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Abstract

Background and Objectives: Chronic kidney disease (CKD) risk classification depends on
reduced estimated glomerular filtration rate (¢éGFR) and kidney-damage markers such as
albuminuria or proteinuria. National screening statistics can identify population-level sig-
nals—referred to here as screening-based kidney risk indicators and abnormal screening
prevalence—that serve as proxy indicators rather than confirmed CKD diagnoses, and
require confirmatory testing when abnormal. Materials and Methods: This retrospective re-
peated cross-sectional ecological trend study analyzed National Health Insurance Service
(NHIS) health-screening aggregate tables distributed through the Korean Statistical Infor-
mation Service (KOSIS), representing individuals who underwent NHIS health screening
rather than all insured individuals. Age- and region-stratified tables for eGFR, serum cre-
atinine, urine protein, triglycerides, and hemoglobin were used. Non-eGFR indicators
covered 2010-2024 and eGFR covered 2012-2024. Operational endpoints were eGFR < 60
mL/min/1.73 m?, serum creatinine > 1.5 mg/dL, dipstick proteinuria >1+, triglycerides >
150 mg/dL, and sex-specific anemia proxy; triglycerides and the anemia proxy were
treated as associated metabolic/hematological indicators rather than kidney-specific end-
points. Crude national trends were supplemented with direct age-standardization (to the
2024 screening population) for eGFR, creatinine, proteinuria, and triglycerides, and with
sex-stratified trends for all indicators. Binomial logit generalized linear models with cal-
endar year as the predictor generated 2025-2028 forecasts; forecast reliability was assessed
by temporal hold-out validation (fitting through 2020, predicting 2021-2024) and a recent-
window (2018-2024) sensitivity analysis, and 95% bootstrap prediction intervals were de-
rived by resampling model residuals and parameter uncertainty. Regional ecological cor-
relations were assessed by Pearson and Spearman methods. Results: Dipstick proteinuria
>1+increased from 2.20% (age-standardized 2.34%) in 2012 to 3.71% in 2024 and was fore-
cast to reach 4.64% (95% bootstrap prediction interval [PI], 4.50-4.83%) in 2028. eGFR < 60
decreased from 4.13% (age-standardized 5.20%) in 2012 to 3.43% in 2024, with a 2028 fore-
cast of 3.06% (95% PI, 2.88-3.27%); the age-standardized decline was steeper than the
crude decline, indicating the finding is not an artifact of population aging. Hold-out vali-
dation supported the eGFR, creatinine, and proteinuria forecasts (mean absolute error
0.05-0.14 percentage points) but showed poor fit for triglycerides and the anemia proxy,
whose forecasts are reported as exploratory only. In 2024, eGFR < 60 reached 41.61%
among persons aged > 85 years. Jeonnam had the highest crude regional eGFR < 60 prev-
alence (5.09%), though regional comparisons could not be age-standardized. Regional
eGFR < 60 was strongly correlated with elevated serum creatinine (Pearson r = 0.954, p <
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0.001), reflecting their mathematical dependence rather than independent validation, and
moderately correlated with the anemia proxy (Pearson r = 0.611, p = 0.009). Conclusions:
NHIS/KOSIS screening data showed an age-standardization-robust upward proteinuria
signal and persistent age-concentrated kidney function abnormalities. The findings sup-
port confirmatory testing after abnormal screening results and targeted kidney-risk fol-
low-up, but they should not be interpreted as confirmed CKD incidence or prevalence.

Keywords: chronic kidney disease; estimated glomerular filtration rate; proteinuria;
national health insurance service; health screening; epidemiology; Korea; forecasting;
generalized linear model

1. Introduction

Chronic kidney disease (CKD) is a major public-health concern because reduced kid-
ney function and kidney-damage markers are associated with cardiovascular disease, kid-
ney failure, mortality, and health-system burden [1,2]. The global burden of CKD has been
extensively documented, with estimates suggesting that approximately 9.1% of the
world’s population is affected, and with the burden concentrated disproportionately
among older adults and in regions with high rates of diabetes and hypertension [3,4].
More recent Global Burden of Disease estimates indicate that CKD has risen substantially
in the ranking of causes of death and disability-adjusted life-years over the past three dec-
ades, a trend attributed to population aging, rising prevalence of diabetes and obesity,
and improved survival with earlier, non-fatal stages of CKD that would previously have
gone undetected [5]. CKD is typically classified using the Kidney Disease: Improving
Global Outcomes (KDIGO) framework, which combines the estimated glomerular filtra-
tion rate (eGFR) category and albuminuria/proteinuria category into a composite risk
grid; this classification requires both an estimate of excretory kidney function and a
marker of structural kidney damage, each of which can be assessed through different,
complementary laboratory tests [6,7].

South Korea provides a distinctive setting in which to study population-level kidney-
risk indicators because of its near-universal National Health Insurance Service (NHIS)
coverage and nationally mandated, employer- and government-linked biennial general
health-screening program, which has operated at national scale since the early 2000s and
includes routine serum creatinine, urine dipstick, and, more recently, eGFR reporting for
the large majority of the insured adult population who elect to attend screening. Korea
has also undergone rapid demographic aging over the past two decades, with the propor-
tion of the population aged 65 years and older rising sharply, alongside a high and rising
prevalence of type 2 diabetes and hypertension, the two leading causes of CKD world-
wide [8]. These features make Korea’s national screening data a valuable, if imperfect,
resource for tracking population-level kidney-risk signals over time, provided that the
well-recognized limitations of aggregate, cross-sectional screening data—as opposed to
individual-level, longitudinal clinical cohort data—are explicitly acknowledged through-
out the analysis and interpretation.

Population health-screening programs can provide early signals of kidney risk, espe-
cially when screening abnormalities cluster by age group, sex, or region. However, screen-
ing results alone cannot establish a CKD diagnosis because clinical classification requires
persistence of abnormal findings for at least three months and appropriate confirmatory
testing [6,7]. The distinction between abnormal screening prevalence as proxy indicators
rather than confirmed CKD diagnoses is essential for an appropriate interpretation of ag-
gregate administrative data; a single abnormal screening result may reflect transient phys-
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iological variation, acute illness, medication effects, or laboratory measurement error ra-
ther than persistent kidney dysfunction, and only a minority of individuals with a single
abnormal screening result will ultimately receive a confirmed CKD diagnosis after appro-
priate follow-up testing.

