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IMPORTANCE Complex biological, socioeconomic, and psychological variables combine to
cause mental illnesses, with mounting evidence that early-life experiences are associated
with adulthood mental health.

OBJECTIVE To evaluate whether changing neighborhood income deprivation and residential
moves during childhood are associated with the risk of receiving a diagnosis of depression
in adulthood.

DESIGN, SETTING, AND PARTICIPANTS This cohort study included the whole population of
1 096 916 people born in Denmark from January 1, 1982, to December 31, 2003, who resided
in the country during their first 15 years of life. Individuals were followed up from 15 years of
age until either death, emigration, depression diagnosis, or December 31, 2018. Longitudinal
data on residential location was obtained by linking all individuals to the Danish longitudinal
population register. Statistical analysis was performed from June 2022 to January 2024.

EXPOSURES Exposures included a neighborhood income deprivation index at place of
residence for each year from birth to 15 years of age and a mean income deprivation index
for the entire childhood (aged �15 years). Residential moves were considered by defining
“stayers” as individuals who lived in the same data zone during their entire childhood and
“movers” as those who did not.

MAIN OUTCOMES AND MEASURES Multilevel survival analysis determined associations
between neighborhood-level income deprivation and depression incidence rates after
adjustment for individual factors. Results were reported as incidence rate ratios (IRRs) with
95% credible intervals (95% CrIs). The hypotheses were formulated before data collection.

RESULTS A total of 1 096 916 individuals (563 864 male participants [51.4%]) were followed
up from 15 years of age. During follow-up, 35 098 individuals (23 728 female participants
[67.6%]) received a diagnosis of depression. People living in deprived areas during childhood
had an increased risk of depression (IRR, 1.10 [95% CrI, 1.08-1.12]). After full individual-level
adjustment, the risk was attenuated (IRR, 1.02 [95% CrI, 1.01-1.04]), indicating an increase of
2% in depression incidence for each 1-SD increase in income deprivation. Moving during
childhood, independent of neighborhood deprivation status, was associated with
significantly higher rates of depression in adulthood compared with not moving
(IRR, 1.61 [95% CrI, 1.52-1.70] for 2 or more moves after full adjustment).

CONCLUSIONS AND RELEVANCE This study suggests that, rather than just high or changing
neighborhood income deprivation trajectories in childhood being associated with adulthood
depression, a settled home environment in childhood may have a protective association
against depression. Policies that enable and support settled childhoods should be promoted.
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G lobally, the increasing prevalence of mental health
conditions poses a significant public health challenge
and burden.1 An estimated 13% of the world’s popula-

tion lived with mental health conditions in 2020.2 The global
economic burden of mental health conditions, including re-
duced productivity and treatment expenses, reached approxi-
mately $2.5 trillion in 2010 and is predicted to increase to $6
trillion by 2030,3 exceeding the combined costs of cancer, dia-
betes, and chronic respiratory diseases.2 The causes of men-
tal health conditions are complex and multifaceted, includ-
ing biological, socioeconomic, and psychological factors;
mounting evidence suggests that individuals’ natural, built,
and social environments are associated with mental health.

Two key approaches informed our investigation: the ex-
posome and the life course, both suggesting a longitudinal
study design. The exposome,4,5 defined as the totality of an
individual’s exposures over their life course, encompasses both
physical (such as air pollution or green space) and social ex-
posures. This study focuses on the social exposome, or the cu-
mulative social exposures over the whole life course from birth
onward, that influence health. The social exposome includes
individual- and family-level characteristics, such as income,
and neighborhood-level constructs, where the social environ-
ments in which people live and work can also affect their health
positively and negatively. Social interaction within neighbor-
hoods is an important facet of the social exposome, creating
a sense of community, reciprocity, and trustworthiness—
collectively known as social capital6—and of being able to con-
trol one’s surroundings, which are positively associated with
mental well-being7-10 and may decrease the risk of depression.11

