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A B S T R A C T

Background: Although there is growing evidence that depressed mood is affected by road traffic noise, previous
results are not fully consistent. Furthermore, to our knowledge, no previous research has assessed ethnic and
socioeconomic inequalities in the association of noise exposure with depressed mood.
Objective: To investigate the association between road traffic noise with depressed mood and to determine to
what extent this association varies between ethnic and socioeconomic groups.
Method: We investigated cross-sectional data collected between 2011 and 2015 from 23,293 HELIUS partici-
pants (18–70 years) living in Amsterdam. Our study included five different ethnic groups (Dutch, Moroccan,
Turkish, South-Asian Surinamese and African Surinamese origin). All respondents were linked by their re-
sidential postal code to geographic data on road traffic noise levels (24 h noise average in A-weighted decibels
[dB(A)]). Noise was categorized into five categories (45–54 dB(A), 55–59 dB(A), 60–64 dB(A), 65–69 dB(A),
≥70 dB(A)) and high noise exposure was defined as noise levels ≥65 dB(A). Depressed mood was defined as a
sum-score of ≥10 on the 9-item Patient Health Questionnaire (PHQ-9). Logistic regression was performed to
assess the relationship between road traffic noise and depressed mood. Multilevel analyses were used to take into
account the clustering of observations within neighbourhoods. Lastly, logistic regression analyses were applied
to estimate relative risks for depressed mood per different ethnic and socioeconomic groups exposed to high
noise exposure ≥65 dB(A) compared to<65 dB(A). Analyses were adjusted for individual- and neighbourhood-
level confounders.
Results: Exposure to ≥70 dB(A) compared to the reference group of 45–54 dB(A) showed a significant positive
association with depressed mood (OR: 1.65, 95% CI 1.10, 2.48). Participants exposed to 60–64 dB(A) showed a
significantly lower odds ratio of 0.82 (95% CI 0.70, 0.97) compared to the reference group. We observed no
differences between ethnic groups in the association of high noise exposure ≥65 dB(A) with depressed mood.
Regarding socioeconomic groups, results were different for the medium-low educated group and unemployed
group only.
Conclusion: This study adds new evidence regarding a positive association between high road traffic noise ex-
posure and depressed mood in residential settings. We found no evidence for systematic ethnic or socioeconomic
inequalities regarding this association.
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1. Introduction

Noise pollution is defined as a distressing noise which can harm
humans emotionally, physically and physiologically (Kinsler et al.,
2000). Environmental noise is a public health problem and has a great
health impact on both individual and community level (World Health
Organization, 2011). Previous studies have shown that noise pollution
from road, rail, and air traffic is associated with various physical pro-
blems, such as type 2 diabetes, ischemic heart disease and hypertension
(Dzhambov and Dimitrova, 2018; Heidemann et al., 2014; Vandasova
et al., 2016).

Previous studies found an association between noise pollution and
mental health problems, such as sleep disorders, noise annoyance and
depression (Halonen et al., 2012; Seidler et al., 2017; Wothge et al.,
2017). Adverse mental health outcomes due to traffic noise can be
explained by its unwanted and annoying character (Basner et al., 2014).
Road traffic noise is a constant sound which causes non-auditory ef-
fects, such as stress reactions. These stress reactions can arise when
noise interferes with individuals’ daily tasks, communication, con-
centration and sleep. When these reactions persist it might cause mental
health problems, including depressive symptoms (Lupien et al., 2009).

Depression is a major global burden of disease and the leading cause
of disability worldwide (Hyman, 2006). The prevalence increased by
18% between 2005 and 2015, with more than 300 million people
worldwide now suffering from depression (World Health Organization,
2017). Depression is associated with an increased risk of mortality due
to suicide, but also because of an elevated risk for cardiovascular dis-
ease and type 2 diabetes (Knol et al., 2006; Wulsin et al., 1999). In
2010, the economic burden of major depressive disorder was estimated
at $210.5 billion, in the United States alone (Greenberg et al., 2015).
The causes of depression are complex and include a combination of
physical, psychobiological and environmental factors (Kendler et al.,
2006). Reciprocal relationships between depression and physical health
problems are known. For example, stress, insomnia and cardiovascular
disease can increase the risk of depression and vice versa (Abramson
et al., 2001; Chen et al., 2017; Chiriboga et al., 2002; Herrick and
Sateia, 2016; Kendler et al., 1999; Thomas et al., 2004).

Although there is growing evidence that there is an association
between traffic noise and depression, results from previous studies are
not fully consistent (Orban et al., 2016; Seidler et al., 2017; Stansfeld
et al., 1996). For example, a prospective study among men 50–64 years
in Caerphilly, South Wales, found no association between noise ex-
posure and the development of depressive symptoms (Stansfeld et al.,
1996). A prospective study in Western Germany found a positive as-
sociation between traffic noise and the development of depressive
symptoms (Orban et al., 2016). Lastly, a recent cross-sectional study
conducted around Frankfurt international airport found a positive re-
lation between traffic noise exposure and the risk of a newly diagnosed
depression as measured with health insurance fund data (Seidler et al.,
2017).

