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Abstract

Background: This research tackled the crucial issue of socioeconomic inequalities in
COVID-19 outcomes at the district level in South Africa. While previous literature has
frequently relied on income as a measure of socioeconomic status, it's essential to recognize
that socioeconomic standing is multifaceted and dynamic. In this study, we delved into these
multidimensional factors shaping a population's SES, employing an intersectional approach
that considers demographic, economic, and structural aspects of socioeconomic status. Our
analysis aimed to understand how each of these dimensions, as well as their collective
influence, impacts COVID-19 cases, recoveries, and deaths. The insights underline the need
for targeted policy interventions that bolster support for vulnerable groups, enhance economic
resilience through job creation and social grants, and improve public infrastructure to reduce
overcrowding and ensure equitable access to basic utilities. The study advocates for an
intersectional policy approach to address the multifaceted nature of health disparities
effectively.

Methods: The study utilised data amalgamated by the National Policy Data Observatory
(NPDO). which synthesizes information from the National COVID-19 outcomes surveillance
spanning from November 2019 to July 2022 and socioeconomic indicator data from the 2021
General Household Survey (GHS) . The study analysed 12 socioeconomic indicators across
53 districts to create four analytically backed domains of socioeconomic standing namely:
sociodemographic index (average number of persons per household, proportion of female-
headed households, and age dependency ratio and proportion of individuals over the age of

60), economic index (income, subsidised households, poverty and adult unemployment),
infrastructural index (water, electricity, toilets and proportion of informal dwellings) and
overall district socioeconomic index using the Principal Component Analysis technique. The
relationship between these indices with COVID-19 cases, recoveries, and fatalities were
further investigated using the Wagstaff concentration index of inequality and concentration
curves.

Results: Using factor loadings attained from PCA, we grouped our variables into the 3
domains of socioeconomic standing, validating the intersectional framework conceptualised
in the study. The analysis revealed that when districts were ranked by the sociodemographic
index, COVID-19 outcomes showed a pro-poor distribution across cases, recoveries, and
fatalities, with concentration indices of -0.27 (p=0.01), -0.27 (p=0.01), and -0.16 (p=0.08)
respectively. Groups experiencing greater sociodemographic deprivation, including those in
complex households such as households with the elderly and female-headed households,
suffered severe outcomes. The results showed a similar pattern with the economic index, with
concentration indices of -0.22 (p=0.04), -0.21 (p=0.04), and -0.16 (p=0.07) for cases,
recoveries, and mortalities respectively. This aligns with empirical literature where
unemployment and lack of income exacerbated poor outcomes.




The infrastructural index showed a pro-rich distribution with the concentration curve below
the line of equality and concentration indices of +0.34 (p=0.0005), +0.34 (p=0.0006), and
+0.30 (p=0.005) for cases, recoveries, and mortalities respectively. This along with evidence
of dense population in metropolitans such as city of Johannesburg, eThekwini and City of
Cape Town suggests that urbanization and subsequent overcrowding in well-developed areas
increased the risk of spreading infection and worsening COVID-19 outcomes, supporting the
narrative of calling COVID-19 the urban disease.

Finally, the multidimensional SES index produced an overall pro-poor distribution with the
concentration curve lying above the line of equality and concentration indices of -0.28
(p=0.01), -0.27 (p=0.01), and -0.20 (p=0.02) for cases, recoveries, and mortalities
respectively. Using the sociodemographic, economic, and infrastructural indices, the analysis
provided a statistically significant description of inequality in cases and recoveries but not in
mortalities.

Conclusion: The research provides compelling evidence of a 'social gradient' in health at the
district level in South Africa. The results clearly demonstrate that poor socioeconomic status,
as indicated by our broad multidimensional SES index, exacerbates negative health
outcomes, with the main drivers being sociodemographic characteristics and economic
deprivation. The study concludes that a combined approach—strengthening public health
infrastructure, implementing housing reforms, and providing targeted economic support—can
mitigate public health crises and reduce socioeconomic disparities. However, policy
challenges such as resource allocation conflicts, stakeholder resistance, dependency on
external support, and financial sustainability threaten effective implementation. Addressing
these issues requires coordinated efforts, sustainable funding, and equitable distribution
frameworks to ensure that reforms have lasting impact, particularly in underserved and rural
areas. The study emphasizes the importance of adaptable policies and stakeholder
engagement to overcome barriers and achieve long-term public health resilience.




Acknowledgements

I begin by expressing my heartfelt gratitude to my God, YAWEH, whose abundant provision
of knowledge and wisdom, as outlined in James 1:5, has guided me throughout this journey.

I extend my deepest appreciation to my family for their unwavering support and for
cultivating an environment where I could flourish holistically. To my beloved mother, Vho-
Gladys Lutanani Tshipetane, my father, Vho-Ntshavheni Steven Mainganye, my late
grandmother Vho-Mutshekwa Nthangeni, my sisters, and Azwinndini Neluvhalani, Andani
Tshipetane, and my cherished nephews, Khokha Neluvhalani and Mulondoli Neluvhalani, as
well as my niece, Huande Tshipetane, your love and encouragement have been my anchor. I
am also deeply grateful to my mentor, Dr. Mbilaelo Tshamiswe, whose inspiration and
guidance have empowered me to carve out my own path as a woman in medicine. To each of
you, I offer my profound gratitude for your contributions to my journey. Your influence has
been immeasurable, and I am forever indebted to you all

I also extend my sincere appreciation to the David and Ellaine Potter Foundation for their
generous financial support. Their belief in my passion for civil society and their investment in
my academic pursuits have been instrumental in realizing my dreams.

Special thanks are also due to my supervisor, Dr. Olufunke Alaba, for her invaluable guidance
and unwavering support, which have played a pivotal role in shaping both my mind and this
research endeavor. I am also immensely grateful to the entire family at the Health Economics
Unit at the University of Cape Town. It has been a joy to walk this journey alongside them. I
must acknowledge Dr. Lucy Cunnama, the first health economist I encountered in the unit,
and Prof. Edina Sinanovic, who introduced me to the subject area and ignited my passion for
health economics.

Furthermore, I express my gratitude to Prof. Leslie Landon for providing me with the
opportunity and accepting me to pursue an intercalated MPH alongside my MBCHB.




1 Table of Contents

2 Section A: Literature ReVIiew .........ceuceveniuieninieinieiinieiinceiieseiiesesiessesesssasssassens 13

S /7717 1 T 1 7 13

4  Background: COVID-19 pandemic and socioeconomic cOnSequUences ................... 13

5 Theoretical literature review .........cueeeeuvenrnreinieieceiieceirecesiecesresssresassessssessssesans 14

5.1 Theory of the Social Determinants of Health (SDH)......ccccccvuiiuieniaiiniiieiniinceecenne. 14

5.2 Causal theories of health inequality .....cccccevverieiiniiiieiiiiiiiiiiiciiiiiiicieceeretrcreceenes 15

5.2.1 SOCIAL CAUSALION 1euueeeeeiiinieeeeiiiieeeettiieeeeettteeeetttaeeeetteaaeeeeeaaaenseeetsnnenseeessnnsseesesnnnneeenees 16

522 Life COUISE thEOTY .euuueiieiiiiieiiiiiiiiiiiiee ettt e e e e e e ettt tteaes e e e e e e eeeeeenannnnns 17

5.3 Equity and (IN)equality .....ccceveiieienieiiaiieieiieiiuiiieiieiiesiecsreiressecssasressesssassessesans 17

6  Conceptual FrameWork .........aueeeneniaeninieniuiiniaieiaieieieiaseieseesesiesassesassesasseses 18

6.1 Intersectionality framework and social determinants of health ............c.cccceuueaneeae. 18
6.2 Conceptualising the intersectionality framework in quantitative health inequality

studies 20

7 Empirical Review of COVID-19 Health Disparities ............c.cceeeeveneeverrecasrncaencans 21
7.1 L0110 X111 T4 5 (1) | PPNt 21
7.2 Literature Search Strategy: ....cccceeieiiuiiiiiieiiuiieieiieiiiieiiiieiiesreceitetrsrecsiressessesans 21
7.3 Inclusion and EXclusion Criteria .....ccceeeieieiiuiieieieiieriiieiiniisreceiiniicrceiienreseecans 21
7.4 Preliminary findings .....ccceuieiieiiiiiiiiiiiiiiiiiiiieiiiiriecieretitiesserasiesresssesressesseses 21

7.4.1  Aggravation of Existing Inequalities: A Global Perspective.........eeeeeeiuuerreeiinieeeeeeiineeeeenennnn. 21
7.4.2  Social determinates of health and COVID-19 OUtCOMES......ceevrruunereerirnieereeiiiieeeeeeeiieeeeeeennnns 22
7.5 Assessment of Inequality Measures in COVID-19 Outcome Studies.......ccceveueeneneens 22
7.5.1  Concentration index as a measure on socioeconomic inequality in health..............ccccceeeeeeeee. 23
7.5.2  The use of other measures of $0cioecONOMIC INEQUALILY ....uueeerrrereeeiiiiiiiiiiiiceeeeeeeeeeeeeeeeennn. 25
7.6 ReSEArch GapSs c.ccveienieiieiiiiiieiiiiiiiitieiietitietieteetatiessessesasressesssassessessssassessesans 26
7.7 L001) 1 T4 11 1) | PPN 27

8  Methodological REVIEW .........eucueenveieninieninieinieiieceirecesrecesrecesresssressssessssessssesans 28
8.1 Measurements of S0CI0€CONOMIC SALUS....ceurerrerrerenreiruirereieirereeceiieiresreceiresreseecans 28
8.2 Transitioning from Income to Asset/Wealth Indexes and Multidimensional
Socioeconomic INdICALOrS ..c.veuieuiiuiiniiiiiiiiiiiiiiitiiiiiiiieittiiteiteicttteieeceectestscessrascssses 28
8.3 Approach to Composite SOCi0€CONOMIC MEASUTES....erurrererreirerrererniresrecarasressecans 29

8.3.1  “Arbitrary” apProach c......eueceeiiiiiiiiiiiti ettt e e e e e e 29
8.3.2  Multidimensional approach : PCA, CFA, MCA ........ccoiiiiiimimimiceieieeeeeeeettitiee e e 29




8.4 Constructing a Population-Level Socioeconomic Deprivation Index: Bridging the

Gap in Health Inequality ReSearch......ccccvuireiieienieiiniiiniieiiiiiiiieiinieieiieniereecesiesieseesaens 30

8.5 Constructing socioeconomic index using principal component analysis.................. 32

8.6 Methodological approaches for assessing equality ......ccccceveireirieiniiceiniinniecennans 33

8.0.1  The SIope INAEX (SII) teverrmmieieiiiieeeeiiitiiiee ettt e e e e ettt e e e e e e eeeeee 33

8.6.2  Relative Index of Inequality (RIT).......eetiiiiuuiriiiiiiieeieiiiiee ettt ee et e e eeee e e eeeeaaaes 34

8.6.3  Generalised Concentration INAEX ..c...ueeieeeruuereeeiuueeeeetiieeeeetteueeeeetenaeeeerenneeeeeeennseeesennnns 34

8.7 Limitations c.ccuceeiieiiuiiniiiiiiiiiiiiiiiiiiiiiiiiiieiteiieictttnieeceettascsscrsstscsscessesscsnes 34

8.8 Summary from inequality StUdies......ccceeeiuireiiieiiniiiiiieiieiieriiieiierieceereiienieceeseens 36

L (] (2 e 38

10 AREXUFES eueuceninianreieiiieiresairucsiresssresserasssassssassssassssssssssssssssssssssssassesasseses 38

11 Section B: Journal MARUSCEIPL c.....eeeeenenenieninieinieiieceiiecesiesesresesresassessssessssesans 46

B VXY 1 46

0 17 17 17 el 1 17 N 47

R 17 ) o 1 7 1 47

4 Theoretical FrameWOrk ..........ouceueeiaeniaiieiaiinieiinieieeiesicesicesiecesresassesassessssesans 48

4.1 Theory of social determinants of health........c.ccceverieiiiiiiiiiiiiiiiiiiiiiciiiieiiceecenee. 48

4.2 Social CAUSALION. . c.ceuiieiiiiiuiiiiiiiiiiiiiiiiiiiieiitiitiieiteiteitectetteieeceettassscesssascsscees 48

5 Conceptual frameWork .........o.ceueneeieninieniuieiuieiieieiieieiiecesicesiesesresasresasresassesans 49

5.1 Sociodemographic fACtOTS .....cceuveuieiiuiieieiiuiiiieieiieiitieteiieiiesieceitesieseesarasiessesanss 49

5.2 | D001 T0) 11 ) T O T 1) RPNt 49

5.3 Infrastructural factors ....c.ccceeeiieiiuiiiiiiiiiiiiiiiiiiieiiiiiiiieieiitieecrteeicecenteseenes 50

6  ARAIYiCAl MENOA . ......au.ncanenanenianeniaiiniaiiniaiiiaiiiaiiietitateesesesestesassesassesasseses 57

6.1 Data normaliSation ......cceeuieuiieiieniiuiiniiiiiiiiiiiiiiiieiiiiiiiieieiteiiectettsicecesiescenes 57

6.2 Principal Component Analysis (PCA) notation ........cccceeveieiieieniniienicereireceeceenes 57
6.3 Derivation of Socioeconomic Status (SES) Indices Using Principal Component

DA N 11 A ) Y 1 N 58

6.4 Understanding the Variable-Specific Nature of Concentration Index Calculations .. 59

6.4.1  The standardised Concentration INAEX .....c..ueereereruueereetiuuieeeettineeeeettuieeeeettnneeeeeeeneeeeeennnns 59

6.4.2  Modified cONCENtration IMNAEX......ccuuuureeiiruueereetiiieeeeetiieeeetetueeeetenneeeeetnaeeeeresnneeeesennnns 59

6.5 Computing Concentration Indices in Stata ......cccceevvevieiiiiiiiiiiiiieiiiiccecieireceeceene. 60

A | € 7 1| £ 60

7.1 Validation of conceptual framework ......ccccceiuireienieiiniiiiiiniiircieiieiiecieceiienieceenans 62




7.2 Sociodemographic INAeX.....ccvuveieiuiiiiieiiuiiiiiieiieiietiereiieiiesrecesiesieseesssrassessesanss 64

7.3 EcOnomic iNAeX....ccceuieuiiiiiniiniiiiiiiniiiiiiieiieiieiieiiiiieiieieiteicscrsstscsscessesscsnes 66
7.4 Infrastructural INAeX .....cccceeiieiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiieiieiieitecretteicecessescenes 70
7.5 Multidimentional District level socioeconomic indeX......c.ccceeueeenienieniencencenienncnnne 72

LI )1 AT 7R 77 75
8.1 Sociodemographic INAeX ....ccccvveienieiiiiiiiiuiiiieiniieiieiieceiieiierieceiienieseesasrasressesanss 75
8.2 Economic INAeX ..cc.ceuieuiiiiiniiniiiiiiiiiiiiiiiiiieiiiiieiiiiieiieieiteiieceesesscsscessesscsnes 76
8.3 Infrastructural IndeX.....cccieieeiiiiiiiiiiiiiiiiiiiiiiiiieiiiiiiiieiiiiieiiecitieicecessescenes 77
84 Multidimentional District-level Socioeconomic Status IndeX......ccccceeeuienienieniennnnes 79

9  Limitations and Future ReSeArch ...............euceenenieninieninieinieiinceiiesasiecasiecansecans 79
10 Declaration of cORfliCt Of INEEYESt......u.anenceneniainieienieienieriniariiereecesecassesasseses 80
0 B 01] /el | 7R 17 /Y 80
12 ARREXUFES I eucennnaninieninieninieiinieiieieiieriiieseiieseiieseeressesessessssessssessssessssesasseses 81
13 Y (e T N 82
14 NY 67 10 ORI 1] | 1 VA 7] o L N 90
15 Section D: Research Proposal ..............eeceneeianenieninierinieiinieriiasecasecasscasseses 93
J B 1 164 g 1 94
2 Problem Statement and Rationale for ReSearch .................cueueevenenveninveinvennnnenne 94
R B ) 11 7 A 95
3.1 Theoretical literature revieW....c.cccceieeienieniiniiiiiniieiieiieiieiciieeiieceeieecenceaseseees 95
3.1.1  Theory of the Social Determinants of Health (SDH).....c..uueiiiiiiiiirriiiiiiienieiiiiieee et 95

3.1.2  Causal Theories of Health Inequality .........cccooeiiiiiiiiiimmmiiiiiiiiiieeiiiiiiee e 95

3.2 Conceptual framework — Intersectionality.......ccceeeverieiiieiiniiiiiiaiiiiececieireceecennes 96
33 Empirical Literature ReVIEW .....ccccieiiuiieiinieiiuiiieiieiiiieiiiiniienreceiieiieseecsiresiessesans 98

4 AimS And ODJECHIVES c..uu.uenenieneniareniniiiariiaiiietiieiecesresesrecsssessssesassessssessssesans 99
5 MetROAOIOY e..ecunenenneninneninniniaiininiiiatiiaiieietiecetiesestesssressssessssesassesassesassesans 100
5.1 DAt SOUICE..ccuituiiiiiituiitiitiiiititittitetttitetteetettaieesctectsssscrsstasssscrsssssesscsnsces 100
5.2 Y000 878 T0) 4101 PN ) 100
5.3 Study variables ...oceveveieiiiiiiiiiiieiiiieiiiiietiiiiiiitreriiiitietietitrsresssatressesssasresses 100
5.3.1  EXPOSUIE VATIADIES ..eeuuieieiiiiiiiiiiiiiiiiiicee ettt e e e e ettt s e e eeeeeee 100

5.3.2  OULCOME VATIADIES evvuuniiiiiiieeieiiiieeeetiiee e e etiee e eettte e e ettt e e eeeatnaeeeeeaanneeeeeeennnseeeeennnns 101

54 LD EXE: RPN 1 B2 1Y TN 0] P Y 101




6
7
8
9
10
11

12
13

5.4.1  Principal component analysiS.......cceuuuuuuuuueereriiieeeeeiiitiieiiiieeeeeeeeeeeeeetreerannaee e eeeeeeeenes
5.4.2  Generalised Concentration INAEX «.....uevuuuuuueeeriiieeeeeiiiiiiiiiieeee e eeeeeeeetteeraeee e e e eeeeeeenes

5.4.3  CONCENLTALION CUIVES ..uurerrruneeertennieeeeteunaeeeettnaeeeettsnseseeetennsseeetesnnseessennssseesesnnsseessennnns
W 07 717 1 1 R
Ethical CONSIAErAtION ...........oucenenianeninieniaieniaienieiieieiiieiieceiicesiesasresasressssesans
87 /el 7R 17 1
TiME fTAME «annunennnenenneninieninieninreninreinreiiasetassesassesassesessessssessssessssesassesasseses
) L (e N
Section E: Ethics APPYOVAL............eueeienenienenieiinieiiieiiieiicesicesisasiesasressssesans
Section F: Journal INSIFUCHIONS ........cueeeveeninieninieninieinieieieiesesesesassesasseses

Section G: Instructions on how to access the data and data analysis ................

