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Background: Although insulin resistance is common, its significance in kidney transplant recipients remains unclear. We explored clinical im-
plications of the triglyceride-glucose (TyG) index as a marker for unfavorable allograft outcomes in kidney transplant recipients.

Methods: A total of 6,354 kidney transplant recipients were enrolled in a multicenter prospective cohort study between May 2014 and De-
cember 2022. The TyG index was assessed between 6 and 12 months after transplantation. We evaluated the association between the TyG
index and the risk of adverse kidney outcomes.

Results: The cumulative rates of 250% decline in estimated glomerular filtration rate (eGFR), death-censored graft survival, and major ad-
verse kidney events differed across TyG index quartiles, with the highest rate observed in quartile 4 (p < 0.001). TyG index quartile 4 was as-
sociated with the highest risk of death-censored graft loss after multivariable adjustment (adjusted hazard ratio, 2.13; 95% confidence inter-
val [Cl], 1.28-3.55). The risk of 230% decline in eGFR was 1.46 times higher (95% Cl, 1.17-1.82) in quartile 4 compared with quartile 1, and
the risk of 250% decline was 1.78 times higher (95% Cl, 1.30-2.44). Quartile 4 also showed a significantly steeper decline in renal function,
with an adjusted mean difference in eGFR slope of -4.72 mL/min/1.73 m? (95% Cl, -7.39 to -2.04).

Conclusion: Kidney transplant recipients with high TyG index were at increased risk of eGFR decline and graft loss, and also exhibited a more
rapid deterioration in renal function. The TyG index is a useful marker for identifying individuals at high risk for adverse graft outcomes.
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Introduction

Insulin resistance is a prevalent disorder among kidney
transplant recipients [1]. Immunosuppressants such as
tacrolimus, decreased renal function, and low-grade in-
flammation undoubtedly contribute to insulin resistance
in kidney transplant recipients. The significance of insulin
resistance is emphasized through its associations with hy-
perglycemia, dyslipidemia, and increased blood pressure
[2,3]. When insulin resistance progresses, it contributes
to the development of metabolic syndrome—a cluster of
metabolic abnormalities. This condition increases the risk
of new-onset diabetes mellitus after transplantation and
cardiovascular complications, both of which significantly
threaten patient survival [4]. In addition, the presence of
metabolic syndrome is associated with unfavorable kidney
outcomes, a concern heightened because of the high prev-
alence of metabolic syndrome among transplant recipients
[5].

The homeostasis model assessment is currently used
to assess insulin resistance [6,7]. However, assessing in-
sulin levels in a homeostatic model is complex and may
limit its utility in patients undergoing insulin therapy [8].
To overcome these limitations, the triglyceride-glucose
(TyG) index was developed as a simple and reliable marker
of insulin resistance, demonstrating high sensitivity and
specificity [9]. Calculated from fasting plasma triglyceride
and glucose levels, the TyG index is easily accessible and
has shown strong correlation with the severity of insulin
resistance and with several other commonly used markers.
Recent studies demonstrate that the TyG index is strongly
linked to metabolic syndrome and consistently predicts
adverse cardiovascular events across diverse clinical set-
tings [10-12]. Moreover, in kidney transplant recipients, the
TyG index has also been significantly associated with an in-
creased risk of cardiovascular events and the development
of new-onset diabetes mellitus after transplantation [13,14].

However, studies investigating the association between
the TyG index and allograft outcomes, such as renal func-
tion decline and graft survival, remain limited in kidney
transplant recipients. This gap underscores the need to
clarify the prognostic significance of the TyG index in this
population. Therefore, we aimed to evaluate its association
with adverse kidney outcomes in a prospective, multi-
center, nationwide cohort. We hypothesized that a higher

TyG index would be associated with increased risk of mod-
erate-to-severe renal function decline and death-censored
allograft loss.