Reduced eGFR and proteinuria/albuminuria are the two indicators of most direct rel-
evance to CKD risk classification. eGFR, most commonly estimated from serum creatinine
together with age and sex using validated equations such as the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) or Modification of Diet in Renal Disease (MDRD)
equations, provides an indirect measure of excretory kidney function and declines pro-
gressively as functioning nephron mass is lost [6]. Proteinuria, detected here using semi-
quantitative urine dipstick testing, reflects increased permeability of the glomerular filtra-
tion barrier to plasma proteins and is an independent marker of kidney damage and car-
diovascular risk even when eGFR remains within the normal range [1]. Elevated serum
creatinine and dipstick proteinuria have each individually been associated, in large pop-
ulation cohorts, with increased risk of all-cause mortality, cardiovascular events, and pro-
gression to kidney failure, with risk increasing steeply and continuously as eGFR falls and
proteinuria rises [1,2]. Beyond these two primary indicators, elevated triglycerides and
anemia are both well-documented, bidirectionally associated correlates of reduced kidney
function: dyslipidemia arises partly from impaired lipoprotein clearance and altered li-
pase activity in CKD, while anemia arises predominantly from reduced renal erythropoi-
etin production as functioning kidney tissue is lost, compounded by iron-handling abnor-
malities associated with chronic inflammation. Because these two indicators are widely
available in national screening data and are clinically actionable in their own right (as
cardiovascular and hematological risk factors, respectively), they are included in this anal-
ysis as associated metabolic and hematological screening indicators that commonly co-
occur with, but are not equivalent or specific markers of, reduced kidney function; this
conceptual distinction is described in full in Section 2.3.

Prior analyses have examined trends in eGFR, proteinuria, and related biomarkers in
clinical cohorts and registry data, demonstrating strong associations between declining
eGFR and adverse outcomes including end-stage renal disease and all-cause mortality
[1,2,9]. Most of this evidence, however, derives from selected clinical cohorts, insurance
claims among individuals already diagnosed with CKD or related comorbidities, or sin-
gle-center registries, which may not represent the general screened population and cannot
easily be used to monitor population-level temporal trends in kidney-risk indicators over
a multi-year or multi-decade horizon. Nationally representative, repeated cross-sectional
screening data offer a complementary source of population-level surveillance infor-
mation, analogous to the role played by national health examination surveys in other
countries, but population-level screening indicator trends among individuals undergoing
NHIS health screening in Korea, stratified by age, sex, and region, and extended to short-
term forecasting, have received comparatively little attention in the published literature
[8,10]. In particular, we are not aware of prior published work that jointly (i) reports long-
term (2010-2024) national trends across this specific panel of five screening indicators; (ii)
distinguishes crude from age-standardized trends to separate true epidemiological
change from population aging; (iii) generates validated, uncertainty-quantified short-term
forecasts using a transparent statistical methodology appropriate for a short, annual, ag-
gregate time series; and (iv) explicitly frames all endpoints as screening-based proxy in-
dicators requiring confirmatory testing, rather than as directly interchangeable with con-
firmed CKD diagnoses.

This study used NHIS/KOSIS aggregate screening tables to evaluate national, age-
specific, sex-specific, and regional kidney-related screening indicator trends in Korea
through 2024 and to generate model-based forecasts for 2025-2028. The analysis focused
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on screening-based kidney risk indicators—proxy indicators rather than confirmed CKD
diagnoses —including reduced eGFR, elevated serum creatinine, dipstick proteinuria, el-
evated triglycerides, and a sex-specific anemia proxy [11,12]. Specifically, this study aimed
to (1) describe crude and age-standardized national annual trends in each indicator from
2010 (or 2012 for eGFR) through 2024; (2) characterize age-specific and sex-specific pat-
terns in 2024; (3) describe regional variation and ecological correlations among indicators
across 17 administrative regions in 2024; (4) generate and rigorously validate short-term
(2025-2028) forecasts for each indicator, explicitly quantifying and communicating fore-
cast uncertainty; and (5) interpret all findings within an explicit framework that distin-
guishes screening-based abnormal prevalence from confirmed CKD incidence or preva-
lence, in order to support appropriately cautious clinical and public-health interpretation
of these national administrative data.

2. Materials and Methods
2.1. Study Design and Data Source

This was a retrospective repeated cross-sectional ecological trend study of aggregate
health-screening statistics from the National Health Insurance Service (NHIS) [12] distrib-
uted through the Korean Statistical Information Service (KOSIS) [11]. The unit of observa-
tion was the calendar year, not the individual examinee; consequently, the design was
repeated cross-sectionally and ecologically rather than longitudinally, and it could not
track individual examinees across years. The study population comprised individuals
who underwent the NHIS general health-screening examination in each calendar year,
not all NHIS-insured individuals or the general Korean population; screening coverage
among eligible insured adults is high (routinely cited at approximately 70-75% biennial
participation nationally) but not complete, and non-participants may differ systematically
from participants. The NHIS general health-screening program is offered biennially to in-
sured adults aged > 20 years (annually for specific occupational and age-based sub-
groups); because screening is offered on a roughly two-year cycle, a given individual may
or may not contribute an observation in any single calendar year, and the same individual
may appear in the aggregate denominator of multiple years. Aggregate publicly released
tables do not permit de-duplication of repeat examinees across years, which is acknowl-
edged as a limitation in Section 4.1.

2.2. Data Extraction and Variable Construction

Age- and region-stratified distributions by sex for eGFR, serum creatinine, urine pro-
tein (dipstick), triglycerides, and hemoglobin were retrieved from the following publicly
available KOSIS aggregate table series (all accessed on 15 May 2026 via https://kosis.kr):
“Regional/Age-Specific Distribution of Estimated Glomerular Filtration Rate” (Sido-
byeol/Yeonryeong-byeol Sinsagucheveogwayul Bunpohyeonhwang), “Regional/Age-
Specific Distribution of Serum Creatinine” (Sido-byeol/Yeonryeong-byeol Hyeol-
cheongcreatinine Bunpohyeonhwang), “Regional/Age-Specific Distribution of Urine Pro-
tein” (Sido-byeol/Yeonryeong-byeol Yodanbaek Bunpohyeonhwang), and “Re-
gional/Age-Specific Distribution of Triglycerides” (Sido-byeol/Yeonryeong-byeol Triglyc-
eride Bunpohyeonhwang), each published by NHIS as part of the national health-screen-
ing statistical release. Non-eGFR indicators were available for 2010-2024; eGFR tables
were available from 2012 onward because eGFR was not reported as a separate screening
category before that year. Each table reports counts cross-tabulated by 5-year age band
(219 to 285 years) and by sex, or by the 17 first-level administrative regions and sex, within
pre-defined laboratory-value categories (for example, eGFR bands of <30, 30-39, 4049,
50-59, 60-79, 80-99, 100-149, and >150 mL/min/1.73 m?). Operational thresholds used in
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this study (Section 2.3) were constructed by summing the relevant published categories;
no re-binning of raw continuous values was required or possible because KOSIS releases
only the pre-aggregated categorical counts. Cells suppressed by the data provider for
small counts and any category with a non-numeric placeholder were treated as zero; this
affected a small number of cells in the oldest age strata and did not materially affect na-
tional totals. Denominators differ across indicators because eGFR, creatinine, protein, and
triglyceride panels are not always ordered together in the same screening visit, and be-
cause hemoglobin is drawn from the complete blood count component of the screening
panel; each indicator’s denominator is therefore the number of examinees with a valid
result for that specific test in that year, not the total number of screening participants. The
tables do not report fasting status, assay platform, or whether laboratory methods or ref-
erence ranges changed over the study period; this is acknowledged as a limitation (Section
4.1). Age- and sex-specific counts in the source tables were used directly as published; no
further aggregation, imputation, or recoding was performed by the authors beyond sum-
ming category counts into the operational endpoints defined in Section 2.3.