10




List of Tables
Section A: Literature review
Table 1: Summary of studies on inequalities in COVID-19 outcomes ............cccceveeveennrennnen. 43

Section B: Journal Manuscript

Table 1: Description of infrastructural factors...........cccvevviieiiieriiiiiieiieeieesie e 53
Table 2: Description of @ConoOmic fACtOTS.........icvvieriiiciieiiieieeree ettt 54
Table 3: Description of sociodemographic factors ...........c.eecveeriieciiiniieiiienie e 55
Table 4: Descriptive statistics of independent variables............cccoccveviieviieniieecienieeieceee e 61
Table 5: Descriptive statistics of dependent variables...........c.occveevieriieiiienieeiieie e 61
Table 6: Outcomes of the Principal Component Analysis on Sociodemographic Factors
................................................................................................................................................. 64
Table 7: Table of Factor Loadings of each factor from Principal Component Analysis ......... 64
Table 8: concentration index values sociodemographic index ranking............cccceeveeeveennrennen. 65
Table 9: Outcomes of the Principal Component Analysis on Economic Factors.................. 66
Table 10: Table of Factor Loadings of each factor from Principal Component Analysis ....... 67
Table 11: concentration index using economic index ranking ...........ccoeceevveeereereeerreenneennenn 68
Table 12: Outcomes of the Principal Component Analysis on Infrastructural Factors ........... 70
Table 13: Table of Factor Loadings of each factor from Principal Component Analysis ....... 70
Table 14: concentration index using infrastructural index ranking .............ccccccvevveevreennennnen. 71
Table 15: PCA results for all domains of socioeconomic standing ............cccceeeveerveereennnennen. 72
Table 17: concentration index using district level socioeconomic status index ranking......... 74
Table 18: Index values DY diStrICt.........cccuieiiiiriieiieiie ettt e re e e 81
List of figures

Section A: Literature review
Figure 1: Intersectionality framework and social determinants of health ...................ccee.e. 19

Section B: Journal Manuscript

Figure 2: Intersectionality of S0Ci0€CONOMIC fACIOTS ....coveruiiriieiiiiiriieiceeeeeee e 51
Figure 3: Distribution of COVID-19 outcomes by sociodemographic index quintile ........... 65
Figure 4: Concentration curve sociodemographic index ranking............cccoeevvevveeiiienveeneenne. 65
Figure 5: Distribution of COVID-19 outcomes by Economic Index quintiles........................ 67
Figure 6: concentration curve using the economic index ranking............ccoeeeevveenieereeeneenne. 69
Figure 7: Distribution of COVID-19 outcomes by Infrastructural index quintiles................. 70
Figure 8: Concentration curve using infrastructural index ranking.............ccccoeecveeviverveenenne. 71
Figure 9: Scree Plot from Principal Component Analysis of ALL SES Variables................... 72




Figure 10: Distribution of COVI-D-19 outcomes by multidimensional SES index

QUINEILES ©oevviieiiieiie ettt ettt e et e e et eeetaeesbeeesaeesseeesseenseessseensaessseesseensseenseensnennns

Figure 11: concentration curve using district level socioeconomic status index ranking
Abbreviations

CC Concentration Curve

CI Concentration Index

COVID-19 Coronavirus Pandemic

GHS General Household Survey

NPDO National Policy Data Observatory
PCA Principal Component Analysis

RII Relative Index of Inequality

SES Socioeconomic Status

SSI Slope index of inequality

WHO World Health Organisation

12




2 Section A: Literature Review

3 Introduction

The 2019 emergence of the coronavirus infection, known as COVID-19, posed
unprecedented challenges to global healthcare systems, including that of South Africa, which
experienced one of the highest infection rates in Africa. Contributing factors included
prevalent poverty and restricted healthcare access (Khambule, 2021). This literature review
adopts theoretical and conceptual frameworks to explore the socioeconomic disparities in
COVID-19 outcomes within South Africa. Initially, the review will examine the theoretical
framework illustrating the relationship between social inequality and health outcomes.
Subsequently, it will consider the intersectionality framework, demonstrating the combined
influence of multiple domains of socioeconomic factors on COVID-19 outcomes.

4 Background: COVID-19 pandemic and socioeconomic consequences

The pandemic adversely affected the global economy, exacerbating existing inequalities and
revealing vulnerabilities in healthcare systems and social protection policies. These effects
were disproportionately felt by already disadvantaged populations including the unemployed,
those in precarious employment, and residents of low-income neighbourhoods (Amin and
Mahabeer, 2021; Khambule, 2022). These circumstances mirror the decline in labour demand
observed globally, with the United States experiencing a significant reduction in job
vacancies and subsequent employment losses exceeding those of previous recessions (Glover
et al., 2020). The financial repercussions were profound, with many reporting COVID-19 as a
primary cause for their financial difficulties, as indicated by the US Kilts Nielsen Consumer
Panel (Bruce et al., 2022).

In response to the pandemic, South Africa implemented stringent lockdown measures,
significantly curtailing economic activities and movement. The negative economic impact
was profound, with Statistics South Africa reporting widespread business disruptions and
intentions to reduce workforce (Chitiga et al., 2021). Additionally, the pandemic directly and
indirectly impacted income, leading to a significant portion of the population experiencing a
drop in earnings or complete loss of income (Rocha et al., 2021). Job losses were substantial,
exacerbating the plight of the poor and vulnerable. The correlation between economic strain
and health is undeniable. Income losses restrict access to healthcare, nutritious food, and
essential utilities, adversely affecting health (Kim and Bostwick, 2020). This was evident
during South Africa's lockdown, with a substantial increase in the percentage of adults going
to bed hungry compared to pre-pandemic levels, as reported by the 2020 South African
COVID-19 Democracy Survey (Cloete et al., 2021).

South Africa emerged as one of the epicentres of the COVID-19 pandemic on the African
continent, recording the highest number of confirmed cases and deaths. By mid-2022, it
accounted for a substantial proportion of the continent’s total cases and fatalities. This
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prominent position can be attributed to various factors despite having a relatively well-
established healthcare system compared to many other African nations.

The rapid spread of the virus in Johannesburg and Cape Town can be attributed to dense
population including overcrowded living conditions which significantly hindered effective
social distancing measures (Cloete et al., 2021). These urban areas, characterized by high
population density, created environments where individuals were often unable to maintain the
recommended physical distance, facilitating the transmission of the virus.

Additionally, the widespread prevalence of comorbidities such as HIV/AIDS and
tuberculosis, alongside non-communicable diseases, further complicated the public health
response. The situation was exacerbated by economic hardships and rising unemployment
rates due to the pandemic, which placed additional strain on already limited public health
resources (Turok & Visagie, 2021). This combination of factors not only worsened health
outcomes but also highlighted systemic vulnerabilities within the healthcare infrastructure,
making it increasingly difficult to manage and mitigate the effects of the virus effectively.

These challenges underscore the critical need for comprehensive public health strategies that
address both immediate health concerns and the broader socioeconomic factors contributing
to health disparities.

Whilst the pre-exiting burden of disease (including both communicable and non-
communicable diseases) impacted the outcome of COVID-19, this work will focus only on
socioeconomic factors as it is an area in health economics that needs to be further studied.
The current literature will explore how pre-existing social disparities were exposed during the
COVID-19 pandemic and examine their influence on the outcomes experienced by different
socioeconomic groups affected by the virus.

5 Theoretical literature review

The theoretical literature review for this study includes the Social Determinants of Health
(SDH) theory, which explains how socioeconomic conditions influence health outcomes.
Additionally, the review examines causal theories of health inequalities to further illustrate
how socioeconomic factors contribute to and impact health disparities.

5.1 Theory of the Social Determinants of Health (SDH)

The Social Determinants of Health (SDH) theory emphasises how social and economic
factors, such as income, education, occupation, and housing conditions, influence health
outcomes (World Health Organization(WHO), 2011). Social Determinants of Health are
barriers to uniform healthcare access caused by unequal opportunities and resources, leading
to disparities in health and disease (Arcaya et al., 2015). Moreover, it has been estimated that

the impact of non-health sectors on population health outcomes surpasses that of the health
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sector (shifa et.al, 2021). Effectively addressing social determinants of health (SDH) is a
crucial step towards enhancing health outcomes and mitigating persistent health disparities.

This necessitates collaborative efforts from all sectors and civil society (Arcaya et al., 2015;
shifa et.al, 2021).

Understanding the relationship between social inequality and health outcomes may be
facilitated by the use of the theory of social determinants of health (SDH). It is believed that
the environments in which a person is born, develops, resides, works, and ages, as well as the
circumstances surrounding their ageing, all have an impact on the health consequences they
experience (Rossouw et al., 2020). These are defined as socio-economic factors such as
income, education, neighbourhood, physical environment, job, social support networks, and
access to medical treatment (Gordon et al., 2020). According to Ataguba et.al (2015), it is
crucial to have a comprehensive understanding of the Social Determinants of Health, which
requires taking into consideration both the material and psychological elements. Despite the
fact that material factors such as wealth and education have a direct influence on health
outcomes, psychological factors such as social networks and social support also play a key
role in determining health outcomes (Ataguba et al., 2015). This is consistent with the
findings of research by Omotoso & Koch (2018)who claim that poverty and inequality cause
a social gradient in health outcomes, with the most marginalized and low-income people
experiencing the worst health outcomes (Omotoso & Koch, 2018).

Poverty is one of the most important socioeconomic factors that has had a significant impact
on the outcomes of COVID-19 in South Africa. According to the findings of a study by
Kholwa and colleagues (2022), low income was a significant factor in the development of
COVID-19 cases in South Africa. The results of the study indicate that there was a substantial
correlation between the degrees of poverty, the presence of rural settlements, the amount of
overcrowding in an area and the incidence of COVID-19 cases (Khowa et al., 2022). The
authors' working hypotheses suggest that a greater number of cases of COVID-19 may be
caused, at least in part, by poverty and the factors connected to it, such as malnutrition and
subpar housing (Nwosu & Oyenubi, 2021). Another study found that the likelihood of
passing away because of COVID-19 was demonstrated to increase with decreasing socio-
economic levels in South Africa (Achoki et al., 2021). People who come from lower
socioeconomic categories have less access to medical care and other resources, which in turn
raises the probability that they may die from COVID-19 (Ashraf, 2020). The findings of this
study shed light on the significant role that socioeconomic factors had in determining the
results of the COVID-19.These findings give ground to the current study using the theory of
social determinants of health as its roots.

5.2 Causal theories of health inequality

While health inequalities are widely recognised as a significant concern in public health,
there is ongoing discussion surrounding the fundamental mechanisms that contribute to these
disparities (Hoffmann et al., 2018). The discussion centres on the relative importance of
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social causality and health selection in influencing health outcomes. Social causation
theories, such as the fundamental cause and cumulative inequality theory, propose that health
outcomes are significantly influenced by societal structures and factors (Galama & van
Kippersluis, 2018). On the other hand, the social drift hypothesis or the health selection
model posits that an individual's socioeconomic status can be influenced by their health
conditions, resulting in a downward movement in socioeconomic standing for those
experiencing poorer health (Warren, 2009). Moreover, the life course model presents a
holistic perspective, positing that health outcomes are influenced by a complex interplay of
various factors across an individual's lifespan (Warren, 2009) . These frameworks provide
unique perspectives for analysing and comprehending the complex interplay between society
and health.

5.2.1 Social causation

The theoretical framework known as "social causation" suggests that a range of factors,
encompassing material, psycho-social, and behavioural elements, contribute to the observed
variations in health outcomes among diverse groups (Hoffmann et al., 2018). Material
considerations span a wide range of income levels and investments in infrastructure that
confer benefits to the community. Psychosocial issues encompass the enduring pressures that
arise from an individual's views and interactions with their social standing within a society
marked by disparities (Chandola et al., 2003). This perspective highlights how social
determinants of health can impact the outcomes of diseases, including conditions like
COVID-19 (Hoffmann et al., 2018). There are 2 social causation theories that we discuss in
this study are the fundamental cause theory and the cumulative disadvantage theory.

5.2.1.1 Fundamental cause theory

The theory of fundamental causes was developed to better explain the link between
socioeconomic status (SES) and health and mortality rates. Race, ethnicity, and gender are
examples of social statuses that go beyond financial status (Kollamparambil & Oyenubi,
2021). The authors further indicate that these statuses can also show enduring linkages with
resources like wealth, education, authority, reputation, and favourable social networks, and
may thus be underlying causes. In the unlikely event that this is not the case, race and
ethnicity have a strong relationship with resources and are thus anticipated to behave
similarly to SES in research that concentrate on the current state of health. This is not
particularly difficult to infer in the South African context. According to COVID-19, those
with higher SES may have easier access to medical treatment, information, and safety nets
(Phelan & Link, 2020).
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5.2.1.2 Cumulative disadvantage theory

The Theory of Cumulative Disadvantage/Advantage (CDA) explains how disparities in a trait
or resource like income or social status tend to widen over time within a group due to the
compounding effects of social systems (Dannefer, 2003). It posits that even slight early-life
differences can escalate, leading to a snowballing of advantages or disadvantages throughout
an individual's life. Social determinants of health, such as access to nutritious food,
healthcare, and basic amenities like clean water and housing, profoundly affect development
from infancy to adulthood, influencing health outcomes across the lifespan (Gordon et al.,
2020). These determinants can create a trajectory where initial disadvantages compound,
resulting in significant disparities in health and well-being.

5.2.2 Life course theory

Similar to the theory of Cumulative Disadvantage/Advantage, The life course perspective
posits that multiple factors, including maternal malnutrition during foetal development,
limited access to educational resources during childhood, and occupations involving physical
hazards, among others, collectively contribute to and manifest the observed patterns of
disease trends over a period of time. The socioeconomic approach seeks to integrate
ecological, social, and biological aspects in the understanding of disease causation,
recognising the dynamic process by which these factors become embodied (Dannefer, 2003).
This suggests that individuals actively incorporate biological cues from both the material and
social surroundings. Several biological pathways have been established in order to provide a
clearer understanding of how the social environment influences an individual's health and
becomes integrated throughout their body(Chandola et al., 2003).

5.3 Equity and (In)equality

Health equity aims to ensure fair opportunities for all to reach their full health potential
regardless of socio-demographic backgrounds, recognizing that socioeconomic status, race,
ethnicity, gender, location, and disability impact health outcomes (WHO, Health Equity
2010). Achieving this requires targeted interventions to address social determinants and
remove healthcare barriers (Culyer & Wagstaff, 1993), striving to eliminate disparities
between different social strata (Mclntyre et al., 2009; McIntyre & Mooney, 2007). Health
inequality, reflecting the uneven distribution of health and healthcare across populations, is
influenced by factors like income, education, occupation, and access to care (Williams &
Cookson, 2000). Addressing these disparities, which can lead to poorer health metrics for
marginalized groups, involves understanding their root causes and implementing strategic
measures to reduce them (McIntyre et al., 2009.
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6 Conceptual Framework

6.1 Intersectionality framework and social determinants of health

Intersectionality, a term coined by Kimberlé Crenshaw in 1989, emerged from Black feminist
activism. It is a theoretical framework for understanding how aspects of a person's social and
political identities combine to create different modes of discrimination and privilege. These
identities include but are not limited to race, gender, class, and sexual identity, and are not
isolated but interwoven in such a way that the intersections compound the experiences of
oppression and privilege. This paradigm is particularly significant in recognizing that
individuals navigate through life encountering varying degrees of advantage or
marginalization. By examining the lived experiences of people belonging to multiple
marginalized groups, intersectionality highlights the necessity of considering a multitude of
overlapping factors—such as ethnicity, gender identity, socioeconomic status, language, skin
color, neurodiversity, religion, (dis)ability, mental health, age, and others—that contribute to
the complexity of these experiences. Recent studies continue to explore the nuances of
intersectionality, reflecting its evolving nature and ongoing relevance in contemporary social
research (Iyanda et al., 2021; Komanisi et al., 2022)

At an individual level, the framework might explore how each SES indicator influences an
individual's risk of contracting COVID-19, experiencing severe symptoms, and potentially
dying from the virus (Bambra et al., 2020). For example, individuals with lower income or
education levels may be more likely to work in jobs that require them to interact with the
public or may have limited access to healthcare, increasing their risk of exposure to the virus
(Khambule, 2022). The framework would also explore how COVID-19 vulnerability and
SES interact to impact outcomes. For example, individuals with lower SES may be less likely
to have access to quality healthcare, making it more difficult to receive timely treatment for
COVID-. Additionally, social determinants of health related to SES, such as stress and lack of
access to healthy food options, may contribute to a weakened immune system, increasing
vulnerability to COVID-19 (Gordon et al., 2020). Overall, the proposed framework would
aim to identify the ways in which individual SES indicators and broader socio-economic
factors interact to influence COVID-19 vulnerability and outcomes. This information could
help inform interventions and policies aimed at reducing COVID-19 related inequalities in
vulnerable populations.

In addition to individual SES indicators, the proposed framework could also consider
contextual factors that may contribute to COVID-19 vulnerability and outcomes in South
Africa. These factors could include geographic location, race, gender, and other social
determinants of health that are relevant to the South African context (Fernandes, 2020). For
example, individuals living in densely populated areas or informal settlements may be at
higher risk of contracting COVID-19 due to difficulties with social distancing and limited
access to basic amenities such as clean water and sanitation facilities. Additionally, systemic
racism and historical inequalities in South Africa may contribute to differential access to
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healthcare and other resources, further exacerbating COVID-19 related inequalities (Gordon
et al., 2020). At the same time, the framework could also explore how individual and
contextual factors may interact to influence COVID-19 outcomes (Chersich et al., 2020). For
example, individuals from historically disadvantaged racial or ethnic groups may be more
likely to work in essential jobs that put them at risk of exposure to the virus (Khambule,
2022). These individuals may also be more likely to experience co-morbidities such as
diabetes or hypertension, which are known risk factors for severe COVID-19 outcomes.
Overall, the proposed conceptual framework would aim to provide a comprehensive
understanding of how individual and contextual factors interact to influence COVID-19
vulnerability and outcomes in South Africa. This understanding could help guide the
development of targeted interventions and policies aimed at reducing COVID-19 related
inequalities in the country.

Figure 1: Intersectionality framework and social determinants of health
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6.2 Conceptualising the intersectionality framework in quantitative health inequality
studies

The use of the intersectionality framework, traditionally qualitative in nature, is central to
understanding interactive and overlapping disadvantages within social studies (Crenshaw,
1989). In this context, this study aims to adapt and integrate this framework into a
quantitative health inequality analysis. Although the framework is not inherently designed for
quantification, it is employed here to conceptualize complex, interlocking social constructs
that resist simple measurement. The study endeavours to go beyond theoretical exposition by
using statistical analyses that are informed by both theoretical and empirical literature. This
approach supports the framework and allows for an attempt to quantify the socioeconomic
impacts on health—factors that are often considered intangible or difficult to measure
(Bambra et al., 2020). By incorporating quantitative data into the intersectionality framework,
the study bridges the qualitative-quantitative divide and advances the understanding of how
socioeconomic status affects health outcomes in a multifaceted manner (Gkiouleka et al.,
2018).
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7 Empirical Review of COVID-19 Health Disparities

7.1 Introduction

In the wake of the COVID-19 pandemic, the world has witnessed not just a health crisis but a
magnifier of existing socio-economic inequalities. This empirical literature review focuses on
the complex socio-economic landscapes, to assess the application of various methodological
approaches and results of studies analysing the health disparities in COVID-19 outcomes.
The objective of this review to synthesize the findings of studies that looked at
socioeconomic related covid-19 outcomes inequality

7.2 Literature Search Strategy:

A comprehensive search was executed across several distinguished databases, including
PubMed, Google Scholar, and ScienceDirect, chosen for their vast collections of medical and
social science literature. The search utilized an array of keywords such as 'COVID-19,'
'socioeconomic health disparities,’ 'income-related health outcomes,' as well as additional
terms pertinent to social determinants of health and intersectionality. This expanded keyword
strategy was crafted to encompass studies that discuss the multifaceted impact of the
pandemic, capturing the nuances of health disparities across different populations.

7.3 Inclusion and Exclusion Criteria

Studies selected for review met stringent inclusion criteria. We considered peer-reviewed
articles published from 2019 to 2024 to ensure the data's relevancy and timeliness. Our global
literature scope encompassed studies from various countries, providing a wide-ranging
perspective. Exclusion criteria ruled out publications not in English and those published
outside the defined time range, to maintain focus and clarity in data analysis. Data extraction
from the chosen articles was meticulous, noting authors, publication year, research methods,
and key findings. This diligent process ensured a thorough and robust synthesis of the data,
allowing for comprehensive analysis and cross-study comparisons.

7.4 Preliminary findings

7.4.1 Aggravation of Existing Inequalities: A Global Perspective

A critical examination of recent literature reveals a pronounced disparities in health outcomes
as consequences socio-economic disparities amidst the COVID-19 pandemic. Research
predominantly emanating from high income countries indicates that individuals with lower
socio-economic status (SES) have encountered disproportionately greater risks of COVID-19
infection and mortality (Albani et al., 2022; Little et al., 2021; Mari-Dell’Olmo et al., 2021).
An analysis was conducted on surveillance data that was submitted to the Swiss Federal
Office. This analysis incorporated geocoded disease notifications and the associated Swiss

neighbourhood index of socioeconomic position, which comprises socioeconomic status
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variables such as household chief occupation, education, and crowding. The test positivity
rate (alRR = 0.75) was reduced among individuals who were tested in neighbourhoods with
the highest SEP compared to those with the lowest SEP. Among those who have tested
positive, the adjusted IRR was 0-68 for hospitalisation, 0-54 for ICU admission, and 0-86 for
death. The associations between neighbourhood SEP and outcomes were also found to have
heterogeneity between areas, highlighting the significance of neighbourhood clustering and
the importance of looking at population level indicators (Riou et al.2021).

Similarly, COVID-19 incidence, stratified by age were high risk was associated with being
over 65, sex where women were at a higher risk, geographical area and income categorised
by quintiles were analysed. Results show that within the same urban areas in Spain,
Barcelona, The risk ratio (RR) increased in the poorest groups compared to the richest ones
with RR being 1.67 (Mari-Dell’Olmo et al.,2021). The pervasive nature of such disparities is
not confined by geographic or cultural boundaries, illustrating a pattern of aggravated
inequality that persists globally. The consistent manifestation of these issues across diverse
socio-economic landscapes underpins the pandemic as a universally disruptive force,
implicating the need for a cohesive response across all SES strata.

