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ABSTRACT
Objectives Rising income inequality is a potential risk 
factor for poor mental health, however, little work has 
investigated this link among mothers. Our goal was to 
determine if neighbourhood- level income inequality was 
associated with maternal mental health over time.
Design Secondary data analysis using a retrospective 
cohort study design.
Setting and participants Data from the All Our Families 
(AOF) ongoing cohort study in the city of Calgary 
(Canada) were used, with our sample including 2461 
mothers. Participant data were collected at six time 
points from 2008 to 2014, corresponding to <25 weeks 
of pregnancy to 3 years post partum. AOF mothers 
were linked to 196 geographically defined Calgary 
neighbourhoods using postal code information and 2006 
Canada Census data.
Main outcome measures Anxiety symptoms measured 
using the Spielberger State Anxiety Inventory, and 
depressive symptoms measured using the Edinburgh 
Postnatal Depression Scale and the Centre for 
Epidemiologic Studies- Depression Scale.
Results Multilevel regression modelling was used to 
quantify the associations between neighbourhood- level 
income inequality and continuous mental health symptoms 
over time. For anxiety symptoms, the interaction term 
between neighbourhood Gini and time was significant 
(β=0.0017, 95% CI=0.00049 to 0.0028, p=0.005), 
indicating an excess rate of change over time. Specifically, 
a SD increase in Gini (Z- score) was associated with an 
average monthly rate increase in anxiety symptom scores 
of 1.001% per month. While depressive symptom scores 
followed similar longitudinal trajectories across levels of 
income inequality, we did not find significant evidence 
for an association between inequality and depressive 
symptoms. There was no evidence of a cross- level 
interaction between inequality and household income on 
either outcome.
Conclusion Income inequality within neighbourhoods 
appears to adversely impact the mental health trajectories 
of pregnant and new mothers. Further research is 
needed to understand the mechanisms that explain this 
relationship, and how interventions to reduce income 
inequality could benefit mental health.

INTRODUCTION
Mental illness presents a substantial burden 
for public health in Canada, with approxi-
mately one in five Canadians1 experiencing 
mental illness during their lifetime. Mental 
illness places considerable strain on the 
Canadian economy, with an estimated cost 
of US$49 billion per year in direct healthcare 
costs, out- of- pocket expenses, lost produc-
tivity, declines in overall quality of life, and 
premature mortality.1 2 Those with mental 
illness are at higher risk of developing comor-
bidities,1 2 and experience lower life expec-
tancy compared with the general population.1 
Women consistently experience higher 
burdens of mental illness compared with 
men,3 4 with estimates of Canadian anxiety 
and depression demonstrating higher preva-
lence of these disorders among women (3.2% 
and 5.8%) vs men (2.0% and 3.6%).3 Women 
also experience these conditions as comorbid-
ities more commonly than men.1 5 Estimates 
from samples of mothers suggest especially 
high prevalence of anxiety (15.0%–18.2%) 
and depression (18.5%–22.0%) among preg-
nant mothers,5 and depression (10%–42%) 
among mothers of young children.6 7 This 

Strengths and limitations of this study

 ► The study used longitudinal data, which encom-
passed a 6- year period and included six distinct data 
collection time points.

 ► The study considered income inequality at the 
neighbourhood level, which provided a broader 
range of inequality than previous studies at the pro-
vincial level.

 ► The dataset did not include information on partici-
pant residence following baseline.

 ► Outcome measures were based on self- report 
screening tools to assess levels of anxiety and de-
pressive symptomatology.
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high burden is worrisome, as maternal mental illness is 
both detrimental to maternal health, and has been linked 
to emotional and behavioural issues among their young 
children.5 6 8

In addition to individual risk factors for mental illness, 
such as income and education,9 10 the social determi-
nants of health including the characteristics of the envi-
ronment where individuals live could play an important 
role.10 11 One such social determinant is income 
inequality, or the unequal distribution of incomes in a 
given area.10–12 As income inequality increases, invidious 
social comparisons could emerge between individuals 
and groups.11 12 These social comparisons could lead to 
feelings of shame, isolation, and ultimately poor mental 
health.4 11 12 Income inequality might also erode social 
cohesion, which has been identified as a protective factor 
for adverse mental health,13 resulting in a breakdown in 
trust between members of a neighbourhood or commu-
nity.11 12 Although evidence has suggested a lag- period 
between exposure to income inequality and the onset 
of poor health via these mechanisms,14 15 a time frame 
for mental health outcomes among women and mothers 
has not been specified. Thus, longitudinal data for these 
populations are needed.

