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Abstract

Introduction Chronic kidney disease (CKD) has been a global public health problem and a major source of suffering
and poor quality of life for those afflicted. Using data from the global burden of disease (GBD) study 2019, we esti-
mated the magnitude of the burden of CKD as well as the underlying causes of CKD in the Zambian population.

Method The data used for this study were extracted from the GBD 2019 study. The GBD 2019 provides estimates

of several metrics of disease burden including the commonly used disability-adjusted life year (DALYs) for over 369
diseases and injuries, and 87 risk factors and combinations of these in 204 countries and territories from 1990 to 2019.
We estimated the burden of CKD as the number and rates (per 100,000 population) of DALYs, disaggregated by year,
sex, and age group. We examined the underlying causes of CKD by estimating the population attributable fraction as
the percentage contributions of risk factors to CKD DALY.

Results The number of DALYs for CKD was estimated as 76.03 million (95% Ul: 61.01 to 93.36) in 2019 compared to
39.42 million (95% Ul: 33.09 to 45.90) in 1990, representing 93% increase whereas the DALYs rate per 100,000 popu-
lation was estimated as 416.89 (95% Ul: 334.53 to 511.93) in 2019 compared to 496.38 (95% Ul: 416.55 to 577.87) in
1990, representing 16% reduction. CKD due to hypertension accounted for 18.7% of CKD DALYs and CKD due to dia-
betes (types 1 and 2) accounted for 22.7%, while CKD from glomerulonephritis accounted for the most DALYs at 33%.
The age group most impacted from CKD were adolescents and young adults.

Conclusion The burden of CKD remains high in the Zambian population with diabetes, high blood pressure, and
glomerulonephritis as important causes. The results highlight the need to develop a comprehensive action plan to
prevent and treat kidney disease. Increasing the awareness of CKD among the public as well as adaptation of guide-
lines for treating patients with end stage kidney disease are important considerations.
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Introduction

Chronic kidney disease (CKD), a condition in which
the kidneys are damaged and cannot filter blood as
well as they should [1], has been a global public health
problem. In 2017, there were an estimated 1-2 million
(95% uncertainty interval [UI] 1-2 to 1-3) deaths from
CKD [2, 3] globally. Between 1990 and 2017, there was
approximately 41-5% (95% UI 35-2 to 46-5) increase
in CKD-specific all-age mortality [2]. In 2017, about
697-5 million (95% UI 649-2 to 752-0) cases of all-stage
CKD were recorded with a global prevalence of 9-1% (8-5
to 9-8). Globally, all-age prevalence of CKD increased by
approximately 29-3% (95% UI 26-4 to 32-6) since 1990.
The burden of CKD was much higher in several regions
including, Oceania, sub-Saharan Africa (SSA), and Latin
America [2].

CKD is a major source of suffering and poor quality of
life. They are associated with multiple adverse outcomes,
including increased risk of death, progression to end-
stage kidney disease (ESKD) (requiring dialysis or kidney
transplantation), and increased risk of other co-morbid
diseases like hypertension and cardiovascular diseases.
In a prospective cohort study of people with CKD stage
3, Shardlow and colleagues [4] found that about 14.2%
of the patients had died, mostly due to cardiovascular
causes, after five years of follow up. During the COVID-
19 pandemic, it also became apparent that CKD was both
a risk factor for worse outcomes as well as an unexpected
potential outcome of any degree of COVID-19 infec-
tion [5, 6]. The rising burden of CKD in lower-resourced
regions demands attention as its treatment (e.g., dialy-
sis, transplantation) is often unattainable by the majority
afflicted. Zambia, a lower-middle income country, does
not have a kidney transplant program and less than 10%
of ESKD adult patients can access chronic dialysis ser-
vices. In a recent survey, there is limited application of
international guidelines for CKD screening and preven-
tion,[7] and Zambia has no national guidelines on CKD
or its final phase ESKD.

Using data from the global burden of disease (GBD)
study 2019, we aimed to estimate the magnitude of the
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burden of CKD as well as the average annual rate of
change in the burden of CKD between 1990 and 2019 in
Zambia. We also examined the underlying causes of CKD
in the Zambian population. The results of this study can
help stakeholders develop a comprehensive action plan
to prevent and treat kidney disease. Though these results
are specific to Zambia, their reach is important for the
entire SSA sub-continent given the paucity of CKD data,
particularly among children.

