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Global forecasting of chronic kidney disease 2
mortality rates and numbers with the
generalized additive model
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Abstract

Background Chronic kidney disease (CKD) is an important public health problem worldwide; therefore, forecasting
CKD mortality rates and death numbers globally is vital for planning CKD prevention programs. This study aimed

to characterize the temporal trends in CKD mortality at the international level from 1990 to 2019 and predict CKD
mortality rates and numbers until 2030.

Methods Data were obtained from the Global Burden of Disease 2019 Study. A joinpoint regression model was used
to estimate the average annual percentage change in CKD mortality rates and numbers. Finally, we used a generalized
additive model to predict CKD mortality through 2030.

Results The number of CKD-related deaths worldwide increased from 591.80 thousand in 1990 to 1425.67 thousand
in 2019. The CKD age-adjusted mortality rate increased from 15.95 per 100,000 people to 18.35 per 100,000 people
during the same period. Between 2020 and 2030, the number of CKD deaths is forecasted to increase further to
1812.85 thousand by 2030. The CKD age-adjusted mortality rate is expected to decrease slightly to 17.76 per 100,000
people (95% credible interval (Crl): 13.84 to 21.68). Globally, it is predicted that in the next decade, the CKD mortality
rate will decrease in men, women, all subgroups of disease etiology except glomerulonephritis, people younger than
40 years old, and all groupings of countries based on the sociodemographic index (SDI) except high-middle-SDI
countries.

Conclusions The CKD mortality rate is predicted to decrease in the next decade. However, more attention should be
given to people with glomerulonephritis, people over 40 years old, and people in high- to middle-income countries
because the mortality rate due to CKD in these subgroups is expected to increase until 2030.
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Background

Chronic kidney disease (CKD) is a public health problem
[1] and refers to the irreversible failure of kidney func-
tion [2]. In this disease, the glomerular filtration rate can
reach less than 60 ml/minute per 1.73 square meters for
at least three months, or high albuminuria can occur [3].
This condition exposes CKD patients to complications,
including hypertension, diabetes, dyslipidemia, cardio-
vascular disease, anemia, bone and mineral disorders,
and weakening of the immune system [3-10]. On the
other hand, the most important risk factors for CKD are
type 2 diabetes mellitus, hypertension, and obesity, and
due to changes in people’s lifestyles, the prevalence of
these risk factors and the subsequent prevalence of CKD
are increasing [11, 12]. According to the most recent
systematic analysis of the global burden of disease in
2017, 1.2 million people worldwide died from CKD [1].
According to this global study, between 1990 and 2017,
the global all-age mortality rate from CKD increased by
41.5% [13].

Despite the sharp and transparent information about
risk factors, complications, incidence and mortality rates
from this health outcome, there is no research predict-
ing the mortality rate of CKD in the future. Therefore,
predicting the extent of this disorder in the future will
help health system planners and policymakers deal with
its complications and provide a general outline of what
resources and to what extent are needed for better con-
trol of this disease [14]. In other words, using predictive
models determines the speed of death due to health con-
sequences in the future so that we can be better prepared
to address them [15]. Finally, predicting future mortality
rates by geographical area provides the basis for reduc-
ing inequalities because it determines which regions will
suffer more from the CKD mortality in the future and
requires more attention from health policymakers [16].

To address this issue, we used a generalized addi-
tive model (GAM) on CKD mortality at the global
and national levels between 1990 and 2019 to forecast
the future number of CKD deaths and mortality rates
through 2030. Our predictions are essential for the real-
location of limited medical resources and for updating
prevention strategies for CKD.

Methods

Data source

Chronic kidney disease data: In this ecological study, the
researchers extracted the data related to the numbers and
age-adjusted mortality rates from CKD between 1990 and
2019 by age, sex, country, etiology (type 1 diabetes melli-
tus, type 2 diabetes mellitus, hypertension, glomerulone-
phritis, and other cause), and grouping countries based
on the sociodemographic index from the Global Burden
of Disease result tools that is openly available at https://
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vizhub.healthdata.org/gbd-results/ [17]. We should men-
tion that sociodemographic index (SDI) is a composite
indicator of per capita income, educational attainment,
and fertility rates. The value of this index is between zero
and one. As long as SDI is close to one, it means that a
country has a more favorable social and economic situa-
tion. GBD categorizes 204 countries worldwide into five
groups based on their SDI levels, including low SDI, low-
middle SDI, middle SDI, high-middle SDI, or high SDIL
Population data: We also extracted the corresponding
population data by sex, year, age groups, and country
from the United Nations Department of Economic and
Social Affairs Population Division (https://population.
un.org/wpp/Download/Standard/Population/) [18].

