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Abstract

Background

Evidence on the risk factors for COVID-19 hospitalization, mortality, hospital stay and
cost of treatment in the African context is limited. This study aims to quantify the impact of
known risk factors on these outcomes in a large South African private health insured
population.

Methods and findings

This is a cross sectional analytic study based on the analysis of the records of members
belonging to health insurances administered by Discovery Health (PTY) Ltd. Demographic
data for 188,292 members who tested COVID-19 positive over the period 1 March 2020-28
February 2021 and the hospitalization data for these members up until 30 June 2021 were
extracted. Logistic regression models were used for hospitalization and death outcomes,
while length of hospital stay and (log) cost per patient were modelled by negative binominal
and linear regression models. We accounted for potential differences in the population
served and the quality of care within different geographic health regions by including the
health district as a random effect. Overall hospitalization and mortality risk was 18.8% and
3.3% respectively. Those aged 65+ years, those with 3 or more comorbidities and males
had the highest hospitalization and mortality risks and the longest and costliest hospital
stays. Hospitalization and mortality risks were higher in wave 2 than in wave 1. Hospital and
mortality risk varied across provinces, even after controlling for important predictors. Hospi-
talization and mortality risks were the highest for diabetes alone or in combination with
hypertension, hypercholesterolemia and ischemic heart disease.
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Conclusions

These findings can assist in developing better risk mitigation and management strategies. It
can also allow for better resource allocation and prioritization planning as health systems
struggle to meet the increased care demands resulting from the pandemic while having to
deal with these in an ever-more resource constrained environment.

Introduction

COVID-19 was declared a Public Health Emergency of International Concern on 30 January
2020, and a pandemic on 11 March 2020 by the World Health Organization (WHO) [1,2].
There is now a body of evidence on the risk factors for COVID-19 related hospitalization and
mortality [3-11] from studies in North America, Europe and China. A systematic review and
meta-analysis of 102 papers covering 121,437 infected patients found comorbidities such as
hypertension, diabetes, cardiovascular diseases, and chronic kidney disease were associated
with the severity of COVID-19 infection [8]. Particularly, the elderly and males with underly-
ing diseases were more likely to have severe COVID-19. Of the 102 papers included in the
review, 80 were from Asia, 15 from Europe, 11 from North America and 1 from South Amer-
ica but none from Africa. A second systematic review and data synthesis of COVID-19 length
of hospital stay across 52 studies, found that patients with COVID-19 in China remained in
hospital longer than elsewhere [9]. None of the systematic reviews published to date have
included any studies from Africa. The relevance of these studies to the broader African and
sub-Saharan context is uncertain given the underlying demographic and disease profile differ-
ences between the regions [12].

Evidence on the risk factors in the African or South African context is limited with a review
of the literature revealing only three published studies [13-15] which reported on the risk fac-
tors for COVID-19 related mortality. Two of these studies involved only public sector patients
where HIV and tuberculosis are important risk factors for death. South African studies that
have included data from private hospitals have included public vs private sector as a predictor
variable rather than exploring outcomes separately in the two sectors (for example by stratify-
ing on health care sector) [16].

Little is known about COVID-19 risk factors in the private sector population or how they
may impact on hospital related utilization and expenditure patterns. The for-profit private sec-
tor is an important provider of health services in the sub-Saharan African region. A recent
WHO report estimates the percentage of health services sourced from private providers in the
AFRO region at 40% [17]. The South African health system is highly fragmented with substan-
tial disparities in access, facilities and spending between the government-funded public health
system and the private health system. Around 18% of the total South African population is cov-
ered by private voluntary health insurance [18] which is the predominant funding mechanism
for the private health system. Access to private health services depends mainly on the ability to
pay and there are stark racial and socio-economic differences in utilization of public compared
to private health services. As of 2018, only 10% of black Africans were members of private
medical schemes compared to 73% of white South Africans [19].

It is expected that there are differences in severe disease risk and hospitalization between
the public and private sector populations and to date only two studies in South Africa have
included data from the private sector [14,20] which found a lower overall case-fatality risk
compared to the public sector but did not explore underlying risk factors in the two
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populations. Evidence on the risk factors for COVID-19 related hospitalization, health care
utilization and expenditure patterns are also limited and further evidence is required to con-
firm and better understand the patterns in this regard.

Relying largely on a fee for service model for provider payment and established clinical cod-
ing system, the private voluntary health insurance model generates substantial data enabling
analysis of utilization, risk and expenditure of beneficiaries which can provide valuable
insights. In South Africa, this approach has been taken to investigate for example, use of antibi-
otics [21], take-up of influenza vaccines [22] and caesarean section rates [23]. Elsewhere,
researchers in the Republic of Korea have used insurance administrative datasets to investigate
comorbidities and factors determining medical expenses and length of stay for COVID-19
patients admitted to hospital [24].

The aim of this study was to assess and quantify the impact of known risk factors on
COVID-19 hospitalization, hospital related utilization and expenditure, and mortality in a
large South African private health insured population over a 12 month period. The results
from this study will contribute to addressing the gap in the knowledge base on the actual
observed risks and subsequent hospitalization using real world data (RWD). It will enable tar-
geted patient management strategies and risk stratification, identification of opportunities for
provider quality and efficiency improvements and will generate information to assess the cost
and cost effectiveness of preventative and treatment interventions for patients with COVID-
19.

Methods
Study design

This is a cross sectional analytic study based on the analysis of the demographic and claims
records of members belonging to medical schemes administered by Discovery Health (PTY)
Ltd (DH), one of the largest health insurance administrators in South Africa.