Little is known about the influence of residents' social and economic
characteristics on their vulnerability to noise exposure. The effect may
differ strongly between residents, depending on the degree to which
they are vulnerable to exposure to noise. Previous research indicates
that this vulnerability (i.e. noise sensitivity) may depend on residents’
psychological characteristics, such as personality traits, pre-existing
stress and coping mechanisms (Belojevic et al., 2003; Maris et al.,
2007). It may as well depend on the capability for noise abatement,
such as having double-paned windows or being able to reside in less
noisy compartments (Babisch et al., 2012). Rates of depressive symp-
toms are found to be higher in ethnic minority groups than in host
populations (Bainey and Jugdutt, 2009; Missinne and Bracke, 2012;
Stirbu et al., 2006), but the association of noise exposure with de-
pressive symptoms within these different groups is still unclear. A study
conducted in the United States of America showed higher environ-
mental noise levels among socioeconomically disadvantaged groups

(Casey et al., 2017). A second study, conducted in Germany showed
that insomnia odds tended to be increased by 11 per cent per year in
less educated participants under high exposure to noise (Riedel et al.,
2012). Another study found the association between road traffic
noise> 50 dB(A) and depressive symptoms to be positive in low-edu-
cated participants, but negative in high-educated participants (Orban
et al., 2016).

By using data from the Healthy Life in an Urban Setting (HELIUS)
study, we were able to investigate a large sample of nearly 24,000
participants from different ethnic groups, with a wide range of age and
of various socioeconomic (SES) positions in Amsterdam, the
Netherlands. The aim of our study was (1) to obtain further evidence on
the association between noise exposure and depressed mood and (2) to
investigate potential differences in the association of noise exposure
with depressed mood between ethnic and socioeconomic groups.

2. Methods

2.1. Study sample and design

Baseline data of the HELIUS study were obtained between 2011 and
2015, as previously described (Snijder et al., 2017; Stronks et al., 2013).
In brief, the HELIUS study included nearly 25,000 men and women
residing in Amsterdam, of Dutch, Surinamese, Ghanaian, Turkish and
Moroccan ethnic origin. Participants aged 18–70 years were randomly
sampled, stratified by ethnicity, from the municipal population register
of Amsterdam. Potential participants were sent an invitation letter (and
a reminder after 2 weeks) by mail. We were able to contact 55%
(n= 49,952) of those invited (55% among Dutch, 62% among Sur-
inamese, 46% among Turks, 48% among Moroccans, 57% among
Ghanaians), either by response card or after a home visit by an ethni-
cally-matched interviewer (Snijder et al., 2017). Of those, about 50%
(n= 24,789) agreed to participate (participation rate; 60% among
Dutch, 51% among Surinamese, 41% among Turks, 43% among Mor-
occans, 61% among Ghanaians). After a positive response, participants
received a confirmation letter of the appointment for the physical ex-
amination, including a digital or paper version of the questionnaire
(depending on the preference of the subject). Participants who were
unable to complete the questionnaire themselves were offered assis-
tance from a trained ethnically-matched interviewer. All who filled in
the questionnaire were selected for this study (n=23,942). We ex-
cluded all participants with missing data regarding depressive symp-
toms (n=247) and noise exposure (n=38). In addition, we excluded
participants with missing data on educational level (n= 159) and oc-
cupational status (n=205), which provided a total of 23,293 partici-
pants. The HELIUS study has been approved by the Institutional Review
Board of the Academic Medical Center, University of Amsterdam.

2.2. Assessment of depressed mood

In HELIUS, the 9-item Patient Health Questionnaire (PHQ-9) was
used to measure depressive symptoms (Kroenke et al., 2010). Its cross-
cultural validity has been demonstrated across the ethnic groups in-
cluded in the HELIUS study (Galenkamp et al., 2017). The PHQ-9 de-
termines the prevalence of depressive symptoms over the preceding two
weeks. It consists of nine items, with a response scale varying from
never (0) to nearly every day (3). Individual scores were summed to a
total score ranging from 0 to 27 points. If one of the nine items was
missing, the mean score of the other eight items was used to replace the
missing item. If more than one item was missing, the variable was
considered missing. Participants having a sum-score of 10 or higher
were considered to have a ‘depressed mood’ (Kroenke et al., 2010).

2.3. Linked geographic data

Nationwide data on noise exposure and other neighbourhood
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characteristics were retrieved from national registration organisations,
initiated by the Geoscience and Health Cohort Consortium and linked to
individual-level cohort data using postal code information from HELIUS
participants at the level of 6-digit postcodes (Snijder et al., 2017;
Timmermans et al., 2018). A 6-digit postcode area is the smallest
geographical unit available in the Netherlands with an average of 50 by
50m in size and include 10–20 households. All other neighbourhood
variables (income, liveability, green and blue space) were linked at the
level of 4-digit postcodes, with an average area size of 2.5 km2.