Methods
Study population

This study utilized data from a registry derived from the
Korean Organ Transplantation Registry (KOTRY), a nation-
al, prospective, multicenter observational cohort of kidney
transplants established in 2012 [15]. Patients who under-
went kidney transplantation were subsequently registered
in the database at the initiation of transplant surgery and
were followed up during the posttransplantation period.
We screened 8,539 kidney transplant recipients from the
KOTRY database between May 2014 and December 2022,
all of whom had documented TyG index data during the
posttransplantation period. Among them, we excluded re-
cipients lost to follow-up before 6 months after transplan-
tation (n = 1,214), those with a posttransplant vintage of
less than 6 months (n = 792), and individuals with a history
of end-stage kidney disease or death before 6 months after
transplantation (n = 179). Therefore, 6,354 recipients were
included in the analysis.

Data collection and definitions

Baseline demographic data, comorbidities, and clinical
and laboratory parameters of the kidney transplant recip-
ients were collected. Furthermore, information on human
leukocyte antigen (HLA) typing, desensitization proce-
dures, and the induction and maintenance of immunosup-
pressant regimens was also collected. We set the index date
at the time of the TyG index assessment. The evaluation of
the TyG index between 6 and 12 months after transplan-
tation was based on the protocol used in previous studies
because of high fluctuations in serum glucose levels and
high doses of immunosuppressants at the early stage of
transplantation [16-18]. The TyG index was calculated us-
ing the following formula: In [fasting triglyceride (mg/dL)
x fasting blood glucose (mg/dL)/2] [19]. The patients were
classified into four groups based on the level of TyG index
as follows: quartile 1, <8.46; quartile 2, 8.46 to <8.80; quar-
tile 3, 8.80 to <9.18; and quartile 4, >9.18. Renal allograft
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function was evaluated using the estimated glomerular
filtration rate (eGFR) calculated using the 2009 CKD-EPI
(Chronic Kidney Disease Epidemiology Collaboration)
formula [20]. Body mass index (BMI) was calculated as
body weight divided by height squared. The definition of
metabolic syndrome followed the criteria as defined in the
International Diabetes Federation guideline [21]. A BMI
>25.0 kg/m” was used as an indicator of abdominal obesity,
because this threshold corresponds to waist circumference
cut-offs recommended for Asian populations [22,23].

Outcome measures

Study endpoints included eGFR decline >30%, eGFR de-
cline >50%, death-censored graft loss, and patient death.
eGFR decline was calculated relative to baseline eGFR at
study enrollment. Renal allograft loss was defined as the
onset of end-stage kidney disease requiring renal replace-
ment therapy or retransplantation, with death treated as a
censoring event. Major adverse kidney event (MAKE) was
defined as a composite of eGFR decline >50%, death-cen-
sored graft loss, and patient death.

Statistical analysis

Baseline characteristics and parameters are presented as
mean * standard deviation or as counts and percentages.
Differences between groups were assessed using analysis
of variance and chi-square tests, as appropriate. The in-
cidence rate was calculated as the number of events per
1,000 person-years, with events defined relative to the cu-
mulative individual time each patient was exposed to the
risk. Cumulative event rates were estimated using the Ka-
plan-Meier method and compared using the log-rank test.
Cox proportional hazard models were used to identify the
independent variables associated with clinical outcomes.
The variables included in the multivariable Cox regression
model were age, sex, BMI at enrollment, previous history
of cardiovascular disease, donor type (living vs. deceased),
underlying etiology of end-stage kidney disease, time on
dialysis, desensitization, HLA mismatching number, main-
tenance immunosuppressant, and eGFR at enrollment.
The patients in the lowest TyG index quartile were des-
ignated as references. A multivariate-adjusted restricted
cubic spline model was employed in the analysis, treating
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exposure as a continuous variable. These curves were con-
structed with three knots, with a TyG index level of 8.2 as
the reference point.