Social context refers broadly to the immediate physical and
social environments in which we live, including the neighbor-
hood built environment, culture, and individual or family so-
cioeconomic status or deprivation. We were interested in the
association of changing deprivation during childhood with
health, whereby both the changing neighborhood character
over time (where the individual remains static but the neigh-
borhood character changes) and the association of an indi-
vidual changing status or moving to another neighborhood are
considered. Within the literature, there is robust evidence link-
ing mental health disorders to social context.12 These associa-
tions include social deprivation,13-21 social disorganization,21

social fragmentation,20,21 social marginalization,21 social
capital,22 residential mobility,21,23 income inequality,14 eth-
nic fragmentation,13,21 and physical illness.24 Childhood de-
privation and adulthood depression are positively associated
with each other,25-29 supporting the hypothesis of accumula-
tion over time (ie, higher neighborhood-level income depri-
vation and more residential movement during childhood are
associated with greater likelihood of receiving a depression di-
agnosis in adulthood). It is likely that deprivation in itself does
not causally influence the risk of developing depression; rather,
deprivation is probably 1 marker that, together with others,
can be used to explain the incidence of depression.

Studies in Europe, North America, and China have found
that children who move more frequently from birth until their
mid-teens are more likely to subsequently experience a range
of adverse outcomes, including attempted suicide, violent

criminality, mental illness (mood, personality, and anxiety
disorders), and substance misuse, with higher rates of both
natural and unnatural deaths when followed up into middle
age.30-35 These associations persist after accounting for ma-
jor life events36 but are likely to be confounded by unmea-
sured adverse childhood experiences.30 In terms of mecha-
nisms, it is postulated that residential mobility can disrupt
social networks, emotional ties, family routines, and school-
ing. It can be especially stressful for all family members
if the move is involuntary.37 Overall, these findings highlight
the importance of considering childhood residential mobility
as a potential risk factor for mental illness in later life.

To address these evidence gaps, we conducted this study
using interlinked national Danish registers.38 We aimed to test
the hypothesis that higher neighborhood-level income depri-
vation and more residential movement during childhood are
associated with greater likelihood of receiving a depression di-
agnosis in adulthood.

Methods
Data Sources
Study Population
All 1 096 916 individuals born in Denmark between January 1,
1982, and December 31, 2003, and residing in Denmark dur-
ing childhood (birth to 15 years of age) with both parents born
in Denmark were identified through the Danish Civil Regis-
tration System.38 The system uses a unique personal identi-
fication number for all residents, providing data on sex, birth
date, parental identification numbers, and continuously up-
dated data on vital status and residential address. Residential
addresses, geocoded at a 1-m spatial resolution, are lawfully
updated within 5 days of moving, ensuring accurate and com-
plete longitudinal records for most Danish residents. The Dan-
ish Data Protection Agency approved the study, with data ac-
cess agreed on by the Danish Health Data Authority and
Statistics Denmark. Data were analyzed on Statistics Den-
mark’s secure research platform using pseudoanonymized
data. Because the study was based exclusively on registry data,

Key Points
Question Are certain neighborhood deprivation trajectories
and moving during childhood associated with depression in
adulthood?

Findings This cohort study found that individuals who lived
in neighborhoods during childhood that were more income
deprived were more likely to develop depression in adulthood.
The experience of moving during childhood, whether living in a
deprived or nondeprived neighborhood, was associated with
significantly higher rates of depression in adulthood compared
with those who did not move.

Meaning This study suggests that rather than solely high
neighborhood income deprivation in childhood being associated
with onset of depression during adulthood, a settled home
environment in childhood may have a protective association.
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informed consent from cohort members was not required in
accordance with Danish legislation. This cohort study fol-
lowed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline. The
hypotheses were formulated before data collection.

Depression
A total of 35 098 individuals aged 15 years or older with a dis-
charge diagnosis of depression were identified from the Psy-
chiatric Central Research Register.39 This registry has re-
corded all discharge diagnoses from psychiatric hospitals since
1969. Diagnoses were made using the International Classifi-
cation of Diseases, Eighth Revision (ICD-8) until 1993 and the
International Statistical Classification of Diseases and Related
Health Problems, Tenth Revision (ICD-10) from 1994 onward for
all inpatient contacts. Outpatient and emergency depart-
ment contacts have been included since 1995. We identified
all incident depression diagnoses (ICD-8 codes 296.09, 296.29,
298.09, and 300.49; ICD-10 codes F32-F33) during follow-
up. These patients comprise the subset of those with more
severe depression of all depression cases in Denmark,40 ex-
cluding those solely diagnosed in primary care settings.

