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Abstract 

Background  Globally, the COVID-19 pandemic greatly interrupted healthcare programmes, and resulted in excess 
deaths. The age-specific mortality profile of the COVID-19 disease indicates that older people and those with comor‑
bidities, specifically diabetes and hypertension, face a higher risk of mortality. In South Africa, excess deaths from nat‑
ural causes in 2020 and 2021 were estimated to be nearly three times higher than the reported COVID-19 deaths. The 
study aims to characterise and compare mortality changes over the period 2015–2021 among individuals receiving 
care for HIV, hypertension and diabetes, in a rural South African setting.

Methods  Data from the Agincourt Health and Demographic Surveillance System and the Hospital-Clinic link system 
was used to characterise the sex and age-specific mortality patterns for HIV, hypertension, and diabetes for the period 
before (2015–2019) and during the COVID-19 pandemic (2020–2021). Cox regression model was used to investigate 
the risk factors associated with death before and during the COVID-19 period for individuals receiving care for these 
three major chronic conditions of interest in South Africa.

Results  Among individuals receiving care for chronic conditions in primary healthcare facilities there was a general 
increase across the years from 2015 to 2021; HIV from 23.3 to 48.8%; for hypertension from 31.1 to 46.1%; and for dia‑
betes from 5.1 to 6.4%. Mortality rates, particularly among females, as well as individuals, aged 65+, increased 
from 2019 to 2021 (during the pandemic) reversing the progressive declining trend from 2016 to 2019. Mortality 
rate among persons with HIV, and diabetes or hypertension increased by up to 26% and 70%, respectively dur‑
ing the COVID-19 pandemic period, particularly among women. Differences were noted across individual and house‑
hold factors, with age, sex, and education being associated with mortality risk for persons living with HIV, hyperten‑
sion and/or diabetes.
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Introduction
Globally, a report by the World Health Organization 
(WHO) estimates that the coronavirus disease 2019 
(COVID-19) pandemic caused 14.9 million excess deaths 
in 2020 and 2021 [1]. The report further indicates that 
collectively, 84% of the deaths occurred in South-East 
Asia, Europe, and the Americas. In addition, middle-
income countries accounted for 81% of the deaths (53% 
in lower-middle-income countries and 28% in upper-
middle-income countries) [1].

The age-specific profile of deaths associated with the 
COVID-19 pandemic indicates that older persons and 
those with comorbidities experienced a higher risk of 
mortality [2–6]. For example, a study by Bertagnolio 
and colleagues [5] showed that persons living with HIV 
(PLWHIV) had a 38% greater risk of developing severe or 
fatal COVID-19 compared to people without HIV infec-
tion. HIV has also been shown to be associated with a 
moderately increased risk of in-hospital mortality [7]. The 
International Diabetes Federation’s (IDF) Diabetes Atlas 
report [8], further indicates that diabetes was responsible 
for a 6.7million deaths in 2021, some of which could be 
directly or indirectly related to the COVID-19 pandemic. 
Like HIV, persons with hypertension and/or diabetes 
have also been shown to have a higher mortality risk as 
far as COVID-19 is concerned [5, 9, 10].

The magnitude of the excess mortality burden associ-
ated with the COVID-19 pandemic has varied across 
settings due to spatial temporal variation in the burden 
of COVID-19 cases, the roll-out of local COVID-19 
response policies, the prevalence of comorbidities and 
the disruption of healthcare services during the pandemic 
period, especially among the old age and persons need-
ing care for their chronic conditions [11]. While several 
studies have explored excess deaths during the COVID-
19 pandemic [2, 4–6, 9, 12, 13], few have focused on the 
impact of the pandemic on mortality among individuals 
with chronic conditions and comorbidities such as HIV, 
hypertension and diabetes in rural sub-Saharan African 
communities with a high HIV prevalence. In this paper, 
we investigate mortality trends among adults receiving 
care for any of the following chronic health conditions: 
HIV, hypertension, and diabetes, before and during the 
COVID-19 (2020–2021), in public healthcare facilities in 

a rural South African setting. We explore both individual, 
and household factors associated with the risk of dying 
before and during the COVID-19 pandemic period.

In South Africa, at the country level, Bradshaw and 
colleagues [14] reported that between 2019 and 2020 
the number of deaths increased by nearly 53,000 (65% 
being females) and life expectancy at birth fell by 1 year 
for females and by 2.5 months for males [15, 16]. Further-
more, excess deaths at the peak of the second wave of the 
COVID-19 pandemic in South Africa which occurred 
between November 2020 and January 2021, quadrupled 
among those aged 60 years and older [9, 17].

After identifying the first case of COVID-19 in South 
Africa in March 2020, the pandemic spread throughout 
the country heterogeneously, reaching rural areas by 
July and case numbers peaked from July to August, with 
a second COVID-19 wave in late 2020 [13]. Therefore, 
studies from a rural setting like ours add a rural dimen-
sion to the available empirical evidence on the diverse 
impact of COVID-19 on mortality among adults with 
chronic health conditions in South Africa and sub-Saha-
ran Africa. We focus on HIV, hypertension, and diabetes 
as these three chronic health conditions disproportion-
ately contribute to the morbidity and mortality burden in 
South Africa. Available data show that South Africa has 
one of the highest cases of HIV in sub-Saharan Africa, 
with an estimated 13.7% of the total population [18] and 
almost a fourth of all women in their reproductive ages 
(15–49 years) being HIV positive [18]. The total num-
ber of PLWHIV in South Africa increased from an esti-
mated 3.8 million in 2002 to 8.2 million by 2021 [18]. 
South Africa also has the highest prevalence of hyperten-
sion in Southern Africa [19–21]. As reported in the 2016 
Demographic and Health Survey Key Indicator Report 
[22], 46% of women and 44% of men in South Africa are 
hypertensive. Like in many other countries, the preva-
lence of hypertension in South Africa increase with age 
with the highest prevalence being 84% for both men and 
women aged 65+, followed by 78% for women and 74% 
for men for those aged 55–64 [22]. Regarding diabetes, 
the prevalence rate in South Africa is 11.3% [8].

