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VERSION 1 - REVIEW 

REVIEWER Parinaz Poursafa 
Environment Research Center,Isfahan University of Medical 
Sciences,Isfahan,Iran. 

REVIEW RETURNED 01-Oct-2015 

 

GENERAL COMMENTS Its such a valuable study.  
There are some suggestions that could be added in manuscript  
- In addition to psychiatric disorders, Mood disorder and IQ could be 
considered too  
- Strengths and limitations of study is too long, it could be 
summarized.  
- The authors could cite this article as a reference for better 
comparison.  
"Neighborhood epidemiological monitoring and adult mental health: 
European Quality of Life Survey, 2007-2012.  
Environ Sci Pollut Res Int. 2015 Apr;22(8):6095-103. "  
 
- For better assessment about relationships of such neighborhood 
risks and mental health, data of demographics, living conditions, 
income and financial situation, housing and local environment, 
family, health, social participation and quality of social services could 
be added if data is available.  
 
- Which neighborhood management factors would be suggested by 
authors?  
-What about other criteria pollutants (e.g. So2 and ozone)? why 
other pollutants did not consider in study? 

 

REVIEWER Marianthi-Anna Kioumourtzoglou 
Department of Environmental Health, Harvard T.H. Chan School of 
Public Health 

REVIEW RETURNED 12-Oct-2015 

 

GENERAL COMMENTS General Comments: 
 
This paper examines the association between air pollution 
exposures, specifically between PM10 and NO2, and mental health 
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among adolescents in a large register-based cohort in four Swedish 
counties. The authors reported a significantly elevated association 
between both PM10 and NO2 and onset of medication use for 
psychiatric disorders. 
 
Overall, this paper addresses an emerging and very important issue: 
the impact of air pollution exposure on the developing brain. Even 
though some evidence exists on the association between air 
pollution and neurodevelopmental disorders, studies on mental 
health are scarse, especially for children and adolescents. However, 
this study has several severe limitations; please find my specific 
comments below. 
 
Major Comments: 
 
1. P. 6, line 6: Were individuals whose parents also had N05 
medication dispensed only during follow up excluded or since the 
start-date of the register?  
 
2. P. 6, lines 14-29: Please provide some more information 
about the LUR model. For  
 
example, which year(s) was used for measurements of the three 
pollutants? What are the (cross-)validation R2 for each pollutant? 
Were differences observed in model performance by pollutant 
across regions and/ or seasons?  
 
3. P. 6, lines 14-29: Since LUR models are stationary in time, 
please provide some discussion on how predictions from this model 
can be interpreted, i.e. what time scale do they reflect? 
Approximately to what exposure window in the lives of these 
adolescents do they correspond?  
 
4. Related to the above comment, according to the abstract: 
“…, and a national model for air pollution concentrations from 2007 
to 2010”. If indeed these years refer to the air pollution predictions 
and not to the outcome and covariate data, then the exposure 
examined occurred during follow-up and potentially in some 
instances even after the event. The observed results, then, could be 
due to reverse causation, if e.g. some children/ young adolescents 
had (subclinical) symptoms before the beginning of follow up and for 
this reason their families moved to the urban centers to be closer to 
hospitals etc. Given the very large sample size I wouldn’t expect this 
to be a very influential source of bias, but this should, nonetheless, 
be either clarified or discussed.  
 
5. P. 6, line 36: To what does ‘time’ refer? Calendar time or 
time in follow-up? Also, how were time trends addressed in the 
model? There is a strong downward trend in air pollution 
concentrations and if there are time trends in medication prescription 
as well then these long-term trends could severely confound the 
association being examined.  
  
 
6. P. 6, lines 42-44: Why did you adjust for age at the 
beginning of the follow-up and did not consider using age-specific 
(e.g. in months) strata for the Cox model? This would control for age 
more effectively.  
 
7. P. 6, line 50: A reference for the sentence “Education, not 
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income, is considered the most relevant measure of socio-economy 
in Sweden” is needed. Also, even if this is the case, as reported in 
the discussion section, medication in Sweden is not free, and thus 
could be considered income-dependent. Home address (and thus 
predicted pollution) would also be income dependent, making 
income a potential confounder. Since information on parental 
income is available, according to the discussion section (P. 11, lines 
34-35), would it be possible to also include in the model and assess 
whether indeed it is a confounder?  
 
8. P. 7, lines 1-2: How many children were excluded due to 
missing data? What proportion of observations was missing for 
which variable? Were these different across cases vs. non-cases? If 
missingness is not at random, then complete analyses could yield 
biased results. Please provide some information on any missingness 
patterns. It might also be good to assess any assumptions of 
random missingness by some sensitivity analyses using multiple 
imputations.  
 
9. P. 7 lines 5-10: Stepwise selection techniques are not 
necessarily always a good tool as they tend to pick the strongest 
predictors of the outcome. These, however, might not be necessarily 
confounders and, in some cases, could be mediators (although not 
likely the case in this analysis). Also, a 20% change in the HR is a 
quite large change. The rule of thumb is usually around 10%. 
However, since there is no lack of power in this study, this variable 
selection technique is not necessary; there is no reason to not adjust 
for all confounders, even if the change in the HRs is very small.  
 
10. Methods Section: How were county effects addressed in the 
analyses? According to P. 5, lines 22-26, these counties are quite 
different and, therefore, some county-clustering should be expected, 
i.e. individuals within counties are more likely to be more similar than 
individuals across counties. Stratification by county in the Cox model 
could be considered. Else, an indicator for county of residence could 
be included in the model. Finally, the authors can run a random 
effects meta-analysis to obtain a pooled effect estimate using the 
county-specific estimates as input.  
 
11. P. 7, line 24: Why were the results for PM10 chosen over 
the results for PM2.5? Could the results for all pollutants be included 
in this section? If there are word count limitations, then some results 
could be presented in an Appendix.  
 
12. P. 7, lines 51-53: What do the authors mean by 
heterogeneity in the correlation coefficients? Please provide the 
correlation coefficients across pollutants, and if possible by county, 
as this will greatly assist in the interpretation of the findings. If there 
is not enough space, please do so in the Appendix.  
13. P. 8, lines 2-4: Please provide the correlation between 
PM10 and NO2. I find it quite surprising that these two pollutants 
would be so highly correlated (given that NO2 is mostly a traffic-
related pollutant, especially in urban centers, while PM10 and PM2.5 
not so much) and that this collinearity would prohibit simultaneous 
inclusion in the model,  
  
 
especially given the very large power of this study! Also, was the 
correlation between NO2 and PM2.5 that high as well? Could the 
authors please provide the estimates of the two-pollutant models? If 
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the effect estimates are unstable and the confidence intervals blow 
up, as a consequence of the potential collinearity, then this can be 
discussed in the discussion section. 
 
14. P. 8, lines 12-14: Why was there no formal test to assess 
heterogeneity across counties? Could you please assess potential 
effect modification across counties?  
 
15. P. 8, lines 25-26: Similar as above, please formally assess 
presence of heterogeneity.  
 
16. P. 8, lines 39-42: What do the authors mean by “When 
adjusting for population density, the models did not perform very well 
(data not shown)”? How was model performance assessed? And 
what happened when population density was included in the model?  
 