2.3. Operational Endpoints

Reduced eGFR was defined as <60 mL/min/1.73 m? in accordance with KDIGO 2024
guidelines [6]. The KOSIS aggregate tables report pre-classified eGFR category counts as
released by NHIS; the specific estimating equation (e.g., CKD-EPI 2009, CKD-EPI 2021, or
MDRD) and whether it changed between 2012 and 2024 is not disclosed in the publicly
released aggregate tables and could not be independently verified for this analysis. Any
change in the estimating equation or in creatinine assay calibration over the study period
could produce an apparent temporal change in reduced-eGFR prevalence that does not
reflect a true change in kidney function; this is an important limitation of using pre-aggre-
gated, equation-agnostic public statistics and is discussed further in Section 4.1. Elevated
serum creatinine was defined as >1.5 mg/dL, a threshold commonly used in prior Korean
NHIS-based screening reports as an approximate, assay-based marker of substantially re-
duced kidney function [1,2]; because a single absolute threshold does not account for age,
sex, or muscle mass, this indicator will under-ascertain reduced kidney function in many
older adults and in women, and is reported as a supplementary, more specific but less
sensitive marker alongside eGFR rather than as a primary endpoint. Dipstick proteinuria
was defined as >1+, following conventional semi-quantitative dipstick reporting used in
the NHIS screening program [6,7]. Elevated triglycerides were defined as 2150 mg/dL, the
threshold used in the National Cholesterol Education Program/Adult Treatment Panel III
and subsequent metabolic syndrome criteria [13]. The anemia proxy was sex-specific: he-
moglobin < 13 g/dL for men and <12 g/dL for women, following World Health Organiza-
tion anemia thresholds [6,7]. Reduced eGFR and dipstick proteinuria are the two indica-
tors directly relevant to CKD risk classification under KDIGO criteria. Elevated triglycer-
ides and the anemia proxy are not specific or equivalent markers of kidney disease: the
triglyceride threshold reflects a cardiovascular and metabolic risk indicator that is fre-
quently co-elevated with, but mechanistically distinct from, reduced kidney function,
while the anemia thresholds applied here are general population anemia definitions ra-
ther than kidney-specific anemia criteria (which would additionally require the exclusion
of iron deficiency, inflammatory, and other non-renal causes, information unavailable in
these aggregate tables). These two indicators are therefore reported and interpreted
throughout as associated metabolic and hematological screening indicators that com-
monly co-occur with reduced kidney function at the population level, rather than as kid-
ney-screening endpoints in the same sense as eGFR and proteinuria; this distinction is
now stated explicitly here and reiterated in Section 4.
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2.4. Statistical Analysis

Annual crude prevalence was calculated as the abnormal count divided by the total
examined count for each indicator and year. For the anemia proxy, male and female ab-
normal counts were calculated using sex-specific thresholds and then summed for total
prevalence. National crude annual prevalence is reported alongside age-standardized an-
nual prevalence (Section 2.5) so that temporal changes in the age composition of the
screened population can be distinguished from changes in age-specific abnormality rates.
Sex-stratified national annual prevalence and forecasts are additionally reported for all
five indicators (Section 3.1) because abnormality rates and trends differed materially by
sex. Region-level ecological correlations in 2024 were assessed across 17 administrative
regions using Pearson and Spearman correlations, with exact 95% confidence intervals
calculated for each correlation coefficient using Fisher’s z-transformation; given that six
pairwise correlations were tested, results are interpreted with attention to multiple com-
parisons rather than as a family of independent hypothesis tests. Two-sided p values <
0.05 were considered statistically significant, except where noted otherwise. All statistical
analyses were performed in R version 4.3 (R Foundation for Statistical Computing, Vienna,
Austria).

2.5. Age Standardization

Because the screened population’s age structure is likely to have shifted over the 13-
15-year study window and reduced eGEFR, elevated creatinine, and the anemia proxy are
all strongly age-dependent (Section 3.2), crude national annual prevalence for eGFR, cre-
atinine, proteinuria, and triglycerides was additionally directly age-standardized to a
fixed reference population, defined as the observed 2024 national screening population’s
age distribution (16 five-year age bands from <19 to >85 years), using sex-combined age-
specific counts from the corresponding KOSIS age-stratified tables. For each year, the
standardized rate was calculated as the sum, over the 16 reference age bands, of the year-
and age-band-specific crude abnormality rate multiplied by the corresponding 2024 ref-
erence-population weight. Age-standardized trends could not be computed for the ane-
mia proxy because an age-stratified hemoglobin table was not available at the time of this
analysis; this is noted as a limitation (Section 4.1). Age-standardized regional comparisons
for 2024 (addressing whether regional differences in Table 1 reflect population age struc-
ture) could similarly not be computed because the publicly released regional tables report
region x sex counts but not a region x age x sex cross-tabulation; this is also acknowledged
as a limitation, and regional crude rates in Table 1 should accordingly be interpreted with
caution given the steep age gradients shown in Section 3.2.

Table 1. Regional crude prevalence across screening endpoints in 2024.

Region eGFR <60, % Creatinine21.5, % Proteinuria 21+, % Triglycerides 2150, % Anemia Proxy, %
Jeonnam 5.09 1.21 3.22 28.50 8.58
Jeonbuk 443 1.04 3.62 28.14 8.57
Gangwon 4.28 1.05 3.81 27.37 7.04

Gyeongbuk 4.24 0.96 3.65 27.28 8.32
Busan 3.94 0.95 4.07 2493 7.50
Gwangju 3.88 0.84 3.58 27.31 7.24
Daegu 3.87 0.87 3.42 25.72 8.22
Chungbuk 3.87 0.91 3.31 28.38 6.94
Jeju 3.83 1.01 441 24.40 7.04
Daejeon 3.65 0.81 3.32 27.15 717
Seoul 3.37 0.75 4.30 24.40 6.78
Chungnam 3.20 0.80 3.24 29.38 6.86
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Gyeongnam 3.12 0.79 3.42 26.57 7.80
Incheon 3.03 0.78 3.90 28.05 6.77
Ulsan 291 0.71 2.70 26.90 6.65
Gyeonggi 2.84 0.73 3.66 27.19 6.18
Sejong 2.36 0.58 2.58 24.13 7.63

Note: Regional rates are crude and not age-standardized.