Income Deprivation Index
An income deprivation measure was calculated for each co-
hort member. Details of this method appear in the eMethods
in Supplement 1.

Covariates
Covariates included age, sex, and maternal and paternal age
at cohort member’s birth in 6 age groups (12-19, 20-24, 25-29,
30-34, 35-39, and ≥40 years). We also calculated the number
of residential changes (0, 1, or ≥2 moves) between 10 and 15
years of age. Linking to the Psychiatric Central Research
Register,39 we obtained information on maternal and pater-
nal history of mental health. These were classified hierarchi-
cally as any history of severe mental disorder (ICD-8 codes
295.x9, 296.x9, 297.x9, 298.09, 298.19, 298.29-298.99,
299.04-299.05, 299.09, 300.49, 301.19, and 301.83; ICD-10
codes F20-39), other mental disorder (ICD-8 codes 290-315;
ICD-10 codes F00-F99), or no mental disorder present. For each
parent, we also defined somatic illness as any comorbidity
listed in the comorbidity index developed by Charlson et al41

(eTable 1 in Supplement 1) based on all discharge diagnoses re-
corded in the Danish National Patient Register.42 By linking to
the Central Crime Register,43 which has registered all judicial
verdicts and police decisions related to criminal charges since
1978, we defined parental imprisonment as a parent with a cus-
todial sentence (one imposing mandatory detainment of the
convicted individuals, either in prison or in some other closed
therapeutic and/or educational institution). We further col-
lected information about parental socioeconomic status from
registries at Statistics Denmark.44,45 We defined parental in-
come (by age, sex, and calendar year–specific quartiles on the
basis of the entire population), highest educational level
achieved (basic education [compulsory education for those
aged 6-16 years], short or medium education [postcompul-
sory education before higher education degrees], or higher edu-

cation), and employment status (employed, unemployed, or
outside the workforce). Finally, we included information on
parental death (from any cause). All covariates were defined
at or shortly before the individual reached 15 years of age.

Statistical Analysis
Statistical analysis was performed from June 2022 to January
2024. We followed up with individuals from 15 years of age until
death, emigration from Denmark, depression diagnosis, or
December 31, 2018, whichever came first. Data were ana-
lyzed using multilevel log-linear Poisson regression models
with both individual-level and neighborhood-level variables,
data zone as a random intercept,46 and with the logarithms of
the aggregated person-years count set as an offset variable. This
is equivalent to the Cox proportional hazards regression model,
assuming piecewise constant incidence rates47,48 and allow-
ing for a random intercept for each data zone.49 Multilevel sur-
vival models enable researchers to make valid inferences
when examining both individual-level and neighborhood-
level factors associated with disease risk.49 All statistical
analyses were conducted using R, version 4.0.4 (R Project for
Statistical Computing). The models were fitted using a Markov
chain Monte Carlo method with the brm function in the brms
package for R, version 2.17.0. We used 5 chains with 2500 it-
erations each with a burn-in of 500 iterations, leaving 10 000
iterations for estimation. Incidence rate ratios (IRRs) mea-
sure the association with outcomes of a 1-SD increase in the
variable under investigation. First, we estimated the basic IRR
with 95% credible intervals (95% CrIs) including only age
and sex and their interaction. Next, we included all individual-
level covariates in a fully adjusted model.

Wedefineddatazonesatthestartoffollow-upandcalculated
the general contextual association of data zones using the me-
dian IRR based on the formula used by Austin et al.46 We fitted
a basic model as well as a fully adjusted model (with and with-
out the mean income deprivation index during childhood).