17. The results from the sensitivity analyses hint to a potentially 
non-linear association between these two air pollutants and mental 
health. Was the linearity assumption checked? The authors could 
assess potential deviations from normality by either including splines 
(to retain power) or at least use quartiles or quintiles of the exposure 
distributions as the independent variables.  
 
18. P. 9, lines 45-50: The normality assumption in generalized 
linear models does not refer to the distribution of the outcome, but 
the distribution of the residuals of the model. It could be that even 
with a skewed outcome the residuals are still normally distributed. 
However, since the outcome would be positive integers with a heavy 
right skew, the authors could try some more appropriate distributions 
(e.g. a negative binomial or an overdispersed Poisson) and select 
the one that yields the best model fit. Finally, the influence of these 
outliers could be assessed sensitivity analyses could be conducted 
to investigate the robustness of the results by including and 
excluding these potentially influential outlying observations.  
 
19. Limitations section: A very important limitation of this study, 
not discussed, is the lack of the ability to assess different exposure 
windows. The model predictions are from a LUR model and 
therefore are proxies of long-term exposures. Very little is known, 
however, on the critical exposure windows during which air pollution 
could impact the developing brain and even less about mental health 
disorders in adolescents. Also, related to the above, it is not 
discussed whether these findings should be interpreted as 
associations between air pollution and anxiety or psychotic disorder 
onset, or exacerbation of an existing condition. For example, in utero 
exposures could be more relevant for onset of anxiety/ psychotic 
disorders, while short-term exposures could be more relevant for 
exacerbation of symptoms or realization of a previously sub-clinical 
condition. The authors should provide some discussion about these.  
 
20. P. 9, line 58: These results could be generalizable to 
general Swedish adolescents. Do the authors expect the results to 
be generalizable to other settings as well? Also, what do the authors 
mean by “validity”? Even in complete absence of selection and recall 
biases there could be many other sources of bias and error…  
 
21. Limitation section: Some discussion on potential exposure 
measurement error is warranted. Exposures were assigned based 
on model predictions at the residential  
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addresses of these adolescents. Even if these model predictions 
were perfect, they still ignore activity patterns, exposures away from 
home, and infiltration into the home, etc. Please discuss the 
expected magnitude and direction of this potential source of error. 
 
Related to this, on P. 10, lines 36-38: spatial smoothing usually 
results in Berkson error which would not bias the effect estimate but 
only the inferences, resulting in wider CIs. This, however, together 
with the other potential sources of exposure measurement error 
would result in a combination of classical and Berkson errors, 
resulting in both attenuated (usually) effect estimates and wider CIs. 
For more information on the impact of measurement error when 
using model predictions please refer to: Gryparis et al. Biostatistics 
2009, Szpiro et al. Biostatistics 2011. 
 
22. P. 10, lines 7-12: The robustness of the results could further 
be assessed through some additional sensitivity analyses: (a) 
individuals with events in >1.5 years could be excluded and follow 
up could start later, e.g. in 2008; (b) analyses can be restricted to 
participants that were very young at the start-date of the register 
and, therefore, highly unlikely to have been prescribed any of the 
N05 group medications.  
 
23. P. 10, lines 20-22: This would also hold if the adolescent 
study participants had some comorbidities that manifest earlier in life 
and this had influenced the choice of residential location.  
 
24. P. 10, lines 13-32: I agree that parental mental health could 
act either as a confounder or a mediator (or even both). Exclusion of 
these children, however, could potentially also result in selection 
bias in this sample. Inclusion to the study is related to residential 
address (which is related to air pollution at least in some of the 
counties, since urban areas were selected and air pollution is 
expected to be higher in urban centers) and therefore inclusion in 
the study is associated with the exposure. If parental mental health 
is associated with the child’s mental health, then by excluding 
subjects whose parents have dispensed mental health medication 
then inclusion also depends on the outcome, resulting in selection 
bias. This would be especially highlighted in the  
sensitivity analyses restricting to participants living in SAMS areas 
with < 1000 residents/km2 or NO2 concentrations below 15 μg/m3 
(in which case inclusion directly depends on air pollution levels). 
Therefore, the authors could repeat analyses including these 
subjects and, if the results are indeed different, provide a discussion 
of the potential explanations.  
 
25. P. 10, lines 39-42: Were any longer-term fluctuations (e.g. 
annual) considered in the current model? If so, how?  
 
26. P. 11, lines 2-5: It is not clear to me why an O3 model is 
mentioned in the discussion. Please provide some information on 
model performance for the examined pollutants, if possible by 
county (see also comment 2).  
 
27. P. 12, lines 39-42: Air pollution has been consistently 
associated with neurodevelopmental disorders, many of which are 
comorbid with psychiatric disorders (e.g. anxiety is very common 
among adolescents diagnosed with autism). I would, therefore, not 
necessarily consider aggravation of medical conditions unlikely.  
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Minor Comments: 
 
1. Strengths and limitations of the study (p. 3, lines 10-11): 
Please define group N05.  
 
2. What software was used for the statistical analyses?  
 
3. P. 6, line 25: Could you please provide the exact link and/ or 
the citation for the report for the air pollution LUR model?  
 
4. P. 7, line 36: I think the Stockholm NO2 annual average 
might be a typo, if the overall average is 9.8 μg/m3 then the highest 
cannot be 8.3 μg/m3.  
 
5. P. 8, lines 1-3: Please state that these estimates are per 10 
μg/m3 for both pollutants.  
6. P. 12, lines 47-49: Please provide a reference for the 
second sentence of the conclusions.  
 
7. Figure 1: Please rescale the color map in the exposure 
distribution, as currently it is  
 
quite hard to distinguish the air pollution patterns and one cannot 
even clearly distinguish the major roadway networks, something 
expected especially for NO2 that is a traffic-related pollutant.  
 
8. Figure 3: Please provide the complete flow chart, including 
information on exclusions for missingness of each covariate, etc.  
 

 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer 1.  

- In addition to psychiatric disorders, Mood disorder and IQ could be considered too  

Author response: We agree. Unfortunately we did not have access to data on those outcomes, as we 

were limited to data extracted from national Swedish registers already available in the Umeå SIMSAM 

lab. In the future we hope to extract more detailed data on medication and diagnosis, as such data 

are available in national Swedish registers. Mood disorders would then be an interesting endpoint to 

investigate. Data on IQ are not available in national Swedish registers, but perhaps school grades 

could be used as a (rather crude) marker for IQ in future studies.  

- Strengths and limitations of study is too long, it could be summarized.  

Author response: We agree that the strengths and limitations section is very long, and we have 

shortened it. However, some new sentences have been added during the revision of the manuscript. 

Also, we consider it important to thoroughly discuss the limitations given the implications of the 

results.  

- The authors could cite this article as a reference for better comparison.  

"Neighborhood epidemiological monitoring and adult mental health: European Quality of Life Survey, 

2007-2012. Environ Sci Pollut Res Int. 2015 Apr;22(8):6095-103. "  

Author response: We thank the reviewer for this suggestion and have added it among the references.  