Model comparison and model selection

In epidemiological studies with the purpose of predic-
tion, it is customary to compare several prediction mod-
els with each other in order to select the best model
with the least error for prediction. These models in our
study included a Bayesian age-period-cohort (BAPC)
model, a generalized additive model (GAM), a smooth
spline model, a joinpoint regression model, and a Poisson
regression. For choosing the best model we first divided
the global mortality data into two sets: a training set
(1990-2013) and a testing set (2014—2019). Second, the
global CKD mortality rates and case numbers between
2014 and 2019 were forecasted and compared with the
actual values in the same period by the five mentioned
models. Finally, we calculated the absolute percent-
age deviation (APD) and mean squared error (MSE) for
each model to assess model accuracy via the following
formulas:

+ APD formula = %" || Yy — Y|/Y]*100. Where, y’
is the predicted values and Y is the actual values
between 2014 and 2019. The lower APD values
indicating a better fit.

+ MSE formula = [(1/n)" " | (Yi — }//\Z‘)Q]. Where,
Yi is the actual value of global CKD Mortality rates
and y’; is the predicted value by the each model. The
smaller the MSE, the closer the models’ predictions
are to reality.

The APDs and MSEs was calculated for each model and
is shown in Fig. 1. As shown in this figure, the values
predicted using the generalized additive model had the
most minor deviation compared to the actual values, so
we used the GAM to predict CKD age-adjusted mortal-
ity rates and death numbers through 2030. The advantage
of the GAM that leads to a better fit than the other four
models is: (1) this model can be generalized to all types
of response variables, (2) GAMs can model all types of
relationships including linear, non-linear and complex
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Fig. 1 The results of the model comparison based on the absolute percentage deviation (APD) and mean squared error (MSE) indices (based on this
graph, when we predicted the testing set at the global level using the training set, the generalized additive model (GAM) had the least APD and MSE

compared to the other four models)

patterns, (3) for forecasting purposes, GAM performs
better than linear models, (4) due to additivity function,
it can interpret the contribution of each predictor while
holding other predictors constant, and (5) the GAMs can
synthesize regularization techniques to avoid over fitting
the model and improve generalization [19, 20].

Statistical analysis

Generalized additive model were used to predict the
CKD numbers and age-adjusted rates until 2030. The
GAM is written as follows:

In(numbers) = s[ln(pnum)] + s(c) + s(year) + s(e) +r

Were numbers refers to the count of CKD death, pnum
is the population; ¢ denotes the median age in each age
group; year represents the calendar year; and e is the
calendar year minus mid value of age group; r is the
intercept; and the s is a smoothing spline function. The
smoothness of each function determined by the smooth-
ing regularization parameter known ). In our study )\
was varies from 0.10 to 0.90. We obtained the predicted
values until 2030 and corresponding 95% credible inter-
val (Crl) using bootstrap method. We should mention
that choosing 2030 as the end point of the forecasts is
linked to the Sustainable Development Goals. This goals
adopted in September 2015 by the heads of state and
high-level representatives of the specialized agencies of
the United Nations and civil society, adopted by the Gen-
eral Assembly of the United Nations and setting the goal
to achieve this by 2030. The main goal of this document
is to address poverty in all its forms worldwide; conse-
quently, most public health and medical studies have set
the endpoint of their predictions for 2030.

All statistical analyses were performed using R version
4.1.2 (R Foundation for Statistical Company, Vienna, Aus-
tria). It should be noted that the GAM was implemented
with a package with the same name in R software.