7.4.2 Social determinates of health and COVID-19 outcomes

The National Income Dynamics Study (NIDS) and its Coronavirus Rapid Mobile Survey
(CRAM) in South Africa highlight the socioeconomic impacts of COVID-19. The studies
reveal a chain reaction from job losses to reduced household income and increased hunger.
The government's social grants and special COVID-19 relief have provided some relief
(Turok & Visagie, 2021). Data from the NIDS-CRAM survey shows that the economic
downturn has hit lower-income earners harder, exacerbating existing poverty and inequality
cycles (Davillas & Jones, 2021). The informal economy's resilience to the pandemic has
varied. Strict lockdown measures resulted in substantial job losses, especially in informal
settlements and townships (Turok & Visagie, 2021). The unemployment rates across different
residential areas widened significantly during the pandemic, with poorer neighbourhoods
experiencing more severe impacts compared to suburbs. These findings emphasize the
uneven economic landscape within South African cities and the increased vulnerability of
lower-income communities during crises (Khambule, 2022). The pandemic has not only
exposed existing disparities but has also intensified them, underscoring the need for targeted
policies to support affected communities and promote equitable recovery.

7.5 Assessment of Inequality Measures in COVID-19 Outcome Studies

This segment examines research that has investigated inequality measures within the context
of COVID-19 outcomes. Summarized in Table 1 are the synthesized findings from our
literature review. Our analysis encompassed eight studies; seven of which applied the
concentration index to assess disparities. One study conducted a comparative analysis using
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the relative index of inequality alongside the simple slope index, while another study
provided a comprehensive examination by evaluating all three indices.

7.5.1 Concentration index as a measure on socioeconomic inequality in health

The Concentration Index (CI) has been widely extended beyond individual-level income
inequality to assess disparities in health outcomes, serving as a critical measure in public
health studies. In a notable application of this metric, a study in China used both the CI and
the Corrected Concentration Index (CCI) to gauge income-related inequalities in mental
health and self-reported health (SRH). Results indicated a CCI for SRH of —0.09 (p <0.01),
suggesting a disparity favouring the poor, and a CCI for mental health at 0.04 (p <0.01),
indicating a bias toward the wealthy. A Wagstaft-type decomposition analysis pinpointed
income as the primary driver of these inequalities, contributing to 62.7% (p <0.01) of the
SRH disparities and 39.0% (p <0.05) of those in mental health. The study also identified
significant factors associated with low income, such as inadequate food and medication
supply, which explained 1.7% (p <0.01) and 17.6% (p <0.01) of the variations in self-
reported health, respectively (Nie et al., 2021).

Little et al. (2021), on the other hand, examined the correlation between socioeconomic status
(SES) and COVID-19-related clinical outcomes, such as hospitalisation and all-cause
mortality, in relation to poverty level (defined as the proportion of residents in each ZIP code
whose household income fell below the federal poverty threshold (FPT): 0% to 20% below
FPT (low poverty); and >20% below FPT (high poverty). It was discovered that residing in a
high-poverty area was associated with a reduced risk of in-hospital mortality but not an
increased risk of hospitalisation related to COVID-19.

It is noteworthy that an analysis of the National Survey of Households—PNAD COVID-
19/IBGE was conducted in Brazil amidst the initial phase of the COVID-19 pandemic. A
positive concentration index is observed for the incidence rate, suggesting that higher income
groups exhibit a larger density of diagnoses (measured by the number of tests). In addition to
lying below the line of inequality, the concentration curve for per capita household income
was dominant over the Lorenz curve, both of which indicated a distribution that favoured the
wealthy. Nevertheless, the outcomes of the decomposition indicate that if the disparities were
solely accounted for by race (non-white) and residential location (North and Northeast), a
clustering of COVID-19 would occur among the most impoverished individuals. An
additional clarification regarding the peculiarity of the results was that 57.42% of the sample
was comprised of the two wealthiest regions in the country, South and Southeast. Considering
the testing aspect of the research, the exorbitant cost of the tests hinders participation, thereby
posing a challenge in diagnosing the disease among the most susceptible individuals. This
perspective underscores the significance of socioeconomic status in the evaluation of
disparities in COVID-19 outcomes (Franca et al., 2021).

23




Shahbazi and Khazaei (2020) conducted an analysis of the human development index (HDI),
along with the incidence and mortality rates of COVID-19 on a global scale, utilising data
obtained from the word bank. Linear regression was employed to examine the associations
between incidence, mortality rates, and HDI parameters. The results indicated a statistically
significant direct correlation between the incidence and mortality rates of COVID-19 and
HDI on a global scale. Positive concentration indices were calculated by the authors for the
incidence rate (0.62) and mortality rate (0.69) of COVID-19, indicating that groups with a
high HDI had a greater concentration of the rates. The concomitant concentration curve was
situated below the line of equality, indicating a pro-rich distribution. Irrespective of the
results, the authors additionally assert that the elevated incidence rate in nations with a higher
HDI may be ascribed to the efficient healthcare systems and extensive utilisation of screening
programmes that aim to diagnose the disease in these countries. Such programmes are
designed to identify asymptomatic and subclinical manifestations of the disease. In countries
with a low HDI, inadequate access to diagnostic devices results in a low infection incidence
value. Nevertheless, substandard disease registration and reporting systems prevail in low-
income nations, resulting in inadequate disease reporting (Shahbazi & Khazaei, 2020).

In the context if south Africa, A study conducted by Shifa et al. (2022) focuses on Socio-
Economic Status (SES) driven Covid-19 vulnerability in South Africa. The findings, marked
by negative and highly significant concentration index estimates, reveal that the vulnerability
to Covid-19 is more pronounced among the poorer sections of society. This study underscores
the disproportionate impact of the pandemic on different economic strata within the country.
The relationship between socio-economic status (SES) and the effectiveness of non-
pharmaceutical interventions (NPIs) in controlling the spread of COVID-19 is a critical area
of research. Studies show that lower SES is a barrier to implementing NPIs like social
distancing, isolation, and handwashing, essential before vaccines were widely available. Shifa
et al. (2022) point out that lack of basic amenities and inadequate housing significantly hinder
these health measures. Papageorge et al. (2021) found that in the U.S., individuals with lower
incomes and limited remote work opportunities were less likely to practice social distancing.
This trend is also seen in South Africa, where preventive measures are more common among
the wealthy and educated. Kollamparambil & Oyenubi (2021) explain this using the Health
Belief Model, which suggests that personal beliefs and perceived efficacy of actions influence
health-related behaviors. The model indicates that the affluent were more likely to adopt
protective measures. This study by Kollamparambil & Oyenubi (2021), which utilizes data
from the first and second waves of South Africa’s National Income Dynamics Study
(NIDS)—Coronavirus Rapid Mobile Survey (CRAM). This research highlights an evolving
trend in preventive behaviours against Covid-19 and their relationship to socioeconomic
status. There is increased risk perception with significant concentration among the higher
income groups (concentration index of 0.23 in wave 1 and concentration index of 0.24 in
wave 2, p>0.01) ), the educated (concentration index of 0.13 in wave 1 and concentration
index of 0.15 in wave 2, p>0.01) and older respondents (concentration index of 0.07 in wave
1 and concentration index of 0.103 in wave 2, p>0.01) ). Further citing that behavioural
practices and ultimately the prevention on negative outcomes was associated with

24




preventative practices such as social distancing, avoiding close contact, steering clear of large
groups, and staying at home (Kollamparambil & Oyenubi, 2021).

Lastly, a study by Nwosu & Oyenubi (2021) delves into income-related health inequalities
associated with the coronavirus pandemic in South Africa. By comparing data from the fifth
wave of the NIDS dataset (2017) and the first wave of the NIDS-CRAM dataset (2020), the
study estimates health inequalities before and during the pandemic. The use of household per
capita income as a ranking variable reveals that poor health was more prevalent among the
poorer populations in both the pre-COVID-19 and COVID-19 periods, as indicated by both
the 2017 NIDS data (concentration index of -0.022) and the 2020 NIDS-CRAM data
(concentration index of -0.123), as indicated by the concentration curves above the line of
equality. A further decomposition analysis points out that worse health outcomes were
concentrated among females, Africans, informal dwellers, those with chronic illnesses, and
households experiencing hunger (Nwosu & Oyenubi, 2021).

7.5.2 The use of other measures of socioeconomic inequality

Socioeconomic inequality in in-hospital mortality was evaluated using three methods in an
Iranian study. The relative index of inequality (RII) is utilised to quantify relative inequality,
while the slope index of inequality (SII) and the concentration index (CI) are employed to
assess absolute inequality. According to Mehdi Zadeh et al. (2023), when education level was
utilised as a ranking variable, the distribution of COVID-19-related fatalities was greater in
the lower education levels, as indicated by all inequality indices. The findings of an
additional Belgian study that employed both the SII (Slope Index of Inequality) and the RII
(Relative Index of Inequality) revealed a substantial inverse relationship between income and
excess mortality, with the highest incidence of fatalities occurring in the lowest income
decile. These findings corroborate the notion that COVID-19 consequences are more
prevalent in households with reduced socioeconomic status (Decoster et al., 2021). These
observations underscore the inherent connection between socioeconomic status and health
results, and the current pandemic has exacerbated this rift. There is an urgent need for
strategies that address the underlying socioeconomic determinants that predispose certain
populations to greater risk as well as the acute health needs, according to the evidence.

7.6  Synthesis

The COVID-19 pandemic has highlighted significant disparities in health outcomes, largely
influenced by socioeconomic factors and systemic inequalities. Several studies have
employed different inequality measures to analyse the effects of socioeconomic status (SES)
on health outcomes during the pandemic, but limitations persist in capturing the full scope of
these disparities. For instance, concentration indices are frequently used to quantify SES-
related health inequalities; however, they often fail to account for intersectional factors, such

as race, gender, and geographic location, which compound health vulnerabilities (Shahbazi &
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Khazaei, 2020; Nie et al., 2021). Studies conducted in South Africa demonstrated that
conventional SES measures, while useful, might overlook specific community-level
determinants that exacerbate COVID-19 vulnerability in low-income areas (Kollamparambil
& Oyenubi, 2021; Shifa et al., 2022). A growing body of research suggests that
multidimensional approaches incorporating both absolute and relative measures of inequality
could offer a more nuanced understanding of these health disparities (Mehdizadeh et al.,
2023; Decoster et al., 2021). This review identifies a critical gap in current SES
measurements and emphasizes the need for frameworks that can adequately capture the
intersectional dimensions of inequality exacerbated by the pandemic.

7.7 Research Gaps

While the current body of literature on the socio-economic impacts of the COVID-19
pandemic is comprehensive, it has not sufficiently addressed the intersection of pandemic
impacts with systemic inequalities on a macro-scale. This research specifically aims to fill
that gap by employing a population-level analysis with a focus on systemic and structural
inequities.

There is a distinct necessity for interdisciplinary approaches to unpack the complex and
interwoven socio-economic effects of the pandemic. This research contributes to that need by
integrating methods and insights from public health, economics, and sociology to offer a
multi-dimensional view of COVID-19’s repercussions. Such a vantage is indispensable for
identifying overarching trends and formulating inclusive policy interventions.

A key gap in current studies is the dominance of household-level analysis over population-
level scrutiny. Our research addresses this by analysing the broader systemic effects of the
pandemic, such as shifts in employment, public health outcomes, socio-economic disparities,
and national economic health. This macroscopic perspective is vital for policymakers,
providing the aggregate data necessary for comprehensive strategy development and resource
distribution (Khambule, 2022).

In addition to broadening the scale of analysis, this research focuses on unveiling the
differential impacts of COVID-19 across various socio-economic groups. By highlighting
how systemic issues and structural inequalities have been impacted by the pandemic, it aims
to inform targeted interventions to support the most affected communities. Through
comparative analysis, it also extends insights on a global scale, considering the pandemic's
effects across different regions and nations.

This research thereby not only identifies but also begins to address these critical gaps,

offering a foundation for future studies and policy considerations that prioritize equity and
the well-being of all socio-economic strata during pandemic recovery efforts.
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7.8 Conclusion

In conclusion, a focus on specific areas like income inequality and health disparities, the
incorporation of qualitative methodologies, and interdisciplinary approaches will
significantly advance the understanding of the socio-economic impacts of the COVID-19
pandemic. This enhanced knowledge is essential for informing effective policy and
intervention strategies to mitigate the long-term effects of the pandemic.
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8 Methodological Review

This methodological review encompasses 2 sections:
1. Methods Assessment of socioeconomic status using various deprivation indices
2. Methods in the assessment of inequality

8.1 Measurements of socioeconomic status

In this section we analyse the different methods that researchers used to measure
socioeconomic status in inequality studies. Out analysis included 15 studies. 5 studies used
the depravation index, 4 used the SES index, 4 used Wealth index/ asset index and 2 used the
multidimensional poverty index as indicated in table XXX in the appendix. Methodologies
employed included Principal component analysis (PCA), Confirmatory Factor Analysis(CFA)
and Multiple Correspondence Analysis MCA,

8.2  Transitioning from Income to Asset/Wealth Indexes and Multidimensional
Socioeconomic Indicators

Before we can quantify socioeconomic status, we must quantify health disparities associated
with socioeconomic status. Social class (SES) is commonly assessed through various metrics
including income, education, occupation, amenity ownership, and other measures of social
welfare. Income is the most direct indicator of socioeconomic status; nevertheless, income
data is not readily accessible. Furthermore, a recurring issue in health research and policy
interventions is the apprehension that socioeconomic status (SES) may have a differential
effect on health service utilisation or health outcomes (Deaton, 2003; Schellenberg et al.,
2003). Thus, information regarding the degree to which households differ by socioeconomic
status and how this relates to relevant variables is crucial for addressing issues such as how to
target the impoverished. Standard economic indicators of socioeconomic status (SES) rely on
monetary data, including income and consumption expenditure. Nevertheless, obtaining
precise income data is a challenging undertaking (Montgomery et al. 2000), necessitating
substantial resources for household surveys. For instance, household and individual income
from multiple sources must be accounted for in the calculations of allowances. Furthermore,
the application of income indicators can be challenging in certain circumstances (Cortinovis
et al., 1993). For instance, income data fails to account for the possibility that individuals
(particularly the impoverished) possess value-added income in the form of traded crops.
Assessing income for the self-employed or those temporarily employed in occupations such
as agriculture is challenging due to accounting complexities and seasonal variations
(McKenzie, 2010).

In light of these concerns, scholars have begun to employ data on household assets and other
attributes in order to develop alternative indicators of living standards or welfare, such as the
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socioeconomic index (Bollen et al. 2001; Filmer and Pritchett 2001; Montgomery et al. 2000;
Sahn and Stifel 2000).

8.3 Approach to Composite Socioeconomic measures

A socioeconomic index is a comprehensive metric that combines multiple socioeconomic
status (SES) indicators to provide a succinct evaluation of the social and economic standing
of an individual or household.

There exist three fundamental methodologies for constructing composite utility and
socioeconomic indices, each characterised by a distinct weighting of distinct household assets
and characteristics within the overarching index.

8.3.1 “Arbitrary” approach

Some studies have used what may be referred to as “naive” indices to proxy or control for
Certain research studies have employed so-called "naive" indices to serve as controls or
proxies for living standards. These indices are frequently constructed using the sum of
indicator or dummy variables that represent the possession of specific assets by a household
(Case et al., 2004; Montgomery et al., 2000; Morris et al., 2000). One instance of a
"convenient proxy" utilised in the context of the new core welfare indicator questionnaire
(CWIQ) surveys is a straightforward "asset score," which is derived by allocating equivalent
weights to all ten assets.

8.3.2 Multidimensional approach : PCA, CFA, MCA

As an alternative to calculating the weights of the index using a basic sum of asset variables
contained in the data, statistical techniques can be utilised. Primarily, this is achieved through
the utilisation of principal component analysis and factor analysis. In essence, they serve as
instruments to condense the variability present in a collection of variables (Vyas &
Kumaranayake, 2006).

A burgeoning debate concerning the optimal methods for assessing socioeconomic status
(SES) is underway, particularly relevant to health disparity research. Multifaceted statistical
approaches such as Principal Components Analysis (PCA) used by 10 studies, Confirmatory
Factor Analysis used by 2 studies, and Multiple Correspondence Analysis (MCA), used by 2
studies, are gaining traction over the traditional singular measure of income (Howe et al.,
2008). In affluent nations, household income is a reliable SES proxy; conversely, in lower-
income regions, income reporting is notoriously inaccurate, prompting the call for more
robust SES indicators suitable for rural areas in low- and middle-income countries (LMICs)
(Patel et al., 2020). PCA has emerged as a favoured method for asset-based household socio-
economic position (SEP) evaluation (Howe et al., 2008). Its advocates argue that PCA
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provides a logical framework for condensing asset data into a single, more meaningful SEP
measure pertinent to health-related studies, leveraging data that is either readily accessible or
straightforward to collect.

The utility of PCA extends to formulating composite index measures, offering a more
comprehensive SES snapshot that encompasses the dynamic nature of asset ownership and
living conditions over time (Vyas & Kumaranayake, 2006). Unlike unidimensional income
measures that inequitably equate diverse assets, PCA incorporates non-quantifiable wealth
indicators like land and livestock—crucial in rural settings. By integrating global SES
dimensions such as education, occupation, housing quality, and available amenities, PCA
assigns a weighted significance to each, thus presenting a more accurate SES portrayal (Vyas
& Kumaranayake, 2006). Particularly in LMICs, household assets are considered more
indicative of sustained wealth than income or expenditure data, which are subject to
fluctuations and reporting inaccuracies (Kabudula et al., 2016).

8.4 Constructing a Population-Level Socioeconomic Deprivation Index: Bridging the
Gap in Health Inequality Research

While numerous studies have developed comprehensive SES indices at the household level,
there remains a notable paucity of research constructing similar indices to measure
deprivation on a population level. These household-based SES indices, as detailed in studies
such as Ataguba et al. (2011) and Patel et al. (2020), effectively capture socioeconomic
position by integrating income with various household attributes. However, they do not
extend to the broader social and economic factors influencing population-level health
inequalities.

This research diverges from the traditional household-level SES composite indices, which
often focus on asset ownership and household characteristics. Instead, it endeavours to create
a deprivation index that reflects the wider socioeconomic environment affecting population
health. By moving beyond the microcosm of household assets and conditions, this index
seeks to incorporate broader indicators such as employment rates, educational levels, access
to healthcare, and urban-rural divides that are more reflective of population-wide
socioeconomic status.

The gap in the literature for such a comprehensive, population-level SES index is significant,
especially in light of the COVID-19 pandemic, which has highlighted and often exacerbated
existing socioeconomic inequalities. Our research responds to this gap by developing an
index that is sensitive to the nuances of population-level socioeconomic deprivation,
providing a tool that can be instrumental in formulating public health policies and socio-
economic interventions aimed at mitigating inequalities on a larger scale.
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In our review, studies done on population variables use an index referred by many authors as
the small area depravation index or deprivation index one study that referred to a population
SES index specified that is was a neighbourhood level SES index (De Silva et al., 2022). In
most literature, a small-area deprivation index differs from a socioeconomic status (SES)
index in several key ways, particularly in terms of the scale of analysis. Small Area
Depravation Index- SADI is specifically designed to capture socioeconomic conditions at a
local or neighbourhood level. It aggregates data related to various deprivation factors for
small geographic areas to highlight disparities within cities or regions. An SES index on the
typically measures the social and economic position of individuals or households. (Havard et
al., 2008;Lamnisos et al., 2019; Mclntyre, 2002; Stromberg et al., 2021)

The suite of studies provided in table 2 collectively underscores the utility of the deprivation
index as an instrument for quantifying socioeconomic inequalities at a granular, small-area
level, with implications for public health surveillance and policy. These studies share a
common methodological thread in their use of Principal Component Analysis (PCA) (Havard
et al., 2008;Lamnisos et al., 2019; McIntyre, 2002) and, in some instances, Confirmatory
Factor Analysis (CFA)(Stromberg et al., 2021), to construct or validate their indices. The
deprivation index is employed across various national contexts—from France(Havard et al.,
2008)to South Africa(MclIntyre, 2002)—to capture the multifaceted nature of deprivation,
which encompasses dimensions such as income, employment, education, and living
standards(Havard et al., 2008). In Cyprus, the linkage of the deprivation index with
premature mortality explicitly acknowledges the critical influence of socioeconomic context
on health outcomes, highlighting areas where policy interventions may be most needed
Lamnisos et al., 2019).

In the study creating small-area deprivation indices, the application of both PCA and CFA
suggests a comprehensive approach to ensure the robustness of the index, by not only
identifying the main components of deprivation but also confirming their validity(Lamnisos
et al., 2019). Meanwhile, the Swedish study's comparative approach to deprivation indicators
reflects an investigative rigor aimed at enhancing the precision of public health surveillance
tools (Stromberg et al., 2021).The utility of a small-area deprivation index, as evidenced by
these studies, lies in its ability to reflect the local variances in socioeconomic conditions that
broader measures may obscure. This local specificity is what differentiates a small-area
deprivation index from a general socioeconomic status (SES) index as used by Patel et al.,
2020 and Vyas & Kumaranayake, 2006. While SES indices often assess individual or
household-level attributes, small-area deprivation indices synthesize data at a community or
neighbourhood level, providing insights into the collective socioeconomic environment. This
distinction is crucial, as local area deprivation can exert distinct influences on health and
well-being, independent of individual SES measures(Stromberg et al., 2021).

