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Abstract

Long-term renal outcomes following snake envenomation may vary across regions, yet
remain poorly characterized in South Korea. We investigated the long-term risk of chronic
kidney disease (CKD) following snake envenomation and snakebite-related acute kidney
injury (AKI). This nationwide population-based cohort study used data from the Korean
National Health Information Database (2012-2023). We matched 729 adults hospitalized
for snake envenomation who received antivenom to 2916 individuals without snake en-
venomation (1:4). Using a 1-year landmark design, we assessed incident CKD with Cox
proportional hazards models and Kaplan-Meier analysis. CKD occurred in 48 patients
with snake envenomation and in 156 controls, with incidence rates of 7.16 and 5.59 per
1000 person-years, respectively. Snake envenomation was not significantly associated with
incident CKD (adjusted hazard ratio [aHR], 1.15; 95% confidence interval [CI], 0.85-1.55).
Among patients with snake envenomation, 73 patients (10.0%) had coded AKI during
the index hospitalization. Snakebite-related AKI was associated with incident CKD (aHR,
4.25; 95% CI, 2.15-8.40), whereas the association with severe envenomation did not reach
statistical significance. CKD developed in 17 of the 73 patients with AKI (23.3%). Thus,
no statistically significant association was detected between snake envenomation and in-
cident CKD overall, whereas coded AKI was associated with subsequent CKD among
envenomated patients. New CKD events continued to occur throughout follow-up.

Keywords: acute kidney injury; chronic kidney disease; envenomation; snake

Key Contribution: In this nationwide Korean cohort with up to 10 years of follow-up, the
association between snake envenomation and incident CKD was not statistically significant.
Among patients with snake envenomation, snakebite-related AKI was the only covariate
that reached statistical significance in the multivariable analysis.
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1. Introduction

South Korea has three venomous Gloydius species (G. brevicaudus, G. saxatilis, and
G. ussuriensis; family Viperidae) and Rhabdophis tigrinus (family Natricidae) [1]. Among
these species, Gloydius species account for most of the clinically significant cases of snake
envenomation. Local tissue damage, venom-induced consumption coagulopathy, and
rhabdomyolysis have been commonly reported as acute manifestations of envenomation
in South Korea. Beyond the acute manifestations of envenomation, increasing attention
has been given to the long-term health consequences of snake envenomation, which can
negatively affect the quality of life of snakebite survivors. Our recent nationwide Korean
cohort study linked snake envenomation to a higher risk of stroke over the long term, with
a particularly pronounced association for hemorrhagic stroke [2].

The association of acute kidney injury (AKI) with an increased risk of incident or
progressive chronic kidney disease (CKD) is well established [3,4]. However, long-term
renal risk following AKI varies across clinical settings, such as sepsis, surgery, malignancy,
and envenomation, highlighting the importance of evaluating outcomes in specific clinical
contexts [4].

In the context of snake envenomation, the World Health Organization (WHO) rec-
ognizes viper envenomation as an important cause of community-acquired AKI [5]. In
Asian countries where Viperidae bites predominate, such as India, Sri Lanka, and Myanmar,
AKI develops in up to 75% of patients following snake envenomation [6-11]. Furthermore,
up to 50% of patients with snakebite-related AKI have been reported to develop CKD at
various follow-up periods [12-15].

However, compared with reports from other countries, snakebite-related AKI in South
Korea appears to follow a much milder clinical course, with a lower incidence (2.6-14% vs.
>50%), a lower proportion of stage 3 cases (10% vs. 24-78.6%), and a reduced need for renal
replacement therapy (0-1.4% vs. 25-100%) [16-18]. Differences in venom composition
across snake species as well as variable access to care across countries may largely account
for the distinct clinical features of snakebite-related AKI. Given the milder acute-phase man-
ifestations of AKI in South Korea, long-term renal outcomes reported in other countries may
not be directly generalizable to Korean patients. Additionally, our previous single-center
study suggested that the association between AKI and subsequent CKD may differ among
Korean patients with snake envenomation [17]. However, the very small number of patients
with follow-up data (n = 41) precluded a definitive conclusion regarding this association.