2.6. Forecast Modeling and Validation

Forecasts for 20252028 used binomial logit generalized linear models (GLMs) for
abnormal and normal counts (the term “nonabnormal” used in an earlier draft has been
replaced throughout) with calendar year as a linear predictor [14,15]. Because the analysis
used aggregate annual prevalence data with only 13 (eGFR) or 15 (other indicators) annual
observations, and because treating large aggregate counts as binomial trials substantially
understates true forecast uncertainty —the effective independent unit for estimating the
temporal trend is the year, not the individual examinee —three additional analyses were
conducted to characterize and communicate this uncertainty more realistically. First, tem-
poral hold-out validation was performed for each indicator by refitting the binomial logit
GLM using only 2012-2020 data and comparing predicted values for 2021-2024 with the
corresponding observed rates. This validation showed close agreement for eGFR, serum
creatinine, and dipstick proteinuria (mean absolute error 0.05-0.14 percentage points
across the four held-out years) but substantially poorer agreement for triglycerides and
the anemia proxy (mean absolute error 1.5-1.7 percentage points), indicating that the lin-
ear-trend model does not adequately capture recent trajectory changes for these two indi-
cators. Second, a sensitivity analysis refit each model using only the most recent seven
years (2018-2024); for eGFR, creatinine, and proteinuria, the recent-window trend coeffi-
cient retained the same sign and a broadly similar magnitude as the full-period (2012—
2024) model, but for triglycerides and the anemia proxy the recent-window model pro-
duced a materially different, and for anemia an opposite-signed, trend coefficient. On the
basis of these two diagnostics, the eGFR, creatinine, and proteinuria forecasts are pre-
sented as the primary quantitative forecasts, whereas the triglyceride and anemia-proxy
forecasts are presented as exploratory scenario projections only, and inferential claims re-
garding their precision are avoided (Sections 3.1 and 4). Third, 95% prediction intervals
for the 2025-2028 forecasts were derived using a residual-based parametric bootstrap
(5000 resamples) that combined (i) sampling uncertainty in the fitted trend and intercept
coefficients from their estimated standard errors and (ii) resampling of the empirical in-
sample residuals (observed-fitted annual prevalence, 2012-2024) to reflect year-to-year
variability not captured by a simple linear trend; the resulting bootstrap prediction inter-
vals are 10-100-fold wider than the nominal binomial confidence intervals reported in an
earlier draft and are reported as the primary measure of forecast uncertainty in Table 2.
Denominator counts for forecast years were extrapolated using log-linear regression on
annual total examined counts; this extrapolation was retained because the recombination
of forecast prevalence with a forecast denominator was used to report an approximate
forecast abnormal count alongside the forecast rate (Table 2), and is not required if only
the forecast prevalence itself is of interest. To maintain comparability across endpoints,
primary forecast models used 2012-2024 because eGFR data began in 2012; a supplemen-
tary model using the full 20102024 series for the four indicators with earlier data pro-
duced trend coefficients consistent in sign and magnitude with the 2012-2024 models (not
tabulated). Model fit was additionally summarized using Akaike Information Criterion
(AIC) values (Table 3).
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Table 2. National observed 2024 rates and model-based 2025-2028 forecasts.

2025 Pre- 2026 Pre- 2027 Pre- 2028 Pre-

Indicator Source Modeled zngv?(];- 2024 Abnor-  dicted dicted dicted dicted
Years Years Rate. % mal/Total Rate, % Rate, % Rate, % Rate, %
e (95% PI) (95% PI) (95% PI) (95% PI)
eGFR < 60 601,125/17,50 3.20 (3.03— 3.15(2.98- 3.11 (2.93- 3.06 (2.88-
ml/min/1.73 m? 2012-2024 2012-2024 343 7,116 3.41) 3.36) 3.31) 3.27)
Serum creatinine > 1.5 144,706/17,51 0.75 (0.69- 0.74 (0.69— 0.73 (0.68— 0.73 (0.67—
2010-2024 2012-2024 .
mg/dL 010-20 0 0 083 6,863 0.83) 0.82) 0.81) 0.80)

Dipstick proteinuria 646,011/17,42 3.98 (3.83— 4.19 (4.04— 4.41 (4.26— 4.64 (4.50-
2010-2024 20122024  3.71
>1+ 010-2024 2012-2024 3 3,959 4.16) 437) 4.59) 4.83)
. . 27.51 27.43 27.35 27.27
>
T“glyi“/i‘f‘wo 2010-2024 2012-2024  26.67 1’6033’8811/ 60L o655 (647~ (2639-  (2631-
& ' 29.37) 29.29) 29.21) 29.14)
Sex-specific anemia 1,232,802/17,5 6.19 (5.22— 5.97 (5.00- 5.76 (4.79— 5.56 (4.58—
proxy 2010-2024 2012-2024  7.04 16,433 7.22) 7.00) 6.79) 6.58)

Note: Forecasts used binomial logit GLMs with calendar year as the linear predictor on the logit
scale. Intervals are 95% bootstrap prediction intervals (5000 resamples) combining trend-coefficient
sampling uncertainty with resampled in-sample residual variability (Section 2.6); they are substan-
tially wider than nominal binomial confidence intervals but still assume continuation of the histor-
ical linear trend and do not capture structural changes in screening participation, policy, or meas-
urement. Triglyceride and anemia-proxy forecasts showed poor hold-out validation performance
(Table 4) and should be interpreted as exploratory scenario projections rather than precise quanti-

tative predictions.

Table 3. Forecast model trend coefficients and 2028 rates.

Indicator Trend Coefficient (Logit/Year) Trend p Value 2028 Predicted Rate, %
Serum creatinine > 1.5 mg/dL -0.0108 <0.001 0.73
eGFR < 60 mL/min/1.73 m?2 -0.0161 <0.001 3.06
Sex-specific anemia proxy -0.0383 <0.001 5.56
Dipstick proteinuria >1+ 0.0538 <0.001 4.64
Triglycerides > 150 mg/dL -0.0040 <0.001 27.27

Note: Trend coefficients are on the logit scale. p values reflect aggregate counts and large sample

sizes.

Table 4. Age-standardized versus crude national annual prevalence, selected years.

. 2012 2012 Standard- 2018 2018 Standard- 2024 2024 Standard-
Indicator

Crude, % ized, % Crude, % ized, % Crude, % ized, %
eGFR < 60 mL/min/1.73 m?2 4.13 5.20 3.61 3.96 3.43 3.43
Serum creatinine > 1.5 mg/dL 0.93 1.10 0.80 0.87 0.83 0.83
Dipstick proteinuria >1+ 2.20 2.34 2.62 2.67 3.71 3.71
Triglycerides > 150 mg/dL 28.61 29.51 29.93 29.63 26.67 26.67

Note: Standardized rates were directly age-standardized to the 2024 national screening population’s
age distribution (16 five-year age bands, sex-combined); 2024 crude and standardized rates are
therefore identical by construction. The age-standardized eGFR < 60 trend declined more steeply
than the crude trend (5.20% — 3.43%, vs. 4.13% — 3.43% crude), and the standardized proteinuria
trend rose in parallel with the crude trend (2.34% — 3.71%, vs. 2.20% — 3.71% crude), indicating
that neither signal is an artifact of the aging screened population. An age-stratified hemoglobin table

was not available; the anemia proxy could not be age-standardized.
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2.7. Ethics Statement

This study used publicly available aggregate data without individual-level identifi-
ers, obtained from Korean National Health Insurance Service health-screening statistics
distributed through KOSIS. In accordance with institutional guidelines and national reg-
ulations, this study was granted exemption from Institutional Review Board review, and
the requirement for informed consent was waived because no identifiable personal infor-
mation was included in the dataset [16] (IRB No. 202601-SB-014-01; approved 20 January
2026).

