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A B S T R A C T   

Background:  Approximately 40% of women experience their first depressive episode during the postpartum 
period. In Brazil, several maternal health outcomes are affected by profound social inequalities. Investigating 
inequalities in maternal depressive symptomatology in two different regions of the country in the first 24 months 
after childbirth may help clarify these patterns and appropriate support services. 
Methods:  Data from three birth cohorts from two Brazilian cities (Cruzeiro do Sul, North region, and Pelotas, 
South region) were analysed. The baseline of each cohort consisted of 4,231 (2004 Pelotas), 4,275 (2015 Pe-
lotas), and 1,246 (MINA-Brazil) live births. Depressive symptomatology was repeatedly measured using the 
Edinburgh Postnatal Depression Scale (EPDS) at 3, 12, and 24 months postpartum. Socioeconomic status and skin 
colour inequalities in depressive symptomatology were analysed at each point. 
Results:  Between the 3rd and 24th months postpartum, maternal depressive symptomatology increased amongst 
women from the south, but decreased amongst women in the north. Black/brown women and those belonging to 
the lowest socioeconomic stratum showed the highest frequency of depressive symptomatology. Absolute and 
relative inequalities remained stable throughout the study period. Depressive symptomatology was most com-
mon amongst women with few years of schooling, multiparae, and amongst those who smoked during 
pregnancy. 
Limitations:  There was no information regarding any psychological/psychiatric treatment at the time the EPDS 
was evaluated, and economic status was assessed differently amongst the cohorts. 
Conclusions:  Marked social inequalities were found in postpartum depressive symptoms. Actions aimed at early 
detection and reducing social inequalities in maternal postpartum depressive symptomatology are vital.   

1. Introduction 

Depression is a common health problem during pregnancy and the 
postpartum period (Committee on Obstetric Practice, 2015). Overall, 
21% of women reported depressive symptomatology during pregnancy 
(Yin et al., 2021). Postpartum depression is the most common compli-
cation after delivery, affecting approximately 13% of mothers world-
wide (Lubotzky-Gete et al., 2021; Payne and Maguire 2019; Woody 

et al., 2017). Depressive symptoms may continue or worsen throughout 
pregnancy and the postpartum period, and can persist for years after 
delivery (Farías-Antúnez et al., 2020). Maternal depression in the 
postpartum period has been associated with negative outcomes in the 
offspring, such as behavioural problems, cognitive difficulties, and 
depression (Neamah et al., 2018; Stein et al., 2014). For the family, 
postpartum depression has been associated with financial and housing 
problems, as well as with disagreements and instability in marital and 
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intra-family relationships (Çankaya, 2020; Kingsbury et al., 2018). 
In Brazil, maternal and child health outcomes are affected by pro-

found social inequalities, including maternal, neonatal, and infant 
mortality, premature births, low birth weight, malnutrition (undernu-
trition and excess weight; Canella et al., 2020; Farias et al., 2019; 
Menezes et al., 2019; Moreira et al., 2020; Silveira et al., 2019a), and 
postpartum depressive symptomatology (Matijasevich et al., 2009). 
Regarding postnatal depression, it has been reported that in the first year 
after birth, maternal depression was more than two times higher 
amongst the economically weaker women than amongst those who were 
better off (Matijasevich et al., 2009). Social inequalities affect women’s 
health status before, during, and after pregnancy by limiting their access 
to and their use of health services (Boccolini et al., 2017; Maina et al., 
2018) and other possible mechanisms such as high exposure to financial 
stress, violence, racism, and less social support (Leal et al., 2005; Pascoe 
and Richman, 2009). Reducing these inequalities is urgent, not only 
because of their effects on individuals, but also because higher fre-
quencies of comorbidities amongst low-income groups, who are more 
dependant on public health services, may be costly and burdensome to 
the entire healthcare system of a country (Zhang and Rodriguez, 2012). 

As Brazil is a country of continental dimensions with marked so-
cioeconomic differences, the frequency of maternal postpartum 
depressive symptomatology may vary according to different geographic 
regions. Studies that evaluated these symptoms using the Edinburgh 
Postnatal Depression Scale (EPDS) reported frequencies varying be-
tween 6.7% and 23.8% in the south and southeast of the country 
(Matijasevich et al., 2009; Poles et al., 2018; Silveira et al., 2019b; 
Strapasson et al., 2018), and in the northeast region these frequencies 
varied from 6.9% to 32.5% (Angelo et al., 2014; Brito et al., 2015; Lima 
et al., 2017). Although the overall rates of postpartum depression across 
the south, southeast, and northeast of Brazil are available, data are 
lacking on the frequency of the symptoms in the north of the country, 
and detailed comparisons of social inequalities in depression are needed. 
It is also important to highlight the absence of longitudinal data related 
to maternal depression in the north region. 

Therefore, investigating the social inequalities in maternal depres-
sive symptomatology in the first 24 months after childbirth in two 
distinct geographical and socioeconomic regions from the same country 
may help to clarify the extent of social inequalities across different 
wealth and skin colour groups, allowing the development of specific 
strategies to reduce postpartum depression in each context. Our study 
aimed to: (1) compare the frequency of maternal depressive symptom-
atology after childbirth between population-based birth cohort studies 
carried out in Cruzeiro do Sul (Acre, north of Brazil) and Pelotas (Rio 
Grande do Sul, south of Brazil), cities marked by important socioeco-
nomic differences; (2) investigate the socioeconomic status and skin- 
colour-related inequalities in maternal depression in the first and sec-
ond year postpartum in these cohorts; and (3) examine other possible 
maternal determinants of postpartum depression in addition to socio-
economic inequality. 

