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Background: COVID-19 outcomes and risk factors, including comorbidities and medication

regimens, in people living with diabetes (PLWD) are poorly defined for low- and middle-

income countries.

Methods: The Provincial Health Data Centre (Western Cape, South Africa) is a health infor-

mation exchange collating patient-level routine health data for approximately 4 million

public sector health care seekers. Data from COVID-19 patients diagnosed between March

and July 2020, including PLWD, were analysed to describe risk factors, including dispensed

diabetes medications and comorbidities, and their association with COVID-19 outcomes in

this population.

Findings: There were 64,476 COVID-19 patients diagnosed. Of 9305 PLWD, 44.9% were hos-

pitalised, 4.0% admitted to ICU, 0.6% received ventilation and 15.4% died. In contrast, pro-

portions of COVID-19 patients without diabetes were: 12.2% hospitalised, 1.0% admitted,

0.1% ventilated and 4.6% died. PLWD were significantly more likely to be admitted

(OR:3.73, 95 %CI: 3.53, 3.94) and to die (OR:3.01, 95 %CI: 2.76,3.28). Significant hospitalised
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risk factors included HIV infection, chronic kidney disease, current TB, male sex and

increasing age. Significant risk factors for mortality were CKD, male sex, HIV infection, pre-

vious TB and increasing age. Pre-infection use of insulin was associated with a significant

increased risk for hospitalisation (OR:1�39, 95 %CI:1�24,1�57) and mortality (OR1�49, 95 %

CI:1�27; 1�74) and metformin was associated with a reduced risk for hospitalisation (OR:0�
62,95 %CI:0�55, 0�71) and mortality (OR 0�77, 95 %CI:0�64; 0�92).
Interpretation: Using routine health data from this large virtual cohort, we have described

the association of infectious and noncommunicable comorbidities as well as pre-

infection diabetes medications with COVID-19 outcomes in PLWD in the Western Cape,

South Africa.
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award (U24HG006941). NT receives funding from the UKRI/MRC (MC_PC_MR/T037733/1).
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1. Introduction

Infection with SARS-CoV-2 has caused a global pandemic that

has not spared any country. At the time of writing, 107 million

people have been infected and 2�4 million people have died

from Coronavirus Disease in 2019 (COVID-19) [1].

It has now been well established that people living with

diabetes (PLWD) are at increased risk of more severe infection

with SARS-CoV-2 [2]. Observational data of COVID-19 from

countries which were at the forefront of this pandemic have

reported greater morbidity and mortality in PLWD than those

without diabetes, when studied in well-defined populations

from the UK [3–7]. Publications from low-middle income

countries of Mexico, Brazil and South Africa have similarly

confirmed this risk [8–10].

Determinants of COVID-19 mortality risk among people

with diabetes have been explored in a few studies from the

UK, Ireland and France [3–5,11]. Age, sex, duration of diabetes,

body mass index (BMI), black and South Asian ethnicity, lower

socio-economic status, poorer glycaemic control, and pre-

existing cardiovascular disease were reported to increase risk.

In this study, we used linked-routine health data at the

end of the first wave of COVID-19, collated from a variety of

electronic platforms for adults attending public sector health

facilities in the Western Cape Province, South Africa, to iden-

tify whether diabetes is associated with greater morbidity and

mortality from COVID-19. By using routinely collected data,

we aimed to determine whether there were any predictors

for more severe COVID-19, among these patients.

2. Methods

2.1. Study design

In this cohort study, we used data from the first wave of the

pandemic in the Western Cape Province, from 04 March
2020 (when the first case was identified) to 15 July 2020, when

infection rates had dropped.

2.2. Selection of study population

The Provincial Health Data Centre (PHDC) is a health informa-

tion exchange, housed by the Western Cape Department of

Health that collates and links routine health data from a vari-

ety of electronic platforms used across the Western Cape Pro-

vince [12]. These include demographic data from facilities,

dispensing data for medications, laboratory data, and data

from a variety of disease-specific and service delivery data

systems. The data are updated daily and linked to a de-

duplicated patient master index (PMI), which represents

approximately 5.25 million that rely solely on the public sec-

tor for health care.