3. Results

3.1. National Trends and Forecasts

Observed national trends and 2025-2028 forecasts are summarized in Tables 2 and 3,
and illustrated in Figures 1-4. Dipstick proteinuria 21+ increased from 2.20% in 2012 to
3.71% in 2024 and was forecast to increase further to 4.64% (95% bootstrap prediction in-
terval [PI], 4.50-4.83%) by 2028 (Table 2). The positive trend coefficient for proteinuria was
statistically significant (p < 0.001; Table 3), and age-standardized proteinuria prevalence
(Table 4) rose in parallel with the crude trend (2.34% in 2012 to 3.71% in 2024, using the
2024 age distribution as the reference population), confirming that the rising signal is not
an artifact of the aging screened population. In contrast, eGFR < 60 declined from 4.13%
in 2012 to 3.43% in 2024 and was forecast to be 3.06% (95% PI, 2.88-3.27%) in 2028; the age-
standardized eGFR < 60 trend declined even more steeply than the crude trend (5.20% in
2012 to 3.43% in 2024, Table 4), indicating that the apparent crude decline is not explained
by, and is if anything partly masked by, the aging of the screened population over this
period. These aggregate-level abnormal screening prevalence figures reflect screening-
based kidney risk indicators and are proxy indicators rather than confirmed CKD cases.
Elevated serum creatinine also had a statistically significant downward model-based
trend that was robust to age standardization and to the choice of modeling window (Table
4). Temporal hold-out validation (fitting each model through 2020 and predicting 2021-
2024; Table 5) showed close agreement between predicted and observed values for eGFR,
creatinine, and proteinuria (mean absolute error 0.05-0.14 percentage points), supporting
the reliability of these three forecasts (Table 5). By contrast, hold-out validation and a re-
cent-window (2018-2024) sensitivity analysis both indicated poor recent model fit for tri-
glycerides and the anemia proxy (mean absolute error 1.5-1.7 percentage points; sign of
the trend coefficient for the anemia proxy reversed in the recent-window model; Table 5).
The triglyceride and anemia-proxy forecasts in Table 2 are therefore presented as explor-
atory scenario projections rather than as reliable quantitative predictions, and the appar-
ent downward model-based trends for these two indicators (Table 3) should be inter-
preted with substantial caution. Sex-stratified national trends and forecasts (Table 6)
showed that dipstick proteinuria increased in both sexes but more steeply in men (4.09%
in 2024 rising to a projected 5.22% in 2028) than in women (3.29% rising to 4.04%), while
the anemia proxy was consistently far more prevalent in women (10.79% in 2024) than in
men (3.56%), consistent with menstrual and reproductive-age iron losses in the female
subgroup contributing disproportionately to this indicator.
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National kidney-related screening indicators, 2010-2024, with 2025-2028 forecasts

30 A =@— eGFR <60 mL/min/1.73 m?
=@— Serum creatinine =1.5 mg/dL
=@ Dipstick proteinuria =1+
Triglycerides =150 mg/dL
=@— Sex-specific anemia proxy
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Figure 1. National observed trends and 2025-2028 model-based forecasts for kidney-related screen-
ing indicators. Solid lines represent observed data; dashed segments represent model-based fore-
casts from binomial logit GLMs [11,12].

Observed 2024 and model-predicted 2028 prevalence

HEl Observed 2024
25 Predicted 2028
20 A
9
3
2 15 A
(]
©
>
g
%10 A
5 | L
0 . I
60 5 AX 50 \O
Sl W e” 67> pee®®
e a’(.\(\ ‘e\“
«e Q0

Figure 2. Observed 2024 and predicted 2028 abnormal screening prevalence across all endpoints.
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Dipstick proteinuria =1+ increased through 2024 and is predicted to continue rising
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Figure 3. Dipstick proteinuria 21+ trend and forecast, 2010-2028.
Reduced eGFR screening prevalence, 2012-2024, with 2025-2028 forecast
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Figure 4. Reduced eGFR screening prevalence trend and forecast, 2012-2028.
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Table 5. Forecast model diagnostics, hold-out validation, and sensitivity to modeling window.

Indicator

Recent-Window

AIC (2012-2024 Hold-Out MAE, pp (2018-2024) Trend

Trend Sign Consistent

Model) (2021-2024) . . with Full Model?
Coefficient
eGFR < 60 mL/min/1.73 m? 7491.3 0.12 -0.0116 (p < 0.001) Yes
Serum creatinine > 1.5 mg/dL 3830.8 0.05 -0.0007 (p = 0.215) Yes (attenuated)
Dipstick proteinuria > 1+ 6292.1 0.14 0.0610 (p <0.001) Yes
Triglycerides > 150 mg/dL 27,209.7 1.69 -0.0279 (p <0.001)  Yes (larger magnitude)
Sex-specific anemia proxy 101,836.6 1.47 0.0067 (p <0.001) No (sign reversed)

Note: AIC values are from the primary 2012-2024 binomial logit GLM (Table 3). Hold-out mean
absolute error (MAE) compares model predictions (fitted using only 2012-2020 data) with observed
2021-2024 rates, in percentage points (pps). The recent-window model refits the same model speci-
fication using only 2018-2024 data. eGFR, creatinine, and proteinuria forecasts are considered rea-
sonably robust to model specification and are reported as primary quantitative forecasts in Table 2.
Triglyceride and anemia-proxy forecasts showed poor hold-out fit and/or trend instability and are

reported as exploratory scenario projections only.

Table 6. Sex-stratified national observed 2024 rates and 2025-2028 forecasts.

Indicator

2024 Observed 2025 Predicted 2026 Predicted 2027 Predicted 2028 Predicted

Sex

Rate, % Rate, % Rate, % Rate, % Rate, %
Serum creafinine 215\ 1.29 1.21 1.21 121 1.21
mg/dL
Women 0.32 0.27 0.26 0.25 0.24
FR < 60 mL/min/1.7
eG 6022 fmin/L73 3.63 3.43 3.46 3.49 3.52
Women 322 3.00 2.88 2.77 2.66
Sex-specificanemia 356 3.09 3.02 2.94 2.87
proxy
Women 10.79 9.37 8.95 8.55 8.17
DlpStICkir_:’temum Men 4.09 443 468 4.94 522
Women 3.29 3.50 3.67 3.85 4.04
: ——
Triglycerides 2150 ) 33.72 34.47 34.28 34.08 33.88
mg/dL
Women 18.06 19.10 19.15 19.20 19.25

Note: Sex-stratified forecasts use the same binomial logit GLM specification as Table 2, fitted sepa-
rately by sex. Men consistently showed higher triglyceride and eGFR < 60 prevalence, whereas
women showed markedly higher anemia-proxy prevalence at all time points, consistent with men-
strual-related iron loss in reproductive-age women; this sex difference narrows the interpretability

of the sex-combined anemia-proxy trend reported in Tables 2 and 3.