Furthermore, the small-area approach allows for the identification of spatial patterns of
inequality, enabling targeted interventions at the community level. It can reveal pockets of
deprivation that may be hidden within broader regional analyses, thereby informing more
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nuanced and effective public health strategies and resource allocations(Stromberg et al.,
2021).

8.5 Constructing socioeconomic index using principal component analysis

Principal Component Analysis (PCA) is often used to make a Socioeconomic Status (SES)
index because it can use statistics to find latent factors or dimensions that explain the
differences seen in a set of socioeconomic indicators. The use of Principal Component

Analysis (PCA) enables the derivation of weights for each indicator, which are determined by

their respective contributions to the overall variability in socioeconomic status.

In the case of principal component analysis, the asset index, Ai, for individual i is defined as

follows:

Aizzk[fkw]/

Sk

where aik is the value of asset k for household i, ak is the sample mean, sk is the sample

standard deviation, and fi are the weights associated with the first principal component (Vyas

& Kumaranayake, 2006). In the same manner, a population level composite socioeconomic
index can be computed.
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8.6 Methodological approaches for assessing equality

In the evaluation of health inequalities, particularly those linked to socio-economic status,
methodological precision is paramount. Indices like the Slope Index of Inequality (SII) and
the Relative Index of Inequality (RII), along with the Generalised Concentration Index (GCI),
serve as fundamental tools in this analysis. These metrics do more than quantify disparities;
they illuminate the gradient of health outcomes across social strata, offering insights into the
magnitude and direction of inequalities (World Health Organization 2013). The application of
these indices allows for a comprehensive assessment of health disparities, capturing both
absolute and relative differences within populations. This introduction outlines the
methodologies behind these indices and sets the stage for discussing their application in
understanding the socio-economic disparities revealed in the wake of the COVID-19
pandemic.

8.6.1 The slope index (SII)

Utilising a statistical measure known as the slope index of inequality, one can illustrate the
variation in health outcomes between naturally ordered subgroups, such as those based on
affluence or education. The slope index of inequality (SII) measures the discrepancy between
individuals with the highest and lowest levels of education or affluence in predicted health
indicator values. By utilising an appropriate regression model, this metric addresses the
complete dispersion of wealth or education. To calculate the slope index of inequality,
weights are assigned to a representative sample of the entire population and the sample is
subsequently ranked; the least privileged subgroup is assigned the rank of zero, while the
most privileged subgroup is assigned the rank of one. In order to account for the proportional
distribution of the population within each subgroup, the ranking is weighted. Following this,
an analysis is conducted on the population of each wealth or education category in relation to
its position in the cumulative population distribution, with the range and midpoint of this
distribution taken into consideration. The independent variable in regression analysis is the
midpoint value for the subgroups of wealth or education, which is then applied to the health
indicator of interest. To estimate the predicted values of the health indicator for the two
extremes, rank 1 and rank 0, a suitable statistical model is implemented. The slope index of
inequality values is calculated by examining the discrepancy between the predicted values at
ranks and zero, a region that represents the distribution in its entirety. The slope index of
inequality (SII), which takes into consideration the existence of other subgroups, measures
the discrepancy between the lowest and highest categories in a regression model. In the case
of a horizontal regression line slope, the slope index of inequality is zero. When ranking
subgroups according to their level of advantage, it is noted that higher prevalence of the
health indicator of interest is indicated by positive values in the most disadvantaged
subgroup. On the contrary, negative values signify an increased occurrence of the indicator
within the subgroup that is most disadvantaged. The significance of the slope index of

inequality (SII) is unambiguous and readily comprehensible, and it operates using the
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1dentical unit of measurement as the health indicator. Due to this attribute, it becomes
exceedingly beneficial and applicable in a multitude of analytical contexts. Non-technical
audiences can approximate the disparity in a particular health measure between the most
disadvantaged and most advantaged population groups using the slope index. Nevertheless,
these individuals might have a rudimentary understanding of the calculation methodology or
the reasoning behind its superiority in comparison to a fundamental distinction (World Health
Organisation, 2013).

8.6.2 Relative Index of Inequality (RII)

For health outcome indicators, the relative index of inequality (RII) is a complex weighted
measure of inequality that conveys the ratio of estimated values of a health indicator from the
most privileged to the least privileged, or vice versa. Nevertheless, it incorporates all the
remaining subgroups by employing an OLS regression model. The relative index of
inequality exclusively accepts positive values; the absence of inequality is indicated by a RII
value of 1. One such example that we focus on in this study is the generalised concentration
index (World Health Organization 2013).

8.6.3 Generalised Concentration index

The concentration index has emerged as the prevailing metric for assessing income-related
disparities within the field of health economics (Wagstaff & van Doorslaer in 2000). The
presence of a concentration index with a value of zero signifies the absence of socioeconomic
inequalities. Conversely, a negative value indicates an uneven distribution of socioeconomic
inequalities among individuals with lower socioeconomic status, while a positive value
signifies the concentration of socioeconomic inequalities among individuals with higher
socioeconomic status (World Health Organization, 2013).

The standardized concentration index ( Cy) is typically estimated using the following
formula:
_ ZCOU(hi, Rl)

" u

where h;is health service use or outcome. In the context of this study, it refers to the COVID-
19 related health outcomes, the term p is the mean of health outcomes and takes the value of
1 if the individual I had the outcome and 0 if they did not, and R;is the individual's fractional
socioeconomic rank.

8.7 Limitations

The estimation of the concentration index can be conducted using either grouped or
aggregated data, or alternatively, micro-data sets that encompass details pertaining to an
individual's income and health status. When employing district-level data, as demonstrated in
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this study, it is imperative to recognise several constraints in contrast to individual-level
income data.

Aggregation bias may manifest itself when data on individual-level SES indicators are
aggregated at the district level. In academic research, micro-datasets are typically preferred
over grouped datasets due to their ability to yield more reliable estimates of the concentration
index. This is because point estimates derived from grouped datasets fail to account for the
valuable information regarding the relationship between income and health status within
specific groups (Kakwani et al., 1997).

Additionally, ecological fallacy is a potential limitation in data analysis, where the analysis of
data at the district level may lead to incorrect conclusions about individuals. This occurs
when inferences are made based on aggregated data (Subramanian et al., 2009). The
generalisations pertaining to relationships at the district level may not necessarily possess
applicability to individual entities within said district. Therefore, it is crucial to acknowledge
that drawing inferences about income inequality at the individual level solely from district-
level data has the potential to result in inaccurate conclusions.

Limitations in the details of the data become apparent when contrasting district-level data
with individual-level income data, as the former provides a more restricted level of
granularity. The data provided may not offer a comprehensive representation of the complete
range of income inequality within the district, nor does it account for the differences in
socioeconomic characteristics across smaller geographic subdivisions within the district. The
lack of precise specificity could impede the identification of noteworthy nuances in the
distribution of income inequalities (Lanker et al., 2016).

Another problem becoming apparent is the issue of spatial heterogeneity, this is a term used
to describe the existence of disparities in income distribution within districts. This
phenomenon is characterised by the presence of distinct neighbourhoods or regions that
exhibit varying levels of income and inequalities. The depiction of spatial heterogeneity in
income inequality within a district may be oversimplified due to potential compromises in
accuracy when relying solely on district-level data (Khan & Siddique, 2021).

Although the acquisition of income data at the individual level may pose certain challenges
and raise concerns regarding the precision and dependability of reporting, it is crucial to
recognise that the district-level income data may also possess certain limitations in terms of
the availability and quality of the data. The inclusion of district-level data sources, such as
surveys or administrative records, may lead to an incomplete representation of income, which
can introduce biases and limitations in the evaluation of income inequality.
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8.8 Summary from inequality studies

Health outcome inequality, sometimes called health disparity, pertains to the variations in
health status and outcomes encountered by distinct individuals or groups within a given
population (Braveman & Tarimo, 2002) . The metric assesses the disparity in the distribution
of health-related outcomes, encompassing factors such as morbidity, mortality, life
expectancy, and overall quality of life. The observed disparities can be attributed to various
factors, including socioeconomic status, educational attainment, availability of healthcare
services, and environmental circumstances (Culyer & Wagstaff, 1993).

The measurement of disparities in health outcomes is a complex task that involves the
examination of various indicators and the utilisation of diverse methodologies to gain a
comprehensive understanding of inequality across different population groups. One key
approach entails assessing disparities by examining variations in mortality rates and life
expectancy across different demographic groups. This methodology involves the examination
of mortality data and the computation of life expectancy within various demographic
subgroups, including those delineated by socioeconomic status, race, ethnicity, and
geographic regions. The analysis of these data allows for an examination of the variations in
measures, which in turn provides insight into the disparities observed in health outcomes
(Hosseinpoor, 2013) . Another valuable approach is the investigation of disease prevalence or
incidence. When conducting comparative analyses of disease rates or health conditions
among different population segments, researchers are able to infer disparities in the
prevalence of illnesses and the wider distribution of health outcomes (Hosseinpoor, 2013) .
This approach offers a comprehensive perspective on the distribution of health adversities
within the population, allowing for the identification of groups that may experience
disproportionate impacts. But this method does not look at how all the different types of
inequality add up; demographic factors often overlap and have a bigger effect when added
together, so they should not be looked at separately. Therefore, an intersectional approach is
necessary.

In addition, health surveys and self-reported measures have established a distinct presence
within this field. By assessing individuals' subjective assessments of their health status, these
instruments provide a nuanced insight into the varying perceptions of health among different
demographic groups (Lanker et al., 2016). This approach, which involves analysing self-
assessments related to self-rated health, functional limitations, and quality of life, provides
insights into disparities not only in objective health outcomes but also in subjective health
perceptions. The incorporation of metrics such as the health disparity index serves to enhance
and refine the aforementioned analysis. This statistical metric assesses inequalities by
comparing the health outcomes of the most socioeconomically disadvantaged groups with
those of the general population or the most privileged cohorts . This index, drawn from the
theory behind the Gini coefficient, offers a concrete metric, enabling a quantifiable evaluation
of the extent and magnitude of disparities in health outcomes (Hosseinpoor, 2013).
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In cases where health outcome inequality is assessed using direct income measures, research
has employed different approaches to consider the intersectionality of social determinants of
health. For instance, Candio et al. (2023) employed the Corrected Concentration Index (CCI)
to quantify absolute inequalities in a preferred health outcome across three facets of socio-
economic deprivation: educational attainment, occupational status, and neighborhood-level
deprivation. All three dimensions of socioeconomic deprivation were discovered to be
positively correlated with the health outcome, according to the study. This and other studies
have determined the relationship between socioeconomic status and health outcomes using
decomposition techniques such as the Wagstaff and Shapley decomposition methods. These
methods exclusively utilise income as a metric for assessing socioeconomic status. While the
concentration index decomposition considers the individual contributions of socioeconomic
factors, it does not incorporate these factors in the determination of individuals'
socioeconomic standing (Candio et al., 2023). Based on the theory of intersectionality, we
argue in the present study that socioeconomic status should be analysed in the context of
social and structural environments in addition to financial income.

In previous studies, SES indicators have been used as proxies where income data is not
available. The existing literature cautions that it is crucial to take into account socioeconomic
and demographic indicators as proxies within this discourse . Socioeconomic factors such as
income, educational attainment, occupational status, and racial or ethnic background can play
a crucial role in identifying disparities (Van Doorslaer et al., 1997). Through a thorough
examination of disparities in health outcomes in relation to these contextual indicators,
scholars have the ability to reveal discernible trends of inequality, emphasising the specific
areas that necessitate immediate focus in the realms of public health planning and policy
formulation.
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10 Annexures

Table 1: Summary of studies on inequalities in COVID-19 outcomes

Title

Socio-economic inequality in
global incidence and mortality rates
from coronavirus disease 2019: an
ecological study

Income-related health inequality
among Chinese adults during the
covid-19 pandemic: evidence based
on an online survey

Behavioural response to the covid-
19 pandemic in South Africa

Socioeconomic-related inequalities
in covid-19 vulnerability in south
Africa

Income-related health inequalities
associated with the coronavirus
pandemic in South Africa: a
decomposition analysis

A decomposition analysis for
socioeconomic inequalities in
health status associated with the
covid-19 diagnosis and related
symptoms during Brazil’s first
wave of infections

Using relative and absolute
measures for socioeconomic
inequalities in health: experiences
from a retrospective cohort study
on covid-19

The income gradient in mortality
during the covid-19 crisis: evidence
from Belgium

Author, year,
country

Shahbazi & khazaei
(2020)

Global

Nie et al.(2021)
China

Kollamparambil &
oyenubi (2021)
South africa

Shifa et al.(2022)
South africa

Nwosu & oyenubi
(2021)
South africa

De franga et
al.(2021)
Brazil

Mehdizadeh et al.
(2023)
Iran

Decoster et al.
(2021)
Belgium

Measure of covid
outcome disparity
Concentration index

Concentration index

Concentration index

Concentration index

Concentration index

Concentration index

Slope index of
inequality
Concentration index
Relative index of
inequality

Slope index of
inequality

Relative index of
inequality

Level

Population
level

Household
level

Household
level

Household
level

Household
level

Household
level

Household
level

Household
level
Population
level
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Table 2: Summary of Findings from studies on measurements of socioeconomic inequalities

Title

A small-area index of
socioeconomic deprivation to
capture health inequalities in France
Small-area socioeconomic
deprivation indices in Cyprus:
development and association with
premature mortality

A comparison of small-area
deprivation indicators for public-
health surveillance in Sweden
Geographic patterns of deprivation
in South Africa: informing health
equity analyses and public resource
allocation strategies

A statistical procedure to create a
neighbourhood socioeconomic index
for health inequalities analysis

Comparing Global and Spatial
Composite Measures of
Neighbourhood Socioeconomic
Status Across US Counties
Development of the Global Network
for Women’s and Children’s Health
Research’s socioeconomic status
index for use in the network’s sites
in low and lower middle-income
countries

Constructing socio-economic status
indices: how to use principal
components analysis

Spatial inequality through the prism
of a pandemic: Covid-19 in South
Africa

Socioeconomic-related health
inequality in South Africa: evidence
from General Household Surveys

Author

Year

County

Havard et al.,
(2008)

France
Lamnisos et al.,
(2019)

Cyprus

Stromberg et
al., (2021)
Sweden
Mclntyre,
(2002)

South Africa

Lalloué et al.,
(2013)
France

De Silva et al.,
(2022)
USA

(Patel et al.,

2020)
Global

Vyas &

(Kumaranayake,

2006)

Shifa et al.,
(2021)

South Africa
Ataguba et al.,
(2011)

South Africa

Name of
socioeconomic
status measure
Small Area
Depravation
Index (SADI)
Small Area
Depravation
Index (SADI)

Small Area
Depravation
Index (SADI)
Small Area
Depravation
Index (SADI)

Socioeconomic
index (SES
index)

Socioeconomic
index (SES
index)

Socioeconomic
index (SES
index)

Socioeconomic
index (SES
index)

Wealth index/
asset index

Wealth index/
asset index

Statistical
technique

PCA

PCA

CFA

PCA

PCA

PCA

CFA

PCA

PCA

PCA

Study
level

Population
level

Population
level
Population
level
Population

level

Population
level

Population
level

Household
level

Household
level

Household
level

Household
level
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Issues in the construction of wealth
indices for the measurement of
socio-economic position in low-
income countries

Assessing Changes in Household
Socioeconomic Status in Rural
South Africa, 2001-2013: A
Distributional Analysis Using
Household Asset Indicators
Re-examining the Multidimensional
Poverty Index of South Africa

A multiple correspondence analysis
approach to the measurement of
multidimensional poverty in
Morocco, 2001-2007

Howe et al.,
(2008)

Kabudula et al.,
(2016)
South Africa

Jackson & Yu,
(2023)

South africa
Ezzrar &
Verme, (2012)
Morocco

Wealth index/
asset index

Wealth index/
asset index

Multidimensional

poverty index

Multidimensional

poverty index

PCA,
MCA,

PCA,
MCA

MCA

MCA

Household
level

Household
level

Household
level

Household
level
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11 Section B: Journal Manuscript

Title: Socioeconomic related Covid-19 outcome disparities in South African districts

1 Abstract

Introduction: The COVID-19 pandemic exposed and intensified pre-existing socioeconomic
disparities across the globe, with South Africa experiencing severe consequences. This body
of research addresses these socioeconomic disparities in COVID-19 outcomes at South
Africa's district level, recognizing the multifaceted nature of socioeconomic status (SES).

Background literature review:

The background literature highlights how socioeconomic inequalities, such as income levels,
housing conditions and sociodemographic characteristics, influenced COVID-19 outcomes in
the country (Cloete et al., 2021; Khambule, 2021). The literature further underscores the
importance of intersectional analyses, demonstrating how overlapping disadvantages
amplified the impact on marginalized communities.

Methods: The study utilised data amalgamated by the National Policy Data Observatory
(NPDO). which synthesizes information from the National COVID-19 outcomes surveillance
spanning from November 2019 to July 2022 and socioeconomic indicator data from the 2021
General Household Survey (GHS) . The study analysed 12 socioeconomic indicators across
53 districts to create four analytically determined domains of socioeconomic standing
namely: sociodemographic index, economic index, infrastructural index and a
multidimensional socioeconomic index using the Principal Component Analysis technique.
The relationship between these indices with COVID-19 cases, recoveries, and fatalities were
further investigated using the Wagstaff concentration index of inequality and concentration

curves.

Results: The analysis revealed that low sociodemographic, and economic indices, as well as
the overall socioeconomic status index had negative concentration indices and concentration
curves above the line of equality indicating a pro poor distribution. A high infrastructural
index was associated with high cases, recoveries and mortalities, the concentration index was
positive and the concentration curve below the line of equality indicating a pro-rich
distribution, suggesting that urbanisation subsequent overcrowding in well developed areas
such as metropolitans increased the risk of spreading infection and worsening covid-19
outcomes.

Conclusion: The research provides compelling evidence of a 'social gradient' in health at the
district level in South Africa. These disparities are driven mainly by sociodemographic
characteristics and economic depravation indicating potential pressure points for policy
makers to focus on.
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2 Introduction

The COVID-19 pandemic, which emerged in late 2019, placed immense strain on healthcare
systems worldwide, with South Africa bearing a particularly heavy burden (Khambule, 2021).
As one of the African countries most affected by the virus, South Africa's experience
highlighted deep-seated socioeconomic inequalities that shaped the trajectory of the
pandemic (Cloete et al., 2021). This study aims to investigate the role of socioeconomic
disparities in influencing COVID-19 outcomes across the nation. By incorporating relevant
theoretical and conceptual frameworks, this review provides an in-depth analysis of how
factors such as income inequality, socio-demographic factors, and living conditions
contributed to varied health outcomes. The study also employs an intersectional perspective
to capture the complex interplay of these factors, emphasizing how multiple dimensions of
disadvantage combined to exacerbate the impact of COVID-19 on vulnerable communities.
Although other factors, such as endemic diseases like HIV and TB, as well as non-
communicable diseases, contribute to the burden of disease, this study acknowledges their
significance but focuses specifically on examining socioeconomic factors.

3 Background

The coronavirus outbreak in 2019, commonly referred to as COVID-19, precipitated
substantial adverse repercussions on the global economy, which, in turn, exerted significantly
deleterious effects on individuals and families (Consolazio et al., 2021). While the pandemic
universally affected the population, its detrimental consequences were not uniformly
distributed among different groups. Disparities in the impact were evident, with certain
demographics enduring more severe repercussions than others (Mishra et al., 2021).
Populations already at a disadvantage, such as the unemployed, individuals in precarious
employment situations, inhabitants of low-income neighbourhoods, and the homeless,
experienced a disproportionately higher level of hardship due to the pandemic compared to
their more affluent counterparts (Amin and Mahabeer, 2021). The covid-19 pandemic as we
have witnessed it has shed a light to numerous social injustices, calling for new public health
policies that cater not only for health outcomes but for the associated social determinants of
health at the neighborhood context. Even though, Social Determinants at neighborhood
context are structural drivers of health inequalities, emphasis has been on Social
Determinants of Health at individual level (Kollamparambil & Oyenubi,2021; Nie et
al.,2021; Nwosu & Oyenubi, 2021; Shahbazi & Khazaei, 2020; Shifa et al., 2022)

Thus, this study measures district level or otherwise termed the neighborhood socio-
economic index by constructing a composite index from key socio-economic status
indicators of South African districts and further examine the socioeconomic inequality
associated with COVID-19 outcomes based on the district SES composite index.
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4 Theoretical Framework

4.1 Theory of social determinants of health

The backbone of this study is the theory of social determinants of health. According to
Ataguba and Mclntyre (2011), it is crucial to have a comprehensive understanding of the
social determinants of health, which requires taking into consideration both the material and
psychological elements. They contend that despite the fact that material factors such as
wealth and education have a direct influence on health outcomes, psychological factors such
as social networks and social support also play a key role in determining health outcomes.