Study population

The study population consisted of 3.5 million individuals from 1.7 million households sharing
the same health insurance policy. These policy holders belonged to 19 different health insur-
ance schemes administered by DH, representing around a third of South Africa’s privately
insured population. The average family size, average contributions and health care expenditure
of the study population were compared to that of the broader health insured population and
found to be comparable ensuring that the findings of this study are generalisable to the broader
South African population with private health insurance (S1 Table) [25].

Data sources

Secondary de-identified demographic and claims data of members belonging to medical
schemes administered by DH for the period from 1 March 2020 to 30 June 2021 was extracted
from the data warehouse of Quantium Health, an independent company that provides data
analytics and strategic consulting services to DH.

For each insured individual, the data contains the following variables: unique study individ-
ual identifier, date of birth, sex and province. For each claim submitted to the administrator
for reimbursement of services rendered or items dispensed to an insured individual the data
contains the following variables: a unique study individual identifier; dates for the commence-
ment and completion of the service; a code and description for each service rendered/item dis-
pensed, an ICD-10 (10th revision of the International Statistical Classification of Diseases and
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Related Health Problems) code for the diagnosis of the condition being treated; a Current Pro-
cedural Terminology (CPT) code for the procedure carried out; a National Pharmaceutical
Product Index (NAPPI) code for any surgical, medical or consumable item dispensed; and the
amount being claimed.

Data extraction and classification

The approach used to extract and classify the data is schematically summarized in Fig 1. From
all the data for the period, a 3-step approach was used to extract the data. For the first step,
individuals who had tested positive for COVID-19 through either the PCR, PKR or real-time
RT-PCR tests in the period from 1 March 2020 to 28 February 2021 (study period) were identi-
fied and a “demographic extract” consisting of demographic, comorbidity and status elements
was extracted for these individuals. For the comorbidity variable, the following conditions
were considered as comorbidity risk factors for COVID-19 based on a review of published lit-
erature, consultation with the South African-based medical experts overseeing utilisation man-
agement at the health insurance, as well as consideration of the health profile of private sector
patients in South Africa: Cancer, Chronic Renal Disease, Congestive Cardiac Failure, Chronic
Obstructive Pulmonary Disease, Diabetes Mellitus, HIV, Hypercholesterolaemia, Hyperten-
sion, Hypothyroidism, Ischaemic Heart Disease, Pregnancy, Tuberculosis. The individuals
with these comorbidities were identified using the South African Council for Medical Scheme
Guideline algorithms for identifying members with medical conditions using claims records
[26].

For the second step, the claims of the COVID-19 positive individuals over the period from
1 February 2020 to 30 June 2021 were assessed to determine whether they had been hospital-
ized for the treatment of COVID-19 and a hospital admission indicator was created and added
to the demographic extract. Although only individuals who tested positive over the period
from 1 March 2020 to 28 February 2021 were included in the study sample, the claims up to 30
June 2021 were included in hospitalization analysis to ensure that the data is not “right cen-
sored” as there is lag between testing and hospitalization and between hospitalization and the
claims being received by the administrator.

For the third step, for all those COVID-19 positive individuals who had been hospitalized, a
“hospital admissions” extract was created consisting of claims, length of stay and treatment
marker elements.

To calculate the total cost per hospitalized COVID-19 patient we considered all claims for
the hospitalization event including costs for pharmaceuticals, hospital bed charges, consum-
ables, radiology services, general medical practitioner and specialist medical practitioner
claims.

Statistical analysis

Four COVID-19 outcomes were analyzed. Two of the outcomes were binary, namely a)
whether the patient was hospitalized and b) whether the patient died (here, we assumed all
deaths amongst these patients were due to or exacerbated by COVID-19). For the COVID-19
patients who were admitted to a hospital, two further outcomes were analyzed, namely c)
length of stay (in days) in the hospital and (d) total cost of claims per patient.

The predictor variables considered in the analysis included age (at time of diagnosis); sex;
number of commodities; pandemic wave: (pre-wave 1 (1 March 2020-6 June 2020), wave 1 (7
June 2020-22 August 2020), post wave 1 (23 August 2020-14 November 2020), Wave 2 (15
November 2020 —end Feb 2021)); province: (Eastern Cape, Free State, Gauteng, KwaZulu-
Natal, Limpopo, Mpumalanga, North West, Northern Cape, Western Cape); health insurance
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Fig 1. Data extraction and classification.

https://doi.org/10.1371/journal.pone.0268025.9001
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cover level: (1, 2, 3, 4 where cover level 1 plans offered the lowest level of benefits and cover
level 4 plans offered the highest level of benefits) and hospital network: (the six main private
hospital networks: A-F). A classification system was used for plans and provider networks to
enable blinding of the actual names of plan types and specific hospital providers which is pro-
prietary information. The data are grouped into 19 health regions for the insurance company
administrative purposes. In our analyses, the health region was chosen for the random effects
to account for potential differences in the population served and the quality of care within dif-
ferent geographic health regions.

Summary statistics included frequencies and percentages for categorical data, and for con-
tinuous data median and interquartile range were used. For modelling purposes, two-level ran-
dom-effects logistic regression models were used for the two binary outcomes, where the level-
2 unit was the health region.

Exploratory analysis showed that a Poisson model was insufficient to model the length of
hospital stay as the data exhibited overdispersion in the sense that its variance exceeded its
mean. Thus, a random effects negative binomial regression model was used for the number of
days spent in a hospital and we accounted for health region variation as well as overdispersion.
Unadjusted Incidence Rate Ratios (IRR) and adjusted Incidence Rate Ratios (aIRR) are
presented.

The total cost data was heavily skewed to the right, and upon taking the logarithm of it, the
transformed total cost had a “normal’ shape. Thus, a linear mixed regression model on the log
of total cost, again using the health region as a clustering level, was used.