3.2. Age-Specific Findings

Kidney function abnormalities were strongly age-concentrated (Table 7; Figure 5). In
2024, the highest eGFR < 60 prevalence occurred among persons aged > 85 years (41.61%),
followed by those aged 80-84 years (27.80%) and 75-79 years (17.41%). The anemia proxy
showed a similar age gradient, reaching 41.14% among persons aged > 85 years. These
patterns confirm that abnormal screening prevalence is disproportionately concentrated
in older age groups and that these are proxy indicators rather than confirmed diagnoses
[6,8].
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Age-specific prevalence of kidney-related screening abnormalities in 2024
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Figure 5. Age-specific prevalence of kidney-related screening abnormalities in 2024, for eGFR < 60

mL/min/1.73 m? serum creatinine > 1.5 mg/dL, dipstick proteinuria 21+, and the sex-specific anemia

proxy. Triglycerides are not shown because triglyceride prevalence (24-37% across age groups) is

on a substantially different scale from the other four endpoints (0-42%) and its age pattern (highest

in mid-adulthood) differs qualitatively from the monotonic age gradients of the other indicators;

the triglyceride age distribution is reported separately in Table 7.

Table 7. Highest-risk age groups for selected screening endpoints in 2024.

Indicator Age Group Total Examined Abnormal Count Rate, %
Serum creatinine > 1.5 mg/dL >85 107,821 8162 7.57
Serum creatinine > 1.5 mg/dL 80-84 356,867 18,106 5.07
Serum creatinine > 1.5 mg/dL 75-79 475,565 16,007 3.37
Serum creatinine > 1.5 mg/dL 70-74 1,083,975 23,543 2.17
Serum creatinine > 1.5 mg/dL 65-69 1,284,661 17,568 1.37
eGFR < 60 mL/min/1.73 m? 285 107,722 44,821 41.61
eGFR <60 mL/min/1.73 m? 80-84 356,547 99,109 27.80
eGFR < 60 mL/min/1.73 m? 75-79 475,221 82,733 17.41
eGFR < 60 mL/min/1.73 m?2 70-74 1,083,169 114,526 10.57
eGFR < 60 mL/min/1.73 m?2 65-69 1,283,600 85,865 6.69
Sex-specific anemia proxy >85 107,816 44,352 41.14
Sex-specific anemia proxy 80-84 356,857 93,882 26.31
Sex-specific anemia proxy 75-79 475,556 81,370 17.11
Sex-specific anemia proxy 70-74 1,083,945 119,117 10.99
Sex-specific anemia proxy 45-49 1,608,588 133,132 8.28
Dipstick proteinuria >1+ >85 100,423 7784 7.75
Dipstick proteinuria >1+ 80-84 349,780 23,385 6.69
Dipstick proteinuria >1+ 75-79 470,782 26,472 5.62
Dipstick proteinuria >1+ 70-74 1,076,720 51,663 4.80
Dipstick proteinuria >1+ 65-69 1,279,132 50,658 3.96
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Triglycerides > 150 mg/dL 35-39 213,470 79,402 37.20
Triglycerides > 150 mg/dL 30-34 233,705 71,893 30.76
Triglycerides > 150 mg/dL 45-49 552,937 165,314 29.90
Triglycerides > 150 mg/dL 50-54 592,682 174,551 29.45
Triglycerides > 150 mg/dL 40-44 1,038,866 294,724 28.37

Note: Rows show the top five age groups within each endpoint by 2024 observed prevalence.

3.3. Regional Findings and Correlations

Regional crude prevalence varied across 17 administrative regions (Table 1; Figures
6 and 7). In 2024, Jeonnam had the highest crude eGFR < 60 prevalence (5.09%), while
Sejong had the lowest (2.36%); because these are crude, not age-standardized, regional
rates and Section 3.2 shows steep age gradients in eGFR < 60 and the anemia proxy, re-
gional differences in Table 1 may substantially reflect differences in regional population
age structure rather than differences in underlying kidney-risk exposure, and should not
be interpreted as evidence of higher regional kidney risk; region-by-age cross-tabulated
data needed to compute age-standardized regional rates were not available in the public
KOSIS release (Section 2.5), and this is an acknowledged limitation. Region-level eGFR <
60 was strongly correlated with elevated serum creatinine (Pearson r = 0.954, 95% CI
0.876-0.983, p < 0.001; Spearman rho = 0.934, p < 0.001; Table 8; Figure 7); because eGFR is
calculated from serum creatinine together with age and sex, these two indicators are math-
ematically coupled rather than independent measurements, and this strong correlation is
expected by construction and is not presented as an independent validation of the kidney
function signal. eGFR < 60 was also significantly correlated with the anemia proxy (Pear-
son r = 0.611, 95% CI 0.184-0.845, p = 0.009), a plausible but genuinely independent eco-
logical association given that anemia is not derived from creatinine or eGFR. Correlations
with proteinuria and triglycerides were not statistically significant. Because six pairwise
regional correlations were tested (Table 8), and because estimates are based on only 17
regions and may be sensitive to individual high- or low-prevalence regions, these results
are interpreted qualitatively and with attention to multiple comparisons rather than as a
family of independent confirmatory tests; formal leave-one-region-out influence analysis
was not performed and is noted as a direction for future work. These regional correlations
are ecological associations and represent patterns in screening-based kidney risk indica-
tors across administrative units [17]; interpretations involving occupational exposure,
healthcare access, or comorbidity burden are speculative because these variables were not
measured in this dataset and are not advanced as explanations here [14].

Table 8. Regional correlations among screening indicators in 2024.

Comparison n Regions Pearson r (p Value) Spearman rho (p Value)
eGFR vs. creatinine 17 0.954 (<0.001) 0.934 (<0.001)
eGEFR vs. proteinuria 17 0.302 (0.238) 0.189 (0.468)
eGFR vs. triglycerides 17 0.306 (0.232) 0.385 (0.127)
eGFR vs. anemia 17 0.611 (0.009) 0.635 (0.006)
Proteinuria vs. triglycerides 17 -0.258 (0.318) -0.250 (0.333)
Creatinine vs. anemia 17 0.537 (0.026) 0.574 (0.016)

Note: Correlations are ecological region-level associations and do not imply individual-level causal

relationships.
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Regional distribution of reduced eGFR in 2024
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Figure 6. Regional distribution of reduced eGFR (<60 mL/min/1.73 m?) across 17 Korean adminis-

trative regions in 2024.