2. Methods 

2.1. Study population 

Data from three birth cohorts from two cities of Brazil were analysed 
in the present study, Cruzeiro do Sul (Acre) and Pelotas (Rio Grande do 
Sul), which have an estimated population of approximately 90,000 and 
343,000, respectively (IBGE, 2019). According to the Brazilian Institute 
of Applied Economic Research (IPEA, 2019), amongst the 26 states and 
the Federal District of Brazil, Rio Grande do Sul occupied the 6th posi-
tion in the Human Development Index (HDI) in 2017 (mean HDI of 
0.783), while Acre occupied the 21st position (mean HDI of 0.709). In 
2017, the population of Cruzeiro do Sul had a Gross Domestic Product 
(GDP) per capita of R$ 15,585.70 (IBGE, 2017), and 44.2% of the 
population had a monthly income per capita of up to half the minimum 

wage (IBGE, 2010). The GDP per capita of Pelotas was R$ 24,894.68 
(IBGE, 2017) and 31.9% of the residents had an income per capita of up 
to half the minimum wage (IBGE, 2010). 

All women who delivered in the years 2004 and 2015 in one of the 
five maternity hospitals of Pelotas, where more than 99% of all de-
liveries take place, and were residents of an urban area of the city were 
invited to participate in the study. A similar methodology was employed 
for the 2004 and 2015 Pelotas birth cohorts (Hallal et al., 2018; Santos 
et al., 2011), including consistent variable definitions and comparable 
questions. The city’s maternity wards were visited daily, and mothers 
were interviewed at the hospital soon after delivery. Children and their 
mothers were visited at their homes at 3, 12, and 24 months after birth. 
On each occasion, mothers were interviewed by trained fieldworkers 
using a standardised questionnaire to collect information about the 
mothers’ and children’s health. 

In the MINA-Brazil (Maternal and Child Health and Nutrition in Acre, 
Brazil) birth cohort study, women were eligible to participate if they 
intended to give birth at the Women’s and Children’s Hospital of Juruá 
Valley, where 96% of all deliveries of Cruzeiro do Sul take place. The 
research team visited mothers within the first 12 h after delivery before 
hospital discharge to explain the study protocol and invited them to 
participate, collecting baseline data from July 2015 to June 2016. 
During the follow-up, phone interviews on morbidities and feeding 
practices were conducted 3 months after delivery. At 12 months and 24 
months postpartum, follow-up visits were carried out at the health 
centre of the city. A structured questionnaire was administered to 
mothers or guardians regarding the family’s socioeconomic position, 
lifestyle factors, and maternal and child health conditions. More details 
are provided by Cardoso et al. (2020). 

2.2. Data on outcome 

In the three cohort studies, repeated data on maternal depressive 
symptomatology were obtained using the Edinburgh Postnatal Depres-
sion Scale (EPDS) at 3, 12, and 24 months postpartum. The EPDS was 
originally devised for the identification of postpartum depression dis-
orders for use in clinical and research settings (Cox et al., 1987). The 
EPDS is a self-administered, 10-item scale. Each item has four possible 
responses from 0 to 3, with a minimum score of 0 and a maximum of 30. 
The scale expresses the intensity of depressive symptoms over the pre-
ceding seven days. In Brazil, the EPDS was validated amongst a sample 
of mothers from the 2004 Pelotas birth cohort study (Santos et al., 
2007). In the present study, EPDS was dichotomized as < 13 and ≥ 13 
(sensitivity of 95% and specificity of 93%) to produce a ‘non--
depressed/depressed’ classification (Santos et al., 2007). 

In contrast to the original self-administered format, questions were 
posed to mothers by a trained interviewer as a single block, and in the 
same order as in the original instrument, within the cohort’s regular 
interviews. The decision to verbally pose the questions to mothers was 
related to the fact that the women were unfamiliar with self- 
administered data collection instruments, and a significant proportion 
of them had little schooling. The administration of EPDS as an interview 
is accepted by the authors of the instrument (Cox et al., 1987), and was 
used previously by Da Silva et al. (1998). 

2.3. Data on determinants 

The following factors were considered to be potential determinants 
of maternal depression after childbirth: maternal age at delivery (< 20, 
20–34, and ≥ 35), maternal schooling (< 10, 10–12, and > 12 years), 
marital status (with partner or single mothers), parity (defined as the 
number of previous deliveries including stillbirths, and categorised as 0, 
1, and ≥ 2), multiple births (no/yes), previous abortion/s (no/yes), 
smoking during pregnancy (smoking at least one cigarette per day on an 
everyday basis in any trimester of pregnancy: no/yes), alcohol intake 
during pregnancy (any amount of alcohol intake during any trimester of 
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pregnancy: no/yes), self-reported high blood pressure during pregnancy 
(no/yes), and self-reported diabetes during pregnancy (no/yes). Pre- 
pregnancy body mass index (BMI) was calculated in kg/m2. For preg-
nant women aged ≥ 19 years, pre-pregnancy BMI was classified ac-
cording to the WHO recommendations (WHO, 1995): low weight (<
18.5 kg/m2), adequate (18.5–24.9 kg/m2), overweight (25.0–29.9 
kg/m2) and obesity (≥ 30 kg/m2). For pregnant women aged < 19 years, 
the pre-pregnancy BMI for age was calculated into Z score units and 
classified as follows: low weight (Z score ≤ − 2), eutrophic (Z score > − 2 
to Z score +1), overweight (Z score ≥ +1 to Z score +2) and obesity (Z 
score ≥ +2) (Onis et al., 2007). 