Rather than presenting the estimated coefficients (which are increases in log costs per unit
change in the respective predictor variable (category)), the estimated coefficients (e.g. betal)
were expressed as percentage increase or decrease depending on whether the coefficient is pos-
itive or negative using the formula, (exp(betal)-1)x100. The coefficients from the linear regres-
sion model are shown in S2 Table.

We performed both univariate and multivariable analyses for all four outcomes (including
all the predictors and random effects) to identify independent predictors of the modelled out-
comes. The multivariate analyses produced adjusted effects as opposed to unadjusted effects
from using univariate analysis.

A further separate analysis was carried out to assess the association between the most com-
mon comorbidities and combinations of comorbidities and the of risk of hospitalization and
mortality. For this analysis, frequencies and percentages and unadjusted odds ratios (estimated
using standard regression models) are reported for two outcome variables-hospitalization and
mortality. STATA/SE 16.1 was used for all the analyses.

Ethical considerations

Data for the study was made available as part of Quantium Health’s commitment to support
research initiatives with broader public health significance. The company does not advise its
clients on the clinical treatment of its members. The data was accessed in terms of and under
the conditions set out in the agreement between Quantium Health and Discovery Health and
a memorandum of understanding between Quantium Health and the study investigators.

All the data was provided in a de-identified format and aggregated at an individual level
and the research team had no access to information that would enable the identification of any
individual. All findings are presented at an aggregate level and no confidential member, health
care provider or scheme information is disclosed. Ethics approval for the use of the database to
carry out this study was granted by the Ethics Committee of the SAMRC (project registration
number EC018-4/2021).
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Results
Sample description

The total dataset comprised the claims of an average total of 3,48 million individuals over the
period 1 March 2020 to 28 February 2021. From this dataset, the claims data related to a total
of 188,292 individuals who tested positive for COVID-19 over the period were extracted and
analyzed. Of the total cases, 41.4% were aged between 40 and 65 years, 54.3% were female,
37.6% were diagnosed in Wave 1 and 51.1% were diagnosed in Wave 2, 40.9% were from Gau-
teng province, 65.6% had no comorbidities and 61.3% were on the Cover Level 3 plans

(Table 1).

Hospitalization risk

The overall hospitalization risk for COVID-19 positive individuals was 18.8% (Table 1). Age,
sex and number of comorbidities were found to be independent predictors of hospital admis-
sion. Patients aged above 65 years (aOR 4.31; 95%CI 4.02-4.62); who were males (aOR 1.19;
95%CI 1.17-1.23) and had more than three comorbidities (aOR 3.97; 95% CI 3.76-4.21) were
more likely to be admitted to hospital. Pre-wave 1 period (aOR 1.49; 95%CI 1.38-1.61), post-
wave 1 (aOR 1.47; 95%CI 1.41-1.54), and wave 2 (aOR 1.18; 95%CI 1.15-1.21) all had a higher
hospitalization risk compared to wave 1. Provincial differences in hospitalization risk were
also observed with admissions more likely in Limpopo and the Northern Cape and less likely
in Free State and Gauteng, compared with the Western Cape province. Health insurance cover
level 4 (the most expensive plan with the highest level of insurance cover) was associated with
a higher risk of hospitalization compared to plan level 1 (OR 1.22; 95% CI 1.16-1.27) in uni-
variate analyses (Table 1). However, we did not include health insurance in the multivariable
analyses because it was highly correlated with both age and number of comorbidities, which
could have resulted in multicollinearity problems. Sixty-seven percent of individuals on plan
level 4 were over the age of 40 and of those with more than 3 comorbidities almost a quarter
(23%) were on plan level 4, compared with only 14% of those with 1 comorbidity.

Mortality risk

The overall mortality risk for COVID-19 positive individuals was 3.3% (Table 1). In multivari-
able analysis, after adjustment for all other factors, mortality risk was the greatest for those
aged above 65 year (aOR 108.26; 95% CI 63.85-183.57); males (aOR 1.61; 95% CI 1.52-1.69)
and those with more than three comorbidities (aOR 2.64; 95% CI 2.41-2.89). Mortality risk
was higher in pre-wave 1 (aOR 1.39; 95% CI 1.18-1.64) or Wave 2 (aOR 1.21; 95% CI 1.14-
1.28) compared to wave 1. In terms of provincial differences, all provinces except Free State
and Mpumalanga had a significantly higher risk of mortality compared to the Western Cape
with the highest being KwaZulu-Natal Province (aOR 1.75; 95% CI 1.58-1.93) (Table 1). In
univariate analysis medical insurance cover level 4 was associated with a higher risk of mortal-
ity compared to plan level 1 (OR 1.39; 95% CI 1.28-1.53) (Table 1).

Hospitalization utilization

The overall median length of hospital stay for COVID-19 positive individuals was 6 days (IQR
3-10) (Table 2). In multivariable analysis, there was an increasing trend in length of hospital
stay with age. Those aged over 65 years had a two-fold increased length of hospital stay com-
pared with those less than 18 years (aIRR 2.00; 95% CI 1.89-2.12). Males had longer hospital
stays than females (aIRR 1.08; 95% CI 1.06-1.09) and an increase in length of stay was
observed for each additional comorbidity with individuals experiencing more than three
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Table 1. Sample description and univariate and multivariate analysis of factors associated with admission to hospital and mortality.

