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Part A: Study Protocol
1. Introduction

1.1. Background
Global life expectancy at birth demonstrates an unparalleled increase in the 21 century (United

Nations Department of Economic and Social Affairs, 2020). Life expectancy has increased from 66.8 to
73.3 years since 2000, although in low- and middle-income countries (LMICs) this increase remains at
least 10 years lower compared to high-income countries (HICs) (WHO, 2022b). Growing public health
system challenges arise as ageing populations have a high burden of mortality and morbidity (WHO,
2022b). The global increase in life expectancy is coupled with a significant epidemiological transition,
including a rise in epidemic infectious diseases, chronic noncommunicable diseases (NCDs),
communicable diseases, and mental health conditions (WHO, 2022b). Indubitably, due to the
increased survival rate of the population, the accumulated exposure to diseases and risk factors over
a person’s lifetime means that the share of the population living with multiple conditions will continue

to increase in the future (WHO, 2022a).

The constant growth in chronic NCDs significantly enlarges the global health burden (United Nations
Department of Economic and Social Affairs, 2020). The global share of deaths attributable to NCDs
have increased from 61% to 74% since 2000, while the burden of these diseases is shown to have
shifted from HICs to LMICs in recent years (WHQ, 2022b). Diabetes mellitus is of increasing concern,
given its growing prevalence — which is estimated to reach 642 million by 2040 — and its frequent co-
existence with other chronic conditions (International Diabetes Foundation, 2015). indicate that there
is a high prevalence of persons living with diabetes in LMICs, and particularly in sub-Saharan Africa

(Thienemann et al., 2019).

Despite the major investments in the management of communicable diseases such as human
immunodeficiency virus (HIV), tuberculosis (TB) and malaria, these diseases remain responsible for
almost half of all deaths in LMICs (WHO, 2022b). A decrease in HIV incidence and HIV-related
mortality, morbidity, and transmission risk is linked to the higher availability of anti-retroviral
treatment (ART) globally (UNAIDS, 2019, Johnson et al., 2016). With effective global HIV initiatives,
such as the UNAIDS 90-90-90 targets, approximately 86% of all patients using ARTs had viral loads of
less than 1000 RNA copies/ml in 2018 (UNAIDS, 2019). South Africa aimed to achieve viral load
suppression for 73% of the population living with HIV by 2020 (Johnson et al., 2016). Unfortunately,

HIV prevalence in South Africa remains one of the highest in the world (20.6% of the general
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population) with 7.7 million South Africans living with HIV in 2018, and only 62% of people living with
HIV accessing ARTs (Simbayi et al., 2019, Conan et al., 2022).

Another essential contributor the global health and disability burden is mental health disorders (WHO,
2022b, Daré et al., 2019). Mental health disorders are the third most frequently diagnosed disease
after cancer and cardiovascular diseases globally (WHO, 2022a). Mental ilinesses account for 32.4% of
Years Lived with Disability (YLDs), and for 13.0% of Disability-Adjusted Life Years (DALYs) globally (Vigo
et al., 2016), and more than 25.0% of people living in developing countries suffer from one or more
mental health disorders throughout their lifetime (Daré et al., 2019). High mental health disorder
prevalence is especially worrying considering its high co-occurrence with one or more chronic physical
diseases and its aggravating effects on the consequences of patients’ physical health (Daré et al.,
2019). Moreover, since 80% of people with severe mental health disorders experience difficulty
accessing mental healthcare and are more likely to receive inferior care for their physical health
problems, mental health disorders are estimated as the second highest cause of morbidity and

mortality in LMICs (Daré et al., 2019).

1.2. Problem Statement and Justification
Morbidity and mortality from the co-occurrence of chronic physical and mental health conditions are

challenges to health systems globally, and especially in South Africa, since healthcare remains
fragmented and challenged by limited structural, technical, financial, and administrative capacity to
effectively integrate chronic disease management (Mahomed et al.,, 2014). In South Africa,
multimorbidity estimates demonstrate low to moderate levels (3%—23%) of multimorbidity in younger
age groups and moderate to high levels (30%—87%) of multimorbidity in older groups (Roomaney et
al., 2021). Chang et al. (2019) estimate that 69.4% of South Africans are living with two or more
conditions, with the most common multimorbid profiles including combinations of cardiometabolic
conditions (especially diabetes and hypertension), HIV and anaemia, and combinations of mental

health disorders.

The effective prevention and treatment of mental health disorders remain challenging in South Africa.
In a study conducted in 2019, 38.5% of respondents in South Africa reported at least one lifetime
common mental disorders (anxiety, mood and substance use disorders), the most common being
major depressive disorder (24.7%) and the median proportional annual persistence of mental health
disorders was 80.0% (Bantjes et al., 2019). The overall probable depression prevalence in South Africa

is between 14% and 38% with significant variations between provinces (Craig et al., 2022). However,
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the treatment gap for mental health disorders remains large as only one in four people living with a
common mental disorder receive treatment (Lund et al., 2010). Lund et al. (2010) demonstrate a
significant inequality between South African provinces in the resources available for mental health
care, which underscores the variation in health outcomes in different parts of the country. This
variation necessitates context- and province-specific policy development for mental healthcare (Craig

et al., 2022; Lund et al., 2010).

Mental health management is especially complex when considering the high co-occurrence of mental
health and chronic physical conditions. A meta-analysis of studies that focused on people living with
HIV in Sub-Saharan Africa (SSA) demonstrates a prevalence of depression ranging between 9% and
32% in this population group depending on the use of ARTs (Bernard et al., 2017). Studies reveal that
persons living with HIV and depressive symptoms are more likely to have poor health status overall,
including lower weight gain, higher risks of suicide, faster progression to AIDS and increased mortality
(Abas et al., 2014). Depression among persons living with HIV is also associated with a lower likelihood
of depression medication and ART adherence (Memiah et al., 2014), lower economic productivity,
worsened social isolation, and increased difficulties in social problem-solving compared to patients
living with HIV without depression (Akena et al., 2010). Despite major improvements in HIV chronic
care and prevention, HIV remains an essential consideration for research in South Africa, particularly
since the life expectancy of people living with HIV is increasing and this population group is more likely

to face multimorbidity as they age (UNAIDS., 2019).

Further complexity is added to the management of comorbid HIV and depression due to the high co-
occurrence of both these conditions with cardiometabolic conditions, especially diabetes.
Conservative estimates in South Africa show that 6.5% of adults have diabetes and that a whole of
society approach is required to effectively respond to this ever-growing burden on the health system
(Department of Health South Africa, 2021). People living with HIV are increasingly confronted with
comorbid diabetes although healthcare for co-occurring HIV and diabetes remains highly fragmented
and policies fail to address the undeniable role that social and economic factors play in perpetuating
the co-occurrence of these health conditions (Bosire, 2021). People living with diabetes are also
increasingly confronted with comorbid depression. Depressive symptom prevalence among diabetic
patients has been estimated as high as 46.6% in South Africa (Jansen van Vuuren and Pillay, 2019).
However, in the updated manual of the management of diabetes in South Africa (Department of

Health South Africa, 2021), there are no indications of the importance of screening for co-morbid
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depression among diabetic patients, creating a risk that this important comorbidity remains

unidentified and untreated at the primary healthcare level (Leone et al., 2012).

Effective policy responses are required for improved health outcomes for patients living with co-
occurring physical and mental health conditions (Mahomed et al., 2014). Mental health conditions
cannot be understood or treated effectively in South Africa without consideration of its co-occurrence
with HIV and diabetes, nor can policies effectively address this co-occurrence of diseases without
consideration of the contextual factors that cause, worsen, and sustain the poor health outcomes for
this population group (Lund et al., 2010). Since the components of socioeconomic status which
contribute to the relationship and outcomes of co-occurring diseases differ between countries and
contexts (Leone et al., 2012), research that considers the contextual factors and identify at-risk
persons and vulnerable groups is essential for effective policy responses (Bernard et al., 2017; Abas et
al., 2014). There is a need to unpack the multifaceted contextual influences on co-occurring diseases
and the impact of individual, household, and community level determinants of health outcomes for
effective policy interventions pertaining to co-occurring physical and psychological health conditions

in South Africa (Leone et al., 2012).

Thus, studying the covariates of mental health disorders is relevant in South Africa to inform policies
that address not only the treatment of co-occurring diseases themselves, but also the varied
contextual factors in which they unfold. The current study aims to add to the available evidence by
identifying the socioeconomic determinants of depressive symptoms among patients living with
chronic health conditions, including HIV and/or diabetes. The current study also aims to understand
the variation of depressive symptoms explained by differences between the different levels of the
context (such as households’ socioeconomic status and community factors). The results of this study
will add to the available literature on co-occurring depression amongst people living with HIV and/or

diabetes to support policy development in the Western Cape province of South Africa.
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2. Brief Literature Review

2.1. Co-occurring diseases: An increasing global prevalence
The prevalence of co-occurrence of diseases has been estimated in various HICs. A systematic review

and meta-analysis of prevalence studies to determine multimorbidity among adults in community
settings, the overall global prevalence of multimorbidity was estimated to be 37.2%, with more than
half of the adult population (over 60 years) worldwide lived with multimorbid conditions (Chowdhury
et al., 2023). The study found that prevalence estimates vary according to regions, with 45.7% of
people living in South America, 43.1% of North America, 39.2% of Europe, and 35% of Asia live co-

occurring conditions (Chowdhury et al., 2023).

The co-occurrence of chronic mental and physical health conditions is gaining increased attention
from researchers globally. Barnett et al. (2012) show that as the presence of physical morbidities
increases, the presence of mental health disorders also increases, especially in more deprived
compared to affluent groups. In a study conducted over 17 countries, various associations between
mental health disorders (particularly mood, anxiety, substance use, and impulse control disorders)
and the diagnosis of chronic physical conditions were found to be statistically significant (Scott et al.,
2016). Alcohol use and depressive disorders often co-occur with chronic physical conditions, which is
associated with a higher risk of treatment non-adherence, lower quality of life, and poor health

outcomes (Daré et al., 2019).

Research of disease co-occurrence in LMICs remains limited. Afshar et al. (2015) estimate the mean
prevalence of multimorbidity in LMICs as 7.8%, while Arokiasamy et al. (2015) estimate the prevalence
in six LMICs as 21.9%. Estimates show that multimorbidity affects 53.8% of the population of
Bangladesh (Khanam et al., 2011), 65.6% of the older population of China (Zhang et al., 2022), and six
out of ten adults in rural India (Gummidi et al., 2023). While LMICs face a rapid increase in the
prevalence of obesity and NCDs, infectious and communicable diseases continue to represent a
double burden on population health and health systems (Basto-Abreu et al., 2022). The burden of
NCDs is increasing at a higher pace and in younger age groups in LMICs compared to HICs, with
increased health-related complications in the economically active population group (Oni and Unwin,
2015). Beyond the economic impact, the higher co-occurrence of diseases in younger age groups
heavily impact individual mortality risk, as well as quality of life, productivity, and life expectancy

(Basto-Abreu et al., 2022; Wade et al., 2021, Oni and Unwin; 2015).
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2.2. The co-occurrence of chronic physical and mental health disorders
The co-occurrence of health conditions has negative effects both on the individual and the health

system (Alaba and Chola, 2013). Studies demonstrate associations between the co-occurrence of
diseases and lower quality of life (Arokiasamy et al., 2015), as well as with higher rates of mortality
(Gijsen et al., 2001), increased consultation rates and less continuity of care (Salisbury et al., 2011),
higher frequencies of healthcare utilisation and higher healthcare expenditures (Bahler et al., 2015;
Glynn et al., 2011), and increased hospitalisation rates (Bahler et al., 2015), compared to persons
diagnosed with a single health condition. In LMICs and HICs alike, the co-occurrence of diseases has a
significant impact on adult physical and mental health outcomes (Arokiasamy et al., 2015). Depressive
symptoms are associated with suboptimal adherence to chronic disease treatment and difficulties
coping with the diagnosis of a chronic health disorder (Sorsdahl et al., 2018; Myers et al., 2018). These
effects are amplified in LMICs where there is a high prevalence of health risk factors including personal
factors, behavioural choices, and socio-economic conditions; a higher co-occurrence between
different chronic NCDs, including diabetes and hypertension; and a higher prevalence of
communicable diseases, including HIV (Thienemann et al., 2019). These factors increase the risk of
persons being affected by multiple chronic conditions and worsen their subsequent health outcomes
(Thienemann et al., 2019). The complexity and high burden of co-occurring diseases require integrated
management strategies for effective health system responses (Ameh, 2020; Mendenhall et al., 2017,

Mahomed et al., 2014).