The study population was identified from the Western

Cape Population, as represented in the PHDC. Inclusion crite-

ria were: (1) having attended at least one Government Health

Facility in the Western Cape, South Africa, in the period 1 Jan-

uary 2010 to 31 December 2019, used as a proxy for patients

accessing public sector health care and (2) a laboratory confir-

mation of SARS-CoV-2 infection up and until the 15 July 2020.

A COVID-19 diagnosis was inferred from PHDC records, using

evidence of a positive SARS-CoV-2 polymerase chain reaction

(PCR) laboratory result. Records without patient COVID-19

outcome (deceased or recovered) by October 2020, were

excluded.

Data descriptors All retrospective, routine health data

accessed in PHDC for public health sector patients with a

COVID-19 outcome, were analysed using R version 3�6�1
(2019-07-05). Descriptive statistical methods assessed popula-

tion demographics as of 31 July 2020. ‘Age’ was the age at

COVID-19 diagnosis in years, ‘sex’ was the gender recorded

in PHDC records (male, female), ‘pregnant’ indicated preg-

nancy status at COVID-19 diagnosis. ‘Hospital_admission’

referred to hospital admission contemporaneous with
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COVID-19, ‘admitted_to_ICU’ represents admission to an

intensive care unit (ICU) due to COVID-19 and ‘ventilated’

means a ventilator was required, as part of COVID-19 patient

care. ‘New_diabetes’ is diabetes diagnosed subsequent to the

COVID-19 diagnosis, ascertained from the date of first evi-

dence of diabetes using PHDC records.

Comorbidity data were provided for six comorbidities:

Human Immunodeficiency Virus (HIV), chronic kidney dis-

ease (CKD), chronic obstructive pulmonary disease (COPD)

or asthma, hypertension, diabetes mellitus (DM) and tubercu-

losis (TB). TB was further stratified into ‘TB-current’, a TB epi-

sode ongoing at time of COVID-19 diagnosis; and ‘TB-

previously’, a TB episode occurring prior to COVID-19 diagno-

sis. Comorbidity episodes are inferred from a combination of

facility visits, laboratory results and medications, are not

clinician-validated for individual patients, and may have

some margin of error. Data were not available for cardiovas-

cular disease (CVD) episodes in this group. In brief: diabetes

status was inferred in people who ever had an HBA1c

of � 6�5%, a 2-hr glucose of � 11�1mmol/l after an oral glucose

tolerance test, had been dispensed oral hypoglycaemic agents

used exclusively for the management of diabetes or insulin,

or had been assigned a diabetes ICD-10 diagnostic code [12].

For CKD, TB and HIV, laboratory results, specialist facility vis-

its, and dispensed medications were used to define the nature

of the condition. For hypertension and COPD or asthma, only

dispensed medication was used to define the condition, with-

out identifying patients with specific diagnoses who were

untreated. Currently, CVD algorithms are under development

and were not available for this study.

Pharmacy data from PHDC described the dispensing date

for medicines. The association of medication on hospitalisa-

tion and mortality in PLWD diagnosed with COVID-19 was

analysed from a subset of patients collecting medication from

healthcare facilities linked to the electronic pharmacy

records. Patient counts estimated the proportions of patients

on various drugs in the year preceding COVID-19 diagnosis

and post diagnosis, recognising that not all issued pharmacy

drugs are always captured in the PHDC records. The medica-

tions selected and grouped were as follows: oral diabetes

drugs (metformin, glimepiride), insulin (actrapid, Pro-

taphane�, Actraphane�, Humulin N�, Humlin R�, Humulin

30/70�, insulin lispro, insulin aspart, insulin glargine, insulin

detemir), statin (simvastatin, atorvastatin), angiotensin con-

verting enzyme (ACE) inhibitor (enalapril), angiotensin recep-

tor blocker (ARB) (losartan), steroids (dexamethasone,

prednisone), hydrochlorothiazide (HCTZ) and anti-retroviral

therapy (ART). These drugs were selected specific classes

reflecting the formulary for the Western Cape Department

of Health.

