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ABSTRACT

Introduction: Causal inference from observational data remains a significant
challenge for scholars and policymakers, particularly in assessing the impact of
public health policies where randomization is often infeasible.

Objective: To evaluate the impact of the Yellow September campaign on
suicide rates in Brazil using the synthetic control method (SCM).

Methods: A quasi-experimental design was applied using annual suicide rate
data from 2000 to 2019. Socioeconomic and demographic variables were
obtained from the World Bank and WHO datasets. The SCM was employed to
construct a counterfactual scenario simulating suicide rates in the absence of
the campaign, using Latin American countries as control units.

Results: The synthetic control model demonstrated a strong alignment between
Brazil and its synthetic counterpart in the pre-intervention period. However,
post-2015 analysis revealed a 9.2% increase in suicide rates in Brazil compared
to the synthetic control. Brazil exhibited a post-/pre-intervention RMSPE ratio of
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4.18, the highest among all countries in the donor pool. However, placebo tests
indicated that this observed increase was not statistically significant, suggesting
the difference may reflect random variation or other factors unrelated to the
campaign.

Conclusions: The Yellow September campaign had no statistically significant
impact on reducing suicide rates in Brazil. While the observed increase in
suicide rates may reflect improved case reporting or contextual influences,
these findings underscore the complexity of evaluating mental health policies.
Complementary strategies and further research are needed to better
understand the campaign's effects and address the multifaceted nature of
suicide prevention.

Keywords: suicide prevention; public health campaigns; health policy

evaluation; quasi-experimental studies.

INTRODUCTION

Awareness campaigns are widely used public health strategies aimed at
promoting knowledge, reducing stigma, and encouraging behavioral change
regarding complex health issues such as suicide.! These initiatives frequently
employ mass media, community engagement, and educational activities to
disseminate information and foster open dialogue.? Despite their widespread
implementation, the evidence regarding their effectiveness in reducing suicide
rates remains mixed. Some studies suggest positive outcomes, including
increased awareness and help-seeking behaviors,3# while others indicate limited
or no impact on actual suicide rates.>® Furthermore, awareness campaigns may
inadvertently lead to unintended consequences, such as sensationalism or an
increase in reporting bias.® This highlights the necessity of rigorous evaluations
to determine the real-world impact of such interventions.

In Brazil, the Yellow September (YS) campaign was launched in 2015 as a
nationwide suicide prevention initiative. This initiative represents one of the most
prominent public health efforts in Latin America aimed at increasing awareness
and reducing suicide rates. Organized by the Brazilian Psychiatric Association

(ABP) in partnership with the Federal Council of Medicine (CFM), the campaign
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seeks to raise public awareness, reduce stigma, and promote mental health
services.’ Its activities include public lectures, educational workshops, media
campaigns, and the symbolic display of yellow ribbons throughout the month of
September.” The campaign leverages mass media outreach, educational
workshops, public lectures, and community engagement activities, often
symbolized by the display of yellow ribbons during the month of September.2 By
increasing the visibility of mental health discussions in public spaces, YS aims to
normalize conversations about psychological distress, reduce feelings of isolation
among at-risk individuals, and encourage early intervention.®

Despite its wide reach and visibility, there is limited empirical evidence
assessing the effectiveness of Yellow September in reducing suicide rates. The
existing literature offers divergent findings, with some studies reporting no
measurable impact,'®'2 and others raising concerns about potential reporting
artifacts or contextual confounders that complicate causal interpretation.'3

This study addresses this gap by applying the Synthetic Control Method
(SCM) — a quasi-experimental approach increasingly used in policy evaluation
but still underutilized in public health campaign assessments. SCM allows for the
construction of a counterfactual scenario by weighting a combination of control
units to approximate the trajectory of the treated unit in the absence of the
intervention. This method provides a robust framework for estimating causal
effects in situations where randomized controlled trials are infeasible or unethical.

Therefore, the work aims to evaluate the impact of the Yellow September
campaign on suicide rates in Brazil using SCM. By employing this methodological
approach, we seek to offer new insights into the effectiveness of awareness
campaigns and contribute to the broader discussion on public mental health

interventions.

METHODS
Study Design

This study adopts an ecological design with a quasi-experimental analytical
approach to assess the impact of the YS campaign on suicide rates in Brazil. The

analysis is based on aggregated, population-level data and employs the SCM,
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which allows for causal inference in observational contexts where randomization
Is not feasible. Initiated in 2015, YS represents a nationwide intervention aimed
at raising awareness about suicide prevention and reducing stigma associated
with mental health issues. The analysis focuses on annual suicide rate data
spanning from 2000 to 2019, providing a comprehensive pre- and post-
intervention time frame for robust comparisons. The paper examines national-
level data while leveraging the synthetic control method to construct a

counterfactual scenario, simulating suicide rates in the absence of the campaign.