Hospitalisation Mortality
Variable COVID-19 cases |Hospitalisedn | Unadjusted OR Adjusted OR Deceasedn | Unadjusted OR Adjusted OR
n (%) (%) (95% CI) (95% CI) (%) (95% CI) (95% CI)
Age
Less than 18 11,669 (6.2) 1,204 (10.3) Reference Reference 14 (0.1) Reference Reference
Between 18-25 11,932 (6.3) 621 (5.2) 0.48 (0.43-0.53) 0.48 (0.44-0.53) 13 (0.1) 0.91 (0.43-1.93) 0.95 (0.45-2.03)
Between 25-40 68,196 (36.2) 7,357 (10.8) 1.05 (0.98-1.12) 1.03 (0.96-1.09) 348 (0.5) 4.27 (2.50-7.29) 4.35(2.55-7.43)
Between 40-65 78,031 (41.4) 17,384 (22.3) 2.49 (2.34-2.65) 1.84 (1.73-1.96) 2,674 (3.4) 29.54 (17.46-49.96) | 23.12 (13.65-
39.14)
Greater than 65 18,464 (9.8) 8,901 (48.2) 8.09 (7.57-8.64) 4.31 (4.02-4.62) 3,202 (17.3) 174.66 (103.27- 108.26 (63.85-
295.41) 183.57)
Sex
Female 102,184 (54.3) 17,431 (17.1) Reference Reference 2525 (2.5) Reference Reference
Male 86,108 (45.7) 18,036 (20.9) 1.29 (1.26-1.32) 1.19 (1.17-1.23) 3726 (4.3) 1.78 (1.69-1.88) 1.61 (1.52-1.69)
Province
Western Cape 37,283 (19.9) 7,248 (19.4) Reference Reference 1,183 (3.2) Reference Reference
Eastern Cape 11,962 (6.4) 1,902 (15.9) 0.78 (0.74-0.83) 1.06 (0.93-1.20) 461 (3.9) 1.22 (1.09-1.36) 1.48 (1.28-1.72)
Free State 5,730 (3.0) 1,078 (18.8) 0.96 (0.89-1.03) 0.86 (0.77-0.97) 145 (2.5) 0.79 (0.66-0.94) 0.96 (0.77-1.19)
Gauteng 76,249 (40.9) 13,514 (17.7) 0.89 (0.86-0.92) 0.89 (0.82-0.96) 2,278 (3.0) 0.94 (0.87-1.01) 1.26 (1.13-1.39)
KwaZulu-Natal 34,856 (18.7) 7,705 (22.1) 1.17 (1.13-1.22) 1.06 (0.97-1.17) | 1,604 (4.6) 1.47 (1.36-1.59) 1.75 (1.58-1.93)
Limpopo 4,091 (2.2) 717 (17.5) 0.88 (0.81-0.96) 1.21 (1.07-1.38) 114 (2.8) 0.87 (0.72-1.06) 1.48 (1.19-1.84)
Mpumalanga 7,096 (3.8) 1,279 (18.0) 0.91 (0.85-0.97) 0.99 (0.90-1.11) | 184 (2.6) 0.81 (0.69-0.95) 1.13 (0.95-1.35)
North West 6,184 (3.3) 1,316 (21.3) 1.12 (1.05-1.12) 1.04 (0.93-1.17) | 186 (3.0) 0.95 (0.81-1.11) 1.29 (1.08-1.54)
Northern Cape 3,038 (1.6) 599 (19.7) 1.02 (0.93-1.12) 1.14 (1.02-1.29) 79 (2.6) 0.81 (0.65-1.03) 1.36 (1.06-1.74)
# of comorbidities
0 123,507 (65.6) 15,110 (12.2) Reference Reference 1,757 (1.4) Reference Reference
1 30,668 (16.3) 6,758 (22.0) 2.03 (1.96-2.09) 1.52 (1.47-1.57) 1,100 (3.6) 2.58 (2.39-2.78) 1.29 (1.19-1.40)
2 17,105 (9.1) 5,744 (33.6) 3.63 (3.49-3.76) 2.19 (2.11-2.28) 1,252 (7.3) 5.47 (5.08-5.89) 1.79 (1.65-1.94)
3 10,382 (5.5) 4,243 (40.9) 4.96 (4.75-5.17) 2.64 (2.52-2.77) 1,098 (10.6) 8.19 (7.58-8.86) 2.13(1.96-2.33)
>3 6,630 (3.5) 3,612 (54.5) 8.58 (8.16-9.04) 3.97 (3.76-4.21) 1,044 (15.7) 12.96 (11.94-14.04) | 2.64 (2.41-2.89)
Pandemic wave
Pre-Wave 1 4,882 (2.59) 1,091 (22.3) 1.42 (1.33-1.53) 1.49 (1.38-1.61) 186 (3.8) 1.35(1.15-1.57) 1.39(1.18-1.64)
Wave 1 70,742 (37.57) 11,884 (16.8) Reference Reference 2,021 (2.9) Reference Reference
Post-wave 1 16,475 (8.75) 3,662 (22.2) 141 (1.36-1.47) 1.47 (1.41-1.54) | 386 (2.3) 0.81 (0.73-0.91) 0.72 (0.64-0.81)
Wave 2 96,193 (51.09) 18,380 (19.6) 1.20 (1.17-1.24) 1.18(1.15-121) | 3,658 (3.8) 1.34 (1.27-1.42) 1.21 (1.14-1.28)
Medical insurance
cover level
Level 1 26,512 (14.3) 4,796 (18.1) Reference 856 (3.2) Reference
Level 2 22,460 (12.1) 4,554 (20.3) 1.15(1.10-1.20) 804 (3.6) 1.11 (1.01-1.23)
Level 3 113,721 (61.3) 21,088 (18.5) 1.03 (0.99-1.07) 3,531 (3.1) | 0.96 (0.89-1.04)
Level 4 22,835 (12.3) 4833 (21.2) 1.22 (1.16-1.27) 1,019 (4.5) 1.39 (1.28-1.53)
Total 188,292 35,467 (18.84) 6,251 (3.32)

OR = odds ratio.

https://doi.org/10.1371/journal.pone.0268025.t001

comorbidities having the longest period of hospitalization (aIRR 1.14; 95% CI 1.11-1.18).
Length of hospital stay was longer in wave 2 compared to wave 1 (aIRR 1.03; 95% CI 1.01-
1.05). Provincial differences in length of hospitalization were observed with Eastern Cape, Free
State, Gauteng, KwaZulu-Natal and North West all having significantly longer median length
of hospitalization of COVID-19 patients compared to the Western Cape (Table 2).
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Table 2. Univariate and multivariate analysis of factors associated with hospitalisation length of stay.

