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Abstract

Aims. Epidemiological evidence shows a concerning rise in youth mental health difficulties
over the past three decades. Most evidence, however, comes from countries in Europe or North
America, with far less known about changes in other global regions. This study aimed to
compare adolescent mental health across two population-based cohorts in the UK, and two
population-based cohorts in Pelotas, Brazil.

Methods. Four population-based cohorts with identical mental health measures were com-
pared. In Brazil, these included the 1993 Pelotas Birth Cohort and the 2004 Pelotas Birth
Cohort. In the UK, cohorts included the Avon Longitudinal Study of Parents and Children,
and the Millennium Cohort Study. Mental health was measured in all cohorts using identi-
cal, parent-rated scores from the Strengths and Difficulties Questionnaire (SDQ). This was
assessed in both countries over approximately the same time periods, when adolescents were
aged 11 (2004 vs 2015 in Brazil, and 2003 vs 2012 in the UK), with follow-up analyses focused
on outcomes in later adolescence.

Results. Mental health problems were higher in the UK for adolescents born in the early 2000s
compared to those born in the early 1990s. In Pelotas, the opposite was found, whereby prob-
lems were lower for adolescents born in the early 2000s compared to those born in the early
1990s. Despite these promising reductions in mental health problems in Pelotas over time, SDQ
scores remained higher in Pelotas compared to the UK.

Conclusions. Our study represents the first to compare two population-based cohorts in the
UK, and two population-based cohorts in Pelotas, Brazil, to understand how mental health
problems have changed over time across the two settings. Our findings provide the most up-to-
date insight into population-level rates of youth mental health problems in Pelotas, and shed
novel insight into how these have changed over the last two decades in comparison to the
UK. In doing so, our study provides a tentative first step towards understanding youth mental
health over time at a more global scale, and presents a valuable opportunity to examine putative
contributors to differences across time.

Introduction

Mental health problems affect 10-20% of children and adolescents worldwide and stand as a
leading cause of the global burden of disease (Baranne and Falissard, 2018). Mental health prob-
lems are distressing for young people and their families, with both immediate and long-term
consequences for psychosocial development and health (Thapar et al., 2022). Epidemiological
evidence from high-income countries has demonstrated increasing rates of youth mental health
difficulties, particularly emotional problems, over the past few decades (Armitage et al., 2023a;
Collishaw and Sellers, 2020). Yet global data are severely limited, with most studies based in
select countries in Europe and North America. Although approaches to tackling mental health
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problems will vary by country, examining whether increasing
trends are global will help to understand the magnitude of the
issue and could allude to possible local versus global mechanisms.
Comparing across settings could thus be crucial to identifying
environmental factors driving population-level.

In Brazil, child and adolescent mental health is a prominent
public health concern (Mari, 2014). Brazil differs in important
respects to the UK and other countries in which increased men-
tal health problems are documented. Brazil has witnessed rapid
demographic, economic, nutritional and educational changes over
the last few decades (Bertoldi et al., 2019). In combination with
existing inequalities and other social risks like poverty and urban-
isation, these changes are likely to have substantial and varying
influences on trends in mental health across time. Some stud-
ies have compared youth mental health problems over time in
Brazil, but most are limited to children under 5 years (Degli et al,
2023; Matijasevich et al., 2014). Investigating change among older
children to test how changes compare to the UK represents an
important opportunity to understand more about cross-country
differences.

The current study compares youth mental health across two
population-based cohorts in Pelotas, Brazil, and two population-
based cohorts in the UK. The aim was to first understand how
youth mental health problems have changed over the last two
decades in each location, and secondly how changes compare
between them. Previous research in the UK suggests that increases
in mental health problems have been particularly pronounced
for emotional problems amongst female adolescents.> In Brazil,
increases over time have been documented for emotional and
behavioural problems among children, but no clear sex differences
have been found (Degli et al., 2023). This is likely due to having
limited analyses to younger children, as sex differences typically
emerge later in development (Armitage et al., 2023a). The current
study therefore examined, for the first time, mental health changes
among male and female adolescents in Pelotas. We investigate total
mental health difficulties, as well as individual subscales captur-
ing emotional, conduct, hyperactivity and peer problems. It was
predicted that there would be increases in youth mental health
problems over time in both Pelotas, Brazil and in the UK, and these
would be greatest for older adolescents. It was also predicted that
rates would be higher across all ages and time points in Pelotas
given higher rates of inequality and social risks present in Brazil.

