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Abstract

Previous studies have suggested that subjects participating in schizophrenia research are not
representative of the demographics of the global population of people with schizophrenia,
particularly in terms of gender and geographical location. We here explored if this has

evolved throughout the decades, examining changes in geographical location, gender and age

of participants in studies of schizophrenia published in the last 50 years. We examined this using a
meta-analytical approach on an existing database including over 3,000 studies collated for another
project. We found that the proportion of studies and participants from low-and-middle income
countries has significantly increased over time, with considerable input from studies from China.
However, it is still low when compared to the global population they represent. Women have

been historically under-represented in studies, and still are in high-income countries. However,

a significantly higher proportion of female participants have been included in studies over time.
The age of participants included has not changed significantly over time. Overall, there have

been improvements in the geographical and gender representation of people with schizophrenia.
However, there is still a long way to go so research can be representative of the global population
of people with schizophrenia, particularly in geographical terms.

Keywords

schizophrenia; diversity; gender; age; global diversity; low-and-middle-income countries; high-
income countries

1. Introduction

Over the past 50 years the landscape of schizophrenia research has changed considerably.
Similar to trends in other research areas, the number of studies focused on schizophrenia
have close to doubled every 9 years (Lammer et al, 2018; Noorden, 2014). However, it
remains unclear whether this increase in the number of publications has involved changes
in the demographic composition of study participants’ age and gender and their country of
origin. This is particularly important since subjects participating in schizophrenia studies
might not be representative of the demographics of the global population of people with
schizophrenia (Paketci, 2020; Patel & Sumathipala, 2001). Furthermore, exposure to social
determinants in mental health, such as the effects of poverty, urbanicity, and community
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violence, distributes unevenly between geographical regions, gender, and race (Crossley,
2018; Burkard, 2021). This lack of diversity limits research generalizability and highlights
the unequal distribution of medical advances. There are ongoing calls towards greater
representation and diversity in study participant’s gender and background for all disciplines
(Nature Methods, 2021).

Echoes of this calls towards greater diversity in research participants have reached
schizophrenia research. There have been efforts and calls to breach gaps in representation
in schizophrenia research participants, who are overwhelmingly from western, educated,
industrialized, rich, and democratic societies (Burkhard et al, 2021). In terms of gender
representation, there is a reported gap in the epidemiological occurrence of schizophrenia
between females and males and the proportion of male and female participants included

in non-epidemiological studies, with men being overrepresented in studies beyond what
would be representative of epidemiological data (Longenecker et al, 2010). Significant
efforts have been put in place to breach the historical gender divide in participants in health
research- including institutional measures such as placing National Institute of Health (NIH)
guidelines for gender inclusion for grant approval (NIH, 2021). This determines that women
should be included in research studies in a way that can ensure that research findings can
be generalized to the entire population being studied. Similarly, a considerable gap between
psychiatric research from Euro-American countries and the rest of the world has also been
found, with considerably less research being published from developing nations (Patel &
Sumathipala, 2001). Additionally, driven by early intervention approaches, a recent focus
has been placed on the study of the early stages of schizophrenia and first episode patients
(McGorry, Killackey & Yung, 2008). Some people have suggested that the development of
early intervention services might be at the expense of other psychosis services (Castle &
Singh, 2015). One could also hypothesize that this is also mirrored in research studies, with
more recent ones including younger subjects, with less representation of older subjects.

The present work analyzed how these representation gaps, specifically those related to
gender, geographical location, and age, have changed in the past 50 years in schizophrenia
research. We used a large existing database of more than 3,000 schizophrenia studies
published in the last 50 years, collated for a systematic review of educational attainment
in schizophrenia. This database included studies from different fields, ranging from
neuroimaging to genetics. We hypothesized that representation from low- and middle-
income countries, women, and younger participants, would have increased over time.

2. Methods

2.1 Search and study selection

The present study was conducted using data from an ongoing metanalysis on educational
achievement in people with schizophrenia. Its protocol is registered in the International
prospective register of systematic reviews (PROSPERO) under the identification number
(CRD42020220546).

That project explored educational attainment in subjects with schizophrenia, focusing on
years of education as the main outcome. It included a wide range of studies, as long as
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they reported: a) data from subjects deemed to be suffering from schizophrenia based on

a validated diagnostic criteria (such as DSM or ICD), b) included adults (mean age over

18 years old), c) reported their educational attainment expressed as years of education (and
not in any other form such as high-school or completed A-levels) with a measure of its
variance, and d) included the average age of the participants. Studies in English, Spanish,
Portuguese, German and French were considered. There were no restrictions on the type of
study included.