Conclusions  This study shows increased mortality during the COVID-19 pandemic for individuals with chronic condi‑
tions in a rural South African setting, particularly among the elderly with hypertension, and diabetes, as well as those 
with comorbidity. The findings highlight the need to strengthen HIV, diabetes, and hypertension screening and care 
programmes to improve survival outcomes, especially in times of pandemics like COVID-19.
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Methods
Study setting
The study uses data collected from the Agincourt 
Heath and socio-Demographic Surveillance System 
(HDSS) study area. The study area is located in the rural 
Agincourt sub-district of Bushbuckridge Municipality in 
Mpumalanga Province, in the northeast of South Africa. 
The HDSS was established in the area in 1992 and cur-
rently covers an area of 450 km2 comprising a sub-district 
of 31 villages with traditional and elected leadership [23]. 
The population of the HDSS is over 116,000 from some 
22,000 households. The HDSS collects on regular inter-
vals (annually until 2019 and quarterly since 2021) vital 
events such as births, deaths, and migration occurring in 
the entire population as well as complementary informa-
tion on health and socio-economic issues. There are two 
(2) health centres and eight (8) clinics within the study 
area, with three district hospitals about 25–60 km away. 
The population had an HIV prevalence of 22.8% among 
adults aged 15 to 49 years in 2017, hypertension preva-
lence of 58.4% in 2017 and diabetes prevalence of 10.9% 
in 2017, among persons aged 40-years and over [24, 25]. 
Further detailed information about the study area has 
been published elsewhere [23]. Generally, HDSSs, like 
the Agincourt HDSS, provide critical data on popula-
tion health, demographic trends, and socio-economic 
changes over time, especially in low- and middle-income 
countries where reliable health data is often scarce. The 
data provided is fundamental to the understanding of, 
and intervening to improve, the health and well-being of 
communities.

Data sources
The data used for the study comes from the Agincourt 
HDSS clinic-hospital record linkage system. This sys-
tem collects healthcare services utilisation data from 
the health facilities in the Agincourt HDSS study area 
and two district hospitals located some 25–60 km away 
from the HDSS study area. The data collected through 
the record-linkage system for each individual is linked to 
the corresponding HDSS data for that individual using 
a combination of deterministic and probabilistic record 
linkage techniques applied to conventional personal 
identifiers [26, 27]. Clinical records of every consenting 
patient are linked to the HDSS records if s/he lives/or 
has lived in the HDSS area. The current success rate of 
this linkage approach is about 85%. Currently, the system 
collects data on clinical visits, diagnosis, and treatments 
from patients aged at least seven years with chronic con-
ditions (including HIV) or who come in to test for those 
conditions.

During the pandemic period, the Agincourt HDSS 
continued to collect data telephonically to update the 

vital events such as births, deaths, and migrations on the 
HDSS population. The record-linkage at the clinics and 
hospitals was, however, halted for a month in April 2020 
during the first lockdown in South Africa. However, when 
the team based in the health facilities resumed work after 
the month-long break, clinical records for consented 
patients were captured retrospectively from the patient 
files, including COVID-19 related information.

Statistical analysis
We analyse data of patients captured in the Agincourt 
HDSS clinic-hospital record linkage system who utilised 
chronic healthcare services for HIV, hypertension and 
diabetes at any time point between 1 January 2015 and 
31 December 2021 whose records have been linked to the 
Agincourt HDSS records. Descriptive statistics are used 
to describe the socio-demographic characteristics of 
the study sample. We present age-standardised mortal-
ity rates for the full Agincourt HDSS population, as well 
as age and sex-specific mortality rates and trends from 
2015 to 2021 for the respective chronic health conditions 
(HIV, hypertension, diabetes). Categorical variables are 
summarised using frequencies, and Pearson’s chi-square 
test is used to test for statistically significant differences 
in the distribution of their values. We split the study time 
period on 1 March 2020 to define the period before (1 
January 2015 to 29 February 2020) and during (1 March 
2020 to 31 December 2021) the COVID-19 pandemic, 
which is when South Africa initiated restrictions due to 
the pandemic. We also limit the condition-specific anal-
ysis to those aged 40 years and above, since the chronic 
conditions we explore, especially hypertension and dia-
betes, are mostly prevalent among the older population. 
Additionally, we explore data on those with comorbidi-
ties (HIV + hypertension or/and diabetes).

Survival time, defined as the time between the date 
of the first diagnosis/or visit to the health facility for 
the chronic condition and the date of death, is calcu-
lated using the Kaplan–Meier estimator. Patients who 
remained alive by the end of the study period on 31 
December 2021 are censored in the analysis. We use 
Cox proportional hazards regression models to compute 
crude and adjusted hazard ratios (HR) of dying with cor-
responding 95% confidence intervals (95% CI) before and 
during the COVID-19 period. All individual and house-
hold factors with p-value < 0.1 from the crude model are 
included in the adjusted model. We also include known 
covariates from the literature, such as age and sex, even 
if their p-value > 0.1 in the crude model. Additionally, we 
use the log-rank test of equality across strata to explore 
the predictors, and include predictors in the final model 
if the test has a p-value of 0.2–0.25 or less. The propor-
tional-hazard assumption is assessed with Schoenfeld 
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residuals. The significance level was set at p-value less 
than 0.05.

The individual level covariates we explore include: sex, 
age group, level of education (no formal education; 1–7 
years—some primary education; 8–12 years—some sec-
ondary; and 13 + years—tertiary education), and marital 
status (never married, separated or divorced, widowed 
and currently married). Household covariates we explore 
are toilet facility (categorised as: facility in the yard, in 
the house, and others (bush, etc.)); source of water supply 
(such as having tap in the yard/house, tap in the street, 
and others such as well/river etc.). We also include the 
household socio-economic status (SES) defined as the 
ranking of the household into quintiles based on their 
household assets wealth index [28, 29].

All statistical analyses were performed using Stata Sta-
tistical Software (STATA) version 17 (StataCorp, College 
Station, TX, 2021).