Methods
Samples and study design

Four large, population-based cohorts covering the first two decades
of the 21st century were used to compare rates of change in ado-
lescent mental health. In the UK, we use the Avon Longitudinal
Study of Parents and Children (ALSPAC) and the Millennium
Cohort Study (MCS). In Brazil, two cohorts from Pelotas were
used (1993 Pelotas Birth Cohort and 2004 Pelotas Birth Cohort).
Main analyses focus on mental health at 11 years of age, with
follow-up analyses focused on change in adolescent mental
health.

Avon Longitudinal Study of Parents and Children

The Avon Longitudinal Study of Parents and Children
(ALSPAC91) is a birth cohort that recruited pregnant women
residing in the former Avon area in the South West of the UK,
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with expected delivery dates between 1 April 1991, and 31
December 1992 (Boyd et al., 2013). The number of pregnancies
enrolled was 14,541, with 13,988 children alive at age 1 year
(Fraser et al., 2013). Recruitment was opportunistic and achieved
through the media and at routine antenatal and maternity health
services. When the children were approximately 7 years, an
attempt was made to bolster the sample with eligible families
who had failed to join the study originally, increasing the sam-
ple to 15,447 pregnancies and 14,901 children alive at 1 year.
Both parents and children have been followed up regularly
since recruitment. The current study uses assessments that took
place in 2002-2003 when participants were aged 11, and in
2008-2009 when participants were approximately 17 years. The
study website contains details of all the data that is available
through a fully searchable data dictionary and variable search tool
(http://www.bristol.ac.uk/alspac/researchers/our-data/).

Ethical approval for the ALSPAC study was obtained from
ALSPAC Ethics and Law Committee and the Local Research Ethics
Committees. Informed consent for the use of data collected via
questionnaires and clinics was obtained from participants fol-
lowing the recommendations of the ALSPAC Ethics and Law
Committee at the time.

Millennium Cohort Study

The Millennium Cohort Study (MCS’00) is a longitudinal study
of 18,552 families (18,827 children) born between 1 September
2000 and 11 January 2002, in England (63.6%), Wales (14.3%),
Scotland (12.1%) or Northern Ireland (10.0%) (Connelly et al.,
2014). Eligible children were identified using government child
benefit records, a benefit with almost universal coverage at that
time. At age 3, a total of 692 new eligible families were recruited,
bringing the total number of children to 19,517 (19,243 families).
A key asset of the recruitment process was that efforts were made
to ensure adequate representation of diverse communities across
the four UK countries through oversampling (Plewis, 2007). To
account for this selection process, sample designs weights were
used in the present analyses (see www.cls.ioe.ac.uk). Participants
have been assessed across seven sweeps, with this study using
assessments in 2012 when participants were aged 11, and in
2018, when participants were 17 years. Ethical approval for the
MCS was obtained by the London Multi-Centre Research Ethics
Committee.

1993 Pelotas birth cohort

Pelotas is a city located in the South of Brazil and in 2022 had an
estimated population of 325,685 inhabitants, 93% of whom live in
the urban area. The 1993 Pelotas Birth Cohort is a population-
based study that recruited babies born between January 1 and
31 December 1993. Eligible participants born during this time-
frame were recruited through daily visits to all five hospitals
in the city of Pelotas that year. In total, just 16 mothers could
not be interviewed at baseline or refused to participate in the
study, resulting in 5,249 (99.7%) recruited newborns (Victora
et al., 2008). Follow-up home visits to subsamples of the cohort
took place throughout childhood, with the first attempt made
to include all original participants in 2004 when participants
were 11 years of age. Further follow-up visits were carried out
in homes and the research clinic, including at 15 years of age
(Goncalves et al., 2014).
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2004 Pelotas birth cohort