2.4. Assessment of noise exposure

The Netherlands Environmental Assessment Agency modelled daily
average noise levels on road-traffic for the year 2011 in the Netherlands
by using the Empara Noisetool with a resolution of 25 by 25m. Noise is
measured in Level day-evening-night (Lden) and is expressed in A-
weighted decibels (dB(A)) rounded to two decimals. The measure Lden
accounts for the fact that noise in the evening and at night is reported as
more annoying than during the day (Wirth et al., 2004). The average
noise levels during the day (07:00–19:00), the evening (19:00–23:00)
and at night (23:00–07:00) were calculated first and the levels of noise
in the evening and at night were increased by 5 and 10 dB(A) respec-
tively. Subsequently, the daily mean noise was calculated as the
average of the noise levels during the day, evening and night (The
Netherlands Environmental Assessment Agency (PBL), 2008). The ad-
dress-level road traffic noise data were aggregated to mean values of 6-
digit postal code areas (Timmermans et al., 2018). Noise was categor-
ized into five different categories (45–54 dB(A), 55–59 dB(A), 60–64 dB
(A), 65–69 dB(A), ≥70 dB(A)). In addition, high noise exposure was
defined as annual mean 24-hr noise levels ≥65 dB(A) according to the
criteria of OECD (Organization for Economic Cooperation and
Development, 1991).

2.5. Covariates

We collected data on potential confounders, which we defined as
variables that may have influenced both participants’ risk of depressive
mood and their preference for specific places of residence. These in-
clude variables both at the individual-level (age, sex, SES, ethnicity,
marital status, household composition, neuroticism, and stressful life
events) and at the neighbourhood-level (neighbourhood-level SES,
blue/green space, and liveability). Lifestyle factors, such as smoking,
alcohol consumption and physical activity, were not included as cov-
ariates in this study, since it is more likely that they are influenced by
depressed mood rather than the other way around (Walsh, 2013). In-
dividual-level SES variables included educational level (Low: no
schooling or elementary schooling only, Medium-low: lower vocational
schooling or lower secondary schooling, Medium-high: intermediate
vocational schooling or intermediate/higher secondary schooling,
High: higher vocational schooling or university) and occupational
status (Unemployed: no job and/or on social security, Disabled: parti-
cipants with incapacity for work, Not in labour force: retired partici-
pants, students at school/university, and housemen/house women,
Employed: fulltime or part-time job). Ethnicity included participants
with Dutch, Moroccan, Turkish and Surinamese (South-Asian and
African) origin and was defined according to the country of birth of the
participants and their parents (Stronks et al., 2009). More specifically, a
person was defined as of non-Dutch ethnic origin if he/she fulfilled one
of two criteria: (1) he/she was born outside the Netherlands and has at
least one parent born outside the Netherlands (first generation) or (2)
he/she was born in the Netherlands but both parents were born outside
the Netherlands (second generation). For the Dutch sample, we invited
people who were born in the Netherlands and whose parents were born
in the Netherlands. Of the Surinamese living in the Netherlands, ap-
proximately 80% are either of African or South-Asian origin. After data
collection, self-reported ethnicity was used to further classify

participants of Surinamese ethnic origin into ‘African’, ‘South-Asian’,
‘Javanese’ or ‘other/unknown’ Surinamese origin (such as Chinese,
Brazilian, Portuguese, or mixed origins, not including an African origin)
(Snijder et al., 2017; Stronks et al., 2009). Because the Ghanaian group
(n= 2.357) had too low prevalence of high noise exposure ≥65 dB(A)
and the Javanese Surinamese group (n=247), the other/unknown
Surinamese group (n=274) and other/unknown ethnicity group
(n= 47) were too small to perform stratified analyses, we combined
them into one group of ‘other’ ethnic origin. The NEO Five-Factor in-
ventory (NEO-FFI) and the NEMESIS-II questionnaires were used to
measure neuroticism (continuous variable) and stressful life events
(categorical variable), respectively (Trull and Sher, 1994). Marital
status was categorized as married/registered partnership, living to-
gether, unmarried, divorced, widow/widower. Household composition
was defined as living with children younger than 18 years old.

Neighbourhood-level SES consisted of the average income per in-
come recipient in a particular neighbourhood (Statistics Netherlands
(CBS), 2015). Liveability was measured using a liveability total score
that was based on 49 indicators related to six dimensions: population
composition, social cohesion, public space, safety, level of resources
and housing. The total liveability score ranges from 1 (extremely ne-
gative) to 7 (extremely positive) (The Netherlands Ministry of the
Interior and Kingdom Relations, 2008). Finally, adjustments were made
for blue space (inland water, sea and lakes) and green space (urban
parks, agricultural areas, forest and nature) area, measured as the
percentage of blue/green area per neighbourhood. We included the
latter two variables in the analyses to adjust for specific environmental
characteristics that might influence both mental wellbeing and re-
sidential preferences of the participants (de Vries et al., 2016; Gidlof-
Gunnarsson and Ohrstrom, 2007).

2.6. Statistical analysis

We applied logistic regression analyses to assess the relationship
between road traffic noise exposure and depressed mood. We first ad-
justed for age and sex (Model A). Additional adjustments were made on
individual-level, including educational level, occupational status,
ethnic origin, marital status, household composition, neuroticism and
stressful life events (Model B). Finally, additional adjustments were
made on neighbourhood-level, including socioeconomic status, blue/
green space and liveability (Model C). We used multilevel techniques to
take into account the clustering of observations within the same
neighbourhood by adding the neighbourhood code as random intercept
to the multilevel models. This neighbourhood code consisted of 10
districts (large districts: on average 1.8 km2) and 60 neighbourhoods
(small districts: on average 0.4 km2). We stratified the analyses by so-
cioeconomic and ethnic groups and used logistic regression analyses to
calculate the odds ratio for depressed mood per group, for those ex-
posed to ≥65 dB(A) compared to those exposed to< 65 dB(A). To test
for the statistical significance of ethnic differences in the association,
we repeated the logistic regression analyses while adding interaction
terms of noise levels with ethnicity to our model. In a similar way we
tested for differences in the association by educational level and by
occupational status in separate models.