We defined “stayers” as individuals who lived in the same
data zone during their entire childhood (ie, each year from birth
to 15 years of age) and “movers” as those who lived in 2 or more
different data zones. In sensitivity analyses, we censored for
either substance use disorders (ICD-10 code F10) or schizo-
phrenia spectrum disorders (ICD-10 codes F20-29) to evalu-
ate the association of comorbidities with outcomes.

Results
A total of 1 096 916 individuals (563 864 male participants
[51.4%] and 533 052 female participants [48.6%]) were fol-
lowed up from 15 years of age. During follow-up, 35 098 indi-
viduals (11 370 male participants [32.4%] and 23 728 female
participants [67.6%]) received a diagnosis of depression.

After full adjustment for individual-level risk factors for
depression, lower parental income, employment status, and
educational level were significantly associated with higher in-
cidence of depression in adulthood (Table 1). Young maternal
age and, to a lesser extent, paternal age at birth were also as-
sociated with elevated risk in adulthood. A fully adjusted IRR
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of 1.61 (95% CrI, 1.52-1.70) was observed for 2 or more residen-
tial moves between 10 and 15 years of age when compared with
the reference group with zero moves.

Table 2 reports heterogeneity in the incidence rate of de-
pression risk across data zones for the whole of Denmark: the
general contextual association. This multilevel analysis re-

Table 1. Individual-Level Risk Factors for Depression

Characteristic

No. of individuals
with a diagnosis
of depression

Incidence rate
per 10 000
person-years

Incidence rate ratio (95% CrI)
Basic individual-level
adjustmenta

Full individual-level
adjustmentb

Residential changes
(aged 10-15 y)

0 30 636 30.7 1 [Reference] 1 [Reference]

1 3099 48.4 1.56 (1.51-1.62) 1.40 (1.35-1.46)

≥2 1363 62.5 1.99 (1.88-2.09) 1.61 (1.52-1.70)

Parental history of mental
disorders, No. of parents

0 27 929 29.1 1 [Reference] 1 [Reference]

1 3824 52.3 1.77 (1.71-1.84) 1.56 (1.50-1.61)

2 3345 66.9 2.26 (2.18-2.34) 2.00 (1.93-2.08)

Paternal age at birth, y

12-19 350 48.0 1.46 (1.31-1.63) 1.07 (0.95-1.20)

20-24 4409 36.9 1.17 (1.13-1.21) 1.03 (1.00-1.07)

25-29 11 576 31.5 1 [Reference] 1 [Reference]

30-34 10 683 30.4 0.97 (0.94-0.99) 0.99 (0.96-1.01)

35-39 5485 33.0 1.05 (1.02-1.09) 1.03 (1.00-1.07)

≥40 2595 36.7 1.16 (1.12-1.21) 1.07 (1.02-1.12)

Maternal age at birth, y

12-19 1166 47.7 1.55 (1.46-1.65) 1.22 (1.14-1.31)

20-24 8287 35.0 1.15 (1.12-1.18) 1.07 (1.04-1.11)

25-29 13 479 30.4 1 [Reference] 1 [Reference]

30-34 8739 31.4 1.03 (1.01-1.06) 1.02 (0.99-1.05)

35-39 2975 34.0 1.12 (1.08-1.17) 1.04 (1.00-1.09)

≥40 452 36.6 1.20 (1.09-1.32) 1.04 (0.94-1.14)

Parental Charlson
comorbidities

No 28 811 31.1 1 [Reference] 1 [Reference]

Yes 6287 40.4 1.29 (1.26-1.33) 1.16 (1.12-1.19)

Parental imprisonment

No 32 880 31.8 1 [Reference] 1 [Reference]

Yes 2218 46.2 1.42 (1.36-1.48) 1.01 (0.96-1.05)

Parental death

No 33 643 32.0 1 [Reference] 1 [Reference]

Yes 1455 47.4 1.46 (1.39-1.54) 0.95 (0.84-1.08)

Parental income quartile

Q1 (lowest) 3702 42.8 1.55 (1.49-1.61) 1.22 (1.17-1.27)

Q2 7630 35.9 1.29 (1.25-1.33) 1.20 (1.17-1.24)

