which of the adjustment leads to this 

change in risk between the models?  

 

A sentence has been added in the first paragraph of the discussion (P 14) clarifying this. “Without 

adjustment for maternal region of origin the increased risk in the two upper quartiles was not 

observed.”  

 

• It would be of interest to add some validation statics of the used air pollution interpolation model.  

 

We have added a few references to some validation studies (P 6). The references are no 30-32.  

 

Reviewer: 2  

 

Reviewer Name Marie Pedersen  

Institution and Country Danish Cancer Society Research Center  

 

Please leave your comments for the authors below  

 

Thanks for letting my peer-review this interesting manuscript. Relevant topic.  

Although this manuscript adds to the growing epidemiological evidence on this topic I have some few 

concerns that need to be addressed prior to publication. For instance, it is more accurate to use the 

term „pregnancy-induced hypertensive disorders‟ instead of „preeclampsia‟ in this study.  
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Abstract  

 

Specify at which time point information on maternal home addresses were collected. Was it address 

at birth or early during pregnancy?  

 

We added information that only mothers who did not move during pregnancy were included in the 

study to the abstract.  

 

Add the number of subjects  

 

This has been added (n = 100,190)  

 

Spell out NOx, OR  

 

This has been done.  

 

Revise the sentence ‟we observed no evidence that studied outcomes were correlated with vehicle 

flow the cruder indicator of traffic pollution‟ to for example ‟ there were no evidence of an association 

between vehicle flow the cruder indicator of traffic pollution and the studied outcomes in this study‟  

 

Thank you for this suggestion, we have changed the sentence.  

 

Cite meta-analyses on air pollution and preeclampsia at line 38, page 2 and again in the discussion. 

P. 14, l56 :  

Pedersen M, Stayner L, Slama R, Sørensen M, Figueras F, Nieuwenhuijsen MJ, Raaschou-Nielsen 

O, Dadvand P. Ambient air pollution and pregnancy-induced hypertensive disorders: a systematic 

review and meta-analysis. Hypertension. 2014 Sep;64(3):494-500.  

 

This has been added.  

 

Spell out CO, line 13, p 3  

 

This has been done.  

 

Choose a better reference instead of a broad review for the sentence of ..‟to measure pollution or 

exposure markers in blood at the individual level‟. What is meant by measuring pollution? Metabolites 

of PAHS in urine? These could originate from dietary exposure too. There are as far as I am aware no 

exposure biomarkers which are specific for ambient air pollution, but several biomarkers that have 

been associated with traffic- or combustion related air pollution such as various DNA adducts, 

oxidative stress markers, DNA damage such as micronuclei.  

 

A different reference has been chosen. What we meant to say is that it is only possible for economic 

reasons to use personal measurements of air pollution or exposure markers in smaller studies.  

 

Explain preeclampsia once only in the introduction instead of at p 4, l. 25 and p. 2 l. 46.  

 

Thank you for your suggestion, the latter explanation has been removed.  

 

p.4 l 40 Specify for the aim that only outdoor exposures were examined  

 

The aim has been rephrased to incorporate this.  
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Outcomes  

Has the author considered to evaluate very preterm (<32 weeks) in addition to preterm (<37 weeks)? 

Estimation of gestational duration suffers from large uncertainty. Early fetal growth could be restricted 

by exposure to air pollution and other factors associated with air pollution exposure and hereby 

influence on US based estimation of gestational age. If possible it would be preferred to use LMP for 

estimation of gestational age as this measure is less likely to influenced by individual exposure.  

 

Ultrasound measurements could in some cases lead to biased estimates of duration of gestation if the 

fetus is symmetrically small/big, ultrasound measurement is however still a better estimate than last 

menstrual period, [1] which was not available to us. Moreover, we were not able to choose the how 

duration of gestation was estimated.  

 

I find it misleading to use the term preeclampsia when a different diagnosis were mixed. Please 

correct preeclampsia to pregnancy-induced hypertensive disorders throughout the entire manuscript. 