4.2 Social causation

The concept of "social causation" further posits that a multitude of factors, including
material, psycho-social, and behavioural aspects, collectively influence the disparities in
health outcomes found among different populations (Hoffmann et al., 2018). Material
considerations encompass a broad spectrum of economic levels and investments in
infrastructure that provide advantages to the community. Psychosocial difficulties refer to the
long-lasting stresses that result from an individual's perceptions and interactions with their
social position in a society characterised by inequalities (Chandola et al., 2003). This
viewpoint further illustrate how social determinants of health can cause disease outcomes.

An important social causation theory in the present discussion is the theory of Cumulative
Disadvantage/Advantage (CDA). This theory explains how disparities in a trait or resource
like income or social status tend to widen over time within a group due to the compounding
effects of social systems (Dannefer, 2003). It posits that even slight early-life differences can
escalate, leading to a snowballing of advantages or disadvantages throughout an individual's
life. Cumulative disadvantage, when discussed in the context of COVID-19, refers to how the
pandemic has exacerbated existing inequalities and vulnerabilities among certain populations,
leading to disproportionately negative impacts on those groups. This concept is shown in
studies such as that conducted by Shifa et al. (2022), were socioeconomic variables were used
to illustrate SES driven Covid-19 vulnerability in South Africa. The findings were marked by
negative and highly significant concentration index estimates, revealing that the vulnerability
to Covid-19 was more pronounced among the poorer sections of society.

Socioeconomic status has shown to affected disease process by determining groups’
predisposition, vulnerability, disease transmission, prevention and access to treatment. For
example, the relationship of SES and the effectiveness of non-pharmaceutical interventions
(NPIs) in controlling the spread of COVID-19 was a critical area of research. Studies show
that lower SES is a barrier to implementing preventative NPIs like social distancing,
isolation, and handwashing (shifa et.al, 2022). These circumstances were facilitated by the
lack of basic amenities and inadequate housing in lower SES neighbourhoods. To illustrate,
Papageorge et al. (2021) found that in the United States of America, individuals with lower

incomes and limited remote work opportunities were less likely to practice social distancing.
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This trend is also seen in South Africa, where preventive measures are more common among
the wealthy and educated. Kollamparambil & Oyenubi (2021) explained this using the Health
Belief Model, which suggests that personal beliefs and perceived efficacy of actions influence
health-related behaviours. The model indicates that the affluent were more likely to adopt
protective measures.

5 Conceptual framework

Intersectionality theory is indispensable when considering the complex layers of
discrimination and privilege that shape health outcomes. It is particularly relevant in a society
as stratified as South Africa, where the legacies of apartheid continue to cast long shadows
over contemporary socio-economic structures (Francis et al., 2020). This theory allows us to
understand how intersecting identities such as race, gender, class, and more, do not act
independently but compound to affect individuals' experiences with the healthcare system
and their susceptibility to diseases like COVID-19 (Crenshaw, 1989; Maestripieri, 2021).

5.1 Sociodemographic factors

The intersectionality paradigm recognises that throughout their existence, individuals
encounter varying degrees of privilege and discrimination (Komanisi et al., 2022). Race,
ethnicity, gender identity, social class, language, skin colour, neurodiversity, religion, ability
or disability, sexual orientation, mental health, age, ecological systems (including
neighbourhoods, schools, offices, rural-urban areas, and local and federal policies),
education, citizenship and immigration status, housing, and body size are sociodemographic
elements that contribute to the formation of an individual's or community's intersectional
identity. This list is not exhaustive. Research concerning the COVID-19 pandemic has
provided evidence that individuals aged 60 and above have an increased risk of mortality or
contracting a severe COVID-19 infection. Elderly individuals are more susceptible to
contracting the disease in households containing younger members; thus, the secondary
attack rate among senior individuals is higher within the household. Additionally, household
members headed by women were more susceptible to harm than those from households
headed by men. In South Africa, there was also a consistent correlation between advanced
age, households headed by women, and poverty (Nwosu & Oyenubi, 2021). Thus
emphasising the correlation between socioeconomic status, age, and gender in determining
the susceptibility of groups to adverse consequences.

5.2 Economic Factors

With regards to economic factors, low-income individuals, often working in essential but
low-paid jobs, have faced higher exposure to COVID-19 due to their inability to work from
home, coupled with less access to protective measures (Turok & Visagie, 2021). This
vulnerability is further compounded for racial and ethnic minorities who are overrepresented
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in essential sectors. To cite an example, in the USA, COVID-19 positive patients who resided
in low-income areas were significantly younger, and were more likely to be of female gender
or a racial minority when compared to individuals living in high income areas (Little et al.,
2021). This argument evidence supports the intersection of income, race, gender and even
social clustering.

5.3 Infrastructural factors

SES also intersects with race by way of influencing infrastructure and living conditions, with
low-income and minority populations more likely to live in crowded housing conditions,
facilitating the spread of the virus. Homelessness or inadequate housing further exacerbates
exposure risks. Specifically in the context of south Africa, low-SES districts are formed upon
the legacy of the apartheid government's Group Areas Act of 1950 which displaced people of
color to settle in rural areas and townships that are often characterized by limited access to
quality healthcare, inadequate housing conditions, and higher levels of environmental
pollution (Joseph, 2021). Moreover withing these poorly developed areas, there is a marked
limitation to accessing basic amenities such as water, electricity and toilets, all culminating to
worse outcomes (shifa et.al, 2022).
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Sociodemographic factors

*Housecholds with
individuals aged above
60

*Female headed
households

*Persons per household

*Household average age
dependency

Structural factors Economic factors

*Households with *Households with an
toilets Income
*Households with *Households with
water adult unemployment
*Households with *Subsidised
electricity households
*Households with in *Households living

informal dwellings under the poverty

Figure 1: Intersectionality of socioeconomic factors

Meanwhile, social causation models direct our attention to the societal structures and factors
that significantly influence health outcomes. Highlighting themes such as residential poverty
and neighbourhood level socioeconomic depravation. These models posit that social
conditions are not mere backdrops to the spread of disease but are intrinsic determinants of
health (Bierman et al., 2021).
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Method

Setting

The study was conducted on South African data. The country is a low-middle-income country
located at the top of the African Country. South Africa has 9 provinces and 53 districts which
were analysed in this study. The country of south Africa, is nearly 30 years into liberation but
the remnants of the apartheid as still being felt. South Africa is one oh the countries with a
high Gini coefficient , highlighting a context of neighbourhood poverty and inequality all of
which played a role in spreading as well as curbing the spread of the virus.

Data

An observational study was conducted, leveraging data amalgamated by the National Policy
Data Observatory (NPDQ), which synthesizes information from the National COVID-19
outcomes surveillance spanning from November 2019 to July 2022 at the district level as well
as the 2021 General Household Survey (GHS). In South Africa there are 53 districts.
Outcome variables

The outcome variables of interest were number of COVID-19 cases, recoveries and deaths.
All the data was capture at a district level, totalling 53 districts. Missing variables were
imputed as averages.

Independent Variables

The main independent variable is the district socioeconomic composite index computed from
the 12 measures socioeconomic status from the NCPD dataset.

Statistical analysis was completed using STATA 15.1. Statistical techniques were presents
used to compute a socioeconomic index from the independent variable representing various
indicators of socioeconomic status. Based on empirical review justified in table, the
indicators were grouped into 3 categories including sociodemographic factors (those that
speaks to age, gender, household social complexities such as age dependency and female
headed household households), the economic factors included variables related to income and
employment, additionally the infrastructure factors were variables that spoke about spatial
development in terms of access to amenities and adequate housing. Lastly all the variables
were used to construct an overall district level SES index. The variable selection for the
analysis is justified in table 1.Further analysis following the composite indices as ranking
variables for equity analysis using Wagstaff concentration indices and concentration curves.

Choice of Socio-Economic Indicators for Ranking the Districts

A total of 12 variables were selected for the analysis based on relevant literature review and is
captured in table 1. These variables were classified to three domains
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Table 1: Description of infrastructural factors

Domain Variable
Infrastructural electricity
factors
Water
toilet

Explanation

Proportion of
household that have
electricity in the
district. Having
electricity was
measured as having
connection to the
national power grid

Proportion of
household that have
water in the district.
Having water was
measured as having a
tap or access to
running water withing
the household

Proportion of
household that have a
toilet in the district,
this is including pit
toilets and flushing
toilets but not bucket
sanitation services

Justification

overcrowding, a lack of
access to adequate water
and sanitation, a lack of
medical resources, and
pre-existing risk factors
(i.e., poor health) plague
a large proportion of
households and
individuals in developing
countries (shifa et.al,
2021).

Inability to wash hands
regularly with soap or
detergent increases the
risk of contracting
COVID-19 and
collecting water from a
public supply increases
the risk of catching
COVID-19 from infected
people in other
households due to close
contact while queuing to
collect water or touching
contaminated water
supply equipment, e.g.,
stand-pipe taps, pump
handles, well buckets,
etc. (shifa et.al, 2021).
Sharing a toilet increases
the risk of catching
COVID-19 from infected
people in neighbours’
households either by
faecal/oral transmission
or from close contact in
or near the shared toilet,
e.g., while waiting or

53




Informal
dwellings

Proportion of
households in the
district that live in
informal dwellings

Table 2: Description of economic factors

Domain Variable
Economic factors Income
Adult
unemployment

Explanation

Proportion of
households in the
district that receive an
income.

The variable reflects
regular income
received by the
household on a
monthly basis, net of
taxes, as well as
imputed rental income
from owner-occupied
housing.

Proportion of
households in the
district that have
unemployed adults,
including a primary
job, secondary job,
self-employment, paid
casual work, or
personal agricultural
work, or if they assist
others in business
activities.

queuing (shifa et.al,
2021).

COVID-19 has severely
impacted the whole
country, townships and
informal settlements have
proved more vulnerable
than suburbs (Turok &
Visagie, 2021).

Justification

Residents of areas with
the lowest median
incomes had a higher
incidence of needing
invasive mechanical
ventilation (IMV) (25.4%
for the bottom income
quartile compared to
16.0% for the top
quartile, p <0.001) and
were more frequently
admitted to the ICU
(35.2% versus 19.9% for
the highest income
quartile, p <0.001)
(Quan et al., 2021).
Wave 1 of the NIDS-
CRAM analysis shows a
decline in the labour
market (Turok & Visagie,
2021)
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poverty

subsidized

Proportion of
households in the
district that are living
under the poverty line
(According to
Statistics South Africa,
the lower bound of the
poverty line is R43 per
person per month)
Proportion of
households in the
district that receive
government subsidy.
Government
subsidized are defined
as any form of
government grand
including child grant,
disability grant,
pension, and other
social relief grants

Table 3: Description of sociodemographic factors

Domain Variable
Sociodemographic =~ Age above 60
factors

Explanation

Proportion of
household that have
individual above the
age of 60 in the district

Wave 1 of the NIDS-
CRAM analysis shows a
causal link between the
labour market, household
income and ultimately
poverty and food
insecurity (Turok &
Visagie, 2021)

Poor communities have
been much bigger
beneficiaries of
government grants than
have wealthier residents.
Provision of COVID-19
relief grants showed
economic benefit to these
individual as they were
less likely to have formal
employment or had been
affected my the shutting
down of the informal
sector. (Turok & Visagie,
2021). By mid-year 2020,
17% of such adults had
applied and received the
COVID-19 Social Relief
of Distress (SRD) Grant.

Justification

People aged 60 and over
are more likely to die or
suffer from a severe
COVID-19 infection.
Older people are more
likely to be infected
within households with
younger members, i.e.,
older people have a
higher secondary attack
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Persons per
household

Female headed
households

Age
dependency
ratio

District Average of
persons per household

Proportion of
households in the
district that are headed
by females

The average age
dependency of
households in each
district . Age
dependency is defined
by the world bank as
the percentage of
working-age
population. This
variable was not used
as an economic
variable because it is a
measure of the
proportion of adults, a
sociodemographic
factor but does not

speak to the whether or

not they are actually
employed.

rate within the household
(Nwosu & Oyenubi,
2021)

An ill person is more
likely to infect their
household members than
friends, neighbours, or
the wider community.
The larger the household,
the more members are
likely to be infected
Members of female-
headed households were
more vulnerable than
those of male-headed
households (shifa et.al,
2021).

COVID-19 positive
patients who resided in
high poverty areas were
significantly younger,
adding this variable in
allows us to include the
younger demographic
who are not included in
the Age above 60
variable. (Little et al.,
2021)
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6 Analytical method

6.1 Data normalisation

Z-Score was used for data normalisation before to limiting PCA. A popular statistical method
for standardising a broad variety of data and illustrating meaningful changes in the data is the
Z-score, which ensures that distributions have mean = 0 and std = 1(Sarkar & Chouhan,
2021). The following formula has been used to normalise the data:

X, — X

l o

Where Z; is the Z-score , X; is the variable X is the mean and ¢ is the standard deviation

6.2 Principal Component Analysis (PCA) notation

Step 1: Defining the matric
In PCA, the original data can also be put into a matrix A, where each column is one of your
original variables :

Data matix A: [x1 x2 - xn]

Step 2 : Calculating the eigenvector matrix
The eigenvector represents a pattern in the way the different SES factors relate to one

another. Putting the eigenvectors as the columns of a matrix gives:
all a21 aml

al2 ]

aln aZ2n amn

Eigenvector Matrix A:

Where a,,, is the value of eigenvector. This vector is used to calculate the scores for PC1
using the original variables X1, X>... Xy, (Darin-Mattsson et al., 2017; Vyas& Kumaranayake,
20006).

Step 4: Calculating the principal component scores
The value of the first principal component is calculated as :

PC1 score = xqloadings, + ...+ x,loadings,

Where :

x41s the value of the first variable and loadings, is the loading of the variable x,, the factor
loading is a coefficient that provides the correlation between the observed variable and the
latent factor or principal component. It indicates how much of the variation in an observed
variable is explained by the factor (Vyas& Kumaranayake, 2006).
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Step 5: SES index estimation

In constructing the Socioeconomic Status (SES) index, our approach was meticulous and
iterative, ensuring that we captured the multifaceted nature of SES. Initially, we divided SES
into distinct domains guided by our variables — including sociodemographic, economic and
infrastructural domains —each a significant dimension of socioeconomic standing. For each
domain, we calculated individual indices that captured the nuances within that specific sphere
and followed with a comprehensive SES indices capturing all three domains.

There exists a paucity of agreement on how to use PCA in contracting an index. However,
empirically, score of the first principal component is used to predict SES index (Vyas&
Kumaranayake, 2006).

The SES index is then calculated as
SES index = PCyscore

In this paper, a low index value is interpreted as lower SES and a high index value as high
SES.

6.3 Derivation of Socioeconomic Status (SES) Indices Using Principal Component
Analysis in Stata

In the process of quantifying SES indices through Stata, the procedure is initiated by
standardizing variables to a common scale and then applying Principal Component Analysis
(PCA).

The steps are as follows:
Step 1: Conduct PCA

To commence, PCA is performed on the normalised variables:
pcanorm_varl norm_var2 norm_var3 ... norm_varn

Where, norm_varl to norm_varn denote the standardized variables. PCA results will present
principal components along with their respective eigenvalues. Utilizing the Kaiser criterion,
components with eigenvalues greater than 1 are selected for inclusion in the index
calculation.

Step 2: Compute Principal Component Scores

The predict command is used here to generate scores (PC1 to PCn). As drawn from
empirical literature the value of the score of the PC is equal to the index.
Therefore the values of an index is computed using the function:
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predict PC1, score

step 3: Including more than one principal component in the composite index

gen comp_index = PCl*weightl + ... + PCnWeightn

6.4 Understanding the Variable-Specific Nature of Concentration Index Calculations

The concentration index has emerged as the prevailing metric for assessing income-related
disparities within the field of health economics (Wagstaff and van Doorslaer in 2000). The
presence of a concentration index with a value of zero signifies the absence of socioeconomic
inequalities. Conversely, a negative value indicates an uneven distribution of socioeconomic
inequalities among individuals with lower socioeconomic status, while a positive value
signifies the concentration of socioeconomic inequalities among individuals with higher
socioeconomic status (World Health Organization, 2013). Based on the nature of the ranking
variable, the index value in our case, the relative inequality can be measure by either the
standardised concentration index or the modified concentration index. We discuss the
difference below

6.4.1 The standardised Concentration index

The standardized concentration index ( Cy,) is twice the area between the concentration curve
and the 45° line indicating no relationship between the two variables.

And it is typically estimated using the following formula:

_ 2Cov(hy, R;)

" u

where h;is health service use or outcome. In the context of this study, it refers to the COVID-
19 related health outcomes, the term p is the mean of health outcomes and takes the value of
1 if the individual i had the outcome and 0 if they did not, and R;is the individual's fractional
socioeconomic rank.

6.4.2 Modified concentration index

When assessing inequality in a trait using a variable that has been inconsistently assigned
numerical values across various populations, such as the computed SES indices, or when
examining disparities in various variables with cardinal scales within the same population,
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the adjusted concentration index is recommended for use. This can be addressed by using the
modified concentration index (Erreygers and Van Ourti, 2011).

1 hi
MCanpyy == Z[—E — i CRi—1)

i=1

Where:

where A™" is the lower limit of /; and the index ranges between (maximal pro-poor) Afi-nym]
and (maximal pro-rich) Aju-1ym]. Under ratio or fixed measurement scales (A" =0),

MC simplifies to the standard concentration (O'Donnell et al., 2016).

6.5 Computing Concentration Indices in Stata

The computation of concentration indices can be achieved on STATA 15.1 by installing the
“conindex” package . The conindex function calculates a spectrum of inequality indices that
are dependent on ranking, encompassing measures like the Gini coefficient, the concentration
index, the generalized concentration index, the modified concentration index, and the
Wagstaff and Erreygers normalized concentration indices O'Donnell et al., 2016).

Using the “conindex” function to calculate the concentration index, the following command
was run:

conindex health_variable, by(socioeconomic_rank variable)

The default behaviour of the 'conindex' command produces the standardised concentration
index. However, for cardinal ranking variables like our SES index which is invariably
distributed and without a true zero, the standard concentration index may not remain
consistent across computational transformations and can yield inconsistencies in the output.
In such scenario, the modified concentration index (MC) is useful. Specification of the index
calculation for the modified concentration index

To specify a the modified concentration index using the 'conindex' command, a theoretical
lower limit must be specified as minimum value of the ranking variable.

The command is therefore written as:
conindex health variable, by(socioeconomic rank variable) if rank var >=
#theoratical limit

7  Results

This section presents the findings of our study, systematically addressing the research
questions outlined earlier. Through rigorous analysis, we have distilled key insights and

60




trends from the data, which are detailed below. Our results are organized to reflect the study's
methodological sequence, ensuring clarity and coherence in the narrative of our discoveries.
Table 4 and 5 delineates the descriptive statistics of the independent variables, the SES
indicators from out data set and the outcome variables which are the cases, recoveries and
mortalities related to COVID-19 at district level. The analysis was conducted in 2 phases,
firstly analysing the level of deprivation by socioeconomic domains, sociodemographic,
economic and infrastructural and secondly by looking at the holistic SES encompassing all
SES variables. The results have yielded 4 depravation indices namely, the sociodemographic
index, the economic index, the infrastructural index and finally the overall SES index.

The results of the PCA are shown, delving into how each depravation index was calculated.
Furthermore inequality in COVID-19 outcomes (cases, recoveries and mortalities) were
computed using concentration indices and concentration curves to determine how each
domain affected outcomes.

Table 4: Descriptive statistics of independent variables

Variable Observations Mean = Std. Min Max
Dev.

Proportion of households that receive an 53 0.2715 0.0553 0.16 0.38

income

Proportion of households that have 53 0.8941 0.0774  0.54 0.98

Electricity

Proportion of households that have Water 53 0.8715 0.1407  0.39 1.00

Proportion of households that have Toilets 53 0.6213 0.2682  0.09 0.97

Proportion of households that have 53 0.0834 0.0157 0.06 0.14

individuals Aged above 60

Proportion of households that experience 53 0.2245 0.0588  0.09 0.39

Adult unemployment

Proportion of households that live in 53 0.0819 0.0489  0.02 0.22

Poverty

Household Average Age dependency 53 57.44 11.7946 39.4 83.8

Proportion of households that live in 53 0.1047 0.0653  0.01 0.27

Informal dwellings

Proportion of households that are 53 0.2472 0.0993  0.06 0.46

Subsidised by Government grants

Average Persons per household 53 3.4868 0.5502 2.5 4.6

Proportion of households that are Female 53 0.4296 0.0720 0.3  0.59

headed household

Table 5: Descriptive statistics of dependent variables

Variable Observations Mean Std. Dev. Min Max
cases 53 31906.67 41816.39 2556 213684
recoveries 53 28480.51 37466.58 2335 188173
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mortalities 53

7.1 Validation of conceptual framework

Before we analyse the outcomes in each SES determinate category, we need to study the

1014.776

1169.006 67 6843

relationship of the individual facts to show their relation and why specific factors are grouped

together. We used PCA for this

Table 5: Factor Loadings district level socioeconomic status index

Variable Comp1l

income _ 0,30
Electricity -0,21
Water -0,32
Toilet -0,32
Age above 60 -0,21
Adult
unem ployment 0,29
Poverty _0,33
Age dependency _ 0,31
Informal
dwellings 0,24
Subsidised -0,27
Persons per
household
Female headed
household

Key

] Positive factor loading
- Negative factor Loading

Comp2
[ -0,19
m 0,14
i -0,01
- 0,16

{0 oas
] 0,03
| -0,09
AN o021
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>
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Figure 4 :PCA Loading Plot for PC1 and PC2 with Numbered Variables
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The PCA results provide meaningful insights that support the initial conceptual framework by
validating the grouping of variables into Economic, Sociodemographic, and Structural
factors. Economic variables, such as Income (0.27), Adult Unemployment (0.25), and
Poverty (0.28), show high loadings on PC1, which captures the largest share of the variance
(50.84%). Subsidised households also loads positively on PC1 (0.18), indicating a correlation
with these economic variables. This alignment affirms their classification as Economic
factors, as they collectively represent household economic conditions. Sociodemographic
variables, including Age Dependency (0.29), Persons per Household (0.27), and Age 60
(0.24), show moderate loadings on PC2, suggesting that this component captures
demographic characteristics and explains 23.7% of the variance. Female-headed households,
though weakly aligned with PC2 (0.07), also fits within the Sociodemographic group,
indicating its relevance to population structure and dependency dynamics within households.
Structural factors, such as Water (-0.22), Toilet (-0.23), and Electricity (-0.21), display
negative loadings on PC1, positioning them as distinct from Economic factors, while
Informal Dwelling shows a high loading on PC2 (0.51), indicating it as a key structural
characteristic. The distinct positioning of these infrastructure-related variables from economic
and demographic indicators validates their classification as Structural factors, representing
access to essential infrastructure and housing quality within the framework.