Quantifying the CKD mortality trends

After the CKD age-adjusted mortality rates were pre-
dicted until 2030 using GAM, we describe temporal
trends of mortality rates using the average annual per-
cent changes (AAPC). This quantitative measure evalu-
ate the average annual variation in mortality rates during
a specific period (in our study included 1990-2019 and
2020-2030). The positive and negative values of this
measure indicates an increasing or decreasing trend in
the mortality rate during the study period, respectively.
In calculation AAPC, the natural logarithm of time vari-
ables fitted against their corresponding mortality rates.
In other words, we established a relationship between
the natural logarithm (In) of the age-adjusted mortality
rates and time using the following equation: y=by+ /3 z +¢
. In this equation, y indicates In (age-adjusted mortality
rates), x indicates the calendar year, b is intercept, ¢ is
error term, and (3 is the direction (positive or negative)
of the trend in the chosen of the trend in the chosen age-
adjusted mortality rate. Then, we calculated the AAPC
using the (exponential [B]-1) *100 formula.

Results

Chronic kidney disease death numbers and age-adjusted
mortality rates, 1990-2019

Globally, the number of CKD deaths increased from
591.80 thousand in 1990 to 1425.67 thousand in 2019.
The CKD age-adjusted mortality rate increased from
15.95 per 100,000 to 18.35 per 100,000 during the same
period (AAPC=0.5, 95% confidence interval (CI): 0.4 to
0.6). This means that on average, we are seeing a 0.5%
annual increase in the age-adjusted mortality rate from
CKD (Table 1; Figs. 2 and 3). Both sexes experienced
increasing trends in the number of deaths and age-
adjusted mortality rate. During the study period, the
number of CKD deaths in men increased more than two-
fold (from 309.53 thousand in 1990 to 741.03 thousand
in 2019). Additionally, among women, the number of
deaths increased from 282.27 thousand in 1990 to 684.64
thousand in 2019. During this period, the age-adjusted
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Table 1 The number of deaths and age-adjusted mortality rate of CKD patients in 1990 and 2019 stratified by sex, etiology, age group,

and country group based on the SDI

Death numbers Age adjusted mortality rate (x100,000) AAPC?(95% Cl) of ASR

(x1000)

1990 2019 1990 (95% CI) 2019 (95% CI) 1990-2019
Sex
Both 591.80 1425.67 15.95 (15.84, 16.06) 18.35(18.24, 18.46) 0.5(04,0.6)
Male 309.53 741.03 19.35(19.22,19.49) 21.69 (21.55,21.82) 04(0.3,05)
Female 282.27 684.64 13.71(13.61,13.81) 15.84 (15.74,15.94) 0.5 (04, 0.6)
Etiology
Diabetes mellitus | 42,54 81.77 0.95 (0.94, 0.96) 0.98 (0.97,0.99) .1(0.0,0.2)
Diabetes mellitus Il 146.02 406.29 4.09 (4.05,4.12) 5.19(5.15,5.22) .83(0.7,0.9)
Hypertension 169.11 447.69 5.03(5.00, 5.07) 5.87(5.84,591) .5 (04, 0.6)
Glomerulonephritis 90.96 182.84 220(2.18,2.21) 2.31(230,2.33) .2(0.1,0.3)
Other causes 143.16 307.08 3,68 (3.65,3.72) 3.99 (3.96,4.03) (O 2,04)
Age groups (year)°
0-19 36.04 26.16 1.58 (1.57,1.59) 1.01 (1.00, 1.02) -1.5(-1.6,-14)
20-39 55.95 74.20 13.94 (13.74,14.13) 12.82(12.63,13.02) -0.3(-04,-0.2)
40-59 126.04 258.80 59.12 (5856, 59.67) 61.57 (61.02,62.13) 0.1(0.0,0.2)
>60 373.77 1066.51 213.13 (21146, 214.80) 269.77 (268.10, 271.43) 0.8(0.7,0.9)
Sociodemographic index (SDI)
Low SDI 61.88 124.65 27.21(27.08,27.34) 25.26 (25.13,25.39) -0.3(-04,-0.2)
Low-middle SDI 124.78 292.88 21.75 (2147, 22.04) 22.97 (22.68,23.25) 0.2 (0.1,0.3)
Middle SDI 193.53 505.64 20.83 (20.68,20.97) 22.94(22.79,23.10) 0.3(0.2,04)
High-middle SDI 114.69 226.36 12.10(11.98,12.22) 11.71(11.59,11.83) -0.1(-0.2,0.0)
High SDI 96.54 275.18 940 (9.26,9.52) 12.69 (12.56, 12.82) 1.1(1.0,1.2)