Family income in the month prior to delivery was used as a measure 
of socioeconomic status, and was collected in Brazilian Real as a 
continuous variable and categorised as quintiles for both Pelotas cohort 
studies. In the MINA-Brazil cohort, information on household assets was 
used to calculate a wealth index as a proxy for socioeconomic status, and 
quintiles were calculated. We refer to the first quintile (Q1) as the 
weakest quintile (weakest 20%) and the fifth quintile (Q5) as the 
wealthiest quintile (wealthiest 20%). Self-reported skin colour was 
collected in the perinatal interview, and categorised as white, brown, 
yellow, indigenous, and black according to the classification adopted by 
the Brazilian Census Bureau (IBGE, 2010d). As the frequency of yellow 
and indigenous women in the three cohorts was very low, we named this 
group brown only; however, the category continued to include yellow 
and indigenous mothers. 

2.4. Statistical analysis 

We used chi-square (χ2) tests to compare the distribution of maternal 
characteristics between the MINA-Brazil and Pelotas birth cohort 
studies, and to study the association between these characteristics and 
maternal depressive symptomatology after childbirth in each cohort at 
three time points (3, 12, and 24 months postpartum). Additionally, we 
used the chi-square test for trend to compare the distribution of maternal 
depressive symptomatology frequencies over time in each cohort study. 
This test was also used to analyse trends in maternal depressive symp-
tomatology within each quintile of socioeconomic status and each 
category of skin colour over time. 

Socioeconomic and skin colour inequalities in maternal postpartum 
depressive symptomatology were studied. In this article, we refer to 
inequalities as any measurable aspect of health that varies across in-
dividuals or groups, differentiating this term from inequities, which are 
systematic differences that are unfair and unjust (Kawachi et al., 2002). 
Two indicators of economic-related inequality were estimated: (i) an 
indicator of absolute inequality, the slope index of inequality, and (ii) an 
indicator of relative inequality, the concentration index (Harper and 
Lynch, 2005). 

The slope index of inequality is derived by regressing the mean 
health outcome within a particular social group on the mean relative 
rank of social groups (Shaw et al., 2007; Wagstaff et al., 1991). In the 
case of quintiles of family income/wealth index, each quintile included 
approximately 20% of the cohort, and the midpoints of the quintile 
categories were calculated. The slope index of inequality was then ob-
tained by regressing the outcomes studied on the midpoint score for 
each quintile. The slope of the regression line represents the absolute 
difference between the highest (score 1) and lowest (score 0) values of 
the socioeconomic position indicator. In addition, absolute socioeco-
nomic and skin colour inequalities in maternal postpartum depressive 
symptomatology were described using the ‘equiplot’ graph (www.eq 
uidade.org/equiplot). This graph is a simple and easy way to interpret 
and visually display inequalities. It presents outcome frequencies by 
groups (e.g., wealth quintiles), making it possible to ‘visualise’ both the 
frequencies in each group and the distance or gap between groups, 
which represents absolute inequality. 

The concentration index was calculated in its relative formulation 
with no corrections (Barros and Victora, 2013). The concentration index 

uses an analogous approach to the Gini index by ranking individuals 
according to their socioeconomic position on the x-axis and their cu-
mulative health condition on the y-axis. This index is expressed on a 
scale ranging from − 100 to 100, where a value of 0 represents perfect 
equality. If the outcome is more concentrated towards richer groups, the 
concentration index assumes a positive value, as the curve is below the 
diagonal. When poorer groups are more affected than richer groups, the 
concentration index is negative (Barros and Victora, 2013; Barros et al., 
2012). 

Skin colour inequalities were studied using absolute (i.e., the arith-
metical difference between [black/brown] and white) and relative 
comparisons (that is, the ratio of [black/brown] vs. white). Due to the 
low frequency of some skin colour groups (i.e. 3.4% of black women in 
the MINA-Brazil cohort), the black and brown skin colour categories 
were pooled. However, the analyses are also presented separately by 
these three skin colour groups (white, black, and brown) in Supple-
mentary Table 1. 

In each cohort at three time points (3, 12, and 24 months post-
partum) adjusted analysis were performed using logistic regression 
based on a hierarchical model composed of three levels (Victora et al., 
1997). Level one was composed of family income, maternal skin colour, 
schooling, and marital status. Level two included maternal age, parity, 
multiple births, and previous abortions. Level three included maternal 
smoking, alcohol intake, high blood pressure, diabetes, and 
pre-pregnancy BMI. This hierarchical analysis considered the effect of 
each variable in relation to the outcome, and was controlled for con-
founding variables of the same and higher levels. Variables that pre-
sented a p-value < 0.20, in each level, were maintained in the adjusted 
analysis. All analyses were performed using Stata v.15. 

2.5. Details of ethics approval 

The 2004 Pelotas study was approved by the Ethics Committee of the 
School of Medicine (4.06.01.113), and the 2015 Pelotas cohort by the 
School of Physical Education (CAAE: 26,746,414.5.0000.5313), Federal 
University of Pelotas. The MINA-Brazil study was approved by the 
Ethical Committee of the School of Public Health, University of São 
Paulo, Brazil (872.613/2014 and 2.358.129/2017). Each participant 
provided written informed consent for all three studies. 

3. Results 

The baseline of each study consisted of 4231, 4275, and 1246 live 
births for the 2004 Pelotas, 2015 Pelotas, and MINA-Brazil cohorts, 
respectively. The nonresponse rate at recruitment in both the Pelotas 
studies was below 1%, and in the MINA-Brazil was 11.5%. For the 2004 
Pelotas cohort at 3, 12, and 24 months postpartum, the response rates 
were 95.7%, 94.3%, and 93.5%, respectively. In the 2015 Pelotas study, 
the response rates were 97.2%, 95.4%, and 95.4% at 3, 12, and 24 
months, respectively. For the MINA-Brazil cohort, the response rates at 
3, 12, and 24 months after delivery were 63.2%, 63.1%, and 69.9%, 
respectively. The EPDS questionnaire was applied to the whole cohort 
for all the three studies, except for 2004 Pelotas at the three-month 
follow-up, when a sub-sample of 965 mothers was chosen to respond 
to the questionnaire. 