2.2.1. The integrated management of co-occurring diseases
Integrated healthcare management is an essential part of effective and sustainable health systems

responses to this growing burden of co-occurring diseases. The World Health Organisation’s global
strategy on integrated people-centered health services (IPCHS) urgently calls for a paradigm shift to a
non-fragmented and comprehensive approach to health system financing, management, and service
delivery, to move away from hospital-based and disease-based curative care models (WHO, 2015).
The IPCHS stresses that chronic multi-morbidity should not merely be treated reactively, but
investments should be made to understand and address the socioeconomic determinants thereof for
sustainable health system responses (WHO, 2015). Effective integrated care requires an appreciation
of how social problems cluster with and affect medical problems, as well as an understanding that co-
occurring diseases may be caused by different determinants and can present differently than singular
disorders (Mendenhall et al., 2017). This is relevant in LMICs where health disparities are of concern

and socioeconomic determinants of health are perpetuated through inequitable health systems.
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Integrated chronic disease management is a feasible healthcare delivery model in LMICs where health
systems are faced with high burdens of disease and limited resources, as it allows addressing multiple
healthcare needs at one point of healthcare delivery, as well as enables sharing of capital resources,
strengthening delivery and distribution by building on service commonalities, and aligning funding
mechanisms (Atun et al., 2010). Integrated approaches to address multimorbidity improve access to
care, coverage, responsiveness to patients’ needs, health outcomes, and reduce inequalities (Watt et

al., 2017).

In South Africa, the integrated chronic disease management model (ICDM model) was implemented
by the Department of Health to leverage the successes of HIV treatment programmes towards
improved service delivery and efficiency at the primary healthcare level (Department of Health, 2012).
The ICDM model incorporates the management of communicable and non-communicable diseases
and has delivered improved results in chronic disease record keeping, clinical guidelines compliance
and improved health outcomes (Mahomed et al., 2015; Ameh et al., 2017). However, the fidelity of
the implementation of integrated disease interventions is greatly influenced by contextual factors and
a standardised approach will therefore not necessarily yield positive results (Ameh, 2020; Lebina et
al., 2020). There are also persistent inequalities in the quality of and access to care between and within
provinces, as well as between urban and rural areas, which are not appropriately addressed in purely
curative healthcare responses to co-occurring diseases (Mahomed et al., 2014). Without addressing
the socioeconomic factors that shape the co-occurrence of diseases, integrated chronic disease
management largely remains a reactive response to the growing health systems burden imposed by

co-occurring health conditions.

Therefore, it is recommended that service coordination and integrated management of diseases in
South Africa should include addressing the interaction between the socioeconomic determinants of
health and chronic diseases (Mendenhall et al., 2017). Research in South Africa shows that integrated
chronic disease management can be an effective health system response to co-occurring diseases
(Ameh, 2020; Mendenhall et al., 2017; Mahomed et al., 2014). However, there is a need for ongoing
research into the determinants of co-occurring physical and mental health conditions to address the
varied contextual realities in which it unfolds and to allow for context-specific approaches to

integrated disease care (Ameh, 2020; Lebina et al., 2020; Mendenhall et al., 2017).

2.3. Determinants of co-occurring diseases
A large body of research has been conducted on the various determinants of co-occurring diseases.

Common predictors of multimorbidity in developed countries include socioeconomic status and
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educational level, personal traits such as age and body mass index, behavioural factors such as
medication adherence and physical activity levels, and persons’ interpersonal network and marital
status (Chen et al., 2022). In LMICs, multimorbidity has been associated with the higher body mass
index and lower fresh fruit consumption (Zhang et al., 2022), lower educational levels (Arokiasamy et
al., 2015, Khanam et al., 2011, Afshar et al., 2015), with persons who are single and those living in the
non-poorest quintile (Arokiasamy et al., 2015, Khanam et al., 2011). Alaba and Chola (2013) found that
South African adults with multimorbidity were mostly female (74%), had lower levels of education,
lived in urban areas, were recipients of social assistance, and were unemployed. The authors found a
strong positive association between multimorbidity and household income, healthcare utilisation,
depression and obesity (Alaba and Chola, 2013). In a study conducted with chronic disease patients in
South Africa, a higher risk of having a common mental health disorder was associated with being a
female, unemployed, younger, living with HIV, and being food deprived (Petersen et al., 2019).
Research in various contexts demonstrates significant differences in the covariates and determinants

of co-occurring diseases, as briefly summarised below.

2.3.1. Individual-level factors
Evidence in HICs and LMICs highlights the association between older age groups and an increased

prevalence of co-occurring diseases (Barnett et al., 2012, Arokiasamy et al., 2015, Bahler et al., 2015).
However, a considerable increase in the prevalence of multimorbidity in the population below 65
years of age has also been found (Barnett et al., 2012, Afshar et al., 2015, Alaba and Chola, 2013,
Thienemann et al., 2019). The onset of multimorbidity has been shown to occur 10 to 15 years later
amongst people living in affluent areas compared to deprived areas, particularly when multimorbidity
profiles include mental health disorders (Barnett et al., 2012). Compared to HICs, the burden of NCDs
in LMICs is increasingly seen at younger ages, including in adolescents and young adults due to more
behavioural and environmental risk factors, such as the consumption of ultra-processed foods in high

volumes (Basto-Abreu et al., 2022).

Research conducted in South Africa demonstrates that understanding the relationship between age
and co-occurring diseases requires an understanding of the socioeconomic conditions in which these
individual-level factors unfold. For example, Chang et al. (2019) explains that the commonly observed
positive relationship between multimorbidity and lower income-status and age are not observed in
South Africa due to differentials in epidemiological profiles of subgroups. For example, poorer and
younger groups have a higher prevalence of HIV and anaemia, while richer and older groups have a
higher prevalence of cardiometabolic conditions (Chang et al., 2019). In South Africa, the odds of

multimorbid physical conditions are higher in older participants, while physical-mental multimorbidity
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is more common among participants younger than 45 years (Petersen et al., 2019). While these
findings are significant to develop targeted interventions for different age groups, the authors note
that age-related differences in disease profiles should not be understood without unpacking the
socioeconomic factors, that may underscore these differences, such as the differences in housing

stability between age groups (Petersen et al., 2019).

A similar approach should be applied to understanding the impact of gender and ethnicity on the co-
occurrence of diseases. For instance, gender is an important determinant of individuals’
multimorbidity profile in South Africa, as females living with multimorbidity are more at risk for
depression, while males are more at risk for alcohol abuse (Petersen et al., 2019). Wade et al. (2021)
demonstrates an increased risk of death in South African males living with HIV multimorbidity
compared to patients living with multimorbid conditions excluding HIV, although this differentiation
was not statistically significant in women. While differences in disease profiles may be linked to sex-
related biological differences and histories of pregnancy in women, research needs to consider the
various intersectional challenges in the social structures and processes of society that women face
which affect their higher risk of depression as a part of their multimorbidity profile more compared to
men (Moreno-Juste et al., 2023). This is especially important in South Africa where women face higher
rates of unemployment, domestic violence, and lower educational levels than men (Statistics South
Africa, 2013). This complexity is not accounted for when categorising research participants into female

and male categories but should be considered when interpreting results (Weimann et al., 2016).

Similarly, ethnic differences in multimorbidity profiles cannot merely be considered from a biological
point but should also consider the large differences in the socioeconomic determinants that may differ
between groups (Weimann et al., 2016). The ethnic group-related differences in employment and
educational opportunities in South Africa are especially important given the country’s history of racial
discrimination during Apartheid (Statistics South Africa, 2021). There are also cultural differences in
risk factors between racial groups (such as diets and behavioural choices), although stereotypical risk
factors may not apply to all individuals in a particular group or may vary between different areas in
which the same racial groups reside (Weimann et al., 2016). Thus, the influence of biological factors

of race and gender need to be analysed and interpreted with caution.

2.3.2. Household-level factors
A systematic review of studies conducted in North America, Europe and Australasia found that the

odds of living with co-occurring diseases are 4.4 times higher in households with the lowest income

level compared to the highest income level, while households in the most deprived geographical areas
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have a higher prevalence of multimorbidity (Ingram et al., 2021). The authors highlight the importance
of understanding the social determinants of co-occurring diseases between households in the same
contexts and between households in different geographical contexts for effective policy interventions

(Ingram et al., 2021).

In LMICs, a high burden of multimorbidity is seen at the household level for individuals living in the
lowest socioeconomic stratum, including the high direct and indirect costs of covering healthcare
services and the invisible non-remunerated costs of family members largely fulfilling the role of
caregivers while foregoing other means of household income (Pesantes et al., 2017). However,
research conducted in Jamaica demonstrates that the material circumstances of the household,
including the housing conditions and physical features of the neighbourhood environment, were not
significant predictors of co-occurring diseases (Craig et al., 2021). Petersen et al. (2019) found that in
urban areas of South Africa, household food insecurity and poverty were associated with higher odds
of co-occurring depression and alcohol use disorders among chronic disease patients, while Weimann
et al. (2016) show that households in urban areas with high levels of household obesity were
associated with higher odds of co-occurring physical diseases. The lack of consensus between different
studies about the influence of the household level factors on the co-occurrence of physical and

psychological disorders warrant further research inquiries to inform context-specific policies.

2.3.3. Contextual factors
The contextual factors in LMICs largely shape the occurrence, severity, and outcomes of physical and

psychological multimorbidity, reinforcing factors that cause and perpetuate the poverty cycle (Basto-
Abreu et al., 2022, Wade et al., 2021, Jaspers et al., 2015). This includes exposure to environmental
risk factors, including pollution and poor nutrition; limited opportunities for engagement in preventive
efforts such as physical activity; and weak social protection systems, whereby individuals are deterred

from seeking healthcare due to the related expenditures (Swinburn et al., 2019).

The facilities where individuals seek healthcare in LMICs are also often poorly financed and lack
effective screening and treatment options to timely diagnose and manage the co-occurrence of
chronic diseases (Basto-Abreu et al., 2022). Poor continuity and integration of the management of co-
occurring diseases translate into polypharmacy and multiple visits to multiple healthcare providers,
which discourages patients from seeking care and contributes to early disease progression, premature
morbidity, and high rates mortality in LMICs (Swinburn et al., 2019). A study in India highlights the
importance of understanding the predictors of co-occurring diseases between different facility types,

since the analysis showed that socioeconomic factors of education and income were larger
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determinants of co-occurring diseases in private facilities, while individual factors of age, gender and

ethnicity were larger determinants in public facilities (Pati et al., 2020).

A spatial analysis of multimorbidity in districts throughout South Africa revealed that socioeconomic
disadvantage reflected the spatial pattern of multimorbidity in the country, with hotspots located in
the Eastern Cape and KwaZulu-Natal provinces. There is a link between these hotspots and the
histories of higher socioeconomic disadvantage in these areas since both provinces were
predominately rural homelands during Apartheid which were reserved for Black African ethnic groups,
and therefore, continue to face high levels of poverty and deprivation today (Weimann et al., 2016).
The authors note that the district-level analysis may be too expansive to capture the spatial
differences in socioeconomic status and multimorbidity and that further analyses are required to
discern these spatial differences at a smaller spatial scale, such as at the intra-provincial, urban-rural,
or intra-urban spatial level. It is therefore important to understand how these contextual factors may
differ between different countries and between different contexts in the same country to effectively
address the most imminent determinants on the co-occurrence of chronic diseases (Basto-Abreu et
al., 2022, Pati et al., 2020). This understanding should extend beyond provincial analyses, to unpack
the intra-provincial differences in the covariates of co-occurring diseases and support the

development of such context-specific policies (Lund et al., 2010, Weimann et al., 2016).

To summarise, the research conducted in various contexts globally demonstrates that disease co-
occurrence has substantial implications on resource allocation in health systems, and planning in
LMICs should account for the fact that diseases do not occur in siloes. Moreover, the available research
suggests that the covariates of co-occurring diseases extend beyond biological factors to include
household-level and contextual factors, although these factors may differ between different contexts.
The existing gaps in effective integrated management of co-occurring diseases in South Africa
substantiates ongoing research in different contexts of the country to identify at-risk population
groups, highlight the most crucial social determinants that need to be addressed, and inform context-
specific policy development. There is an ongoing gap in the available literature on the covariates of

co-occurring diseases in the Western Cape province of South Africa.