2 Average annual percent change (AAPC): The 95% Cls of the AAPC were calculated by using the joinpoint regression model

b The mortality rates for age groups were not adjusted for age

mortality rates in men and women increased from
19.35 to 21.69 per 100,000 people (AAPC=0.4, 95% CI:
0.3 to 0.5) and from 13.71 to 15.84 per 100,000 people
(AAPC=0.5, 95% CI: 0.4 to 0.6), respectively. On the
other hand, the number of deaths and age-adjusted mor-
tality rate were greater in women than in men between
1990 and 2019. The number of deaths in all age groups
increased between 1990 and 2019, except for the age
group younger than 19 years (Table 1; Fig. 3). Among
all age subgroups, the greatest increase in the number
of CKD deaths was related to the age group older than
60 years (the number of deaths in 2019 was almost three
times that in 1990). Among CKD etiological factors,
hypertension and type 2 diabetes mellitus had the high-
est number of deaths and age-adjusted mortality rates,
respectively. The number of CKD deaths with origin of
hypertension increased from 169.11 thousand in 1990
to 447.69 thousand in 2019. Additionally, the number of
CKD deaths caused by type 2 diabetes mellitus increased
from 146.02 thousand in 1990 to 406.29 thousand in
2019. The CKD age-adjusted mortality rate due to hyper-
tension increased from 5.03 per 100,000 people in 1990
to 5.87 per 100,000 people in 2019. Additionally, from
1990 to 2019, the age-adjusted mortality rate of CKD
caused by type 2 diabetes mellitus increased from 4.09
to 5.19 per 100,000 people. When nations were grouped

based on the sociodemographic index (SDI), the high-
est CKD age-adjusted mortality rate was observed in the
low-SDI countries. In these areas, the CKD age-adjusted
mortality rate decreased from 27.21 per 100,000 people
in 1990 to 25.26 per 100,000 people in 2019. More details
about the number of deaths and age-adjusted mortality
rates for countries grouped based on the SDI are pre-
sented in Table 1.

Chronic kidney disease death numbers and age-adjusted
mortality rates, 2020-2030

Between 2020 and 2030, the number of CKD deaths
increased from 1461.11 thousand to 1812.85 thousand
(Table 2; Fig. 3). It is forecasted that in the next decade,
the CKD age-adjusted mortality rate will decrease from
18.30 per 100,000 people in 2020 to 17.76 per 100,000
people in 2030 (AAPC = -0.3, 95% credible interval (CrI):
-0.4 to -0.2) (Table 2; Fig. 2). This decreasing trend in the
CKD age-adjusted mortality rate is also predicted for
both sexes until 2030. Men and women will experience
0.3% and 0.2% reductions in the CKD age-adjusted mor-
tality rate each year over the next decade, respectively.
The number of CKD deaths will increase to 935.60 thou-
sand in males and 874.12 thousand in females between
2020 and 2030. Contrary to the increasing trend in CKD-
related death numbers, the CKD age-adjusted mortality
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Fig. 2 (A-L) The temporal trends of age-specific mortality rates (per 100,000) of CKD between 1990 and 2019 and their projections up to 2030 at the
global level (A: both sexes, B: male, C: female, D: DM type 1, E: DM type 2, F: hypertension, G: glomerulonephritis, H: other cause, I: 0-19 years, J: 20-39
years, K: 40-59 years, L: >60 years). The incidence rates for the four age groups are crude and not age-adjusted. The open dots represent the observed
values, and the fan shape denotes the predictive distribution between the 2.5 and 97.5% quintiles. The predictive mean value is shown as a solid line. The

vertical dashed line indicates where the prediction starts

rate will decrease to 20.60 per 100,000 in men (95% Crl:
15.93 to 25.27) and 15.56 per 100,000 in women (95% Crl:
11.83 to 19.30) until 2030 (Table 2; Fig. 2). The number of
deaths is predicted to increase for all etiological groups
of CKD patients. CKD age-adjusted mortality rates are
predicted to decrease for all etiological subgroups and

different countries categorized based on the SDI, except
for CKD due to glomerulonephritis (Table 2; Fig. 2). It is
forecasted that the CKD mortality rates in populations
younger than 19 years, 20-39 years, 40-59 years, and
older than 60 years in 2030 will be 0.79, 12.52, 63.00, and
274.87 per 100,000 people, respectively.
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Table 2 The number of deaths predicted and age-adjusted mortality rate of CKD patients in 2020 and 2030 stratified by sex, etiology,

age group, and country group based on the SDI

Death numbers Age adjusted mortality rate (x100,000) AAPC ? (95% Crl) of ASR

(x1000)