It is not known whether preeclampsia and gestational hypertension is a spectrum of same disease or 

have different aetiology. The critical windows of exposure, risk factors and later in life health effects 

differ from severe preeclampsia/eclampsia and gestational hypertension. The predictive validity of 

these outcomes differs according to a Danish Registry study by Klemmensen et al 2007. It is for this 

reason better to be more accurate on these outcomes.  

 

Thank you for this excellent suggestion/correction.  

 

Exclusion  

Since the authors have access to registry data it could of relevance to adjust/exclude women with pre-

existing hypertension and/or women with a previous pregnancy complicated by 

preeclampsia/hypertension. Why is this not done?  

 

We excluded pre-existing hypertension as a sensitivity analysis, and did not lead to any different 

results. This was added to the manuscript, described in the methods (last sentence P7) and in the 

results (last paragraph P 13)  

 

Traffic data  

How often is traffic density data updated? For which year was data used? Traffic density in Stockholm 

has changed a lot during these years.  

 

To compensate for trends in traffic volumes, the calculated levels of NOx were re-scaled based on 

measured traffic flow in and out of the regional centre of Stockholm on an annual basis. This 

information was included in the original manuscript (4th sentence in the exposure assessment section 

in the methods P6)  

 

Previous studies have reported ozone, NO2 and CO too. Why were these pollutants not reported 

here? And what about PM, could particles be modelled too?  

 

NOx is usually considered a better indicator of local vehicle exhaust exposure than NO2, PM mass or 

CO (in recent years). Ozone is included in this study, but only with temporal variation (see Results p. 

13 l. 5).  

 

Temperature  

Indicate better why ambient temperature was included as adjustment factor before the statistical 

analyses. Mention that for preterm delivery both extreme periods of warmer and colder days have 

been shown to be associated with increased rates of preterm birth in cities including Stockholm – is 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2014-007034 on 14 A

ugust 2015. D
ow

nloaded from
 

http://bmjopen.bmj.com/


this the case for pregnancy induced hypertensive disorders and SGA too? Mention during which time 

window temperature was fitted. It is unclear if temperature is part of the exposure modeling.  

 

We added a sentence in the discussion about potential confounding from temperature (P 16), and 

clarified the time window for temperature (Statistical analysis P 7).  

 

Statistical analysis  

Specify how linearity was tested, p. 7 l. 31  

 

This has been clarified.  

 

Why was SES by area not considered? Paternal education and other SES indicators may be of 

importance in addition to maternal education  

 

The random effect of municipality was included to account for residual confounding from 

socioeconomic factors. Further, information on paternal education is not available in the Medical Birth 

Register.  

 

A number of sensitivity analyses could be done to further understand the findings:  

- separate the various hypertensive outcomes  

- stratify by parity  

- stratify by BMI  

- exclude smokers, woman with pre-existing hypertension/previous preeclamptic pregnancy  

 

See above, women with pre-existing hypertension were excluded as a sensitivity analysis, and we 

consider pre-existing hypertension to be the most important factor of the above listed in respect to air 

pollution.  

 

Results  

Support the sentence „A non-linear relation between air pollution exposure and the outcome was 

indicated only for NOx and SGA ‟ by figures or explain better.  

Report correlation between NOx and traffic density Report results of traffic density adjusted for NOx  

 

Correlation is now reported (P 8, last sentence). The sentence concerning non-linearity has been 

moved to the paragraph reporting associations between NOx and SGA (P 12, second paragraph).  

 

Discussion  

Explain better how the reported NOX effect p. 16, l. 13 reflect traffic and not other sources or 

exposures.  

 

This paragraph have been elaborated slightly, to better explain that the reported NOx effect reflects 

traffic.  

 

Discuss next steps in future analyses and the added value of the present study to the existing 

literature.  

 

We have added a paragraph in the end of the discussion elaborating on future research.  

 

 

1. Lynch CD, Zhang J. The research implications of the selection of a gestational age estimation 

method. Paediatr Perinat Epidemiol. 2007;21 Suppl 2:86-96. 
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