The current study makes use of the data collected by Project MIND which was conducted in the
Western Cape province of South Africa. Project MIND started in 2014 with a study co-design between
the Western Cape Department of Health (WCDoH), the South African Medical Research Council
(SAMRC), the University of Cape Town, and Oxford University (Myers et al., 2018). The purpose of the

project was to assess what the health system capacity and barriers are to integrating mental health
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interventions into chronic disease services to develop acceptable and feasible care models (Myers et
al., 2018). Project MIND included a three-arm, cluster randomised controlled trial used to test the
effectiveness of two collaborative care models for integrated chronic disease and mental health care
and to assess which of these models are the most effective and cost-effective for improving chronic
disease and mental health outcomes (Myers et al., 2022). The data of the randomised control trial
(enrolment between 1 May 2017 and 31 March 2019) is used in this study to determine the covariates
of depression amongst patients living with HIV and/or diabetes in the Western Cape province of South

Africa.

3. Research question

1. What are the predictors of depressive symptoms in patients living with HIV and/or diabetes
at the baseline of Project MIND?
2. Are there differences in the depressive symptoms in the patients from different contexts

(such as households and PHC study sites) at the baseline of Project MIND?

4. Aims and Objectives:

4.1. Aim of the study
This study aims to investigate the social determinants of depressive symptoms among patients living

with HIV and/or diabetes at the hierarchical levels of individual, household, and community where

patients receive chronic disease management.

4.2. Objectives
1. Toexamine the predictors of depressive symptoms in patients living with HIV and/or diabetes

at the baseline of Project MIND.
2. To assess the variation in the baseline depressive symptoms in patients living with HIV and/or

diabetes across households and PHC study sites of Project MIND.

5. Methods

5.1. Study design
The current study makes use of the data collected by Project MIND which was conducted in the

Western Cape province of South Africa. Project MIND included a three-arm, cluster randomised
controlled trial (Myers et al., 2022). The intervention was offered by health providers at the PHC clinics

who screened patients during routine HIV or diabetes care for recent alcohol use (in the past year)
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and low mood (in the past 2 weeks) and referred patients for further eligibility screening for the study

by an assessor (Myers et al., 2022).

The randomised controlled trial of Project MIND is described below to add contextual depth to this

research proposal.

5.1.1. Study setting
Project MIND was conducted in the Western Cape province of South Africa. The WCDoH purposively

selected 24 PHC clinics which offered co-located HIV and diabetes services and treated enough
patients to facilitate adequate recruitment (Myers et al., 2018). At the selected PHC clinics, these
services were provided through separated and vertically organised clinics to prevent selection bias
(Myers et al., 2018). The facilities varied in size and service comprehensiveness to ensure that the
sample was representative of the variability of PHC facilities in the province, as well as of the provincial
distribution of PHC clinics (including 15 urban and 9 rural sites) and the geographically distinct

catchment areas and populations served in the different health districts (Myers et al., 2018).

5.1.2. Treatment randomisation
Randomisation was done at the PHC clinic level to avoid contamination, since Project MIND affected

how healthcare services were provided at the clinics (Myers et al., 2022). A computer-generated
sequence was used by an independent statistician to randomly assign clinics according to their urban—
rural status stratification, to either a designated care group, a dedicated care group, or treatment as

usual group, with eight clinics assigned to each treatment arm (Myers et al., 2022).

The eight treatments as usual clinics received standard care for mental health concerns, including
advice on lifestyle choices, mood and alcohol use monitoring, and referrals to additional services as
required (Myers et al., 2022). Through consultations with patients, providers, and stakeholders, the
designated and dedicated intervention approaches of Project MIND were designed (Myers et al.,
2022). The dedicated and designated approaches were implemented at eight clinics respectively (16
intervention clinics in total) and made use of identical interventions (Myers et al., 2022). However, the
roles of the community health workers differed in each of the approaches (Myers et al., 2022). In the
dedicated group, an additional community health worker was added to the chronic disease team, with
the main task of delivering the MIND programme (Myers et al., 2022). In the designated group, a
facility-based community health worker who was already a part of the chronic disease team was
assigned to provide the MIND programme in addition to their responsibilities in the chronic disease

team (Myers et al., 2022). The manualised MIND programme consisted of three intervention sessions
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(45-60 minutes in duration) based on motivational interviewing and problem-solving therapy
scheduled at least one week apart. The sessions focused on encouraging participants to engage in
intervention and teaching strategies for coping with stress — a major risk factor for alcohol use

disorders, depression, and poor chronic disease management (Myers et al., 2022).

5.1.3. Sample size and participants
The eligibility criteria included patients of at least 18 years old, who were taking medication for

diabetes (Type 1 or Type 2) or antiretroviral therapy (ART) for HIV, who screened for depression
(Center for Epidemiology Scale on Depression (CES-D) score = 16) or for hazardous alcohol use (Alcohol
Use Disorders Identification Test (AUDIT) score > 8) (Myers et al., 2018). The participants enrolled had
not received treatment for a mental health condition or participated in any other study prior to or

during enrolment (Myers et al., 2018).

The sample size of the randomised controlled trial of Project MIND was powered to detect reductions
in risk of depression and harmful/hazardous alcohol use after 12 months. The sample size required to
meet the inference requirements of the trial was calculated as eight clinics per arm (24 HIV and 24
diabetes services in total), with a cluster size of 25 participants per service (600 participants from HIV
and 600 participants from diabetes clinics) (Myers et al., 2022). Participants were enrolled between 1
May 2017 and 31 March 2019 (Myers et al., 2022). After eligibility screening and the consent process,
1340 participants (801 with HIV; 622 with diabetes) were enrolled in the Project MIND study and
participated in the baseline assessment (438 in the designated group (32.7%), 457 in the dedicated
group (34.1%), and 445 (33.2%) in the treatment as usual group) (Myers et al., 2022).

5.2. Data collection
Enrolment in the randomised controlled trial of Project MIND occurred between 1 May 2017 and 31

March 2019. All activities involving the participants of Project MIND occurred in private spaces within
the clinics (Myers et al., 2022). The patients who screened eligible for Project MIND study gave written
informed consent for research participation prior to completing a computer-assisted assessment in
either English, Afrikaans, or isiXhosa (the official languages of the province) of their baseline health
characteristics (current chronic disease treatment, depression, and alcohol use), as well as their
perceived health status and their self-reported socio-demographic information (age, education,

relationship status, hunger frequency in the last month, and employment) (Myers et al., 2022).

23



Blood samples were taken for HIV viral load or HbAlc testing for diabetes was done and sent for
analysis to a South African National Accreditation System-accredited laboratory (Myers et al., 2022).

1. HbA1lc levels (for diabetes) were recorded as a continuous variable in Project MIND (Myers

et al., 2018b). HbA1c is the traditionally used method to monitor glycaemic control and a

good marker of chronic hyperglycaemia, the main characteristic of diabetes mellitus (Zemlin

et al., 2015). The recommendations by the SEMDSA Guidelines for Diagnosis and

Management of Type 2 Diabetes Mellitus for Primary Health Care (2009) and research on

the diagnosis of prediabetes in the Western Cape province (Zemlin et al., 2015) is used in the

current study to categorise HbAlc levels. These categories correspond with the standard cut-

offs used in the Project MIND:

a. Diabetes: HbAlc of 6.5% or higher.
b. Normal: HbAlc of lower than 6.5%.
2. HIV-1 RNA viral load levels (for HIV) were recorded as a continuous variable in Project MIND

(Myers et al., 2018b). The data is dichotomised in the current study according to standard
cut-offs (Conan et al., 2022). These categories correspond with the standard cut-offs used in
Project MIND:

a. Normal viral load < 1000 copies/ul

b. Abnormal viral load > 1000 copies/ul

For more information regarding the treatment arms and the outcomes of the trial, the full protocol of
Project MIND (Myers et al., 2018) and the published research paper (Myers et al., 2022) can be

consulted.

The interest of the current study is the data collected at the baseline assessment of Project MIND,
prior to the intervention exposure. The current study employs a cross-sectional, quantitative analysis
of the predictors of co-morbid depression among the patients living with diabetes and/or HIV included
in the Project MIND baseline assessment. The current study makes use of the data collected from
patients at the baseline assessment of Project MIND. All participants who screened for depressive

symptomes, irrespective of their alcohol use screening results, will be included in this analysis.

5.3. Conceptual framework

5.3.1. Commission on Social Determinants of Health (CSDH) model
The current study draws on the Commission on Social Determinants of Health (CSDH) model to unpack

the predictors of depressive symptoms among chronic disease patients. This model has been useful

to examine the determinants of health, illness and multimorbidity in previous research conducted in
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South Africa (Alaba and Chola, 2013). The CSDH points to the importance of understanding health and
illness as social processes and consequences. The CSDH model appreciates how social, economic, and
political mechanisms influence the socioeconomic positions of population groups, and that these
factors stratify groups according to income, education, occupation, gender, and ethnicity (Solar and
Irwin, 2010). People’s socioeconomic positions then shape the determinants of their health status and
their access to healthcare, meaning that based on individuals’ social status, they experience
differences in exposure and vulnerability to illness and disability (Solar and Irwin, 2010). Thus, the
model posits that there are multiple other factors outside of personal genetics that affect the
occurrence and severity of diseases, including environmental, behavioural lifestyle, and
socioeconomic factors (Solar and Irwin, 2010). The experience of iliness then influences an individual’s
social position, for example affecting the operation of social, economic, and political institutions (Solar

and Irwin, 2010).

Figure 1: CSDH conceptual framework (Solar and Irwin, 2010, pp:6)
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The CSDH model highlights the importance of addressing structural and intermediary determinants of
health to create an enabling environment for equitable healthcare delivery and improve health
outcomes (Solar and Irwin, 2010). These determinants are crucial for policies and research to address
both the social factors that influence the health of populations (i.e., the determinants of health) and
the social processes that cause and maintain the unequal distribution of social factors between
different groups occupying unequal societal positions (i.e., the determinants of the inequalities of
health) (Solar and Irwin, 2010). In the current study, these determinants are defined according to the

CSDH framework (Solar and Irwin, 2010):
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Structural determinants refer to the “interplay between the socioeconomic-political context,

structural mechanisms generating social stratification and the resulting socioeconomic
position of individuals” (pp: 28) or the social determinants of health inequities (Solar and
Irwin, 2010). These factors create or reinforce social stratification or class differences in
society, and thereby, define individuals’ socioeconomic positions within the societal
hierarchies of power and access (Solar and Irwin, 2010). The most significant structural
determinants and proxy indicators include income, education, occupation, social class,

gender, and race/ethnicity (Solar and Irwin, 2010).

Intermediary determinants are influenced by the configuration of underlying social

stratification which define the differences in illness exposure or vulnerability (Solar and Irwin,

2010). Genetic and biological processes are included as the factors that mediate the personal

effects of the social determinants of health (Solar and Irwin, 2010). The main categories of

intermediary determinants of health include (Solar and Irwin, 2010):

a. Material circumstances (including the physical and natural conditions of living and
consumption potential).

b. Psychosocial circumstances (including life stressors, stressful living circumstances and
level of social support and coping styles).

c. Behavioural and/or biological factors (including smoking, alcohol consumption, diet,
physical exercise, sex, and age).

d. Health system factors (including geographical access, affordability, and patient

empowerment).

5.4. Selection of variables

The variables used in the current study are chosen based on their availability in the dataset and their

relevance in literature on the predictors and covariates of co-morbid depression among patients living

with HIV and/or diabetes.

5.4.1. Dependent variable
The outcome variable of the current study is depressive symptoms among patients living with diabetes

and/or HIV. In the Project MIND baseline assessment, depressive symptoms were measured by a 20-

item Center for Epidemiologic Studies Depression Scale (CES-D). The CES-D measures patients’

depressive behaviours and feelings during the previous week on a four-point Likert scale, ranging from

0 (no symptoms) to 3 (symptoms present most of the time) (Radloff, 1977). The composite scores on
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the CES-D range from 0 to 60, with higher scores indicating more severe symptoms of depression
(Radloff, 1977). A CES-D score = 16 indicates when depressive symptoms are clinically relevant, and
this standard cut-off score has yielded acceptable sensitivity and specificity estimates in previous

research (Naughton and Wiklund, 1993, Moon et al., 2017).

The current study uses data for participants captured in the Project MIND baseline assessment. The
dependent variable of this study is a binary categorical variable of participants’ depressive symptoms
indicating: (1) no to mild depressive symptoms (CES-D score < 16) and (2) moderate to severe

depressive symptoms (CES-D score > 16).