This analysis supports the conceptual framework by showing distinct groupings of variables
along the principal components that align with the hypothesized categories. The clear
separation and clustering of these variables along the components confirm the validity of
grouping them into Economic, Sociodemographic, and Structural categories, supporting the
conceptual framework’s accuracy in capturing the underlying structure of the data.
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7.2 Sociodemographic index

In this subsection, we detail the results pertaining to the Sociodemographic Index. Our
analysis quantifies the variations in COVID-19 outcomes as they relate to sociodemographic
factors across districts. The index's composition from individual variables and their statistical
weightings provides insight into the impact of demographic variables on pandemic-related
health disparities. This index was computed from sociodemographic factors namely, Age
above 60, Age dependency, female headed households, persons per household.

Table 6: Outcomes of the Principal Component Analysis on Sociodemographic Factors

Component Eigenvalue Difference Proportion Cumulative
Compl 3.03809 2.36982 0.7595 0.7595
Comp2 0.668275 0.500283 0.1671 0.9266
Comp3 0.167993 0.042353 0.0420 0.9686
Comp4 0.12564 - 0.0314 1.0000

Table 7: Table of Factor Loadings of each factor from Principal Component Analysis

Variable Compl Comp2 Comp3 Comp4 Unexplained
Age above 60 [ ] 0,37 I 09 { 0,02 i 0,01 I 0,00
Age dependency I 0,54 0,23 I -0,06 INGNGNG_G 0,81 I 0,00

Persons per

household . 0,53

Female headed

household - 0,53
Key

BN Positive factor loading
B Negative factor Loading

0,36 l 0,00

5 EEEE ERE

S
)
S
. I
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The results of the PCA are shown in tables 6 and 7. The first principal component with an
eigenvalue of 3.03 is retained based on the Kaiser criterion which stipulates that the principal
components with an eigenvalue greater than 1 are the most significant (Vyas &
Kumaranayake, 2006). The proportion of the variance explained by PC1 is 75.95% meaning
that 75.95% of variation is explained by PC1. Table 7 of the factor loadings the magnitude
and direction of each variable contribution to the principal component. From the results of the
PCA, the Sociodemographic index for each district is calculated as the value of the score first
principal component.

Sociodemographic index = PC;score
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The following visual and tabular analyses connect the sociodemographic characteristics of
distritcts to the distribution of COVID-19 outcomes. Figure 2 depicts the stratified
distribution of COVID-19 outcomes by quintiles within the sociodemographic index,
illustrating potential disparities in incidence, recovery, and mortality rates. Table 8
enumerates the concentration index values for these outcomes, offering a quantified
perspective of sociodemographic inequities. Figure 3 presents the concentration curve,

together offering a multifaceted view of the pandemic's impact across different social strata.

Figure 2: Distribution of COVID-19 outcomes by sociodemographic index quintile

Distribution of COVID-19 outcomes by
sociodemographic index quintile
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Table 8: concentration index values sociodemographic index ranking

Outcome No. of obs. Con Index value Std. error p-value
Cases 53 -0.27125905 0.09781079 0.0077
Recovered 53 -0.26303149 0.09867199 0.0103
Deceased 53 -0.1599468 0.08946872 0.0798

Figure 3: Concentration curve sociodemographic index ranking
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The Sociodemographic index used as a ranking variable. In Table 3, the resulting negative
concentration indices. For case CI was 0.21(p<0.05), for recoveries the CI was 0.26(p<0.05)
which is statistically significant but for mortality the CI was 0.16(p>0.05) which was not
statistically significant. The concentration curve in figure 2 lying above the 45 degree line of
inequality suggest a pro-poor distribution. This means that the lowest sociodemographic
index quintile has the highest number of cases, recoveries, mortalities. This may indicate that
districts with higher numbers of persons per household, a higher likelihood of female-headed
households, and a higher age dependency ratio tend to high numbers of cases, recoveries,
mortalities. The negative factor loading for the proportion of households with people over 60
could mean that these household tend to have fewer cases. However due to the other variables
computed in PC1, which depict household sizes and complexity. This negative finding can
indicate that people over the age of 60 are usually found in less complex and smaller-sized
households but does not imply that individuals over 60 are at a lesser risk.

7.3 Economic index

In this section, we delve into economic deprivation and its quantification through principal
component analysis (PCA) applied to key economic variables. Tables 6 and 7 display the
outcomes of PCA on variables such as average income levels per district household, adult
unemployment rates, poverty incidence, and the prevalence of government subsidies. The
first principal component (PC1) emerged with an eigenvalue of 3.17, accounting for 79.27%
of the variance, thus capturing the most significant proportion of economic disparities

Table 9: Outcomes of the Principal Component Analysis on Economic Factors
Component Eigenvalue Difference Proportion Cumulative
Compl 3.17089 2.63839 0.7927 0.7927
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Comp2 0.532507 0.343092 0.1331 0.9259
Comp3 0.189416 0.0822315 0.0474 0.9732
Comp4 0.107184 - 0.0268 1.0000

Table 10: Table of Factor Loadings of each factor from Principal Component Analysis

Variable Compl Comp?2 Comp3 Comp4 Unexplained
Income .53 M oo I o 61 {000
Poverty .52 [ | 0,07 E0,00
Adult unemployment . 0,50 0,00
subsidised [ 0,45 P 079 0,00

Key
BN Positive factor loading
B Negative factor Loading

As shown in table 10, PC1 is characterized by positive factor loadings for poverty, and adult
unemployment—indicators that exacerbate economic hardship. Conversely, the component
bears a negative loading for government subsidies, indicating its role in alleviating economic
deprivation. Of note, it is counterintuitive to have a positive factor loading for income
introducing the idea of relative depravation. When an index is constructed to compare relative
deprivation within a specific context. For example, in areas where income disparities are vast,
like the south African context, even moderate incomes might be considered low compared to
the high-income benchmarks of the dataset, and thus could still represent a form of economic
deprivation (Townsend, 1979). This disparity will not occur for variable like poverty because
it is associated with a poverty line, a defined standard reference.

The economic index for each was the predicted as:

Economic index = PC;score
Figure 4 shows the distribution of outcomes by economic index quintiles, although there are
fewer cases at the lowest index quintile, there is a trend of decreasing outcomes with low to
highest index quintile. This could be due to the fact districts with the lowest economic index
are more likely to be in remote rural areas were the incidence of COVID-19 was low due to
the less dense population and spatial isolation from the disease epicentre.

Figure 4: Distribution of COVID-19 outcomes by Economic Index quintiles
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Table 11: concentration index using economic index ranking

Outcome No. of obs. Index value Std. error p-value
Cases 53 -0.21628082 0.10046154 0.0361
Recovered 53 -0.21434288 0.10095495 0.0386
Deceased 53 -0.16354318 0.08934114 0.0730
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Figure 5: concentration curve using the economic index ranking
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The economic index used as a ranking variable. In Table 12, the resulting negative
concentration indices which were statistically significant, for cases CI was 0.22 (P<0.05), for
recoveries CI was 0.21 (p<0.05), however the CI for mortalities was 0.16 (p>0.05) was not
statistically significant. The concentration curves for all outcomes are initially below the line
of equality and show a pro-rich distribution in the lowest economic index quintile but further
quintiles have a curve predominately above the 45 degree line of inequality suggest a pro-
poor distribution.
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7.4 Infrastructural index

Table 13 and 14 show the results of a PCA on the variables that represent infrastructural
development in the district including proportion of households with electricity, water, toilets
and based informal dwellings. The first principal component explains 66.63% of the
difference. With positive factor loadings for all 4 variables.

Table 12: Outcomes of the Principal Component Analysis on Infrastructural Factors

Component Eigenvalue Difference Proportion Cumulative
Compl 2.66516 1.85048 0.6663 0.6663
Comp?2 0.814679 0.424231 0.2037 0.8700
Comp3 0.390448 0.260734 0.0976 0.9676
Comp4 0.129714 - 0.0324 1.0000

Table 13: Table of Factor Loadings of each factor from Principal Component Analysis

Variable Compl Comp2 Comp3 Comp4 Unexplained
Electricity o+ NS o .41 0,37 0,00
Water 0B l 20,10 E oo/ E 30 0,00
Toilet k3 o4 IINNEE 071 D 43 0,00
Informal
niorma 43 0,18 0,00
dwelling
Key

BN Positive factor loading
B Negative factor Loading

Figure 6: Distribution of COVID-19 outcomes by Infrastructural index quintiles
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The Infrastructural index for each was the predicted as:

Infrastructural index = PC;score

Figure 4 shows the distribution of outcomes by Infrastructural index quintiles, the results
show that with an increasing Infrastructural index, the number of cases, recoveries and deaths
increased. This is because majority of the cases were concentrated within big cities and
metros. These cities, city of Johannesburg, city of cape town and eThekwini along with other
well-developed municipalities have good infrastructure but tend to be densely populated,

priming them for faster spread of COVID-19.

Table 14: concentration index using infrastructural index ranking

Cases 53 0.34812931 0.09291594
Recovered 53 0.34426755 0.09364196
Deceased 53 0.30275947 0.08190823

Figure 7: Concentration curve using infrastructural index ranking

Concentration Curves

1
1

.8
1

.6
1

0.0005
0.0006
0.0005

Cumulative Proportion of COVID-19 outcomes

0 2 4 .6
Cumulative infrustructural index
Cases Recovered
Deceased ———-—- Line of Equality

The concentration indices for each outcome was positive and the concentration curves below
the line of equality as shown in table 13 and figure 7. The findings show a pro-rich
distribution, implying that districts with better infrastructure were more at risk for negative

covid-19 outcomes.
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7.5 Multidimentional District level socioeconomic index

The interplay between various SES domains of socioeconomic standing as shown in figure 7
is critical to understand. All SES indicators were amalgamated using PCA as shown in table
16. Using the Kaiser criterion cut-off of 1, any PC variable with eigenvalue less than 1 should
be discarded significant (Vyas & Kumaranayake, 2006). The eigenvalues signify the
importance of each principal component, with PC1 (eigenvalue of 7.90) capturing most of the
variance, followed by PC2 with an eigenvalue of 1.16 , indicating a significant but lesser
degree of variance explained. Components PC3 to PC14, with eigenvalues below 1, explain
less variance than individual original variables and are disregarded in further analysis,
focusing the interpretation on the more substantial components that embody the crucial
variation in the data, thus only principle component 1 and 2 were retained as visualised in the
scree plot in figure 8.

Table 15: PCA results for all domains of socioeconomic standing

Component Eigenvalue Difference Proportion Cumulative
Compl 7.90959 6.74826 0.6591 0.6591
Comp?2 1.16132 0.297277 0.0968 0.7559
Comp3 0.864045 0.155681 0.0720 0.8279
Comp4 0.708364 0.235728 0.0590 0.8869
Comp5 0.472637 0.229248 0.0394 0.9263
Comp6 0.243389 0.0783126 0.0203 0.9466
Comp?7 0.165076 0.0145372 0.0138 0.9604
Comp8 0.150539 0.0285323 0.0125 0.9729
Comp9 0.122007 0.0247787 0.0102 0.9831
Comp10 0.0972279 0.0290381 0.0081 0.9912
Compl1 0.0681899 0.0305719 0.0057 0.9969
Comp12 0.037618 - 0.0031 1.0000

Figure 8: Scree Plot from Principal Component Analysis of ALL SES Variables
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The specific loadings of each principal component retained are shown in table 5. PC1
highlights an inverse relationship between income and access to basic utilities, suggesting
resource distribution disparities among socioeconomic groups. PC2 reflects demographic
influences and household size, with larger households potentially experiencing less poverty,
possibly due to shared incomes or economies of scale.

The SES index is then calculated as weighted average of the first 2 principal components
SES index = PC; * weight, + PC, * weight,

Where PC; is the score of the first principal component and weight, is the proportion of
variance explained by PC;.
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Figure 9: Distribution of COVI-D-19 outcomes by multidimensional SES index quintiles
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Table 16: concentration index using district level socioeconomic status index ranking

Outcome No. of obs. Index value Std. error p-value
Cases 53 -0.28070209 0.09728695 0.0057
Recovered 53 -0.27776023 0.09787738 0.0065
Deceased 53 -0.20444314 0.08767399 0.0237

Figure 10: concentration curve using district level socioeconomic status index ranking
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Using the district level socioeconomic status index ranking as a ranking variable in which
case all the domains have been combined. The concentration indices using the district level
SES index, all three outcomes were negative ( -0.281 for cases, -0.278 for recoveries and -
0.204 for deaths), and the concentration curves above the line of equality, indicating a pro
poor distribution. The results show that districts with an overall low SES index were more
likely to experience a greater burden of negative covid outcomes.

8 Discussion

Our study aimed to explore the relationship between socioeconomic status (SES) and
COVID-19 outcomes at the district level, leveraging the theoretical frameworks of social
determinants of health, intersectionality, and cumulative advantage/disadvantage theory. By
conducting a Principal Component Analysis (PCA) we computed various indices of
socioeconomic condition (sociodemographic, economic, infrastructural indices) at the district
level, further employing concentration indices and curves to study inequality in of COVID-
19 cases, recoveries, and mortality related to these domains of socioeconomic standing. The
use of district level data sought to bring understanding to the spatial distribution of COVID-
19 cases, recoveries, and mortality, considering the disease's natural process of spreading
within clustered communities.

8.1 Sociodemographic Index

Sociodemographic Index findings indicated that districts with lower socioeconomic status,
characterized by larger household sizes, higher age dependency ratios, presence of
individuals aged above 60 and more female-headed households, experienced higher numbers
of COVID-19 cases, recoveries, and mortalities. This suggests that these areas, likely due to
their socio-structural composition, are more vulnerable to the spread and impact of the virus.

These demographic characteristics increase vulnerability to covid-19 in various ways. For
example, literature shows that older adults are demonstrably more susceptible to severe
outcomes. Age is a critical risk factor for COVID-19, with older individuals facing increased
risks of severe illness and mortality. This vulnerability is largely attributed to physiological
changes associated with aging, such as diminished immune function and a higher prevalence
of underlying health conditions like hypertension, diabetes, and heart disease, which
exacerbate the severity of COVID-19. Phaswana-Mafuya et al. (2021) highlight the use of an
intersectionality framework to understand how the confluence of age and these health
conditions amplifies susceptibility. Another critical demographic group are those closer to 60
who also have the critical comorbid risk factors as listed earlier. The average age dependency
in all districts is 57 years, indicating that when poor covid-19 outcomes occur, households are
at risk of losing chief breadwinners and thus worsening their socioeconomic circumstance.
This point clearly conjoins age, economic depravation and negative outcomes as we attempt

to illustrate in out conceptual framework.
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The mean percentage of female-headed households in South African districts is an estimated
43% and women were found to be at a greater risk than men in empiric literature. Women are
worthy to highlight as they often face intersecting disadvantages in terms of access to
healthcare, economic opportunities, and social support systems. Within the covid-19 context,
our empirical literature review tears the veil to expose other forms of oppression including
the named "pink recession" where women lost more jobs compared to men, and the increased
burden of unpaid care-giving responsibilities during lockdowns (Collins et al., 2020).

The intersecting identity of a woman, with informal employment and a family to care for
places them at great risk of forfeiting employment and ultimately their financial freedom
(Cook and Grimshaw, 2020). This intersectional lens , helps to understand how gender and
other socioeconomic factors intersect to create additional barriers and disadvantages for
women in terms of access to healthcare, and economic opportunities. Alongside economic
and financial freedom follows the surge in gender-based violence cases we saw particularly in
the lockdown. This “shadow pandemic” of violence against women not only had direct
physical and mental health impacts but also may have limited women's ability to seek
treatment for COVID-19 or exacerbated the stress and trauma that can weaken immune
responses (UN Women, 2020).

8.2 Economic Index

Economic Index results further supported the notion that lower economic status, marked by
higher unemployment, poverty rates, and fewer government subsidies, correlates with an
increased burden of disease outcomes. This indicates that economic deprivation directly
impacts the capacity of communities to respond to and recover from the pandemic.

The variability in employment rates across districts indicates how geographic location
intersects with employment opportunities. Areas with lower employment rates might be
experiencing compounded socio-economic challenges, including limited access to job
markets and educational disparities.

In the context of South Africa, the intersection of geographic location and employment
becomes even more pronounced when considering the impact on vulnerable populations such
as the elderly, women, and marginalized communities with people of color (Ranchhod &
Daniels, 2020). The disparities in employment and income inequalities contribute to shaping
the health outcomes, particularly during the COVID-19 pandemic. The district-level analysis
revealed a general trend of adult unemployment in the country, with the highest district
employment rate at only 39%, a mean of 22%, and a staggering standard deviation of 6%.
This variation in employment rates emphasizes the differing economic conditions and
opportunities across districts. The presence of compounding socio-economic challenges in
districts with lower employment rates further reinforces the need to address geographic
disparities in employment opportunities.
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Unemployment in certain geographic locations might lead to reduced access to healthcare,
inability to afford private health insurance, lower health literacy, increased exposure to risky
environments, and reduced ability to adhere to public health measures such as social
distancing, especially if they are essential workers who must continue working in high-risk
(Alaba et al., 2022; Alechenu, 2021). The pathways resulting from the intersection of
geographic location and employment can cumulatively increase the risk of contracting
COVID-19 and experiencing worse outcomes for individuals living in these areas. In South
Africa, the legacy of apartheid has left a lasting imprint on the geographic distribution of
jobs, often segregating employment opportunities from predominantly black residential areas.
This spatial mismatch creates barriers to employment due to long commuting times and
transportation costs, limiting access to job opportunities for many in historically
disadvantaged communities. This leads to 27% of households without any sort of income and
8% living under the poverty line with a standard deviation of 6% and 8% respectively
indicating a huge disparity across the country. This socioeconomic circumstance means that
25% of the households require government subsidies, including child, elderly, disability and
relief grants, further putting financial strain on the government.

Therefore, it is crucial for policymakers and stakeholders to address the socio-economic
disparities in these regions and develop targeted interventions to improve access to healthcare
services and create sustainable employment opportunities. By understanding the impact of
employment and income inequalities in specific geographic locations, efforts can be directed
towards mitigating the compounding challenges faced by vulnerable populations, such as the
elderly, women, and marginalized communities. Through targeted interventions informed by
these findings, significant strides can be made in addressing the disparities and improving the
overall health outcomes in these areas.

8.3 Infrastructural Index

Infrastructural Index analysis showed that districts with better infrastructure had higher
numbers of COVID-19 outcomes. This finding underscores the complex role that
infrastructure plays in disease spread, where better facilities can paradoxically facilitate faster
transmission. This observation challenges simplistic interpretations of SES impacts. It
suggests that while infrastructure is generally beneficial, in the context of a highly infectious
pandemic, it can also facilitate disease spread. This finding invites a nuanced understanding
of how different SES components interact to influence health outcomes.

Due to the settlement history of South Africa, there is a tendency of inequality in terms of
housing conditions (Grangxabe et al., 2023), this analysis shows that 10% of housing is
informal dwellings. South African metros, the City of Cape Town, City of Tshwane, City of
Johannesburg, and eThekwini have an average informal dwelling rate of, 15%, 16%, 18%
and 13% respectively. In analyzing the high person per household values, it is evident that
there is high potential for overcrowding that plays a big role in the spread of COVID-19. The
average household has 4 people, with a standard deviation of 0.55 which could indicate that
most of the overcrowding is disproportionally in low-income residential areas particularly the
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informal dwellings. The connection between dense living conditions in South Africa's
informal settlements and the heightened risk of spreading infectious diseases like COVID-19
is further supported by research. Reports identify a significant number of homes in the
Johannesburg metropolitan areas as densely populated beyond UN-HABITAT's
recommended levels, with a correlated increase in acute respiratory symptoms among
inhabitants. These findings imply that the tight living quarters typical of these settlements
could amplify the transmission of airborne illnesses such as COVID-19 ( Nkosi et al., 2019;
UN HABITAT, 2020).