Multilevel analyses were conducted with R Statistical Software. All
other analyses were performed with SPSS statistic 24.0 (IBM Corp,
Armonk, New York, United States of America).

3. Results

3.1. Socio-demographic characteristics

Results regarding individual and neighbourhood characteristics of
the study sample are shown in Table 1a. A total of 23,293 residents of
Amsterdam were included in this study, with a mean age of 44 years.
14.8% of the study sample reported depressed mood (men=11.7% and
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women=17.1%). The prevalence of depressed mood was lowest in the
higher than 60 years age group (10.1%). The prevalence of depressed
mood varied from 8.6% in high-educated to 21.9% in low-educated.
Participants incapable of working showed highest depressed mood rates
(36.6%), while those employed reported the lowest (9.7%). Turkish,
Moroccan and South-Asian Surinamese origin groups showed much
higher prevalence of depressed mood as compared to the Dutch origin
group (Table 1a). Neighbourhood income and liveability were both
negatively correlated to depressed mood, whereas blue and green space
showed no correlation (Table 1b).

3.2. Noise exposure among different ethnic and socioeconomic groups

Table 2 shows the road traffic noise levels at the residents’ homes
for the whole study sample and for different ethnic and socioeconomic
groups. Most participants (46.6%) were exposed to traffic noise in the

range of 55–59 dB(A), while only 1.2% of the study population was
exposed to≥70 dB(A). In general, the Dutch population was exposed to
higher noise levels more often than other ethnic groups, while the
South-Asian Surinamese group showed least exposure to higher noise
levels. The high-educated group was on average exposed to higher noise
levels than the other education groups. No statistical evidence was
found for differences in noise exposure between different occupational
status groups.

3.3. Traffic noise levels in relation to depressed mood

Prevalence rate of depressed mood per noise level category is pre-
sented in Table 3. The prevalence of depressed mood was 14.8% at
lowest noise level (45–54 dB(A)), compared to 20.6% at the highest
noise levels ≥70 dB(A). The results of the multilevel logistic regression
analyses showed an odds ratio of 1.65 (95% CI 1.10, 2.48) for depressed
mood in participants exposed to the highest noise level compared to the
lowest noise level group after full adjustment (Model C). Furthermore,
participants exposed to 65–69 dB(A) showed an non-significantly
higher odds ratio of 1.07 (95% CI 0.85, 1.36) compared to the reference
group (Model C). Participants exposed to 60–64 dB(A) showed a sig-
nificantly lower odds ratio of 0.82 (95% CI 0.70, 0.97) compared to the
reference group (Model C). In general, odds ratios decreased by ad-
justing for individual-level covariates (Model B), and remained stable
by adjusting for neighbourhood-level covariates (Model C).

Approximately 1% or less (small district ICC: 0.002 and large dis-
trict ICC:< 0.001) of depressed mood rates in the population are ex-
plained by district-level effects.

3.4. Stratification by ethnicity and socioeconomic status

For specific ethnic and socioeconomic groups, we assessed the as-
sociation between depressed mood and exposure to noise levels ex-
ceeding ≥65 dB(A). The total study population showed a statistical
significant positive association (OR: 1.25, 95% CI 1.03, 1.52) (Table 4).
Positive associations were observed for all ethnic minority groups,
contrary to a slightly negative association for participants of Dutch
origin (OR: 0.91, 95% CI 0.55, 1.50) (Table 4). However, none of these
associations were statistically significant. We found a negative but non-
significant association in high-educated participants (OR: 0.93, 95% CI
0.60, 1.45), compared to a statistical significant positive association for
the medium-low educated group (OR: 1.59, 95% CI 1.07, 2.35). Lastly,
we e found a statistical significant association for the unemployed (OR:
1.63, 95% CI 1.05, 2.54). We should however note that these variations
should be interpreted with caution as 95% confidence intervals overlap.
Additional analyses based on interaction terms showed that the varia-
tions between ethnic or socioeconomic groups cannot be demonstrated
with statistical significance after full adjustments (Tables A1).

4. Discussion

4.1. Summary of results

Although there is growing evidence that depressed mood is affected
by traffic noise, previous results are not fully consistent. In this study,
exposure to noise levels ≥70 dB(A) was associated with higher pre-
valence of depressed mood, compared with the lowest noise levels
(45–54 dB(A)). Participants exposed to medium-level noise (60–64 dB
(A)) showed a significantly lower odds of depressed mood as compared
to the lowest noise group. Except for statistical significant positive re-
sults in the medium-low educated group and the unemployed occupa-
tional group, we observed no substantial or significant differences be-
tween subgroups in the association of high noise exposure with
depressed mood.

Table 1a
Individual and neighbourhood characteristics of the total study population, and
prevalence of depressed mood (PHQ-9 sum-score≥ 10) and mean PHQ-9 sum-
score (range: 0–27).