The original search was performed on the 24™ November 2020, and was conducted using the
following search terms “Schizophrenia [mesh terms] OR Schizophren* AND “educational
status”[mesh] OR “years of education” OR schooling” in PUBMED and PsycINFO. It was
limited to publications between 1970 and 2020. The initial hits were subdivided among 22
of the co-authors, and studies considered eligible, and their data extraction, were reviewed
by another author. Duplicates of the same data published in two different articles were
excluded.

The PRISMA flow diagram is presented in Figure 1. From 32,593 initial possible hits, 3,278
publications reporting on 3,321 samples (as some publications reported on more than one)
were considered to fulfill selection criteria and included.

2.2 Variable Operationalization

Countries of publication were classified as either part of high-income countries according

to the World Bank’s 2022 income classification or as part of any other income bracket
(upper-middle income, lower-middle-income, and low income). Country of publication was
also classified by their geographical region (East Asia and Pacific, Europe and Central Asia,
Latin America and the Caribbean, Middle East and North Africa, North America, South
Asia, Sub-Saharan Africa). Gender in each sample was determined as the raw proportion

of female participants out of the total number of participants. The age variables for each
sample were summarized as the mean age and standard deviation of age of all schizophrenia
participants.

2.3 Analyses

To analyze the representation of people with schizophrenia from different income regions,
the total number of studies per year (from 1971 to 2020) for high income and low-and-
middle-income country categories were compared using chi-squared. The total number

of participants included in studies for each year was also compared between those two
groups using an independent sample t-test. To examine changes with time of those two
variables (numer of studies per year, and total number of participants per year), we

used a general linear model incorporating World Bank Classification (upper or low-middle-
income), publication year, and their interaction as regressors.

To determine whether gender representation had changed over time, we performed a
meta-analysis and meta-regression using a random-effect model, weighted according to
the inverse of the variance of the studies included, and fitted using a maximum-likelihood
estimator with R’s metafor package (Viechtbauer, 2010). We built two models. First, to
determine the trajectory of gender representation over time, a model was constructed using
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year of publishing as a moderator. A second model was constructed including publication
year, the World-Bank classification of the country of the study (upper or low-and-middle-
income), as well as their interaction.

The same approach was used to analyze the effect of year of publication on the age of
the participants. This involved a first simple meta-analytical model including only year
of publication as a predictor, followed by a second model also including the income
classification of the country of publication and their interaction.

Lastly, given the large number of studies from low-and-middle-income countries originating
from China (63.44%), analyses were replicated without studies from this country to
corroborate whether any observed effects were driven by this country only.

3. Results

This study included a database of 3,321studies including a total of 317,385 participants. We
now describe the characteristics and changes across time of these studies.

3.1 Geographical representation in studies

3,300 studies included information about the country where the study was performed. There
was a significantly larger number of publications from high-income countries (N=2,607,
79% of all studies included; /1/2(1) =1110.1, p <10719). Most participants were also from

the group of high-income countries (A= 228,708 (72.66%): y%(1) =64635, p <10719) in this
dataset. To put this into context, the total world’s population living in high-income countries
as of 2020 corresponds only to 15.73% of the world population (The World Bank, 2020).
The number of studies from each income bracket and geographical area over time can be
seen in Figure 2.

There was a significant effect of time on the proportion of studies from middle-and-lower
income countries over the total number of studies published each year, with an increase in
the proportion of 0.1 percentage points per year (t-value=8.57, p<10~10; Figure 2). However,
this was clearly a non-linear relationship, with the proportion of published studies from
low- and middle-income countries being almost zero until the 1990’s, and then representing
between 27.8% to 39.3% in the last 5 years (2015-2020). The same pattern was found

for total number of participants from low- and middle- income countries over the total
number of patients with schizophrenia included each year. A linear regression was also
conducted using the proportion of participants (instead of studies) per year from low-and-
middle-income countries as a variable of interest. There was a significant effect of time on
the proportion of participants from low-and-middle-income countries, with a 1 percentage
point increase per year (£8.57, p<0.001).