Hospital utilisation (days)

Variable Total hospitalised Median length of Unadjusted length of hospitalisation | Adjusted length of hospitalisation
COVID-19 cases hospitalisation (IQR) IRR (95% CI) alRR (95% CI)

Age

Less than 18 1,204 3(1-4) Reference Reference

Between 18-25 621 3 (2-5) 1.13 (1.03-1.23) 1.09 (1.00-1.19)

Between 25-40 7,357 4(2-7) 1.34 (1.26-1.41) 1.36 (1.28-1.44)

Between 40-65 17,384 7 (4-11) 2.12 (2.01-2.24) 1.80 (1.71-1.90)

Greater than 65 8,901 8 (4-14) 2.54 (2.41-2.69) 2.00 (1.89-2.12)

Sex

Female 17,431 5(3-10) Reference Reference

Male 18,036 6 (4-11) 1.17 (1.14-1.19) 1.08 (1.06-1.09)

Province

Western Cape 7,248 5(3-10) Reference Reference

Eastern Cape 1,902 6 (3-11) 1.05 (1.01-1.10) 1.09 (1.03-1.15)

Free State 1,078 6 (3-10) 1.03 (0.97-1.01) 1.08 (1.01-1.15)

Gauteng 13,514 6 (3-11) 1.05 (1.03-1.08) 1.09 (1.06-1.14)

KwaZulu-Natal 7,705 7 (4-11) 1.08 (1.05-1.11) 1.14 (1.09-1.18)

Limpopo 717 5(3-8) 0.87 (0.81-0.93) 0.97 (0.90-1.05)

Mpumalanga 1,279 5(3-10) 0.99 (0.94-1.04) 1.02 (0.97-1.08)

North West 1,316 7 (3-11) 1.06 (1.00-1.11) 1.11 (1.05-1.18)

Northern Cape 599 5(3-8) 0.89 (0.82-0.96) 0.99 (0.92-1.06)

# of comorbidities

0 15,110 5(3-9) Reference Reference

1 6,758 6 (3-11) 1.25(1.22-1.28) 1.08 (1.06-1.11)

2 5,744 7 (4-12) 1.39 (1.36-1.43) 1.13 (1.10-1.16)

3 4,243 7 (4-13) 1.44 (1.39-1.48) 1.11 (1.08-1.14)

>3 3,612 8 (4-13) 1.55 (1.50-1.60) 1.14 (1.11-1.18)

Pandemic wave

Pre-Wave 1 1,091 6 (3-12) 1.09 (1.03-1.14) 1.06 (1.01-1.11)

Wave 1 11,884 6 (3-11) Reference Reference

Post-wave 1 3,662 5(2-9) 0.88 (0.85-0.90) 0.89 (0.87-0.93)

Wave 2 18,380 6 (3-11) 1.31 (1.27-1.35) 1.03 (1.01-1.05)

Medical insurance

cover level

Level 1 4,796 6 (3-10) Reference

Level 2 4,554 6 (3-10) 1.00 (0.96-1.04)

Level 3 21,088 6 (3-10) 1.00 (0.97-1.03)

Level 4 4,833 7 (3-12) 1.11 (1.07-1.15)

Private Hospital

network

Network A 1,307 6 (4-10) Reference

Network B 9,601 7 (4-11) 1.09 (1.03-1.15)

Network C 546 5(3-9) 0.77 (0.70-0.84)

Network D 5,407 6 (3-11) 1.04 (0.98-1.09)

Network E 9,151 5(3-10) 0.93 (0.88-0.98)

Network F 8,846 6 (3-11) 1.02 (0.97-1.07)

Total 35,467 6 (3-10)

alRR = adjusted incidence risk ratio.

https://doi.org/10.1371/journal.pone.0268025.t1002
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In the unadjusted model, assessing the effect of insurance cover, only insurance plan level 4
(the most expensive plan with the highest level of cover), was significantly associated with
length of hospital stay but this effect was not significant in the adjusted model due to the vari-
able being highly correlated with age and number of comorbidities. In univariate analysis, hos-
pital network B had significantly longer hospital stays compared with network A hospitals, but
the effect was not significant in the multivariable model.

Hospitalization expenditure

The overall median hospitalization cost per COVID-19 positive case was R49,836 (IQR
R28,464—R107,020) (Table 3). After adjustment for all other factors, there was an increasing
hospitalization cost with each age category and those over age 65 years incurred a 172%
increased cost of hospitalization compared to individuals under age 18 years (95% CI 153.45%
- 191.54%). The cost of hospitalization for males was 18% higher than that for females (95% CI
16.18%- 20.92%). Cost of hospitalization increased for each additional comorbidity. Those
with more than three comorbidities had 28% higher hospitalization costs compared with indi-
viduals with no comorbidities (95% CI 23.37%- 33.64%). With regard to pandemic wave
period, hospitalization during wave 2 was 7% more costly compared to the wave 1 period (95%
CI 4.08% - 9.42%). With regard to provincial differences, Gauteng and KwaZulu-Natal were
both significantly more costly than the Western Cape (11% and 4% more costly respectively),
whilst Limpopo and the Northern Cape were less costly compared to the Western Cape (14%
and 10% less costly respectively). Hospitalization cost differences were noted between insur-
ance plan levels, with plans 2, 3 and 4 being 8% more costly compared with level 1 plans We
also observed differences in cost across hospital networks after adjusting for all other covari-
ates. Hospital networks C, D, E and F were all significantly less costly compared to network A
(27%, 12%, 17% and 12% less costly respectively) (Table 3).