Methods

Conceptual framework and definitions

The disability-adjusted life year (DALY) is the primary
metric used to assess the global burden of disease [8].
One DALY can be thought of as one lost year of ‘healthy’
life and the measured disease burden is the gap between
a population’s health status and that of a normative ref-
erence population [8]. Ranking the causes of DALY in
a population shows the health problems that cause the
most suffering in a society. DALYs for a specific cause
are calculated as the sum of the years of life lost (YLL)
from that cause and the years lived with disability (YLD)
for people living in states of less than good health result-
ing from the specific cause (Fig. 1). The basic formula for
DALY for given cause ¢, age a, sex s and year ¢ is:

DALY (c,s,a,t) = YLL(c,s,a,t) + YLD(c,s,a, t)

The YLLs for a cause are essentially calculated as the
number of cause-specific deaths multiplied by a loss
function specifying the years lost for deaths as a function
of the age at which death occurs [8]. It is a measure of
premature death within a group of people. The basic for-
mula for YLLs for a given cause c, age 4, sex s and year ¢
is:

YLL(c,s,a,t) = N(c,s,a,t) *x L(s,a)

Where N(c,s,a,t) is the number of deaths due to the
cause c for the given age a and sex s in year ¢ and L(s, a)
is a standard loss function specifying years of life lost for
a death at age a for sex s. The loss function is specified in
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Fig. 1 Healthy-Disability-DeathModel; Source: First author’s conceptualization
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terms of the life expectancies at various ages in standard
life tables. For example, if achievable life expectancy in a
given year for men is 65 years, a man who dies of lung
cancer at age 46 will have 19 years of life lost. Life expec-
tancy is the number of years that the average member of
a group can expect to live.

The YLDs for a particular cause in a particular time
period can be estimated as the number of incident cases
in that period multiplied by the average duration of the
disease and a weight factor that reflects the severity of the
disease on a scale from 0 (perfect health) to 1 (dead) [8].
It measures the amount of time people lose to diseases
and injuries that degrade health but do not cause death.
This means that a short-term, severe health problem and
a long-term, relatively mild health problem could both
result in the same number of YLDs. For example, some-
one who needs two months to recover from a car acci-
dent but then regains their full health and someone who
experiences relatively mild but lifelong back pain could
end up losing the same number of years of their lives to
disability. The basic formula for YLD for a given cause c,
age a, sex s and year ¢ is:
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Compared with earlier GBD studies [15-17], the GBD
2019 study updated its methodologies in estimating risk
exposure and risk-attributable burden using data from
several epidemiological studies in different countries
[3, 11]. These studies included systematic reviews, clini-
cal trials, cohort studies, case-control studies, and other
observational studies [3, 11]. Our study adheres to the
Guidelines for Accurate and Transparent Health Esti-
mates Reporting (GATHER) recommendations [18].
Chronic kidney disease was classified as a disease as well
as a metabolic risk factor in the GBD study [19], but it
was considered as a disease in our analysis. CKD was
defined as eGFR (estimated glomerular filtration rate) of
<60 mL/min per 1.73 m? [19].

Statistical analyses

We estimated the burden of CKD as the number and
rates (per 100,000 population) of DALYs, disaggregated
by year, sex, and age group. To examine the change
in DALYs between 1990 and 2019, we calculated the
arithmetic difference in DALYs between 2019 and 1990
expressed as a percent of 1990 DALYs. For each esti-

YLD(c,s,a,t) = 1(c,s,a,t) * L(c,s,a,t) * W(c,s,a) = P(c,s,a,t) x W(c,s,a)

where I(c, s,a,t) = number of incident cases for cause
¢, age a, sex s and year t; W (c, s, a) = disability weight for
cause ¢, age 4 and sex s (ranges from 0= perfect health
to 1=death); L(c,s,a,t) = average duration of the case
until remission or death (years); and P(c,s,a,t) = num-
ber of prevalent cases for cause c, age 4, sex s and year .
The numerical valuation of time lived in non-fatal health
states is through the so-called disability weights, which
quantify loss of functioning on a scale where 0 repre-
sents perfect health and 1 represents a state equivalent to
death. Depending on how these weights are derived and
what they are attempting to quantify, they are variously
referred to as disability weights, quality-adjusted life
year (QALY) weights, health state valuations, utilities or
health state preferences [8].