Results
Socio‑demographic characteristics
The data analysed in the study came from a total of 
17,000 unique patients whose clinical records were linked 
to their socio-demographic surveillance data for this 
study. The data includes 16,708 individuals in 2015 (with 
70.9% being females), and, 12,758 in 2021 (71.2% being 

females). In 2019 (just a year before the COVID-19 pan-
demic), there were 14 114 individuals (with 70.9% being 
females and over 60.0% aged at least 40 years) accessing 
care for chronic conditions in the primary healthcare 
facilities in the Agincourt HDSS study area. Across the 
years, the proportion of individuals accessing care in 
the healthcare facilities was consistently lower for males 
(under 30.0%) compared to females. The lower number 
of male records accounts for the relatively wider confi-
dence intervals for males in subsequent analysis. Of the 
60% of individuals aged 40 years and older who accessed 
care for chronic conditions in the healthcare facilities, 
20.9% came from the highest ranked asset-based socio-
economic status (SES) quintile and 45.2% had their water 
supplied from the street. Toilet facility for 96.5% of the 
individuals was located within the yard where their 
dwelling structure was located whereas 1.5% of the indi-
viduals had toilet facilities located within the dwelling 
structure. About 86.0% of those with toilet facilities use a 
pit latrine, and a little over 1.0% use modern toilet facili-
ties. More detailed socio-demographics characteristics 
for those aged 40 + years by year (2015–2021) are pre-
sented in Additional file 1 Table S1.

Table 1  Trends in the number of older people (40 years and older) accessing care for chronic conditions

Condition Year 2015 2016 2017 2018 2019 2020 2021

N Number of individuals 8493 8615 8643 8608 8586 8525 8350

Alive (%) 8372 (98.58) 8458 (98.18) 8465 (97.94) 8427 (97.9) 8386 (97.67) 8303 (97.4) 8071 (96.66)

Deceased (%) 121 (1.42) 157 (1.82) 178 (2.06) 181 (2.1) 200 (2.33) 222 (2.6) 279 (3.34)

Any (HIV or HPT or Dia‑
betes)

Number of individuals 
accessing care

4329 5162 5097 5923 7097 7423 7238

Alive (%) 4224 (97.57) 5018 (97.21) 4957 (97.25) 5767 (97.37) 6903 (97.27) 7212 (97.16) 6983 (96.48)

Deceased (%) 105 (2.43) 144 (2.79) 140 (2.75) 156 (2.63) 194 (2.73) 211 (2.84) 255 (3.52)

HIV Number of individuals 
accessing care

1980 2571 2601 3234 3876 4105 4073

Alive (%) 1937 (97.83) 2507 (97.51) 2550 (98.04) 3175 (98.18) 3801 (98.07) 4022 (97.98) 3995 (98.08)

Deceased (%) 43 (2.17) 64 (2.49) 51 (1.96) 59 (1.82) 75 (1.93) 83 (2.02) 78 (1.92)

Hypertension (HPT) Number of individuals 
accessing care

2641 3006 2902 3197 3875 4023 3850

Alive (%) 2579 (97.65) 2915 (96.97) 2801 (96.52) 3087 (96.56) 3746 (96.67) 3873 (96.27) 3649 (94.78)

Deceased (%) 62 (2.35) 91 (3.03) 101 (3.48) 110 (3.44) 129 (3.33) 150 (3.73) 201 (5.22)

Diabetes Number of individuals 
accessing care

432 489 464 492 574 583 535

Alive (%) 419 (96.99) 468 (95.71) 450 (96.98) 466 (94.72) 547 (95.3) 545 (93.48) 488 (91.21)

Deceased (%) 13 (3.01) 21 (4.29) 14 (3.02) 26 (5.28) 27 (4.7) 38 (6.52) 47 (8.79)

HPT or Diabetes Number of individuals 
accessing care

2692 3063 2957 3261 3958 4110 3931

Alive (%) 2627 (97.59) 2970 (96.96) 2855 (96.55) 3147 (96.5) 3826 (96.66) 3957 (96.28) 3726 (94.79)

Deceased (%) 65 (2.41) 93 (3.04) 102 (3.45) 114 (3.5) 132 (3.34) 153 (3.72) 205 (5.21)
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Trends in the number of people accessing care for chronic 
conditions
Table 1 shows trends in the number of individuals access-
ing care for chronic conditions in the Agincourt HDSS 
study population by year. The number of individuals 
with at least one of the three conditions of interest in this 
study (HIV, hypertension, and diabetes), increased stead-
ily over the years, from 4329 in 2015 to 7238 in 2021.

Among the individuals accessing care for chronic con-
ditions, the prevalence of those accessing care for HIV 
increased from 23.3% in 2015 to 48.8% by 2021 and from 
31.1% in 2015 to 45.1%, and 46.1%, in 2019 and 2021 
respectively for hypertension. The proportion access-
ing care for diabetes also increased across the years, 
from 5.1% in 2015 to 6.4% by 2021. In 2019, before the 
COVID-19 pandemic, out of the 8586 linked patients 
aged 40 + years, 82.7% suffered from at least one of the 
conditions: HIV, hypertension or diabetes; 45.1% were 
HIV positive; 45.1% hypertensive, and 6.7% had diabe-
tes. Due to low numbers of individuals accessing care 
for diabetes, we combined them with those who have 
hypertension. 46.1% of the individuals had either hyper-
tension or diabetes. We also found that 43.9% of women 
and 47.9% of men were accessing care for HIV, with those 
aged 65 + years having the lowest prevalence(19.1%). 
More than half of women and a little over a third of men 
were accessing care for hypertension or diabetes, and the 
results show an increasing prevalence with age (3 out of 
4 patients aged 65 + years were accessing care for either 
hypertension or diabetes).

Although the proportion of deceased individuals 
marginally increased over the years, a major increase is 
noticeable between 2020 and 2021. In particular, the pro-
portion of deceased persons among those accessing care 
for hypertension increased from 3.3% in 2019 to 5.2% in 
2021 and from 4.7 to 8.8% among those accessing care for 
diabetes. More detailed results on the prevalence of the 
chronic conditions and the differences across the set of 
individual, and household factors are presented in Addi-
tional file 1 Table S1 and S2 provided.

Mortality trends
Figure 1 presents the age-standardised mortality rates for 
the Agincourt HDSS population and reveals a declining 
mortality rate from 2015 until 2019, with higher rates in 
men compared to women. However, the mortality rates 
increase during the pandemic periods (2020–2021).