The timing of renal assessment is another important consideration as kidney function
may continue to improve after snakebite-related AKI. In a prospective follow-up study
of 42 patients with snakebite-related AKI, the proportion with an estimated glomerular
filtration rate (eGFR) below 60 mL/min/1.73 m? decreased from 35.7% at two weeks after
discharge to 11.9% at three months [19]. However, even rapid recovery of kidney function
after AKI does not necessarily indicate complete resolution of renal injury, as residual struc-
tural damage may persist [3]. Therefore, a sufficiently long follow-up period is necessary
to characterize the long-term risk of CKD. Nevertheless, very few studies of snakebite-
related AKI have extended follow-up beyond two years, including the aforementioned
study conducted in South Korea [13,17,20].

In addition, previous studies reporting long-term renal outcomes have primarily
included patients who developed AKI following snake envenomation [13,15,21]. Thus,
whether the long-term risk of CKD is associated with snake envenomation itself or is more
closely linked to the established AKI-to-CKD continuum remains unclear.

Therefore, we conducted a nationwide population-based cohort study with long-term
follow-up to compare the risk of incident CKD between patients with snake envenomation
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and nonenvenomated individuals and to evaluate the association between snakebite-related
AKI and subsequent CKD.

2. Results
2.1. Patient Characteristics

A total of 3645 participants, comprising 729 patients with snake envenomation in the
case group and 2916 matched controls, were included in this study. Because participants
who developed CKD, died, or emigrated within 1 year after the index date were excluded
before matching, all 3645 participants were alive, free of CKD, and under observation at the
start of outcome follow-up. Cases and controls were matched at a 1:4 ratio according to age
category, sex, and socioeconomic status. Consequently, the distributions of these matching
variables were identical between the two groups (all p > 0.99).

At baseline, the prevalence of hypertension, diabetes mellitus, dyslipidemia, and
coronary heart disease, and the Charlson Comorbidity Index did not significantly differ
between the two groups.

With respect to lifestyle factors, compared with the controls, patients in the case group
were more likely to consume alcohol heavily (29.5% vs. 24.5%, p < 0.01); patients in the
case group also had a different distribution of body mass index categories (p = 0.01), with a
greater proportion of normal-weight individuals (39.4% vs. 34.0%) and a lower proportion
of individuals with obesity (32.4% vs. 37.8%). Smoking status and regular physical activity
were comparable between the two groups.

After matching, the absolute standardized mean differences (SMDs) ranged from 0.000
to 0.113; values of 0.1 or more were observed for heavy alcohol consumption (0.113) and
for the normal-weight (0.112) and obese (0.113) body mass index categories (Table 1).

Table 1. Baseline Characteristics of the Study Population.

All Snake Envenomation Control

Variable (N = 3645) (N = 729) (N = 2916) p-Value SMD
Age (years) >0.99
18-39 910 (25.0) 182 (25.0) 728 (25.0) 0.000
40-64 2165 (59.4) 433 (59.4) 1732 (59.4) 0.000
>65 570 (15.6) 114 (15.6) 456 (15.6) 0.000
Male 2585 (70.9) 517 (70.9) 2068 (70.9) >0.99 0.000
Socioeconomic status >0.99
Low 1005 (27.6) 201 (27.6) 804 (27.6) 0.000
Middle 1240 (34.0) 248 (34.0) 992 (34.0) 0.000
High 1400 (38.4) 280 (38.4) 1120 (38.4) 0.000
Comorbidities
Hypertension 657 (18.0) 138 (18.9) 519 (17.8) 0.49 0.029
Diabetes mellitus 504 (13.8) 108 (14.8) 396 (13.6) 0.37 0.035
Dyslipidemia 521 (14.3) 110 (15.1) 411 (14.1) 0.56 0.028
Coronary heart disease 121 (3.3) 22 (3.0) 99 (3.4) 0.81 0.021
Chronic kidney disease 0 (0.0) 0 (0.0) 0 (0.0) — —
CCI score, mean + SD 1.3+1.0 1.3+11 1.3+1.0 0.75 0.000
Lifestyle factors
Body mass index, kg/m? 0.01
<18.5 (underweight) 100 (2.7) 19 (2.6) 81 (2.8) 0.011
18.5-22.9 (normal) 1278 (35.1) 287 (39.4) 991 (34.0) 0.112
23.0-24.9 (overweight) 930 (25.5) 187 (25.6) 743 (25.5) 0.004
>25.0 (obese) 1337 (36.7) 236 (32.4) 1101 (37.8) 0.113
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Table 1. Cont.