Mothers are likely especially susceptible to the mecha-
nisms of stressful social comparisons and eroding social 
cohesion due to gendered life experiences and social 
networks. Research indicates that women tend to place 
more value on the collective (ie, others) than the self, 
compared with men,16 and thus may be especially suscep-
tible to social comparisons with others as they transi-
tion to parenthood and worry about being perceived as 
a ‘perfect parent’.5 17 Women’s social networks are also 
typically comprised of more local connections (eg, family, 
friends, neighbours) compared with men,18 19 suggesting 
that the erosion of support at the scale of neighbour-
hoods could be especially detrimental. For example, 
a study of inner- city mothers in London reported that 
those who had adequate social support at baseline and 
then lost that support over time had an elevated risk of 
experiencing depression.19 20 It is possible, then, that 
the erosion of social cohesion engendered by income 
inequality over time could present barriers for pregnant 
and new mothers in accessing their social networks and 
supports, resulting in heightened stress, isolation, and 
adverse mental health.

A recent review4 found that the majority of studies 
linking income inequality and depression reported signif-
icant associations between higher inequality and risk of 
depression, with a pooled risk ratio of 1.19 (95% CI=1.07 to 
1.31). Various studies at the neighbourhood and commu-
nity levels have also found significant associations between 
inequality and psychological and emotional distress,21 22 
self- esteem and anger,23 depression and depressive symp-
toms,24 25 and anxiety symptoms.26 27 However, some 
studies at the neighbourhood level reported no signifi-
cant link between inequality and mental disorders.28–30 
The implications of current findings are limited, as many 

of these studies are cross- sectional.21–29 More longitudinal 
studies at the neighbourhood level are needed to further 
clarify these associations.

Research linking income inequality to maternal mental 
health, while sparse, has also yielded some insights. To 
our knowledge, only one study has focused specifically on 
mothers.31 This study of American mothers with children 
aged 26–48 months found that those living in moder-
ately unequal states (Gini=0.416–0.430) had 40% higher 
odds of experiencing depression compared with those 
living in low inequality states (Gini≤0.415), with stronger 
impacts felt among low income mothers.31 As this study 
is cross- sectional and based on data from several decades 
ago, more contemporary research with this population is 
needed. Additionally, no studies have included pregnant 
women as a distinct population, despite the unique phys-
iological and social changes that they experience as they 
transition to parenthood.5

The current study addresses gaps in the literature by 
conducting a longitudinal study using retrospective 
cohort data of neighbourhood- level income inequality 
and mental health outcomes specifically among pregnant 
and new mothers. This multilevel approach allowed us to 
account for various individual and area- level risk factors of 
poor mental health that are potentially linked to changes 
in income inequality,4 9 10 32 and consider the temporal 
and potentially lagged impacts of inequality on maternal 
mental health. Based on previous findings,4 24–27 31 we 
hypothesised that greater inequality would be associated 
with more severe anxiety and depressive symptomatology, 
and that these impacts would be more severe among 
those with less absolute household income.

METHODS
Patient and public involvement
Study participants or the public were not involved in the 
design, analysis, and interpretation of this study.

Sample
Maternal data are from the All Our Families (AOF) study, 
an ongoing community- based cohort of mothers living 
in Calgary, the largest city in the province of Alberta, 
Canada.33 34 Participants have similar demographic char-
acteristics compared with other parenting women in 
Calgary, but are more likely to be married and have higher 
household income. Longitudinal data from women 18 
years and older were collected via questionnaires admin-
istered between 2008 and 2014 at six time points: <25 
weeks and 34–36 weeks pregnant, and 4 months and 1, 2 
and 3 years post partum. The AOF investigators defined 
women as continuing participants if they completed at 
least one follow- up survey during the 1, 2 and 3- year post-
partum follow- up points. Thus, not all AOF participants 
sampled at baseline have outcome data at each subse-
quent collection point. Of the initial 3387 participants, 
those who were retained during follow- up tended to be 
older, richer, more highly educated, in a relationship, 
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speak primarily English at home, and native to Canada, 
compared with those who actively withdrew (n=235) or 
were lost to follow- up (n=669).34

In total, 2461 AOF mothers could be linked to 196 
Calgary neighbourhoods via postal code information 
provided at baseline, and were not missing baseline data 
on mental health outcomes and key individual- level 
covariates. These mothers formed our main analytical 
sample. To account for prior experience of anxiety, a 
subsample was generated excluding mothers from our 
main sample who had elevated anxiety symptoms at base-
line (untransformed Spielberger State Anxiety Inventory 
(SSAI) cut- off score of ≥4035) to account for prior experi-
ence of anxiety. This process yielded a subsample of 2047 
mothers nested within 192 neighbourhood. Similarly, 
another subset was generated excluding mothers from 
our main sample who had elevated depressive symptoms 
at baseline (untransformed Edinburgh Postnatal Depres-
sion Scale (EPDS) cut- off score ≥1036) to adjust for prior 
experience of depression. This subset consisted of 2047 
mothers nested within 191 neighbourhoods.