In general, a decreasing trend in mortality is noted over 
time from 2015 to 2019, but with increases from 2019 
through to 2021 among individuals accessing care for 
HIV, hypertension and diabetes with differences across 
age, sex as well as other socio-demographics characteris-
tics. Figure 2 shows the overall and age-specific mortality 

for individuals accessing care in the health facilities for 
HIV. The results show an increase in mortality for women 
from 13.54 (95% CI: 9.68–18.96) in 2019 to 17.71 (95% CI 
13.42–23.36) per 1000 person-years in 2021. Though the 
overall plot shows a decline in mortality for men aged 40 
and over, the mortality gap between men and women is 
reduced significantly during the pandemic period, par-
ticularly for those aged 55–64. The age-specific rates 
show a significant increase of more than 1.5 times for the 
65 + year old women, and 1.2 times for 65 + year old men 
during the COVID-19 period. A general decrease in the 
mortality differences between men and women is also 
observed during the same period. For instance, mortality 
for men was 2.8 times higher than women in 2019, but 
just a little over 2 times in 2021. Furthermore, general age 
profiles show consistent increase in mortality with age 
within each year, however those aged 65 + years had rates 
over four (4) times more than those aged below 65 years 
in 2021 and the 65 + year olds had rates a little under 
three (3) times more than those below 65 years in 2019. 
We present detailed mortality rates for those with HIV by 
different socio-demographic characteristics in Additional 
file 1 Table S3.

Figure  3 shows the overall, as well as age-sex specific 
mortality rates for those accessing care for hypertension 
or diabetes. We observe a general consistent decrease 
in mortality from 2016 to 2019, after which the rates 
increased from 35.85 (95% CI 30.40–42.29) to 51.25 
(95% CI 44.93–58.45) per 1000 person-years by 2021. 
Although mortality for men was generally higher than 
women, the mortality rate for women almost doubled 
between 2019 and 2021: from 28.40 (95% CI 22.93–35.18) 
to 48.27 (95% CI 41.26–56.47) deaths per 1000 person-
years. This increase is evident across all age groups, par-
ticularly 65 + years for both men and women. Mortality 

Fig. 1  Age-standardised mortality rates from 2015 to 2021 
for the general Agincourt surveillance population, highlighting 
mortality increases from 2019 to 2021
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Fig. 2  Overall and age-specific mortality rate from 2015 to 2021 among individuals accessing care for HIV

Fig. 3  Overall and age-specific mortality rate from 2015 to 2021 among individuals accessing care for Hypertension or Diabetes
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for 65 + year old men increased from 98.38 (95% CI 
73.69–131.34) per 1000 person-years in 2019 to 101.32 
(95% CI 77.20–132.96) per 1000 person-years in 2021, 
and that of 65 + year old women increased from 50.14 
(95% CI 39.39–63.82) per 1000 person-years in 2019 to 
93.05 (95% CI 78.35–110.50) per 100 person-years in 
2021. Detailed mortality rates by the various socio-demo-
graphic factors are shown in Additional file 1 Table S4.

The mortality trends for those with comorbidities 
show that mortality rates increased from 19.92 (95% CI 
12.99–30.55) per 1000 person-years to 32.71 (95% CI 
24.09–44.43) per 1000 person years among individuals 
accessing care for both HIV and hypertension/or diabe-
tes. Age-specific rates show significant increases from 
2019 to 2020/2021, with major differences for those aged 
65 years and over.

Socio‑demographic factors associated with risk of dying
Figures  4 and 5 present the results (estimated hazard 
ratios with 95% confidence intervals) from the adjusted 
cox regression model showing the factors associated with 
death before and during COVID-19 among individuals 

access care for the three chronic conditions: HIV, and 
hypertension or diabetes. For HIV, we find sex, age, and 
education as factors significantly associated with mortal-
ity before and during the COVID-19 pandemic. However, 
there are major differences in estimated hazard ratios 
for the two (2) time periods, with higher risks during 
the pandemic period. Women have lower risk than men, 
adjusted hazard ratio (aHR) of 0.43 (95% CI 0.33–0.56) 
during the pre-COVID and aHR 0.55 (95% CI 0.38–0.73) 
during the pandemic period. A general increase in risk is 
also observed with age, with those aged 65 + years hav-
ing about 2.4 more times risk (aHR 2.4 95% CI 1.73–3.32) 
than those aged 40–54 year olds, whereas the 65 + year 
olds have almost five (5) times more risk (aHR 4.90, 95% 
CI 3.29–7.30) during the pandemic period. The results 
generally show a negative gradient in risks with increase 
in years of education, except for those with secondary 
and more (13 + years of education) (aHR 2.02, 95% CI 
1.43–2.86; pre-COVID, and aHR 1.90, 95% CI 1.01–3.59; 
during COVID). Additionally, we observe negative risk 
gradient regarding household socio-economic status for 
both periods, though this was not significant. The results 

Fig. 4  Hazard Ratios for mortality among older individuals accessing care for HIV in Agincourt HDSS



Page 8 of 12Ohene‑Kwofie et al. Population Health Metrics           (2025) 23:30 

further show sex, age, and education to be associated 
with mortality for those accessing care for hypertension 
or diabetes. Women have lower risk than men (aHR 0.42, 
95% CI 0.34–0.52; pre-COVID, and aHR 0.69, 95% CI 
0.54–0.90; during COVID), and we notice increase in risk 
with age for both periods, with a higher relative risk dur-
ing the pandemic period than before the period. For the 
age-groups, we see over seven (7) times more risk dur-
ing the COVID-19 pandemic than before the pandemic 
among those aged 65 + years olds (aHR 7.31, 95% CI 
4.71–11.36;).

Discussion
The results presented in Table  1 highlight the increas-
ing burden of chronic conditions in the study population 
explored in this paper. We observe a minor decline in the 
number of people seeking care for these condition during 
the COVID-19 period, possibly due to deaths, as well as 
inability to access the health care services.

This study highlights an increase in mortality among 
the Agincourt HDSS population during the COVID-
19 period. The general trend of decreasing mortality 

from 2015 was disrupted and an increase in mortality 
was observed during the pandemic period (2020/2021) 
depicted in Fig. 1. The steady decline before the COVID-
19 pandemic could be attributed to improved general 
health care and accessibility to health services, mostly for 
HIV and other related chronic conditions. Additionally, 
this could be attributed to the improved health seeking 
behaviours, and adherence to treatment resulting from 
increasing awareness as well as targeted studies within 
the surveillance area. The increase in mortality observed 
in 2020/2021 in the general population could be attrib-
uted to both direct and indirect effects of the COVID-
19 pandemic, including the effects of interruptions in 
access and provision of healthcare services for chronic 
conditions.