2020 2030 2020 (95% Crl) 2030 (95% Crl) 2020-2030
Sex
Both 1461.11 1812.85 18.30(18.29, 18.31) 17.76 (13.84,21.68) -0.3(-04,-0.2)
Male 758.75 935.60 21.60(21.58,21.61) 20.60 (15.93, 25.27) -0.3(-04,-0.2)
Female 70233 874.12 15.82(15.81,15.83) 15.56 (11.83,19.30) -0.2 (-03,-0.1)
Etiology
Diabetes mellitus | 83.21 97.40 0.97 (0.96, 0.98) 0.96 (0.72,1.20) -0.2 (-03,-0.1)
Diabetes mellitus Il 417.00 52535 5.18(5.17,5.19) 0(3.87,6.33) -0.2 (-03,-0.1)
Hypertension 460.26 578.67 5.86 (5.85,5.87) 5.69(4.28,7.10) -0.3(-04,-0.2)
Glomerulonephritis 187.29 231.12 232(2.31,233) 2.36(1.98,2.74) 0.2(0.1,0.3)
Other causes 31332 377.30 3.96 (3.95,3.97) 3.70(2.76,4.63) -0.7 (-0.8,-0.6)
Age groups (year)°
0-19 2573 21.24 0.99 (0.98, 1.00) 0.79 (0.68, 0.90) -23(-24,-22)
20-39 74.96 79.82 12.84(12.83,12.85) 12.52 (8.07,16.97) -0.2(-03,-0.1)
40-59 263.50 313.01 61.61(61.58,61.65) 63.00 (54.13,71.88) 02(0.1,0.3)
>60 1096.91 1395.32 269.77 (269.65, 269.89) 274.87 (227.08,322.65) 0.2 (0.1,0.3)
Sociodemographic index (SDI)
Low SDI 127.75 157.65 4(25.13,25.16) 23.92 (1849, 39.35) -0.5 (-0.6,-04)
Low-middle SDI 300.61 377.88 2293 (22.91,22.94) 22.57 (17.54,27.59) -0.2 (-03,-0.1)
Middle SDI 519.07 651.49 22.85(22.84,22.86) 21.65(17.10, 26.19) -0.5(-0.6,-04)
High-middle SDI 231.17 276.21 1248 (11.71,13.25) 1248 (11.71,13.25) 0.0 (0.0,0.0)
High SDI 231.17 340.92 12.67 (12.66,12.68) 12.36 (9.79,14.93) -0.2 (-03,-0.1)

@ Average annual percent change (AAPC): The 95% Crls of the AAPC were calculated by using the joinpoint regression model

b The mortality rates for age groups were not adjusted for age

In the countries of Central America, the United States,
Mexico, Venezuela, Ecuador, Kazakhstan, Norway, Swe-
den, Finland, Belarus, Ukraine, and Germany the trends
of CKD mortality rates will increase by 2030 with a
steeper slope than other countries where the trend of
CKD is increasing (Fig. 4). On the other hand, the CKD
mortality rates in Colombia and Brazil in Central Amer-
ica, most African countries, Russia, Mongolia, China,
Iran, India and other countries marked with green color
in Fig. 4-C will decrease by 2030.

Discussion

In the present study, we explored the temporal trends in
CKD mortality rates globally from 1990 to 2019. Addi-
tionally, we predict CKD age-adjusted mortality rates
and numbers until 2030. Our analysis revealed that the
CKD deaths number have increased significantly over the
past thirty years (1990 to 2019). This increasing trends
in CKD death numbers was observed in both sexes, all
disease subgroups by etiology, all groupings of countries
based on the sociodemographic index, and all age sub-
groups (except for people younger than 19 years). From
1990 to 2019, the global age-standardized mortality rate
due to CKD had two situations, a rapid increase between
1990 and 2010, and a flat or decreasing trend following
2010 (except for the age group younger than 19 years).