Risk by comorbidity condition type

Of the conditions considered as comorbidity factors, Diabetes Mellitus (on its own or in com-
bination with other comorbidities) carried the highest hospitalization risk (OR 3.6; 95% CI
3.27-3.94 for Diabetes Mellitus only; OR 6.6; 95%CI 5.88-7.43 for Diabetes with hypertension,
hypercholesterolemia and Ischemic heart disease) (Table 4). In terms of mortality risk, the
combination of diabetes with hypertension, hypercholesterolemia and Ischemic heart disease
carried the highest mortality risk (OR 10.25; 95% CI 8.57-12.27). Hypertension in combina-
tion with heart disease (OR 6.94; 95% CI 5.66-8.51) or cancer (OR 6.10; 95% CI 4.47-8.33)
also carried an increased risk for mortality (Table 4).

Discussion

This is the first study describing risk factors for COVID-19 hospitalization and mortality and
hospitalization related utilization and expenditure amongst a private health insured population
in Africa. From a study population of 188,292 COVID-19 cases, we found overall hospitaliza-
tion rates and mortality rates of 18.8% and 3.3% respectively.

COVID-19 positive individuals above the age of 65 years, those with 3 or more comorbidi-
ties and males had the highest risk across all 4 outcome measures. Overall, in line with studies
carried out elsewhere [24], the findings suggest that the strongest predictors for COVID-19
related hospitalization, mortality [10,11], hospital related utilization [27] and expenditure [28]
was age, followed by the number of comorbidities and then sex.

Regarding specific comorbidities, diabetes alone or in combination with hypertension,
hypercholesterolemia and ischemic heart disease carried the greatest risk for hospitalization
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Table 3. Univariate and multivariate analysis of factors associated with hospitalisation cost.

Cost per hospitalised COVID-19 patient (SA Rands)

Variable Total hospitalised COVID- | Median cost/ patient | Unadjusted % Difference (Increase/ Adjusted % Difference (Increase/
19 cases (IQR) decrease in cost) (95%CI) decrease in cost) (95%CI)

Age

Less than 18 1,204 24,400 (15,552— Reference Reference
39,586)

Between 18-25 621 30,390 (18,944~ 20.92 (9.42, 33.64) 27.12 (13.88, 40.49)
54,741)

Between 25-40 7,357 42,051 (24,974~ 61.61 (52.20, 73.33) 60.00 (50.68, 71.60)
68,435)

Between 40-65 17,384 57,801 (33,276~ 158.57 (143.51, 174.56) 131.64 (118.15, 145.96)
138,005)

Greater than 65 8,901 83,335 (41,290- 215.82 (9.42, 235.35) 171.83 (153.45, 191.54)
203,098)

Sex

Female 17,431 50,162 (28,650- Reference Reference
103,434)

Male 18,036 60,793 (33,151- 27.12(23.37,29.69) 18.53 (16.18, 20.92)
155,153)

Province

Western Cape 7,248 47,080 (26,290- Reference Reference
103,145)

Eastern Cape 1,902 48,843 (28,421~ 1.01 (-3.92, 7.25) -1.00 (-5.82, 5.13)
101,642)

Free State 1,078 45,547 (27,073~ -5.82 (-12.19, 1.01) -1.98 (-7.69, 5.13)
84,580)

Gauteng 13,514 54,059 (30,663- 15.03 (11.63, 18.53) 11.63 (8.33, 15.03)
117,780)

KwaZulu-Natal 7,705 50,388 (29,753- 9.42 (5.13,12.75) 4.08 (1.01, 8.33)
107,514)

Limpopo 717 36,514 (21,760- -20.55 (-26.66, -13.06) -14.79 (-21.34, -7.69)
73,986)

Mpumalanga 1,279 41,264 (23,406- -10.42 (-16.47, -4.88) -3.92(-10.42, 2.02)
91,366)

North West 1,316 47,634 (27,784~ -1.00 (-7.69, 5.13) -0.10 (-5.82, 6.18)
88,583)

Northern Cape 599 39,213 (23,116- -19.75 (-26.65, -12.19) -10.42 (-17.30, -1.98)
69,723)

# of comorbidities

0 15,110 42,079 (24,547~ Reference Reference
76,712)

1 6,758 50,359 (29,152— 24.61 (20.92, 28.40) 7.25 (4.08, 11.63)
107,048)

2 5,744 58,489 (33,018- 46.23 (40.49, 50.68) 17.35 (13.88,20.92)
132,798)

3 4,243 62,213 (34,300~ 55.27 (50.68, 61.61) 19.72 (16.18, 24.61)
148,067)

>3 3,612 73,423 (37,685~ 73.33 (66.53, 80.40) 28.40 (23.37, 33.64)
170,703)

Pandemic wave

Pre-Wave 1 1,091 52,011 (27,318- 6.18 (-0.40, 13.88) 13.88 (6.18,20.92)
120,072)

Wave 1 11,884 48,577 (27,537~ Reference Reference
103,472)

(Continued)
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Table 3. (Continued)

Cost per hospitalised COVID-19 patient (SA Rands)

Variable
Post-wave 1
Wave 2
Medical insurance
cover level
Level 1

Level 2

Level 3

Level 4

Private Hospital
network
Network A
Network B
Network C
Network D
Network E

Network F

Total

https://doi.org/10.1371/journal.pone.0268025.t003

Total hospitalised COVID- | Median cost/ patient | Unadjusted % Difference (Increase/