- For better assessment about relationships of such neighborhood risks and mental health, data of 

demographics, living conditions, income and financial situation, housing and local environment, 

family, health, social participation and quality of social services could be added if data is available.  
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Author response: We fully agree that it is important to adequately adjust for demographics, living 

conditions and all other factors the reviewer mentions. We have considered all available data to adjust 

for these factors as completely as possible. For example, a variable for income added to the variable 

did not alter the estimates (added to the manuscript), nor did marital status of the parents (data not 

shown). However, it is impossible to completely rule out residual confounding, as we have mentioned 

in the discussion.  

- Which neighborhood management factors would be suggested by authors?  

Author response: We are not quite sure to what the reviewer is referring.  

-What about other criteria pollutants (e.g. So2 and ozone)? why other pollutants did not consider in 

study?  

Author response: We only had access to data on NO2 and PM. The levels of SO2 are generally very 

low in Sweden, but ozone would have been desirable to model.  

Reviewer 2.  

Major Comments:  

1. P. 6, line 6: Were individuals whose parents also had N05 medication dispensed only during follow 

up excluded or since the start-date of the register?  

Author response: We thank the reviewer for pointing this ambiguity of the text out to us. We excluded 

all individuals whose parents had a NO5 medication dispensed since the start date of the register. We 

have now clarified this in the text.  

2. P. 6, lines 14-29: Please provide some more information about the LUR model. For example, which 

year(s) was used for measurements of the three pollutants? What are the (cross-) validation R2 for 

each pollutant? Were differences observed in model performance by pollutant across regions and/ or 

seasons?  

Author response: We have added some information about the air pollution model to the text. 

However, the manuscript is already very long and perhaps the interested reader could go to the report 

for all details. Validation of the model was first done in 2005 where the accordance was fairly good 

with a traditional dispersion model. The report can be found at the URL: 

http://www3.ivl.se/rapporter/pdf/B1792.pdf  

We added that reference to the manuscript.  

3. P. 6, lines 14-29: Since LUR models are stationary in time, please provide some discussion on how 

predictions from this model can be interpreted, i.e. what time scale do they reflect? Approximately to 

what exposure window in the lives of these adolescents do they correspond?  

Author response: We consider the exposure measure (annual mean concentration at study entry) a 

marker for long-term exposure. The LUR models reflect the annual mean levels of each pollutant, and 

although concentrations can vary over years, annual averages are often used as markers of long-term 

exposure in air pollution epidemiology, similarly to what we’ve done in the present study. Important to 

note is that the underlying assumption is that spatial contrasts are fairly constant in time during follow-

up, and during the relevant exposure window. We clarified this in the methods and discussion 

sections of the manuscript.  

Related to the above comment, according to the abstract: “…, and a national model for air pollution 

concentrations from 2007 to 2010”. If indeed these years refer to the air pollution predictions and not 

to the outcome and covariate data, then the exposure examined occurred during follow-up and 

potentially in some instances even after the event. The observed results, then, could be due to 

reverse causation, if e.g. some children/ young adolescents had (subclinical) symptoms before the 

beginning of follow up and for this reason their families moved to the urban centers to be closer to 

hospitals etc. Given the very large sample size I wouldn’t expect this to be a very influential source of 

bias, but this should, nonetheless, be either clarified or discussed.  

Author response: We agree. We used annual mean concentration at study entry as a marker for long-

term exposure to air pollution. This certainly has its limitations, for example reverse causation could 

be an issue as the reviewer points out. The approach is standard procedure in air pollution 

epidemiology. We have for example used that approach in the European Study of Cohorts for Air 

Pollution Effects (ESCAPE). The sensitivity analyses in the original submission (which was done 
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partly to rule out reverse causation) was quite reassuring in our opinion (Table 3, excluding data 

according to population density and low-level analysis). We have added some discussion on reverse 

causation to the manuscript.  

 

5. P. 6, line 36: To what does ‘time’ refer? Calendar time or time in follow-up? Also, how were time 

trends addressed in the model? There is a strong downward trend in air pollution concentrations and 

if there are time trends in medication prescription as well then these long-term trends could severely 

confound the association being examined.  

Author response: The underlying variable is time in follow-up. During the study period there are no 

trends in the air pollution exposure variable since data was only modelled for one year (2010) and the 

concentrations of that year were used for all follow-up (although for the residential address of start of 

follow-up). We agree that there are time trends in actual exposure, and the underlying assumption of 

the study is that the spatial contrasts in exposure constant enough to assess long-term exposure to 

air pollution. For dispensing of NO5 medications, the number of dispensed medications were 

increasing during the same time.  

6. P. 6, lines 42-44: Why did you adjust for age at the beginning of the follow-up and did not consider 

using age-specific (e.g. in months) strata for the Cox model? This would control for age more 

effectively.  

Author response: We included age at baseline (start of follow-up) assuming the effect of age should 

be linear, that is the increase in risk should be the same each year of the study. This assumption may 

not always be true, therefore we performed a sensitivity analysis entering the square of age at 

baseline to investigate non-linearity (this was not significant and we proceeded with the Cox 

regression).  

7. P. 6, line 50: A reference for the sentence “Education, not income, is considered the most relevant 

measure of socio-economy in Sweden” is needed. Also, even if this is the case, as reported in the 

discussion section, medication in Sweden is not free, and thus could be considered income-

dependent. Home address (and thus predicted pollution) would also be income dependent, making 

income a potential confounder. Since information on parental income is available, according to the 

discussion section (P. 11, lines 34-35), would it be possible to also include in the model and assess 

whether indeed it is a confounder?  

Author response: Again, we would like to thank the reviewer for pointing this out. We have deleted the 

statement that “Education, not income, … ” and instead included parental and maternal income in the 

models. Both education and income were statistically significant, but the pollution estimates were only 

marginally affected. We added a sentence about this in the revised version of the manuscript.  

8. P. 7, lines 1-2: How many children were excluded due to missing data? What proportion of 

observations was missing for which variable? Were these different across cases vs. non-cases? If 

missingness is not at random, then complete analyses could yield biased results. Please provide 

some information on any missingness patterns. It might also be good to assess any assumptions of 

random missingness by some sensitivity analyses using multiple imputations.  

Author response: We added data on missing observations to Table 2.The patterns of missingness 

were approximately the same for cases and non-cases and did not appear to be dependent on the 

outcome. We imputed missing observations using a MCMC approach, yielding similar results (data 

not shown). The back-transformed estimates for the pollutants changed only on the third decimal.  

9. P. 7 lines 5-10: Stepwise selection techniques are not necessarily always a good tool as they tend 

to pick the strongest predictors of the outcome. These, however, might not be necessarily 

confounders and, in some cases, could be mediators (although not likely the case in this analysis). 

Also, a 20% change in the HR is a quite large change. The rule of thumb is usually around 10%. 

However, since there is no lack of power in this study, this variable selection technique is not 

necessary; there is no reason to not adjust for all confounders, even if the change in the HRs is very 

small.  

Author response: We agree with the reviewer that stepwise selection techniques are not always the 

most appropriate to use. In the current analyses however, all variables but the one remained in the 
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models. The only variable that was excluded from the analyses were group level SES, which had a p-

value > 0.2. The estimates with and without that variable included were very similar (data not shown).  