5.4.2. Independent variables
The independent variables of the current study include individual-level demographic variables,

household characteristics and PHC site information as captured in the Project MIND baseline
assessment. The following variables are classified as structural or intermediary determinants

according to the CSDH conceptual framework (Solar and Irwin, 2010):

Structural determinants
1. Race

2. Education
3.  Occupation
4

Income

Intermediary determinants
1. Biological factors:

a. Age
b. Sex

2. Behavioural factors:
a. Smoking
b. Obesity
c. Hazardous/harmful alcohol use
d. General self-efficacy

e. Self-reported adherence > 90%
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3. Material circumstances:
a. Average household expenditure
b. Household food insecurity

c. Housing stability

4. Psychosocial factors:

a. Relationship status: self-reported relationship status was dichotomised as single
(including widow/widower, divorced, or separated, and never married) and not single

(including married and living with partner).

b. Social support: Measured using the 19-item Medical Outcomes Study (MOS) Social
Support Survey scale (Sherbourne and Stewart, 1991) in the Project MIND baseline
assessment, including the four aspects social support (tangible, affectionate, positive
social interaction, and emotional/informational support). The items are scored between
1-5, and composite scores are created (between 0-100), with 0 indicating the lowest level
of social support (Sherbourne and Stewart, 1991). In the current study, this variable is
included as a continuous variable, with a higher score indicating a higher level of social

support.

c. Social problem-solving: The Social Problem-Solving Inventory-Revised: Short Form (25-

item self-report questionnaire) was used in the Project Mind baseline assessment to
determine participants’ functional problem-solving skills. Higher scores in the Negative
problem orientation, Impulsivity-carelessness style and Avoidant style on the Social
Problem-Solving Inventory reflect a more maladaptive approach to problem solving
(Hawkins et al., 2009). Higher scores on the Positive problem orientation and Rational
problem solving on the Social Problem-Solving Inventory indicate more adaptive problem
solving (Hawkins et al., 2009). In the current study, this variable is included as a

categorical variable (see appendix B).

5. Health system factors

a. Area of PHC clinic (urban or rural)

5.5. Data analysis

Descriptive analysis will be conducted to summarise the quantitative and qualitative variables.

Participants’ baseline characteristics will be summarised using mean (n) and standard deviation (SD)
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for continuous variables and frequency (n) and percentage (%) for categorical variables. The baseline
characteristics table of the participants separated into the overall sample, participants living with HIV
and depressive symptoms, participants with diabetes and depressive symptoms, and participants

living with HIV and diabetes and depressive symptoms (see appendix A and B).

5.5.1. Multi-level analysis
To address the first and second objectives of the study, multi-level analysis will be used. The

randomisation and sample design of Project MIND was performed in a two-stage manner that, firstly,
a number of PHC clinics were sampled, and secondly, within each of the sampled PHC clinics, a sample
of participants were drawn (Myers et al.,, 2018). Thus, the dataset is hierarchical by nature with
sampled units at two levels. Moreover, individuals are nested within households with different

characteristics.

Multi-level analysis is a useful tool to analyse data drawn from different levels and will support an
analysis of depressive symptoms as it relates to individual characteristics, such as age and income, as
well as to contextual characteristics, such as the household and/or the PHC clinics where they receive
healthcare. Based on the CSDH framework, the difference between an individual’s health and the
population average can be attributable to the differences in their contextual realities, in part, as well
as to the individual differences within different contexts. There may be common contextual factors
that influence the depressive symptoms of multiple individuals in the same PHC catchment areas
which are not shared by individuals from other areas (Leyland and Groenewegen, 2020). In this
analysis, there is consideration of how variations in the context in which people with chronic diseases

live can impact variances in their health outcomes.

In the case of depressive symptoms among patients living with HIV and/or diabetes, a multi-level
regression analysis will allow partitioning this variation of depressive symptoms into factors which are
attributable to the context of the PHC facility (such as access to healthcare services), to the household
context (such as income and wealth quintile), and to the factors which are attributable to the
individual (such as age, gender, and education), and hence quantify the importance of these different
levels on the variance of depressive symptoms (Leyland and Groenewegen, 2020). By including all
three levels in the analysis, this study will better understand the complex relationships between these
factors and depressive symptoms, and account for the variation that may exist at each level. For
example, individual-level factors may be more strongly associated with depressive symptoms among
patients living with HIV, while household-level factors may be more important for those with diabetes.

Additionally, site-level factors such as cost of accessing services may play a role in both groups. Overall,
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this type of analysis will support recommendations for targeted policy interventions at the different

levels to improve health outcomes in these populations.

This multi-level analysis will use a three-level pyramid structure with chronic disease patients with
depressive symptoms at the lowest level (level one), nested within the household-level (level two),
nested within the PHC catchment areas at the highest level (level three). The patient level (level one)
is where the outcome (depressive symptoms) was measured at the baseline assessment of Project
MIND and will be analysed in the regression without individual level (level one) covariates, as well as

with individual level covariates.

Figure 2: Proposed multi-level hierarchy

PHC catchment area (3)
Households in SES strata (2)
Individual patient (1)

(Leyland and Groenewegen, 2020, pp:50)

The household level (level two) will be included in the regression analysis using household-level
variables. Household-level variables will be added in the analysis upon inspection of the available data.
The second level will allow for insight into the within-PHC area variance of depressive symptoms

according to the variance between households.

The PHC site level (level three) will be included in the regression analysis using PHC-level variables.
PHC-level variables will be added in the analysis upon inspection of the available data. Each
site/district will be analysed in comparison to all other sites/districts included in Project MIND. This
level will allow for insight into the between-PHC area variance of depressive symptoms, which is likely

to occur given the wide geographical variance of the PHC sites included in Project MIND.

It is expected that level three of the analysis will show the contextual phenomenon of co-occurring
diseases by demonstrating to what extent health differences among people are attributable to the
communities in which they reside (Merlo et al., 2005). Examining the variation in depressive symptoms
across different sites/districts can help identify disparities in the quality of care and support services
provided to patients living with HIV and/or diabetes. This information can be used to inform policies

and interventions aimed at reducing these disparities and improving the overall quality of care.
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The regression formula for multi-level analysis of depressive symptoms among patients living with

diabetes and/or HIV at the individual, household, and PHC site level can be expressed as follows:

Depressive symptoms

= B0 + B1 * Individual predictors + (2 * Household predictors + 53
* PHC predictors + ¢

where:

e [(0represents the intercept or the average level of depressive symptoms across all participants.

e (1, B2, and B3 represent the effects of the individual-level, household-level, and PHC-level

predictors on depressive symptoms, respectively
® crepresents the error term as the sum of the residual at the individual-level, household-level, and

PHC-level

For each level predictor, the regression formulas can be expressed as follows:

Individual predictor (Level 1) = y00 + y01 * Individual covariates + u0i

where:
e y00 represents the intercept for the individual-level predictor.
e y01 represents the effect of the individual-level covariates on the individual-level predictor.

e uQi represents the random effect for the individual-level predictor.

Household predictor (Level 2) = y10 + y11 * Household covariates + ulj

where:
e y10 represents the intercept for the household-level predictor.
o yl1lrepresents the effect of the household-level covariates on the household-level predictor.

e uljrepresents the random effect for the household-level predictor.

PHC predictor (Level 3) = y20 + y21 * PHC covariates + uZk

where:

e y20 represents the intercept for the PHC-level predictor.

e V21 represents the effect of the PHC-level covariates (including socioeconomic stratum) on the
PHC clinic-level predictor.

o u2k represents the random effect for the PHC-level predictor.
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The multi-level regression formula accounts for the hierarchical structure of the data, with individual-
level predictors nested within households and households nested within healthcare clinics. The
random effects (u0i, ulj, and u2k) represent the variability in the intercepts across the different levels

of analysis, which allows for modeling of the between-group differences.

A common pitfall of multi-level analysis is not accounting for confounding variables, which introduces
bias to the results. Contextual level factors may display confounding either (1) within-level (i.e.,
confounding by other contextual factors); (2) cross-level (confounding by individual characteristics);
or (3) by confounding the relationship between an individual-level variable and the outcome (Leyland

and Groenewegen, 2020). Confounding variables will be adjusted in the analysis to mediate this effect.

Intra-class correlation will be used to measure the variation in depressive symptoms attributed to the
PHC area and household-level respectively. The results for the multi-level regression analysis will be
presented as partial regression coefficients together with the respective 95% confidence intervals (Cis)

of each to signify precision.

5.5.2. Dealing with missing data
A census will be used in the current study to include all the available data of the study population

collected during the baseline assessment of Project MIND. The extent of missing data will be assessed

prior to the planned analyses. Missing data will be treated as missing at random and no imputation

will be performed in the following circumstance as recommended by Jakobsen et al. (2017):

1. Complete case analysis will be used if the proportions of missing data are below approximately
5% and if it is implausible that the missing data is characteristic of one group (missing not at
random). In this case, the impact of missing data will be regarded as negligible and will be ignored
in the analysis (Jakobsen et al., 2017).

2. Complete case analysis will be used if only the dependent variable has missing values and no
auxiliary variables can be identified (auxiliary variable referring to “variables not included in the
regression analysis but correlated with a variable with missing values and/or related to its
missingness” (Jakobsen et al., 2017, pp:3). In this case, no imputation will be required.

3. Complete case analysis will be done if it is relatively certain that the data are missing completely

at random, which can be confirmed by with Little’s test (Jakobsen et al., 2017).

Missing data will be imputed in the following circumstance as recommended by Jakobsen et al. (2017),
if large proportions (>40%) of data are missing, or if the missing at random assumption seems

implausible since this might mean that the results of the analysis will be at risk of incomplete outcome
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data bias. Multiple imputation — a simulation-based statistical technique — will be used to handle

missing data, including the following three steps (Jakobsen et al., 2017):

1. Imputation step: multiple imputation includes multiple sets of values for missing data, to replace
the data that is missing with a random sample of plausible values. An imputation model will
generate multiple completed datasets. Fifty imputed datasets have been suggested to reduce
sampling variability from the imputation process (Jakobsen et al., 2017).

2. Completed-data analysis step: A separate analysis is performed for each dataset generated during
the first step (Jakobsen et al., 2017), i.e., 50 results are constructed.

3. Pooling step: A combination of the results from the completed-data analyses (step 2) will be used

to create a single multiple-imputation result (Jakobsen et al., 2017).

All the analyses will be done with Stata version 15 for MacOS.

6. Ethical Considerations

6.1. Ethical approval
This protocol will be submitted to the University of Cape Town’s Human Research and Ethics

Committee (HREC) for ethical approval. Ethics approval for Project MIND was granted by The South
African Medical Research Council, Cape Town, South Africa (EC004—-2/2015), the University of Cape
Town, Cape Town, South Africa (089/2015), and Oxford University, Oxford, UK (OXTREC_2-17) (Myers
et al., 2022).

6.2. Confidentiality and Privacy
The data used in the current study has been anonymised during the Project MIND data collection and

will be kept in a password protected online platform to which only the necessary members of the
research team (i.e., the student and supervisor) will have access. The published data will be described

in aggregates, will remain de-identified, and will maintain participant anonymity.

6.3. Publication and Dissemination Policy
The dissertation will be submitted in accordance with the requirements of the Health Economics track

of the Master’s in Public Health degree. The findings of the current study will be relevant to
stakeholders particularly within the WCDoH and other researchers. Therefore, an article will be
prepared for submission to a peer-reviewed journal which is yet to be specified. A policy brief will also

be prepared to disseminate the findings to relevant policymakers.
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6.4. Budget
Project MIND was funded British Medical Research Council, Wellcome Trust, UK Department for

International Development, the Economic and Social Research Council, and the Global Challenges
Research Fund (Myers et al., 2022). The current study will not benefit from the funding made available
to Project MIND. No significant further costs are anticipated for the current study, and the dissertation

will be self-funded (appendix C). The principal researcher declares no conflict of interest.

6.5. Logistics
The current study will be carried out over 12 months (1 year), as demonstrated in appendix D.
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Part B: Structured Literature Review

1. Introduction

This literature review aims to highlight the available research on the determinants of co-occurring
diseases globally and in South Africa, with a specific focus on depressive symptoms among patients
living with chronic health conditions, including HIV and/or diabetes. This review includes literature
that demonstrates how health determinants are not only situated at the level of the individual but are
intricately linked to the contextual factors at the household and community levels — a notion
supported by the Commission on Social Determinants of Health (CSDH) model. The literature shows
that effective policymaking to address the social determinants of co-occurring diseases depends on
contextually relevant information, which substantiates the need for further inquiry into co-occurring
mental and physical health conditions in the Western Cape province of South Africa. Finally, a
methodological review highlights that multi-level modelling is an appropriate research method to

unpack the influence of contextual factors on co-occurring health conditions.