Data Source and variables

The data for this study were obtained from the Quality of Government (QoG)
Institute database, which compiles internationally comparable indicators from
reliable sources.* The QoG dataset ensures consistency and validity of the data,
facilitating robust analysis. The suicide rate data were sourced from the World
Health Organization (WHO). Socioeconomic and demographic variables were
retrieved from the World Bank (WB) database. These variables include indicators
such as population, life expectancy at birth, fertility rate, GDP per capita, trade,
unemployment, and infant mortality. Table 1 describes the characteristics of the

variables.

Table 1. Description of variables used in the analysis

Original
source

WHO

Code Name Description

Age-standardized suicide rates (per
100,000 population)

Total population is based on the de
facto definition of population, which
counts all residents regardless of
legal status or citizenship
Life expectancy at birth indicates the
number of years a newborn infant
would live if prevailing patterns of WB
mortality at the time of its birth were
to stay the same throughout its life
Total fertility rate represents the
number of children that would be
born to a woman if she were to live
to the end of her childbearing years

who_suit Suicide Rate

wdi_pop Population WB

Life expectancy

wdi_lifexp at birth

wdi_fertility Fertility rate wWB
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and bear children in accordance with
age-specific fertility rates of the
specified year
GDP per capita is gross domestic
wdi_gdpcapcur GDP per capita product divided by midyear WB
population (current US dollar)
Trade is the sum of exports and
imports of goods and services
measured as a share of gross
domestic product (% of GDP)
Unemployment refers to the share of
the labor force that is without work
but available for and seeking
employment (% of total labor force)
Infant mortality rate is the number of
Infant mortality infants dying before reaching one
rate year of age, per 1,000 live births in a
given year

wdi_trade Trade WB

wdi_unempilo Unemployment WB

wdi_mortinf WB

Source: QoG

Synthetic Control Method
Rationale for method selection

This technique was selected due to its methodological advantages in
evaluating the causal effects of interventions in observational settings where
randomized controlled trials are impractical or unethical. SCM allows for the
construction of a synthetic counterfactual by optimally weighting control units to
approximate the pre-intervention characteristics of the treated unit. This approach
reduces bias by accounting for both observed and unobserved confounders that
are time-invariant.

In public health research, SCM has gained recognition as a robust quasi-
experimental = technique, particularly for evaluating population-level
interventions.'>16 Its ability to handle single-unit interventions, as in the case of
Brazil’s nationwide YS campaign, makes it particularly suitable for this analysis.
Additionally, SCM’s transparency in model construction and its visual
interpretability enhance the credibility and communicability of the findings.’

Compared to other quasi-experimental methods, SCM offers distinct
advantages. Whereas Difference-in-Differences (DiD) relies on the assumption
of parallel trends between treated and control units, SCM constructs a synthetic

counterfactual that closely matches pre-intervention characteristics and trends,
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making it suitable when parallel trends cannot be assumed.'® Matching methods,
while useful for balancing observed covariates, often fail to account for time-
varying unobserved confounders and do not leverage longitudinal outcome data
as effectively.'® Interrupted Time Series (ITS), although powerful in modeling pre-
and post-intervention trends within a single unit, lacks a robust comparison group,
making it vulnerable to confounding from concurrent events.!® In contrast, SCM
constructs a weighted combination of control units that best replicates the pre-
intervention trajectory of the treated unit, providing a more credible counterfactual
when randomized experiments are not feasible.1®

Bayesian Structural Time Series (BSTS) models also provide causal
inference tools, offering probabilistic estimates and handling complex temporal
dynamics.?® However, BSTS requires strong prior assumptions and is sensitive
to model specification, especially with limited data®°.

Given its ability to construct a transparent and credible counterfactual in the
absence of randomized trials, the SCM was deemed the most appropriate
approach for this analysis. Its application is particularly relevant for evaluating
nationwide interventions like YS, where traditional assumptions of other quasi-
experimental methods are difficult to satisfy.

Statistical issue

The mathematical formalization of the method was originally described by
Abadie, Diamond, and Hainmueller.?® The equations consider the territorial units
of interest and the pre- and post-intervention time points to define the estimators
and differential matrices.

The first step of the model is to define the territorial units of interest. It is
agreed that there are J + 1regions, where the first receives the intervention and
the Jregions act as potential controls. It is assumed that the treatment region is
uninterruptedly exposed to the intervention of interest after some period of initial
intervention: T, + 1,...,T.

