Supplementary Appendix 1: Methodological information

Information on cohort studies
The Netherlands Mental Health Survey and Incidence Study-2 (NEMESIS-2; www.nemesis-2.nl) is a cohort study on the prevalence and incidence of psychiatric disorders in the general Dutch population, aged 18-64 years, living nationwide1. Cohort data were used from the first wave in 2007-2009, and linked to GIS data mainly from 2008 (see GIS data linkage below). A total of 6,381 participants were selected with either a diagnosis of depressive disorder or without depressive or anxiety disorders. 

The Healthy Life in an Urban Setting study (HELIUS; www.heliusstudy.nl) is a large-scale, multi-ethnic cohort study on health and health care utilisation among different ethnic groups, aged 18-70 years, living in the city Amsterdam2. A total of 23,942 participants completed the questionnaire. For the current study we only selected participants with a Dutch ethnic origin (n=4,641) in order to discard the potential confounding or moderating effect of ethnicity between depression and neighbourhoods in this cohort3. Due to missings on depression (n=7), 4,634 participants remained for analyses. Baseline HELIUS data were collected in 2011-2015, and matched to GIS data depending on the year of inclusion in HELIUS (see GIS data linkage below).
The Netherlands Twin Register (NTR; www.tweelingenregister.org) is an ongoing (1986-present) cohort study examining the contribution of genes and environment to development, lifestyle, health and personality4. In total, over 200,000 individuals (twins, multiples, parents, siblings, spouses, etc.) living across the Netherlands are registered with the NTR. For the current study, we selected 11,388 adult individuals aged 25 years or older for whom data on depression were available as assessed in the 2009/2010 NTR survey. Cohort data (January 2009-December 2010) were linked to GIS data mainly from 2009.

The Netherlands Study of Depression and Anxiety (NESDA; www.nesda.nl) is an ongoing cohort study (n=2,981, aged 18-65 years at baseline) aimed at investigating the long-term course and consequences of depressive and anxiety disorders5. NESDA participants were recruited from both urban and rural areas in or near the cities of Amsterdam (north-west of the Netherlands), Leiden (mid-west) or Groningen (north-east). Baseline NESDA data from 2004-2007 were used, and could be linked to GIS data mainly from 2006 for 2,980 respondents (n=1 had missing postal code data). A total of 2,472 participants were selected with either a diagnosis of depressive disorder or without depressive or anxiety disorders. Of this sample, 2,437 participants remained for analyses of severity of depression due to 35 cases with missing values on the severity scale. 

The New Hoorn Study (www.hoornstudies.com) is an ongoing population-based cohort study (n=2,807, aged 40-65 years at baseline) focusing on the prevalence of impaired glucose regulation and determinants of type 2 diabetes6. Participants were included from the city Hoorn, located in the north-west of the Netherlands. Due to missings on depression (n=140), 2,667 respondents remained for analyses. Baseline cohort data were collected between 2005-2006 and were linked to GIS data mainly from 2006. We will refer to the New Hoorn Study cohort with ‘HOORN’ in the Methods and Results. 

The Longitudinal Aging Study Amsterdam (LASA; www.lasa-vu.nl) is an ongoing multidisciplinary cohort study on physical, cognitive, emotional and social functioning of older adults based on a nationally representative sample of the Netherlands7,8. A total of 3,107 participants aged 55-85 years at baseline in 1992/1993 were included and live mainly in or around the areas of Amsterdam, Oss (mid-south) and Zwolle (east). A new cohort of older adults aged 55-65 years was added to te study in 2002-2003 (n=1,002). Cohort data for the years 2005-2006 was selected and could be linked to GIS data mainly from 2006 for 1,893 respondents. 

The Netherlands Longitudinal Study on Hearing (NL-SH; www.hooronderzoek.nl) is an ongoing cohort study that started in 2006 and focuses on the relationships between hearing impairment and several aspects of life of adults, including psychosocial functioning, work and health care use9-11. NL-SH is a web-based study and participants, aged 18-64 years, lived nationwide. For the current study, cohort data from the inclusion period 2006-2008 (n=1,575) were used, and linked to GIS data mainly from 2006. 