2. Search strategy

An online literature search was conducted on PubMed Central, MEDLINE, Web of Science, PsycINFO,
and CINAHL electronic databases up to 30 July 2023. In addition, a similar search was conducted on
Google, Google Scholar, and on Africa Journals Online making use of the same search algorithm used
in the electronic database search. The search was altered according to the specifications of the search
engines used. Furthermore, the reference lists of research papers identified as relevant in the
electronic search were screened to identify relevant literature. The search terms included “physical
and mental health multimorbidity” and other versions such as “physical and mental illness co-
occurrence”, “co-morbid physical and mental health conditions”, and “co-occurring physical and
mental health conditions”. The search was also conducted using terms related to the physical and
mental health conditions addressed in this study, including “co-morbid HIV and diabetes”, “co-morbid
HIV and depression”, and “co-morbid diabetes and depression”. Other search terms included
“socioeconomic determinants of health”, “social determinants of health”, “socioeconomic
correlates”, and “socioeconomic predictors”. The search was further refined to identify contextually
appropriate research by including search terms such as “low-income and middle-income countries”,
“low- and middle-income country”, “LMIC”, “deprived country”, “deprived population”, “developing
country”, “developing economy”, “developing nation”, “poor country”, “poor economy”, “poor

nation”, “poor population”, “third world country”, or “transitional country”. South African research

was identified by adding search terms including “Sub-Saharan Africa” and “South Africa”. Date and
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language search filters were added to include research from the year 2000 to the date of the electronic

search, and to restrict the retrieval of articles to the English language.

3. Background

The co-occurrence of health conditions is a concern for health systems globally, as approximately one-
third of the adult population in low-income and middle-income countries (LMICs) live with two or
more health conditions (Nguyen et al., 2019). Co-occurring diseases increase the risks of mortality and
morbidity, reduce quality of life, productivity, and increase healthcare utilisation and expenditure
(Arokiasamy et al., 2015, Bahler et al., 2015, Oni and Unwin, 2015, Salisbury et al., 2011, Glynn et al.,
2011, Gijsen et al., 2001). The steady increase in global life expectancy is likely to result in a higher
population prevalence of co-occurring diseases, inevitably creating higher burdens on health systems
in the future (Xu et al., 2017). While there is extensive research on co-occurring diseases in high-
income countries (HICs), it is sparse in LMICs and there is a need for further studies in LMICs to inform
policy development, healthcare resource allocation, and effective clinical management (WHO, 2022a).
Generating knowledge on this topic in LMICs is relevant since vulnerable populations in lower
socioeconomic settings are especially at risk of experiencing co-occurring diseases and face increased
socioeconomic hardships that underscore poor health outcomes amongst individuals with more than

one health condition (Xu et al., 2017).

Research on co-occurring diseases is crucial in South Africa as the disease burden and social
determinants of health differ significantly from HICs and other LMICs (Roomaney et al., 2021). South
Africa faces a unique quadruple disease burden, including a high prevalence of communicable diseases
such as HIV and tuberculosis; a growing rate of non-communicable diseases such as diabetes and
hypertension; high rates of deaths from injuries and violence; and highly prevalent neonatal, child,
and maternal mortality (The Presidency of the Republic of South Africa, 2014). The distribution of this
disease burden in South Africa is historically inequitable, with disparities between private and public
healthcare sectors, rural and urban areas, different provinces, and regions within provinces (Rispel,
2016, Downie and Angelo, 2015). The unique nature of disease burden necessitates context-specific
knowledge and substantiates ongoing research into co-occurring diseases within the country’s specific

socioeconomic and contextual circumstances (Roomaney et al., 2021).

Morbidity and mortality resulting from the co-occurrence of chronic physical and mental health
conditions pose challenges to healthcare systems worldwide, given the limited capacity of health

systems to integrate the management of various chronic diseases with mental healthcare (Mahomed
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et al., 2014). The prevalence of mental health disorders is growing, and a significant treatment gap
exists between provinces in South Africa (Lund et al., 2010, Bantjes et al., 2019). Moreover, the
management of depression alongside frequently associated chronic physical conditions, such as HIV

and diabetes, is complex in the South African context (Department of Health South Africa, 2021).

To generate a deeper understanding of co-occurring depression, HIV, and diabetes in South Africa,
research that focuses on the multifaceted contexts in which these conditions unfold is required (Lund
et al., 2010). Ongoing research is also required to identify the significant socioeconomic determinants
of these co-occurring diseases, as well as vulnerable groups, to inform effective policy responses in

different provinces in South Africa (Bernard et al., 2017, Abas et al., 2014, Leone et al., 2012).

4. Global burden of disease
The World Health Organisation highlights that the main drivers of life expectancy and healthy life

expectancy (HALE) are global inequalities in mortality and morbidity profiles (WHO, 2022c). While life
expectancy has increased across all country income groups from 66.8 to 73.3 years (between 2000
and 2019), life expectancy remains higher in HICs compared to LMICs (WHO, 2022c). A global
epidemiological shift, marked by changes in population age distribution, life expectancy, fertility,
mortality, and morbidity, has led to an increased burden of non-communicable diseases (NCDs)
(McKeown, 2009). Some theories, such as the Theory of Epidemiologic Transition, explain this shifting
pattern as one whereby infectious diseases are gradually displaced by lifestyle diseases over time
(Omran, 1971). This traditional notion has been replaced by a more nuanced understanding that global
health patterns are intricate, dynamic, and influenced by multiple factors, including demographic,
environmental, socioeconomic, and technological changes (Ciccacci et al., 2020). The interplay of
various health determinants across different countries and contexts shapes the continuously evolving
epidemiological profile to differentially affect the health of various population groups (McKeown,
2009). To effectively address the health system challenges associated with a growing global population
and respond to the complex epidemiological transition, it is crucial to understand the main
components of the global health burden. Currently, the major contributors to the global burden of
disease include communicable and non-communicable diseases, along with mental health disorders

(WHO, 2022a). This section provides a brief overview of these key contributors.

4.1. Communicable diseases
Communicable diseases refer to infectious diseases which are caused by the direct or indirect spread

of micro-organisms, including bacteria, viruses, and parasites, between people, through insect or
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animal bites, or through the ingestion of contaminated food or water (Barreto et al., 2006).
Communicable diseases continue to constitute a double burden on population health in LMICs (Basto-
Abreu et al., 2022). While the global investments in communicable disease programmes, especially
HIV, tuberculosis (TB) and malaria, have lowered the mortality linked to these diseases from 30.7% to
18.4% (between 2000 and 2019), they remain the cause for approximately half of all deaths (46.8%)
in LMICs (WHO, 2022c). HIV remains the fifth leading cause of DALYs lost (Murray et al., 2012) and
sixth leading cause of mortality (Lozano et al., 2012). Communicable diseases significantly affect health
outcomes when co-occurring with NCDs, and this burden predominantly falls on vulnerable health
systems in LMICs (WHO, 2022a). Oni and Unwin (2015) highlight that addressing the global health
burden requires an understanding of the complex interactions between communicable diseases and
NCDs. Moreover, attention is required to the shared risk factors that mediate this co-existence of
communicable diseases and NCDs to effectively combat the associated poor health outcomes (Oni

and Unwin, 2015).

4.2. Non-communicable diseases
Non-communicable diseases (NCDs) refer to chronic diseases which “tend to be of long duration and

are the result of a combination of genetic, physiological, environmental and behavioural factors”
(WHO, 2022b). NCDs are the leading cause of global mortality, including cardiovascular diseases,
cancers, chronic respiratory diseases, and diabetes (WHO, 2022b). NCD-related deaths account for
over 85% of disease mortality in HICs (WHO, 2022c). The rise of NCDs pose challenges to the
vulnerable health systems of LMICs, which vary in their preparedness to address the associated

mortality, morbidity, and economic burden of the NCD burden (UNHLM, 2014, Ganju et al., 2020).

Global action plans, such as the WHQ’s 25 x 25 goal, aim to reduce premature NCD-related mortality
by 25% by 2025 through addressing major risk factors (WHO, 2013). However, these strategies have
shortcomings, including the exclusion of socioeconomic factors as NCD risk factors and the neglect of
mental health despite its significant association with NCD-related mortality (Pryor et al., 2017,
UNHLM, 2014, Whiteford et al., 2013). The United Nations High Level Meeting also emphasises that
different countries face different challenges to adequately respond to the growing NCD burden, which
cannot be addressed through one-size-fits-all approaches (UNHLM, 2014). To effectively respond to
the growing impact of NCDs, there is a need for focused, collaborative approaches that consider the
contextual realities of different countries and different regions within countries, as well as recognise
the complex relationship between communicable diseases, NCDs, and mental health (Ganju et al.,

2020, Pryor et al., 2017).
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4.3. Mental health disorders
Mental health disorders are defined as disturbances in behaviour, cognition, or emotional regulation,

causing distress and functional impairment (WHO, 2022a). Mental health disorders are in the top
three most frequently occurring health conditions globally, affecting over a quarter of the population
throughout their lifetime (WHO, 2022c). Mental health conditions accounted for 7.4% of DALYs (183.9
million) worldwide in 2010 (Daré et al., 2019), although the impact of mental health conditions have
more recently been estimated as 13.0% of DALYs and 32.4% of Years Lived with Disability (YLDs) (Vigo
et al., 2016). Whilst LMICs have an increasing prevalence of mental health disorders, these health
systems remain focused on combatting communicable disease and non-communicable diseases

(WHO, 2015).

Estimating the prevalence of mental health disorders is challenging, since deaths attributable to
mental health conditions are often reported as physical problems (Daré et al., 2019, Whiteford et al.,
2013). The lack of accurate prevalence estimations, coupled with stigma, diagnostic complexity, and
underfunding of mental health services, hinder the inclusion of mental health prevention strategies in
global chronic physical disease management (Pryor et al., 2017). This is concerning because, although
mental health disorders in themselves are highly debilitating, the impact of mental iliness is more
severe when co-occurring with physical illnesses (Pryor et al.,, 2017). For example, while people
suffering from a mental health disorder are more likely to have a chronic physical disease, they are
also more likely to have worsened physical health outcomes, receive inferior care for their physical
health problems, and have poor adherence to chronic physical disease medication (Al-Hayek et al.,
2012, Daré et al., 2019, Arokiasamy et al., 2015). Considering mental health as it co-occurs with
physical health condition is therefore crucial to effectively address its complexities effectively (Daré

et al., 2019, Pryor et al., 2017).

5. Burden of disease in South Africa

The burden of disease in South Africa also reflects the epidemiological transition. South Africa — an
upper middle-income country —is in a protracted epidemiologic transition, as the country is faced with
dual burdens of infectious diseases and NCDs (Remais et al., 2013). The percentage of deaths from
non-communicable diseases was lower than that of communicable diseases in 2003 (Statistics South
Africa, 2017). However, since 2004, the deaths from communicable diseases surpassed those from
NCDs, and this gap continued to widen after 2010 (Statistics South Africa, 2017). These changes in the
causes of death and disease may overstretch the already strained health system, emphasising the

development of novel responses to the evolving disease burden (Statistics South Africa, 2017, Remais
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etal., 2013). This section demonstrates the impact of communicable diseases, NCDs and mental health

conditions in South Africa.

5.1. Communicable diseases in South Africa
In South Africa, infectious and parasitic diseases accounted for 17.6% of all deaths in 2017 (Statistics

South Africa, 2017). The country is currently at the centre of the HIV pandemic, with over 19% of adults
aged 15 to 49 living with HIV (Allinder and Fleischman, 2019). The HIV burden continues to grow, with
an estimated 270,000 new infections annually (Allinder and Fleischman, 2019). HIV prevalence varies
significantly between gender and age groups, as well as across provinces (UNAIDS, 2019, South African
National AIDS Council, 2016). Vulnerable population groups in South Africa include adolescent girls
and young women, female sex workers, men who have sex with men, people who inject drugs, and
transgender individuals (Haffejee et al., 2023, Cloete et al., 2019). The high burden of tuberculosis (TB)
exacerbates the prevalence rates of HIV in South Africa, with 63% of people living with TB also having

HIV (South African National AIDS Council, 2016).