10. Methods Section: How were county effects addressed in the analyses? According to P. 5, lines 

22-26, these counties are quite different and, therefore, some county-clustering should be expected, 

i.e. individuals within counties are more likely to be more similar than individuals across counties. 

Stratification by county in the Cox model could be considered. Else, an indicator for county of 

residence could be included in the model. Finally, the authors can run a random effects meta-analysis 

to obtain a pooled effect estimate using the county-specific estimates as input.  

Author response: We stated on page 7 that we stratified data on county. This was done because 

originally we planned to use county-specific air pollution models. During the course of the study we 

got access to the country-wide LUR-model but data with outcomes and confounders had already 

been extracted. We chose to work with data available to us rather than delaying the analyses. The 

four counties used include more than half of the Swedish population. As to the random effects meta-

analyses suggested, we consider it unnecessary to pool estimates when the entire data are available. 

Furthermore it could be considered a strength to be able to present county-specific estimates, 

especially since there seems to be some heterogeneity between them. In an additional analyses with 

all data, not stratified on county, the NO2 HR was 1.087 (1.054-1.121) and the PM10 HR was 1.049 

(1.012-1.089) when adjusted for county.  

11. P. 7, line 24: Why were the results for PM10 chosen over the results for PM2.5? Could the results 

for all pollutants be included in this section? If there are word count limitations, then some results 

could be presented in an Appendix.  

Author response: PM2.5 and PM10 were very highly correlated (pearson rho>0.95 for three counties 

and =0.93 for the forth). Therefore we thought it was unnecessary to present both estimates. 

However, we could have chosen PM2.5 instead, especially since the correlation between PM10 and 

NO2 were higher than between PM2.5 and NO2.The estimates for PM10 and PM2.5 to be rather 

similar, though.  

12. P. 7, lines 51-53: What do the authors mean by heterogeneity in the correlation coefficients? 

Please provide the correlation coefficients across pollutants, and if possible by county, as this will 

greatly assist in the interpretation of the findings. If there is not enough space, please do so in the 

Appendix.  

Author response: We would like to thank the reviewer for this suggestion. We have added a sentence 

providing the correlations between the pollutants in the results section.  

13. P. 8, lines 2-4: Please provide the correlation between PM10 and NO2. I find it quite surprising 

that these two pollutants would be so highly correlated (given that NO2 is mostly a traffic-related 

pollutant, especially in urban centers, while PM10 and PM2.5 not so much) and that this collinearity 

would prohibit simultaneous inclusion in the model, especially given the very large power of this study! 

Also, was the correlation between NO2 and PM2.5 that high as well? Could the authors please 

provide the estimates of the two-pollutant models? If the effect estimates are unstable and the 

confidence intervals blow up, as a consequence of the potential collinearity, then this can be 

discussed in the discussion section.  

Author response: We agree that the correlation between PM10 and NO2 are unusually high in the 

present study (ranging between 0.83-0.98). The correlation coefficients for PM2.5 and NO2 were 

slightly lower, but were above 0.90 for the three largest counties. Results from a two pollutant model 

were added to the results section.  

14. P. 8, lines 12-14: Why was there no formal test to assess heterogeneity across counties? Could 

you please assess potential effect modification across counties?  

Author response: We have now done a formal test, and added it to the manuscript.  

15. P. 8, lines 25-26: Similar as above, please formally assess presence of heterogeneity.  

Author response: We have now done a formal test, and added it to the manuscript  

16. P. 8, lines 39-42: What do the authors mean by “When adjusting for population density, the 

models did not perform very well (data not shown)”? How was model performance assessed? And 

what happened when population density was included in the model?  
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Author response: The models did not converge when we adjusted for population density, probably 

since population density is used in the LUR-model.  

17. The results from the sensitivity analyses hint to a potentially non-linear association between these 

two air pollutants and mental health. Was the linearity assumption checked? The authors could 

assess potential deviations from normality by either including splines (to retain power) or at least use 

quartiles or quintiles of the exposure distributions as the independent variables.  

Author response: This is a most valid concern and linearity of the association between the outcome 

and air pollutants were investigated. We did this by adding quintiles and deciles as independent 

variables in the regression and then visually inspected the plots. We believe that the linearity 

assumption is valid after inspection of the plots, see below.  

 

18. P. 9, lines 45-50: The normality assumption in generalized linear models does not refer to the 

distribution of the outcome, but the distribution of the residuals of the model. It could be that even with 

a skewed outcome the residuals are still normally distributed. However, since the outcome would be 

positive integers with a heavy right skew, the authors could try some more appropriate distributions 

(e.g. a negative binomial or an overdispersed Poisson) and select the one that yields the best model 

fit. Finally, the influence of these outliers could be assessed sensitivity analyses could be conducted 

to investigate the robustness of the results by including and excluding these potentially influential 

outlying observations.  

Author response: We agree with the reviewer, we could have chosen another distribution for 

modelling the outcome. In future studies we may use a continuous outcome variable, but the random 

error will then likely increase  

19. Limitations section: A very important limitation of this study, not discussed, is the lack of the ability 

to assess different exposure windows. The model predictions are from a LUR model and therefore are 

proxies of long-term exposures. Very little is known, however, on the critical exposure windows during 

which air pollution could impact the developing brain and even less about mental health disorders in 

adolescents. Also, related to the above, it is not discussed whether these findings should be 

interpreted as associations between air pollution and anxiety or psychotic disorder onset, or 

exacerbation of an existing condition. For example, in utero exposures could be more relevant for 

onset of anxiety/ psychotic disorders, while short-term exposures could be more relevant for 

exacerbation of symptoms or realization of a previously sub-clinical condition. The authors should 

provide some discussion about these.  

Author response: We agree. If the associations we observe are due to a causal mechanism, it could 

be due to both incident cases and exacerbations. We think that it would be very interesting to 

investigate different time windows of exposure, and we plan to do that in the future when data is 

extracted for a longer time period. In the present study we do not have that possibility.  

20. P. 9, line 58: These results could be generalizable to general Swedish adolescents. Do the 

authors expect the results to be generalizable to other settings as well? Also, what do the authors 

mean by “validity”? Even in complete absence of selection and recall biases there could be many 

other sources of bias and error…  

Author response: It is always difficult to assess generalisability, but if the observed associations are 

evidence of a causal mechanism between air pollution and certain mental health problems, we 

consider it likely for them to be generalizable to other populations. However, we deleted the sentence.  

21. Limitation section: Some discussion on potential exposure measurement error is warranted. 

Exposures were assigned based on model predictions at the residential addresses of these 

adolescents. Even if these model predictions were perfect, they still ignore activity patterns, 

exposures away from home, and infiltration into the home, etc. Please discuss the expected 

magnitude and direction of this potential source of error. Related to this, on P. 10, lines 36-38: spatial 

smoothing usually results in Berkson error which would not bias the effect estimate but only the 

inferences, resulting in wider CIs. This, however, together with the other potential sources of exposure 

measurement error would result in a combination of classical and Berkson errors, resulting in both 

attenuated (usually) effect estimates and wider CIs. For more information on the impact of 
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measurement error when using model predictions please refer to: Gryparis et al. Biostatistics 2009, 

Szpiro et al. Biostatistics 2011.  