Neighbourhoods for this study were characterised 
using 2006 Canadian Census data at the dissemination 
area (DA) level for the City of Calgary. DAs represent the 
smallest standard geographic units at which all Canadian 
census data are disseminated.37 These areas, which cover 
the entire territory of Canada and respect the bound-
aries of census tracts and subdivisions, typically encom-
pass populations of 400–700 individuals.37 Each DA was 
spatially linked to the corresponding Calgary community 
neighbourhoods, with many neighbourhoods encom-
passing multiple DAs. According to 2011 Calgary Civic 
Census data, residential Calgary community neighbour-
hoods range in population size from 1 to 19 851 residen-
tial dwellings.38

Measures
Area-level covariates
Neighbourhood- level income inequality was measured 
using Gini coefficients; a commonly used measure of 
income inequality ranging from 0.0 (perfect equality) 
to 1.0 (perfect inequality). Methods for calculating Gini 
coefficients have been described elsewhere.39 Values were 
calculated for the Calgary neighbourhoods using 2006 
after- tax income census data40 and standardised using 
z- transformation.

Economic neighbourhood characteristics included the 
proportion of households earning an annual income 
greater than US$100 000 as an indicator of neighbour-
hood socioeconomic status, as well as the proportion of 
households living below the after- tax low- income cut- off 
that serves as an indication of higher concentration of 
poverty.41 Demographic neighbourhood characteristics 
included were the proportion of individuals who identi-
fied as recent immigrants (immigrated to Canada between 
2001 and 2006) and those who identified as belonging to 
a visible minority (ie, non- Caucasian, not including indig-
enous or aboriginal peoples). These area- level measures 

were linked to AOF mothers using postal codes collected 
at baseline and were dichotomised using median scores 
as cut- offs.

Individual-level covariates
Baseline sociodemographic covariates included from 
the AOF dataset were household income, age, ethnicity, 
highest level of education completed, and marital status. 
Participants were categorised into higher (≥US$80 000 
per year) and lower (US$79 999 or less per year) incomes 
using AOF income categories. Baseline age was mean- 
centred and included as a continuous measure, and the 
remaining covariates were dichotomised. Follow- up time 
was characterised as the time in months from the first 
questionnaire to each subsequent data collection point.

Outcomes measures
From <25 weeks pregnant to 1- year post partum, depres-
sive symptoms were measured using the EPDS.36 42 This 
scale was designed to screen for depression in pregnant 
and early postpartum women7 36 and based on 10 items 
that assess depressive symptoms experienced over the 
past 7 days. The EDPS has demonstrated a sensitivity and 
specificity of 0.91 and 0.76, respectively, when screening 
for depression at 6–8 weeks following delivery.42 At 2 and 
3 years post partum, AOF investigators changed from 
the EPDS to the Centre for Epidemiological Studies- 
Depression (CES- D) scale. This scale was developed to 
assess depressive symptomatology in the general popu-
lation, based on 20 items of symptoms experienced in 
the past week.7 43 The CES- D demonstrated a sensitivity 
of 1.00 and a specificity of 0.65 among a sample of low 
income African American pregnant women and mothers 
when screening for major and minor depression.7

Continuous EPDS and CES- D depressive symptom 
scores were standardised using the percent of maximum 
possible (POMP) scaling method to create one contin-
uous measure of depressive symptomatology over the 
entire study period.44 Both scales measure similar key 
constructs of depression experienced in the past 7 days 
(depressed affect and positive affect),43 45 and both have 
been used in studies with pregnant and postpartum 
mothers.7 31 43 45 When comparing their performance, 
both scales demonstrated indistinguishable accuracy 
(group χ2=0.50, p=0.78) when screening for prenatal 
and postpartum depressive symptoms among a sample of 
African American mothers.7