The 2004 Pelotas Birth Cohort includes infants born throughout
the year of 2004 in the city of Pelotas, following similar procedures
to the 1993 Pelotas Birth Cohort study, except that all follow-ups
aimed to evaluate all participants in the cohort, not just subsam-
ples. Hospitals with maternity wards were visited daily, and all live
births were considered eligible for enrolment in the study (Santos
etal.,2011). A total of 4,231 newborns were included in the cohort,
representing 99.2% of all births in the city during that year. All par-
ticipants were assessed at birth, and again across childhood. The
current study includes participants assessed in 2015 when partici-
pants were 11 years of age, as well as those assessed at the 15-year
follow up, which occurred between November 2019 and March
2020. Data collection at the research clinic was interrupted during
this wave when social distancing measures took place in Brazil due
to the COVID-19 pandemic. At that point, 1,949 adolescents and
their caregivers had been interviewed (48.5% of the original cohort
invited to participate by birth order).

All 1993 and 2004 Pelotas Birth Cohort follow-ups were
approved by the Federal University of Pelotas Medical School
Research Ethics Committee.

Measures
Mental health problems

Commensurate data across all four cohorts are available using
the parent-completed, Strengths and Difficulties Questionnaire
(SDQ). The SDQ is an internationally recognised screening instru-
ment for child and adolescent emotional and behavioural difficul-
ties, and it has been validated in both the UK (Armitage et al.,
2023a; 2023b) and Brazil (Anselmi et al., 2010). The question-
naire includes four 5-item problem subscales (emotional, conduct,
hyperactivity, peer problems) that can be combined into a total
difficulties score. We focus on the total difficulty score (0-40), as
well as individual subscales ranging from 0 to 10 (mean imputation
used for those with <2 of items missing). In the UK cohorts, SDQ
scores are available at 11, 14 and 17 years of age, and in the Pelotas
cohorts, data are available at 11 and 15 years of age. Main analy-
ses therefore focus on age 11, with follow-up analyses comparing
outcomes for 14-17 year olds (see below).

Statistical analyses

Differences in total difficulty scores were compared across the
two cohorts within each location and over the same time period,
for individuals aged 11 (2004 vs 2015 in Brazil, and 2003 vs
2012 in the UK). Analyses assessed differences in mean problem
scores between the two cohorts in each country, as well as rates
of clinically significant problems (i.e. abnormal range SDQ symp-
tom scores according to SDQ recommendations, see https://www.
sdqinfo.org/py/sdqinfo/c0.py). Analyses were repeated for each of
the four SDQ subscales. Differences in change of mean scores over
time periods across country were then investigated using linear
regression with a country x time interaction. This enabled compar-
ison of whether mean differences over the time periods in the UK
differ to mean differences over the same time period in Pelotas. All
analyses were repeated after stratifying by sex to enable subgroup
comparisons of males and females. To test sex differences over the
time period within country, a time x sex interaction was used,
and to test differences across both country and time, a three-way
interaction was used (country x time X sex).
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Follow-up analyses

Analyses were repeated using data on individuals aged 15 in Brazil,
and aged 17 in the UK (2008 vs 2019 in Brazil, and 2008 vs 2018
in the UK). This ensured a similar time period was compared
across the two countries. Further analyses, however, were also car-
ried out on the UK cohorts using data available at 14 years. This
was to ensure any cross-country differences were not a result of
using slightly older adolescents in the UK (assessed at 17 years)
compared to in Brazil (assessed at 15 years). Thus, analyses also
compared mental health over time period for 14-year olds in the
UK, with 15-year olds in Brazil (2008 vs 2019 in Brazil, and 2005
vs 2015 in the UK).