Laboratory data for all patients admitted to hospital for

COVID-19 were analysed. The first available blood results in

the period 2 days before and up to 5 days after the hospital

admission for COVID-19, were considered as ‘‘admission

investigations”.

2.3. Outcomes

We assessed the cumulative incidence of hospital admissions

and deaths in PLWD diagnosed with COVID-19. For COVID-19
cases, the PHDC collates deaths data from hospital records,

forensic pathology services, the National Institute for Com-

municable disease (NICD) notifications and death certification

records.

Statistical analysis Summary statistics were generated for

the whole population and stratified by different sub-groups

in the population. For continuous data, median and

interquartile range were calculated and for grouped data, per-

centages were calculated. Multivariate logistic regression was

used to estimate the effect on two outcomes, hospital admis-

sion and mortality and included all available co-variates.

2.4. Research and ethics

The study was approved by the University of Cape Town Fac-

ulty of Health Sciences Ethics Review Board (HREC Ref:

286/2020). As this study comprised anonymized and per-

turbed data, a waiver was granted for informed consent.

2.5. Data sharing statement

The Western Cape Government Health approved the use of

these data for research. Approval has not been provided for

secondary use or onward sharing, the authors can be con-

tacted for advice on applying for the use of these data.

2.6. Role of the funding source

There was no funding source available for this study.
3. Results

3.1. Patient characteristics

Selection of the study population is described in Fig. 1. Of

approximately 4�0 million active patients aged � 20 years in

the PHDC database, 64 476 were diagnosed with COVID-19

by 15 July 2020, of whom 2993 (4�6%) died (Table 1).

The COVID-19 patient population: Population pyramids illus-

trate the youthful distribution of the Western Cape popula-

tion, with 80% of the population under 50 years of age

(Fig. 2A). For COVID-19 patients, a greater proportion (61�7%,

n = 39 752) were women. Most patients (45�6%, n = 29 379)

were 18 to 39 years old, with 70% of patients � 50 years old.

In this group, hypertension (19�6%, n = 12 623), diabetes

(14�4%, n = 9305) and HIV infection (12�3%, n = 7933) weremost

prevalent co-morbidities. There were 16�9% (n = 10 887) hospi-

talised, 1�4% (n = 917) required intensive care, and 0�2%
(n = 130) needed ventilation (Table 1).

The diabetes/COVID-19 patient population: In 9305 PLWD with

COVID-19, 11�3% (n = 1053) were newly diagnosed with DM

during their COVID-19 episode. The 45–69-year-old age group

had the most COVID-19 cases, with 66�5% of

patients � 50 years old and most patients in the 50–59 years

category (31�0%; n = 2886). More women (60�7%, n = 5645) were

diagnosed across all age groups (Fig. 2B). Hospital admissions

appeared similar across genders, with the largest proportion

of admissions for the 45–69-year age group (Fig. 2C). The

distribution of COVID-19 deaths was similar, but men aged



Fig. 1 – Flow chart showing the selection of the study population from the PHDC routine health data.

Table 1 – Characteristics of the Western Cape public health sector patients with COVID-19. The results have been grouped by
Diabetes status (No Diabetes or Diabetes).

All No Diabetes Diabetes

N = 64476 N = 55171 N = 9305
Sex:

Female 39,752 (61.7%) 34,107 (61.8%) 5645 (60.7%)
Male 24,669 (38.3%) 21,012 (38.1%) 3657 (39.3%)

Age (years) 40.0 [30.0;52.0] 37.0 [29.0;49.0] 55.0 [46.0;63.0]
Age distribution:

0–18 2654 (4.1%) 2635 (4.8%) 19 (0.2%)
18–39 29,379 (45.6%) 28,135 (51.0%) 1244 (13.4%)
40–49 13,098 (20.3%) 11,246 (20.4%) 1852 (19.9%)
50–59 10,613 (16.5%) 7727 (14.0%) 2886 (31.0%)
60–69 5323 (8.3%) 3260 (5.9%) 2063 (22.2%)
70–79 2340 (3.6%) 1390 (2.5%) 950 (10.2%)
>=80 1069 (1.7%) 778 (1.4%) 291 (3.1%)