Continuous anxiety symptom scores were measured 
using the SSAI, described previously.35 Scores are calcu-
lated using 20 items of how respondents feel ‘at this 
moment’. The SSAI has demonstrated sufficient construct 
validity with other anxiety scales, and sufficient test–retest 
reliability (test–retest coefficient of up to 0.86).35 As 
with depressive symptom scores, SSAI scores were stan-
dardised using the POMP scaling method.44 Both contin-
uous anxiety and depression outcome scores were log 
transformed to adjust for positively skewed distributions.
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Statistical analyses
Growth curve multilevel modelling with mixed- effect 
multiple linear regression was used to quantify the longi-
tudinal relationships between neighbourhood income 
inequality and maternal anxiety and depressive symptoms. 
First, intercept- only models were constructed to calculate 
intraclass correlation coefficients (ICCs). ICCs indicate 
how much variability of anxiety and depressive symp-
toms can be attributed to neighbourhood and individual 
levels. Subsequently, neighbourhood income inequality 
and time (model 1), individual- level covariates (model 
2) and neighbourhood- level characteristics (model 3) 
were added into the models. Cross- level interaction terms 
between income inequality, household income, and 
time (model 4) were added to determine if associations 
between income inequality and mental health differed 
across levels of household income. Quadratic and cubic 
parameters for time were tested to account for potential 
non- linear trajectories of anxiety and depressive symp-
toms over time. These parameters not statistically signif-
icant, however, and so only linear parameters for time 
were retained.

As prior experience of mental illness is often a strong 
risk factor for of recurrent mental illness,1 6 analyses of 
continuous anxiety symptoms over time were conducted 
using the sample of AOF mothers who did not have 
elevated anxiety symptoms at baseline (n=2047) to 
adjust for experience of anxiety prior to follow- up. Simi-
larly, analyses of continuous depressive symptoms were 
conducted using the sample of mothers without elevated 
depressive symptoms at baseline (n=2047) to adjust for 
experience of depression prior to follow- up. Analyses of 
anxiety and depressive symptoms were repeated using the 
full sample of mothers (n=2461), although these results 
did not differ from the above sets of analyses and thus are 
not presented.

Multilevel growth curve modelling allowed us to 
account for the clustering of repeated measured within 
mothers nested within neighbourhoods, and the inter-
cepts of maternal and neighbourhood covariates were 
allowed to vary. Furthermore, this analytical approach 
allowed us to adjust for multiple known confounders, and 
accommodate unequally spaced time points and missing 
outcome values over the course of follow- up.46 All statis-
tical tests were two sided (p≤0.05) and run using Stata 
(V.15.1) accessed via a secured virtual environment.47

RESULTS
Baseline characteristics of the two samples of AOF mothers 
are presented in table 1. A large proportion of mothers 
from both samples were married or common- law (95.5% 
and 95.6%), white (80.1% and 80.6%), higher income 
(73.1% and 73.5%), and had at least some postsecondary 
education (91.2% and 91.6%). The mean age was of the 
mothers in both samples was 30.8 years (SD=4.4). Neigh-
bourhood characteristics of the Calgary neighbourhoods 
captured in both samples are also presented in table 1. 

The mean neighbourhood Gini value for both samples 
was 0.35 (SD=0.06; range=0.20, 0.60), which is higher than 
2006 after- tax Gini estimates for both Alberta (0.31) and 
Canada (0.32).48 The two samples did not differ signifi-
cantly in terms of individual and area- level characteristics.

Anxiety and depressive symptom scores, as well as 
the proportions of mothers with elevated symptoms, 
are presented in table 2 for each data collection point. 
Tracking mothers from <25 weeks of pregnancy to 3 years 
post partum, mean anxiety and depressive symptom 
scores ranged from 13.4 to 17.5 and 11.2 to 13.9, respec-
tively, with both peaking at 34–36 weeks of pregnancy. 
Over the course of follow- up, the prevalence of mental 
health burden ranged from 10.0% to 13.1% for elevated 
anxiety and 7.9% to 9.1% for elevated depression. The 
cumulative incidence of first occurrence of elevated 
symptoms over the follow- up period was 267 cases/1000 
mothers for elevated anxiety and 210 cases/1000 mothers 
for elevated depression.

According to the intercept- only models for mothers 
without elevated anxiety symptoms at baseline (n=2047), 
the ICC for anxiety symptoms was 0.0042 (95% CI=0.00042 
to 0.040), meaning that 0.42% of the variance in anxiety 
symptoms was explained by area- level characteristics. For 
model 1, while neighbourhood Gini was not significantly 
associated with anxiety symptoms at baseline, there was a 
significant interaction between Gini and time in months 
(β=0.0017, 95% CI=0.00049 to 0.0028; p=0.005) indicating 
an excess rate of change in average anxiety symptom 
scores over time by level of inequality (table 3; figure 1A). 
In this model, a standardised deviation increase in income 
inequality was associated with an excess average monthly 
rate increase of 0.0017 log anxiety units (corresponding to 
a 1.001% increase in average anxiety scores) per month. 
This association remained consistent after adjusting for 
individual and neighbourhood- level covariates (models 2 
and 3), and was slightly attenuated but remained signifi-
cant when testing inequality and household income inter-
actions (model 4). There was no evidence of interaction 
between inequality and household income on changes in 
anxiety symptoms.