South Africa has made progress in reducing new HIV infections (declined from 360 000 to 270 000
between 2012 and 2016) (South African National AIDS Council, 2016), which can be partly attributed
to the increased governmental investments in combatting communicable diseases and the move away
from relying solely on donor-funded programs (Allinder and Fleischman, 2019). The National Strategic
Plan on HIV, TB, and STls (NSP) 2017-2022 emphasises that multi-sectoral partnerships and context-
specific plans should address the needs of different provinces, districts, and population groups in a
decentralised manner (South African National AIDS Council, 2016). However, these interventions and
scale-up of investments have not been sufficient to combat the ever-growing prevalence of
communicable diseases (Allinder and Fleischman, 2019), as the underlying factors that perpetuate
these diseases have been neglected in prevention strategies (Haffejee et al., 2023). These factors
include the poor living conditions, unsafe drinking water and limited food security (UNAIDS, 2019,
WHO, 2022c), widespread poverty, unemployment, and limited education beyond primary school
level and disease-related knowledge (Haffejee et al., 2016), cultural norms and accepted sexual
practices (Saasa et al., 2018), high rates of teenage pregnancy, sexually transmitted infections (STls),
and interpersonal and gender-based violence (Hallman, 2005, UNAIDS, 2019). Thus, the social
conditions in which communicable diseases unfold in South Africa require further research attention
to support effective policy interventions beyond merely curing the symptoms of disease (Haffejee et

al., 2023, Hallman, 2005).
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5.2. Non-communicable diseases in South Africa
NCDs significantly contribute to the disease burden in South Africa, accounting for approximately 37%

of mortality and 16% of disability-adjusted life years (DALYs) (Maimela et al., 2016). The country faces
a high prevalence of the big 5 NCDs, including cardiovascular diseases, cancer, type 2 diabetes
mellitus, respiratory illnesses, and mental health disorders (Samodien et al., 2021). NCDs do not unfold
in singularity in South Africa; rather, the progression of disease is embedded in the country’s social
and economic disparities (Samodien et al., 2021, Maimela et al., 2016). Addressing NCDs in South
Africa necessitates tackling the socio-economic factors that exacerbate NCD incidence and severity

(Scott et al., 2017).

An NCD of increasing concern is diabetes in South Africa and in LMICs, as diabetes-related mortality
has increased by 13% between 1980 and 2014 (WHO, 2023). South Africa has witnessed a rapid rise
in diabetes prevalence, from 9% in 2015 to 11.3% in 2021, which is the highest prevalence in Africa
(International Diabetes Federation, 2021). This is while an estimated 45.4% of diabetics in South Africa
remain undiagnosed (International Diabetes Federation, 2021). The diabetes-related health
expenditure in South Africa has grown to an estimated total of USD7.2 billion (International Diabetes

Federation, 2021).

The South African National Department of Health (NDoH) has established specific units of NCD
prevention and management, as well as various NCD policies (Puoane et al., 2017). Notably, in 2011,
a summit on NCDs led to the development of the Strategic plan for the prevention and control of non-
communicable diseases 2013-2017 which focuses on NCD prevention (Puoane et al., 2017). Other
policies include the National Health Promotion Strategy and Policy 2015-2019, the Liquor Act of 2003,
the Tobacco Product Control Act (last amended in 2016), The Strategy to Prevent and Control Obesity
2015-2020, and the National Food and Nutrition Security Policy (Puoane et al., 2017). To move from
these policies on paper to implementation, the Primary Health Care (PHC) system with Ward-based
Outreach Teams (WBOTs) have been able to deliver integrated NCD services in the community
(Puoane et al., 2017). However, ongoing research is necessary to optimise NCD prevention and control
efforts in South Africa especially since the health burden, available services, and specific needs of

different provinces differ (Puoane et al., 2017).

5.3. Mental health in South Africa

In South Africa, 38.5% of respondents in a study reported at least one lifetime common mental
disorders (anxiety, mood and substance use disorders), the most common being major depressive

disorder (24.7%) (Bantjes et al., 2019). In South Africa, over a quarter of adults report moderate to
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severe symptoms of probable depression (Craig et al., 2022). Depression severity varies between
different provinces and access to services, according to levels of household poverty, and across several
socio-demographic determinants, including age, marital status, education level, and living
circumstances (Craig et al., 2022). Unfortunately, the treatment gap for mental health disorders in
South Africa remains severe, as only one in four people receive appropriate treatment (Lund et al.,
2010), and only 0.89% of the uninsured population with mental healthcare needs receive public

outpatient and inpatient mental healthcare (Docrat et al., 2019).

While critical steps have been taken in mental health policy reforms in South Africa, including the
Mental Health Care Act 17 of 2002, the National Health Insurance Policy of 2017, and the South African
National Mental Health Policy Framework and Strategic Plan 2013-2020, the mental healthcare
budget and service delivery have not actualised the policy ideals and still represent significant
disparities between provinces (Docrat et al.,, 2019). Variations in mental health prevalence and
outcomes across South African provinces are influenced by unequal resource availability and socio-
economic determinants, such as poverty and unemployment (Craig et al., 2022, Lund et al., 2010).
Planning for mental healthcare requires ongoing context-specific data to ensure interventions are

tailored to the unique needs of provinces and areas within them (Craig et al., 2022, Lund et al., 2010).

6. Co-occurring diseases

The evidence discussed up to this point highlights the severity and complexity of communicable
diseases, NCDs, and mental health disorders as they occur respectively in the South African context.
Increasingly, there is recognition that these diseases do not occur in siloes, but that the co-occurrence
of these diseases pose a significant threat to the sustainability and responsiveness of health systems
globally (WHO, 2022a, Thienemann et al., 2019, WHO, 2015, Arokiasamy et al., 2015). The following
section offers a theoretical review and explores the prevalence of co-occurring diseases globally and
in South Africa to untangle its complexity and highlight the need for further context-specific data to

support health system planning.

6.1. Defining co-occurring diseases and implications for management
Comorbidity denotes the presence of clinical conditions that concurrently coexist or have the potential

to arise during the trajectory of an individual’s primary illness (Boyd and Fortin, 2010). Typically
examined and managed through the lens of a central index disease, this approach engenders
disjointed treatment regimens for each distinct co-morbid iliness, as depicted in Figure 1 (Boyd and

Fortin, 2010).
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Figure 1: Conceptual diagram of comorbidity: Index disease with other comorbid diseases
affecting its presentation and treatment.
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Source: Boyd and Fortin, 2010, pp: 453

Conversely, multimorbidity signifies the simultaneous occurrence of two or more chronic afflictions,
wherein no single disease assumes a pre-eminent role over the other diseases (Boyd and Fortin, 2010).
The multimorbidity approach, as depicted in Figure 2, suggests that the underlying pathophysiology
of various conditions may exhibit varying degrees of interaction and overlap, and may therefore

require integrated strategies for effective therapeutic management (Boyd and Fortin, 2010).

Figure 2: Conceptual diagram of multi-morbidity: Multiple conditions unfolding within an
individual’s preferences and circumstances.
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Source: Boyd and Fortin, 2010, pp: 454

Considering the differences between comorbidity and multimorbidity, it is clear that the provision of
care for individuals using the latter approach requires more complex and integrated strategies (Skou
etal., 2022). The overlap between clinical conditions and the unique context of a person’s life warrants
synergistic management, wherein the condition as well as the broader context in which these co-
occurring diseases unfold are addressed (Boyd and Fortin, 2010). While patient-centredness is a

fundamental principle in multimorbidity healthcare, current clinical approaches often focus on
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individual diseases and neglect the intricate interplay between patients, diseases, the context, and the
healthcare system (Sturmberg et al., 2017). This complicates optimal healthcare, clinical decision-

making, and effective policy development in multimorbidity management (Sturmberg et al., 2017).

In summary, a multimorbidity approach encompassing a broader perspective of multiple conditions
unfolding in context is necessary to consider the effects of biological, psychological, social,
educational, cultural, economic, and environmental factors on the health outcomes of people living
with multimorbidity (Skou et al., 2022). This perspective is crucial, given that the contexts in which

diseases co-occur differ, which may require unigue clinical management and policy development.

6.2. Prevalence of co-occurring diseases
The prevalence and profiles of co-occurring diseases vary between HICs and LMICs. A meta-analysis

of community-based studies conducted in HICs and LMICs revealed an overall pooled prevalence of
multimorbidity of 33.1% (Nguyen et al., 2019). However, the prevalence estimates were significantly
higherin HICs (37.9%) compared to LMICs (29.7%) (Nguyen et al., 2019). In HICs, studies have reported
prevalence estimates ranging between 35% and 45.7% in different regions, with an overall global
prevalence of multimorbidity estimated as 37.2% (Chowdhury et al.,, 2023). Similar research
conducted in LMICs indicates an estimated mean multimorbidity prevalence ranging between 7.8% to
21.9% (Arokiasamy et al., 2015, Afshar et al., 2015). Multimorbidity prevalence estimates vary
between different countries, from 53.8% in Bangladesh, 65.6% among China’s elderly population, to

60% in rural India (Gummidi et al., 2023, Zhang et al., 2022a, Khanam et al., 2011).

In South Africa, multimorbidity prevalence estimates range between 4% and 22% (Brady et al., 2022,
Arokiasamy et al., 2015, Alaba and Chola, 2013). A systematic review found that multimorbidity
ranged from low to moderate (3-23%) when studies included younger age groups and moderate to
high (30-87%) when studies included more narrow age groups (e.g., 40 years and older) (Roomaney
et al., 2021). While multimorbidity is a significant contributor to, and consequence of inequality in
South Africa, it has been largely overlooked in research and there has been a lack of standardisation
of studies which report multimorbidity estimates (Roomaney et al., 2023). Similar to many other
LMICs, the South African health system faces multiple challenges to deal with multimorbidity,
including inequities in healthcare availability and utilisation, fragmented and poorly capacitated
healthcare systems, and poorly maintained information systems (Basto-Abreu et al., 2022). The strain
on the health system imposed by multimorbidity is exacerbated when population multimorbidity
profiles include co-occurring mental and physical health conditions (Daré et al., 2019), as is delved into

in the following section.
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7. Co-occurring physical conditions and mental health disorders

The research presented up to this point highlights the burden of co-occurring diseases and
multimorbidity globally and in South Africa. The co-occurrence of chronic mental and physical health
conditions is a particular global health challenge in both developed and developing countries (Daré et
al., 2019). The co-occurrence of mental and physical health conditions significantly impacts
individuals’ health outcomes and is associated with suboptimal treatment adherence, lower quality of
life, poor socioeconomic status and living conditions, and limited individual coping abilities (Daré et
al.,, 2019, Sorsdahl et al., 2018, Arokiasamy et al., 2015). Comorbid mental disorders are also
associated with higher rates of health care utilisation (Gijsen et al., 2001), with evidence showing that
coexisting mental health conditions can lead to a 45% raise in healthcare costs per person living with
a chronic physical iliness (Naylor et al., 2012). The following section provides a theoretical review of
the mechanisms by which mental and physical health conditions co-occur. This is followed by an
empirical review of data demonstrating the burden of co-occurring mental and physical diseases and
further substantiate research into this topic area in LMICs and in South Africa. The final section
demonstrates how the determinants and outcomes of certain co-occurring physical and mental health

conditions — specifically, depression, HIV, and diabetes — are unique to the South African context.

7.1. Theoretical review
Research indicates that individuals with mental disorders are at a higher risk of developing chronic

physical diseases (Daré et al., 2019, Arokiasamy et al., 2015, Stubbs et al., 2015, Yu et al., 2015).
Depression is associated with behaviours that increase the risk of non-communicable diseases (NCDs),
such as a poor diet, substance abuse, smoking, and reduced physical exercise (Pryor et al., 2017).
There are also other underlying mechanisms of chronic disease (for example, abnormalities of the
biological stress response mechanisms) which may explain the link between depression with physical
health (Pryor et al.,, 2017). Factors such as poverty, social isolation, poor access to nutrition,
unemployment, and housing circumstances also contribute to individuals with mental health disorders
being more vulnerable to develop chronic physical conditions (Canadian Mental Health Association,
2008). Conversely, individuals with chronic physical diseases are more likely to develop psychological
conditions. In the context of diabetes, for example, high blood sugar levels have been shown to impact
brain function, emotional stress, chronic pain, social isolation, and physical disability, which contribute
to the development of psychological symptoms in individuals with diabetes (Canadian Mental Health
Association, 2008). Depression prevalence among patients with chronic diseases like cancer, renal
disease, heart disease, and COPD ranges between 13% and 79% (Daré et al., 2019; Solano et al., 2006).

The risk for anxiety and/or depression in people with chronic physical diseases is increased by 310%,
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Which poses significant intricacies to effective integrated mental and physical health interventions on

an individual and policy level (Daré et al., 2019).

The relationship between physical and psychological disorders is underscored by shared underlying
factors, including biological, psychological, socioeconomic, and cultural determinants (Sartorius et al.,
2015). Various models have been developed to illustrate the interplay between these factors. Figure
3, developed by Sartorius et al. (2015), demonstrates how epigenetic factors, low socioeconomic
status, and stressful life events can trigger hormonal interactions, leading to metabolic and
cardiovascular disorders, creating a cycle of psychological and physical ill health (Sartorius et al., 2015).
Social and economic contexts, including family, relationships, and broader societal elements, are also

suggested to significantly influence mental and physical disorders in this model (Sartorius et al., 2015).

