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Objectives: The Inside CKD programme implemented a microsimulation
modelling approach to project the clinical and economic burden of chronic
kidney disease (CKD) between 2024 and 2027 in Hungary.

Methods: Using the peer-reviewed Inside CKD microsimulation, a virtual Hungarian
population was generated that was derived from national records, local demographic
data and published epidemiological data. These inputs defined the likelihood of a
change in health state for each individual as they progressed through the model in
annual increments. Individual CKD status, including disease progression, cardiorenal
complications and associated costs, was tracked annually to generate the
population-level projections of the clinical and economic burden of CKD.

Results: By 2027, people with CKD were projected to constitute 13.3% of the
Hungarian national population. The prevalence of heart failure, myocardial
infarction and stroke in people with CKD were projected to remain consistently
high, reaching 323 447, 69 188 and 120 118 by 2027, respectively. Kidney
replacement therapy cases were predicted to remain high at 20 515 in 2024 and
22 325 in 2027, with associated costs increasing from 71.4 billion HUF in 2024 to
79.6 billion HUF in 2027. Total annual healthcare costs associated with treating CKD
were projected to constitute 5.4% of the overall national healthcare budget in 2027.

Conclusions: Inside CKD demonstrates that the future burden of CKD in Hungary
will be substantial unless current management strategies change. The high
prevalence of undiagnosed CKD and associated cardiorenal complications
highlight the urgent need for policy interventions focused on early diagnosis
and timely intervention to mitigate the future burden of CKD.
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Introduction

Chronic kidney disease (CKD) is a serious, progressive
condition identified through abnormalities of kidney structure
and/or function that persist for over 3 months. Two tests are used
to diagnose CKD; a reduced estimated glomerular filtration rate
(eGFR) of < 60 mL/min/1-73 m” indicates impaired kidney
function, and an elevated albumin excretion rate (AER) of > 30
mg/g creatinine indicates kidney damage (1-3). CKD is classified by
the level of albuminuria (stages A1-3), and the reduction of eGFR
(stages G1-5). These factors are critical for charting the course of
the disease and, in recognition of this, the Kidney Disease:
Improving Global Outcomes (KDIGO) Expert Working Group
established a CKD assessment system to diagnose and classify
patients by disease stages (2). This approach uses a composite of
eGFR and AER values, in which stages increase in severity from 1 to
5 (1-4); in the early stages, patients gradually lose normal kidney
function but often remain asymptomatic, so may be initially
unaware of their illness (1). Patients in the latter stages are more
likely to experience kidney failure and to require kidney
replacement therapy (KRT) (3-6).

The different stages of CKD present different challenges for
policymakers and clinicians: patients in the milder stages of the
disease may have their disease undiagnosed, and so they do not
receive any medication or care. By stages 4 and 5, treatment is
intensive and invasive, and healthcare resources must be allocated
efficiently for effective disease management. These considerations
are important given the high prevalence of CKD: current estimates
suggest that it affects 9.1-13.4% of the population worldwide and
broadly correlates with age, with approximately one-third of
patients over 70 years old (1, 3, 7). Prevalence is expected to
increase in the future as a result of increased life expectancy (5),
but age is not the only driver of CKD, and several common
conditions also act as risk factors, such as diabetes and
hypertension (3, 4). CKD is also considered a risk factor for
cardiovascular complications such as heart failure (HF),
myocardial infarction (MI) and stroke, as well as increasing the
overall risk of mortality. As a result of these associations, patients
may have multiple chronic diseases that exacerbate the clinical
impact of CKD and complicate healthcare strategies, especially in
settings where resources may be scarce (3).

These trends are broadly consistent for Hungary, where a
prevalence study based on medical records from 2011 to 2019
provided insight into the national picture. These data were used to
estimate that 14.0% of the population had CKD, a relatively high
frequency compared with estimates for the global population (1, 3,
8). The study also found relatively substantial rates of comorbid
conditions and complications in the diagnosed CKD population,
namely, diabetes (41.5%); hypertension (70.2%); HF (20.5%); stroke
(10.5%); and MI (9.4%) (8). When considering prevalence data for
Hungary, it is notable that the country has sustained a persistent
decline in its population for four decades; census data suggest a
decrease of over 1 million people has occurred in this timeframe,
with the United Nations estimating a population decrease of as
much as one-third by 2070 (9). This means that a persistently high
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proportion of the population of Hungary may have CKD, even if, in
numerical terms, the number of cases falls as the overall
population declines.