Among mothers without elevated depressive symptoms 
at baseline (n=2047), 0.27% of the variation is depres-
sive symptoms was explained by neighbourhood- level 
characteristics (ICC=0.0027; 95% CI=0.00019 to 0.037). 
For all models, we found no statistical evidence for a 
significant association between income inequality and 
changing depressive symptoms at baseline or over time, 
despite depressive symptoms demonstrating similar effect 
sizes and average score trajectories to anxiety symptoms 
(table 3; figure 1B). There was also no evidence of cross- 
level inequality and household income interactions for 
depressive symptoms.

DISCUSSION
To our knowledge, this current study is the first to inves-
tigate the relationships between income inequality 
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and mental health following mothers from pregnancy 
to several years post partum. This research builds on 
previous work demonstrating that increasing inequality is 
linked to poorer mental health among mothers of young 
children.31 Our results indicate that income inequality 
is associated with different rates of change of maternal 
mental health symptoms over time, with high levels of 
inequality relating to upward trends in average anxiety 
symptom scores (figure 1A). Our findings align with 
previous studies linking inequality to adverse mental 
health outcomes.21 22 24–28 In particular, two studies of 
adolescents in Iceland demonstrated associations between 
increasing community- level inequality and higher anxiety 
symptoms.26 27 These studies also did not find significant 
associations between inequality and changing depressive 
symptoms. Additionally, while we did not find evidence 
of an interaction effect between inequality and house-
hold income on mental health, our results still provide 
support for the income inequality hypothesis.11 21 27 If 
income inequality elicits poor mental health via social 
comparisons and eroding social cohesion, its impacts 
(eg, mistrust, social isolation, loss of social capital) would 
likely be felt by all members of a community, not just the 
poorest or most disadvantaged.11 12

Our results conflict with previous work reporting 
associations between income inequality and depression 
outcomes.4 24 25 31 A potential explanation is that height-
ened anxiety could be a more immediate response to 
high income inequality, while worsening depression 
could emerge through the more gradual erosion of 
social cohesion.11 12 27 The discrepancy could also be 
due to contextual differences, as much of the literature 
linking inequality and mental health is based in the USA.4 
Depression could be impacted by inequality more heavily 
in the USA, as the United States has notably high levels of 
inequality and poorer social safety nets.10 However, when 
comparing the estimated trajectories of average mental 
health symptom scores (figure 1) and model coefficients 
(table 3), we observed similar trajectories for depres-
sive and anxiety symptoms by level of neighbourhood 
income inequality despite a lack of statistical significance 
for depressive symptoms. From a practical standpoint, 
these trends suggest that higher levels of neighbourhood 
income inequality could be prompting the divergence 
of various mental health symptom trajectories over time. 
Targeted mental health screening of mothers living in 
especially unequal areas is one approach that could help 
identify and address this divergence.

Table 1 Baseline sociodemographic and neighbourhood characteristics of included ‘All Our Families’ cohort mothers without 
baseline elevated anxiety symptoms (n=2047) or elevated depressive symptoms (n=2047)

Maternal characteristics
Mothers without
baseline anxiety (n=2047)

Mothers without
baseline depression (n=2047) P value

Maternal ethnicity (%)

White 1639 (80.1%) 1650 (80.6%) 0.665

Non- white 408 (19.9%) 397 (19.4%)

Household Income (%)

US$80 000 or more 1497 (73.1%) 1505 (73.5%) 0.777

US$79 999 or less 550 (26.9%) 542 (26.5%)

Maternal education (%)

At least some post- secondary 1867 (91.2%) 1866 (91.6%) 0.956

High school or less 180 (8.8%) 181 (8.8%)

Marital status (%)

Married/common- law 1954 (95.5%) 1956 (95.6%) 0.880

Single/divorced/widowed 93 (4.5%) 91 (4.6%)

Maternal age (mean years/SD) 30.8 (4.4) range: 18–47 30.8 (4.4) range: 18–47 1.000

Neighbourhood characteristics Mean (SD) (n=192) Mean (SD) (n=191) P value

Gini coefficient 0.35 (0.06) range: 0.20–0.60 0.35 (0.06) range: 0.20–0.60 0.9154