Outcome:
Active 11 (<0.1%) 10 (<0.1%) 1 (<0.1%)
Died 2993 (4.6%) 1559 (2.8%) 1434 (15.4%)
Recovered 61,374 (95.3%) 53,518 (97.2%) 7856 (84.6%)

HIV 7933 (12.3%) 7022 (12.7%) 911 (9.8%)
TB current 791 (1.2%) 679 (1.2%) 112 (1.2%)
TB previously 3945 (6.1%) 3302 (6.0%) 643 (6.9%)
COPD or Asthma 4202 (6.5%) 2981 (5.4%) 1221 (13.1%)
Hypertension 12,623 (19.6%) 7462 (13.5%) 5161 (55.5%)
CKD 1448 (2.2%) 596 (1.1%) 852 (9.2%)
Pregnant 958 (1.5%) 873 (1.6%) 85 (0.9%)
Hospital admission 10,887 (16.9%) 6706 (12.2%) 4181 (44.9%)
ICU admission 917 (1.4%) 544 (1.0%) 373 (4.0%)
Ventilated 130 (0.2%) 78 (0.1%) 52 (0.6%)
New diabetes 1053 (11.3%) 0 (0.0%) 1053 (11.3%)

HIV, Human immunodeficiency virus; TB, Tuberculosis; COPD, Chronic obstructive pulmonary disease; CKD, chronic kidney disease; ICU,

intensive care unit.

4 d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 7 7 ( 2 0 2 1 ) 1 0 8 9 2 5
55–69 years had the highest mortality (Fig. 2D). Compared to

those without diabetes, a larger proportion of PLWD with

COVID-19 were hospitalised (44�9%, c.f. 12�2%), admitted to

ICU (4�0% c.f. 1�0%), and required ventilation (0�6% c.f. 0�1%)

(Table 1).
Risk factors for admission and mortality in patients with COVID-

19: Logistic regression assessed the association of patient

comorbidities and demographics with hospital admissions

and mortality. For the total population of COVID-19 patients,

current TB (OR:5�39, 95% CI: 4�61, 6�29), DM (OR:3�73, 95% CI:



Fig. 2 – Population pyramids showing the distribution of people living with diabetes (PLWD) in the Western Cape (WC)

population (A), PLWD with COVID-19 (B), PLWD with COVID-19 who got admitted into hospital for COVID-19 (C) and PLWD

who died from COVID-19 (D).
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3�53, 3�94), CKD (OR:1�87, 95% CI: 1�65, 2�10), COPD (OR:1�66,
95% CI: 1�54, 1�79), HIV infection (OR:1�64, 95% CI: 1�53, 1�75),
male sex (OR:1�35, 95% CI: 1�29, 1�41), age per 5-year intervals

(OR:1�18, 95% CI: 1�17, 1�19) were all associated with an

increased risk for admission to hospital. Treated hypertension

and previous TB were not associated with an increased risk

for admission (Fig. 3A).

Current TB (OR:4�68, 95% CI: 3�74, 5�82), DM (OR:3�01, 95%
CI: 2�76, 3�28), HIV infection (OR:2�06, 95% CI: 1�82, 2�32), CKD
(OR:1�82, 95% CI: 1�58, 2�09), male sex (OR:1�65, 95% CI: 1�52,
1�79), age per 5-year intervals (OR:1�42, 95% CI: 1�40, 1�44)
and previous TB (OR:1�27, 95% CI: 1�10, 1�47) were associated

with an increased risk for mortality. Treated hypertension

(OR:0�91, 95% CI: 0�83, 0�99) was however, associated with a

reducedmortality and COPD appeared to have a neutral effect

on mortality (Fig. 3B).

Risk factors for hospitalisation and mortality in PLWD diagnosed

with COVID-19: For PLWD who had COVID-19, HIV infection

(OR:1�67, 95% CI: 1�44, 1�93), CKD (OR:1�60, 95% CI: 1�39, 1�87),
current TB (OR:1�55, 95% CI: 1�05, 2�29), male sex (OR:1�41,
95% CI: 1�29, 1�54) and age per 5-year intervals (OR:1�15, 95%
CI: 1�13, 1�17), were associated with an increased risk for hos-

pitalisation. Treated hypertension (OR:0�73, 95% CI: 0�67, 0�79)
was associated with a reduced risk for hospitalisation. Previ-

ous TB was not associated with hospitalisation (Fig. 4A).