Author response: We agree and have added it to the manuscript.  

22. P. 10, lines 7-12: The robustness of the results could further be assessed through some additional 

sensitivity analyses: (a) individuals with events in >1.5 years could be excluded and follow up could 

start later, e.g. in 2008; (b) analyses can be restricted to participants that were very young at the start-

date of the register and, therefore, highly unlikely to have been prescribed any of the N05 group 

medications.  

Author response: We performed these extra analyses:  

a) When starting follow-up in 2008, the estimates were only marginally altered. We added this 

information to the manuscript.  

b) We ran analyses with age-specific estimates for the association between air pollution and NO5 

dispensed medications. Rather surprising to us before we started working with this data, the 

dispensed medications are rather evenly distributed over age, or more specifically, a surprisingly large 

proportion are dispensed to very young children:  

 

 

 

 

Histogram of age at dispensed medication of all persons ever present in the cohort.  

We added information about data stratified by age to the manuscript.  

 

23. P. 10, lines 20-22: This would also hold if the adolescent study participants had some 

comorbidities that manifest earlier in life and this had influenced the choice of residential location.  

Author response: We agree, and as we discussed under point 3 it could have lead to reverse 

causation. The different sensitivity analysis are quite reassuring, as are the fact that the estimates 

remain fairly the same when starting follow-up one year later (which is now mentioned in the 

manuscript).  

24. P. 10, lines 13-32: I agree that parental mental health could act either as a confounder or a 

mediator (or even both). Exclusion of these children, however, could potentially also result in selection 

bias in this sample. Inclusion to the study is related to residential address (which is related to air 

pollution at least in some of the counties, since urban areas were selected and air pollution is 

expected to be higher in urban centers) and therefore inclusion in the study is associated with the 

exposure. If parental mental health is associated with the child’s mental health, then by excluding 

subjects whose parents have dispensed mental health medication then inclusion also depends on the 

outcome, resulting in selection bias. This would be especially highlighted in the sensitivity analyses 

restricting to participants living in SAMS areas with < 1000 residents/km2 or NO2 concentrations 

below 15 μg/m3 (in which case inclusion directly depends on air pollution levels). Therefore, the 

authors could repeat analyses including these subjects and, if the results are indeed different, provide 

a discussion of the potential explanations.  

Author response: After the reviewer’s comment, we ran separate analyses, restricted to children 

whose parents had a dispensed NO5 medication since the start of the registry. The associations were 

still present in Västerbotten and Västra Götaland, but not present in Skåne or Stockholm county. 

However, we have not added that information to the manuscript, for the reasons we listed in the 

manuscript:  

1. Parental mental health problems might influence where the family resides, and therefore also the 

pollution levels,  

2. Parental inclination to dispense medication is correlated with children’s dispensed medication,  

3. Parental mental health problems may directly influence children’s mental health and an eventual 

association with air pollution may therefore be intermediated of the parental mental health status.  

We don’t see the exclusion of those children as a potential source of selection bias, rather as an 

opportunity of getting a “cleaner” data.  
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25. P. 10, lines 39-42: Were any longer-term fluctuations (e.g. annual) considered in the current 

model? If so, how?  

Author response: No, the underlying assumption is that exposure contrasts are rather constant during 

follow-up.  

26. P. 11, lines 2-5: It is not clear to me why an O3 model is mentioned in the discussion. Please 

provide some information on model performance for the examined pollutants, if possible by county 

(see also comment 2).  

Author response: It was mentioned as a possible explanation for the lack of association in Skåne. 

Unfortunately we don’t have access to model performance by county.  

27. P. 12, lines 39-42: Air pollution has been consistently associated with neurodevelopmental 

disorders, many of which are comorbid with psychiatric disorders (e.g. anxiety is very common among 

adolescents diagnosed with autism). I would, therefore, not necessarily consider aggravation of 

medical conditions unlikely.  

Author response: We agree, thank you for commenting on that. We removed that statement.  

Minor Comments:  

1. Strengths and limitations of the study (p. 3, lines 10-11): Please define group N05.  

Author response: We have added this  

2. What software was used for the statistical analyses?  

Author response: We have added the following sentence “SAS version 9.2 software was used to 

create datasets and run the analyses”.  

3. P. 6, line 25: Could you please provide the exact link and/ or the citation for the report for the air 

pollution LUR model?  

Author response: We have added the reference. The report is accessible online, but the URL is very 

long 

(http://www.imm.ki.se/Datavard/rapporter/Quantification%20of%20population%20exposure%20to%20

NO2_PM2_5%20and%20PM_10%20and%20estimated%20health%20impacts%20in%20Sweden%2

02010.pdf)  

so we decided not to add the URL to the reference list  

4. P. 7, line 36: I think the Stockholm NO2 annual average might be a typo, if the overall average is 

9.8 μg/m3 then the highest cannot be 8.3 μg/m3 .  

Author response: We thank the reviewer for pointing this out to us. In the table we state the median, 

but in the text we used the mean.  

5. P. 8, lines 1-3: Please state that these estimates are per 10 μg/m3 for both pollutants.  

Author response: Done  

6. P. 12, lines 47-49: Please provide a reference for the second sentence of the conclusions.  

Author response: In our version of the pdf from the submission, the sentence at lines 47-49 reads: 

“Another strength with the study is that we have enough statistical power to analyse data in the four 

counties separately.” As previously noted, it seems as if the lines in the reviewer’s version may be 

different from the version we have.  

 

7. Figure 1: Please rescale the color map in the exposure distribution, as currently it is quite hard to 

distinguish the air pollution patterns and one cannot even clearly distinguish the major roadway 

networks, something expected especially for NO2 that is a traffic-related pollutant.  

Author response: We added a new map, where the major roads have been added. Regarding the 

color codes for exposure, we have struggled with them, but we find it difficult to improve them since 

we want to use the same color codes in all four counties, and the concentration ranges differ quite a 

lot between counties.  

8. Figure 3: Please provide the complete flow chart, including information on exclusions for 

missingness of each covariate, etc.  

Author response: The number and percentage of missing observations have been added in Table 2. 
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VERSION 2 – REVIEW 

REVIEWER Marianthi-Anna Kioumourtzoglou 
Harvard T.H. Chan School of Public Health  
Department of Environmental Health 

REVIEW RETURNED 26-Jan-2016 

 

GENERAL COMMENTS Overall Comment: 

I think this paper would greatly improve by some restructuring of the 

text, the addition of some subsection headings in the methods and 

results, and the more clear and careful/ cautious interpretation of the 

findings. 

Specific Comments: 

1. The graphs from the author’s response were unfortunately 
not correctly copied-pasted to the response document and, 
thus, I was not able to look at the quintile analyses 
(assessing nonlinearity) nor the histogram of the ages. 

2. Abstract – Results: Please clarify that even though the 
associations were clearly present in three out of four 
counties, no significant heterogeneity was detected for NO2. 
Also please add somewhere in the abstract prior to the 
results subsection which air pollutants were examined in the 
paper. 