Neighbourhood Income
Household above 100 k (%)

30.0% (15.8%) range: 3.3–75.7% 30.0% (15.8%) range: 3.3–75.7% 0.9714

LICO (%) 5.0% (5.5%) range : 0.0–53.3% 5.0% (5.5%) range: 0.0–53.3% 0.9346

Neighbourhood composition

Visible minority (%) 21.7% (16.7%) range: 0.0–81.9% 21.5% (16.1%) 0.0–79.5% 0.8816

Recent immigrant (%) 5.5% (4.3%) range: 0.0–26.8% 5.5% (4.3%) range: 0.0–26.8% 0.9711

LICO, low- income cut- off.
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Notably, the low level of variance in outcomes at the 
neighbourhood level suggests that area- level character-
istics such as income inequality can only account for a 
small portion of individual health outcomes.27 Further, 
the effect sizes of our statistically significant findings are 
relatively small in magnitude. However, even lower levels 
of mental health symptoms (eg, subclinical symptom 
levels) are of public health concern, as they have been 
identified as predictors of the onset of mental illness over 
time.49 In terms of exposures, as opposed to individual- 
level factors such as income or marital status, income 
inequality is a feature of the shared socioeconomic envi-
ronment meaning that everyone living within an unequal 
area is exposed to that inequality. Income inequality 
has also been linked to a variety of other health condi-
tions, including heart disease, poorer self- rated health 
and shorter life expectancy.11 12 Thus, while inequality 
might only explain a modest amount of variation for a 
given individual health outcome, it could impact a large 
range of health outcomes. As such, working to shift the 
distribution of exposure in a ‘healthier’ direction (ie, 
towards greater income equality) could present consider-
able population health benefits.50 When combining our 
findings with existing literature, there is sufficient indica-
tion that mitigating the impacts of inequality could have 
various benefits for social equity and population health.

A main strength of this study was its longitudinal 
multilevel approach capturing a 6 year data collection 
period. Multilevel modelling allowed us to analyse trends 
over time while accounting for unequally spaced time 

points and incomplete outcome data.46 This longitu-
dinal approach enabled us to capture the divergence of 
longitudinal mental health symptom trends over time, 
establish temporality between exposure and changing 
mental health outcomes, and capture lag effects between 
exposure to inequality and changing anxiety symptoms. 
We considered anxiety and depressive symptomatology 
as distinct mental health outcomes, rather than focusing 
solely on depression or general mental illness. This 
distinction prevents the conflation of different forms 
of adverse psychological outcomes, and enabled us to 
consider the pathways between inequality and specific 
mental health outcomes. Finally, by conducting our study 
at the level of city neighbourhoods, we were presented 
with a broad range of income inequality between neigh-
bourhoods. Choosing this geographical scale allowed us 
to avoid the constraints of previous Canadian work at 
the province level, which highlighted the small range 
of income inequality between Canadian provinces as a 
potential explanation for non- significant findings.51

Our findings should be interpreted within the context 
of study limitations. Data on residence following baseline 
were not available, so some mothers might have moved 
during the study period, thus affecting their exposure 
and introducing exposure misclassification. This limita-
tion also restricted income inequality estimates to 2006, 
and prevented us from capturing income inequality 
during the study period (eg, changes resulting from the 
2008 economic recession). Of note, the large decrease 
in participants after Q3 was primarily due to timing and 

Table 2 Maternal mental health outcomes at baseline and follow- up (times Q1–Q6) for pregnant women and mothers from the 
All Our Families cohort (2008–2014)

Q1* Q2 Q3 Q4 Q5 Q6

Mothers without baseline anxiety

Anxiety scores†

  Anxiety symptoms
  (mean/SD)

13.4 (8.8) 17.5 (12.7) 14.7 (13.2) 16.3 (13.7) 15.8 (12.6) 15.6 (13.3)

  Elevated anxiety
  symptoms (%)

0% (n=0) 13.1% (n=252) 10.0% (n=185) 12.8% (n=121) 11.0% (n=111) 10.4% (n=132)

Total observation (n) 2047 1928 1850 945 1010 1269

Mothers without baseline depression

Depression scores‡

  Depressive symptoms
  (POMP; mean/SD)

12.5 (9.1) 13.9 (12.0) 12.1 (12.4) 12.5 (12.3) 11.4 (10.2) 11.2 (10.7)

  Elevated depression
  symptoms (%)

0% (n=0) 8.6% (n=168) 7.9% (n=150) 8.1% (n=79) 9.1% (n=92) 8.9% (n=114)