The Generations2-study (www.generaties2.nl) is an ongoing cohort study following first-time pregnant women (n=2,000), aged 30 years on average (SD=4.2) at first assessment, during the transition to parenthood12. Participants lived across the Netherlands. The Generations2-study started in 2009 and the inclusion of pregnant women ended in 2015. Cohort data were selected from women in the same pregnancy period (±32 weeks) and linked to either a GIS dataset from 2009 (for inclusion year 2009-2011) or 2012 (for inclusion year 2012-2015), resulting in a total sample of n=1,477.

Information on Geographic Information System (GIS) data linkage:
All GIS data were linked over periods as closely matched to the assessment period of the cohort studies.

NESDA, LASA, NL-SH and HOORN: GIS dataset 2006
Cohort assessment periods:

NESDA (first wave): September 2004 - February 2007.

LASA (wave): October 2005 - November 2006.

NL-SH (inclusion period): November 2006 – December 2008.
HOORN / The New Hoorn study (first wave): July 2006 – November 2007.

GIS data were linked of the year 2006, with the exception of road/rail/air traffic noise (2007) and air pollution (2009) as those were unavailable in 2006. 
NEMESIS-2: GIS dataset 2008
Cohort assessment period: NEMESIS-2 (first wave): November 2007 – July 2009.
GIS data were linked of the year 2008, with the exception of air pollution (2009) and socioeconomic status score (2006) as these variables were unavailable in 2008.
HELIUS: GIS dataset 2012
Cohort assessment period: HELIUS (inclusion period): January 2011 – November 2015.
Urbanisation grade, house value, social security benefits and immigrants were matched based on the inclusion year (GIS data of 2011 was linked with 2011, 2012 with 2012, 2013 with 2013 and 2014 with both 2014 and 2015). As this was not possible for other GIS data, green space, water, safety and social cohesion were used from 2012, socioeconomic status score from 2010, air pollution from 2009 and road, rail and air traffic noise from 2008. 
Generations2: GIS dataset 2009 and 2012
Cohort assessment period: Generations2 (inclusion period): May 2009 – April 2015.
Cohort data with inclusion years 2009-2011 were linked to urbanisation grade, house value, social security benefits, immigrants and air pollution from 2009, SES score from 2010, road/rail/air traffic noise from 2008, green space and water from 2008, safety and social cohesion from 2010. Cohort data with inclusion years 2012-2015 were linked to urbanisation grade, house value, social security benefits, immigrants, green space, water, safety and social cohesion from 2012, SES score from 2010, road/rail/air traffic noise from 2008 and air pollution from 2009. 
NTR: GIS dataset 2009 

Cohort assessment period: NTR (inclusion period): January 2009 – December 2010.
Urbanisation grade, house value, social security benefits, immigrants and air pollution from 2009, SES score from 2010, road/rail/air traffic noise from 2008, green space and water from 2008, safety and social cohesion from 2010. 

Prevalence and severity of depression
For more information on the assessment of depression:
The Composite International Diagnostic Interview: 13
The Patient Health Questionnaire: 14
The Hospital Anxiety and Depression Scale: 15
The Center for Epidemiologic Studies Depression Scale: 16
The Four-Dimensional Symptom Questionnaire: 17
The Beck Depression Inventory-II: 18
The Inventory of Depressive Symptomatology: 19
All symptom scales have well established psychometric properties and are widely used20-25.
Neighbourhood characteristics

All neighbourhood characteristics were aggregated to mean values for each 6-digit or 4-digit postal code area, and subsequently linked to cohort data using either 6-digit codes for NTR, HELIUS and Generations2 or 4-digit codes for the other cohort studies, based on availability. 
We previously showed that distributions for the values for air pollution (PM2.5 absorbance) and road/rail/air traffic noise are similar for 4-digit versus 6-digit postal codes (See Generaal et al.: [9] in manuscript). 