It is expected that the CKD age-adjusted mortality rate
will decrease by 2030, which is the opposite of the trends
observed in the last thirty years. This decreasing trend
was observed in women, men, all grouping countries
based on the SDI, all etiological groups of CKD except
glomerulonephritis, and people younger than 39 years.
The findings of this study revealed that people older
than 60 years in the world have the highest age-adjusted
mortality rate due to CKD compared to the other age
groups. In justification this issue, we must say with
increasing the age, we usually observe a decrease in the
amount of glomerular filtration and albuminuria (exces-
sive leakage of protein in the urine, which indicates kid-
ney disease). The last two events increase the risk of
adverse outcomes, including chronic kidney disease,
cardiovascular disease, and all-cause mortality, in elderly
individuals [21]. On the other hand, the world popula-
tion is aging. Currently, there are 420 million older adults
over 65 years in the world, and this number is expected
to reach 1.5 billion in 2050. This shows that the number
of older people is increasing in developed and develop-
ing countries [22]. These older people have many comor-
bidities; for example, more than 30% of them are obese,
almost 11% have diabetes, and 33% have high blood pres-
sure [23]. These outcomes are among the well-known risk
factors of CKD, and their comorbidity with old age and
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their increasing trend provide the basis for the occur-
rence and mortality from CKD in older adults. Epide-
miological evidence also shows that the high incidence of
cardiovascular diseases in the elderly is one of the under-
lying factors for chronic kidney disease. This is because
these two health outcomes are associated with common
risk factors, such as obesity, hypertension, and diabetes
mellitus [22].

Type 2 diabetes mellitus is the second leading cause of
death in patients with chronic kidney disease. Anemia is
a common complication that severely affects the clinical
outcomes of people with diabetes. Many observational
studies have shown that low hemoglobin levels increase
the risk of developing chronic kidney disease caused by
diabetes mellitus, cardiovascular complications, and
death [24].

According to the findings of the present study, the mor-
tality rate from chronic kidney disease is greater in men
than in women. In contrast, according to previous stud-
ies, the incidence rate in women is greater than that in
men [25]. The global sex difference in the CKD mortality
rate is likely the result of a complex combination of sex
and social factors, including unequal access to medical
care, kidney replacement therapy, and disease-stopping
therapy [25-27]. Additionally, according to a meta-analy-
sis of 30 observational studies, the progression of chronic
kidney disease in men is faster than that in women. Men
reach the final stages of CKD and its adverse conse-
quences, including dialysis, kidney transplantation and
death, faster than women due to prolonging reasons [28].
According to animal models, male animals experience
more severe kidney damage than their female counter-
parts. This causes a faster progression of the disease and
more and faster death in male animals with chronic kid-
ney disease than in females [29, 30]. Additionally, based
on numerous studies, men with CKD start dialysis later
than women, and compared to them, women pay more
attention to various aspects of their health. Women use
more medical care and diagnostic tests than men, so the
possibility of early diagnosis of various health outcomes,
including CKD, is greater for women than men. There-
fore, CKD is mainly diagnosed in men in the final stages,
where the mortality rate is higher [28, 31]. On the other
hand, according to the study conducted by Katran et al,,
renal survival in women with glomerulosclerosis was
greater than that in men, which explains the greater rate
of death due to chronic kidney disease in men than in
women [32].