Total observation (n) 2047 1963 1902 981 1007 1278

*Times points correspond to <25 weeks pregnant (Q1), 34–36 weeks pregnant (Q2), 4 months postpartum (Q3), 1 year (Q4), 2 years (Q5) 
and 3 years (Q6) post partum.
†Anxiety symptoms were measured using the Spielberger State Anxiety Inventory at time points Q1–Q6 (score ≥40 = elevated anxiety 
symptoms). Continuous scores are presented on POMP scale.
‡Depressive symptoms were measured using the Edinburgh Postnatal Depression Scale at time points Q1–Q4 (score ≥10=elevated 
depressive symptoms) and the Centre for Epidemiologic Studies Depression Scale at time points Q5- Q6 (score ≥16 = elevated 
depressive symptoms). Continuous scores are presented on POMP scale.
POMP, percent of maximum possible.
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Table 3 Associations between individual and neighbourhood characteristics with anxiety and depressive symptoms among 
mothers without elevated anxiety (n=2047) or depressive (n=2047) symptoms at baseline from the All Our Families cohort 
(2008–2014)*

Anxiety symptoms (log transformed)

Model 1 β (95% CI) Model 2 β (95% CI) Model 3 β (95% CI) Model 4 β (95% CI)

Months 0.00017 (−0.00088 to 
0.0012)

0.00021 (−0.00084 to 
0.0013)

0.00021 (−0.00084 to 
0.0013)

0.00037 (−0.00083 to 0.0016)

Gini −0.025 (−0.066 to 0.017) −0.019 (−0.058 to 0.020) −0.027 (−0.071 to 0.018) −0.028 (−0.078 to 0.022)

*Months 0.0017 (0.00049 to 0.0028) 0.0017 (0.00049 to 0.0028) 0.0017 (0.00049 to 0.0028) 0.0014 (0.00004 to 0.0027)

Household income
(ref: US$80 000 or more)

$79 999 or less 0.13 (0.057 to 0.21) 0.11 (0.035 to 0.19) 0.13 (0.039 to 0.21)

*Months −0.00057 (−0.0030 to 0.0019)

*Gini 0.0057 (−0.085 to 0.097)

*Months*Gini 0.0013 (−0.0015 to 0.0041)

Ethnicity (ref: white)

Non- white 0.062 (−0.017 to 0.14) 0.051 (−0.028 to 0.13) 0.051 (−0.028 to 0.13)

Education (ref: at least 
some post- secondary)

High school or less 0.062 (−0.054 to 0.18) 0.055 (−0.61 to 0.17) 0.056 (−0.061 to 0.17)

Marital status (ref: other)

Married/common- law −0.17 (−0.32 to 0.014) −0.16 (−0.31 to 0.0014) −0.15 (−0.31 to 0.0025)

Age (years) 0.0000 (−0.0074 to 0.0074) 0.0010 (−0.0064 to 0.085) −0.012 (−0.0063 to 0.0087)

High proportion
LICO (ref: low)

−0.012 (−0.11 to 0.085) −0.012 (−0.11 to 0.085)

High proportion income 
>100 k (ref: low)

−0.10 (−0.19 to 0.013) −0.10 (−0.19 to 0.013)

High proportion visible 
minority (ref: low)

0.017 (−0.060 to 0.093) 0.016 (−0.060 to 0.093)

High proportion recent 
immigrant (ref: low)

0.010 (−0.067 to 0.088) 0.0098 (−0.068 to 0.087)

Depressive symptoms (log transformed)

β (95% CI) β (95% CI) β (95% CI) β (95% CI)

Months −0.0012 (−0.0025 to 0.00009) −0.0011 (−0.0024 to 0.00018) −0.0011 (−0.0024 to 
0.00019)

−0.0013 (−0.0028 to 0.00020)

Gini 0.0014 (−0.046 to 0.048) 0.0064 (−0.039 to 0.052) −0.0059 (−0.057 to 0.045) −0.010 (−0.068 to 0.048)

*Months 0.0012 (−0.00024 to 0.0026) 0.0012 (−0.00023 to 0.0026) 0.0012 (−0.00023 to 
0.0026)

0.0011 (−0.00054 to 0.0027)

Household Income
(ref: US$80 000 or more)

US$79 999 or less 0.22 (0.13 to 0.31) 0.20 (0.11 to 0.29) 0.20 (0.096 to 0.30)

*Months 0.00076 (−0.0023 to 0.0038)

*Gini 0.015 (−0.089 to 0.12)