Sample weights to enhance representativeness and
comparability of the cohorts

The Pelotas cohorts included over 99% of the eligible populations
sampled in the Pelotas City, and therefore no sampling weights
were required. In contrast, the two UK cohorts differed geograph-
ically and in their sampling approach. In order to enhance com-
parability of the two UK cohorts, two weights were used. First,
in ALSPAC, weights were generated aiming to represent the UK
population at the time of study recruitment, using data from the
1991 Census Household Sample of Anonymised Records for Great
Britain. See Supplementary material for more information. Second,
for the MCS, a sample design weight was used to correct for the
stratified cluster sample design (Plewis, 2007).

Attrition at follow-up and non-response weights

Missing data were handled in each of the four cohorts using
inverse probability weighting. Individuals with complete men-
tal health data were weighted by the inverse probability of them
being a complete case. This was done using variables available
for the full cohort assessed in pregnancy or infancy that were
associated with missingness (see Supplementary Table 2 for vari-
ables included, and Supplementary Tables 3 for a comparison of
weighted and unweighted estimates). In the UK cohorts, analy-
sis weights were created by interacting the non-response weights
with the sampling weights. All analyses were carried out in Stata
(version 17).

Measurement invariance

Analyses were tested for measurement invariance across cohorts
(within-country) using multiple group confirmatory factor anal-
ysis for (a) UK age 11, (b) UK age 17 years, (c) Pelotas age 11
and (d) Pelotas age 15. This was to test whether the meaning of
the SDQ was the same across cohorts being compared within each
country. The grouping variable was therefore cohort (within the
UK ALSPAC and MCS were compared, and within Brazil, the 1993
and 2004 cohorts were compared). We evaluated increasingly strin-
gent types of measurement invariance (i) configural invariance,
(i) metric (“weak”) invariance and (iii) scalar (“strong”) invari-
ance: more information about these models can be found in the
Supplementary material. Measurement invariance was tested sep-
arately for UK age 11, UK age 17 years, Pelotas age 11 and Pelotas
age 15. As a secondary analysis, we also investigated measure-
ment invariance across the two countries to determine whether
the balance and meaning of items differed across the two set-
tings. More information about these analyses can be found in the
Supplementary material.
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Figure 1. Differences in SDQ total difficulty and subscale scores at age 11 in the UK and Pelotas cohorts. Note total difficulty scores range from 0 to 40, and individual

subscales from 0 to 10.

Results

We found evidence of strong measurement invariance for all
subscales across time within each country (see Supplementary
Tables 7 and 8). Comparisons of measurement invariance across
country also provided evidence of measurement invariance (see
Supplementary Tables 9 and 10).

Main analyses

Within-country comparisons of mental health at age 11

In the UK, total mental health difficulty scores increased
for those born in 2000-2002 compared to those born in
1991-1992 (Fig. 1). Specifically, for adolescents born in the early
2000s, mean total difficulty scores were 0.93 (95% CI 0.73,
1.13) higher at age 11 compared to those born in 1991-1992
(Table 1), representing a small overall increase. When com-
paring the individual subscales among 11-year-olds, increases
were noted across the time periods for all four subscales, with
increases in abnormal range symptoms greatest for emotional
problems (7.3-10.9%).

There were some differences over time period in mental health
problems among females and males in the UK (Fig. 2). Increases
across the two cohorts in conduct problems were greater for males
relative to females, and for emotional problems, males experienced
greater increases over time compared to females at age 11 (see
Supplementary Table 11).

In Brazil, total difficulty scores decreased for adolescents born
in the 2000s compared to those born in the 1990s (see Fig. 1).
Specifically, mean total difficulty scores decreased by —4.41 (-4.72,
—-4.11 for 11-year-olds, representing a medium effect (Cohens
d = 0.40). Decreases over the time period were also found for indi-
vidual subscales, with declines greatest for emotional problems at
11 years (see Table 1). The percentage of adolescents scoring in the
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abnormal range for emotional problems dropped from 41.7% in
1993 to 20.1% in 2004.

Comparisons between males and females in Pelotas showed
decreasing emotional and peer problems over time were larger
for females compared to males, while decreases in conduct prob-
lems were greater for males (see Fig. 2 and Supplementary
Table 11).