Characteristic Total n Prevalence of
depressed mood, %

Prevalence of depressive
symptoms, mean (SD)

Total 23293 14.8 4.72 (5.20)
Sex
Men 9920 11.7 4.05 (4.98)
Women 13373 17.1 5.22 (5.30)

Age
18–29 4425 15.2 5.12 (4.87)
30–39 4215 14.4 4.91 (5.08)
40–49 5676 16.1 4.88 (5.46)
50–59 6018 15.7 4.65 (5.40)
≥60 2959 10.1 3.70 (5.20)

Ethnic group
Dutch 4594 7.2 3.58 (3.74)
Moroccan 4200 20.6 5.79 (5.71)
Turkish 3939 23.1 6.31 (5.99)
South-Asian
Surinamese

3293 18.6 5.37 (5.84)

African Surinamese 4342 10.5 3.85 (4.54)
Other∗ 2925 9.2 3.40 (4.34)

Education
Low 4047 21.9 5.75 (6.01)
Medium-low 6195 15.9 4.80 (5.50)
Medium-high 6970 15.0 4.83 (5.12)
High 6081 8.6 3.82 (4.14)

Occupation
Unemployed 3348 25.1 6.38 (6.28)
Disabled 1793 36.6 8.41 (7.02)
Not in labour force 4147 14.2 4.69 (4.98)
Employed 14005 9.7 3.86 (4.33)

∗ Other include: the Ghanaian group (n=2.357), the Javanese Surinamese
group (n=247), the other/unknown Surinamese group (n= 274) and other/
unknown ethnicity group (n= 47).

Table 1b
Area-level characteristics with Spearman's Rank Correlation Coefficient for
neighbourhood characteristics and depressed mood and traffic noise.

Characteristic Mean SD Correlation with
traffic noise
(Spearman's ρ)

Correlation with
depressed mood
(Spearman's ρ)

Neighbourhood SES 28.7 6.7 .15 -.04
Neighbourhood

Liveability
3.8 0.8 .28 -.02

Neighbourhood space
Blue space 10.7 9.6 -.00 -.01
Green space 18.6 12.5 -.28 -.00

Correlation between neighbourhood characteristics, traffic noise and depressed
mood. Estimates with p value < 0.01 are highlighted in bold.
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4.2. Evaluation of study limitations

By using data from the Healthy Life in an Urban Setting (HELIUS)
study, we were able to investigate a large sample of nearly 23,293
participants from six different ethnic groups, with a wide range of age
and large socioeconomic variation. With our data we were able to ad-
just for several individual and neighbourhood characteristics, including
marital status, household composition, neuroticism, stressful life events
and blue/green space, which may have reduced the impact of con-
founding bias in our results.

Nonetheless, this study has some limitations. First, this study used
cross-sectional data, whereby the temporal association between traffic
noise exposure and depressed mood could not be ascertained. Second,
we used noise exposure assessment regarding noise from road traffic
only. Aircraft, railway or other environmental noise sources were not
included in our analyses. Nonetheless, road traffic noise is the most
widespread source of environmental noise pollution in European cities,
including Amsterdam (European Environment Agency, 2017;
Municipality of Amsterdam, 2016). Furthermore, the results of our
multilevel analyses showed that neighbourhood characteristics, thus
including all other noise sources, explain only 1% of the variation in

depressed mood rates. Even though air traffic to the Schiphol airport,
which is the main international airport of the Netherlands and located
near Amsterdam, might affect mental health of residents in some city
districts, the small amount of unexplained geographic variation in our
study implies that this is unlikely to have biased our results. Third, we
did not have all information about factors that may have influenced
respondents’ sensitivity to noise exposure. This includes information on
hearing abilities of participants, their exposure to occupational noise or
the time they spent at their residence. Neither did we have information
about relevant housing conditions, such as insulation of the house,
thickness of the windows or location of the bedroom within the re-
sidence.

4.3. Interpretation of results

Our findings demonstrate that exposure to higher noise levels is
more common among Dutch origin participants and high-educated
participants, compared to other ethnic and socioeconomic groups.
These results are in contrast with several previous studies, which
showed higher noise level exposure in ethnic minority and lower so-
cioeconomic groups (Braubach and Fairburn, 2010; Casey et al., 2017;

Table 2
Road traffic noise exposure in 2011 in the total study sample (n= 23,293) and by ethnic and socioeconomic groups.

Traffic noise exposure (%)

45–54 dB(A) 55–59 dB(A) 60–64 dB(A) 65–69 dB(A) ≥70 dB(A)

Total 30.9 46.6 16.4 4.7 1.2
Ethnicity
Dutch 25.6 42.6 21.7 7.3 2.7
Moroccan 25.1 48.7 19.2 5.8 1.2
Turkish 28.4 47.6 17.3 5.3 1.4
South-Asian Surinamese 37.5 45.7 13.3 3.0 0.5
African Surinamese 34.5 46.8 14.8 3.5 0.4
Other 38.5 50.1 9.1 2.0 0.4

Education
Low 30.1 48.0 16.3 4.6 0.9
Medium-low 33.7 48.3 13.4 3.7 0.8
Medium-high 31.2 47.5 16.0 4.4 0.9
High 28.4 43.4 20.1 6.1 2.1

Occupation
Unemployed 29.3 49.4 16.0 4.3 1.0
Disabled 30.2 50.9 13.7 4.1 1.2
Not in labour force 28.7 47.3 17.6 5.1 1.3
Employed 32.1 45.4 16.5 4.8 1.2

Percentages represent prevalences within ethnic and socioeconomic groups.