Subsequent analyses showed that the increase in studies and participants from low-and-
middle-income countries was largely driven by China. When studies from China were
excluded, the proportion of studies from lower income countries increased by only 0.23
percentage points each year. The increase over time in participants from low-and-middle-
income countries remained significant when removing studies from China (t=7.62, p<0.001).
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3.2 Gender Representation

3.3 Age

Out of the whole sample 34.83% of participants were women. When running our simpler
model including year of publication only, there was a significant effect of time on gender
proportion (z=10.73, p <10726, with significant heterogeneity /=98.34%). In 2014 - the
median publication year for all studies- 35.49% of all participants were female, and each
additional year showed a 0.41 percentage point increase. To put this in context, a meta-
analysis from 2003 (Aleman, Kahn & Selten) exploring the risk of schizophrenia and sex,
suggested that the proportion of women with schizophrenia was 41.32% (95% C1=39.06%
to 42.48%). If ongoing trends continue, the lower end of this study’s confidence interval
would be reached in about 9 years.

When the income bracket of the study’s publication was included as an additional moderator
in the model, as well as its interaction with year of publication, the effect of time remained
significant but slightly smaller than in the simpler model (8=0.003, z=8.03, p <10~15).

The income bracket for the country of publication also showed a significant effect on the
proportion of females in studies. Low-and-middle-income countries showed a significantly
higher proportion of women in their studies. In 2014, low-and-middle-income studies had
on average 39.51% female participants, while high-income countries had an average of
34.1% female participants ((z=6.92, p <10711). The interaction between publication year and
income bracket was not significant (p =0.84), suggesting women’s participation in research
was growing at a similar pace across the world. However, the difference between regions
meant that representativeness (according to the Aleman meta-analysis) was achieved in
studies from low-and-middle-income countries more than 5 years ago, while it will take
around 10 years more to achieve that in upper-income countries. The results of the model
can be seen in Figure 3.

The effect on time on the proportion of female participants remained when studies from
China where excluded (B=0.003, z=8.12, p <1071%). When country of publication’s income
bracket was included in the model as well as its interaction with year of publication, the
effect of country of publication’s income remained significant (8=0.03, z=2.51, p =0.012).
The effect of time using this more comprehensive model remained significant (8=0.003,
2=8.05, p <10719), but also the interaction between time and country of publication’s income
bracket (=—0.005, 7=-2.28, p=0.023). This meant that low- and middle-income countries
(excluding China) presented a decrease in participation of women in research.

Another way of looking at gender bias is to look at proportion of studies including single-
gender participants, either male or female. Out of all studies, 217 reported no female
participants while only reported 17 no male participants. 84.79% of the studies with no
female participants where from high-income countries and 88.24% of studies with no
male participants were from high-income countries. See Figure 4 for a visualization of
the proportion of studies over the years that have no female and no male participants.

Participants across studies had a mean age of 37.08 years (sd= 9.05). The meta-analytical
model that only included time as a predictor on participants age was found to be significant
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(decrease of 0.09 on average age per year, z=—4.64, p<0.00001, /2=99.17%). However, when
including the income bracket for the study’s country of publication as a moderator for the
model, as well as its interaction with the paper’s year of publication, the effect of time

did not remain significant (B=-0.03, z=—1.55, p=0.12, model with an #=99.13%). In this
new model the country of publication’s income bracket was significant (8=—4.33, z=-10.79,
p<1072%), and the interaction between countrys income bracket and year of publication

was not significant ($=0.04, z=0.46, p=0.64). In other words, the initial analysis showing a
significant effect of time was a result driven by the younger age of participants in low- and
middle-income countries, and the increase of studies in time from these countries reported
previously. Figure 5 shows results from this meta-analytic model.

Results were unchanged when studies from China were excluded. There was an initial effect
of time on participants age when no other variables were included (B=-0.04, z=-2.16,
p=0.03), which was no longer significant after including the country’s income bracket that
was driving most of the effect (8=—4.09, z=-7.01, p<10~11), with no significant interaction
between income bracket and time.

4. Discussion

Research studies in schizophrenia should include diverse participants representative of the
global population of people with schizophrenia in terms of gender, age and country of origin
to ensure that research findings are relevant for diverse populations. By analyzing a large
database of research studies published in the last 50 years, we found that inequality is still
present in terms of geography, gender and age.

In terms of geographical region, considering that research studies cost money;, it is
unsurprising to find that upper-income countries are more represented in the literature.
However, the magnitude is nevertheless striking, with overall only 21% of participants
belonging to regions of the world that correspond to 84% of the population. We did find an
increase in this representativeness, which is in line with previous reports (Large et al., 2010),
that has mostly been driven by China.