Cross-country comparisons of mental health at age 11
Cross-country comparisons confirmed differences between the UK
and Brazil for total difficulties over the same time period, and each
individual subscale of mental health problems, with all two way
interactions of country and cohort significant. The largest cross-
national differences in trends were for differences in emotional
problems at age 11 (UK increasing, Brazil decreasing). When com-
paring sex differences across countries over the same time period,
analyses revealed that males aged 11 experienced greater increases
over time in emotional and conduct problems compared to females
in the UK, whereas in Pelotas, males experienced greater decreases
over time (See Supplementary Table 11). The opposite was
found for peer problems at age 11, whereby females experienced
greater increases over time compared to males in the UK, while
in Pelotas, females experienced greater decreases compared to
males.

Follow-up analyses

Similar cross-country differences were found when comparing
scores in later adolescence. In the UK, increases over the time
period were found for total difficulty, emotional, conduct and peer
problem scores over time when comparing both 14 and 17 year
olds (See Supplementary Tables 13 and 14). Increases were greater
than those noted at 11 years for total difficulty and emotional prob-
lems. One observed difference between the two adolescent age
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Figure 2. Differences in SDQ total and subscale scores at age 11 among males and females in the UK and Pelotas cohorts. Note total difficulty scores range from 0 to 40,

and individual subscales from 0 to 10.

groups was that 14-year-olds born in the early 2000s had higher
parent-reported hyperactive problems compared to those reported
for 14-year-olds born in the early 1990s (Supplementary Table
14): the opposite to that found for 17-years-olds (Supplementary
Table 13). In addition, unlike the findings at age 11, females
in adolescence experienced greater increases in emotional prob-
lems over time compared to males (Supplementary Table 15). In
Pelotas, findings were highly consistent and showed reduced scores
in the more recent cohort for the total difficulty scale and all
four subscales.

Discussion

This study represents the first to compare two population-based
cohorts in the UK, and two population-based cohorts in Pelotas,
Brazil, to understand how mental health problems differ over the
same time period across the two settings. In doing so, our study
provides the most up-to-date insight into population-level rates
of youth mental health problems in Pelotas, Brazil, and unique
insight into how these have changed over the last two decades in
comparison to the UK.

Differences in adolescent mental health problems

In the UK, parent-rated SDQ total difficulty scores, as well
as scores on the individual subscales, were higher for adoles-
cents who were born more recently. These findings align with
similar studies conducted in high-income countries showing
increases in adolescent mental health problems, and in par-
ticular emotional problems (Armitage et al., 2023a), and con-
verge with surveys using diagnostic measures of psychopathology
(Sadler et al., 2018).

Findings from the Pelotas cohorts in Brazil suggest that increas-
ing rates of youth mental health problems over this period are not
universal. Total difficulty and subscale scores were lower among
young people in Pelotas born more recently. Similar declines over
time periods have been noted for conduct problems among 4-year-
olds in the Pelotas cohorts (Degli Esposti et al., 2023).

Despite promising overall reductions in mental health prob-
lems in Pelotas, SDQ scores remained higher in the most recent
Pelotas cohort compared to the UK: around 20.11% of adolescents
in Pelotas scored in the abnormal range for emotional problems at
11 years, compared to 10.95% in the UK. This finding aligns with
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other studies that have compared internalising problems across the
UK and Brazil (Moltrecht et al., 2024).

Explaining cross-country differences in adolescent mental
health problems

There are various possible explanations for the cross-country dif-
ferences over the time periods studied. One is that the reduc-
tion in problems in Pelotas reflects broader economic, social and
epidemiological changes that have occurred in recent decades
(Bertodi et al., 2019; Degli Esposti et al, 2023). During this
period, Brazil experienced many positive social and environmental
changes, including increased schooling and reductions in absolute
income-related inequalities (Degli Esposti et al., 2023). Previous
research in Brazil found that improvements in socioeconomic con-
ditions may have counteracted otherwise increasing suicide rates
(Machaldo et al., 2015), with regions experiencing larger decreases
in income inequality also having greater declines in adolescent
suicide. Regions exposed to decreased rates of suicide were those
in the South and Center-West regions of Brazil, mirroring the
declines in mental health in the South observed in the present
study. These combined findings highlight the importance of social
policies aimed at improving the living conditions of young people
to prevent mental health problems.