Given this, Y¥this is the expected result for the region i, at the moment ¢, in

the absence of intervention. On the contrary, Yiit would be the expected result
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for the region i, at the moment ¢, if the region iis exposed to the intervention
between periods T, + 1aT.

Therefore, the expected effect of the intervention on the dependent variable
in the region ican be defined as: a;; = Y;i — VY.

Assuming it Y;¥is calculated using a factorial model, we have:

Vil = 8 +Zi6 + Aept; + €41,

where §,a common factor not observed between the units; Z;a vector (1 X r)of
covariates observed among units that are not affected by the intervention; 6;a
vector (R x 1)of unknown parameters; A.a vector (1 X F)of common
unobservable factors; u;a (F x 1)factor vector of unknown regional factors, which
corresponds to the weights on the total effect and ;. transient observable shocks.

Considering a vector (J X 1) of weights W = (W, ..., W}4), such that w; >
ofor j = 2,..,J+1and w, +-- + w;,; = 1. Each W value represents a
potential synthetic control, that is, a particular average of the control regions.
Therefore, the value of the dependent variable for each synthetic control indexed
by Wis:

2, ZYZY

Then, an unbiased estimator of a;.can be approximately defined as: @;; =

— YWY fort € {To+1,..,T}.

Whether itis X; = (2],7, ...,17L.KM)’ a vector (k x 1) of characteristics of the
pre-intervention treatment region, X,it will be a matrix (k xJ) of the same

variables applied to the control units:

Z 2
(Ol IS

M M

/ A
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The vector W*is chosen in such a way that it minimizes the distance of each

variable in the post-treatment period from the pre-treatment period. In such a way

that, ||X; — X Wllv = (X, — XoW)'V(X; — X,W), where Vis a symmetric and

positive semidefinite matrix.

Statistical Analysis

The parameter of interest is the intervention's effect, which is calculated as
the average difference in the dependent variable between the treated units and
the artificial control group. In turn, constructing the synthetic control group
requires the use of data for all analysis units, both control and treatment. At a
minimum, information on the dependent variable is needed at least one time point
before and after the intervention.*®> The greater the longitudinal data availability,
the more reliable the counterfactual becomes, thereby enhancing the robustness
of the results.

The synthetic control is estimated by weighting the control units in such a
way that the distribution of the control group closely approximates the treated
unit's distribution in the pre-intervention period.'® Moreover, the synthetic group
seeks to minimize the pre-intervention differences in the predictors included
between the treatment unit and the weighted average of the control units.®

Once the synthetic control is constructed, it is used to estimate what would
have happened to the treatment group in the absence of the intervention.*®> The
weight of potential control units remains constant over time. The difference
between this counterfactual trend and the observed values for the treatment unit
represents the average effect of the intervention.®

The Root Mean Squared Prediction Error (RMSPE) plays a critical role in
evaluating the validity of the synthetic control as a counterfactual. A low pre-
intervention RMSPE indicates that the synthetic control closely replicates the
treated unit's trajectory prior to the intervention, ensuring a reliable
counterfactual. The post-intervention RMSPE reflects how much the treated unit
diverges from its synthetic control after the intervention. The RMSPE ratio — the

post-intervention RMSPE divided by the pre-intervention RMSPE — standardizes
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this comparison; a high ratio suggests that the divergence is not due to poor pre-
treatment fit or random fluctuations but may be attributable to the intervention.
To assess the sensitivity of the results to weight assignments, we conducted
placebo tests in which the SCM was applied to each country in the donor pool as
if it had received the intervention in 2015. These tests provide a distribution of
placebo effects, against which the treatment effect for Brazil can be compared.

Parameters and Analysis Units

The dependent variable is the suicide rate and the independent variables
used as controls include population, life expectancy at birth, fertility rate, urban
population, gdp per capita, trade, unemployment, inflation, and infant mortality
rate. These variables were selected based on their relevance as determinants of
suicide rates and their availability across the analysis period. The study covers
the years 2000 to 2019 and the intervention year is 2015.

The donor pool for constructing the synthetic control unit consisted of Latin
American countries. Countries were selected based on multiple criteria: (1)
geographic proximity, to ensure cultural and regional similarities; (2) comparable
socioeconomic profiles, including indicators such as GDP per capita,
unemployment rates, fertility rates, and life expectancy; (3) availability of reliable
and complete suicide mortality data during the entire study period (2000-2019);
and (4) the absence of national suicide prevention campaigns with broad media
outreach comparable to YS in the selected donor countries during the period of
analysis (2015-2019), to minimize potential confounding.