Figure 3: A model of mental and physical health disorder co-occurrence
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|
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Source: Sartorius et al., 2015, pp:2

Although Figure 3 suggests the interweaving of multiple levels of factors that lead to co-occurring
physical and mental health conditions, it also suggests a unidirectional relationship between health or
illness and the context in which it unfolds. This model neglects the effects of illness on a person’s

subsequent socioeconomic stratification, living conditions, access to healthcare, and experience of
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social cohesion which means that the contextual and personal moderators and the consequences of

the illness experience may be underestimated when using this approach.

Instead, it is widely recognised that the co-occurrence of mental and physical illnesses is influenced
by various factors, largely influencing and influenced by the individual and household socioeconomic
conditions and the context in which the disease co-occurrence unfolds (Pryor et al., 2017, Canadian
Mental Health Association, 2008). A less complex illustration of the co-occurrence of mental and
physical illnesses in Figure 4 moves beyond the interaction between specific mental and physical
health conditions due to pathophysiological or contextual pathways. Rather, this model considers
health conditions as unfolding in a biosocial complex of events that make expression of physical and
psychological multimorbidity more likely, and which reinforces or alters the determinants of illness
(Sartorius et al., 2015). Thus, the expression of co-occurring physical and mental conditions differs
depending on the context, while simultaneously shaping the context of those living with physical and

mental multimorbidity.

Figure 4: Physical and mental illnesses as a biosocial complex of influences
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Source: Sartorius et al., 2015, pp:7

While further development of the model in Figure 4 is required to clarify the complexity of the
relationships between the health outcomes (i.e., the diagnosis of chronic physical diseases and/or
psychological disorders) and the various determinants of illness (i.e., developmental, biological, and

psychosocial determinants), it highlights that the fundamental consideration of disease co-occurrence
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should be its contextually dependent nature, rather than merely the order of disease diagnoses. This
necessitates a comprehensive understanding of the relationships between physical and mental

conditions within the broader environmental and social contexts for effective interventions.

7.2. Prevalence of co-occurring physical conditions and mental health disorders
The co-occurrence of physical and mental health conditions has received increased attention in

research globally. Studies have shown statistically significant associations between mental health
disorders and the diagnosis of chronic physical conditions, particularly in more deprived groups (Scott
et al,, 2016, Barnett et al., 2012). The pooled prevalence of anxiety and/or depression in people with
chronic diseases is 36.6%, while the prevalence of diabetes and/or obesity in individuals with mental
disorders is 16.2% (Daré et al., 2019). People with schizophrenia have a higher prevalence of diabetes
(4 to 5 times higher) and individuals with bipolar disorders have a higher prevalence of diabetes (three
times higher) compared to the general population (De Hert et al., 2006, Mcintyre et al., 2005). In
LMICs, where high prevalence of health risk factors and multiple chronic non-communicable diseases
exist, the effects of co-occurring diseases are amplified, worsening health outcomes for affected
populations (Thienemann et al., 2019). Despite the substantial burden of co-occurring mental and
physical health conditions in LMICs, only a small portion (5%) of research originates from these
countries, highlighting the need for better understanding of co-occurring diseases in diverse contexts

(Thienemann et al., 2019, Xu et al., 2023).

In South Africa, coexisting mental-physical conditions present a threat to the sustainability of an
already overburden and fragile health system (Petersen et al., 2019b). The prevalence of depression
among patients with physical multimorbidities has been shown to increase as the number of physical
diseases increases (Petersen et al., 2019b). This is a particular concern in South Africa, given the rising
prevalence of physical multimorbidity, including the growing intersection between the epidemics of
HIV and NCDs, and the growing effects hereof on the mental health of the population (Petersen et al.,
2019a). While the South African Department of Health has recognised the problem of mental-physical
multimorbidity and has introduced an integrated approach to management at the PHC level (namely,
Integrated Clinical Services Management) (Mahomed et al., 2014), mental-physical multimorbidity
remains an underserviced area of the South African health landscape, as demonstrated in the

following section.

7.3. Empirical review
When considering the limited fiscal space in South Africa, as well as the devastating treatment gap for

mental health conditions (Daré et al., 2019), it is clear that targeted interventions are required to
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identify the most vulnerable population groups and combat specific mental-physical health condition
clusters that contribute significantly to morbidity and mortality in South Africa (Petersen et al., 2019a).
This section describes frequently co-occurring physical and psychological conditions in South Africa,
particularly the co-occurrence of diabetes, HIV, and depression. While this scope limits the inclusion
of other large contributors to the mental-physical multimorbidity burden in South Africa, such as
hypertension, it is focused on these particular disease clusters to illustrate the confluence of a non-
communicable disease, a communicable disease, and a mental health condition as it unfolds in the

South African context.

7.3.1. Co-occurrence of diabetes and depression
The co-occurrence of diabetes and depression has been the topic of inquiry in a multitude of previous

studies. A meta-analysis of studies in high-income countries indicates that individuals with depression
have a 41% increased risk of type 1 diabetes and a 32% increased risk of type 2 diabetes (Yu et al.,
2015). The underlying mechanisms of this relationship between depression and diabetes are not yet
fully understood and require further research (Yu et al., 2015). Possible biological explanations include
altered neurotransmitter activity, heightened inflammation, central adiposity, stress-related factors,
and abnormalities in the hypothalamic-pituitary-adrenal axis commonly observed in depressed
patients (Harris, 2003, Duncan et al., 2003, Bjorntorp, 1991). Behavioural factors such as poor diet,
physical inactivity, and substance abuse are also common in both depressed individuals and those
with chronic physical diseases, potentially contributing to this relationship (Knol et al., 2007). Beyond
physiological and behavioural factors, it is essential to consider the broader social context driving the
co-occurrence of depression and diabetes. For example, economic factors play a significant role in
amplifying the bidirectional relationship between diabetes and depression in both high-income and
low- and middle-income countries (Bukhman et al., 2015, Agardh et al.,, 2011). Researchers are
increasingly exploring how the intersectionality of personal identities and socioeconomic conditions
shape the co-occurrence of these health conditions, although further research is needed to the

understand its complexity (Roomaney et al., 2021).

In South Africa, the influence of socioeconomic factors on the experiences of individuals with diabetes
and depression have been studied (Mendenhall and Norris, 2015, Lund et al., 2010). The convergence
of diabetes and depression in the country is concerning because of the ways in which poverty and
depression can complicate the health problems related to diabetes (Lund et al., 2010). For instance,
women in Soweto who have diabetes often experience psychological distress, which worsens as the
number of co-occurring physical conditions increases (Mendenhall and Norris, 2015). Consequently,

the combination of psychological stress from living with diabetes and their social circumstances affect
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their dietary choices and diabetes management, leading to worsened health outcomes and further
stress about their health and their capabilities to provide for their families in the future (Mendenhall
and Norris, 2015). These findings emphasise the need for comprehensive investigations into the social
dimensions of stress underlying diabetes and co-morbid depression in the South African context,
especially since these experiences reflect the historically embedded systems of inequality and racism
of the country. Furthermore, this highlights that understanding the co-occurrence of diabetes and
depression requires a contextual lens to consider the socioeconomic factors (beyond physiological and

behavioural mechanisms) that underscore the relationship between these conditions.

7.3.2. Co-occurrence of HIV and depression
The chronicity of HIV and the increasing lifespan of people living with HIV that has accompanied

improved medical management and prevention strategies have led to increased research inquiries
into the co-occurrence of HIV with other physical conditions and depression. The co-occurrence of
depression and HIV has significant implications for the health of this population, including reduced
adherence to ART, increased progression to acquired immunodeficiency syndrome (AIDS), worsened
physical symptoms, higher mortality rates, and elevated risk behaviours contributing to HIV
transmission, such as substance abuse and unsafe sexual practices (van Coppenhagen and Duvenage,
2019, Breuer et al., 2011, Ciesla and Roberts, 2001). There is strong evidence of a higher prevalence
of depression among individuals living with HIV compared to the general population, with some
studies finding nearly a twofold increased likelihood of depression (Qubekile et al., 2022, Breuer et al.,
2011, Ciesla and Roberts, 2001). In LMICs, the relationship between depressive symptoms and HIV is
associated with various other psychosocial and contextual factors, including poor social support,

limited education, stigma, and economic hardship (Qubekile et al., 2022).

Multiple studies in South Africa have examined the association between depressive symptoms and
HIV status or treatment. A geospatial analysis revealed that higher community HIV prevalence
corresponds to increased individual risk of depression, although this occurrence varied significantly
between provinces (Asare et al., 2022). In a study in Gauteng province, the prevalence of depression
among people attending an ARV clinic was estimated at 53.8%, and lower CD4 counts were associated
with more severe depressive symptoms (van Coppenhagen and Duvenage, 2019). While there are
factors that reduce depressive symptoms among individuals people living with HIV, such as knowledge
of HIV status, longer ARV use, and social support structures (Pappin et al., 2012), this co-occurrence
of conditions is associated with slower rates of ART initiation, poor adherence, and worsened health
outcomes (Truong et al., 2021). Contextual factors, such as poverty and the experiences of

discrimination and internalised stigma among HIV-positive individuals at healthcare delivery points,
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has been shown to especially worsen cognitive-affective depression (Simbayi et al., 2007). However,
because these contextual factors vary significantly between provinces and healthcare sites (Asare et
al., 2022, Simbayi et al., 2007), further research is warranted to illuminate the most crucial leverage

points for effective context-specific interventions.

7.3.3. Co-occurrence of HIV, diabetes, and depression
While the associations of depression with HIV and diabetes have been studied respectively, limited

research is available on the overlapping occurrence of these three health conditions. Previous studies
have established the link between HIV, antiretroviral use, and an increased risk of diabetes, however
the directionality of this relationship among many other personal and contextual factors remains
unclear (Bosire, 2021, Oni and Unwin, 2015). Individual factors such as diet and body mass index are
often mentioned as mediators in the HIV-diabetes relationship, globalisation, urban migration, and
lifestyle changes in South Africa have also been linked with the co-occurrence of these chronic physical

conditions and psychological symptoms (Bam et al., 2022).

A study conducted in Kwazulu-Natal province of South Africa found that a significant proportion of
individuals with HIV and diabetes had symptoms of depression, but these were largely undiagnosed
(Qubekile et al., 2022). The co-occurrence of HIV and diabetes was not directly associated with
moderate to severe depressive scores, but these scores were linked to factors such as education level,
quality of life, and gender among diabetic participants (Qubekile et al., 2022). The authors suggest
that focusing solely on disease-related factors may overlook important social risk factors, particularly
socioeconomic status, which could be the primary driver of depressive symptoms in this
subpopulation (Qubekile et al., 2022). Studies of syndemic suffering in South Africa have also explored
the clustering of non-communicable diseases, infectious diseases, and depression, to highlight the
intricate interplay of social, psychological, and biological factors in shaping global health problems and
people’s experiences of disease within specific contexts (Mendenhall and Norris, 2015, Mendenhall et
al., 2017, Mendenhall et al., 2022). For example, it was found that women living in poverty with HIV
and diabetes perceive these overlapping social and health problems as mutually exacerbating, with
priority given to their social challenges over medical issues (Mendenhall and Norris, 2015). The authors
highlight the impact of structural violence, the HIV epidemic, and the legacy of apartheid on the
experiences of depression among the women living in poverty (Mendenhall and Norris, 2015). Thus,
social and medical problems interplay in specific populations and geopolitical contexts, which require
social interventions beyond merely treating illness (Mendenhall et al., 2022). To inform such
interventions, ongoing research is recommended to fully grapple with the contextual nature of the co-

occurrence of these health conditions in various regions in South Africa.
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8. Determinants of health

The literature discussed up to this point highlights the geographical variation in the prevalence of co-
occurring health conditions, including population and socioeconomic variations between different
countries and regions within countries (Nguyen et al., 2019, Thienemann et al., 2019, Oni and Unwin,
2015). The evidence supports ongoing research into the determinants of co-occurring diseases in
context, including unpacking the population-specific demographic, socioeconomic, and cultural
factors, as well as lifestyle, material and social factors in households, and factors related to the health
system that contribute to these differences in order to respond adequately to the specific needs of
different population groups (Afshar et al., 2015). This section focuses on the determinants of co-
occurring health conditions by, firstly, unpacking the Commission on Social Determinants of Health
(CSDH) framework as a conceptual basis for understanding how social determinants impact on health.
This section then provides an overview of previous research conducted on the social determinants of

co-occurring diseases, focusing on South African research.