Although these findings usefully illustrate the scale of the issue,
they can only reflect the situation during this particular time period
in Hungary; optimising policy requires anticipation of future
epidemiological trends. Predictions can be enhanced by
complementing current epidemiological studies with simulations
in which models project the long-term scope of a given disease at
both the population level and the individual level. In some cases,
these simulations can be further used to predict the outcomes
associated with different policy interventions (10). The use of
microsimulations in particular can provide valuable insights for
evaluating the impact of interventions in a real-world setting,
because they can take account of the risk factors and predict how
these may change over time.

Inside CKD uses a microsimulation model of a virtual
population based on known demographic, epidemiological and
economic data sources to analyse the projected prevalence and
burden of CKD. It can also account for the impact of national-level
interventions, such as screening programmes, to raise disease
awareness and assess potential strategies (10). The objective of
this study was to adapt the microsimulation modelling approach of
Inside CKD to a Hungarian setting to project the national clinical
and economic burden of CKD between 2024 and 2027.

Methods

The Inside CKD research programme developed a
microsimulation model to quantify the future clinical and
economic burden of CKD, and to assess the potential long-term
impact of different interventions.

A detailed description of the model that was initially tested
using a UK case study has already been published (10). In brief, the
Inside CKD microsimulation generated a hypothetical cohort of 20
million individuals aged between 0 and 110 years. This virtual
population was based on predefined demographic, epidemiological
and economic data sources specific to Hungary. Each individual in
the modelled population was assigned demographic characteristics
(age and sex), and baseline eGFR and AER values; these criteria
allowed the model to classify individuals with a CKD status (no
CKD or CKD stages 1-5). CKD stages were based on the severity of
the disease and comprised a composite of AER and eGFR, as
described in the KDIGO guidelines (Supplementary Table 1) (2).
For the population with CKD, current diagnosis rates were used to
estimate the proportion who were undiagnosed. The likelihood of
developing CKD (in the healthy population), the worsening of
eGFR and AER values (signifying disease progression in the CKD
population), and other clinical and economic parameters were
modelled annually over the 4-year simulation (Supplementary
Figure 1). Individual clinical characteristics and regression
analyses were based on the DISCOVER CKD database and used
to generate estimates of disease progression based on eGFR and
AER values (11).
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To evaluate the robustness of the model, sensitivity analyses of
the key parameters (e.g. the impact of changes in assumptions,
discount rates and the use of proxy data on outcomes) were
performed on the UK case study (10). Parametric uncertainty was
analysed for the UK case study based on eGFR slopes, relative risks,
KRT and diagnosis rates. The following validity types were assessed:
face validity, internal validity, external validity, predictive validity
and cross-validity; these have been recently published (10, 12, 13).
For Hungary, the sensitivity analysis examined the impact of a 10%
increase and a 10% decrease in diagnosis rates on CKD prevalence
(Supplementary Figure 2).

In this study, Hungary-specific data were used to generate local
inputs: population, disease burden, CKD status, eGFR slopes, KRT
and costs (Supplementary Table 2). For the clinical and economic
burden of CKD, a time frame from 2024 to 2027 was used and the
analysis was carried out from the national healthcare perspective
of Hungary.

Input variables

General population data, categorised by sex and age, were
derived using entries for Hungary from a United Nations
database (9), which also provided estimates for fertility rates and
live births (9). Mortality was based on data from the Human
Mortality Database for Hungary (14). Clinical input variables
were derived from the real-world financing database of the
Hungarian National Health Insurance Fund (NHIF) and were
based on a 5.5-year study period (2016-2021). The NHIF
database covers almost all of the Hungarian population; in the
analysis, the majority of the Hungarian population was assumed to
have access to healthcare (94%) and/or to be registered with a
primary care physician (99%) (15, 16). The database allowed
retrospective analysis of longitudinal data, which were available as
aggregated outputs. The prevalence of comorbid conditions and
complications (namely, diabetes, hypertension, HF, stroke and MI)
were also determined from this database. The frequency, cost and
modality of KRT were sourced from the Hungarian Society of
Nephrology (MANET) database (2016-2019) (17), the NHIF
database, and a comprehensive publication by O’Callaghan and
colleagues (18). The MANET database included patients treated in
one of the dialysis centres in Hungary, and only patients with
chronic disease were included (Supplementary Table 2).