Ethical Considerations

This study uses publicly available and aggregated data. As no individual-
level or identifiable data are involved, ethical approval is not required. The
research adheres to ethical standards by ensuring transparency and respecting

data privacy.
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Computational Procedures
All statistical analyses were carried out using the R Statistical software
version 4.0.5. The synthetic control was implemented using the Synth package.?!

Materials for replication are publicly available at: https://osf.io/nvwx5/. By making

these materials openly accessible, transparency in the procedures is enhanced,
and the potential for reusing the original data and scripts for similar studies is

increased.??

RESULTS

The synthetic control analysis demonstrates a strong alignment between
the treated unit, Brazil, and its synthetic counterpart prior to the intervention.
Table 2 presents a summary of the variable characteristics for Brazil, the
synthetic Brazil, and the average of Latin American countries in the donor pool.
Key predictors such as population, life expectancy, fertility rate, GDP per capita,
trade, unemployment, and infant mortality rates are well-matched between Brazil

and its synthetic counterpart.

Table 2. Trends in suicide rate: Brazil vs. Synthetic Brazil

. . Brazil
Variables Weights Real Synthetic Sample Mean
Log(Population) 0.18 19.06 18.15 16.30
Life expectancy at birth 0.26 72.15 73.29 72.55
Fertility rate 0.00 1.93 2.46 2.64
Log(GDP per capita) 0.14 8.78 8.80 8.23
Trade 0.05 25.67 50.91 65.72
Unemployment 0.04 9.13 6.43 6.69
Infant mortality rate 0.16 4.83 4.87 7.45

The weights assigned to the countries in the donor pool reflect the

contribution of each unit to the synthetic control, as showed in Table 3. The
largest weight is attributed to Mexico (0.72), followed by Colombia (0.22) and
Haiti (0.06), with minimal or zero contributions from the remaining countries. This
weighting scheme ensures that the synthetic unit closely replicates the pre-

intervention characteristics of Brazil.
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Table 3. Weights assigned to donor pool countries in the construction of synthetic Brazil

Unit name Weights
Argentina 0.0
Bolivia 0.0
Chile 0.0
Colombia 0.22
Costa Rica 0.0
Cuba 0.0
Dominican Republic 0.0
Ecuador 0.0
El Salvador 0.0
Guetemala 0.0
Haiti 0.06
Honduras 0.0
Mexico 0.72
Nicaragua 0.0
Panama 0.0
Paraguay 0.0
Peru 0.0
Uruguay 0.0
Venezuela 0.0

Post-intervention analysis in Figure 1 reveals a significant divergence

between Brazil and its synthetic counterpart. Before 2015, the lines are closely

aligned, indicating a good match between Brazil and its synthetic counterpart

during the pre-intervention period. However, after 2015, the treated line rises

above the synthetic line, suggesting that the actual suicide rate in Brazil increased

relative to the counterfactual scenario estimated by the synthetic control. On

average, there was a 9.2% increase in the suicide rate following the

implementation of the YS campaign.
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Figure 1. Suicide mortality rates in Brazil and its synthetic control (2000-2019)
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Table 4 presents the ratios between post- and pre-intervention RMSPE for
Brazil and each country in the donor pool. Brazil exhibited a post/pre-intervention
RMSPE ratio of 4.18, the highest among all countries analyzed. This result
indicates a substantial deviation of Brazil's suicide mortality trajectory from its
synthetic control following the implementation of the Yellow September
campaign. In contrast, most placebo countries displayed ratios substantially
lower, suggesting that the divergence observed in Brazil is not commonly
replicated among the control units.

Table 4. RMSPE values for Brazil and placebo countries

Country RMSPE Pre | RMSPE Post | RMSPE Ratio
Brazil 0.1675 0.7010 4.1847
Bolivia 0.3785 1.2737 3.3654

Argentina 0.4907 1.3939 2.8405
Chile 1.1849 3.2487 2.7417
Panama 0.9460 2.1035 2.2236

Uruguay 4.3033 9.3142 2.1644

Venezuela 1.3740 2.6699 1.9432

Paraguay 1.0583 2.0175 1.9064

Peru 0.9810 1.7479 1.7817

Nicaragua 0.5355 0.8981 1.6771

Cuba 1.4413 2.0956 1.4540

El Salvador 0.9403 1.3038 1.3865
Mexico 0.3054 0.3665 1.2002
Colombia 1.3926 1.4893 1.0695
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Haiti 5.0251 4.4055 0.8767
Guatemala 2.9168 2.3753 0.8144
Ecuador 2.1657 1.5536 0.7173
Honduras 2.1435 1.0170 0.4744
Dominican Republic 1.6636 0.6418 0.3858
Costa Rica 2.6932 0.9421 0.3498
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The placebo test results in Figure 2 do not provide sufficient evidence to

claim that the observed difference is statistically significant. The treated unit

remains close to zero and follows a similar trajectory to the placebo units in this

period pre-intervention. This indicates that the synthetic control model effectively

fits the pre-intervention trends for Brazil, validating the model's reliability for

counterfactual analysis. But the gap in suicide rates for the treated unit post-

intervention closely aligns with the range of gaps observed in placebo units,

suggesting that the impact of the YS campaign on suicide rates is not statistically

distinguishable from random variation.