CKD (OR:1�71, 95% CI: 1�44, 2�02), male sex (OR:1�70, 95% CI:

1�51, 1�92), HIV infection (OR:1�62, 95% CI: 1�32, 1�98), current
TB (OR:1�59, 95% CI: 0�99, 2�50), previous TB (OR:1�54, 95% CI:

1�23, 1�90) and age per 5-year intervals (OR:1�33, 95% CI: 1�30,
1�37) were associated with an increased risk of mortality.

Treated hypertension (OR:0�76, 95% CI: 0�67, 0�86) was also

associated with a reduced risk for mortality and COPD was

not associated with mortality (Fig. 4B).

The effect of medication on hospitalisation and mortality in

PLWD: Dispensing records for the preceding six months were

available for 61�4% (n = 5708) of PLWD who were diagnosed

with COVID-19 and who accessed their healthcare from a

facility with a computer-based pharmacy system. Of these,

928 (16�3%) died and 4780 (83�7%) recovered (Supplementary

Table 1).

When comparing PLWD who were diagnosed with COVID-

19 and who accessed their healthcare from a facility with a

computer-based pharmacy system to those PLWD who

accessed their healthcare from a facility with no computer-

based pharmacy system it was noted that they were older

[57�0 (48�0; 65�0) vs 52�0 (42�0; 61�0)] years old; 72�3% >50 years

old vs 57�2% >50 years old] and were more likely to have co-

morbidities such as HIV infection, current TB, asthma/COPD,

hypertension and CKD but had a similar outcome (Supple-

mentary Table 2). Furthermore, in this cohort of patients

accessing their healthcare from a facility with a computer-

based pharmacy system there were similar risk factors asso-

ciated with hospitalisation and mortality when compared to

the whole group (Fig. 5A and 5B)

Use of insulin (OR:1�39, 95% CI: 1�24,1�57), was associated

with an increased risk for hospitalisation whereas use of

hydrochlorothiazide (OR:0�87, 95% CI: 0�77,0�97), a statin

(OR:0�83, 95% CI: 0�72, 0�94) and metformin (OR:0�62, 95% CI:



Fig. 3 – Impact of comorbidities and demographics on

COVID-19 patient outcomes. Odds Ratios (circles) with 95%

Confidence Intervals (horizontal lines) are shown for COVID-

19 patient outcomes: A. Admission to hospital, and B.

Mortality (death). ***p<0.0001, **p<0.001, *p<0.01. TB,

tuberculosis; CKD, chronic kidney disease; COPD, chronic

obstructive pulmonary disease; HIV, human

immunodeficiency virus.

Fig. 4 – Impact of comorbidities and demographics on

outcomes in COVID-19 patients with DM. Odds Ratios

(circles) with 95% Confidence Intervals (horizontal lines) are

shown for COVID-19 patient outcomes: A. Admission to

hospital, and B. Mortality (death). ***p<0.0001, **p<0.001,

*p<0.01. HIV, human immunodeficiency virus; CKD, chronic

kidney disease; TB, tuberculosis; COPD, chronic obstructive

pulmonary disease.
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0�55,0�71) were associated with a reduced risk for hospitalisa-

tion. Use of steroids, ARB, beta-blocker ART, aspirin, ACE-I, or

a sulphonylurea were not associated with hospitalisation

(Fig. 5A).

Use of insulin (OR1�49, 95% CI: 1�27; 1�74), ARB (OR 1�34, 95%
CI: 1�06; 1�70) and aspirin (OR1�24, 95% CI: 1�05; 1�46) were

associated with an increased mortality whereas use of met-

formin (OR 0�77, 95% CI: 0�64; 0�92) was associated with a

reduction in mortality. The use of steroids, beta-blocker,

ACE-I, ART, sulphonylurea, statin and hydrochlorothiazide

were not associated with mortality (Fig. 5B).