3. Introduction: “… [2] Recently concern have been …” please 
change the word “have” to “has” (typo) 

4. P. 6 end of first paragraph: “… since the start of the 
register.” Please make sure that the statements in the text 
are in agreement with the flow chart presented. Also, does 
the number 896,117 (subjects included in the analysis) 
reflect the total number of participants included even after 
exclusion of subjects in the analysis due to missing 
information on some variables? Related information is only 
currently presented in Table  3, please also include in the 
main text and the flow chart. 

5. Air pollution exposure assessment: Please include in this 
section as well that the addresses used were those at the 
year of the study inclusion (is that 2005 or 2007?), as it is 
now reported only in the discussion. Also, please state here 
the assumptions for exposure assessment, ie that the 2010 
are assumed to be a marker of long-term exposure (which 
you already do) and that you assume that the spatial 
contrasts were constant between 2005 and 2010. 

6. Statistical Analysis: According to Table 1, large proportions 
of some variables were missing, and, therefore, these 
observations were excluded from analyses. For most 
variables, missingness was similar across cases and non-
cases. Was it also similar across case status and exposure 
levels? For maternal BMI, specifically, a very large 
proportion is missing and this varies by case status. Does it 
also vary across exposure levels as well? Sensitivity of the 
results to this potentially informative missingness (both for 
maternal BMI and the other variables) should be explored, 
as these could result in quite biased effect estimates. Please 
include text, as sensitivity analysis, in the methods and 
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results that you conducted MI and the results did not change 
(as you did on your response). 

7. P. 7, Methods: Please provide some more information on 
the age-specific analyses. Were these age-stratified 
analyses? What were the age strata? How were these 
selected? etc 

8. P. 7, Results: Please change “mean median” to “median” 
(typo) 

9. P. 7, Results: the median PM10 concentration in Skåne is 
presented as 15.8 μg/m

3
 in the text, but 15.6 μg/m

3
 in Table 

1 (typo) 

10. The Statistical Analyses and Results sections currently are a 
bit hard to follow. It might help to break those in smaller 
subsections (e.g. have a heading for the Sensitivity 
Analyses). 

11. P.8: Please change “o.24” to “0.24” (typo) 

12. P. 8, “… most likely due to low overall levels”: Just the low 
levels would not necessarily result in wider CIs, especially if 
the associations are linear and under the assumption of 
constant measurement error across pollutant levels. The 
much smaller sample size in the VB county and the quite 
less variable exposure distribution (compared to the other 
counties, Table 1) would result in much lower power which 
could be the reason for the wider CIs.  

13. P. 9, end of results section: The newly added correlations 
across pollutants are very interesting and unexpected. 
Given the very high correlations between NO2 and PM10 it 
might actually be very hard to disentangle NO2 vs PM 
associations. It is very likely, in this setting, that both 
pollutants are acting as a surrogate for the exact same 
mixture (here urban air pollution). It might be more 
straightforward, then, to clarify this even from the methods 
section and then present the results and the discussion 
following this theme.  

14. Is it possible to maybe assess potential modification by the 
general type of N05 drugs (e.g. general antipsychotic vs. 
sleeping pills)? If not, as I am assuming the integrity reasons 
might hold for these general categories too, is it possible to 
provide some information about the overall distribution of 
dispensed medication in these general categories among 
this age group in Sweden?  

15. P. 10, “Selection bias and recall bias…”: Selection bias into 
this study is still likely (please see my previous review and 
also comment #6). 

16. P. 10, on reverse causation: even if full medical history was 
available, reverse causation might still be likely; since 2010 
levels were used for the assignment of exposures, it is likely 
that some subjects moved to an urban setting because of 
some prior underlying mental condition. 

17. P. 11, sentence about daily air pollution fluctuations: this 
sentence can be taken out, as it is not really relevant for this 
design at all (as the authors mentioned), so it might just 
confuse the readers. It would be a different design and 
research question altogether if the authors wanted to assess 
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the association between daily air pollution levels and 
number of meds dispensed each day (ie not at the individual 
level). 

18. P. 12, first sentence: The sentence about the O3 model 
performance is still very confusing, especially since O3 was 
not one of the exposures of interest in this study. Was the 
O3 model performance in Skåne somehow related to the 
model performance for NO2 and PM10?  

19. P. 12, first paragraph: The authors suggest that one 
potential reason for the differences in effect estimates in 
Skåne vs the other counties is residual confounding. Is there 
a reason to believe that there would be differential 
confounding structures by county? Or that the confounders 
behave differently in Skåne vs the other counties? Why is 
that so? Are there any variables (whose levels are different 
in Skåne) that could be acting as modifiers instead? 

20. P. 12, age adjustment: The authors state that the most 
important confounder in this analysis was age and that after 
adjusting for age the HR changed substantially. 
Unfortunately the histogram the authors provided in their 
response was not available to me, but they stated that “the 
dispensed medications are rather evenly distributed over 
age”. That would indicate that age is not at all strongly 
associated with medication dispense, which would greatly 
limit the potential for confounding even if age was strongly 
associated with predicted air pollution levels (which I don’t 
think is very likely). 

21. The authors have stated that N05 is a very crude surrogate 
of mental health, which could also be implied by the low 
kappa statistics. Given this potentially very important source 
of outcome misclassification, how would the authors 
interpret their results? Is there a reason to believe that this 
misclassification could be differential with respect to 
pollution levels? Are there any validation studies linking N05 
medication dispense data with mental health diagnoses? 
What magnitude and direction would the authors expect any 
resulting bias to have?  

22. Also, given this rather large limitation, it might be quite 
misleading to generalize the results to mental health 
(especially since N05 meds do not capture medication for all 
mental health conditions); the authors should be very 
cautious both in the title and throughout the text to clarify 
that these are medication for psychosis and sleeping 
disorders and avoid presenting this as an association with 
‘mental health’ in general.  

23. Figure 1: I understand the authors are struggling with the 
color contrasts for the NO2 predictions in the map, but the 
figure is not very informative as it is currently, because 
everything just looks green… If the highest 95

th
 percentile 

across all counties is 24.9 μg/m
3
 (Table 1), having in red 

only levels ~60 μg/m
3
 is not very helpful to the readers. The 

authors could maybe use Figure 12 from the B2197 report 
instead, in which the contrasts across counties at least are 
somewhat more clear. 
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VERSION 2 – AUTHOR RESPONSE 

Overall Comment:  

I think this paper would greatly improve by some restructuring of the text, the addition of some 

subsection headings in the methods and results, and the more clear and careful/ cautious 

interpretation of the findings.  

 

Author response: We have added subsection headings in the method and result sections. Regarding 

the interpretations of the findings we agree that we should be careful. We therefore stress in our 

conclusions that our findings should be corroborated by others. We have also reformulated the text so 

that it is more cautious.  

 

 

Specific Comments:  

1. The graphs from the author’s response were unfortunately not correctly copied-pasted to the 

response document and, thus, I was not able to look at the quintile analyses (assessing nonlinearity) 

nor the histogram of the ages.  

 

Author response: We apologize, and have converted these files to pdf-format and uploaded them 

separately as supplementary material. This material contains the decile analyses we performed to 

assess non-linearity as well as a histogram of age when first dispensed a NO5 medication.  