Figure 2. Gaps between observed and synthetic suicide mortality rates for Brazil and

placebo countries
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DISCUSSION

This study evaluated the impact of the YS campaign on suicide mortality
rates in Brazil, employing the SCM. Our findings indicate that between 2015 and
2019, Brazil experienced a suicide mortality rate 9.2% higher than its synthetic
control counterpart. However, placebo tests indicate that this observed increase
iIs not statistically distinguishable from random variation, warranting cautious
interpretation of the findings. Although initially counterintuitive, this result aligns
with emerging evidence suggesting that awareness campaigns alone may not
suffice to reduce suicide rates'? and may, in some cases, produce unintended
effects.10.11.23

One plausible interpretation is that the YS campaign heightened public
awareness and reduced stigma surrounding mental health, potentially increasing
the reporting and detection of suicide cases without necessarily reducing their
incidence. This visibility may have encouraged individuals, families, and
healthcare professionals to recognize, report, and document suicide cases that
might previously have gone unreported.?*#2> Consequently, the observed
increase in suicide mortality rates following the campaign could partially reflect
improved detection and reporting practices, rather than an actual rise in
incidence.

Nonetheless, in contexts where mental health services are limited,
fragmented, or inaccessible, raising awareness alone may be insufficient to
achieve meaningful reductions in suicide rates.?® Individuals identified as being
at risk often face significant barriers to accessing timely and appropriate care,
which can undermine the potential benefits of public health campaigns.?’ In such
settings, increasing visibility without parallel investments in mental health
infrastructure may inadvertently leave vulnerable populations without adequate
support, potentially exacerbating psychological distress or feelings of
hopelessness.?®

Alternative explanations for the observed increase in suicide rates must also
be considered. Broader societal factors — including economic downturns, growing
inequality, and persistent gaps in mental health service provision — may have

contributed to rising suicide mortality during the study period, independently of
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the campaign.?®° In Brazil, regional disparities in socioeconomic conditions and
access to healthcare could have amplified these effects, particularly in vulnerable
populations.3!

The limitations of this study warrant careful consideration. First, although
SCM provides a rigorous quasi-experimental framework, potential endogeneity
remains a concern. Unobserved variables that simultaneously affect both the
likelihood of campaign implementation and suicide rates may bias the estimates.
Second, the findings may not be generalizable beyond the Brazilian context,
given the unique cultural, social, and policy environments. Third, the presence of
unobserved confounders — such as media coverage unrelated to the campaign
or shifts in suicide methods — could have influenced the outcomes in ways not
captured by the model. Finally, although the observed differences were not
statistically distinguishable from random variation, the results contribute to
advancing the scientific evidence on the effectiveness and limitations.3? This
transparency is essential to provide a balanced understanding of the
effectiveness of suicide prevention campaigns and to inform future public health
strategies.

From a policy perspective, these results highlight the necessity of
integrating awareness campaigns within comprehensive suicide prevention
strategies. Public awareness efforts, such as YS, should be complemented by
accessible mental health services, crisis helplines, and targeted interventions for
high-risk groups. Additionally, evidence-based strategies — such as early
intervention programs, school-based mental health education, and means
restriction policies (e.g., limiting access to firearms and toxic substances) —
should be prioritized to enhance the effectiveness of suicide prevention initiatives.
A multi-layered approach is essential to address the complex determinants of
suicide and achieve meaningful population-level outcomes.

Future research should employ mixed-methods approaches, combining
guantitative evaluations like SCM with qualitative studies that explore individual
experiences and perceptions of awareness campaigns. Moreover, longitudinal
analyses examining regional variations and demographic-specific effects could

offer deeper insights into the campaign’s impact over time.
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In conclusion, while the YS campaign represents an important initiative in
promoting mental health awareness in Brazil, its isolated implementation appears
insufficient to reduce suicide mortality rates at the population level. To achieve
meaningful outcomes, public health strategies must adopt an integrated, multi-

faceted approach grounded in evidence-based practices.
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