Among adults accessing care for the selected chronic 
conditions: HIV, hypertension and diabetes, the results 
reveal that the increase in mortality was not evident in 
all age groups during the COVID-19 pandemic com-
pared to the period before the pandemic. This may sug-
gest that those accessing care for such chronic conditions 
who have had their conditions controlled as a result of 

Fig. 5  Hazard Ratios for mortality among older individuals accessing care for Hypertension or Diabetes in Agincourt HDSS
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adherence to treatment did not experience worse mor-
tality outcomes during the pandemic period. It is more 
likely that most of the increase in mortality observed 
during the COVID-19 pandemic period was experienced 
by individuals with uncontrolled chronic conditions or 
who may have presented late when disease severity had 
increased. Some studies have found that up to 48.7% of 
individuals with hypertension in South Africa are undi-
agnosed and therefore not accessing care or treatment 
[30–32] and likely to present late for treatment.

The results presented in this paper indicate that 
there are important differences in mortality by age, and 
sex among individuals accessing care for the different 
chronic conditions explored. The increase in mortal-
ity among adults was particularly evident among those 
aged 65 years and over. This is in line with available evi-
dence which suggests that the older population expe-
rienced higher disease risk and severe outcomes during 
the COVID-19 pandemic [33, 34]. This increase could 
be attributed to both direct and indirect consequences 
of the pandemic, including disruption in health services 
due to lockdown restrictions which prevented individu-
als from seeking care either due to fear of infection, or 
non-availability of the service. Furthermore, the 65 + are 
more likely to have additional health conditions which 
further exacerbated the risk of mortality during the 
COVID-19 period, despite any improvements in HIV 
care. Nationally, South Africa is on track [35] towards 
the achievement of the 90–90–90, and 95–95–95 tar-
gets of the Joint United Nations Programme on HIV/
AIDS (UNAIDS) [36]. The introduction of antiretrovi-
ral therapy (ART) has been associated with a decline in 
HIV-related mortality [37, 38]. However, the COVID-19 
control measures, such as stay-at-home orders, or lock-
downs interrupted HIV programmes, resulting in limited 
access to general health-care services, further jeopardis-
ing broader public health goals [39, 40]. Benade et al. [41] 
found that primary healthcare clinics, which are respon-
sible for 75% of all ART initiations in South Africa, expe-
rienced a decrease in ART initiation of 27% in 2020, and 
reported an inverse relationship between new COVID-19 
cases and ART initiations. This reduction in ART initia-
tions had the potential to expose HIV-infected patients 
to other diseases and increase their mortality risks. The 
fear of contracting COVID-19 was also reported as one 
of the most prevalent reasons for failure of patients to 
get health care for chronic conditions, including to col-
lect ART for HIV during the pandemic period [42]. 
These may have contributed to the increase in mortal-
ity for those with HIV during the pandemic period. Our 
results suggest that women aged 65 + years have three 
(3) times more risks than those under 64 years, whereas 
65 + year old men have over five (5) times more risk of 

dying compared to those under 64 years during the pan-
demic period. It is therefore imperative to ensure persons 
with HIV rigorously adhere to their treatment regime to 
reduce their mortality risk from the COVID-19 disease.

Hypertension has been identified as the most preva-
lent cardiovascular comorbidity in patients infected with 
COVID-19 that increases the risk of hospitalization and 
death [43]. Diabetes has also been found to be one of the 
most frequent comorbidities in persons with COVID-19 
with a prevalence that varies between 7 and 30% [44]. 
Persons with diabetes are more likely to have serious 
complications from COVID-19, and eventually death 
if not managed properly. Consistent with this prevail-
ing evidence, our results also show increases in all-cause 
mortality among persons with hypertension or diabetes. 
We also find factors such as sex, age, and education to 
be significantly associated with mortality among persons 
with hypertension or diabetes. The mortality for females 
with hypertension or diabetes during the pandemic 
was nearly double the rate before the pandemic period, 
though male mortality was generally higher in both time 
periods. The COVID-19 imposed restrictions, and fear of 
contracting the disease may have also impacted on per-
sons with hypertension or diabetes from seeking care, 
further increasing their mortality risk.

Our results highlight the extent of mortality increase 
for persons in care for HIV, hypertension and diabetes, 
especially those aged 65 + years. Besides, mortality and 
morbidity, it is widely documented that the challenges 
related to the COVID-19 pandemic among older peo-
ple have had multiple interrelated implications for their 
health and wellbeing. While various biological factors 
contribute to the increased risk of mortality among older 
individuals, caregiving roles within their families includ-
ing supporting the sick also increase their risk of morbid-
ity and subsequent mortality. This is particularly true in 
contexts where health systems and long-term care provi-
sions are weak.

A limitation of our study is in the fact that the data 
used from the clinic-linkage platform purposefully tar-
gets individuals who visit the health facility for chronic 
care or treatment. Additionally, the data does not include 
positive test results or COVID-19 symptoms for these 
patients.

Conclusion
The study highlights mortality trends and the impact on 
individuals receiving care for chronic conditions (HIV, 
hypertension, and diabetes) before and during the peak 
periods of the COVID-19 pandemic. Mortality risk dur-
ing the pandemic increased by up to seven (7) times 
compared to the pre-pandemic period, especially among 
those aged 65 and older. In high-burden settings like rural 
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South Africa, mortality among individuals with HIV, dia-
betes, or hypertension may have increased by up to 26% 
and 70%, respectively, during the pandemic, particularly 
among older women. One likely contributing factor to 
this increased mortality is the disruption of antiretrovi-
ral therapy/programmes and other chronic care services, 
exacerbated by lockdown restrictions and the increased 
demand on the healthcare system during the pandemic 
period.