In terms of the mortality trends, our analysis indi-
cated that the mortality rate due to chronic kidney dis-
ease decreased worldwide and decreased in people under
40 years old, both sexes, all grouping countries based
on the SDI, and all etiological subgroups (except for the
glomerulonephritis). To justify this decreasing trend, we
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can point out the expansion of the use of angiotensin-
converting enzyme inhibitors and angiotensin receptor
blockers in the treatment chronic kidney disease [33].
In addition to proper effectiveness, these medications
have advantages such as good tolerance and limited side
effects. The use of these interventions delays the onset
of the final stage of CKD and surgical kidney transplan-
tation, improves the survival time of chronic kidney
patients, and finally reduce the mortality from CKD.
On the other hand, the existence of common risk fac-
tors makes cardiovascular diseases prevalent in all stages
of chronic kidney disease. In recent years, expanding
the use of coronary artery bypass surgery and increase
the use of percutaneous coronary interventions has led
to the control of cardiovascular complications in CKD
patients and a reduction in the mortality rate caused by
heart diseases in these patients [34, 35]. These interven-
tions lead to the control of angina symptoms in patients
with chronic coronary diseases and increased survival
time in patients with acute coronary syndromes, and
in people who suffer from cardiovascular diseases and
chronic kidney diseases, these interventions reduce
the number of deaths due to heart complications [36].
Expanding the use of angiotensin-converting enzyme
inhibitors and angiotensin receptor blockers will lead to
the control of blood pressure, blood sugar, and the reduc-
tion of albumin excretion through urine, thereby reduc-
ing the mortality rate in chronic kidney diseases caused
by hypertension and diabetes mellitus [37]. Addition-
ally, the use of warfarin and aspirin at regulated doses
will lead to a reduction in stroke, systemic embolism,
and atrial fibrillation, and following these cases, we will
see a reduction in the mortality rate due to heart com-
plications in CKD patients [38, 39]. The use of vitamin K
antagonists or new oral anticoagulants in patients with
atrial fibrillation will reduce the mortality rate due to
cardiac complications caused by chronic kidney disease
[40]. Additionally, the results of a systematic review and
meta-analysis showed that the use of statins leads to a
reduction in all-cause mortality as well as cardiovascu-
lar disease mortality in CKD patients [41]. Since 1990,
the use of high-flux and high-quality filters has steadily
increased. According to a survey conducted by the Cen-
ters for Disease Control in 1994, high-flux filters were
used by 45% and high-quality filters by 51% of CKD
patients. The list of high-flux and high-quality treatments
for chronic kidney disease patients includes high-quality
hemodialysis, high-flux hemodialysis, intermittent hemo-
filtration, and intermittent hemodiafiltration. Expanding
the use of the aforementioned methods increased the
ability of dialysis centers to remove medium-weight toxic
molecules in CKD patients. In other words, in the final
stages of chronic kidney disease, the amount of glomeru-
lar filtration reaches less than 15 milliliters per minute,
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and the accumulation of toxins causes uremic syndrome.
This syndrome can lead to death. These deadly toxins
must be removed from the body using one of the three
methods of hemodialysis, peritoneal dialysis or kidney
transplant. Membranes or low flux filters that contain
small pores are unable to remove medium molecules due
to their small pores. In contrast, the use of filters or high-
flux membranes has more power in the clearance and
purification of urea. Therefore, the increase in the use of
high-flux filters or membranes leads to the improvement
of the quality of dialysis, the improvement of the quality
of life in patients with chronic kidney disease, the reduc-
tion of hospitalization in medical centers, the reduction
of treatment costs and, ultimately, the reduction of the
mortality rate due to CKD in the next decade [42—-44].

According to a study conducted by Shahbazi et al. in
2023, the CKD incidence rate will increase worldwide
and in the next decade [25], while based on the results
of the present study, we will see a decreasing trend in
the CKD mortality rate in the next decade worldwide.
This finding may be surprising at first because we would
expect to see a proportional increase in mortality rates
as the incidence rate increases. To justify this finding, we
can mention the expansion of access to diagnostic ser-
vices and the improvement of patient survival. In other
words, the increase in medical examinations in recent
years justifies the increasing trend in the incidence of
CKD because mild and moderate cases of this disease
have also been detected. The identification of milder
cases of CKD that are in the early stages of disease allows
more effective, less expensive, and less invasive treat-
ments to be offered to these patients, and subsequently,
the mortality rate due to CKD will decrease [45].

Our analysis revealed that the CKD mortality rate was
greater in low-SDI countries than in high-SDI countries.
This finding can be attributed to deprived countries hav-
ing less access to timely diagnostic services and subse-
quently less access to new and more effective treatment
methods [46].

This study has some limitations. First, the present
research is an ecological study, which by its nature pre-
vents causal inference due to aggregate data. In this con-
text, the level of data coverage and reporting of each
region can affect the results of trends and forecasts.
Second, as with all prediction models, our model can-
not forecast unexpected fluctuations or major changes in
trend. Third, in the present study, we used data from the
global burden of disease website for modeling. These data
were estimated from mathematical models based on sur-
veillance data rather than surveillance data. Therefore, all
these issues should be considered in the interpretation of
the results.
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Conclusions

In summary, CKD mortality is predicted to decrease
in the next decade. The most pronounced decrease is
expected among people with hypertension, people with
diabetes mellitus, and younger people, suggesting that
current prevention strategies should focus on subgroups
that still have an increasing trend until 2030. Effective
preventive measures are still needed to reduce death
from CKD in people with glomerulonephritis and people
older than 40 years.
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