Another contributor is the heavy concentration of economic activity in major urban centers
that has led to several challenges associated with urbanization. The principal concern pertains
to an extensive urban encroachment, denoting the unregulated proliferation of urban regions
into adjacent rural territories. This phenomenon has resulted in the depletion of natural
resources, increased pollution, and a strain on existing infrastructure. This shift has
implications for spatial distribution, as newer sectors tend to be urban-centric. The rapid
influx of people into urban areas has given rise to informal settlements, characterized by
makeshift dwellings and a lack of basic services such as clean water, sanitation, and
electricity. These settlements often face significant health and safety risks, further
exacerbating the challenges faced by individuals seeking better employment prospects in
urban areas (Grangxabe et al., 2023; UN HABITAT, 2020).

Furthermore, the increased demand for urban infrastructure and services, such as
transportation, housing, and healthcare, has placed a considerable burden on local authorities
and municipal governments (Mthiyane et al., 2022). Looking at the analysis of access to
utilities, which is also a vital indicator of living standards, results show high mean values
close to 1 for electricity (0,89), water (0.87), and toilet facilities (0.62), indicating that a
majority of the sample population has access to these basic amenities. The high standard
deviations in these variables suggest that access to these utilities is however not consistently
distributed across the population. The need to accommodate and support the growing urban
population while addressing issues of poverty, inequality, and access to opportunities presents
a complex set of challenges for policymakers and stakeholders. Considering these challenges,
it is crucial for South Africa to develop comprehensive urban planning strategies that
prioritize sustainable development, equitable resource allocation, and the provision of
essential services to both urban and peri-urban areas (UN HABITAT, 2020). By addressing
the multifaceted impacts of urbanization, the country can work towards creating inclusive and
resilient urban environments that support the well-being and economic advancement of all its
residents (Mthiyane et al., 2022).
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8.4 Multidimentional District-level Socioeconomic Status Index

The Overall District-level Socioeconomic Status Index combined these dimensions,
demonstrating a comprehensive view of SES as a determinant of COVID-19 outcomes. The
negative concentration indices for cases, recoveries, and deaths in lower SES districts
confirm that these areas bear a disproportionate burden of the pandemic. Our findings align
with the broader literature on the social determinants of health, highlighting how
socioeconomic factors such as income, employment, and living conditions significantly
influence health outcomes (Nwosu & oyenubi ,2021; Shifa et al., 2022). The disproportionate
impact of COVID-19 on lower SES districts underscores the pre-existing inequities that
exacerbate the pandemic's effects. This aligns with the theory of intersectionality, where the
intersection of various socioeconomic disadvantages leads to cumulative impacts on health.

9 Limitations and Future Research

This study, while comprehensive, is not without limitations. The use of district-level data,
rather than household-level data, provides a broad overview but may mask intra-district
variations. Additionally, the PCA approach, though effective in reducing dimensionality,
depends on the initial selection of variables, which may not capture all relevant aspects of
SES. Future research should aim to disaggregate data to the household or individual level
where possible, to capture the micro-level dynamics of COVID-19 spread and impact.
Longitudinal studies could also provide insights into the temporal aspects of SES and
COVID-19, examining how the relationship evolves over different stages of the pandemic.
Further exploration of the interplay between infrastructure and disease spread in different
contexts would also enhance our understanding of these complex dynamics. Another
limitation in this study was the exclusion of important clinical factors such as non-
communicable disease which played an important role in the morbidity and mortality of
COVID-19, future bodies of research may explore how clinical and non clinical factors
intertwined.

10 Policy Implications

This study underscores the need for policy measures that address socioeconomic disparities in
health outcomes, particularly in times of crisis. Key recommendations include expanding
social protection programs to support low-income households and implementing targeted
healthcare interventions in underserved areas, such as mobile clinics and affordable
medications (Amin and Mahabeer, 2021; Kim and Bostwick, 2020). Additionally, improving
infrastructure in informal settlements, reducing overcrowding through affordable housing
initiatives, and promoting employment opportunities in vulnerable communities can enhance
economic resilience (Chitiga et al., 2021; Khambule, 2022). Public health education
campaigns, tailored to address language and cultural barriers, are essential to improve health
literacy and promote preventive behaviors (Cloete et al., 2021). Policies should also adopt an
intersectional approach to recognize and address the compounded vulnerabilities of groups
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affected by poverty, location, and other social factors (Bambra et al., 2020; Khambule, 2021).
Lastly, building real-time data systems for monitoring health disparities and incorporating
health equity considerations in emergency preparedness plans will enable more effective,
targeted responses to future health crises, fostering resilience and reducing inequality (Glover
et al., 2020; Turok & Visagie, 2021).
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12 Conclusion

Our study contributes to the growing body of evidence on the socioeconomic determinants of
health, specifically in the context of the COVID-19 pandemic. It highlights the importance of
addressing socioeconomic disparities as part of public health responses to pandemics. The
findings underscore the need for targeted interventions in lower SES districts, which are
disproportionately affected by COVID-19. Policymakers must consider the multifaceted
nature of SES and infrastructure in planning and implementing public health measures, to
mitigate the impact of current and future pandemics on the most vulnerable populations.
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13 Annexures 1

Table 17: Index values by district

Provinces District Cases aphic index Economic index Infrastructural index SES index
Kwazulu-Natal Umzinyathi
Limpopo Mopani 472,00
Eastern Cape Chris Hani 19096,00 16590,00 1432,00
Kwazulu-Natal King Centshwayo 29471,00 28256,00 1076,00
North West Ngaka Modiri Molema 18040,00 15872,00 -0,94
Limpopo Capricon 21449,00 20058,00 934,00 0,71
Eastern Cape Alfred Nzo 0,04
Eastern Cape Amathole 18961,00 17370,00 1031,00
Eastern Cape OR Tambo 22109,00 20625,00 1104,00 -0,54
Kwazulu-Natal Uthukela 14002,00 522,00
Kwazulu-Natal ‘Umkhayakude -0,55
Kwazulu-Natal Harry Gwala -0,74
Northern Cape John Taolo Gaetsewe 0,82
Limpopo Vhembe 494,00
Eastern Cape Joe Gqabi
Kwazulu-Natal Ugu 18416,00 17121,00 601,00
North West Dr Ruth Segomotsi 0,64
Kwazulu-Natal | ( dl 37492,00 34850,00 1635,00 -0,79
Mpumalanga Nkangala 27404,00 25518,00 487,00 -0,62. 0,65
Kwazulu-Natal iLembe 31906,67 28480,51 1014,78 -0,99 -0,99
p hl 34271,00 33128,00 -0,42
Kwazulu-Natal Amajuba 683,00 -0,42
Eastern Cape Buffalo City 38190,00 35740,00 -0,69
p Gert Sibande 25780,00 24350,00 559,00 -0,56. -0,98
North West Bojanala 35720,00 31220,00 564,00 -0,55 -0,49 -1,40
Limpopo Sekhukhune 0,30 0,46 -1,09
Kwazulu-Natal eThekwini 31906,67 28480,51 1014,78 -0,31 -0,50. 0,50 -0,77
Limpopo ‘Waterberg -0,83 -0,22 0,10 -0,68
Free State Lejweleputswa 18981,00 584,00 020 03 1 s
Eastern Cape Nelson Mandela Bay 54820,00 52359,00 -0,14 0,03 0,77 -0,47
Northern Cape Pixley ka Seme -0,47 0,18 0,11
Eastern Cape Lejweleputswa 31906,67 28480,51 1014,78 0,31 -0,15 -0,38 0,31
Free State Thabo M y 20319,00 581,00 -0,70. -0,63 0,58
North West Dr Kenneth Kaunda 24240,00 20940,00 915,00 0,41 -0,05 0,80
Free State M: 40322,00 28090,00 1232,00 0,11 -0,57
Eastern Cape Sarah Baartman 21545,00 20541,00 797,00 0,42
Gauteng City of Tswane -0,64
Free State Xhariep 0,13
Eastern Cape Fezile Dabi 31906,67 28480,51 1014,78
‘Western Cape Central Karoo 0,42 -0,52
Gauteng City of Jol burg
Northern Cape Frances Baard 20052,00 15627,00 620,00
Gauteng West rand 33893,00 28506,00 981,00
Free State Fezile Dabi
Northern Cape Namakwa
Gauteng Ekurhuleni
Gauteng Sedibeng 34485,00 30980,00 1042,00
Northern Cape Z F Mgcawu
Western Cape Cape Winelands 38858,00 35878,00 1352,00
‘Western Cape City of Cape Town
‘Western Cape Overberg 497,00
Western Cape West Coast 14383,00 504,00
Western Cape Garden Route 35901,00 33428,00 1288,00

W Green: Higher values
Yellow to Orange: Intermediate values
mm Red: Lower value
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Section C: Policy brief

By Dr Anza Tshipetane, MBCHB University of Cape Town

Introduction

Policy Context

The outbreak of the coronavirus in 2019,
widely known as COVID-19, unleashed
profound adverse effects on the global
economy, leading to significantly
deleterious impacts on individuals and
families across the globe. The empirical
research highlighted the extensive
economic repercussions of the pandemic,
underlining the widespread strain it has
placed on societies ' . However, the
detrimental effects of the pandemic were
not evenly distributed among all
populations. Studies also have identified
stark disparities in the impact of COVID-19,
revealing that certain demographics bore
the brunt of the pandemic's consequences
far more severely than others 2. Particularly
affected were those already facing
socioeconomic challenges, including the
unemployed, individuals in precarious
employment situations, residents of low-
income neighbourhoods, and the
homeless. These groups encountered a
disproportionately higher level of hardship
due to the pandemic compared to their
more affluent counterparts. 1

1 Shifa, M. et al. (2022) lated i in COVID-19
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Stakeholders

The stakeholders in addressing the issues

outlined are multifaceted, involving but not

limited to :

. National and provincial department of
health

. Other relevant ministries such the
department of social development,
Department of employment and labour
and the department of human
settlement.

. healthcare providers

e community leaders and civil society
leaders

. Healthcare based organisations e.g.
the World health organisation.

. Health care donor organisations e.g
Bill and Melinda gates foundations,
USAID etc.

These entities must collaborate to ensure

that the policies and interventions

developed in response to pandemics are
equitable and address the broader social

determinants of health at a neighbourhood
level.

Journal of
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Theoretical Framework

Underpinning this policy brief is the
intersectionality theory, which elucidates
the complex layers of discrimination that
shape health outcomes. In the South
African context, with its unique socio-
economic landscape shaped by the
legacies of apartheid, understanding the
interplay of race, gender, class, and other
social determinants is crucial for developing
effective health policies 1. Additionally, The
social causation hypothesis illustrates how
a combination of material, psychosocial,
and behavioural factors can lead to health
disparities 3. Furthermore, the Cumulative
Disadvantage/Advantage theory
emphasizes the magnifying effect of
societal structures on these inequalities, a
trend clearly evidenced in COVID-19’s
impact. 13

Research and Public Health, 19(17), p. 10480. doi:10.3390/ijerph191710480.

2 Nwosu, C. O., & Oyenubi, A. (2021). Income-related health inequalities associated with the coronavirus pandemic in South Africa: A decomposition analysis. International Journal for Equity in Health, 20(1). doi:10.1186/s12939-020-01361-
7

3 Hoffmann, R., Kroger, H., & Geyer, S. (2018). Social causation versus health selection in the life course: Does their relative importance differ by dimension of SES? Social Indicators Research, 141(3), 1341-1367. doi:10.1007/511205-
x

018-1871-
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Evidence from the COVID-19 pandemic

Background of study

The research investigated socioeconomic inequalities in
COVID-19 outcomes at the district level in South Africa,
employing the intersectionality framework to analyse how
different socioeconomic indicators affect COVID-19 cases,
recoveries, and fatalities. Data from the National Policy Data
Observatory (NPDO) and the 2021 General Household
Survey (GHS) were merged to create a dataset.
Socioeconomic variables were categorized into three main
domains of deprivation, and a deprivation index was
computed for each dimension using principal component
analysis (PCA). Additionally, a multidimensional
socioeconomic index was computed by combining all
variables through PCA. Districts were then grouped into three
quintiles based on their deprivation index, with the lowest
quintile representing the highest level of deprivation.

Results

Sociodemographic factors

« Households with individuals
aged above 60

« Female headed households

« Persons per household

« Household average age

dependency

Economic factors

+ Households with an
Income

+ Households with adult
unemployment

+ Subsidised households

+ Households living under

the poverty

Structural factors
« Households with toilets

+ Households with water

« Households with electricity
+ Households with in
informal dwellings

Figure 1: Intersectionality framework
Variables included in the study and their respective SES domain
Variables were measure as proportion of households per districts

The charts below show the distribution of outcomes across SES strata, providing a compelling evidence of a 'social gradient' in health

at the district level in South Africa.

Figure 2: Distribution of COVID-19 by various district level depravation indices
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Results of relative inequality measurement

COVID-19 outcome distributions across quintiles were examined,
and a concentration index was employed to assess relative
inequality ', indicating whether outcomes were skewed towards
areas of high or low socioeconomic deprivation. Analysing
Sociodemographic, economic and multidimensional SES domains,
outcomes were concentrated where pro poor and dominated in
areas of great depravation. However, looking at infrastructural
development, the outcomes were pro-rich, indicating that areas
with adequate infrastructure had worse outcomes.

in health;

Kakwani, N., Wagstaff, A. and van Doorslaer, E. (1997) *

Socioeconomic Dimension Distribution

Sociodemographic Pro-poor
Economic Pro-poor
Infrastructure Pro-rich

Multi-dimensional SES Pro-poor

and statistical inference’, Journal of Econometrics, 77(1), pp. 87-103. doi:10.1016/s0304-4076(96)01807-6.

91




B

Recommendations

Based on the evidence and comprehensive analysis presented, the study recommends a combined approach that
integrates strengthening public health infrastructure with targeted economic support programs and social policy reforms

Implementing land redesign and
redistribution initiatives alongside the
development of essential infrastructure
in rural areas, aiming to mitigate
urbanization pressures and alleviate
overcrowding in city centres, thereby
reducing the risk of airborne disease
transmission.

Strategies

. Implement zoning policies for
sustainable land use.

. Invest in rural infrastructure:
roads, water, electricity.

. Promote economic growth:
agriculture, tourism, local
industries.

These strategies will boost the

economic landscape and habitability of

rural areas, further reducing the rate or

rural-urban migration. 2

Potential threats to implementation

Due to ongoing socioeconomic
depravation, there are competing
priorities such as education that can
limit resource allocation into these
changes

There may be resistance from certain
stakeholders, such as landowners or
urban-focused businesses, who may
perceive these initiatives as a threat
to their interests.

Implementing zoning policies and
infrastructure projects can be
complex and time-consuming,
requiring coordination among
various government agencies and
stakeholders.

Redistribution of land and
development of infrastructure may
lead to displacement of existing
communities or conflicts over land
ownership and use.

Image Source: https://w s00iliohins.co 22/2020/0¢

covid-19-whatilife-is-like-in-kha

Strengthening Healthcare
Infrastructure

Directly impacts the ability to manage
public health crises, ensuring long-term
sustainability and readiness for future
health challenges. Public health
systems are built on an infrastructure
of (i) service delivery, (ii) health
workforce, (iii) health information
systems, (iv) access to essential
medicines, (v) financing, and (vi)
leadership/governance, according to
the WHO building blocks 3.

Strategies
* Implementation of the NHI Bill

« Partner with international
organizations for funding and
expertise.

* Prioritize upgrades in high-density
areas to manage caseloads
effectively.

* Implement training programs for
healthcare workers in rural and
underserved areas.

Potential threats to implementation

Reliance on international
organizations for funding and
expertise may lead to challenges in
maintaining sustainability if external
support diminishes over time.

Implementing the NHI may face
political resistance especially if
deemed a threat to the private
healthcare system, it may also face
logistical and administrative hurdles,
potentially delaying implementation.

a-after-ihe:surge
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Economic Support Programs

Offers immediate relief to the most
affected, mitigating the direct impact of the
pandemic and promotes adherence to
public health measures by reducing
economic pressures.

Strategies

. Roll out of Social Relief of Distress
Grant

. Award grants to small and medium
sized enterprises to prevent closure
during pandemics.

. Implementation of cash incentives
programmes for vaccinations, this
facilitates good health behaviour
whilst providing financial relief.

. Offer educational and vocational
training programs, especially focused
on technological skills, to ensure
alignment with job market demands
and facilitate the potential for remote
employment opportunities amid
pandemics. 4

Potential threats to implementation

The implementation of relief grants and
incentive programs requires significant
financial resources, which may strain
government budgets, particularly during
times of economic downturn.

Ensuring fair distribution of grants and
incentives to eligible individuals and
businesses can be challenging,
potentially leaving out vulnerable
populations or those in remote areas
with limited access to resources.

The long-term sustainability of relief
programs and incentives depends on
ongoing funding and support, which may
be uncertain or subject to changes in
government priorities.

The effectiveness of cash incentives for
vaccinations in promoting vaccination
uptake may vary depending on factors
such as public perception, cultural
beliefs, and access to healthcare services.

u, D., Li, X., Yu, J., Shi, X., Liu, P., & Tian, P. (2021). Whether urbanization has intensified the spread of infectious diseases—renewed question by the COVID-19 pandemic. Frontiers in Public Health, 9. doi:10.3389/fpubh.2021.699710
Manyazewai, T. (2017). Using the World Health Organization Health System Building Blocks through survey of healthcare professionals to determine the performance of Public Healthcare Facilties. Archives of Public Health, 75(1). doi:10.1186/s13690-017-0221-9
Khambule, I. (2022). Covid-19 and the informal economy in a small-town in South Africa: Governance implications in the post-COVID ERA. Cogent Social Sciences, 8(1). doi:10.1080/23311886.2022.2078528
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1 Background

The World Health Organization (WHO) declared COVID-19 a public health emergency in
January 2020 and subsequently a pandemic in March 2020 (WHO, 2020a). In response, the
South African government and healthcare system introduced stringent policies to counteract
the potential devastation of the virus. These measures encompassed widespread testing, a
nationwide lockdown, a prohibition on large public gatherings (including concerts, sporting
events, religious festivals, and other social engagements), and the propagation of educational
content highlighting the significance of maintaining safe distances and adhering to proper
hygiene practices. Despite these efforts, South Africa witnessed a mortality rate of 7%,
accounting for 90% of the deaths within the Southern African Development Community
(SADC), which represents 91% of the region's confirmed deaths (Aregbeshola & Folayan,
2021).

Moreover, research has identified age, gender, and comorbidities as key determinants of
adverse health outcomes and severe COVID-19 manifestations. Specifically, the elderly,
males, and individuals with comorbidities (such as chronic kidney diseases, hypertension,
cardiovascular diseases, and diabetes) were reported to be at heightened risk (Fathi et al.,
2021). However, there's a dearth of literature focusing specifically on South African risk
factors contributing to COVID-19-related mortality (Jassat et al., 2021a; Boulle et al., 2020).
Existing studies have predominantly targeted patients within public sector hospitals. Few
have addressed the situation in private sector hospitals, and those that do often use private
sector data as predictor variables for public sector outcomes rather than examining both
sectors independently (Jassat et al., 2021b).

2 Problem Statement and Rationale for Research

While recent research has diligently examined the private health-insured population in terms
of hospitalization, mortality, length of hospital stay, treatment costs, and the influence of
comorbidities on hospitalization and mortality outcomes (Solanki et al., 2022), there remains
a paucity of investigation into the socio-economic determinants affecting COVID-19
outcomes. A notable study in Kenya has delved into the manner in which COVID-19 has
upset the socio-economic equilibrium, probing deeper into disparities in these disruptions
across different Socio-Economic Status (SES) strata. Nonetheless, a definitive connection
between the socio-economic statuses of communities and their respective COVID-19
outcomes remains elusive (Oyando et al., 2021).

In light of this, the proposed research seeks to elucidate, through epidemiological theories,
how socio-economic status can culminate in disparate health outcomes during outbreaks and
pandemics. Insights gleaned from this study hold potential to shape the development and
deployment of more effective management and risk mitigation strategies, thereby fostering
greater equality during public health crises.
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3 Literature review

3.1 Theoretical literature review

3.1.1 Theory of the Social Determinants of Health (SDH)

Theories are used in epidemiology to understand the relationships between exposure to
socio-economic disadvantage and diseases. In publication of the Black Report in 1982,
several categorical theories have been recommended to explain the links between social
inequalities and health. Ataguba and Mclntyre (2017) highlight the importance of considering
both material and psychosocial factors in understanding the social determinants of health.
They argue that material factors, such as income and education, have a direct impact on
health outcomes, but that psychosocial factors, such as social networks and social support,
also play a crucial role. Which bring us to the underlying theory, the theory of the social
determinates of health(SDH). These determines directly infer to an individuals
socioeconomic status.