Several studies have shown increase in risk profiles for 
persons with these conditions, but our study provides 
further insight into the level of mortality risk for the dif-
ferent conditions, especially in rural communities. The 
mortality risk for persons with these chronic conditions 
has been shown to increase significantly and associated 
mostly with age and sex. COVID-19 directly or indirectly 
impacted the care seeking behaviour of persons with 
these chronic conditions. The imposed lockdowns to 
control the spread, as well as the fear of contracting the 
disease resulting in chronic patients skipping or unable to 
access a health facility, increased their risk of developing 
complications and eventually death. Although the prev-
alence of HIV was highest in the study population, our 
study show much more increase in mortality for persons 
with hypertension or diabetes, reinforcing the relevant 
association of diabetes, and hypertension with severity 
and mortality in COVID-19. Age and sex-specific profiles 
show a significant increase in risk for males 65 + years, 
during the pandemic period compared to the period 
before, suggesting multiple targets for interventions to 
reduce mortality.

In conclusion, HIV, diabetes, and hypertension are 
significant risk factors for mortality, both directly and 
indirectly, as far as COVID-19 is concerned. Individuals 
with these conditions should be prioritized in COVID-19 
management efforts to mitigate their risk. Furthermore, 
it is essential to assess and implement targeted interven-
tions, including health education and strategies that pro-
mote healthcare utilization, particularly among men in 
rural South Africa.

Abbreviations
aHR	� Adjusted Hazard Ratio
AIDS	� Acquired immunodeficiency syndrome
ART​	� Antiretroviral therapy
CI	� Confidence Intervals
COVID-19 	� Coronavirus disease 2019
HDSS	� Health and Demographic Surveillance System
HIV	� Human Immunodeficiency Virus
HR	� Hazard Ratio
IDF	� The International Diabetes Federation

MRC	� Medical Research Council
PLWHIV	� Persons Living With HIV
SAPRIN	� South African Population Research Infrastructure Network
SARS-CoV-2	� Severe acute respiratory syndrome coronavirus 2
SES	� Socio-economic Status
STATA​	� Stata Statistical Software
UNAIDS	� Joint United Nations Programme on HIV/AIDS
WHO	� World Health Organization

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12963-​025-​00388-8.

Additional file 1.

Acknowledgements
We acknowledge with appreciation the support, guidance, and collabora‑
tion of the South African Medical Research Council/Wits University Rural 
Public Health and Health Transitions Research Unit (Agincourt), Nyanja Health 
Research Institute, South African Population Research Infrastructure Network 
(SAPRIN), and Child Health and Mortality Prevention Surveillance Network 
(CHAMPS) teams throughout the data review, analysis, and write-up processes.

About this supplement
This article has been published as part of Population Health Metrics Volume 
23 Supplement 2, 2025: The impact of COVID-19 on mortality in sub-Saharan 
Africa and South Asia. The full contents of the supplement are available 
online at https://​pophe​althm​etrics.​biome​dcent​ral.​com/​artic​les/​suppl​ements/​
volume-​23-​suppl​ement-2.

Author contributions
CK and FG conceptualized and provided methodology as well as editing of 
draft. DO analyzed and drafted initial manuscript, CC, and JB assisted with 
analysis and draft edits. TS, AD, and BT assisted with edits and revisions. KK and 
ST provided platform for data acquisition, as well as editing of manuscript. All 
authors read and approved the final manuscript.

Funding
This work was generously supported and encouraged by the Bill & Melinda 
Gates Foundation, Seattle, WA [Grant Investments INV-030309 & INV-050361]. 
We further acknowledge the support from the MRC/Wits Rural Public Health 
and Health Transitions Research Unit and Agincourt Health and Socio-Demo‑
graphic Surveillance System, a node of the South African Population Research 
Infrastructure Network (SAPRIN), which is supported by the Department of 
Science and Innovation, the University of the Witwatersrand, and the Medical 
Research Council, South Africa, and previously the Wellcome Trust, UK (Grants 
058893/Z/99/A; 069683/Z/02/Z; 085477/Z/08/Z; 085477/B/08/Z). The funding 
sources played no role in the design, analysis, nor interpretation of the data or 
in production of the manuscript.

Availability of data and materials
The dataset for computing mortality indicators by year, age, and sex are avail‑
able from the MRC/Wits Agincourt Research Unit Data Repository (https://​
data.​aginc​ourt.​co.​za/​index.​php/​catal​og/​348). Data containing other covariates 
used in the analysis reported in this manuscript can be accessed through a 
formal request to the corresponding author.

Declarations

Ethics approval and consent to participate
Ethical clearance for the Agincourt HDSS was obtained from the Human 
Research Ethics Committee (Medical) of the University of the Witwatersrand 
(protocols M960720, M110138 and M180585), as well as for the clinic-hospital 
linkage (protocol number M2111157). Community consent was obtained from 
civic and traditional leadership at the start of surveillance in 1992 and has 
been re-affirmed from time to time. In addition, informed consent is obtained 
from the head of the household or an eligible adult in the household at each 
annual follow-up surveillance visit. The consent process is documented by 

https://doi.org/10.1186/s12963-025-00388-8
https://doi.org/10.1186/s12963-025-00388-8
https://pophealthmetrics.biomedcentral.com/articles/supplements/volume-23-supplement-2
https://pophealthmetrics.biomedcentral.com/articles/supplements/volume-23-supplement-2
https://data.agincourt.co.za/index.php/catalog/348
https://data.agincourt.co.za/index.php/catalog/348


Page 11 of 12Ohene‑Kwofie et al. Population Health Metrics           (2025) 23:30 	

marking out the respondent on the household roster and recording details 
of the responsible fieldworker and date. At the health facilities, patient also 
consent before their records are linked.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 MRC/Wits Rural Public Health and Health Transitions Research Unit 
(Agincourt), School of Public Health, Faculty of Health Sciences, University 
of the Witwatersrand, Johannesburg, South Africa. 2 Nyanja Health Research 
Institute, Salima, Malawi. 

Received: 29 January 2024   Accepted: 27 May 2025

References
	1.	 World Health Organization (WHO). 14.9 million excess deaths associated 

with the COVID-19 pandemic in 2020 and 2021 [Internet]. WHO. 2022 
[cited 2023 Jul 24]. Available from: https://​www.​who.​int/​news/​item/​05-​
05-​2022-​14.9-​milli​on-​excess-​deaths-​were-​assoc​iated-​with-​the-​covid-​19-​
pande​mic-​in-​2020-​and-​2021

	2.	 Biswas M, Rahaman S, Kumar Biswas T, Haque Z, Ibrahim B. Association 
of sex, age, and comorbidities with mortality in COVID-19 patients: a 
systematic review and meta-analysis. Meta-Anal Intervirol. 2021;64:36–47.