. All Snake Envenomation Control
Variable (N = 3645) (N = 729) (N = 2916) p-Value SMD
Current smoker 686 (18.8) 124 (17.0) 562 (19.3) 0.18 0.059
Heavy alcohol drinker 929 (25.5) 215 (29.5) 714 (24.5) <0.01 0.113
Regular physical activity 1370 (37.6) 262 (35.9) 1108 (38.0) 0.33 0.043

Data are presented as numbers (percentages) unless otherwise specified. Standardized mean differ-
ences (SMDs) were calculated from the summary statistics shown, using proportions for categorical
variables and pooled standard deviations for continuous variables [22]; values of 0.1 or more indicate
imbalance. No SMD is shown for chronic kidney disease, which was absent in both groups by design.
Cases and controls were matched at a 1:4 ratio by age category, sex, and socioeconomic status; socioe-
conomic status was classified according to the national health insurance premium level. Body mass
index categories were defined according to the Asia—Pacific classification. Lifestyle factors and body
mass index are presented after multiple imputation of missing values. CCI, Charlson Comorbidity
Index; SD, standard deviation; SMD, standardized mean difference.

2.2. Association Between Snake Envenomation and the Risk of Incident CKD

During follow-up through 31 December 2023, 48 incident CKD events occurred in the
case group and 156 occurred in the control group. The incidence rates were 7.16 and 5.59 per
1000 person-years, respectively. After adjustment for demographic characteristics, clinical
comorbidities, and lifestyle factors, no statistically significant association between snake
envenomation and incident CKD was detected in the overall cohort (aHR, 1.15 (95% CI,
0.85-1.55)).

In the analysis stratified by baseline diabetes mellitus, snake envenomation was not
significantly associated with incident CKD among individuals without baseline diabetes
(aHR, 1.08 (95% CI, 0.75-1.55)) (Table 2). Among individuals with baseline diabetes
mellitus, the incidence rates of incident CKD were 14.05 and 9.50 per 1000 person-years in
the diabetic case and diabetic control groups, respectively. Compared with the non-diabetic
control group, the aHRs were 2.25 (95% CI, 1.15-4.40) for the diabetic case group and
1.85 (95% CI, 1.25-2.75; p < 0.001) for the diabetic control group. However, there was no
significant interaction between snake envenomation and baseline diabetes mellitus with
respect to the risk of incident CKD (p for interaction = 0.245).

Table 2. Incidence Rates and Adjusted Hazard Ratios for Incident Chronic Kidney Disease for Snake
Envenomation and Baseline Diabetes Mellitus Groups.

Stratum Snake Patients CKD Incidence Rate  Adjusted HR Value p Value for
Envenomation (n) Events (n) (per 1000 PY) (95% CI) P Interaction
Overall 1.00
cohort Control 2916 156 5.59 (Reference) —
. 1.15
Snake envenomation 729 48 7.16 (0.85-1.55) 0.354
Stratified by baseline diabetes mellitus
Non-DM Control 2520 120 4.96 1.00 — 0.245
(Reference)
. 1.08
Snake envenomation 621 34 5.92 (0.75-1.55) 0.642
1.85
DM Control 396 36 9.50 (1.25-2.75) <0.001
. 2.25
Snake envenomation 108 14 14.05 (1.15-4.40) 0.018

Hazard ratios were estimated using multivariable Cox proportional hazards regression and adjusted
for demographic characteristics (age, sex, and socioeconomic status), baseline comorbidities (hyper-
tension, diabetes mellitus, dyslipidemia, and coronary heart disease), and lifestyle factors (body mass
index, smoking status, alcohol consumption, and regular physical activity). In the diabetes-stratified
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1 — Kaplan-Meier estimate

analysis, diabetes mellitus was excluded from the adjustment variables. The nondiabetic control
group served as the common reference category for all four groups. CI, confidence interval; CKD,
chronic kidney disease; DM, diabetes mellitus; HR, hazard ratio; PY, person-years.