19 cases
3,662

18,380

4,796

4,554

21,088

4,833

1,307

9,601

546

5,407

9,151

8,846

35,467

Adjusted % Difference (Increase/
decrease in cost) (95%CI)

-2.96 (-6.76, 1.01)

(IQR) decrease in cost) (95%CI)
45,169 (25,009- -10.42 (-13.93, -6.76)
90,903)

51,524 (29,882~
112,648)

7.25(5.13,10.52) 7.25 (4.08, 9.42)

44,071 (24,695- Reference Reference
91,445)

50,698 (29,034-
114,502)
49,326 (28,477-
102,979)
59,609 (32,486-
131,414)

20.92 (15.03, 25.86) 8.65 (4.08, 13.43)

16.18 (12.75, 19.72) 8.76 (5.13, 12.75)

37.71 (32.31,43.33) 8.65 (4.08, 13.43)

53,407 (30,403- Reference Reference
123,034)

59,086 (35,733-
128,490)

36,068 (22,360-
69,732)

49,165 (27,202-
101,265)
44,706 (25,529~
91,528)

47,670 (27,554~
105,322)

49,836 (28,464
107,020)

11.63 (5.13, 18.53) 5.13 (-1.00, 11.63)

-35.60 (-42.31, -28.11) -27.39 (-34.30, -18.94)

-12.19 (-17.30, -5.82) -12.19 (-17.30, -6.76)

-17.30 (-22.12, -12.19) -17.30 (-22.12, -12.19)

-10.42 (-15.63, -3.92) -12.19 (-17.30, -6.76)

and death. These comorbidity risk factors for severe disease and death are similar to other set-
tings. In contrast to research amongst public sector COVID-19 patients in South Africa [13],
we did not find an association between HIV and mortality reflecting the different underlying
disease profile of the private sector population. Around 4.7% of the private insured population
in South Africa are registered on an HIV management program [25] whilst the HIV prevalence
rate in the general population is 14% [29]. Another recent study in South Africa exploring risk
factors for COVID-19 related in-hospital mortality found an HIV prevalence amongst hospi-
talized Covid-19 patients of 20.4% in the public sector and 2.2% in the private sector [16].

Research based on data from the national surveillance system, including both public and
private sector patients, has reported a case fatality risk of 18.7% amongst hospitalized COVID-
19 patients in the private sector and 27.5% amongst public sector patients [14]. Our mortality
risk does include some deaths (509) amongst individuals who were never hospitalized
although almost all (92%) of the deaths in our sample occurred in hospital. Amongst hospital-
ized cases in our study the mortality risk is 16% (5742/35467) which compares well to the rate
reported from national surveillance amongst private sector COVID-19 admissions. Differ-
ences in mortality risk between the public and private sector are expected due to differences in
underlying disease profiles of patients, resourcing and case load differences.
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Table 4. Hospital risk and mortality risk by co-morbidity condition combinations.

Condition/Condition combinations

No Co-morbidities

Other co-morbid combinations

DM-HT-HC-IHD
DM-HT-HC
DM-HT
HT-HC-IHD
DM-HC
HT-CA

DM

CA

HIV-HT
HT-HC
HT-HTH
HT

HC

HIV

COPD

HTH

Total cases Hospitalised n (%) Unadjusted OR (95% CI) Deaths n(%) Unadjusted OR
123,507 15,110 (12.2) 1.0(0.98-1.02) 1,757 (1.4) 1.00(0.94-1.07)
16,018 7,034 (43.9) 5.6 (5.42-5.82) 1,844 (11.5) 9.01 (8.42-9.64)
1,141 547 (47.9) 6.6 (5.88-7.43) 147 (12.9) 10.25 (8.57-12.27)
4,578 1,876 (41.0) 5.0 (4.68-5.29) 449 (9.8%) 7.54 (6.77-8.4)
2,601 1,061(40.8) 4.9 (4.56-5.35) 287 (11.0) 8.59 (7.53-9.8)
1,176 428 (36.4) 4.1 (3.64-4.62) 107 (9.1) 6.94 (5.66-8.51)
1,484 532 (35.8) 4.0 (3.6-4.46) 85 (5.7) 4.21 (3.37-5.27)
544 187 (34.4) 3.8 (3.15-4.49) 44 (8.1) 6.10 (4.47-8.33)
2,085 695 (33.3) 3.6 (3.27-3.94) 102 (4.9) 3.56 (2.9-4.37)
1,034 325 (31.4) 3.3 (2.88-3.76) 61 (5.9) 4.34 (3.34-5.65)
755 22(9.7) 3.0 (2.59-3.55) 44 (5.8) 4.29 (3.15-5.84)
3,849 1,133 (29.4) 3.0 (2.78-3.21) 268 (7.0) 5.19 (4.54-5.93)
1,067 297 (27.8) 2.8 (2.42-3.17) 67 (6.3) 4.64 (3.61-5.97)
14,167 3,609 (25.5) 2.5 (2.35-2.55) 703 (5.0) 3.62 (3.31-3.96)
2,201 442 (20.1) 1.8 (1.62-2) 56 (2.5) 1.81 (1.38-2.37)
4,541 806 (17.7) 1.6 (1.43-1.68) 93 (2.0) 1.45 (1.17-1.79)
6,009 941 (15.7) 1.3 (1.24-1.43) 107 (1.8) 1.26 (1.03-1.53)
1,537 220 (14.3) 1.2 (1.04-1.39) 30 (2.0) 1.38 (0.96-1.99)

https://doi.org/10.1371/journal.pone.0268025.t004

Provincial variation in all four outcome measures were found, even after adjustment for all
other factors. This reflects differences in clinical practice between private hospitals which may
not necessarily adhere to national Department of Health COVID-19 protocols. There may also
be underlying differences in health seeking behaviour across provinces and different thresh-
olds applied by general practitioners regarding when to admit patients to hospital. With regard
to differences in hospitalization cost, Gauteng was almost 12% more expensive compared to
the Western Cape. This is likely due to the reduced plan costs for coastal versus inland hospi-
tals under the DH plan options [30].