Additional information on physical neighbourhood characteristics
Traffic noise
Daily average noise of road, rail and air traffic were modelled using the Empara Noisetool with a resolution of 25 by 25 meters. The average noise levels during the day (7-19h), evening (19-23h) and night (23-7h) were calculated first and the noise levels in the evening and night were increased with 5 and 10 dB (A) respectively to account for the fact that noise in the evening and night may be more annoying than during the day. The modelling of road/rail/air traffic noise accounts for several factors, such as sound barriers, rail type and flight paths. Noise data were linked to all addresses that were included in the Register of Addresses and Building (BAG-register, June 2015) of the Netherlands’ Cadastre, Land Registry, and Mapping Agency, by using GeoDMS software (Object Vision BV, Amsterdam, the Netherlands).
Stability of traffic noise and air pollution
Traffic noise data for the Netherlands appears highly correlated over the years 2000 to 2008 (Pearson’s r range from 0.8 to 0.9; See: [9] in manuscript), suggesting that noise exposure in the neighbourhood is relatively stable over time. Also, previous studies on air pollution in Europe support stability of spatial contrasts in black carbon levels over periods of 10 years and more26-28. These findings suggests that linkage of noise and air pollution data with cohort data from earlier years is acceptable. 
Green/blue space

Recreational green space had a minimal size of either 0.1 hectare for e.g. garden complexes, 0.5 hectare for sports fields, or 1 hectare for e.g. parks or other recreational property in order to be included. For agriculture and forests/nature, this lower limit was 1 hectare. Minimal sizes for blue space was either 0 hectare for large water areas (sea, rivers or big lakes were included independent of size) or 0.5 to 1 hectare for other types of inland water, e.g. canals or lakes, or recreational water such as ponds.
References to GIS data variables:

Urbanization grade: 29 and Statistics Netherlands (CBS): 30,31
Neighbourhood socioeconomic status scores (SES): 32,33
The average home value: 34,35
The number of social security beneficiaries: 34,36
The percentage of residents from non-Dutch ancestry: 34,37
Definition of non-Dutch origin: 38
Traffic noise: 39
Air pollution/ESCAPE project: 40-42
Green/blue space: land-use data from CBS Soil Statistics: 43; neighbourhood delineations: 30
Neighbourhood liveability including social cohesion and safety: 44-47
Population density by Statistics Netherlands (CBS): 48
Covariates
Income
Household and individual income was divided into 4 categories: low, medium, high and unknown:

Household income (net € per month)
NEMESIS-2 (respondent + partner): low (0 – 1,500), medium (1,501 – 3,300), high (higher than 3,300), unknown (analysed as additional dummy).

LASA (respondent + partner): low (0 – 1,079), medium (1,080 – 1,667), high (higher than 1,668), unkown (analysed as additional dummy). 

NESDA (total household): low (0 – 1,400), medium (1,401 – 2,600), high (higher than 2,600), unknown (imputed as medium category, 0.2%).
Generations2 (total household): low (0 – 1,500), medium (1,501 – 3,300), high (higher than 3,300), unknown  (imputed as medium category, 12%).
Individual income (net € per month)
NL-SH: low (0 – 1,550), medium (1,551 – 3,050), high (higher than 3,050), unknown (analyzed as additional dummy).
For three cohorts, missing values for income were imputed with data of later assessment waves using ‘last observation carried backward’ (1% of sample for NESDA, 13% for LASA and 3% for NL-SH). The remaining missing values were assigned as ‘unknown’ and included as a separate dummy category in the analyses. In NESDA and Generations2, missing values (0.2% and 12%) could not be analysed as an additional dummy ‘unknown income’ because the sample size for that dummy was too small (n=49 and n=177 respectively). Instead, the remaining missing values were added to the medium category for subsequent analyses.

Educational level





Educational level was calculated from categories to years according to the following method: 
aeducat - Respondents’ education in 9 categories

A list of educational tracks were presented to the respondent during the face-to-face interview. The respondent was asked to indicate the highest level of education that he or she has completed (diploma attained):