Marked differences in maternal characteristics were observed 
amongst the three cohort studies (Table 1). The 2004 and 2015 Pelotas 
birth cohort studies had higher frequencies of white women, while the 
MINA-Brazil cohort had more brown/yellow/indigenous women. 
Higher frequencies of young (< 20-year-old) and single women were 
observed in the MINA-Brazil study, and higher proportions of mothers 
with more than 12 years of schooling were observed in the 2015 Pelotas 
cohort study. The 2015 Pelotas cohort presented the lowest frequency 
amongst women with multiple children. Women from MINA-Brazil 
presented higher frequencies of alcohol intake and lower proportions 
of smoking, high blood pressure, and diabetes during pregnancy than 
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did women from the two Pelotas studies. Even though the proportion of 
pre-pregnancy BMI categories was similar in the 2004 Pelotas and 
MINA-Brazil cohorts, pre-pregnancy obesity (BMI > 30 kg/m2) was two 
times higher in the 2015 Pelotas than in the other cohorts. No differ-
ences were observed amongst the three studies regarding multiple births 
and previous abortions. 

The variations in frequencies of maternal depressive symptom-
atology after childbirth across the three birth cohort studies and across 
time periods are shown in Fig. 1. The frequency of depressive symp-
tomatology was higher in MINA-Brazil than in the 2004 and 2015 Pe-
lotas cohorts at 3 months postpartum. However, at the 12- and 24-month 
follow-ups, the frequencies observed in the 2004 and 2015 Pelotas birth 
cohort studies were consistently higher than those in the MINA-Brazil 
study. In the MINA-Brazil cohort, the frequency of depressive 

symptomatology decreased over time (χ2 trend p = 0.003), while in the 
2004 and 2015 Pelotas cohort studies, the frequencies increased over the 
study period (χ2 trends p = 0.003 and p < 0.001, respectively). 

Socioeconomic status inequalities in maternal depressive symptom-
atology are shown in Table 2 and Fig. 2. In all cohorts at the three as-
sessments, depressive symptomatology was negatively associated with 
socioeconomic status, and absolute and relative inequalities remained 
fairly stable over the study period. In the 2004 Pelotas study, the 
economically weaker women had frequencies of depressive symptom-
atology 2.6 times higher than the richest women at both the 3- and 24- 
month follow-ups. Women in the 3rd quintile of socioeconomic status 
presented a significant increase in depressive symptomatology (from 
8.2% to 16.1%, p = 0.027) during the study. In the 2015 Pelotas cohort, 
the economically weakest women presented frequencies of depressive 
symptomatology 4.1 and 3.7 times higher than the richest group at the 
3- and 24-month follow-ups, respectively. Except for the richest quintile, 
the frequency of depressive symptomatology increased significantly 
over time for all the other quintiles. Finally, in the MINA-Brazil study, 
the economically weaker women had depressive symptomatology fre-
quencies 3.0 and 3.3 times higher than the richest quintile at the 3- and 
24-month follow-ups, respectively. No increase or decrease was 
observed over time in any socioeconomic quintile. The largest gap 
(absolute inequality) in the frequencies of depressive symptomatology 
was found in the 2015 Pelotas cohort at 12 and 24 months postpartum 
(Fig. 2). 

Skin colour inequalities in maternal depressive symptomatology are 
shown in Table 3 and Fig. 3. In the 2004 Pelotas study, black/brown 
women had higher frequencies of depressive symptomatology than 
white women at 12 and 24 months postpartum. In the 2015 Pelotas 
cohort, black/brown women presented the highest frequencies at the 
three assessments. The frequency of depressive symptomatology 
increased amongst white and black/brown women between 3 and 24 
months postpartum in both Pelotas studies. In the 2004 and 2015 Pe-
lotas cohorts, absolute and relative skin colour inequalities remained 
relatively stable. In the MINA-Brazil cohort, black/brown women star-
ted with the highest frequency of maternal depressive symptomatology; 
however, this changed over time: at 12- and 24-month follow-up visits, 
white women showed the highest frequencies of depressive symptom-
atology. Thus, there was a change in the direction of the absolute and 
relative inequalities between the skin colour groups over time. In Fig. 3, 
the largest gap (absolute inequality) in the frequency of depressive 
symptomatology between white and black/brown was found in the 2015 
Pelotas cohort at 3 and 24 months postpartum, and in the MINA-Brazil 
study at 12- and 24-month follow-ups. 

The distribution and adjusted odds ratios of maternal depressive 
symptomatology across potential determinants are shown in Supple-
mentary Tables 2 and 3. At the three-time assessments, and in practically 
all the studies, frequencies of maternal depressive symptomatology were 
highest amongst women with fewer years of schooling, multiparae, and 
women who smoked. 

4. Discussion 

Between 3 and 24 months postpartum, maternal depressive symp-
tomatology increased amongst women from the south of Brazil, but 
reduced amongst mothers from the north. Marked socioeconomic and 
skin colour inequalities were observed in depressive symptomatology. In 
nearly all analyses of the three cohorts, black/brown women and those 
belonging to the weakest socioeconomic strata had the highest fre-
quencies of postpartum depressive symptomatology. Absolute and 
relative socioeconomic inequalities remained stable over the study 
period in all cohorts. Skin colour inequalities remained relatively stable 
in both the 2004 and 2015 Pelotas cohorts. In the MINA-Brazil cohort, 
black/brown women showed the highest frequencies of depressive 
symptomatology at 3 months postpartum, while white women showed 
the highest frequencies at the 12- and 24-month follow-ups. For the 

Table 1 
Comparison of maternal characteristics between 2004 Pelotas (n = 4231), 2015 
Pelotas (n = 4275) and MINA-Brazil (n = 1246) birth cohorts.  