8.1. Commission on Social Determinants of Health (CSDH) framework
The CSDH framework appreciates that social, economic, and political mechanisms influence

population groups differently, and that these factors stratify groups according to income, education,
occupation, social class, gender, and ethnicity (Solar and Irwin, 2010). This socioeconomic
stratification and the social status of groups shape the determinants of their health and vulnerability
toillness (Solar and Irwin, 2010). The model, illustrated in Figure 5, posits that there are multiple other
factors outside of personal genetics that affect the occurrence and severity of diseases, including
environmental, behavioural, lifestyle, and socioeconomic factors (Solar and Irwin, 2010). The
differential experience of illness and disability between groups perpetuates their social positions,
perpetuating their economic and social hardships (Solar and Irwin, 2010). The CSDH framework points
to the importance of understanding health and illness as determined by social processes and
consequences. This framework has been used in previous research on the social determinants of
multimorbidity conducted in South Africa (Alaba and Chola, 2013), in India (Puri et al., 2021), and in
Jamaica (Craig et al.,, 2021), as well as in research on managing the effects of inequality of
socioeconomic status on multimorbidity management among older people (Nwadiugwu, 2021), and
on the historical, social and political contexts, and power relations that shape health inequalities in

South Africa (Ataguba and Alaba, 2012).

The CSDH framework classifies the determinants of health as structural and intermediary factors (Solar

and Irwin, 2010). These determinants are crucial to understand for policies and research to address
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both the social factors that influence the health of populations (i.e., the determinants of health) and
the social processes that cause and maintain the unequal distribution of social factors between

different groups occupying unequal societal positions (i.e., the determinants of the inequalities of

health) (Solar and Irwin, 2010).

Figure 5: CSDH conceptual framework
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8.1.1. Structural determinants

The CSDH framework posits structural determinants are factors that generate or reinforce social
stratification in the society through its interplay between the larger socio-political context and
individuals’ and groups’ socioeconomic positions (Solar and Irwin, 2010). These determinants maintain
the social mechanisms and societal hierarchies that stratify health outcomes between various groups,
therefore acting as the root cause of health inequities (Solar and Irwin, 2010). The main structural

determinants include gender, ethnicity and social class.

Gender and ethnicity

Gender differences exist in the prevalence of co-occurring diseases. A systematic review found a
greater prevalence of multimorbidity among women compared to men (Violan et al., 2014). Studies
in South Africa show a higher prevalence of depressive symptomatology in females living with HIV
(van Coppenhagen and Duvenage, 2019), of depressive symptomatology among women living with
HIV and diabetes (Qubekile et al., 2022), of co-occurring NCDs in migrant and non-migrant females

compared to males (Chukwuedozie et al., 2021), and of multimorbidity in females compared to males
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(Brady et al., 2022, Alaba and Chola, 2013). Racial group differences have also been found in various
studies on co-occurring diseases (Kronzer et al., 2023, Quifiones et al., 2019, Verest et al., 2019), Ethnic
minorities have higher prevalence and earlier onset of multimorbidity (Verest et al., 2019). In South
Africa, Indian/Asian and Coloured/Asian/Indian ethnicity associated with a higher prevalence of co-

occurring diseases (Brady et al., 2022, Roomaney et al., 2021).

These differences between groups may be related to biological, socioeconomic, environmental, or
cultural factors which affect the health of women and men differently across different ethnic groups
(Weimann et al., 2016, Verdonk and Klinge, 2012, Vlassoff, 2007). Gender-related differences may be
attributed to the social roles, stress and depression levels, and lifestyle habits that differ between
gender groups, rather than to the biological differences between males and females (Chukwuedozie
et al., 2021, van Coppenhagen and Duvenage, 2019, Alimohammadian et al., 2017). The historical
differences in employment and educational opportunities between different racial groups, especially
in South Africa, may also underscore the differences in disease co-occurrence between ethnic groups
rather than biological differences (Weimann et al., 2016). Thus, the influence of race and gender on
co-occurring diseases should not be analysed in isolation, and these differences in health profiles

should be interpreted with caution.

Social class
According to the CSDH framework, social class is defined by the “relations of ownership or control

over productive resources (i.e., physical, financial and organisational)” (Solar and Irwin, 2010, pp.28).
Researchers often use educational attainment or income as a proxy to define social class (Craig et al.,
2021). For example, in a study of the Hertfordshire birth cohort, Humphreys et al. (2018) found an
association between paternal social class (as defined by paternal income) and increased
multimorbidity when the child reached an age 64 to 68 years. Using the longitudinal study data from
the Aberdeen Children of the 1950s (ACONF) cohort, an association between a lower social class at
birth (classified according to paternal occupation) and a higher likelihood of self-reported
multimorbidity in middle age has been found, with educational attainment partially mediating this
relationship (Johnston et al., 2019). These studies draw important links between accumulative effects
of adverse childhood circumstances and social class over the life course on multimorbidity in later life,
including the effects of poor household income, chronic stress, and poor familial cohesion on children
and adults’ health (Johnston et al., 2019). However, these studies confirm the approach of the CSDH
framework to use socio-economic position as an aggregate concept of socio-economic position in

research to include both the material/economic base of social class (including the possession and
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control of resources), as well as the prestige related to social class (including access to life chances

based on socio-cultural factors) (Solar and Irwin, 2010).

Socio-economic position
According to the CSDH framework, socioeconomic position can be measured meaningfully at the three

complementary individual, household, and neighbourhood levels (Solar and Irwin, 2010). Crucial
factors that constitute socioeconomic position include occupational status, level of education and
income level (Solar and Irwin, 2010). In a Brazilian multimorbidity study, the authors highlight how
education and income inequalities differed across different regions in the country and respectively
impacted health through different mechanisms throughout a person’s life course (Bof de Andrade et
al., 2022). While higher levels of income represent increased health-related disposable income and
affordability of care, higher levels of education show the longer-term influences of childhood life
circumstances on adult health (Bof de Andrade et al., 2022). Given this difference, research should
investigate the effects of occupational status, level of education and income level on health

respectively (Solar and Irwin, 2010).

Education
A higher prevalence of co-occurring diseases has been linked to groups with lower educational levels

(Afshar et al., 2015, Arokiasamy et al., 2015, Khanam et al., 2011). A significant effect of individual and
parental education level has been found on multimorbidity respectively, while the combination of
lower individual and parental educational levels significantly increase the odds of having
multimorbidity (Schramm et al., 2022). A systematic review and meta-analysis of multimorbidity
research conducted in HICs and LMICs found that lower levels of education were associated with 64%
increased odds of multimorbidity (Pathirana and Jackson, 2018). In South Africa, multimorbidity has
been associated with having a lower level of education (Brady et al., 2022, Chukwuedozie et al., 2021,
Roomaney et al.,, 2021). In KwaZulu-Natal province, Qubekile et al. (2022) found that depressive
symptoms among people living with HIV and comorbid diabetes were significantly associated with
lower education levels. Authors have questioned the directionality of the causal mechanism between
multimorbidity, education, deprivation, and age, and recommended that research should continue to

unpack these variables as they unfold in various contexts (Knies and Kumari, 2022).

Occupation
The temporal nature of the relationship between lower levels of household employment and

multimorbidity cannot be explored using merely cross-sectional data, as this link may be mediated by
various factors (Knies and Kumari, 2022). For example, the caring responsibility invoked by illness may

move family members out of the labour market, or people with poor health may only be capable of
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working certain jobs which can be found in deprived areas (Knies and Kumari, 2022). In fact, it may be
the confluence between limited job availability and lack of quality public services in lower income
areas that underscore the multimorbidity and patterns of unemployment (Knies and Kumari, 2022).
In South Africa, multimorbidity has been linked to lower levels of household employment
(Kamkuemah et al., 2022, Weimann et al., 2016) and unemployment (Alaba and Chola, 2013), while
employment has been found to reduce the risk of co-existing mental health disorders among chronic
disease patients (Petersen et al., 2019b). In contrast, Brady et al. (2022) found that multimorbidity
was associated with being employed, with those unemployed having 36% lower odds of
multimorbidity. The authors explain that the relationship between unemployment and poor health
outcomes can be understood by unpacking the deprivation and social issues that arise from not having

an income (Brady et al., 2022).

Income
The relationship between income and multimorbidity has not been consistently found across different

contexts. In the systematic review by Roomaney et al. (2021), differences in income were not
consistently associated with multimorbidity, with the relationship between wealth, employment,
unemployment stress, and multimorbidity remaining unclear. In HICs, the odds of multimorbidity have
been shown to be 4.4 times higher among participants with lower levels of household income (Ingram
et al.,, 2021). While Knies and Kumari (2022) also discuss that income-related differences in
multimorbidity may be related to age, earlier retirement, or reduced labour market attachment
among people living with multimorbidity, the authors warn against interpreting relationships that are
seemingly causal, without concurrently accounting for other factors of socioeconomic deprivation,
such as education and employment. In the meta-analysis of Pathirana and Jackson (2018), increased
risk for multimorbidity was found with decreasing income in four studies, except in the South African
study conducted by Alaba and Chola (2013), wherein increasing income but lower education levels
were associated with increased multimorbidity risk. The authors emphasise the importance of
stratifying income-related results according to age and gender, as well as adjusting for demographic

and social variables which may influence this relationship (Pathirana and Jackson, 2018).

8.1.2. Intermediary determinants
According to the CSDH framework, the intermediary or downstream determinants flow from the

underlying structural factors that determine social stratification, to shape the differences in
vulnerability to illness and health outcomes between groups and individuals (Solar and Irwin, 2010).
Intermediary determinants include material circumstances, behavioural and biological factors,

psychosocial factors, and health system factors (Solar and Irwin, 2010).
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Material circumstances
Household living conditions, food insecurity, and geographical area differences
Research has considered the effects of the household living conditions on the co-occurrence of

diseases. Larger family sizes have been linked to increased prevalence of co-occurring diseases in
South Africa, with a suggested link between overcrowding, inadequate nutritional intake, and
increased exposure to pollutants (Chukwuedozie et al., 2021). Ingram et al. (2021) found contradicting
results, with homeownership and the social circumstances within households being associated with
both an increased and decreased likelihood of multimorbidity depending on the context studied.
Household food insecurity has been associated with greater odds for multimorbidity in older adults,
although this is not consistent across settings (Smith et al., 2023). In South Africa, Petersen et al. (2019)
found that household food insecurity is highly correlated with depression and alcohol misuse among
patients with chronic physical diseases. Household food insecurity enlarges the risk of physical and
mental illness multimorbidity, especially in the young and economically active population, and that

these factors need to be considered to inform appropriate policy responses (Petersen et al., 2019b).

Both urban and rural area living have been found as risk factors for multimorbidity in South Africa
(Roomaney et al., 2021). However, this risk seems to vary according to the province in which the
household is situated, with a higher prevalence in rural households in KwaZulu-Natal or the Eastern
Cape provinces (Roomaney et al.,, 2021). Asare et al. (2022) highlights KwaZulu-Natal, Gauteng,
Mpumalanga, and Free State provinces as having the highest multimorbidity burden, especially where
the depression hotspots overlap with the HIV hotspots in these provinces. Urban and coastal dwellers
in South Africa also have higher odds of living with co-occurring diseases (Chukwuedozie et al., 2021).
A study conducted by Weimann et al. (2016) reveal the spatial patterns of multimorbidity clearly
reflect the historically bound socioeconomic disadvantage of geographical areas. This district-level
analysis may have been unable capture the nuanced spatial differences in multimorbidity supporting
further analyses to discern these differences at a smaller spatial scale, such as at the intra-provincial,
urban-rural, or intra-urban spatial level, since these variations may be related to the differences in
healthcare services available or the particular histories of certain areas (Weimann et al., 2016). Further
research is required to highlight the most imminent determinants on the co-occurrence of chronic
diseases on an intra-provincial level in South Africa (Basto-Abreu et al., 2022, Pati et al., 2020,

Weimann et al., 2016, Lund et al., 2010).
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e All data generated or analysed during this study are included in this published
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e The datasets generated and/or analysed during the current study are not publicly
available due [REASON WHY DATA ARE NOT PUBLIC] but are available from the
corresponding author on reasonable request.

e Data sharing is not applicable to this article as no datasets were generated or
analysed during the current study.

e The data that support the findings of this study are available from [third party
name] but restrictions apply to the availability of these data, which were used under
license for the current study, and so are not publicly available. Data are however
available from the authors upon reasonable request and with permission of [third
party name].

e Not applicable. If your manuscript does not contain any data, please state 'Not
applicable' in this section.

More examples of template data availability statements, which include examples of
openly available and restricted access datasets, are available here.
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which the conclusions of the paper rely in the manuscript. Data citations should
include a persistent identifier (such as a DOI) and should ideally be included in the
reference list. Citations of datasets, when they appear in the reference list, should
include the minimum information recommended by DataCite and follow journal style.
Dataset identifiers including DOlIs should be expressed as full URLs. For example:
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