	3.	 Pillay-van Wyk V, Bradshaw D, Specialist Scientist C, Groenewald P, ChB 
M, Scientist S, et al. COVID-19 deaths in South Africa: 99 days since South 
Africa’s first death. SAMJ South African Med J. 2020;110(11):1093–9.

	4.	 United Nations Department of Economic and Social Affairs. World Popu‑
lation Ageing 2020 Highlights: Living arrangements of older persons. 
Popul Div. 2020;(ST/ESA/SER.A/451).

	5.	 Gold MS, Sehayek D, Gabrielli S, Zhang X, McCusker C, Ben-Shoshan M. 
COVID-19 and comorbidities: a systematic review and meta-analysis. 
Postgrad Med. 2020;749–55.

	6.	 Sanyaolu A, Okorie C, Marinkovic A, Patidar R, Younis K, Desai P, et al. 
Comorbidity and its impact on patients with COVID-19. Sn Compr Clin 
Med. 2020;2(8):1069.

	7.	 Jassat W, Cohen C, Tempia S, Masha M, Goldstein S, Kufa T, et al. Risk fac‑
tors for COVID-19-related in-hospital mortality in a high HIV and tubercu‑
losis prevalence setting in South Africa: a cohort study. Artic Lancet HIV. 
2021;8:554–67.

	8.	 International Diabetes Federation (IDF). IDF Diabetes Atlas | Tenth Edition 
[Internet]. 2021 [cited 2021 Nov 6]. Available from: https://​diabe​tesat​las.​
org/

	9.	 Dorrington RE, Laubscher R, Nannan N, Bradshaw D. The impact of the 
SARS-CoV-2 epidemic on mortality in South Africa in 2020. South African 
Med J. 2022;112(1):14–6.

	10.	 Ssentongo P, Ssentongo AE, Heilbrunn ES, Ba DM, Chinchilli VM. Associa‑
tion of cardiovascular disease and 10 other pre-existing comorbidities 
with COVID-19 mortality: a systematic review and meta-analysis. PLoS 
ONE. 2020;1(15):e0238215.

	11.	 Manuel Aburto J, Kashyap R, Schöley J, Angus C, Ermisch J, Mills MC, 
et al. Estimating the burden of the COVID-19 pandemic on mortality, life 
expectancy and lifespan inequality in England and Wales: a population-
level analysis. J Epidemiol Community Heal. 2021;0:1–6.

	12.	 Yang J, Zheng Y, Gou X, Pu K, Chen Z, Guo Q, et al. Prevalence of comor‑
bidities and its effects in coronavirus disease 2019 patients: a systematic 
review and meta-analysis. Int J Infect Dis. 2020;1(94):91–5.

	13.	 Harling G, Gómez-Olivé FX, Tlouyamma J, Mutevedzi T, Kabudula CW, 
Mahlako R, et al. Protective behaviors and secondary harms resulting 
from nonpharmaceutical interventions during the COVID-19 epidemic in 
South Africa: multisite, prospective longitudinal study. JMIR Public Heal 
Surveill. 2021;7(5):e26073.

	14.	 Bradshaw D, Dorrington R, Laubscher R, Groenewald P, Moultrie T. COVID-
19 and all-cause mortality in South Africa: the hidden deaths in the first 
four waves. S Afr J Sci. 2022;118(5/6).

	15.	 Bradshaw D, Dorrington RE, Laubscher R, Moultrie TA, Groenewald P. 
Tracking mortality in near to real time provides essential information 
about the impact of the COVID-19 pandemic in South Africa in 2020. 
South Afr Med J. 2021;111(8):732–40.

	16.	 Moultrie T, Dorrington R, Laubscher R, Groenewald P, Bradshaw D. Cor‑
relation of excess natural deaths with other measures of the covid-19 
pandemic in South Africa. 2021.

	17.	 Dorrington R, Bradshaw D, Laubscher R, Nannan N. Rapid mortality 
surveillance report 2019 & 2020. 2021.

	18.	 Statistics South Africa. Mid-Year population estimates 2021. Stat Release. 
2021;P0302(July):35.

	19.	 Lloyd-Sherlock P, Beard J, Minicuci N, Ebrahim S, Chatterji S. Hypertension 
among older adults in low- and middle-income countries: prevalence, 
awareness and control. Int J Epidemiol. 2014;43(1):116–28.

	20.	 Gómez-Olivé FX, Ali SA, Made F, Kyobutungi C, Nonterah E, Micklesfield 
L, et al. Regional and sex differences in the prevalence and awareness of 
hypertension: an H3Africa AWI-Gen Study Across 6 Sites in Sub-Saharan 
Africa. Glob Heart. 2017;12(2):81–90.

	21.	 Ware LJ, Chidumwa G, Charlton K, Schutte AE, Kowal P. Predictors of 
hypertension awareness, treatment and control in South Africa: results 
from the WHO-SAGE population survey (Wave 2). J Hum Hypertens. 
2019;33(2):157–66.

	22.	 Statistics South Africa (Stats SA). South Africa Demographic and Health 
Survey 2016: Key Indicator Report. Pretoria; 2017.

	23.	 Kahn K, Collinson MA, Xavier Gómez-olivé F, Mokoena O, Twine R, Mee 
P, et al. Profile: Agincourt health and socio-demographic surveillance 
system. Int J Epidemiol. 2012;41(4):988–1001.

	24.	 Xavier Gómez-Olivé F, Montana L, Wagner RG, Kabudula CW, Rohr JK, 
Kahn K, et al. Cohort profile: Health and ageing in Africa: a longitudinal 
study of an indepth community in South Africa (HAALSI). Int J Epidemiol. 
2018;47(3):689-690J.

	25.	 Gaziano TA, Abrahams-Gessel S, Xavier Gomez-Olive F, Wade A, Crowther 
NJ, Alam S, et al. Cardiometabolic risk in a population of older adults with 
multiple co-morbidities in rural south africa: the HAALSI (Health and 
Aging in Africa: longitudinal studies of INDEPTH communities) study. 
BMC Public Health. 2017;17:206.