Table 3
The association of different levels of noise exposure from road traffic with depressed mood (PHQ-9 sum-score ≥10) in the total study sample (n= 23,293).

Exposure Prevalence of depressed mood (%) Model Aa

OR [95%-CI]
Model Bb

OR [95%-CI]
Model Cc

OR [95%-CI]

Multi- leveld

45–54 dB(A) 14.8 1.00 1.00 1.00
55–59 dB(A) 15.0 1.01 [0.92, 1.10] 0.94 [0.84, 1.04] 0.94 [0.84, 1.06]
60–64 dB(A) 13.4 0.87 [0.77, 0.99] 0.82 [0.71, 0.94] 0.82 [0.70, 0.97]
65–69 dB(A) 15.7 1.08 [0.89, 1.30] 1.02 [0.82, 1.28] 1.07 [0.85, 1.36]
≥70 dB(A) 20.6 1.71 [1.25, 2.35] 1.63 [1.10, 2.41] 1.65 [1.10, 2.48]
Measures of variation
Small district Variance (SD) 0.040 (0.199) 0.008 (0.090) 0.008 (0.092)
Large district Variance (SD) 0.040 (0.200) 0.000 (0.000) 0.000 (0.000)
Small district ICCe 0.002 0.002 0.002
Large district ICCe 0.000 0.000 0.000

a Adjusted for age and sex.
b Model A plus additional adjustments for individual characteristics (ethnic origin, educational level, occupational status, marital status, household composition,

neuroticism and stressful life events).
c Model B plus additional adjustments for neighbourhood characteristics (socioeconomic status, blue/green space and liveability).
d Large districts (n=10) and small districts (n= 60).
e Intraclass Correlation Coefficient. Estimates with p value < 0.05 are highlighted in bold.
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Kohlhuber et al., 2006; Orban et al., 2016). However, our results are in
line with a study conducted in Paris, which showed that people living in
advantaged neighbourhoods were more exposed to road traffic noise in
their residential environment than their deprived counterparts (Havard
et al., 2011). In Amsterdam, lower socioeconomic and ethnic minority
groups mainly live in the suburbs with less road traffic (Savini et al.,
2016). The most affluent areas, such as the city center and southern city
part are primarily occupied by people with Dutch background and high
socioeconomic status, and are known for their heavy road traffic (Savini
et al., 2016). A previous study conducted in Amsterdam showed that
residents with high economic status were able to satisfy their need for a
relaxing residential environment by creating quiet places inside and
around their houses (Booi & Van den Berg, 2012).

In this study we found a J-shaped pattern in the association between
road traffic noise and depressed mood. We found a positive association
for noise levels ≥65 dB(A), compared to the lowest noise exposure
group. However, exposure to 55–59 dB(A) and 60–64 dB(A) was asso-
ciated with lower risk of depressed mood compared to the lowest noise
level group. Results from previous research show different patterns for
the association between road traffic noise and depressed mood (Orban
et al., 2016; Seidler et al., 2017). Seidler et al. (2017) found a linear
trend for road traffic noise exposure, whereas Orban et al. (2016)
showed a reversed U-shape, with higher depressive symptoms in the
intermediate compared to the lowest and highest noise exposure group.
It is uncertain why, in our particular case, the group with lowest noise
exposure had a higher risk of depressive mood than those exposed to
intermediate noise levels. Possibly, this may reflect a selection effect. If
residents with strong needs for quietness, including those with mental
health problems, are more likely to move to more quiet places, this
could result in accumulation of people with depressed mood in quiet
neighbourhoods (Cao, 2014). Another explanation might be related to
the self-protection against noise pollution. In case of chronic exposure
to high ambient noise, residents might undertake protective strategies,
such as moving their bedroom in de back of the house, using better
insulation for the house, and regularly moving to other areas for rest
and recreation. (Stansfeld and Matheson, 2003). Such strategies might
be applied particularly by high income groups living in the highly
traffic areas of the center and the south. Our J-shaped patterns suggest
that such self-protection might, however, no longer work when ex-
posure reaches very high noise levels.

A prospective study found a strong association between residential
road traffic noise> 50 dB(A) and high depressive symptoms in parti-
cipants with a low educational level and a weak negative association in
high-educated participants (Orban et al., 2016). In our study we ob-
served the same trend in the association between high noise levels
(≥65 dB(A)) and depressed mood in the medium-low and high-edu-
cated groups, respectively.

Our study also shows a stronger positive association between high
noise exposure and depressed mood in unemployed participants as
compared with employed participants. The fact that we found a higher
risk in unemployed participants might be explained by their increases
vulnerability to noise exposure due to pre-existing stress and less coping
mechanisms (Belojevic et al., 2003; D'Arcy and Siddique, 1985).
Moreover, unemployed participants are inclined to spent more time
indoors (Scanlan et al., 2011) and previous study found that hours spent
at home during the day was a potential effect modifier on the asso-
ciation between aircraft noise exposure and noise annoyance (Babisch
et al., 2012), which might suggest the same applies to road traffic noise
as measured in our study.