 

2. Abstract – Results: Please clarify that even though the associations were clearly present in three 

out of four counties, no significant heterogeneity was detected for NO2. Also please add somewhere 

in the abstract prior to the results subsection which air pollutants were examined in the paper.  

 

Author response: We have made the suggested changes to the abstract.  

The paragraph on the research setting now reads: “Swedish National Register data on dispensed 

medications for a broad range of psychiatric disorders, including sedative medications, sleeping pills, 

and antipsychotic medications, together with socio-economic and demographic data and a national 

land use regression model for air pollution concentrations for NO2, PM10 and PM2.5.”.  

The result section now reads: “The association with NO2 was clearly present in three out of four 

counties in the study area, however no statistically significant heterogeneity was detected”  

 

3. Introduction: “… [2] Recently concern have been …” please change the word “have” to “has” (typo)  

 

Author response: This has been changed.  

 

4. P. 6 end of first paragraph: “… since the start of the register.” Please make sure that the 

statements in the text are in agreement with the flow chart presented. Also, does the number 896,117 

(subjects included in the analysis) reflect the total number of participants included even after 

exclusion of subjects in the analysis due to missing information on some variables? Related 

information is only currently presented in Table 3, please also include in the main text and the flow 

chart.  

 

Author response: We would like to thank the reviewer for pointing this out to us. The 896,117 is the 

number of individuals after excluding parental NO5, after excluding those with missing variables we 

were left with 552,221 individuals. The suggested changes have been made.  

 

5. Air pollution exposure assessment: Please include in this section as well that the addresses used 

were those at the year of the study inclusion (is that 2005 or 2007?), as it is now reported only in the 

discussion. Also, please state here the assumptions for exposure assessment, ie that the 2010 are 

assumed to be a marker of long-term exposure (which you already do) and that you assume that the 
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spatial contrasts were constant between 2005 and 2010.  

 

Author response: We have revised the text regarding long-term exposure and study inclusion. The 

following sentence has been revised “We used three measures of exposure to air pollution as a 

marker of long-term exposure to air pollution, annual means of NO2, PM10 and PM2.5 for the year 

when the individual was included in the study (any year between 2005 to 2010)”.  

We have added the following regarding assumptions for exposure assessment “The underlying 

assumptions were thus that the concentrations at study inclusion was a valid marker for long-term 

exposure, and that the spatial contrasts in exposure during follow-up was fairly constant”.  

 

6. Statistical Analysis: According to Table 1, large proportions of some variables were missing, and, 

therefore, these observations were excluded from analyses. For most variables, missingness was 

similar across cases and non-cases. Was it also similar across case status and exposure levels? For 

maternal BMI, specifically, a very large proportion is missing and this varies by case status. Does it 

also vary across exposure levels as well?  

Sensitivity of the results to this potentially informative missingness (both for maternal  

BMI and the other variables) should be explored, as these could result in quite biased effect 

estimates. Please include text, as sensitivity analysis, in the methods and results that you conducted 

MI and the results did not change (as you did on your response).  

 

Author response: Good point. We further explored the issue regarding missingness. On a county level 

we stratified according to high and low level of exposure and the levels of missingness were similar 

for the different levels of exposure and between cases and non-cases.  

We also included a short paragraph regarding the imputation of missing data at the end of the 

methods section. This now reads “Finally we investigated if patterns of missingness among our 

variables were approximately the same for cases and non-cases and if they were dependent on the 

outcome or level of exposure. We imputed missing observations using a Markov Chain Monte Carlo 

approach and reran the main analyses to investigate if our estimates changed.”  

Furthermore, we added a sentence in the results section explaining that the results did not change. 

The following sentences were added “The patterns of missingness among variables were 

approximately the same for cases and non-cases and were not dependent on the outcome or 

exposure level. Imputing missing data yielded similar results (results not shown).”  

 

7. P. 7, Methods: Please provide some more information on the age-specific analyses.  

Were these age-stratified analyses? What were the age strata? How were these selected? Etc  

 

Author response: We investigated the impact of age by stratifying on five-year age groups (0-4,5-

9,10-14,15+). The following sentence was changed in the methods section: “We also ran age specific 

analyses for the age groups 0-4,5-9,10-14 and 15-18 ”.  

We did this for the unadjusted and the adjusted models for NO2 and PM10.  

The results for the five-year age groups were not precise and variable, presented in the table is the 

estimates from the NO2 model with adjustments. The 5-9 group had the highest point estimate 

followed by the 15+,10-14 and 0-4 had the lowest (this pattern was the same for all models but the 

unadjusted NO2 model, where the 15+ had the highest estimate, followed by 5-9, 10-14 and 0-4 ). 

The Confidence intervals were all overlapping each other.  

Age group HR with 95% CI  

0-4 1.05 (0.99-1.10)  

5-9 1.10 (1.01-1.19)  

10-14 1.08 (1.02-1.14)  

15+ 1.09 (1.00-1.18)  

We thus kept the following sentence in the results section: “The age-specific HRs revealed no evident 

age-trends (results not shown)”.  
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8. P. 7, Results: Please change “mean median” to “median” (typo)  

 

Author response: This has been changed  

 

9. P. 7, Results: the median PM10 concentration in Skane is presented as 15.8 μg/m3 in the text, but 

15.6 μg/m3 in Table 1 (typo)  

 

Author response: This has been corrected  

 

10. The Statistical Analyses and Results sections currently are a bit hard to follow. It might help to 

break those in smaller subsections (e.g. have a heading for the Sensitivity Analyses).  

 

Author response: We have added a heading for the sensitivity analyses both in the method and 

results sections in the revised version of the manuscript.  

 

11. P.8: Please change “o.24” to “0.24” (typo)  

 

Author response: This has been changed  

 

12. P. 8, “… most likely due to low overall levels”: Just the low levels would not necessarily result in 

wider CIs, especially if the associations are linear and under the assumption of constant 

measurement error across pollutant levels. The much smaller sample size in the VB county and the 

quite less variable exposure distribution (compared to the other counties, Table 1) would result in 

much lower power which could be the reason for the wider CIs.  

 

Author response: We have added text regarding the high estimate in Västerbotten in the revised 

version of the manuscript. This now reads “The high estimate in Västerbotten is uncertain, a 

contributing factor may be low statistical power to detect differences”  

 

13. P. 9, end of results section: The newly added correlations across pollutants are very interesting 

and unexpected. Given the very high correlations between NO2 and PM10 it might actually be very 

hard to disentangle NO2 vs PM associations. It is very likely, in this setting, that both pollutants are 

acting as a surrogate for the exact same mixture (here urban air pollution). It might be more 

straightforward, then, to clarify this even from the methods section and then present the results and 

the discussion following this theme.  

 

Author response: A good point! We have now in the methods section clarified that urban PM10 levels 

are modelled with NO2 as one predictor (NO2 is modelled using only NO2 measurements, population 

and geographical information), and commented this in the results section and in the discussion  

 

14. Is it possible to maybe assess potential modification by the general type of N05 drugs (e.g. 

general antipsychotic vs. sleeping pills)? If not, as I am assuming the integrity reasons might hold for 

these general categories too, is it possible to provide some information about the overall distribution 

of dispensed medication in these general categories among this age group in Sweden?  