2.3. Risk Factors for Incident CKD Among Patients with Snake Envenomation

In the case group, coded AKI during the index hospitalization occurred in 73 patients
(10.0%), and severe envenomation was observed in 94 (12.9%).

Multivariable Cox regression analysis showed that coded AKI during the index hospi-
talization was the only covariate with a statistically significant association with incident
CKD (aHR, 4.25; 95% CI, 2.15-8.40), whereas older age, baseline diabetes mellitus, hyper-
tension, and severe envenomation were not significantly associated with the risk of incident
CKD (Table 3).

Kaplan-Meier analysis showed a higher estimated cumulative incidence of CKD among
patients who developed AKI during the index hospitalization than among those without
AKI, with new CKD events continuing to occur throughout long-term follow-up (Figure 1).
During follow-up, CKD developed in 17 of the 73 patients with AKI (23.3%), 31 of the
656 patients without AKI (4.7%), and 156 of the 2916 controls (5.3%).

0.3 1 Control
— =— + Spake envenomation without AKI
— Snake envenomation with AKI
0.2 4
0.1 A
0.0
T T T T T T
0 2 4 6 8 10
Number at risk Follow-up Time (Years)
= Control 2916 2894 2868 2836 2795 0
— . Snake envenomation without AKI 656 652 645 638 630 0
- Snake envenomation with AKI 73 67 64 63 58 0

Figure 1. One Minus the Kaplan—-Meier Estimate for Chronic Kidney Disease According to Snake
Envenomation and Snakebite-Related Acute Kidney Injury. Kaplan-Meier curves showing the cumu-
lative incidence of CKD in the control group and in patients with snake envenomation with or without
AKI. The numbers at risk are shown below the curves. The curves show one minus the Kaplan-Meier
estimate with deaths censored and may therefore overestimate the cumulative probability of CKD in
the presence of death as a competing event. Time zero corresponds to the start of outcome follow-up,
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1 year after the index date. Because participants who developed CKD, died, or emigrated during the
first year were excluded before matching, the numbers at risk at time zero (2916, 656, and 73) form
the risk set for the outcome analysis. Abbreviations: AKI, acute kidney injury.

Table 3. Multivariable-Adjusted Predictors of Incident Chronic Kidney Disease in the Snake
Envenomation Cohort.

Patients Incident CKD Adjusted HR

Predictor (n) Events (1) (95% CI) p-Value
Age > 65 years 114 16 1.65 (0.90-3.05) 0.105
Baseline diabetes mellitus 108 14 1.80 (0.95-3.42) 0.072
Baseline hypertension 138 12 1.45 (0.78-2.65) 0.245
Severe envenomation 94 10 1.55 (0.80-2.95) 0.195
Snakebite-related AKI 73 17 4.25 (2.15-8.40) <0.001

Hazard ratios were estimated using multivariable Cox proportional hazards regression restricted to
the snake envenomation group (n = 729; 48 incident CKD events) and adjusted for demographic
characteristics (older age), baseline comorbidities (diabetes mellitus and hypertension), and snake
envenomation-related factors (severe envenomation and snakebite-related acute kidney injury). AKI,
acute kidney injury; CI, confidence interval; CKD, chronic kidney disease; HR, hazard ratio.