Q3 10 287 31.7 1.13 (1.10-1.16) 1.10 (1.07-1.13)

Q4 (highest) 12 222 28.3 1 [Reference] 1 [Reference]

Unknown 1257 47.0 1.66 (1.57-1.76) 1.03 (0.90-1.18)

Parental educational level

Basic education 3188 44.1 1.45 (1.39-1.51) 1.09 (1.04-1.14)

Short or medium
education

19 140 31.4 1.04 (1.02-1.07) 0.95 (0.93-0.98)

Higher education 10 661 30.1 1 [Reference] 1 [Reference]

Unknown 2109 44.5 1.47 (1.40-1.54) 1.04 (0.96-1.12)

Parental employment status

Employed 31 907 31.3 1 [Reference] 1 [Reference]

Unemployed 471 49.0 1.56 (1.42-1.71) 1.08 (0.98-1.19)

Outside the workforce 1068 58.9 1.85 (1.74-1.97) 1.13 (1.05-1.20)

Unknown 1652 47.5 1.50 (1.43-1.58) 1.25 (1.10-1.41)

Abbreviations: CrI, credible interval;
Q, quintile.
a Adjusted for age and sex

(and their interaction).
b Adjusted for age and sex

(and their interaction) and all other
individual-level covariates
(ie, residential changes [aged 10-15
years]), parental history of mental
disorder, parental ages at birth,
parental Charlson Comorbidity
Index, parental imprisonment,
parental death, parental income,
parental educational level,
and parental employment status.
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ports a median IRR of 1.24 (95% CrI, 1.22-1.25) after full ad-
justment, which is a geographic association. This association
could be real, or it could be an artifact of differential regional
reporting.

Figure 1 shows basic and full adjustment of our income de-
privation index at each age from birth to 15 years of age and
demonstrates a small but consistent association that greater
neighborhood income deprivation at any age during upbring-
ing is associated with increased depression risk. The IRR, rep-
resenting the accumulated association of neighborhood in-
come deprivation during childhood with risk of depression, was
1.10 (95% CrI, 1.08-1.12). After full individual-level adjust-
ment, it was 1.02 (95% CrI, 1.01-1.04), which is higher than any
individual year shown in Figure 1. This finding can be inter-
preted as a 1-SD increase in income deprivation exposure dur-
ing the first 15 years of life and is associated with a 2% in-
crease in depression. This finding also indicates that there is
a small but significant and measurable association between
neighborhood-level deprivation and depression in adult-
hood. Almost identical results were observed when censor-
ing for substance use disorders or schizophrenia spectrum
disorder (eTable 2 in Supplement 1).

Table 3 shows adulthood depression by change in the in-
come deprivation index from birth to 15 years of age, disag-
gregated by quintiles. After full adjustment, an association with
depression in adulthood was found of being born in a neigh-
borhood with lower mean income deprivation (quintile 1 [Q1])
but residing in a neighborhood with higher mean income de-
privation (Q5) at 15 years of age, when the IRR shifts from the
reference 1.00 to 1.18 (95% CrI, 1.06-1.32). This finding sug-
gests that being born in a Q1 neighborhood but residing in a
Q5 neighborhood at 15 years of age is associated with 18%
higher rates of depression. Conversely, being born in a Q5 neigh-
borhood but residing in a Q1 neighborhood at 15 years of age
results in an IRR of 1.13 (95% CrI, 1.02-1.22) or a 13% higher
depression rate than the reference category. For this same Q5
group, no significant additional neighborhood-level associa-
tion was found after adjusting for individual-level factors if the
person resided in a Q5 neighborhood at both birth and 15 years
of age. There are significant downward trajectories for those
born in a Q1 neighborhood but moving to lower quintiles by
15 years of age. Conversely, we observed lower IRRs for those
born in lower quintiles but moving to a Q1 or Q2 neighbor-
hood by 15 years of age.