1) Elementary not completed
No education completed
2) Elementary education [Dutch: lagere school, basisschool]
Lower general education (lower general education, primary school);
3) Lower vocational education [Dutch: lager beroepsonderwijs (bijv. lts), vmbo (leerweg beroepsonderwijs)]
LTS (Junior Technical School), LHNO (Lower Domestic Science and Technical Education), agricultural housekeeping school, domestic science school, vocational school for girls, technical school, LEAO (Lower Economic and Administrative Education), retail trade education, lower agricultural and horticultural education, lower nautical education, etc.;
4) General intermediate education [Dutch: mulo, mavo, vmbo (theoretische leerweg)]
LAVO (School for Elementary General Secondary Education), ULO (advanced primary education), MULO (Advanced Elementary Education), MAVO-3 (lower general secondary education level 3), MAVO-4 (lower general secondary education level 4), three years HBS (former Dutch high school), three years HAVO (senior general secondary education).
5) Intermediate vocational education [Dutch: mbo (middelbaar beroepsonderwijs)]
UTS (Extended Technical School), MBA (intermediate business administration), MEAO (Intermediate Economic and Administrative Education), intermediate agricultural and horticultural education, MTS (after 1968) (Intermediate Technical School), practical diploma accounting, ULHNO (Extended Lower Domestic Science and Technical Education), MHNO (Intermediate Domestic science and Technical Education), MSPO (Intermediate Social-Pedagogic Education), commercial school, infant teacher training college, catering college, tradesman/retailers certificate, training in nursing, GA1, GF, instrument makers training, watchmaker vocational school, NIMA-A (Dutch Institute for Marketing diploma A, etc.
6.) General secondary education [Dutch: havo of vwo (hbs, atheneum, gymnasium)]
5-years HBS (former Dutch high school), MMS (girls’ secondary school), gymnasium, lyceum, atheneum, HAVO (senior general secondary education), VWO (pre-university education). 
7) Higher vocational education [Dutch: hbo (hoger beroepsonderwijs)]
MTS before 1968 (Intermediate Technical School), HTS (Technical College), HEAO (Higher School for Business Administration and Economics), Social Academy, Police Academy, Pedagogical Academy, teacher training college, higher arts education, Higher Nautical School, Social-pedagogical Services, LO-akten (teachers Education certificates), N-akten, HHNO (Higher Domestic Science and Technical School), HSPO (Higher Social-Pedagogic Education), dietician education, home economist, speech trainer (logopaedics), dental hygienist education, secondary teacher training course, MO-A (Teacher training course-A). MO-C (Teacher training course-C), Higher Hotel and catering School, Higher Retail Trade School, NIMA-B/C (Dutch Institute for Marketing diploma B/C), Nijenrode, AMBI (Automation and Mechanization of Administrative Information Supply), engineering old style, GAII etc.
8) College education [Dutch: universiteit of post-hbo onderwijs]
Doctoral exam new style and first degree (kandidaatsexamen/bachelor’s degree)
9) University education [Dutch: post-doctorale/tweede fase opleiding of promotie (doctorsgraad)]
Doctoral old style, engineering phase old style, taken PhD, NIVRA (endstage), actuary, MO-B (Teacher training course B) and Higher military Academy. 
aedu – Respondents’ education in years

Values from the categorical education-variable aeducat have been recoded into an alternative variable measuring education in years:

category 1 
=
5 years
category 2
=
6 years
category 3
=
9 years
category 4
=
10 years
category 5
=
11 years
category 6
=
12 years
category 7
=
15 years
category 8
=
16 years
category 9
=
18 years

Statistical analyses
For the multilevel regression analyses, we used functions glmer (logistic models for prevalence of depression) and lmer (linear models for severity of depression) from the ‘lme4’ package (version 1.1-12) from R49. Bootstrap confidence intervals were calculated (1,000 bootstrap samples) using the ‘pbkrtest’ package for lmer, and the Wald method of the confint.merMod function for glmer.
For the pooled analysis, we performed a random-effect analysis for each neighbourhood characteristic separately using the DerSimonian-Laird method50. Beta’s and OR with corresponding 95% confidence intervals (CI) were used to summarise data. It is well known that the DerSimonian-Laird method is suboptimal and may lead to too many statistically significant results when the number of studies is small and when there is moderate or substantial heterogeneity51-53. To overcome this, reported confidence intervals for the pooled analysis were adjusted by means of the Hartung-Knapp-Sidik-Jonkman method51,54,55. 

Heterogeneity tests:
We chose random-effect models for the pooled analysis a priori because of the heterogeneity in design, populations and outcome measures56.
The Q statistic provides an indication of dispersion across studies56. I2 is interpreted as the percentage of variability in depression prevalence estimates attributable to heterogeneity between studies rather than sampling error57. I2 reflects observed heterogeneity in percentages, with 0% indicating no heterogeneity and 25%, 50%, and 75% considered as low, medium, and high levels of heterogeneity58. Following earlier recommendations59, we calculated 95% confidence intervals (CI) around I2 using the formulas provided by Borenstein et al.56.  
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