3. Discussion

To our knowledge, this is the first nationwide population-based cohort study in Korea
to evaluate long-term renal outcomes after snake envenomation using matched nonenven-
omated controls. The results showed that snake envenomation itself was not statistically
significantly associated with incident CKD in the overall cohort. However, among pa-
tients with snake envenomation, coded AKI was associated with subsequent incident CKD.
In contrast to most previous studies from other countries enrolling only patients with
snakebite-related AKI [13,15,19,21], we included an overall snake envenomation popula-
tion and a matched nonenvenomated population. In our study, snake envenomation was
not significantly associated with incident CKD in either the overall cohort or the analysis
restricted to individuals without baseline diabetes mellitus. The absence of a statistically
significant association was consistent with findings from one previous study conducted in
Sri Lanka [20]. Furthermore, no statistically significant association was observed between
severe envenomation and incident CKD among patients with snake envenomation.

Among patients with dialysis-requiring AKI following Russell’s viper bites, the severity
of local reactions, hypotension at presentation, and bleeding manifestations were not asso-
ciated with subsequent CKD [13]. Similarly, the total dose of antivenom, which may serve
as a surrogate for venom burden or the severity of envenomation, was not associated with
long-term renal outcomes after snakebite-related AKI in previous Indian studies [13,15].

In this study, the incidence of coded AKI (10.0%) was comparable to the 2-14% reported
in previous Korean single-center studies [16-18] and lower than the pooled incidence of
approximately 23% reported worldwide over the past decade [23]. Despite its relatively low
incidence, snakebite-related AKI was associated with long-term incident CKD. Importantly,
an increased risk of CKD has also been observed after mild or short-duration AKI (<3 days),
despite apparent initial recovery of kidney function, in other clinical settings, including
surgery and sepsis [4]. This may be particularly relevant in Korea, where snakebite-related
AKI generally has a relatively mild clinical course, with renal replacement therapy required
in only 0-1.4% of affected patients and no reported mortality [16,17].

In our study, the statistically significant association of long-term incident CKD with
snakebite-related AKI suggests that CKD may be better understood as part of the AKI-to-
CKD continuum. Although the underlying mechanisms cannot be determined from our
study, maladaptive renal repair following AKI may represent a potential mechanism linking
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snakebite-related AKI to subsequent CKD [24], which warrants further investigation in the
context of snake envenomation.

The established risk factors for CKD following AKI in nonenvenomation clinical settings
include greater AKI severity and duration, diabetes mellitus, hypertension, older age, and
dialysis-requiring AKI [4]. In our study, the increased risk of CKD associated with baseline
diabetes mellitus was evident when the case and control groups were further stratified
according to diabetes status, supporting its established role as a risk factor for CKD. However,
in the analysis restricted to patients with snake envenomation, AKI was the only covariate
that reached statistical significance, whereas older age, diabetes mellitus, and hypertension
did not. Nevertheless, the confidence intervals for older age and diabetes mellitus remained
compatible with clinically meaningful increases in CKD risk. Therefore, the nonsignificant
associations should be interpreted cautiously, particularly given the relatively small number
of incident CKD events, and do not exclude potential associations with these traditional
risk factors.

Notably, the extended follow-up in this study allowed us to examine renal outcomes
over the decade following snake envenomation. The Kaplan-Meier curves showed a rel-
atively rapid increase in estimated CKD incidence during early follow-up, followed by a
more gradual increase thereafter. CKD developed in 17 of the 73 patients with AKI (23.3%)
during follow-up, indicating that new CKD events continued to occur beyond the early
period after AKI. This long-term pattern highlights the importance of sufficiently prolonged
observation in characterizing the renal prognosis of snakebite-related AKI and may help
inform future guidelines regarding the duration of renal monitoring in these patients. Dif-
ferences in follow-up duration, along with differences in the responsible snake species and
study populations, may also partly explain the considerable variation in CKD incidence
reported across previous studies.