Costs were taken from NHIF turnover data. Outpatient costs
were characterised using International Statistical Classification of
Diseases (that included reimbursement costs) and Related Health
Problems codes, and inpatient care costs were based on diagnosis-
related groups. All costs were presented in Hungarian forint (HUF).
All financial estimates were modelled in accordance with the
Hungarian national healthcare system before validation by local
experts. These financial estimates have been previously reported in
the published Inside CKD cost library (19) and additional detail is
provided in Supplementary Table 2.
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Hungary-specific data were not always available for a specific
input variable; in these cases, proxy data from other countries with
similar demographic or healthcare profiles were used as follows:
eGFR and albuminuria rates, data from Poland; KRT initiation
thresholds and treatment probability, data from the UK; prevalence
of transplantation, type 2 diabetes and hypertension, data from
Romania; and diagnosis rates, data from the UK and USA. Some of
the Hungarian cardiovascular complication data were also
supplemented with US findings. Proxies were chosen based on an
algorithm that assessed comparability of epidemiology between
countries with available data and Hungary, and were further
refined by a scientific steering committee that oversaw clinical
and protocol decisions for the Inside CKD project (10).

Output variables

For the clinical burden, we estimated the projected prevalence
of CKD by stage and for diagnosed versus undiagnosed individuals,
comorbidity status, the presence of cardiovascular complications,
KRT frequency and modality, and all-cause mortality. Direct costs
for patients with diagnosed CKD were estimated using local
literature and databases, and were product agnostic. Indirect
costs, hospitalisation costs and medication were not included, but
treatment costs of KRT (haemodialysis, peritoneal dialysis, and
transplantation surgery and maintenance) and costs associated with
HF, MI, and stroke were included.

Results
Disease burden of CKD in Hungary

In our simulation, the number of people with CKD was projected
to decrease from 1.28 million individuals in 2024 to 1.25 million in
2027, but the relative proportion of the overall population was
projected to remain stable and high (13.4% in 2024, 13.3% in
2027). When younger patients were excluded, adult patients with
CKD (= 18 years old) were projected to constitute 15.8% of the overall
population by 2027. Of the people predicted to have CKD in 2027, the
model estimated that only 27.0% (0.3 million) would have a formal
diagnosis. The distribution of CKD stages varied, with diagnoses
proportionately higher in later stages of CKD (Figure 1). The use of
KRT was projected to increase from 20 515 in 2024 to 22 325 by 2027.
In terms of modality, by 2027, 7911 (35.4%) people were projected to
require haemodialysis, 1250 (5.6%) to need peritoneal dialysis, and 13
164 (59.0%) to require a kidney transplant (Figure 2).

In the microsimulation timeframe (2024-2027), cardiovascular
complications for HF, MI, and stroke were projected to remain high
and stable across all CKD stages, reaching an overall prevalence of
323 447, 69 188 and 120 118 people, respectively, by 2027 (Table 1).
Most of these cases of HF, MI and stroke were estimated to occur in
patients with CKD stage 3 (n = 239 657, 51 944 and 86 642,
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FIGURE 1

Projected prevalence, total cases (A), undiagnosed cases (B) and diagnosed cases (C) by chronic kidney disease stage in Hungary from 2024 to 2027.
CKD stage 5 includes patients undergoing kidney replacement therapy. Diagnosed CKD represents people with a medical record of the condition.

CKD, chronic kidney disease.
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respectively), reflecting the size of this population relative to the
populations of other stages. Comorbidities commonly associated
with CKD - namely, hypertension and type 2 diabetes — were
projected at consistently high rates, which were maintained across
the simulation time period (Table 2). By 2027, within the CKD
population 657 007 people were projected to also have
hypertension, 92 824 to have type 2 diabetes and 250 258 to have
both conditions. Annual mortality was highest in the population of
people with undiagnosed CKD (n = 913 707 versus 338 710 in the
diagnosed population in 2027). The risk of death was predicted to
be highest in the later stages of CKD, although in terms of absolute
numbers, the burden was predicted to be highest in CKD stage 3a
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and stage 3b relative to other stages, again owing to a larger overall
number of patients in this category (Figure 3).