We found higher rates of hospitalization and mortality and longer duration of hospital stay
during wave 2 compared with wave 1. This is similar to findings from the national surveillance
system and is likely due to the higher incidence of COVID-19, greater pressure on hospitals
and the emergence of the Beta variant [14].

In unadjusted analysis, individuals on level 4 insurance plans were found to have an
increased risk of both hospitalization and mortality. This was related to individuals on these
plans being older and with more comorbidities reflecting the trend for individuals to buy
more expensive and comprehensive medical insurance as they get older and sicker [31].

Hospital networks also differed in the cost of COVID-19 care after adjustment for risk fac-
tors. While this could be due to differences in the reimbursement rates across the various hos-
pital network groups, variation in the underlying clinical management of patients across
hospital groups is likely to have played a role.

This analysis has a number of limitations. Only services for which claims were submitted
were analysed. This could result in under-recording of the COVID-19 cases, particularly of
“milder” cases and could result in an overstatement of the reported outcome measures. As this
data set is from a period prior to the mass distribution of home-based COVID-19 self-test Kkits,
COVID testing was by doctor referral available under private insurance at no charge where the
patient tested positive. For those paying out of pocket the test was relatively expensive (US$55
per test). It is possible that some patients with private voluntary insurance elected to seek
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testing in the public system or pay out of pocket for the test in which case they would be missed
from the data set. However, we consider that this number would be very small as there was
strong incentive for those insured to utilize their insurance benefits, and the requirement for a
doctor referral also strengthened capture of data. We further note that (1) our study popula-
tion was limited to those who tested COVID-19 positive and (2) all the statistics that we pres-
ent are based on those who tested positive (not the entire insured population).

In addition, the costs do not reflect additional out of pocket expenditure for claims not cov-
ered under the benefits of certain health plans, for example the use of the pharmaceutical
Remdesivir as an adjunct to existing treatments covered by the insurance plan.

Obesity and smoking, identified as risk factors in other studies, could not be included in
our analysis due to limited or incomplete coding of these risks in our dataset. We have how-
ever included the co-morbidity chronic obstructive pulmonary disease and other large analyses
that have included both smoking status and chronic pulmonary disease in adjusted models
have noted a mediating effect which limits the ability to explore the independent association of
smoking status [32]. Vaccination status could also not be included due to the timeframe for
the analysis in relation to the vaccine roll-out. Vaccination roll-out in South Africa began in
May 2021 with individuals over the age of 60 years and our analysis included hospitalization
data up until 20 June 2021.

The potential for overcrowding in health facilities leading to increased death due to
COVID-19 represented a significant concern for South Africa’s COVID-19 response. Differen-
tiating risk by pandemic wave period allowed this analysis to partially account for impact due
to overcrowding, however it is unknown whether overcrowding had a differentiated impact
on COVID-19 outcomes contingent upon particular risk factors.

This analysis has significant policy implications for both private and public sectors in South
Africa for targeted, risk-based interventions and for reducing unwarranted variation. The out-
puts from the study can provide a basis for developing “risk calculators” to enable providers
and funders to develop risk-based management strategies. Risk information can also inform
broader policy, including risk stratification for employer “work from home” policies and other
initiatives to reduce risk of infection.

The finding of provincial and hospital group variation on outcomes after adjusting for
other risk factors is in line with the findings of the Competition Commission’s Health Market
Inquiry which identified this variation as a major source of private sector inefficiency in South
Africa [33]. The results highlight the difficulties related to efforts to contain health system
costs, with complex dynamics between independent clinician judgment, hospital groups, and
insurance plan types in a system with few mechanisms for standardization, and even built-in
efficiency impediments—for example health insurance providers are by law required to negoti-
ate separately with individual hospital groups. They also highlight the need to identify and
minimize unwarranted variation through the implementation of protocols which are evidence
based, effective and cost-effective across the private sector. In addition, the analysis provides a
basis for determining the cost effectiveness of different treatment and preventative interven-
tions—an understanding of the expected cost and mortality risk in the South African context
for different patient populations following a COVID-19 diagnosis enables realistic estimations
about how best limited resources can be used in developing clinical guidelines and protocols.

Finally, this analysis demonstrates the untapped potential of RWD in health policy decision
making and planning. Through the use of relatively simple multiple regression analysis of a
substantive data set, insights were achievable in terms of variation on a range of outcomes,
much of which would be unachievable in even a large-scale clinical trial. Using more extensive
data analysis and time series, this dataset may also enable testing of various interventions and
disease management dynamics, most notably the impact of vaccination and other treatment
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strategies. This analysis was conducted with ethics approval and maintained confidentiality of
individual patient data which demonstrates a workable model of analysis. The larger lesson for
health systems is that data systems across public and private sectors must be improved to
enable use of data and analytics in decision making. Traditional analytical approaches for
informing health investment and planning decisions rely on modeled prevalence and epidemi-
ological information with intervention effects from published literature. While this approach
enables evidence-informed decision making, it will always be limited to the extent that it
reflects the actual context of the health system, inefficiencies and variations. The advancing
digitization of health systems means that the routine use of health system information for
investment, planning, efficiency and quality improvement is possible if the appropriate struc-
tures are present.

Conclusion

The information from this study, with one of the largest private sector patient datasets, can
assist in developing better risk mitigation and management strategies. It can also allow for bet-
ter resource allocation planning and prioritization strategies as health care systems struggle to
meet the immediate and longer term increased health care demands resulting from the
COVID-19 pandemic while having to deal with these in an ever-more resource constrained
environment [34].
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