4. Limitations

This study has several limitations. First, AKI was identified using administrative claims
data. Accordingly, its severity, duration, and recovery could not be evaluated. In addition,
mild or transient episodes of AKI that were not clinically recognized or coded may have
been missed, potentially resulting in misclassification. Administrative N17 coding has
shown limited sensitivity in validation studies outside Korea, and we did not identify a
Korean validation study (see Section 6); the AKI incidence in this study should therefore
be interpreted as the incidence of coded AKI, and clinically or biochemically defined
AKI may have been under-ascertained. Second, preexisting CKD was excluded on the
basis of diagnostic codes rather than laboratory measures of kidney function. Therefore,
undiagnosed or asymptomatic CKD present before snake envenomation may not have been
completely excluded. In addition, because the available claims records began on 1 January
2012, the look-back period for excluding preexisting CKD was shorter than 2 years, and
CKD diagnosed earlier but not recorded during this period may have been misclassified
as incident CKD; excluding participants with CKD in the first year after the index date
may have reduced, but cannot eliminate, such misclassification. Incident CKD was also
identified from diagnostic codes, which have shown limited sensitivity in validation studies,
so CKD may have been under-ascertained. Third, we could not identify the snake species
involved, as a serologic test for this purpose is not commercially available for routine clinical
practice in Korea. This prevented comparisons of long-term renal outcomes across species.
Nevertheless, most venomous snakebites in South Korea have been attributed to Gloydius
species [1]. Fourth, although we adjusted for major CKD risk factors, other unmeasured
factors, such as diet and inherited susceptibility to CKD, may have influenced the observed
associations. In addition, lifestyle factors and body mass index were missing for participants
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without a pre-index health examination; multiple imputation may not fully remove bias if
the missingness depended on unobserved values, and residual confounding by these factors
cannot be excluded. Fifth, only patients with snake envenomation who received antivenom
treatment were included to increase the specificity for clinically meaningful envenomation
and reduce the inclusion of possible dry bites. However, this approach may have excluded
patients with milder envenomation who did not receive antivenom. In addition, detailed
treatment-related information that could influence the development or course of AKI,
such as the timing of antivenom administration and fluid therapy, was unavailable in the
claims database. Therefore, the potential influence of these treatment-related factors could
not be evaluated. Sixth, the relatively small number of incident CKD events, particularly
among patients with snake envenomation, may have limited the statistical power to identify
additional risk factors for CKD. Seventh, we could not estimate the cumulative incidence of
CKD accounting for death as a competing event; the cumulative incidence curves, estimated
as one minus the Kaplan-Meier estimate with deaths censored, may therefore overestimate
the absolute risk of CKD, and the magnitude of this overestimation could not be assessed.
In addition, we were unable to formally assess the proportional hazards assumption; the
hazard ratios should be interpreted as cause-specific hazard ratios, which may obscure
changes in the association over time if the hazards were not proportional. Moreover, because
outcome follow-up began 1 year after the index date, our findings apply to individuals
who survived without CKD for at least 1 year after the index date. Finally, because the
study cohort consisted entirely of Koreans, the generalizability of our findings to other
populations may be limited, particularly given geographic differences in snake species and
venom composition.

5. Conclusions

In this nationwide Korean cohort, no statistically significant association between snake
envenomation and incident CKD was detected in the overall cohort. However, among pa-
tients with snake envenomation, snakebite-related AKI was associated with subsequent in-
cident CKD. One minus the Kaplan-Meier estimate for CKD among patients with snakebite-
related AKI continued to increase during long-term follow-up, reaching approximately 23%
by 10 years, without adjustment for the competing risk of death. These findings suggest that
long-term renal risk following snake envenomation may be concentrated among patients
who develop AKI and highlight the importance of long-term renal follow-up in this popu-
lation. Further studies are needed to clarify the mechanisms underlying the progression
from snakebite-related AKI to CKD.

6. Materials and Methods
6.1. Data Source and Ethics

This study used data from the National Health Information Database (NHID), main-
tained by the Korean National Health Insurance Service (NHIS), which is the single provider
of mandatory health insurance for the entire Korean population. Additionally, the NHIS
provides biennial national health examinations for eligible individuals, and the results are
systematically incorporated into the NHID. Consequently, the anonymized NHID has an
extensive database that contains sociodemographic information (e.g., age and sex), lifestyle
factors (e.g., smoking status and alcohol consumption), and all hospital claims (inpatient,
outpatient, and emergency department) coded according to the International Classification
of Diseases, 10th revision (ICD-10), for the entire Korean population.