Regional correlation: creatinine vs reduced eGFR in 2024 (r=0.95, P<0.001)

’Jeonnam
5.0 1 o
//
//
//
3 4.5 Jeortbuk
= 7 Gangwon
c o . o
< Rl
: 4.0 - S
o @
= ®eo o °
7
g Y e
1 JRe
g 3.5 1 Seoul 7
(o] 7’
\" 7
o -7 ()
G 3.0 /‘/ o
/// .
7
//
2.5 g’l
' ejong
®
0.6 0.7 0.8 0.9 1.0 1.1 1.2

Serum creatinine =1.5 mg/dL (%)

Figure 7. Regional correlation between elevated serum creatinine (>1.5 mg/dL) and reduced eGFR
(<60 mL/min/1.73 m?) in 2024 (Pearson r = 0.954, p < 0.001). Each circle represents one of the 17 ad-

ministrative regions; the red dashed line is the ordinary least-squares linear fit.
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4. Discussion

This national aggregate-data analysis identified a statistically significant, age-stand-
ardization-robust rising signal in dipstick proteinuria through 2024, with a continued
model-based increase projected through 2028 (Tables 2 and 4). Several non-mutually ex-
clusive explanations for this rising proteinuria signal should be considered. First, increas-
ing prevalence of diabetes, hypertension, and obesity in the Korean population over this
period could plausibly increase glomerular protein leakage independent of population
aging, since the age-standardized trend persisted after accounting for the changing age
structure of the screened population. Second, changes in screening participation —for ex-
ample, if examinees with known cardiometabolic risk factors became more likely to attend
screening over time—could inflate the apparent trend without a true rise in population-
level risk; this cannot be excluded with the available aggregate data. Third, changes in
dipstick reagent strips, urine collection procedures, or laboratory reporting practices over
a 15-year period could shift the apparent positive rate independent of true proteinuria
prevalence; this information is not reported in the public KOSIS tables and is an important
avenue for verification by the data custodian. Fourth, increased clinical and screening-
program awareness of albuminuria/proteinuria as a CKD risk marker could have in-
creased test uptake or lowered the threshold for recording trace-to-1+ results as abnormal.
Fifth, broader use of renin-angiotensin system inhibitors and sodium-glucose cotrans-
porter-2 inhibitors, which can each independently lower measured proteinuria, argue
against a medication-driven explanation for a rising signal, making a true increase in un-
derlying risk-factor burden a more parsimonious explanation, though this cannot be con-
firmed without individual-level clinical data. This finding, taken together, supports poli-
cies that improve repeat urine testing, urine albumin-to-creatinine ratio confirmation
when clinically appropriate, blood pressure and diabetes management, and follow-up
pathways for persistent abnormalities [6,13,18,19], while acknowledging that this study
did not examine confirmatory testing, referral, treatment, or clinical outcomes, and that
the proteinuria trend should not, by itself, be used to infer a change in confirmed CKD
incidence.

Reduced eGFR did not show a rising crude or age-standardized national trend; if
anything, the age-standardized decline was steeper than the crude decline (Table 4), ar-
guing against the simplest possible artifact (that population aging alone explains the ap-
parent improvement). Several alternative, non-mutually exclusive explanations merit dis-
cussion rather than accepting the decline at face value as a true improvement in popula-
tion kidney function. First, a mortality-selection (survivor) effect is plausible: if individu-
als with the most severely reduced eGFR are disproportionately likely to die, be hospital-
ized, or otherwise not re-present for routine screening as they age within the study period,
the surviving screened population in later years could show a lower observed eGFR < 60
prevalence even if true age-specific risks in the underlying population were unchanged —
a hypothesis consistent with the very steep age gradient in eGFR < 60 shown in Section
3.2 and one that the present ecological, repeated cross-sectional data cannot directly test.
Second, if the eGFR-estimating equation, creatinine assay standardization (for example,
the adoption of isotope-dilution mass spectrometry-traceable creatinine calibration), or
reporting categories used by NHIS changed at any point between 2012 and 2024 (Section
2.3), an apparent temporal change in reduced-eGFR prevalence could result that does not
reflect a true change in kidney function; because this information is not disclosed in the
public aggregate tables, this possibility cannot be excluded and is highlighted as a priority
for verification with NHIS in future collaborative work. Third, secular improvements in
the management of diabetes, hypertension, and cardiovascular risk factors among
screened adults could plausibly produce a true decline in reduced-eGFR prevalence at a
given age, consistent with international trends in some CKD risk factors over the same
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period [20]. The regional concordance between reduced eGFR and elevated serum creati-
nine (Table 8) reflects the mathematical dependence of the eGFR equation on serum cre-
atinine, age, and sex rather than an independent validation of the kidney function signal,
and should not be interpreted as internal consistency evidence; this correlation is expected
by construction. This differs from the correlation coefficients described in some clinical
cohort studies of glomerulopathy, which are typically well below 0.6 because those co-
horts examine within-patient longitudinal change under variable non-renal influences on
creatinine (for example, muscle mass, hydration, and dietary protein intake); the very high
ecological (region-level, cross-sectional) correlation reported here reflects aggregation
over large populations rather than a tight individual-level physiological relationship, and
the two should not be numerically compared. By contrast, the weaker but still statistically
significant regional correlation between eGFR < 60 and the anemia proxy (Pearson r =
0.611) is a genuinely independent ecological association, consistent with reduced erythro-
poietin production and iron-handling changes accompanying reduced kidney function,
whereas the nonsignificant correlations between eGFR and proteinuria suggest that re-
duced kidney function and proteinuria may capture overlapping but not identical screen-
ing-risk profiles at the ecological level [1,2], consistent with prior reports that eGFR and
proteinuria capture partially distinct dimensions of CKD pathophysiology [6,7].

The overall national prevalence of reduced eGFR observed in this screened popula-
tion (approximately 3.4-4.1% across 2012-2024) is lower than some global CKD preva-
lence estimates of approximately 9-10% [3,4]. Several factors specific to the Korean screen-
ing context, rather than an implausibly low true burden of kidney dysfunction, likely ex-
plain this difference. First, this study’s operational threshold (eGFR < 60 mL/min/1.73 m?
on a single screening measurement) is a more restrictive single-occasion definition than
the persistence-based KDIGO CKD definition used in many prevalence surveys, which
additionally captures albuminuric CKD with preserved eGFR and requires only mild-to-
moderate reductions sustained over three months; a single-occasion, more severe thresh-
old is expected to yield a lower estimated prevalence than a persistence-inclusive defini-
tion applied to the general population. Second, the NHIS screening population is not a
random sample of the general Korean population: it comprises adults who actively attend
a biennial employment- or insurance-linked screening program, which may under-repre-
sent the frailest, most severely ill, or institutionalized individuals who are simultaneously
most likely to have severely reduced kidney function but least likely to attend ambulatory
screening —a form of participation-related selection that would bias observed prevalence
downward relative to true population prevalence. Third, South Korea’s near-universal
National Health Insurance coverage and structured, employer- and government-linked
biennial screening program provide comparatively early and systematic detection and
management of diabetes and hypertension, the two leading CKD risk factors, which may
generate a genuinely lower burden of advanced kidney dysfunction in the screened, in-
sured population relative to global comparator populations with less comprehensive
screening infrastructure; this is a plausible contributor but cannot be directly confirmed
with the aggregate data used here. These explanations are not mutually exclusive, and
disentangling them would require linked screening-participation and clinical outcome
data beyond the scope of this ecological analysis.