Economic burden of CKD in Hungary

The total annual healthcare costs associated with diagnosed
CKD and excluding KRT were likely to remain high, at 54.0 billion
HUF in 2024 and 51.4 billion HUF in 2027. However, the cost of
KRT was projected to be 71.4 billion HUF in 2024, increasing to
79.6 billion HUF in 2027, illustrating the impact of disease stage and
kidney failure on costs. The proportion of total annual healthcare
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TABLE 1 Projected prevalence of cardiovascular complications by chronic kidney disease stage.

Heart failure Myocardial infarction Stroke
2024 2027 2024 2027 2024

Stage 1 1685 2036 327 399 579 712
§ Stage 2 4250 4225 906 887 1779 1777
?.{ Stage 3a 14 684 15 453 3177 3336 5290 5531
g Stage 3b 4705 3682 1035 812 1782 1387
E Stage 4 560 276 117 64 229 125

Stage 5 75 154 16 27 33 59

Population given as a proportion of people with diagnosed chronic kidney disease.

TABLE 2 Projected prevalence of comorbidities in people with chronic kidney disease.

Hypertension only

Type 2 diabetes only

Type 2 diabetes
and hypertension

2024 2027 2024 2027 2024 2027

Stage 1 52 029 51928 7520 7528 24 338 24 420

§ Stage 2 51 874 51 594 7540 7644 24 647 24 850
i:; Stage 3a 52 316 52 530 7548 7519 17 496 17 096
g Stage 3b 52 833 55 145 6734 6134 15732 13 949
E Stage 4 53 265 56 441 6649 5442 15 956 14 313
Stage 5 50 766 47 663 7311 9063 16 975 20 948

Population given as a proportion of people with diagnosed CKD; people with CKD may also have had other comorbidities that were not factored into the virtual scenario. CKD, chronic

kidney disease.

expenditure in Hungary spent on diagnosed CKD was projected to
reach 5.4% by 2027, most of which comprised KRT costs (1.7% for a
kidney transplant, 1.5% for haemodialysis and 0.2% for peritoneal
dialysis). Complications arising from CKD were estimated at 2.7
billion HUF for HF, 8.4 billion HUF for MI and 20.1 billion HUF
for stroke in 2024, with the equivalent values for 2027 at 2.5 billion
HUF for HF, 7.8 billion HUF for MI and 18.5 billion HUF
for stroke.
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Sensitivity analysis

As diagnosis rates were not available for Hungary, a US proxy
was used in the analyses. Therefore, the effect of the proxy on the
results was assessed in a sensitivity analysis in which CKD prevalence
was projected using a 10% increase and decrease in diagnosis rates.
When the analysis was run, diagnosed cases were projected to reach
between 0.23 million and 0.45 million cases by 2027.
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Projected mortality by chronic kidney disease diagnosis status. Diagnosed CKD represents people with a medical record of the condition. CKD,

chronic kidney disease.

Discussion

Our analysis projects a substantial burden of CKD in Hungary,
underscoring the need to identify solutions to mitigate the clinical
and economic effects of the disease. Although the Inside CKD
programme takes a global perspective, the importance of
considering projecting data at the national level is a critical aspect
of raising awareness and stimulating political debate on the value of
healthcare strategies.

The population of Hungary has been in decline since 1981,
when the population size was 10 711 848; current estimates for 2023
suggest a figure of 9 599 744 (20). This general population trend
explains the decrease from 1.28 million cases of CKD to 1.25 million
cases of CKD. However, the overall proportion of people with the
condition will remain high at approximately 13%, suggesting that
the disease will continue to pose a substantial challenge and, in
relative terms, that prevalence remains stable. When only the adult
population (> 18 years old) is considered, patients with CKD are
projected to constitute 15.8% of the population by 2027, notably
higher than the prevalence observed for other Inside CKD regions
(12). This observation may partially be explained by the prevalence
of underlying risk factors that predispose individuals to CKD:
Hungary has comparatively high rates of hypertension (21),
coronary heart disease (22), stroke (22), smoking (23) and obesity
(24). Additionally, the proportion of the population aged 65 years
and over is relatively high for Hungary compared with other Inside
CKD regions (25).