The NHIS supplied researchers with deidentified NHID records containing longitu-
dinal health care utilization information linked by anonymized patient identifiers. Our
institutional review board approved the research (IRB No. CNUH-EXP-2025-150) and
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waived the requirement for informed consent because of the retrospective study design and
the use of deidentified administrative records.

6.2. Study Population

We assembled the cohort using NHID records spanning 1 January 2012 to 31 December
2023. Eligibility during 2012-2013 was restricted to adults aged >18 years with no previous
diagnosis of snake venom toxicity (ICD-10 T63.0), CKD (ICD-10 N18.x), or AKI (ICD-10
N17). Cases were eligible adults admitted for snake envenomation (T63.0) between 1
January 2012 and 31 December 2013, who received antivenom during that admission. For
cases, the index date was the date of admission for snake envenomation. Controls had
no recorded T63.0 diagnosis at any time during the observation period. Each control was
randomly assigned an index date to match the distribution of index dates among cases.
Exact matching on age, sex, and socioeconomic status was performed at a 4:1 control-to-case
ratio. Age was matched using the three categories reported in Table 1 (18-39, 40-64, and
>65 years) rather than single years of age.

Because the NHID claims records used in this study began on 1 January 2012, the
look-back period for the exclusion criteria (previous snake envenomation, CKD, or AKI)
and for baseline comorbidities extended from 1 January 2012 to the index date and therefore
ranged from 0 to almost 24 months, depending on the index date.

Baseline comparability was assessed using standardized mean differences, with values
less than 0.1 indicating satisfactory balance. Follow-up began 1 year after the index date
and continued until death, emigration, or the end of the observation period.

6.3. Primary Outcome

The primary outcome of this study was incident CKD occurring after snake enveno-
mation. Incident CKD was defined using ICD-10 codes and confirmed as having at least
1 inpatient or 2 outpatient diagnoses recorded [25]. Specifically, incident CKD required
ICD-10 code N18.x recorded as the principal or a secondary diagnosis on at least one in-
patient claim or on outpatient claims on at least two separate dates, with no maximum
interval between the two outpatient diagnoses. The requirement for at least one inpatient or
two outpatient diagnoses has been used in a previous Korean NHIS-based study of kidney
disease [25], which was not a validation study, and we did not identify a study validat-
ing this algorithm against laboratory criteria in the Korean NHIS. To evaluate long-term
incident CKD, a 1-year lag period was applied as a landmark design: participants who
developed CKD, died, or emigrated within the first year after the index date were excluded
before matching, and outcome follow-up began 1 year after the index date. Consequently,
all matched participants were alive, free of CKD, and under observation at the start of
outcome follow-up.

6.4. Data Collection

Data on demographic characteristics (index date, age, sex, and socioeconomic status
based on income level), clinical comorbidities (hypertension [ICD-10 codes I110-115], di-
abetes mellitus [ICD-10 codes E10-E14], dyslipidemia [ICD-10 code E78], and coronary
heart disease [ICD-10 codes 120-125]) were extracted from the NHID. Data concerning
lifestyle factors, including current smoking, heavy alcohol consumption, regular physical
activity, and body mass index were obtained from each participant’s most recent national
health examination before the index date, where available; health examination records from
before 1 January 2012 were also used for this purpose. A pre-index health examination
was not required for cohort inclusion, and these variables were missing for participants
without one; missing values were handled by multiple imputation (see Statistical Analysis).
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Heavy alcohol consumption was defined as a self-reported alcohol intake of >30 g/day,
while the criterion for regular physical activity was either >5 sessions of moderate-intensity
exercise or >3 sessions of vigorous-intensity exercise per week. We quantified the burden
of comorbid disease with the Charlson Comorbidity Index using claims-based diagnostic
data from the NHID [26,27].