*Months*Gini 0.00050 (−0.0029 to 0.0039)

Ethnicity (ref: white)

Non- white 0.13 (0.042 to 0.23) 0.12 (0.032 to 0.22) 0.12 (0.031 to 0.22)

Education (ref: at least 
some postsecondary)

High school or less 0.046 (−0.088 to 0.18) 0.037 (−0.097 to 0.17) 0.038 (−0.096 to 0.17)

Marital status (ref: other)

Married/common- law −0.19 (−0.37 to 0.0074) −0.18 (−0.36 to 0.0011) −0.18 (−0.36 to 0.0041)

Age (years) −0.0067 (−0.015 to 0.0019) −0.0056 (−0.014 to 0.0031) −0.0054 (−0.014 to 0.0033)

High proportion
LICO (ref: low)

0.023 (−0.088 to 0.14) 0.024 (−0.088 to 0.14)

Continued
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logistical issues, rather than purely due to lost to follow- up 
or withdraw. However, 938 mothers from the initial AOF 
cohort withdrew or were lost to follow- up between Q1 and 
Q6, with mothers who remained in the study tending to be 
richer, born in Canada, in a relationship, and have higher 
educational attainment.34 These differences could have 
introduced selection bias into the study, and limits the 
generalisability of our findings to broader populations. 
In a similar vein, our small effect sizes and limited gener-
alisability could be due in part to the large proportion of 
white, rich, highly educated and married participants in 
our study sample. As income inequality has been shown 
to be especially detrimental to the mental health for 
those of lower socioeconomic status,25 26 31 we might have 
observed greater effect size estimates had we captured a 
more socioeconomically heterogeneous sample.

The use of self- report outcome measures could have 
introduced misclassification, and using two different 
tools (EPDS and CES- D) to construct a continuous longi-
tudinal measure of depressive symptoms could have 
generated measurement bias, despite the POMP scaling 
approach. However, both depression scales focus on 
constructs surrounding depressed and positive affect,43 45 
have been validated and widely- used in both perinatal and 

general population settings,7 31 43 45 and demonstrated the 
same accuracy when screening the same sample of preg-
nant and postpartum mothers.7 Due to the observational 
nature of our study, we were unable to account for all 
potential confounders such as subjective social status25 29 
and stressful past life events (eg, difficulties with child-
birth, pregnancy intent),52 and thus our results might 
not fully account for key factors influencing changes in 
maternal mental health and be influenced by residual 
confounding.

The current study addresses gaps in the literature by 
exploring the longitudinal associations between income 
inequality and mental health among pregnant and new 
mothers living in Calgary. Our findings provide a founda-
tion for future studies to continue investigating the rela-
tionship between income inequality and mental health 
among mothers during pregnancy and into the early 
postpartum period. Considering the unique physiolog-
ical and social experiences of pregnant and new mothers, 
similar studies that consider all residents of our included 
neighbourhoods would be useful to determine if associa-
tions between inequality and mental health also exist for 
more general urban populations. Similar studies would 
also benefit from including exposure data that encompass 

Depressive symptoms (log transformed)

β (95% CI) β (95% CI) β (95% CI) β (95% CI)

High proportion income 
>100 k (ref: low)

−0.068 (−0.17 to 0.035) −0.069 (−0.17 to 0.034)

High proportion visible 
minority (ref: low)

0.040 (−0.048 to 0.13) 0.040 (−0.048 to 0.13)

High proportion recent 
immigrant (ref: low)

−0.012 (−0.10 to 0.078) −0.012 (−0.10 to 0.077)

*Bolded values indicate statistical significance at p≤0.05.
LICO, low- income cut- off.

Table 3 Continued

Figure 1 Estimated trajectories of log- transformed anxiety symptoms (A) and depressive symptoms (B) of AOF mothers 
without elevated baseline anxiety (n=2047) or depressive (n=2047) symptoms over time by level of neighbourhood income 
inequality. AOF, All Our Families.
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periods of economic strain, such as the 2008 economic 
recession that has been linked to changes in income 
inequality53 and heightened prevalence of mental illness 
in Canada and worldwide54 55 As the specific mechanisms 
linking inequality to health remain unclear, research 
on the mediating role of stressful comparisons, relative 
deprivation, and social cohesion could help clarify these 
associations. Finally, we recommend future studies on 
the mental health impacts of interventions that aim to 
address the broader socioeconomic contexts of income 
inequality, such as minimum wage increases. By consid-
ering the impacts of inequality and promoting equitable 
intervention, we can address mental health in a more 
comprehensive way for mothers, their children, and the 
general population.
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