Variable 2004 
Pelotas 

2015 
Pelotas 

MINA- 
Brazil 

p*  

n (%) n (%) n (%)  
Skin colour     
White 3088 (73.0) 3024 (70.8) 149 (12.3) <0.001 
Brown/yellow/ 

indigenous 
295 (7.0) 577 (13.5) 1017 

(84.3) 
Black 846 (20.0) 667 (15.6) 41 (3.4) 
Schooling (years)     
< 10 2603 (62.2) 1743 (40.8) 430 (35.7) <0.001 
10–12 1238 (29.6) 1314 (30.7) 568 (47.1) 
> 12 345 (8.2) 1217 (28.5) 208 (17.2) 
Marital status     
With partner 3536 (83.6) 3667 (85.8) 936 (77.5) <0.001 
Single 693 (16.4) 607 (14.2) 271 (22.5) 
Maternal age (years)     
< 20 799 (18.9) 623 (14.6) 304 (24.4) <0.001 
20–34 2865 (67.7) 3018 (70.6) 822 (66.0) 
≥ 35 565 (13.4) 633 (14.8) 120 (9.6) 
Parity     
0 1975 (46.7) 2136 (50.0) 592 (47.5) <0.001 
1 1214 (28.7) 1320 (30.9) 345 (27.7) 
≥ 2 1040 (24.6) 817 (19.1) 309 (24.8) 
Multiple birth     
No 4145 (98.0) 4164 (97.4) 1224 

(98.2) 
0.081 

Yes 84 (2.0) 111 (2.6) 22 (1.8) 
Previous abortion#     

No 1848 (72.1) 1732 (73.0) 488 (69.0) 0.119 
Yes 715 (27.9) 641 (27.0) 219 (31.0) 
Smoking§     

No 3067 (75.5) 3567 (83.5) 1150 
(95.1) 

<0.001 

Yes 1162 (27.5) 705 (16.5) 59 (4.9) 
Alcohol intake§     

No 4089 (96.7) 3954 (92.6) 990 (82.0) <0.001 
Yes 140 (3.3) 315 (7.4) 217 (18.0) 
High blood pressure§     

No 3220 (76.3) 3183 (74.5) 1029 
(82.6) 

<0.001 

Yes 1001 (23.7) 1089 (25.5) 217 (17.4) 
Diabetes§     

No 4100 (97.0) 3906 (91.4) 1230 
(98.7) 

<0.001 

Yes 126 (3.0) 366 (8.6) 16 (1.3) 
Prepregnancy BMI (kg/ 

m2)     
< 18.5 215 (7.4) 154 (3.7) 80 (7.2) <0.001 
18.5–24.9 1828 (63.3) 2039 (49.3) 644 (58.0) 
25.0–29.9 587 (20.3) 1169 (28.2) 285 (25.7) 
≥ 30 259 (9.0) 779 (18.8) 101 (9.1)  

* Chi-square. 
# Women without previous pregnancies were not included. 
§ Variables related to the gestational period (e.g. smoking during pregnancy). 

MINA-Brazil baseline data collection was carried out from July 2015 to June 
2016. 
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three cohorts, frequencies of maternal depressive symptomatology were 
highest amongst women with fewer years of schooling, multiparae, and 
amongst those who smoked during pregnancy. 

Brazil is a country with many social inequalities and cultural dif-
ferences, and Pelotas and Cruzeiro do Sul are two cities with pronounced 
socioeconomic and racial differences (IBGE, 2017, 2010b, 2010c). 
Concerning skin colour distribution, individuals who identified 

themselves as white made up the majority of Pelotas’ population (80%), 
while those who identified themselves as brown were the more promi-
nent group in Cruzeiro do Sul (67%). Other studies have shown that 
lower socioeconomic levels (Gebregziabher et al., 2020; Goyal et al., 
2010) and black/brown skin colour (Araújo et al., 2019; Cannon and 
Nasrallah, 2019; Filha et al., 2016) are associated with higher fre-
quencies of maternal postpartum depressive symptomatology. 

Fig. 1. Frequency of maternal postpartum depressive symptoms and 95% confidence intervals amongst 2004, 2015 Pelotas and MINA-Brazil birth cohorts in the 
three-time period studied. *x2 test for difference between the 2004, the 2015 Pelotas and Mina-Brazil birth cohort study in each time assessment. MINA-Brazil 
baseline data collection was carried out from July 2015 to June 2016. 

Table 2 
Frequency (%) of maternal postpartum depressive symptoms per cohort in each follow-up period and family income/wealth index quintile.  