Additionally, in the case group, the occurrence of AKI (ICD-10 code N17) and the
severity of envenomation during the index hospitalization were assessed. AKI was defined
as any N17 code recorded as the principal or a secondary diagnosis on a claim during the
index hospitalization; because administrative coding may miss clinically recognized or
biochemically defined AKI, AKI in this study refers to coded AKI. Severe envenomation
was defined as the presence of either hematologic severity (an ICD-10 code for DIC or the
requirement for blood transfusion within 2 days of admission) or hemodynamic severity
(an ICD-10 code for shock or the use of vasopressors within 1 day of admission). A Korean
study examining venom-induced consumption coagulopathy after snake envenomation
reported that the most extreme measurements of the international normalized ratio (INR),
activated partial thromboplastin time (aPTT), and fibrinogen occurred within 16 h of
arrival at the hospital. We therefore used a 2-day window for events defining severe
hematological envenomation, aiming to capture clinically important early coagulopathy and
avoid classifying later events unrelated to envenomation as manifestations of severity [28].

6.5. Statistical Analysis

Baseline characteristics were compared between the case and control groups. Categor-
ical variables are presented as frequencies and percentages and were compared using the
chi-square test. Continuous variables are expressed as the means with standard deviations
and were compared using Student’s ¢ test or the Wilcoxon rank-sum test, as appropriate.

We expressed incidence as the number of events per 1000 person-years of follow-up
and estimated cumulative CKD incidence with the Kaplan-Meier method. Cox propor-
tional hazards models provided hazard ratios (HRs) together with their 95% confidence
intervals (Cls). For analyses of the full cohort, covariate adjustment included demographic
characteristics (age, sex, and income level), lifestyle factors (current smoking, heavy alcohol
consumption, regular physical activity, and body mass index), and clinical comorbidities
(hypertension, diabetes mellitus, coronary heart disease, and dyslipidemia).

In the case group, the multivariable model for incident CKD was adjusted for older
age, baseline diabetes mellitus, baseline hypertension, severe envenomation, and snakebite-
related AKI. These factors were selected on the basis of their established or clinically relevant
associations with CKD [29].

We examined subgroups defined by snake envenomation status and diabetes mellitus
status at baseline, using controls without diabetes mellitus as the reference group. Given
that diabetes mellitus is a major established risk factor for CKD, this analysis was performed
to evaluate the association between snake envenomation and incident CKD according to
baseline diabetes status and to assess whether this association differed according to the
presence of diabetes mellitus. The interaction between snake envenomation and baseline
diabetes mellitus was assessed by including a multiplicative interaction term in the Cox
proportional hazards model. Missing covariate values (lifestyle factors and body mass
index) were handled using multiple imputation by chained equations. Five imputed datasets
were generated, and pooled estimates were used for the adjusted Cox proportional hazards
models. Lifestyle factors and body mass index after imputation are presented in Table 1.

The hazard ratios from the Cox models, in which deaths were censored, are cause-
specific hazard ratios; they describe the association with the rate of CKD among participants
who were alive and free of CKD [30]. The cumulative incidence curves were estimated
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as one minus the Kaplan-Meier estimate with deaths censored and may overestimate the
absolute risk of CKD in the presence of death as a competing event [30]; we therefore also
report the observed proportion of participants in whom CKD developed during follow-up.
Participants who died before developing CKD remained in the denominator without con-
tributing an event, and these proportions do not account for differences in follow-up time.
Standardized mean differences were calculated from the summary statistics, using propor-
tions for categorical variables and pooled standard deviations for continuous variables [22].
Diagnostic codes for CKD and AKI have shown limited sensitivity in validation studies
outside Korea: the median sensitivity of CKD codes was 41% in a systematic review [31],
and the sensitivity of AKI codes was 37.4-61.6% for ICD-10 N17 against a >2-fold increase
in serum creatinine [32] and 17.2% for ICD-9-CM billing codes against the creatinine-based
Kidney Disease: Improving Global Outcomes criteria [33], with specificity above 95% in
both studies.

We used SAS 9.4 (SAS Institute Inc., Cary, NC, USA) for all statistical computations
and applied a two-sided significance threshold of p < 0.05.
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