Furthermore, to our knowledge, this is the first study that has as-
sessed the association of noise exposure from road traffic with de-
pressed mood among different ethnic groups. Ethnic minority groups
did not show significantly stronger associations for depressed mood
comparing noise exposure ≥65 dB(A) with< 65 dB(A). However, we
should note that most ethnic minority groups have a substantially
higher prevalence of depressive mood, such that the same percentage
impact of noise exposure would imply a larger increase in absolute
risks. Thus, in absolute terms, noise exposure might affect a greater
number of people in ethnic minority groups than in the native origin
population.

5. Conclusion

To conclude, our study added new evidence for a positive associa-
tion between depressed mood and high road traffic noise exposure in
residential settings. We found no evidence that this association sys-
tematically differed according to socioeconomic status or ethnic min-
ority status. Further studies are needed to replicate the latter finding. If
confirmed by future studies, this association implies that noise pollution
control can contribute to the prevention of depressed mood amongst all

Table 4
The prevalence of depressed mood by high (≥65 dB) or low (< 65 dB) noise exposure, and the association (odds ratio, OR) of high noise exposure with depressed
mood for different ethnic and socioeconomic groups.

Total and exposed to ≥65 dB(A) (n) Prevalence of depressed mood (%) Depressed mood ≥65 dB(A)

Total ≥65 dB(A) ≥65 dB(A) < 65 dB(A) ORa

Total 23.293 1.376 16.6 14.7 1.25 [1.03, 1.52]
Ethnicity
Dutch 4594 463 6.7 7.2 0.91 [0.55, 1.50]
Moroccan 4200 293 25.3 20.2 1.34 [0.93, 1.95]
Turkish 3939 266 24.4 23.0 1.26 [0.87, 1.83]
South-Asian Surinamese 3293 114 27.2 18.3 1.47 [0.80, 2.71]
African Surinamese 4342 171 10.5 10.5 1.07 [0.57, 2.00]

Education
Low 4047 223 26.9 21.6 1.20 [0.80, 1.79]
Medium-low 6195 282 20.2 15.7 1.59 [1.07, 2.35]
Medium-high 6970 372 19.4 14.8 1.29 [0.90, 1.83]
High 6081 499 8.0 8.6 0.93 [0.60, 1.45]

Occupation
Unemployed 3348 179 35.8 24.5 1.63 [1.05, 2.54]
Disabled 1793 94 40.4 36.4 1.14 [0.65, 1.99]
Not in labour force 4147 266 18.4 13.9 1.35 [0.90, 2.04]
Employed 14005 837 9.3 9.7 1.07 [0.79, 1.44]

The group "other" is excluded because of too few people exposed to high levels of noise exposure.
Bold indicates P= <0.05.

a Using logistic regression analyses adjusted for age, sex, ethnicity, socioeconomic status, marital status, household composition, neuroticism, stressful life events,
neighbourhood socioeconomic status, blue/green space and liveability.
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Appendix

Table A1
The association between noise exposure ≥65 dB(A) and depressed mood, interacting by ethnicity.

Exposure Model A1 OR [95%-CI] Model B2 OR [95%-CI] Model C3 OR [95%-CI]

Dutch 1.00 1.00 1.00
Moroccan 3.23 [2.80, 3.73] 1.91 [1.59, 2.29] 1.83 [1.50, 2.23]
Turkish 3.92 [3.40, 4.52] 2.49 [2.07, 3.00] 2.40 [1.97, 2.94]
South-Asian Surinamese 2.91 [2.51, 3.37] 1.60 [1.34, 1.92] 1.53 [1.25, 1.88]
African Surinamese 1.47 [1.26, 1.71] 0.98 [0.81, 1.19] 0.96 [0.78, 1.18]
Other 1.25 [1.05, 1.49] 0.95 [0.76, 1.17] 0.96 [0.76, 1.22]
N ≥ 63 dB(A) *DU 1.00 1.00 1.00
N ≥ 63 dB(A) *MOR 1.41 [0.88, 2.26] 1.30 [0.75, 2.27] 1.35 [0.76, 2.40]
N ≥ 63 dB(A) *TUR 1.16 [0.72, 1.88] 1.48 [0.84, 2.59] 1.49 [0.83, 2.66]
N ≥ 63 dB(A) *SA-SUR 1.76 [1.00, 3.12] 1.70 [0.85, 3.41] 1.71 [0.83, 3.54]
N ≥ 63 dB(A) *AFR-SUR 1.07 [0.57, 2.01] 1.02 [0.50, 2.10] 1.14 [0.54, 2.38]
N ≥ 63 dB(A) *OTH 1.91 [0.87, 4.18] 3.37 [1.39, 8.22] 3.31 [1.30, 8.42]

1 Adjusted for age and sex.
2 Model A plus additional adjustments for individual characteristics (ethnic origin, educational level, occupational status, marital status, household composition,

neuroticism and stressful life events).
3 Model B plus additional adjustments for neighbourhood characteristics (socioeconomic status, blue/green space and liveability).

Table A2
The association between noise exposure ≥65 dB(A) and depressed mood, interacting by educational level.