Concerning the association of residential moves during
childhood with adulthood depression diagnosis, we
observed an IRR of 1.40 (95% CrI, 1.35-1.46) for 1 move
and 1.61 (95% CrI, 1.52-1.70) for 2 or more moves after full
adjustment for individual-level covariates. Figure 2 shows
the cumulative income deprivation score during childhood
after basic and full adjustment, comparing stayers vs
movers, and it shows a marked difference between the
stayer and mover groups. It appears that no matter whether
living in a more- or less-deprived neighborhood during
childhood, staying is potentially protective against adult-
hood depression.

Discussion
To our knowledge, this is the first study to examine the
association of neighborhood-level income deprivation dur-
ing childhood with adulthood depression in Denmark. We have
high statistical power in a complete national cohort with very
low attrition. There are international studies that consider
this association, but they did not capture information as richly
at the individual level and a whole national cohort was not
examined.11,13,14 Local variation or heterogeneity in depres-
sion rates between data zones across Denmark was observed,
as expected.

Our analysis has shown that depression risk in adulthood
is higher for individuals who lived in more deprived neigh-
borhoods during childhood (IRR, 1.10 [95% CrI, 1.08-1.12]),
which was attenuated after full individual-level adjustment
(IRR, 1.02 [95% CrI, 1.01-1.04]). A 1-SD increase in income de-
privation exposure was associated with a 2% increase in de-
pression incidence after full adjustment. We did not find any
specific age group during childhood that was more strongly
associated with depression in adulthood, but we found that
greater neighborhood income deprivation at any age during
upbringing was consistently associated with increased depres-
sion risk, implying that no particular age at exposure during
childhood is more strongly associated with subsequent de-
pression risk, pointing toward an exposure accumulation hy-
pothesis.

We observed 1.61 times the risk of developing depression
in adulthood, after full adjustment, if a child moved more
than once between 10 and 15 years of age. Following an ear-

Table 2. General and Specific Contextual Associations With Depression Risk

Depression

General contextual association across data zones,
2 competing measures Specific contextual association

of accumulated neighborhood-level
deprivation during childhood, IRR (95% CrI)aRandom variance (95% CrI) Median IRR (95% CrI)b

Basic individual-level adjustmentc 0.06 (0.05-0.07) 1.26 (1.24-1.28) 1.10 (1.08-1.12)

Full individual-level adjustmentd 0.05 (0.04-0.06) 1.24 (1.22-1.25) 1.02 (1.01-1.04)

Abbreviations: CrI, credible interval; IRR, incidence rate ratio.
a The IRR measures the association of a 1-SD increase in accumulated

deprivation during childhood.
b The median IRR quantifies the variation between data zones (clusters)

by comparing 2 identical individuals from 2 randomly chosen data zones.
Consider 2 people with the same covariates chosen randomly from different
data zones: the median IRR is the median between the person with the higher

incidence rate and the person with the lower incidence rate.
c Adjusted for age and sex (and their interaction).
d Adjusted for age and sex (and their interaction), residential changes

(aged 10-15 years), parental history of mental disorder, parental ages at birth,
parental Charlson comorbidities, parental imprisonment, parental death,
parental income, parental educational level, and parental employment status.
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lier study,50 we then divided our cohort into movers and
stayers. We report a key finding that the experience of mov-
ing during childhood, whether living in a deprived or nonde-
prived neighborhood, is associated with significantly higher
rates of depression in adulthood compared with not moving
after adjusting for socioeconomic status and multiple
individual- and family-level confounders. Our results show
that not moving during childhood is potentially protective
against subsequently developing depression. Other investi-
gators have also reported that childhood residential mobility
is associated with mental illnesses in Denmark but for differ-
ent time periods, and those studies did not explicitly explore
neighborhood deprivation.32,34 We postulate that it is not
the move, per se, but rather the change of neighborhood
that is disruptive. The association of the distance of the
move with schizophrenia risk has been investigated, with
local changes of address evidently having a negligible asso-
ciation compared with intermunicipality moves.51 A fixed
place of residence during childhood could be an indicator of
a stable family or that individuals and families have stronger
roots in their neighborhoods. These are the aspects of social
support systems (such as trust and exchange of favors from
neighbors, schools, and social, sporting, and religious orga-
nizations) that create a feeling of belonging and being con-
nected, collectively known as social capital.6 In terms of
policy implications, our findings add to the international
evidence suggesting designing urban neighborhoods that
support positive mental health, which specifically provide
opportunities to enhance social structure in local neighbor-
hoods.