Cohort study Frequency and 95% CI, per family income/wealth index quintile Slope index of 
inequality (95% CI) 

Concentration 
index (95% CI)  Weakest 2nd 3rd 4th Richest 

2004 Pelotas        
3 months 15.9 (11.0; 22.5) 17.2 (12.5; 23.2) 8.2 (4.7; 13.8) 10.1 (6.6; 15.2) 6.2 (3.5; 10.6) − 13.6 (− 21.2; − 6.0) − 19.5 (− 29.6; − 9.4) 
12 months 22.1 (19.2; 25.2) 20.0 (17.3; 23.0) 14.5 (12.2; 17.2) 11.0 (9.0; 13.4) 8.1 (6.3; 10.2) − 18.6 (− 22.6; − 14.5) − 19.1 (− 23.2; − 15.0) 
24 months 22.8 (19.9; 25.9) 19.7 (17.0; 22.7) 16.1 (13.7; 18.9) 12.7 (10.5; 15.2) 8.9 (7.1; 11.2) − 17.4 (− 21.5; − 13.3) − 17.7 (− 21.7; − 13.7) 
x2 test for linear trend p = 0.129 p = 0.610 p = 0.027 p = 0.221 p = 0.233   
2015 Pelotas        
3 months 19.5 (16.9; 22.4) 12.7 (10.6; 15.2) 10.7 (8.7; 13.0) 7.8 (6.2; 9.8) 4.8 (3.5; 6.5) − 17.5 (− 21.1; − 13.9) − 24.8 (− 29.4; − 20.1) 
12 months 27.6 (24.6; 30.9) 18.5 (16.0; 21.4) 14.3 (12.1; 16.9) 12.6 (10.5; 15.1) 7.7 (6.1; 9.8) − 22.8 (− 26.9; − 18.7) − 22.5 (− 26.4; − 18.6) 
24 months 25.9 (22.9; 29.2) 18.9 (16.2; 21.7) 14.6 (12.2; 17.3) 13.3 (11.1; 15.9) 6.9 (5.3; 9.0) − 21.8 (− 26.0; − 17.7) − 22.2 (− 26.2; − 18.3) 
x2 test for linear trend p = 0.003 p = 0.001 p = 0.021 p< 0.001 p = 0.077   
MINA-Brazil        
3 months 22.6 (16.8; 29.8) 13.9 (9.4; 19.9) 11.6 (7.7; 17.2) 15.9 (11.3; 22.0) 7.6 (4.6; 12.5) − 13.5 (− 21.8; − 5.2) − 11.0 (− 20.6; − 1.3) 
12 months 17.5 (11.7; 25.4) 15.7 (10.5; 22.7) 9.2 (5.6; 14.7) 11.1 (7.0; 17.2) 5.9 (3.2; 10.6) − 13.7 (− 22.1; − 5.4) − 19.1 (− 30.2; − 7.9) 
24 months 16.4 (10.9; 23.9) 8.4 (4.8; 14.3) 10.0 (6.3; 15.6) 9.1 (5.6; 14.6) 4.9 (2.5; 9.1) − 10.8 (− 18.3; − 3.3) − 15.1 (− 27.6; − 2.7) 
x2 test for linear trend p = 0.173 p = 0.173 p = 0.628 p = 0.053 p = 0.272   

p-value = x2 test for linear trend for maternal postpartum depressive symptoms within each category of family income/wealth index over time. MINA-Brazil baseline 
data collection was carried out from July 2015 to June 2016. 
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Therefore, it was expected that maternal depression would be more 
prevalent in Cruzeiro do Sul than in Pelotas. Although this hypothesis 
was confirmed at 3 months postpartum, at the 12- and 24-month 
follow-ups, these frequencies were higher in both studies conducted in 
Pelotas. These results are intriguing, and further studies are needed, 
especially in the north of Brazil, where research on postpartum 
depression is still scarce. 

The onset of postpartum depression occurs early, between the first 
week and the first month after delivery. The majority of cases of post-
natal depression are self-limiting and resolve within three to six months 
of the onset (Cooper and Murray, 1998). However, there is evidence 
suggesting that for many women, the first episode can trigger recurrent 
or chronic episodes of depressive disorders (Watson et al., 1984). There 
are mixed findings regarding the course of maternal depressive symp-
tomatology in the postpartum period. While some studies show stability 
(Matijasevich et al., 2009), others find an increase (Rubertsson et al., 
2006; Matijasevich et al., 2009) or decrease (Tokomitsu et al., 2020) of 
depressive symptoms in the first two years postpartum. In the present 
study, the evolution of depressive symptomatology after childbirth was 
different in the three cohorts analysed, with an increase amongst the 
southern mothers and a reduction amongst the northern mothers. 
Additionally, the frequency of depression in the first two years post-
partum was higher than that in other national (Melo et al., 2012; Poles 
et al., 2018) and international (Fan et al., 2020; Song et al., 2019) 
studies. Therefore, our results point to the need for health professionals 
to give specific attention to the care of maternal mental health in the 
postpartum period. The lack or inadequate treatment of maternal 
depression after childbirth can explain its persistence throughout 
childbearing years with detrimental effects on mothers, their offspring, 
and the whole family (Matijasevich et al., 2009). 

The Sustainable Development Goals highlight the need for increasing 
equity, with goal number 10 reaffirming the commitment to reduce 
inequalities within and between countries (United Nations, 2015). 
However, in Brazil, social inequalities still affect many important 
health-related outcomes, including maternal, neonatal, and infant 
mortality, prematurity, low birth weight, malnutrition and antenatal 

care quality (Canella et al., 2020; Farias et al., 2019; Menezes et al., 
2019; Moreira et al., 2020; Silveira et al., 2019a; Victora et al., 2010). In 
the present study, we detected substantial socioeconomic and skin 
colour inequalities in maternal postpartum depressive symptomatology. 
These absolute and relative inequalities remained stable between 3 and 
24 months after childbirth, except for skin colour inequalities in the 
MINA-Brazil cohort. Here black/brown women showed the highest 
frequency of depressive symptomatology at the 3-month follow-up, 
while white mothers showed the highest frequency at 12 and 24 
months postpartum. The association between socioeconomic status and 
postpartum depressive symptomatology was previously reported by in-
ternational (Gebregziabher et al., 2020; Goyal et al., 2010; Wassif et al., 
2019) and national studies (Araújo et al., 2019; Filha et al., 2016; Melo 
et al., 2012), with economically weaker women being more affected by 
postpartum depression than the economically better-off mothers. How-
ever, our study addresses a gap in the literature by studying absolute and 
relative social inequalities in maternal depressive symptomatology over 
the first two years after pregnancy. Barros and Victora (2013) highlight 
the need for inequality measures that consider the entire socioeconomic 
distribution, such as the slope index of inequality (absolute measure) 
and the relative concentration index (relative measure). Furthermore, 
few authors have investigated both socioeconomic and racial in-
equalities in maternal depression during the postpartum period (Mat-
ijasevich et al., 2009). 