Reduced eGFR and dipstick proteinuria are the two indicators directly relevant to
CKD risk classification under KDIGO criteria and were treated as the primary screening
endpoints in this analysis (Section 2.3). Elevated triglycerides and the anemia proxy were
included as associated metabolic and hematological screening indicators, not as kidney-
screening endpoints in the same sense as eGFR and proteinuria: reduced kidney function
is a well-established, bidirectional correlate of both dyslipidemia (through altered lipo-
protein metabolism and lipase activity) and anemia (through reduced erythropoietin pro-
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duction), such that population-level co-monitoring of these indicators alongside eGFR
and proteinuria can help characterize the broader cardiometabolic and hematological risk
profile that frequently accompanies reduced kidney function, even though neither indica-
tor is diagnostic of CKD on its own. This conceptual framework, and the associated ter-
minological distinction, is now stated explicitly in Section 2.3 and is reiterated here as a
caution against over-interpreting the triglyceride and anemia-proxy trends as kidney-spe-
cific findings.

With respect to the proteinuria screening methodology, dipstick proteinuria (used
here) and albuminuria (measured by urine albumin-to-creatinine ratio) capture overlap-
ping but non-identical aspects of glomerular injury: dipstick tests are more sensitive to
gross proteinuria including non-albumin proteins and are commonly used as an inexpen-
sive first-line population screening tool, whereas quantitative albuminuria testing is more
sensitive for early, predominantly glomerular injury and is specifically incorporated into
the KDIGO CKD risk-classification heat-map [6]. Because dipstick proteinuria can reflect
transient, orthostatic, or non-renal causes of proteinuria in addition to persistent glomer-
ular damage, a positive dipstick screening result in this dataset should be regarded as a
trigger for confirmatory quantitative albuminuria or repeat testing rather than as equiva-
lent evidence of irreversible glomerular injury; this is consistent with, and reinforces ra-
ther than contradicts, this study’s overall framing of all screening endpoints as proxy in-
dicators requiring confirmatory testing rather than confirmed CKD diagnoses.

The age-stratified findings underscore that kidney function-related screening indica-
tors are disproportionately concentrated in older adults, consistent with the known age-
related decline in GFR and the global epidemiology of CKD in elderly populations [8,9].
The crude regional variation in eGFR < 60, with Jeonnam and other predominantly rural,
older-population provinces showing higher prevalence than metropolitan areas such as
Seoul, Gyeonggi, and Sejong, is compatible with regional differences in population age
structure (Section 3.2, Section 3.3); rural provinces in Korea have older population pyra-
mids than the metropolitan capital region, and this is considered the most parsimonious
explanation for the observed pattern pending age-standardized regional data. Region-
specific environmental exposures potentially relevant to kidney risk that could be exam-
ined in future linked studies include heavy-metal and agrochemical exposure in agricul-
tural provinces, water hardness and mineral content, and industrial or occupational ex-
posures near manufacturing centers, but none of these were measured in this dataset, and
the present findings should not be used to draw conclusions about specific environmental
determinants without further, purpose-designed investigation combining regional expo-
sure data with age-standardized health outcomes.

The forecasts should be interpreted as model-based projections of screening preva-
lence proxies, not as predicted CKD diagnoses, and their reliability differs materially by
indicator (Section 2.6, Table 5). The eGFR, serum creatinine, and dipstick proteinuria fore-
casts showed good temporal hold-out validation performance and directionally stable
trend estimates across modeling windows, supporting their use as the primary quantita-
tive forecasts in this study. The triglyceride and anemia-proxy forecasts, by contrast,
showed poor hold-out fit and trend instability across modeling windows and are pre-
sented as exploratory scenario projections only; in particular, the reversal in sign of the
anemia-proxy trend coefficient between the full-period and recent-window models indi-
cates that the modest downward anemia-proxy trend reported in Table 3 should not be
treated as an established or continuing trajectory. Changes in screening participation, la-
boratory practices, population structure, policy, or clinical follow-up may alter observed
future rates for all indicators [11,12]. Bootstrap prediction intervals reported in Table 2
(Section 2.6) are substantially wider than the nominal binomial confidence intervals used
in an earlier draft of this analysis and better reflect year-to-year variability, but they still
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assume continuation of a linear logit-scale trend and do not capture structural disconti-
nuities such as changes in screening policy or the eGFR-estimating equation.

4.1. Limitations

This study has several limitations. First, the analysis used aggregate screening tables
rather than individual-level longitudinal records; therefore, patient-level incidence esti-
mation, covariate adjustment, comorbidity assessment, medication effects, de-duplication
of repeat examinees across years, and causal inference were not possible [14,15]. Second,
eGFR < 60 and dipstick proteinuria >1+ are screening-based kidney risk indicators and
proxy indicators rather than confirmed CKD diagnoses; in particular, persistence for at
least three months could not be assessed in this dataset [6,7]. Third, regional correlations
are ecological, based on only 17 regions, not age-standardized because region x age cross-
tabulated data were unavailable, and cannot be generalized to individual-level associa-
tions; regional rankings (Table 1) should therefore be interpreted cautiously pending age-
standardized regional analysis. Fourth, 2025-2028 forecasts assume the continuation of
historical linear trends and, for triglycerides and the anemia proxy specifically, showed
poor temporal hold-out validation performance and trend instability across modeling
windows (Section 2.6, Table 5); these two forecasts are presented as exploratory only.
Fifth, the specific eGFR-estimating equation used by NHIS, whether it changed between
2012 and 2024, and whether serum creatinine assay calibration was standardized over this
period could not be verified from the publicly released aggregate tables; any such change
could produce an apparent temporal change in reduced-eGFR prevalence unrelated to
true kidney function change (Section 2.3). Sixth, an age-stratified hemoglobin table was
not available, so the anemia proxy could not be age-standardized, and age x region cross-
tabulated data were not available for any indicator. Seventh, screening eligibility, partici-
pation rates, and the specific screening programs or examination types combined within
each KOSIS table in 2010-2024 could not be fully verified from the publicly released tables;
changes in screening participation composition over time cannot be excluded as a contrib-
utor to the observed national trends. Eighth, six pairwise regional correlations were tested
without formal multiple-testing correction or leave-one-region-out influence analysis; re-
sults should be interpreted qualitatively. Ninth, these data do not include renal cancer
incidence, renal mortality, or tumor-registry endpoints.

5. Conclusions

Using NHIS/KOSIS aggregate health-screening data, this study found a significant,
age-standardization-robust increase in dipstick proteinuria screening prevalence, a crude
and age-standardized decline in reduced eGFR that was not explained by population ag-
ing, strong age concentration of reduced eGFR and anemia proxy indicators, and a re-
gional correlation between reduced eGFR and elevated serum creatinine that reflects their
mathematical dependence rather than independent validation. Model-based forecasts,
validated by temporal hold-out testing and cross-checked against a recent-window sensi-
tivity analysis, indicate that the proteinuria, eGFR, and serum creatinine trends are rea-
sonably reliable through 2028, whereas the triglyceride and anemia-proxy forecasts
showed weaker validation performance and are presented as exploratory only. These
findings support confirmatory testing after abnormal screening results and targeted kid-
ney-risk follow-up programs, particularly in older age groups and, pending age-stand-
ardized confirmation, higher-prevalence regions. However, results should not be inter-
preted as confirmed CKD incidence or prevalence, as all endpoints represent screening-
based kidney risk indicators and proxy indicators rather than adjudicated diagnoses
[6,18].
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