There are many potential reasons why moving in child-
hood might be associated with a later likelihood of develop-
ing depression. Children of a family that is unstable, perhaps
with relationship breakups or loss of employment, are more
likely to need to move. The move itself could sever social ties

and contribute to the breakdown of informal and formal so-
cial support services, including schooling. We acknowledge
that the wider social determinants of health are highly com-
plex, and we do not have full information about the child-
hood life events of our participants to establish a causal
pathway, but the importance and complexity of potential
child-parent trajectories after separation and the association
with mental health have been illustrated elsewhere.52-54

Limitations
This study had several limitations. First, the cases were
identified from the Psychiatric Central Research Register, in
which diagnoses are made in specialist secondary care set-
tings, thereby representing the more severe end of the
depression spectrum. This is a relatively small subset of all
diagnosed cases of depression, most of which are made in
primary care by general practitioners.40 Conversely, our
stringent criteria likely ensure diagnostic accuracy. We
would speculate that the findings would hold, albeit with a
weaker observed association, if individuals who received a
diagnosis in primary care were included. Second, after
adjusting from basic- to full-level associations in the analy-
sis, the apparent influence of neighborhood remains, but the
association is attenuated. Thus, there might be some degree
of undetected residual confounding due to imperfectly
characterizing neighborhoods, imperfect measurement of
covariates, or because key potential confounders were not
included. Third, the definition of moving in the Danish regis-
ters, while better than in most studies, cannot fully capture
the complexity of blended families. We are cognizant that,
for example, in a situation where a family breakup leads to 2
parental homes, the Danish registration system will only rec-
ord 1 address per child and not fully record the true lived
experience of the children affected, where they might alter-
nate between homes on a weekly or biweekly basis.

Figure 1. Income Deprivation Index Incidence Rate Ratios for Each Year of Childhood
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Incidence rate ratios measure the associations of a 1-SD increase in the income
deprivation index at each age with depression in adulthood. In the basic model
(A), incidence rate ratios were adjusted for age and sex (and their interaction),
and in the fully adjusted model (B), incidence rate ratios were adjusted
for age and sex (and their interaction), residential changes (aged 10-15 years),

parental history of mental disorder, parental ages at birth, parental Charlson
comorbidities, parental imprisonment, parental death, parental income,
parental educational level, and parental employment status. The circles
indicate the incidence rate ratios, and the error bars indicate the 95% credible
intervals.

Research Original Investigation Income Deprivation Over Time, Moving in Childhood, and Adult Risk of Depression

E6 JAMA Psychiatry Published online July 17, 2024 (Reprinted) jamapsychiatry.com

Downloaded from jamanetwork.com by guest on 07/24/2024

http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2024.1382


Conclusions

This study suggests that rather than solely low neighborhood
income deprivation in childhood being associated with onset
of depression during adulthood, a settled home environment
in childhood may have a protective association. Future re-
search can examine whether alternative deprivation mea-

sures, such as educational or composite indices, function
similarly to our income deprivation index. It will be crucial to
uncover causal mechanisms between childhood experiences
at the individual and neighborhood levels and adult depres-
sion. To explore neighborhood social connections, using
voting participation rates as a proxy for social capital is an op-
tion. A further question worth investigating is whether the dis-
tance of a move during childhood makes a difference in adult

Table 3. Association of Change in Income Deprivation Index From Birth to 15 Years of Age With Adulthood Depression

Income deprivation
at birtha

Income deprivation index at 15 y (95% CrI)a

Q1 Q2 Q3 Q4 Q5
Trend estimate
(95% CrI)b

Basic individual-level adjustmentc

Q1 (lowest) 1 [Reference] 1.11 (1.03-1.19) 1.25 (1.14-1.37) 1.31 (1.18-1.45) 1.42 (1.27-1.58) 1.45 (1.33-1.58)