Socioeconomic inequalities in postpartum depressive symptom-
atology may be explained by a lack of resources available to poorer 
women, including access to medical care, transportation, and support 
from a partner or spouse, which makes proper treatment difficult (Goyal 
et al., 2010). Landy et al. (2008) argue that women from the economi-
cally weaker social strata often experience inequities in health and 
health care. In their daily lives, they face chronic stressors that go 
beyond poverty, such as lack of social support, isolation, racism, 
violence, language barriers, and low levels of education. In our study, 
socioeconomic inequalities in postpartum depressive symptomatology 
were similar in two regions of Brazil with different social and geographic 
characteristics, suggesting that economically weaker mothers are more 

Fig. 2. Frequency (%) of maternal postpartum depressive symptoms by family income/wealth index quintiles amongst 2004, 2015 Pelotas and MINA-Brazil birth 
cohorts in the three-time period studied. MINA-Brazil baseline data collection was carried out from July 2015 to June 2016. 
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affected by postpartum depressive symptomatology than wealthier 
women, regardless of the region of the country where they reside. 

International studies conducted earlier have reported skin colour 
inequalities in maternal postpartum depressive symptomatology (Chan 
et al., 2020; Ko et al., 2017; Liu and Tronick, 2013) with black/brown 
women being more affected by postpartum depression than white 
mothers. Due to ethnic inequalities in access to community mental 
health services (Alegria et al., 2008; Maina et al., 2018), the likelihood 
that women receive mental health care for postpartum depression may 
vary by race and ethnicity. Pascoe and Richman (2009) highlighted that 
skin colour inequalities are potentially related to discrimination or 
structural racism, whereby obstetric or community mental health pro-
viders dismiss or misplace depressive symptoms in women from mi-
nority communities. (Kozhimannil et al., 2011) studied mothers from 
the USA and observed that the relationship between ethnicity, depres-
sion, and mental health care is complex and highlighted several related 
factors such as cultural expectations and perceptions of both mother-
hood and mental health, differences in risk factors, perceived need for 
care, socioeconomic status, provider factors, patient-provider 

communication, and access/type of health insurance. 
The highest frequencies of postpartum depressive symptomatology 

amongst non-white women have been reported in other Brazilian studies 
(Araújo et al., 2019; Filha et al., 2016). Filha et al. (2016), who studied 
23,894 postpartum women from Brazil’s five macro-regions, noted that 
mothers with brown skin presented a higher frequency of depressive 
symptomatology than those with white skin. Besides postpartum 
depression, other health inequalities related to skin colour are frequent 
in Brazil. The highest frequencies of negative health outcomes such as 
unplanned pregnancies, short birth intervals, previous preterm births, 
and previous low birth weights have been reported amongst black/-
brown women (Matijasevich et al., 2019; Moreira et al., 2020). Leal 
et al. (2005) analysed inequalities in access to and utilisation of 
healthcare services according to skin colour, and reported less access to 
adequate prenatal as well as greater difficulties in admission to mater-
nity hospitals amongst women with black/brown skin colour. The au-
thors affirm that the disadvantages experienced by black and brown 
women in the country extended beyond socioeconomic indicators to 
maternal and foetal care, with several indicators related to prenatal, 
delivery, and new-born care deteriorating as skin colour darkened. 
Victora et al. (2010) evaluated maternal skin colour inequalities in 
antenatal care quality, and reported that black/brown women had lower 
frequencies of 12 procedures, including screening for cervical cancer, 
blood and urine analyses, prescription of vitamins, and ultrasound 
performed during antenatal care than did white mothers. 

Many researchers have investigated risk factors for maternal 
depression in the postpartum period, and our findings are similar to 
most of these studies. Lesser education was associated with a higher risk 
of postpartum depressive symptomatology in several studies (Ghae-
drahmati et al., 2017; Goyal et al., 2010; Jansen et al., 2010; Lobato 
et al., 2011; (Matsumura et al.,2019). In a cross-sectional survey of 811 
mothers from southeastern Brazil, Lobato et al. (2011) noted that 
postpartum depression was consistently higher amongst women with 
low schooling. Findings on the association between parity and post-
partum depressive symptomatology were mixed. Brazilian studies with 
2687 (Hartmann et al., 2017), 555 (Melo et al., 2012), and 23,894 
mothers (Filha et al., 2016) observed that multiparity was associated 
with an increased risk of postpartum depression. However, Satoh et al. 
(2009) and Iwata et al. (2016) investigated 169 and 3769 Japanese 
mothers, respectively, and noted that primiparae showed a higher fre-
quency of postpartum depressive symptomatology than multiparae. 
Additionally, Tokomitsu et al. (2020) in a recent meta-analysis including 
123 studies also observed higher frequencies of postpartum depression 
amongst primiparae than multiparae. 