Data sources

The data used for this study were extracted from the GBD
study 2019 [9]. The GBD 2019 provides estimates of sev-
eral metrics of disease burden including the commonly
used DALYs for over 369 diseases and injuries, and 87
risk factors and combinations of these in 204 countries
and territories from 1990 to 2019 [3, 10—12]. Detailed
methods of GBD 2019 have been published elsewhere
[11, 12]. The GBD 2019 attributable burden estimates fol-
lowed the general framework established for comparative
risk assessment (CRA) [13, 14].

mated rate and number of DALYs, we reported 95%
uncertainty interval (UI), which was calculated by taking
1000 draws from the posterior distribution of each quan-
tity and using the 25th and 975th ordered draw of the
uncertainty distribution [20].

We used linear regression model with robust standard
error to estimate the average annual rate of change in the
burden of CKD since 1990. We examined the underlying
causes of CKD by estimating the population attributable
fraction as the percentage contributions of risk factors to
CKD DALY. All analyses were performed using Stata 17
MP8 (StataCorp, College Station, TX, USA).

Results

Burden of chronic kidney diseases

The number of DALYs for CKD was estimated as
76.03 million (95% UL 61.01 to 93.36) in 2019 com-
pared to 39.42 million (95% UL 33.09 to 45.90) in 1990,
representing 93% increase whereas the DALYs rate per
100,000 population was estimated as 416.89 (95% UI:
334.53 to 511.93) in 2019 compared to 496.38 (95% UL:
416.55 to 577.87) in 1990, representing 16% reduc-
tion. (Table 1). The number of DALYs (Fig. 2A) and per-
cent change in number of DALYs (Fig. 2C) varies by age
group. The DALYs rate per 100,000 population was high-
est among adults aged 85-89 years (Fig. 2B). Compared
to 1990, there were increases in DALYs rate per 100,000
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Fig. 2 DALYs in thousands (A); rate per 100,000 population (B) of DALYs for CKD;Percent change (2019 vs 1990) in number of DALYs (C); Percent
change (2019 vs1990) in DALYs rate per 100,000 population (D). Abbreviations:DALY=disability-adjusted life-year

population among adolescent and young adults (15-24
years) and among adults (85 + years) (Fig. 2D)

Average annual rate of change in the burden of CKD
DALYs rate increased from 496.38 to 100,000 popula-
tion ((95% uncertainty interval (UI): 416.55 to 577.87) in
1990 to 520.11 per 100,000 population (95%UI: 433.68 to
606.40) in 1996 and decreases thereafter to 416.88 per
100,000 population (95%UIL: 334.53 to 511.92) in 2019
(Fig. 3A), showing an average annual percent reduction of
3.95% (95% confidence interval (CI): 3.35, 4.56) (Fig. 3B).

Burden of chronic kidney disease causal relations

Of the 76.03 million (95% UL 61.01 to 93.36) CKD DALYs
in 2019, about 14.25 million (95% UI: 10.70 to 18.74) were
due to hypertension, 25.07 million ((95% UIL: 19.01 to
32.84) due to glomerulonephritis, 5.79 million (95% UL
3.67 to 8.46) due to diabetes mellitus type 1, 11.50 million
(95% UI: 8.29 to 15.50) due to diabetes mellitus type 2,
and 19.40 million ((95% UI: 14.78 to 24.61) due to other

and unspecified causes. These suggest that CKD due to
diabetes (types 1 and 2) accounted for 22.7% of CKD
DALY while CKD due to hypertension accounted for
18.7% of CKD DALYs in 2019. The CKD due to glomeru-
lonephritis accounted for 33.0% of CKD DALYs, the larg-
est contribution in terms of absolute number of DALYs
of any cause in 2019. In 2019, CKD due to glomerulone-
phritis impact adolescent (15-19 years) and young adults
(20—24 years) whereas CKD due to hypertension impact
adults 60 years and above (Fig. 4).