 

Author response: Unfortunately, such investigations are not possible in our data set.  

 

The national board of health and welfare present statistics on a yearly basis for Sweden. The 20 most 

prescribed medications in terms of total cost, are presented in different categories. They present the 

distribution of NO5A-C for different age categories. Relevant from our point of view are the categories 

0-4, 5-14 and 15-44. Since the category 15-44 unfortunately is quite broad we don’t know in more 
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detail the overall distribution for dispensed medications for the 18 and below category. As a very 

crude measure we assumed the number of prescriptions in the 15-44 age category to be evenly 

distributed across ages. We observed no apparent trend over time among this are category.  

Using the information in the two youngest age groups we estimate that there is not apparent trend 

over the four year regarding NO5A and NO5B, whereas the number of dispensed NO5C increased 

over time for the age group 5-14. Children aged 0-4 were almost exclusively prescribed NO5B.  

 

15. P. 10, “Selection bias and recall bias…”: Selection bias into this study is still likely (please see my 

previous review and also comment #6).  

 

Author response: We believe we acknowledge the possibility of selection bias in the current version 

where we present the patterns of missingness were similar across cases and non-cases and across 

exposure levels. See previous answer.  

 

16. P. 10, on reverse causation: even if full medical history was available, reverse causation might still 

be likely; since 2010 levels were used for the assignment of exposures, it is likely that some subjects 

moved to an urban setting because of some prior underlying mental condition.  

 

Author response: There is some evidence suggesting that internal migration, most likely the case in 

the study areas, results in that the healthiest individuals move to the healthiest areas and that the less 

healthy may move to less healthy areas. As the reviewer notices, migration is largely dependent upon 

personal characteristics, and of course we cannot rule out the possibility that someone moved to an 

urban setting because of some underlying mental condition. However, we do not fully agree that 

someone with a mental problem should be more inclined to move to an urban setting than the other 

way around. We did include on page 11, the following sentences “The study is therefore prone to 

some of the limitations of a cross-sectional study, for example, reverse causation may be an 

explanation of our findings. However, delaying follow-up to January 1, 2008 and the sensitivity 

analyses restricting the sample to only urban areas does not suggest reverse causation to be a major 

explanation of our findings”  

 

17. P. 11, sentence about daily air pollution fluctuations: this sentence can be taken out, as it is not 

really relevant for this design at all (as the authors mentioned), so it might just confuse the readers. It 

would be a different design and research question altogether if the authors wanted to assess the 

association between daily air pollution levels and number of meds dispensed each day (ie not at the 

individual level).  

 

Author response: This sentence has been deleted.  

 

18. P. 12, first sentence: The sentence about the O3 model performance is still very confusing, 

especially since O3 was not one of the exposures of interest in this study. Was the O3 model 

performance in Skane somehow related to the model performance for NO2 and PM10?  

 

Author response: This was included on the basis that the results differed between Skåne and the 

other counties as regards to the estimates. We were trying to provide an additional explanation as to 

why, indicating enhanced difficulties in modelling air pollutant levels in the area of Skåne.  

 

19. P. 12, first paragraph: The authors suggest that one potential reason for the differences in effect 

estimates in Skane vs the other counties is residual confounding. Is there a reason to believe that 

there would be differential confounding structures by county? Or that the confounders behave 

differently in Skane vs the other counties? Why is that so? Are there any variables (whose levels are 

different in Skane) that could be acting as modifiers instead?  

 

 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-2015-010004 on 3 June 2016. D

ow
nloaded from

 

http://bmjopen.bmj.com/


Author response: We do not have a specific hypothesis on what could cause the differences in effect 

estimates in Skåne vs the other counties. Residual confounding is only one possible reason. We were 

just speculating, and we have now rewritten the sentence so that it should be clearer that we do not 

have a hypothesis.  

 

20. P. 12, age adjustment: The authors state that the most important confounder in this analysis was 

age and that after adjusting for age the HR changed substantially. Unfortunately, the histogram the 

authors provided in their response was not available to me, but they stated that “the dispensed 

medications are rather evenly distributed over age”. That would indicate that age is not at all strongly 

associated with medication dispense, which would greatly limit the potential for confounding even if 

age was strongly associated with predicted air pollution levels (which I don’t think is very likely).  

 

Author response: The histogram is now available in supplementary material. While we were a bit 

surprised to find that the percentage of 0-4 year olds on medication were higher than the 5-9 year 

olds, we observe an increasing trend with increasing age starting at, approximately, when becoming a 

teen ager, peaking at 16-18. This may explain the increasing HRs when adjusting for age.  

We have added the results from the age-specific analyses in the revised version of the manuscript, 

see answer above.  

 

21. The authors have stated that N05 is a very crude surrogate of mental health, which could also be 

implied by the low kappa statistics. Given this potentially very important source of outcome 

misclassification, how would the authors interpret their results? Is there a reason to believe that this 

misclassification could be differential with respect to pollution levels? Are there any validation studies 

linking N05 medication dispense data with mental health diagnoses? What magnitude and direction 

would the authors expect any resulting bias to have?  

 

Author response: The reviewer raises a very important concern; of what we consider the major 

limitation of our study. We stress in the manuscript that the outcome measure is a very crude 

measure of mental health, and we have tried to milden our conclusions in the revised version of the 

manuscript. We believe that the majority of patients prescribed a N05 medication has a psychiatric 

diagnosis (and have consulted this with a child and adolescent psychiatrist), although we know of no 

validation studies linking N05 medication dispense data with a mental health diagnoses. There are 

certain patient groups prescribed N05 medications who do not have a psychiatric diagnosis, for 

example patients with epilepsy and itching symptoms. However, it is very difficult to speculate in what 

bias this may cause, and the only way to investigate such potential bias is to use outcome data on a 

more detailed level. We will to apply for such data, but do not have access to that at present.  

 

22. Also, given this rather large limitation, it might be quite misleading to generalize the results to 

mental health (especially since N05 meds do not capture medication for all mental health conditions); 

the authors should be very cautious both in the title and throughout the text to clarify that these are 

medication for psychosis and sleeping disorders and avoid presenting this as an association with 

‘mental health’ in general.  

 

Author response: We are in agreement with the reviewer regarding this limitation, that we are open 

with in the manuscript. We have changed the wording throughout the manuscript to “certain 

psychiatric disorders”  

 

23. Figure 1: I understand the authors are struggling with the color contrasts for the NO2 predictions 

in the map, but the figure is not very informative as it is currently, because everything just looks 

green… If the highest 95th percentile across all counties is 24.9 μg/m3 (Table 1), having in red only 

levels ~60 μg/m3 is not very helpful to the readers. The authors could maybe use Figure 12 from the 

B2197 report instead, in which the contrasts across counties at least are somewhat more clear.  
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Author response: We have made the suggested changes 

 

VERSION 3 - REVIEW 

REVIEWER Marianthi-Anna Kioumourtzoglou 
Harvard T.H. Chan School of Public Health, Boston, MA 

REVIEW RETURNED 06-Apr-2016 

 

GENERAL COMMENTS I would like to thank the authors for addressing my comments in 
detail. I have no further comments.  
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