The rise in mental health problems in the UK and other high-
income countries has been attributed to a number of factors,
including increased inequalities (Anthony et al., 2023; Collishaw
et al., 2019), changes to lifestyle, academic stress, digital media,
weight and weight-related concerns (Collishaw and Sellers, 2020;
Gage et al, 2021; Hogberg et al., 2020; Twenge et al., 2018).
Research in Brazil has revealed some secular trends following this
pattern — with sleep quality (Hoefelmann et al., 2013), physical fit-
ness (Nevill et al., 2023) and physical activity (Mielke et al., 2014) of
children and adolescents declining since the early 2000s, and body
dissatisfaction increasing (Gonzaga et al., 2023); however, little is
known about changes in school-related stress and the use of dig-
ital media over time. Further research is necessary to understand
population-level drivers of trends across the two countries.

An important consideration when comparing rates of men-
tal health between countries relates to measurement differences.
Although measurement invariance was established across time
within each country, informant rating thresholds and interpre-
tation of questions are inherently subjective and influenced by
cultural norms. Future research using more objective approaches
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to measurement of mental health will be critical in addressing these
issues (Bluett-Duncan et al., 2024).

It is also important to recognise that social and cultural influ-
ences may have changed across time. For example, there may
be increased help-seeking by parents and young people due to
improved screening and clinical recognition in schools and pri-
mary care, as well as changes to perceptions of what constitutes
a mental health difficulty (Collishaw, 2015). There is some evi-
dence that learning about psychiatric concepts may increase men-
tal health problems, which has led some to argue that mental
health awareness efforts may be contributing to the rise in men-
tal health problems (Foulkes and Andrews, 2023). Understanding
how attitudes have changed over time will be a challenge; however,
it remains an important priority to understanding cross-country
differences in mental health over time.

Limitations

Findings should be interpreted in light of some limitations. First,
to ensure comparability across the four cohorts, parent-reports of
mental health were used. Parents may under-report their child’s
emotional problems, particularly during adolescence, as some
symptoms may not always be aware to others. This means that our
estimates may be conservative; however, this is less likely to influ-
ence estimated changes over time. Second, results in the ALSPAC
cohort were weighted to be representative of the national popula-
tion at that time. This enabled comparison with the other national
cohort in the UK, the MCS. This was not necessary in Pelotas as
both were from the same population. However, this means results
may not be generalisable to children living elsewhere in Brazil,
who may experience variations in economic inequality, health and
crime rates (Brito et al., 2022; Cerqueira et al., 2021). In addition,
there were some differences between the two Pelotas cohorts in
how the SDQ was administered. In 1993, this was carried out by
lay persons trained by a psychologist, while in 2004, assessments
were conducted by trained psychologists. Such approaches differ
to the UK assessments, which were completed as questionnaires.
Finally, selective attrition occurred over time periods and country.
Inverse probability weighting was used to make samples more rep-
resentative of the baseline population but this does not account for
unmeasured factors that systematically influence missingness.

Implications

Our findings suggest that increasing secular trends in youth men-
tal health problems documented in several developed countries
may not be representative across all countries. Further research is
now necessary to understand why secular trends may vary across
countries. Such research should consider a combination of quan-
titative and qualitative methods to shed light on these differences,
and ensure that approaches are sensitive to the context in which
they are based.

Conclusions

This study represents the first population-based comparison of
adolescent mental health problems across different countries over
the same time period. We show that while mental health problems
increased over time in the UK, and declined over a similar time
period in Pelotas, they remained higher in Pelotas compared to
in the UK. Our findings shed light on a growing need to address
changing mental health problems and gaps between the UK and
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Brazil. Overall, the difference in cross-cohort change represents a
valuable opportunity to examine putative contributors to trends in
youth mental health.
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