Discussion

Zambia suffers from a substantial burden of CKD with
an estimated 76.03 million DALYs and 416.89 DALYs
per 100,000 population in 2019. Despite a slight annual
percent reduction of 3.95% over the past two and half
decades, there remains a large burden with limited
access to prevention and treatment as Zambia has
only one nephrologist per 2.6 million population (0.4
per million population). The International Society of
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Nephrology 2019 report estimates that less than 10% of
the Zambian population with ESKD has access to life-
sustaining therapy with dialysis [21]. Only a handful
of people who have personal resources have access to
life-saving therapy with kidney transplantation in other
countries (e.g., India, South Africa).

Most concerning is the disparities seen in our analy-
ses in number of DALYs for CKD by age group, with
the highest burden occurring among adolescents aged
15-19 years. This is reflected as well at the young age of
dialysis patients in Zambia; 66% of the Zambian dialy-
sis population is <50 years (compared to high income
countries like the United States where <20% of the dial-
ysis population is < 50 years of age) [22-25]. One DALY
represents the loss of the equivalent of one year of full
health. The DALY is a metric that combines the burden
of mortality and morbidity (non-fatal health problems)
into a single number [26]. It is the primary metric used
by the World Health Organization to assess the global
burden of disease [8], and the primary metric used by
projects to quantify the cost-effectiveness of different
interventions [27]. DALYs impacting the adolescent
and young adult population have far reaching ramifica-
tions: loss of investment in past education and training
for young professionals, loss of future potential earn-
ings for the family and the economy, and loss of future
potential advancement that young adults suffering from
CKD could contribute to society as leaders and educa-
tors in their respective fields.

Our results may under-estimate the true burden of
CKD in Zambia as the GBD is reliant on published
cohort, clinical trials, and model estimates. A cross-
sectional survey of adults in the Kabwe District showed
that up to 30% had abnormal creatinine values, suggest-
ing undiagnosed CKD [28]. Among those with HIV,
estimates suggest 28% may have CKD [29]. Among hos-
pitalized Zambian adults with COVID-19, there were
high rates of chronic conditions (hypertension in 50%,
diabetes mellitus 28.5%, and CKD 8%) [30]. Among a
recent retrospective cohort of critically ill adults, 50%
had kidney disease and the average age was 36 years [31].

In Zambia, hypertension and diabetes are impor-
tant causes of chronic kidney disease with an estimated
18.7% of CKD DALYs due to hypertension while 22.7%
of CKD DALYs were due to diabetes. Estimates sug-
gest hypertension and its subsequent end organ dam-
age (e.g., kidney disease) may impact up to 1 in 5 people
worldwide but low- middle-income countries (LMICs)
face the heaviest burden [32-34]. For example, 75% of
the estimated 1.4 billion persons with hypertension live
in LMICs [35]. A systemic review of youth and adoles-
cents in Africa estimate similar rates to adults with 1 in
5 impacted, yet this population is rarely screened — lead-
ing to untreated disease that progresses for years. Even
though existing international hypertension guidelines
have been shown effective, lack of adaptation to the Zam-
bian setting and subsequent gaps in protocol implemen-
tation may be key drivers in poor hypertension care and
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resultant early-onset ESKD in Zambia [7, 36, 37]. Simi-
lar to our findings, hypertension in Africa is resulting in
much younger adults needing end of life care with dialy-
sis, compared to high-income countries (HICs) [22, 38].
Lack of screening for CKD/ESKD in hypertension and
diabetes are missed opportunities for improving care as
similar to hypertension, kidney disease often does not
present with symptoms until very late stages. Therefore,
it can progress undetected for years, or even decades,
until non-pharmaceutical and simpler interventions are
ineffective and advanced technology for treatment is
required (i.e., dialysis, transplantation) [39, 40].

Prevalent hypertension in Zambia is 100 times the rate
of cancer[41], 5 times the rate of diabetes mellitus, and
twice that of prevalent HIV [42-44]. Yet, little attention
has been focused on this burdensome disease [45], which
impacts youth at a time when end organ effects, which
are fatal in Zambia, could be prevented or delayed for
decades — saving thousands if not millions of lives as is
the case in HICs. Though hypertension may contribute to
half of NCDs in Zambia, it is not in isolation [30, 46]. In
addition to being a consequence of hypertension, kidney
disease may also be a driving contributor to hypertension
development.