Exposure Model A1 OR [95%-CI] Model B2 OR [95%-CI] Model C3 OR [95%-CI]

Low 1.00 1.00 1.00
Middle-low 0.69 [0.62, 0.76] 0.96 [0.83, 1.10] 0.96 [0.82, 1.11]
Middle-high 0.58 [0.52, 0.64] 1.04 [0.90, 1.20] 1.04 [0.89, 1.21]
High 0.32 [0.29, 0.37] 0.84 [0.71, 1.00] 0.82 [0.69, 0.99]

N ≥ 65 dB(A) *LOW 1.00 1.00 1.00
N ≥ 65 dB(A) *M-LOW 1.01 [0.66, 1.55] 1.22 [0.70, 2.11] 1.26 [0.72, 2.20]
N ≥ 65 dB(A) *M-HIGH 1.01 [0.68, 1.52] 1.12 [0.67, 1.89] 1.05 [0.61, 1.79]
N ≥ 65 dB(A) *HIGH 0.68 [0.43, 1.07] 0.78 [0.45, 1.36] 0.77 [0.43, 1.36]

Table A3
The association between noise exposure ≥65 dB(A) and depressed mood, interacting by occupational status.

Exposure Model A1 OR [95%-CI] Model B2 OR [95%-CI] Model C3 OR [95%-CI]

Unemployed 1.00 1.00 1.00
Disabled 1.89 [1.66, 2.15] 1.53 [1.29, 1.80] 1.56 [1.31, 1.86]
Not in labor force 0.45 [0.40, 0.51] 0.63 [0.54, 0.74] 0.64 [0.54, 0.76]
Employed 0.32 [0.29, 0.36] 0.65 [0.57, 0.74] 0.67 [0.58, 0.76]

N ≥ 65 dB(A) *UNEMP 1.00 1.00 1.00
N ≥ 65 dB(A) *INCAP 0.71 [0.42, 1.20] 0.81 [0.41, 1.61] 0.78 [0.39, 1.56]
N ≥ 65 dB(A) *NILF 0.84 [0.53, 1.32] 0.75 [0.42, 1.33] 0.83 [0.46, 1.49]

(continued on next page)
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Table A3 (continued)

Exposure Model A1 OR [95%-CI] Model B2 OR [95%-CI] Model C3 OR [95%-CI]

N ≥ 65 dB(A) *EMP 0.53 [0.36, 0.80] 0.58 [0.35, 0.94] 0.62 [0.37, 1.03]

1 Adjusted for age and sex.
2 Model A plus additional adjustments for individual characteristics (ethnic origin, educational level, occupational status, marital status, household composition,

neuroticism and stressful life events).
3 Model B plus additional adjustments for neighbourhood characteristics (socioeconomic status, blue/green space and liveability).

Table A4
The association between noise exposure ≥65 dB(A) and depressed mood, interacting by age.

Exposure Model A1 OR [95%-CI] Model B2 OR [95%-CI] Model C3 OR [95%-CI]

18–29 1.00 1.00 1.00
30–39 0.93 [0.82, 1.05] 0.78 [0.67, 0.92] 0.77 [0.65, 0.92]
40–49 1.07 [0.96, 1.20] 0.78 [0.67, 0.91] 0.80 [0.68, 0.95]
50–59 1.03 [0.92, 1.15] 0.62 [0.53, 0.73] 0.63 [0.53, 0.75]
60–70 0.63 [0.54, 0.73] 0.40 [0.30, 0.45] 0.39 [0.32, 0.49]

N ≥ 65 dB(A)*18-29 1.00 1.00 1.00
N ≥ 65 dB(A)*30-39 1.21 [0.76, 1.93] 1.29 [0.73, 2.28] 1.46 [0.81, 2.62]
N ≥ 65 dB(A)*40-49 1.13 [0.72, 1.78] 1.11 [0.64, 1.93] 1.20 [0.67, 2.13]
N ≥ 65 dB(A)*50-59 1.47 [0.96, 2.25] 1.42 [0.84, 2.39] 1.54 [0.90, 2.65]
N ≥ 65 dB(A)*60-70 1.34 [0.77, 2.32] 1.23 [0.63, 2.41] 1.33 [0.67, 2.64]

1 Adjusted for age and sex.
2 Model A plus additional adjustments for individual characteristics (ethnic origin, educational level, occupational status, marital status, household composition,

neuroticism and stressful life events).
3 Model B plus additional adjustments for neighbourhood characteristics (socioeconomic status, blue/green space and liveability).

Table A5
The association between noise exposure ≥65 dB(A) and depressed mood, interacting by gender.

Exposure Model A1 OR [95%-CI] Model B2 OR [95%-CI] Model C3 OR [95%-CI]

Men 1.00 1.00 1.00
Women 1.57 [1.45, 1.70] 1.33 [1.20, 1.47] 1.38 [1.24, 1.53]

N ≥ 65 dB(A) *MEN 1.00 1.00 1.00
N ≥ 65 dB(A) *WOMEN 0.85 [0.63, 1.15] 0.71 [0.49, 1.04] 0.69 [0.47, 1.02]

1 Adjusted for age and sex.
2 Model A plus additional adjustments for individual characteristics (ethnic origin, educational level, occupational status, marital status, household composition,

neuroticism and stressful life events).
3 Model B plus additional adjustments for neighbourhood characteristics (socioeconomic status, blue/green space and liveability).
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