Socioeconomic status is a combined economic and sociological measure of an individual's
work experience and an individual's or family's economic access. The social determinants of
health are the conditions under which people are born, grow up, live, work and age. These
include factors such as socioeconomic status parameters including education, neighborhood
and physical environment, employment and social support networks, and access to health
care. Through the epidemiological theories explored in the literature review, a relationship
can be stablished so show how social determinates of health can affect health outcomes and
as such lead to health-related inequality. This is to add on to the work done by MclIntyre et al.
(2009) which argue that poverty and inequality create a social gradient in health outcomes,
with the poorest and most marginalized populations experiencing the worst health outcomes.
Covid-19 was a disease that had outcomes being heavily influenced by social factors such
overcrowding, employment, access to health care, age and pre-existing medical
comorbidities. There were also visible disparities that were seen across south African
provinces with varying socio-economic circumstances. This research aims to probe at how
there’s clustering effects were influenced by socioeconomic circumstances. Making use of
theory of social determinants to further explain the context of what happed to cause the
varying covid 19 outcomes.

3.1.2 Causal Theories of Health Inequality

Causal theories of health inequality aim to elucidate the underlying mechanisms that drive
disparities in health outcomes across different populations. These theories assert that health
inequalities are not merely the product of random events or individual choices but result from
a complex interplay of systemic factors. For instance, the "social causation" theory posits that
socioeconomic status influences health, with poverty or low social status leading to adverse
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health outcomes due to factors like limited access to quality healthcare, poor living
conditions, and chronic stress. Conversely, the "health selection" theory suggests that poor
health can lead to downward social mobility, thereby reinforcing health disparities.
Meanwhile, the "life course" perspective emphasizes the cumulative impact of different
social determinants experienced throughout an individual's life, from prenatal stages to old
age, in shaping health trajectories. Collectively, these causal theories underscore the
multifaceted nature of health disparities and the need for comprehensive interventions
addressing the root causes.

3.2 Conceptual framework — Intersectionality

Intersectionality, a term coined by Kimberlé Crenshaw in 1989, emerged from Black feminist
activism. It is a theoretical framework for understanding how aspects of a person's social and
political identities combine to create different modes of discrimination and privilege. These
identities include but are not limited to race, gender, class, and sexual identity, and are not
isolated but interwoven in such a way that the intersections compound the experiences of
oppression and privilege. This paradigm is particularly significant in recognizing that
individuals navigate through life encountering varying degrees of advantage or
marginalization. By examining the lived experiences of people belonging to multiple
marginalized groups, intersectionality highlights the necessity of considering a multitude of
overlapping factors—such as ethnicity, gender identity, socioeconomic status, language, skin
color, neurodiversity, religion, (dis)ability, mental health, age, and others—that contribute to
the complexity of these experiences. Recent studies continue to explore the nuances of
intersectionality, reflecting its evolving nature and ongoing relevance in contemporary social
research (Komanisi et al., 2022; Iyanda et al., 2021).

At an individual level, the framework might explore how each SES indicator influences an
individual's risk of contracting COVID-19, experiencing severe symptoms, and potentially
dying from the virus (Bambra et al., 2020). For example, individuals with lower income or
education levels may be more likely to work in jobs that require them to interact with the
public or may have limited access to healthcare, increasing their risk of exposure to the virus
(Khambule, 2022). The framework would also explore how COVID-19 vulnerability and
SES interact to impact outcomes. For example, individuals with lower SES may be less likely
to have access to quality healthcare, making it more difficult to receive timely treatment for
COVID-. Additionally, social determinants of health related to SES, such as stress and lack of
access to healthy food options, may contribute to a weakened immune system, increasing
vulnerability to COVID-19 (Gordon et al., 2020). Overall, the proposed framework would
aim to identify the ways in which individual SES indicators and broader socio-economic
factors interact to influence COVID-19 vulnerability and outcomes. This information could
help inform interventions and policies aimed at reducing COVID-19 related inequalities in
vulnerable populations.

In addition to individual SES indicators, the proposed framework could also consider
contextual factors that may contribute to COVID-19 vulnerability and outcomes in South
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Africa. These factors could include geographic location, race, gender, and other social
determinants of health that are relevant to the South African context (Fernandes, 2020). For
example, individuals living in densely populated areas or informal settlements may be at
higher risk of contracting COVID-19 due to difficulties with social distancing and limited
access to basic amenities such as clean water and sanitation facilities. Additionally, systemic
racism and historical inequalities in South Africa may contribute to differential access to
healthcare and other resources, further exacerbating COVID-19 related inequalities (Gordon
et al., 2020). At the same time, the framework could also explore how individual and
contextual factors may interact to influence COVID-19 outcomes (Chersich et al., 2020). For
example, individuals from historically disadvantaged racial or ethnic groups may be more
likely to work in essential jobs that put them at risk of exposure to the virus (Khambule,
2022). These individuals may also be more likely to experience co-morbidities such as
diabetes or hypertension, which are known risk factors for severe COVID-19 outcomes.
Overall, the proposed conceptual framework would aim to provide a comprehensive
understanding of how individual and contextual factors interact to influence COVID-19
vulnerability and outcomes in South Africa. This understanding could help guide the
development of targeted interventions and policies aimed at reducing COVID-19 related
inequalities in the country.

Figure 2: Intersectionality framework and social determinants of health
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3.3 Empirical Literature Review

The empirical literature review form the backbone of research by scrutinizing and
synthesizing existing empirical studies related to the topic of interest. This systematic
examination provides critical insights into the depth and breadth of previous investigations,
establishes a context for the current study, and helps identify gaps in the current body of
knowledge.

In the context of health inequalities and the COVID-19 pandemic, the empirical literature
documents real-world evidence on how various societal factors, such as political violence,
structural racism, and gender disparities, have influenced health outcomes. For instance,
studies have reported on the militarization of the COVID-19 response in certain regions of
the country, exploring the implications for vulnerable populations(Levine & Manderson,
2020). There's also substantial empirical evidence on the challenges faced by residents of
informal settlements, where racial segregation often exacerbates limited access to healthcare,
making them disproportionately susceptible to the virus (Salo, 2018; Levine, 2020). Lower
SES groups had higher rates of exposure to the virus. Racial/ethnic disparities in risk were
found across age groups, Among adults under 65 years old, 33% of Black individuals
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(PR=1.22, 95% CI=1.18, 1.26) and 42% of American Indian individuals (PR=1.53, 95%
CI=1.41, 1.66) faced a higher risk compared to 27% of White individuals, highlighting the
racial disparities further (Raifman & Raifman, 2020).

The association between socio economic status and health outcomes ranging from
cardiovascular disease and breast cancer was measured across 22 European counties using
regression-based inequality indexes signaling that inequalities might be reduced by
improving educational opportunities, income distribution, health-related behavior, or access
to health care (Mackenbach et al., 2008). This pattern is consistent in covid-19 findings that
showed that lower levels of education and employment, was associated with higher rates of
COVID-19 morbidity and mortality. Moreover lower SES was associated with limited access
to health care, resulting in delayed or inadequate treatment (Guan et al., 2020).

When using the National Income Dynamics Study (NIDS) dataset conducted in 2017 and the
first wave of the NIDS-Coronavirus Rapid Mobile Survey (NIDS-CRAM) dataset conducted
in May/June 2020, Concentration curves and indices were used to depict the income-related
health inequalities, both indicated a pro poor effect. A decomposition study further showed
that, being of African origin (compared to white), individual household income, and instances
of hunger in the household notably influenced income-related health disparities, accounting
for 130%, 46%, and 9% of these inequalities respectively. On the other hand, having paid
employment made a 13% difference to health inequality, but this difference was not
statistically significant (Nwosu & Oyenubi, 2021).

Further, the empirical literature paints a comprehensive picture of the pandemic's indirect
consequences. Gender inequalities have been magnified during the crisis, with empirical
findings indicating significant shifts in women's employment patterns and a spike in gender-
based violence due to lockdowns and associated stresses (Musoni, 2022). Moreover,
economic repercussions, as evidenced by numerous empirical studies, depict a bleak
landscape of market failures, government interventions, and their varied effectiveness.
Business closures, bankruptcies, and subsequent unemployment have further accentuated
health disparities, creating a vicious cycle where poor economic outcomes can lead to
deteriorated health and vice versa (Anderson & Maibom, 2019).

4 Aims and Objectives

Aim
e To explore the relationship between socioeconomic status and SES related inequality
in Covid-19 outcomes (cases, mortalities, and recoveries).

Objectives
e To measure income SES index from socioeconomic indicators of wealth using
principal component analysis
e To examine the relationship between the measured SES and COVID-19 outcomes.
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e To use concentration indices and concentration curves to quantify SES related
inequality in COVID-19 related health outcomes

5 Methodology

This section describes the dataset to be used to answer the proposed research question, the
variables of interest and proposed statistical analysis

5.1 Data source

This study will make use of open-source longitudinal data provided by the National Policy
Data Observatory (NPDO). The National Policy Data Observatory (NPDO) is a
government-led, national policy data observatory. The Council for Scientific and
Industrial Research (CSIR) is currently developing the National Policy Data Observatory
(NPDO), which is a government-led organisation. The CSIR's Data and Decision Support
Centre offers data gathering and storage services, analytics, trends, and dashboards on
various socio-economic variables and to the Department of Health.

Information on COVID-19 provided by the NPDO reflects provincial, district, and national-

level COVID-19 statistics, encompassing trends, analytics, models, and strategies, rolling
averages, mortality, hospitalization surveillance, including pandemic monitoring of waves,
variants, and vaccinations (Invitado, 2020). The data is downloaded from the National Policy
Data Observatory portal and compiled in a locally accessible spreadsheet. The spreadsheet is
backed up on Google Drive under the researcher’s account to prevent any loss of information.
The NPDO platform collates different open sources data as a repository and has combined
sources from national COVID-19 surveillance and the 2021 GHS(General Household
Survey).

5.2 Study population

The study population is South Africa; each province in South Africa will be taken as a
sampling frame and individual districts as sampling units.. With districts as sampling units,
this data will take the form of grouped data. The data provided is assigned to the sampling
units; however, there are some identified cases where COVID-19 cases cannot be assigned to
a district; these will be excluded from the study.

The data captured by the NPDO data with the specified duration of March 2020 and
September 2022, which is shown by the literature to be the active duration of the COVID-19
pandemic will be used.

5.3 Study variables

5.3.1 Exposure variables

The exposure variables are socioeconomic indicators described in table 1 captured by the
NPDO from the 2019 GHS; these will be measured as percentages within each district, where

values are given as numbers, which will be converted to percentages to ensure the uniformity
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of the data. The data is available as original numerical values for the purpose of this study the

numbers will be aggregated across districts. The NPDO data has already integrated

information from the GHS into the Corona virus district statistics.

5.3.2 Outcome Variables

The outcome variables in this study will be Covid 19 related health outcomes (number of
cases, number of recoveries, and number of mortalities) aggregated at district level. A

description of the variables are in table 2.

Table 1: Describing SES indicator variables

SES indicators

Type of variable

Population

Numerical variable - Discrete

Percentage of individuals with Income

Numerical variable - Continuous

Percentage of individuals with Electricity

Numerical variable - Continuous

Percentage of individuals with Water

Numerical variable - Continuous

Percentage of individuals with Toilets

Numerical variable - Continuous

Percentage of individuals Age 60

Numerical variable - Continuous

Percentage of Adult Unemployment

Numerical variable - Continuous

Percentage of individuals in Poverty

Numerical variable - Continuous

Age Dependency

Numerical variable - Continuous

Percentage of individuals in Informal
Dwelling

Numerical variable - Continuous

Percentage of individuals Subsidised by
government grants

Numerical variable - Continuous

Person Per Household

Numerical variable - Discrete

Percentage of Female headed households

Numerical variable — Continuous

Table 2: Describing COVID-19 outcome variables

Covid outcomes

Type of variable

Positive Cases per district

Numerical variable — Continuous

Recovered cases per district

Numerical variable — Continuous

Mortality cases per district

Numerical variable — Continuous

5.4 Data analysis plan
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Drawing on from our conceptual framework, we will divide the SES indicators into 3

domains namely, sociodemographic, economic and infrastructural. These domains will be

analysed separately. A multidimensional SES measure will also be analysed where all three
domains will be combined.

Data collection
and cleaning

Statistical
summary
Analysis of SES
by domain
I
| | | ]
Multidimentional sociodemigraphic Economic Infrustructural
SES depravation depravation depravation
Principal Principal Principal Principal
Component —  Component —  Component Component
analysis analysis analysis analysis
Concentration || | Concentration Concentration Concentration
Indeces Indeces Indeces Indeces
Concentration Concentration Concentration Concentration
curve curve curve curve

5.4.1 Principal component analysis

Principal Component Analysis (PCA) is often used to make a Socioeconomic Status (SES)
index because it can use statistics to find latent factors or dimensions that explain the

differences seen in a set of socioeconomic indicators. The use of Principal Component

Analysis (PCA) enables the derivation of weights for each indicator, which are determined by
their respective contributions to the overall variability in socioeconomic status.
In the case of principal component analysis, the asset index, Ai, for individual i is defined as

follows:

oo [rm)

where aik is the value of asset k for household i, ak is the sample mean, sk is the sample
standard deviation, and fi are the weights associated with the first principal component.
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5.4.2 Generalised Concentration index

This section presents an overview of how the measurement of inequality using the
concentration index. The standardized concentration index ( Cp) is typically estimated using
the following formula:

_ ZCOV(hi, Rl)

h
il

where h;is health service use or outcome in the context of the study is the COVID-19 relate
outcomes, the term p is the mean of health service usage and takes the value of 1 if the
individual I had the outcome and 0 if they did not, and R;is the individual's fractional
socioeconomic rank (Wagstaft, 2011).

A negative index signifies a distribution of poor health that favours individuals with lower
income, while a positive index indicates a distribution that favours those with higher income.
This can be compared to a concentration curve that lies above (below) the line of equality.
Conversely, a concentration index of zero indicates a proportional distribution of poor health
across different income groups, similar to a concentration curve that coincides with the line
of equality (Wagstaff, 2011).

5.4.3 Concentration curves

The concentration index is cumulative proportion of the population by SES ranking against a
cumulative proportion of the health outcome. It is referenced against the line of inequality (45
Degree) which indicates no inequality and the distance of the Concentration curve from the
line of inequality is the measure of inequality which will show that the distribution of health
outcomes is either pro-poor or pro-rich (Kakwani et al., 1997).

6 Limitations

The independent and dependent variables are from different population sample, the SES data
is derived from the 2021 GHS and the COVID-19 outcomes were reported from the onset of
the pandemic in 2020. The different data sources have varying sample sizes, sample
compositions, response rates, and measurement errors and thus estimations can be biased.
SES index can be considered as a quasi-variable. It is a variable that is not naturally
occurring, but rather constructed or derived from other variables. It is not a true variable and
thus validity and reliability are affected are affected.

7 Ethical consideration

The study will be based on secondary data The NPDO data is an open access data. As such,
there is minimal to no chance of risks to the participants . The data being used in the study are
completely secondary data which has already been de-identified. Moreover, no individual-
level data is analyzed. The study is based on making inter-district comparisons. . As part of
the good research etiquettes, this study follows the declaration of Helsinki (World Medical
Association, 2013) for good ethical guidance.
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8 Conclusion

This research protocol presents a comprehensive approach to examining the multifaceted
dynamics of social determinants of health and how they affect COVID-19 outcomes. The
methodologies chosen are grounded in rigorous scientific practices designed to yield robust
and credible results. Utilizing principal component analysis to quantify SES status,
correlation methods and concertation indices and curves to assess how SES leads to
in/equality in health outcomes, this ensures that the research analysis remains adaptive to the
nature of the collected data. In a global context where challenges such as low to middle
income country are poor studied, scholarly research plays a pivotal role in guiding informed
decisions and interventions. This study aims not only to enrich the academic discourse but
also to offer actionable insights that can benefit policymakers, stakeholders, and the broader
community. By upholding the highest standards of research integrity, the study is positioned
to provide valuable insights and contribute significantly to its field.

9 Time frame

Proposal writing February 2023
Data collection and data cleaning March 2023
Literature review April 2023
Data analysis August 2023
Discussion September 2023
recommendations October 2023
Editing and proof reading January 2024
1%t draft submission February 2024
Final editing and submission March 2024
Submission April 2024
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What do we publish?
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trends and approaches in social science research and teaching.
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anthropology
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political science
economics
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Social Science Information aims to present new areas of study, focusing on theoretical
debates, methodology and comparative and cross-cultural research. The following specialized
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Theory and Methods
Trend Report

Biology and Social Life
Rationality and Society

O O O O O O

Studies of Science

The journal also regularly publishes Symposia on specific themes and theme-oriented special
issues. It wishes to encourage submission of trend reports.

1.2 Article Types

Social Science Information is an international, interdisciplinary, generalist journal that
publishes the highest quality original research in the social sciences at large with special
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to further resources. Sage Author Services also offers authors a variety of ways to improve
and enhance their article including English language editing, plagiarism detection, and video
abstract and infographic preparation.

1.3.1 Make your article discoverable

When writing up your paper, think about how you can make it discoverable. The title,
keywords and abstract are key to ensuring readers find your article through search engines
such as Google. For information and guidance on how best to title your article, write your
abstract and select your keywords, have a look at this page on the Gateway: How to Help
Readers Find Your Article Online

2. Editorial policies

2.1 Peer review policy
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reviewer’s name is withheld from the author and, the author’s name from the reviewer. The
reviewer may at their own discretion opt to reveal their name to the author in their review but
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reviewed by at least two referees. All manuscripts are reviewed as rapidly as possible, and an
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Authors must confirm that their contributions have not been published and are not under
simultaneous review for publication elsewhere.
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in their fields and should be able to provide an objective assessment of the manuscript. Please
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interest include (but are not limited to) the below:

o The reviewer should have no prior knowledge of your submission

o The reviewer should not have recently collaborated with any of the authors

o Reviewer nominees from the same institution as any of the authors are not
permitted
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2.2 Authorship

All parties who have made a substantive contribution to the article should be listed as authors.
Principal authorship, authorship order, and other publication credits should be based on the
relative scientific or professional contributions of the individuals involved, regardless of their
status. A student is usually listed as principal author on any multiple-authored publication
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2.3 Acknowledgements
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Please supply any personal acknowledgements separately to the main text to facilitate
anonymous peer review.

2.3.1 Third party submissions
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3. Publishing Policies
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to refer to the Committee on Publication Ethics’ International Standards for Authors and
view the Publication Ethics page on the Sage Author Gateway

3.1.1 Plagiarism

Social Science Information and Sage take issues of copyright infringement, plagiarism or

other breaches of best practice in publication very seriously. We seek to protect the rights of
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113
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articles may be checked with duplication-checking software. Where an article, for example, is
found to have plagiarised other work or included third-party copyright material without
permission or with insufficient acknowledgement, or where the authorship of the article is
contested, we reserve the right to take action including, but not limited to: publishing an
erratum or corrigendum (correction); retracting the article; taking up the matter with the head
of department or dean of the author's institution and/or relevant academic bodies or societies;
or taking appropriate legal action.

3.1.2 Prior publication

If material has been previously published it is not generally acceptable for publication in a
Sage journal. However, there are certain circumstances where previously published material
can be considered for publication. Please refer to the guidance on the Sage Author
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3.2 Contributor's publishing agreement
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grants Sage the sole and exclusive right and licence to publish for the full legal term of
copyright. Exceptions may exist where an assignment of copyright is required or preferred by
a proprietor other than Sage. In this case copyright in the work will be assigned from the
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3.3 Open access and author archiving
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programme and Open Access agreements, where authors can publish open access either
discounted or free of charge depending on the agreement with Sage. Find out if your
institution is participating by visiting Open Access Agreements at Sage. For more
information on Open Access publishing options at Sage please visit Sage Open Access. For
information on funding body compliance, and depositing your article in repositories,

please visit Sage’s Author Archiving and Re-Use Guidelines and Publishing Policies.

4. Preparing your manuscript for submission
4.1 Formatting

The preferred format for your manuscript is Word. LaTeX files are also accepted. Word and
(La)Tex templates are available on the Manuscript Submission Guidelines page of our
Author Gateway.
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For guidance on the preparation of illustrations, pictures and graphs in electronic format,
please visit Sage’s Manuscript Submission Guidelines

Figures supplied in colour will appear in colour online regardless of whether or not these
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13 Section F: Instructions on how to access the data and data analysis

The dataset was obtained from National Policy Data Observatory (NPDO),

We pulled data for this analyses. The cleaned data and do-files for data analysis can be found

by accessing our secure Google Drive.

Email: Anzatshipetane@gmail.com to request access.
Link: https://drive.google.com/drive/folders/1sSIK19zBZ -
ys2Po6xngty AaNBp48GO?usp=drive link
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