The projected CKD population consisted of diagnosed and
undiagnosed patients, with the latter category comprising the
majority of this population: nearly two-thirds of people with
CKD in 2027 are projected not to have received a diagnosis.
Corresponding global data show a similar trend of under-
recognition and undertreatment (1), and even those with CKD
stage 3, when symptoms may become apparent, remain
undiagnosed in 61.6-95.5% of cases (5). Early detection of CKD
is an obvious prerequisite of treatment that can, if given
appropriately, delay disease progression. Timely therapeutic
intervention may mitigate long-term morbidity and mortality and
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may delay the development of kidney failure (3). This may be
particularly relevant to the Hungarian healthcare context given the
disproportionate impact of late-stage CKD on resources. In our
Hungarian data set, patients receiving KRT were projected to
constitute a relatively small population group compared with
those of earlier stages of CKD, yet they had the highest relative
financial burden. Given that KRT cases were projected to increase
despite general population trends, policymakers may assume that
budget allocation for this demographic will remain high. Disease
progression is also associated with an increased risk of cardiorenal
symptoms, which affect quality of life and increase the risk of
mortality. The latter in particular, is concerning, given that the
Global Burden of Disease study found that the all-age mortality due
to CKD increased by 41.5% during the analysed period (3) and our
findings broadly corroborate these results, although it should be
noted that deaths cannot be attributed solely to CKD.

Although the microsimulation provided projections up to 2027,
we can hypothesise that this population of patients with moderate
disease may progress to the more severe category if effective
treatments are not used, driving costs up further. If no changes
are made to the current management of CKD, the clinical and
economic burden will be substantial. Early treatment — when
appropriate — may have a crucial role in protracting the
progression of CKD and delaying, or even preventing, the need
for invasive KRT strategies. Such interventions are dependent on
diagnosis, which is unacceptably low in the current paradigm. The
benefits of an early diagnosis include the opportunity for treatment,
the monitoring of other, associated health complications and
potential comorbidities, and the empowerment of the patient to
make lifestyle and therapeutic decisions.

As with any simulation, the data generated were heavily
dependent on the input variables and assumptions used to
construct the model. In terms of costs, hospitalisation costs were
excluded and costs associated with CKD stages 1 and 2 were
assumed to be zero; in both cases, this was because of potential
confounding with other conditions that might lead to an
overestimation. Costs were calculated for patients with diagnosed
CKD only, because undiagnosed patients are likely to be untreated,
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and indirect costs could not be accounted for owing to a lack of
suitable economic data for modelling. Combining these
assumptions, it is likely that our financial costs are conservative;
however, the costs for complications were potentially accounted for
in the costs for CKD, so they may have been slightly overestimated.
In terms of clinical limitations, the use of proxy data in the absence
of published or registry data for Hungary may have introduced
uncertainty into the simulation; however, given the flexible nature of
the microsimulation, it can be re-run to include more accurate data as
new epidemiological research emerges. Notably, the use of registry
data for Hungary to capture more specific input data may improve
accuracy. Regarding model uncertainty, a comprehensive, stochastic,
parametric uncertainty analysis is unsuitable for large-scale non-linear
models, such as the Inside CKD microsimulation. Therefore, a global
sensitivity analysis was carried out on diagnosis rates (Supplementary
Figure 2), which is a validated approach for assessing the parametric
uncertainty for individual parameters (26). Finally, the simulations did
not account for the impact of the COVID-19 pandemic and
sociopolitical events that may have indirectly affected healthcare was
not accounted for. Again, future simulations may enable modelling of
these events and other significant variables.

The projected clinical and economic burden demonstrates the
necessity of policy interventions. Targeted policies could be
orientated towards risk factors for CKD, addressing the
underlying factors that may be driving prevalence. For example,
food reformulation programmes have been successfully used to
reduce salt in processed foods, a known risk factor for hypertension
(27, 28). More direct interventions could include screening at-risk
patients, such as those with type 2 diabetes or hypertension (29),
which would facilitate the diagnosis of patients with early-stage
CKD and enable the earlier use of medications. An effective
programme would rely on cooperation between primary and
secondary care and would support communication and
cooperation between primary care physicians, cardiologists,
diabetologists and hypertension experts (1).

Our study corroborates existing concerns regarding the scale of
CKD and, in particular, its impact on healthcare systems. By
exploring the data for a single country (Hungary), we were able
to consider these data in a national context, quantifying and
projecting key epidemiological data into the near future. We
demonstrated a stable, persistent and high prevalence of CKD in
the general population, associated with a high prevalence of
cardiovascular complications and mortality, as well as extensive
treatment costs. If no remedial action is taken proactively to manage
the drivers and progression of CKD, the future disease burden will
be considerable. Clinical inertia and stagnation need to be
challenged with active measures to identify, diagnose and treat
patients with CKD.
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