	26.	 Kabudula CW, Joubert JD, Tuoane-Nkhasi M, Kahn K, Rao C, Gómez-Olivé 
FX, et al. Evaluation of record linkage of mortality data between a health 
and demographic surveillance system and national civil registration 
system in South Africa. Popul Health Metr. 2014;12(1):1–11.

	27.	 Kabudula CW, Clark BD, Gómez-Olivé FX, Tollman S, Menken J, Reniers G. 
The promise of record linkage for assessing the uptake of health services 
in resource constrained settings: a pilot study from South Africa. BMC 
Med Res Methodol. 2014;14(1):1–10.

	28.	 Kabudula CW, Houle B, Collinson MA, Kahn K, Gómez-Olivé FX, Tollman S, 
et al. Socioeconomic differences in mortality in the antiretroviral therapy 
era in Agincourt, rural South Africa, 2001–13: a population surveillance 
analysis. Lancet Glob Heal. 2017;5(9):e924–35.

	29.	 Kabudula CW, Houle B, Collinson MA, Kahn K, Tollman S, Clark S, et al. 
Assessing changes in household socioeconomic status in Rural South 
Africa, 2001–2013: a distributional analysis using household asset indica‑
tors. Soc Indic Res. 2001;133:1047–73.

	30.	 Berry KM, Parker WA, McHiza ZJ, Sewpaul R, Labadarios D, Rosen S, et al. 
Quantifying unmet need for hypertension care in South Africa through a 
care cascade: evidence from the SANHANES, 2011–2012. BMJ Glob Heal. 
2017;2(3).

	31.	 Masilela C, Pearce B, Ongole JJ, Adeniyi OV, Benjeddou M. Cross-sectional 
study of prevalence and determinants of uncontrolled hypertension 
among South African adult residents of Mkhondo municipality. BMC 
Public Heal. 2020;20(1):1–10.

	32.	 Ataklte F, Erqou S, Kaptoge S, Taye B, Echouffo-Tcheugui JB, Kengne AP. 
Burden of undiagnosed hypertension in sub-saharan Africa: a systematic 
review and meta-analysis. Hypertens. 2015;65(2):291–8.

	33.	 Abdelatif N, Naidoo I, Dunn S, Mazinu M, Essack Z, Groenewald C, et al. 
Heterogeneity in COVID-19 infection among older persons in South 
Africa: Evidence from national surveillance data. Front public Heal. 
2023;11.

https://www.who.int/news/item/05-05-2022-14.9-million-excess-deaths-were-associated-with-the-covid-19-pandemic-in-2020-and-2021
https://www.who.int/news/item/05-05-2022-14.9-million-excess-deaths-were-associated-with-the-covid-19-pandemic-in-2020-and-2021
https://www.who.int/news/item/05-05-2022-14.9-million-excess-deaths-were-associated-with-the-covid-19-pandemic-in-2020-and-2021
https://diabetesatlas.org/
https://diabetesatlas.org/


Page 12 of 12Ohene‑Kwofie et al. Population Health Metrics           (2025) 23:30 

	34.	 Jassat W, Mudara C, Ozougwu L, Tempia S, Blumberg L, Davies MA, et al. 
Difference in mortality among individuals admitted to hospital with 
COVID-19 during the first and second waves in South Africa: a cohort 
study. Lancet Glob Heal. 2021;9(9):e1216–25.

	35.	 Department of Health Republic of South Africa. 2022-Annual-Report. 
Pretoria, South Africa; 2022.

	36.	 Declaration P. Fast--Track Cities: Ending The AIDS Epidemic. Cities Achiev. 
2014;(December):90--90.

	37.	 Palella FJ, Baker RK, Moorman AC, Chmiel JS, Wood KC, Brooks JT, et al. 
Mortality in the highly active antiretroviral therapy era: changing causes 
of death and disease in the HIV outpatient study. J Acquir Immune Defic 
Syndr. 2006;43(1):27–34.

	38.	 Zhang F, Dou Z, Yu L, Xu J, Jiao JH, Wang N, et al. The Effect of Highly 
Active Antiretroviral Therapy on Mortality among HIV-Infected Former 
Plasma Donors in China.

	39.	 Nachega JB, Kapata N, Sam-Agudu NA, Decloedt EH, Katoto PDMC, Nagu 
T, et al. Minimizing the impact of the triple burden of COVID-19, tubercu‑
losis and HIV on health services in sub-Saharan Africa. 2021.

	40.	 Haider N, Osman AY, Gadzekpo A, Akipede GO, Asogun D, Ansumana R, 
et al. Lockdown measures in response to COVID-19 in nine sub-Saharan 
African countries. BMJ Glob Heal. 2020;5(10): e003319.

	41.	 Benade M, Long L, Rosen S, Meyer-Rath G, Tucker JM, Miot J. Reduction in 
initiations of HIV treatment in South Africa during the COVID pandemic. 
BMC Health Serv Res. 2022;22(1):1–8.

	42.	 Deghaye N, Nkonki L, Rensburg R, Van Schalkwyk C. Examining the 
unintended consequences of the COVID-19 pandemic on public sector 
health facility visits: The first 150 days. 2020.

	43.	 Peng M, He J, Xue Y, Yang X, Liu S, Gong Z. Role of hypertension on the 
severity of COVID-19: a review. J Cardiovasc Pharmacol. 2021;78(5): e648.

	44.	 De Almeida-Pititto B, Dualib PM, Zajdenverg L, Dantas JR, De Souza FD, 
Rodacki M, et al. Severity and mortality of COVID 19 in patients with dia‑
betes, hypertension and cardiovascular disease: a meta-analysis. Diabetol 
Metab Syndr. 2020;12(1).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	The impact of COVID-19 pandemic on mortality among adults receiving care for chronic health conditions in rural South Africa: findings from Agincourt health and socio-demographic surveillance system
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study setting
	Data sources
	Statistical analysis

	Results
	Socio-demographic characteristics
	Trends in the number of people accessing care for chronic conditions
	Mortality trends
	Socio-demographic factors associated with risk of dying

	Discussion
	Conclusion
	Acknowledgements
	References