Risk factors for mortality in PLWD hospitalised with COVID-19

Detailed laboratory investigations were available for 3664
PLWD who were hospitalised, shown in detail in Supplemen-

tary Table 3.

All stages of CKD were associated with an increased mor-

tality [stage 5 (OR:5�53, 95% CI: 3�60, 8�60), stage 4 (OR:3�44, 95%
CI: 2�39, 4�98), stage 3B (OR:3�68, 95% CI: 2�63, 5�16), stage 3A

(OR:1�45, 95% CI: 1�08, 1�93)]. Other factors associated with

an increased mortality were male sex (OR:1�54, 95% CI: 1�26,
1�89) and age per 5-year intervals (OR:1�21, 95% CI: 1�15, 1�26)
(Fig. 6).

Treated hypertension (OR:0�77, 95% CI: 0�61, 0�92), a normal

lymphocyte count (OR:0�76, 95% CI: 0�68, 0�88) and an

unknown (OR:0�62, 95% CI: 0�50, 0�76) or normal (OR:0�50,
95% CI: 0�30, 0�80) d-dimer were associatedwith a reduced risk



Fig. 5 – Impact of common comorbidities, medications

dispensed in the 6 months prior to COVID-19 diagnosis and

demographic factors to the outcomes of COVID-19 patients

with DM. Odds Ratios (circles) with 95% Confidence Intervals

(horizontal lines) are shown for COVID-19 patient outcomes:

A. Admission to hospital, and B. Mortality (death).

***p<0.0001, **p<0.001, *p<0.01. HIV, human

immunodeficiency virus; TB, tuberculosis; CKD, chronic

kidney disease; COPD, chronic obstructive pulmonary

disease; ARB, angiotensin receptor blocker; ACE,

angiotensin converting enzyme.

Fig. 6 – Impact of common comorbidities and laboratory

results at admission, as well as demographic factors to

mortality in hospital admitted diabetes patients with

COVID-19. Odds Ratios (circles) with 95% Confidence

Intervals (horizontal lines) are shown for COVID-19 patient

outcomes. ***p<0.0001, **p<0.001, *p<0.01. eGFR, estimated

glomerular filtration rate; HIV, human immunodeficiency

virus.
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for mortality. No level of HbA1c was associated with mortality

(Fig. 6).

4. Discussion

To our knowledge, this is the largest study of patients with

COVID-19 from Africa and the Southern Hemisphere, which

describes the association of diabetes with severe COVID-19

(hospitalisation and mortality), adjusting for key confounding

factors. The key findings were that increasing age, male sex,
diabetes, current tuberculosis, HIV infection and chronic kid-

ney disease were significantly associated with admission to

hospital and mortality. In PLWD, HIV-infection, chronic kid-

ney disease, current tuberculosis, male sex and increasing

age were significantly associated with admission to hospital

and mortality. Use of metformin was associated with a

reduced risk of hospitalisation and mortality in PLWD.

Our results show an increased risk of hospital admission,

ICU admission and death in people diagnosed with COVID-

19 who have diabetes, with half of all COVID-19 deaths occur-

ring in people with diabetes. After adjusting for various vari-

ables such as age, sex and co-morbid disease, including HIV

status, PLWD had almost four times the risk for hospitalisa-
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tion and three times the risk of death relative to people with-

out diabetes. This larger study also confirms earlier findings

from an analysis performed before 1 June 2020, of COVID-19

death in the general population, being associated with age,

male sex, chronic kidney disease, and in people with active

tuberculosis and HIV [9].

This high risk for hospitalisation and death for PLWD is

well recognised in other series. Metanalyses of studies includ-

ing small numbers of patients with COVID-19 have reported a

mortality risk of between 1�9-3�5 for patients with diabetes

[13] and the largest cohort study of PLWD in primary care

reported a risk for mortality of 2�03 for patients with T2DM [4].