Regarding smoking during pregnancy, a recent meta-analysis (Chen 
et al., 2019), including 13 studies with 1476,922 women, indicated that 
prenatal smoking was consistently associated with postpartum depres-
sion. Jansen et al. (2010), studying Brazilian mothers, observed that 
smoking during the prenatal period increased the incidence of post-
partum depression by 1.7 times. Gurber et al. (2017) argued that 
physiological changes during pregnancy may be experienced as stressful 
events by some mothers, leading to the onset of depression symptoms 
and beginning smoking. The association between smoking and post-
partum depression is well established in the literature, and even passive 
smoking has been associated with this outcome (Song et al., 2019). 

Our study has some limitations. For the analysis of self-reported skin 
colour inequalities, the skin colour categories ‘brown’ and ‘black’ were 
pooled. However, in Brazil, skin colour is best represented by a gradient 
(Moreira et al., 2020). Thus, we chose to provide in our supplementary 
material further analyses stratified independently by white, brown, and 
black women. We also have no information about the use of antide-
pressants or any psychological/psychiatric treatment at the time the 
EPDS was administered, and some mistakes in classifications cannot be 
ruled out for the three cohorts. In addition, socioeconomic positions 
have been assessed in different ways in Pelotas studies and in the 
MINA-Brazil cohort. In Pelotas, family income was used, while in 

Table 3 
Frequency (%) of maternal postpartum depressive symptoms per cohort in each 
follow-up period and maternal skin colour.  

Cohort 
study 

Frequency and 95% CI, per 
maternal skin colour 

Absolute 
inequality 

Relative 
inequality  

White Black/ 
Brown# 

p* 

2004 
Pelotas      

3 months 10.8 
(8.6; 
13.5) 

13.3 (9.6; 
18.1) 

0.297 2.5 1.2 

12 months 14.3 
(13.1; 
15.6) 

17.2 
(15.0; 
19.7) 

0.025 2.9 1.2 

24 months 14.9 
(13.6; 
16.2) 

19.1 
(16.8; 
21.6) 

0.002 4.2 1.3 

x2 test for 
linear 
trend 

p =
0.025 

p = 0.034    

2015 
Pelotas      

3 months 9.0 (8.0; 
10.1) 

16.0 
(14.0; 
18.2) 

<0.001 7.0 1.8 

12 months 14.6 
(13.3; 
15.9) 

19.9 
(17.7; 
22.3) 

<0.001 5.4 1.4 

24 months 14.2 
(12.9; 
15.5) 

20.2 
(17.9; 
22.6) 

<0.001 6.0 1.4 

x2 test for 
linear 
trend 

p<
0.001 

p = 0.010    

MINA- 
Brazil      

3 months 11.3 
(6.4; 
19.4) 

14.5 
(12.2; 
17.1) 

0.404 3.2 1.3 

12 months 16.5 
(10.1; 
25.6) 

10.6 (8.5; 
13.2) 

0.097 − 5.9 0.6 

24 months 14.4 
(8.7; 
23.0) 

8.9 (7.0; 
11.3) 

0.084 − 5.5 0.6 

x2 test for 
linear 
trend 

p =
0.536 

p = 0.001     

# Brown, yellow and indigenous. 
* Chi-square test. Absolute inequality = (brown + black) - white. Relative 

inequality = (brown + black) / white. MINA-Brazil baseline data collection was 
carried out from July 2015 to June 2016. 
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MINA-Brazil information on household assets was assessed to calculate a 
wealth index as a proxy of socioeconomic status. However, as we use 
quintiles of these two measures of socioeconomic position, we believe 
that our approach still allows us to verify disparities amongst the 
wealthiest and economically weakest women in each cohort study. 
Additionally, there is no data on maternal depressive symptomatology 
on the course of the pregnancy. This was unfortunate as early maternal 
depression could be important not only for the later child outcomes, but 
also as a determinant of the trajectory of maternal mood.The last limi-
tation is the potentially different qualities of mental health care avail-
able for women in the city of Pelotas and Cruzeiro do Sul, which may 
partially explain the reduction in postpartum depressive symptom-
atology amongst mothers from the north of the country. In the 
MINA-Brazil cohort (Cruzeiro do Sul, Acre), we hypothesised that the 
‘strong bond’ created between the team of professionals/researchers and 
the study participants could have stimulated greater reference of women 
experiencing depressive symptoms to mental health services available in 
the city. However, we have no data to certify better access to health 
services for participants of the MINA-Brazil study, as we do not know 
whether women who were referred to mental health services actually 
consulted more or were treated more than mothers from the Pelotas 
cohort. 

A major strength of the present study was its mode of data collection 
(prospective information was obtained from amongst large unselected 
populations over time), combined with the use of a standardised and 
validated screening instrument for maternal postnatal depressive 
symptomatology in the three cohort studies. Large-scale surveys such as 
the Pelotas and MINA-Brazil birth cohorts are important for monitoring 
the occurrence and trends of health outcomes amongst women and their 
children over time. Additionally, the equal timings of maternal depres-
sive symptomatology assessments (at 3, 12, and 24 months) in the three 
studies may prevent bias in the results. Moreover, to the best of our 
knowledge, this is the first longitudinal study to investigate social in-
equalities in postpartum depressive symptomatology in mothers living 
in the Brazilian Amazon region (MINA-Brazil cohort). 

It is important to highlight the clinical and public health implications 

of our findings. Maternal depression has profound short- and long-term 
effects on the physical and mental health of the offspring (Brockington, 
2017; Culpepper, 2015; Leivas et al., 2018). Actions aimed at early 
detection, prevention of modifiable risk factors, adequate treatment of 
depressive episodes, and reducing social inequalities in maternal post-
partum depressive symptomatology are vital. Strategies that facilitate 
the reduction of health inequalities must be multidisciplinary and 
include all sectors of the health system. Identifying and improving in-
equalities in access to and utilisation of mental health care for post-
partum women should be a maternal health priority. 
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