Our results also confirmed an existing gender bias, with women being under-represented in
the total corpus of research. Our data also show that studies from low and middle-income
countries recruit a proportion of women that is currently within the one expected in the
global population of patients. Our sub-group analysis excluding China showed that this was
mostly driven by this country. This is not the case for upper-income countries, where there is
still a significant under-representation of women in research participants. Encouragingly, as
our data show, there have been gains in the last years across countries, and within a decade
we might expect that the gender proportion of studies in high-income studies will also be
representative of the population of people with schizophrenia.

In terms of age representativeness, although we initially saw an effect of time, this was
mostly driven by younger participants from low- and middle-income countries, and the
increase in their participation over time. This is expected considering their demographic
composition (The World Bank, 2020). Potential concerns about a neglecting effect on older
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population due to the interest in the early stages of the disorder, particularly the critical
period (Birchwood, Todd & Jackson, 1998), seem unsubstantiated.

This study is limited by the nature of the database used. The original search terms and
inclusion criteria were focused on educational achievement in schizophrenia. This in itself
should not be related to gender, geographical areas, or age. However, there might still be a
potential for bias in the way different countries, with different educational systems, report
education in their studies. For example, under-estimating the literature from certain countries
in which other measures of educational attainment other than completed years of education
are used (for example, GCSEs in the UK or High school in the USA). However, the database
used included more than 3,000 studies that allowed us, with the limitation described above,
to provide a picture of the evolution of representativeness. Further research should consider
creating a new database with more general search terms to avoid these types of biases.

In conclusion, we here show that there are historical and current gaps in the representation
of women and developing nations in SZ research, with no changes in the age of
participants. These gaps have improved over the past 50 years but there remains to be
considerable underrepresentation of both groups. Further efforts must be made to increase
the representativeness of the global population in research.
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Highlights

We here examined changes in geographic location, gender and age of
participants, in schizophrenia studies from a large database of over 3,000
studies published in the last 50 years.

We found that studies from low- and middle-income countries have been
increasing since the 1990s, although are still under-represented when
considering the size of the world’s population they represent.

Women have been historically under-represented in schizophrenia studies.
This is less of a problem in low- and middle-income countries, particularly
China.

Women’s under-representation in studies has been improving significantly,
and we could expect upper-income countries to reach representativeness
within the next decade.

There has not been any significant change in time in the mean age of
participants.

Psychiatry Res. Author manuscript; available in PMC 2023 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Alliende et al.

Page 11

PUBMED
32,224

PsycINFO
891

\/

Figure 1.

Abstract and full text article selection process.

All hits (no duplicates)
32,593

Excluded Abstracts: 19,385
* No participant data collected for

\ 4

v

study: 6,801
* Non-schizophrenia sample: 11,784
* Access or language barriers: 800

Full text retrieved
13,208

Excluded Full Text: 9,930
* Years of Education not reported

v

\ 4

(primary outcome for original
study): 9,930

Publications Included:
3,278
Samples Included:
3,321

* Non-schizophrenia sample: 223
* Duplicated sample: 170

Psychiatry Res. Author manuscript; available in PMC 2023 January 01.



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Alliende et al.

Number of Studies

25

o

o
X

N

o

o
A

A. Studies per Global Income Bracket

—i &

100 4

Proportion of Studies (%)

N
(5]
a

1970 1980

Figure 2.

Page 12

B. Proportion of Studies per Global Income Bracket

Income Categories
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B Low-and-Middie
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A. Proportion of all studies from countries classified as high-income or upper-middle
income, lower-middle-income, or low-income countries (low-and-middle-income countries).
B. Proportion of all studies from each of the World Bank’s geographical regions.
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Proportion of Women in Studies
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Figure 3.

Annual proportion of women in schizophrenia in research papers from 1971-2020 according
to the country of publication’s World Bank income classification. The middle horizontal line
reports the expected proportion of women (41.32%) from the global population of people
with schizophrenia (with the 95% confidence interval in dashed lines), estimated in the
Aleman, Kahn and Selten’s 2003 metanalysis’ on epidemiological studies. Dashed lines in
red and blue represent the meta-analytic model including all studies, alongside the residual
variance of the model (12).
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Figure 4.
Percentage of overall studies with no male or no female participants over time.
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Mean Age of Participants in Studies
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Figure 5.
Average age of participants per year in schizophrenia research papers between 1971-2020

according to the country of publication’s World Bank income classification. Dashed lines in
red and blue represent the meta-analytic model including all studies, alongside the residual
variance of the model (12). As can be seen, participants in low- and middle-income countries
are younger, which has not changed much through the decades.
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