In this cohort mortality was high with 15�4% of PLWD and

COVID-19 having died, 3�3% of those not hospitalised and

30�3% of those admitted to hospital. Early data from Wuhan

reported a mortality rate of 20% for hospitalised patients with

COVID-19 and diabetes [14]. This mortality rate for hospi-

talised patients is similar to a retrospective cohort analysis

of 1126 patients with diabetes hospitalised with COVID-19 at

a large academic medical centre in New York City, where

the mortality rate was 33�1%, but in patients with a mean

age almost 10 years older than in this cohort [15]. Updated

results from the French CORONADO Study of 2796 PLWD

(mean age 69�7) who were hospitalised reported a mortality

rate of 11�2% within 7 days, which continued to increase to

20�6% by 28 days [16]. We can only speculate about factors

that account for such a high mortality in our setting, even

in relatively young patients, which includes social determi-

nants such as poor access to care, general poor standards of

chronic care for diabetes such as glycaemic control and man-

agement of complications, higher threshold for admission

and reduced access to ICU beds once admitted [17]. The high

background of infectious diseases in the population may also

contribute to mortality.

Amongst PLWD we corroborated well-described associa-

tions for death including age, male sex, and CKD [3,13]. In this

population, 9�8% were infected with HIV and 1�2% had active

tuberculosis, with concurrent HIV and tuberculosis exhibiting

more severe disease, as evidenced by higher hospitalisation

and death rates. PLWD with treated hypertension had a

reduced risk of mortality in our dataset, acknowledging that

the hypertension episode is inferred from prescribed medica-

tions, and the impact of untreated hypertension on outcomes

could not be assessed. Although hypertension has frequently

been found to be associated with poor outcomes of COVID-19

in other studies, we could not find an association and even

described a small but significant reduction in risk of poor out-

comes in our cohort. McGurnaghan et al (2021), also failed to

demonstrate an association between HPT or HPT treatment

and worse outcomes in PLWD in Scotland [5]. In our dataset,

a hypertension episode is defined only on the basis of patients

receiving hydrochlorothiazide dispensed as an antihyperten-

sive and blood pressure observational data are not available

for analysis, meaning that undiagnosed/untreated hyperten-

sion is not documented in the current dataset. Given that

Berry et al (2017), described that 48�7% of South Africans with

hypertension are undiagnosed [18], it is plausible that

patients who are receiving medication for hypertension have

better outcomes than the many patients in the cohort who

are likely to have undiagnosed and/or untreated hyperten-
sion, and the population of patients that are diagnosed with

hypertension and dispensed medication may be different

from those in other series.

In the subset of PLWD for whom full prescription data

were available for the 6 months preceding the diagnosis of

COVID-19, use of ARB, insulin and aspirin had a moderate

independent association with mortality, yet metformin was

protective.

Episode data for cardiovascular disease, as a risk factor

were not available for this cohort, but dispensing records for

aspirin, statin, betablocker, ACE and ARB were all associated

with worse outcomes in the cohort. We postulate that these

medications may be a surrogate marker for cardiovascular

disease, potentially explaining the higher risk of poor out-

comes in patients receiving these medications. An early

report from Wuhan, China, also suggested that metformin

was associated with a decreased mortality in hospitalized

COVID-19 patients [19]. Moreover, metformin was found to

be associated with reduced risk of early death in the French

CORONADO study [20] and with decreased mortality in

women with COVID-19, based on a United Health data analy-

sis [21]. Three metanalyses have [22–24] corroborated these

findings. It is possible that metformin use, may reflect PLWD

with less advanced disease and fewer complications, such as

chronic kidney disease in which it is contraindicated or possi-

bly, patients who are more adherent to prescribed therapy. A

recent paper using propensity scoring to adjust for such con-

founders failed to show an association of metformin use on

susceptibility or outcome [25]. Although we show, as have

others, that use of insulin is associated with worse outcomes,

this most likely simply reflects a group of PLWD of longer dis-

ease duration and thus more vascular and other

complications.