Given the high burden of DALYs attributable to CKD
in adolescents and young adults, it is imperative to
address the largest contributor to CKD is glomerulone-
phritis, contributing to 33% of all CKD DALYs. There is
limited data on glomerulonephritis in Africa; the few
reports out there suggest quite poor outcomes. A sys-
tematic review (insufficient data for a meta-analysis)
revealed 5-year survival from lupus nephritis ranged
from 54 to 94% with worse outcomes in sub-Saharan
Africa [47]. There is no specific data on epidemiology
or outcomes of glomerulonephritis for Zambia. The
only study published in 2007 in children reported sub-
optimal care of glomerulonephritis from primary to
tertiary health care facilities in Zambia showed that of
the 34 children with glomerulonephritis who had been
referred to UTH pediatric renal clinic from across the
country, none had a renal biopsy to confirm diagnosis
and guide treatment [48]. Nearly two thirds of the chil-
dren did not have a working diagnosis at the time of
referral with a 23% mortality post referral[48]. Although
limited to a small study, the findings underscore the
need for improved screening, diagnosis, and treatment
of glomerulonephritis in Zambia.

If diagnosed early and treated effectively, glomerulo-
nephritis can be managed yet access to expedient biopsy
results and induction therapies are imperative. How-
ever, Zambia’s public sector has limited access to these
resources. Currently kidney biopsies in both public and
private sectors are processed and analyzed in India and
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South Africa, taking 10-14 days to get results, limiting
the effectiveness of early therapies. Standard corticos-
teroids are typically available but steroid-sparing agents
such as mycophenolate mofetil, cyclophosphamide, or
rituximab are limited in their availability. Plasmapher-
esis is only available in two public hospitals in capital
city of Lusaka.

The limitations of GBD have been discussed else-
where [49, 50]. We have discussed those specific to our
study. First, Zambia does not have high-quality popula-
tion-based studies on the prevalence of CKD, particu-
larly in children. Where data is limited, GBD rely on
statistical techniques to estimate CKD burden in these
regions. Second, equations for eGFR estimation vary in
publications and this is an inherent limitation to GBD
and this analysis. Third, most data sources reporting the
prevalence of non-fatal CKD are cross-sectional and
do not repeat serum creatinine and urine albumin-to-
creatinine ratio (ACR) measurements over 3 months
[51]. Fourth, ascertainment of the cause of CKD is dif-
ficult. Biopsy is the gold-standard method for assign-
ing the underlying cause of CKD, but this procedure is
only advised when confirmation of cause is necessary,
and the benefits of confirmation outweigh risks of the
procedure. Fifth, there might be possible misclassifica-
tion of glomerulonephritis, which frequently are con-
current with hypertension. Consequently, this could
bias towards under reporting for hypertension or over
reporting of glomerulonephritis. For example, there is
a chance that CKD patients who had proteinuria and
body swelling were classified as glomerulonephritis
when in fact these signs were due to CKD, secondary to
other causes and not glomerulonephritis. Furthermore,
in Zambia, the prevalence of Hepatitis B virus was esti-
mated as 5.6% among adults aged 15-59; whereas the
prevalence among HIV positive individuals was 7.1%
[52]. With the high prevalence of Hepatitis in the Zam-
bian population, it is reasonable to speculate the role
of viral hepatitis on the large number of patients with
glomerulonephritis. Limitations notwithstanding, our
study can provide insight to further understand the
disease burden of CKD and underlying causes and as a
basis for setting priorities for action.

Conclusion

The burden of CKD remains high in the Zambian popula-
tion with diabetes, high blood pressure, and glomerulone-
phritis as important causes. Particularly important is the
impact of CKD and its sequalae on the young Zambian
working force. The results highlight the need to develop
a comprehensive action plan to prevent and treat kidney
disease, including public awareness of CKD, educational
programmes for health-care personnel, early treatment
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of potential causes of CKD, and improved access to diag-
nostic and therapeutic tools that are available elsewhere.
The high burden of CKD among Zambians with lim-
ited adaptation of existing international guidelines for
ease of screening, prevention and treatment necessitates
improved government, private, and non-profit support for
kidney disease in Zambia.
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