Q2 1.05 (0.98-1.12) 1.07 (1.00-1.13) 1.14 (1.06-1.22) 1.18 (1.08-1.27) 1.31 (1.19-1.44) 1.24 (1.14-1.35)

Q3 1.15 (1.06-1.24) 1.07 (1.00-1.14) 1.13 (1.06-1.20) 1.14 (1.07-1.22) 1.23 (1.14-1.33) 1.11 (1.02-1.20)

Q4 1.25 (1.15-1.37) 1.16 (1.08-1.24) 1.11 (1.04-1.18) 1.13 (1.06-1.20) 1.23 (1.15-1.32) 1.01 (0.92-1.09)

Q5 (highest) 1.25 (1.16-1.34) 1.38 (1.28-1.48) 1.21 (1.13-1.30) 1.22 (1.15-1.31) 1.24 (1.16-1.32) 0.94 (0.88-1.02)

Trend estimatec 1.28 (1.19-1.37) 1.23 (1.14-1.32) 1.00 (0.92-1.08) 0.99 (0.91-1.07) 0.91 (0.83-0.98) NA

Fully individual-level adjustmentd

Q1 (lowest) 1 [Reference] 1.06 (0.98-1.13) 1.11 (1.02-1.22) 1.12 (1.01-1.24) 1.18 (1.06-1.32) 1.19 (1.09-1.30)

Q2 1.01 (0.95-1.08) 1.02 (0.96-1.08) 1.05 (0.99-1.13) 1.03 (0.94-1.11) 1.08 (0.98-1.18) 1.07 (0.98-1.16)

Q3 1.07 (0.99-1.16) 1.00 (0.94-1.07) 1.04 (0.98-1.11) 1.02 (0.95-1.09) 1.03 (0.95-1.12) 0.99 (0.91-1.08)

Q4 1.15 (1.06-1.25) 1.05 (0.98-1.13) 1.00 (0.94-1.07) 1.01 (0.95-1.08) 1.06 (0.99-1.14) 0.95 (0.87-1.03)

Q5 (highest) 1.13 (1.05-1.22) 1.17 (1.08-1.26) 1.04 (0.97-1.11) 1.06 (0.99-1.13) 1.04 (0.98-1.11) 0.90 (0.84-0.97)

Trend estimatee 1.15 (1.07-1.23) 1.10 (1.02-1.18) 0.93 (0.86-1.01) 0.99 (0.91-1.07) 0.93 (0.85-1.01) NA

Abbreviations: CrI, credible interval; NA, not applicable; Q, quintile.
a Disaggregated by quintiles.
b For each income deprivation index at birth, the trend estimate measures the

association with depression of Q5 income deprivation index at 15 years of age
vs Q1 income deprivation index at 15 years of age.

c Adjusted for age and sex (and their interaction).
d Adjusted for age and sex (and their interaction), residential changes

(aged 10-15 years), parental history of mental disorder, parental ages at birth,
parental Charlson comorbidities, parental imprisonment, parental death,
parental income, parental educational level, and parental employment status.

e For each income deprivation index at 15 years of age, the trend estimate
measures the association with depression of Q5 income deprivation index
at birth vs Q1 income deprivation index at birth.

Figure 2. Association of Adult Depression With Cumulative Income Deprivation Score During Childhood by Stayers and Movers
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adjusted for age and sex (and their interaction), residential changes

(aged 10-15 years), parental history of mental disorder, parental ages at birth,
parental Charlson comorbidities, parental imprisonment, parental death,
parental income, parental educational level, and parental employment status.
The error bars indicate the 95% credible intervals.

Income Deprivation Over Time, Moving in Childhood, and Adult Risk of Depression Original Investigation Research

jamapsychiatry.com (Reprinted) JAMA Psychiatry Published online July 17, 2024 E7

Downloaded from jamanetwork.com by guest on 07/24/2024

http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2024.1382


depression. Is a move to the next road the same as moving
across the country? Conceptually, moving beyond the
local neighborhood, possibly changing schools, should dis-

rupt social capital more than a local move. Or does transition-
ing between urban and rural areas warrant further explora-
tion?
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