We did not demonstrate an association with HbA1c results

and poorer outcomes in PLWD. Similarly, the Italian CORO-

NADO Study and the population-based study from Scotland

also failed to demonstrate an association between HbA1c

and mortality [5,26]. However, there are studies that have

shown an association between poor outcome and worse gly-

caemic control. In some of these population studies PLWD

were compared to a ‘non-diabetic’’ population [9], but in other

studies where increments in HbA1c levels were compared

exclusively in PLWD an association with poorer outcomes

was shown [3]. Our data should, however, be considered with

caution, as only a small proportion (31�5%) of PLWD had an

HbA1c analysed in the preceding year. The reasons for this

could be due to poor linkage to care, and also may reflect

missing data due to patients opting for either public or private

health care depending on their changing financial and

employment circumstances. Private healthcare data in our

system are not available, limiting analysis of this subset.

Strengths of the study include the large study size, with

near complete ascertainment of outcome data, laboratory

confirmed SARS-CoV-2 diagnosis in all COVID-19 cases, the

inclusion of hospitalised and non-hospitalised cases and

deaths, as well as modelling the independent association of

diabetes with death. Patients newly diagnosed with diabetes

during testing or admission, based on a diagnostic HbA1c

were also included. Limitations include that the classification

cascade used to identify somebody as having diabetes using
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the routine health data in the PHDC is still in the process of

formal validation, but, if anything, may provide an underesti-

mate of actual diabetes prevalence. Also, given the predomi-

nantly administrative nature of data capture, important

comorbidities, lack of data on other potential risk factors

including socio-economic status, lack of observational clini-

cal data such as blood pressure, smoking and body mass

index (BMI) limit the included comorbidities. In addition, data

relating to some biochemical variables may be incomplete

due to potential public/private health sector patient mobility,

for example HbA1c data. Admission criteria for ICU and data

capturing in the various facilities in the Western Cape is vari-

able and possibly incomplete. The missing data for some

comorbidities for example, cardiovascular disease, along with

the absence of other potential confounders may result in

large residual confounding in the associations described.

In conclusion, there is convincing evidence frommany large

population-based studies that PLWD are at greater risk of sev-

ere COVID-19 disease (hospital and ICU admissions) and of

death than thosewithout diabetes. This study adds to the body

of evidence from a low andmiddle-income country, where the

burdenofDMaffectsyoungerpeople, compared tohigh income

countries where older people are predominantly affected. We

show that the population with diabetes is at particularly high

risk, possibly due to poorer access to optimal care for diabetes.

Wealso show that concurrentHIV infectionandDMare associ-

atedwithmore severe disease and that metformin use, in par-

ticular, is associated with a reduced mortality. These findings

are of major public health importance, which raise the ques-

tion of how to ameliorate the high risk burden of PLWD in

COVID-19. It is incumbent upon us as healthcare providers to

offer education and close monitoring of risk in PLWD. It is too

premature to recommendwidespread use ofmetformin. Addi-

tional interventions may include home oxygen saturation

monitoring, ensuring adequate glycaemic control, early identi-

fication of deterioration in symptomswith rapid access to hos-

pital admission and consideration for pre-emptive admissions

to hospital for those PLWD who are deemed to be at very high

risk of severe COVID-19.
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Research in context

Evidence before this study

Several large studies have reported on the association of

increased severity of COVID-19 with diabetes, but most large

studies are from higher income countries. No large study with

a focus on diabetes from Africa has been reported. The popu-

lation in low and middle income countries with diabetes dif-

fer from those in large published series especially in respect

of age – a major risk factor for severity of COVID-19, but also

in terms of baseline diabetes and risk factor control. Whether

diabetes poses the same risk in these younger populations is

unclear, but important for future mitigation strategy

planning.

Added value of this study

In this large study of patients confirmed with COVID-19 and

with a median age of 40 years, typical of patients with dia-

betes in low or middle income countries, we show that people

living with diabetes have an increased risk for morbidity and

mortality from COVID-19 and that pre-infection use of met-

formin may mitigate this risk.

Implications of all the available evidence

People living with diabetes in low- and middle-income coun-

tries, where median age is lower than high income countries,

are at high risk of severe COVID-19 and death. This popula-

tion might warrant special designed protection measures

and should be prioritized for vaccination. The potential pro-

tective effect of metformin requires further study.
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