To compare the slopes of eGFR after the index date
across different TyG index quartiles, a linear mixed-effects
model with an unstructured covariance matrix was uti-
lized. This model included age, sex, BM], history of cardio-
vascular disease, donor type, underlying etiology of end-
stage kidney disease, duration of dialysis, desensitization,
HLA mismatch number, maintenance immunosuppres-
sants, eGFR at enrollment, time (linear), and TyG index
quartiles. Differences in the eGFR slope were examined
using the interaction between the TyG index quartiles and
time. Individual-level random intercepts were included,
and TyG index quartiles, time, and their interactions were
incorporated as fixed factors. All statistical analyses were
performed using IBM SPSS for Windows (version 26.0; IBM
Corp.) and R software (version 4.2.0). A p-value <0.05 indi-
cated statistical significance.

Statement of ethics

This study protocol was reviewed and approved by the In-
stitutional Review Board of Kyung Hee University Hospital
(2020-01-045) and CHA Bundang Medical Center (2024-
04-034). Written informed consent was obtained from all
patients before enrollment.

Results
Baseline characteristics and laboratory data

Table 1 shows the baseline characteristics and clinical
parameters of kidney transplant recipients in each TyG
index quartile. The mean level of TyG index was 8.2 + 0.2
in quartile 1 (n = 1,588), 8.6 + 0.1 in quartile 2 (n = 1,589),
9.0 + 0.1 in quartile 3 (n = 1,589), and 9.6 + 0.4 in quartile 4
(n = 1,588). Recipients in TyG index quartile 4 were older,
had a low proportion of males, as well as a high BMI. The
prevalence of previous cardiovascular events was higher
in patients with high TyG index quartiles. Higher levels of
fasting plasma glucose, low-density lipid cholesterol, and
triglycerides were observed in recipients in quartile 4 than
in those in the other quartiles, while eGFR was the lowest
in recipients in quartile 4. The characteristics related to
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Table 1. Basic characteristics of the study population according to the triglyceride-glucose index

Triglyceride-glucose index

Characteristic Quartile 1 Quartile 2 Quartile 3 Quartile 4 p-value
(n=1,588) (n=1,589) (n=1,589) (n=1,588)

Triglyceride-glucose index 8.2+0.2 86+0.1 9.0+0.1 9.6+0.4 <0.001
Age (yr) 483 +124 492 +11.8 50.0+11.1 51.4+10.3 <0.001
Male sex 874 (55.0) 694 (43.7) 631 (39.7) 524 (33.0) <0.001
BMI (kg/m?) 22.1+3.2 224+ 3.2 229+35 241+ 3.6 <0.001
Causes of ESKD <0.001

Diabetes mellitus 335 (21.1) 270 (17.0) 364 (22.9) 620 (39.0)

Hypertension 242 (15.2) 290 (18.3) 251 (15.8) 232 (14.6)

Glomerulonephritis 557 (35.1) 540 (34.0) 508 (32.0) 334 (21.0)

Polycystic kidney 4(4.7) 5 (25.4) 5 (4.1) 5 (4.7)

Others 380 (23.9) 404 (25.4) 401 (25.2) 327 (20.6)
Time on dialysis (yr) 35+49 3.6+5.1 35+6.3 3.1+43 0.02
History of CV events 160 (10.1) 173 (10.9) 168 (10.6) 214 (13.5) 0.01
Living donor 1,085 (68.3) 1,082 (68.1) 1,088 (68.5) 1,106 (69.6) 0.79
Desensitization 412 (25.9) 381 (24.0) 388 (24.4) 432 (27.2) 0.14
HLA mismatching number 32+18 33118 33+18 34+18 0.09
eGFR (mL/min/1.73 m?) 68.5+19.1 67.6 +18.6 67.3+19.1 65.2 +19.7 <0.001
Fasting plasma glucose (mg/dL) 97 £ 18 104 £ 51 113 £29 148 + 62 <0.001
Triglyceride (mg/dL) 77 £18 112 + 20 147 £ 30 224 + 96 <0.001
LDL-cholesterol (mg/dL) 87 +32 97 £ 32 99 + 33 106 + 37 <0.001
Induction immunosuppressant

Basiliximab 1,201 (75.6) 1,199 (75.5) 1,203 (75.7) 1,217 (76.6) 0.87

Anti-thymocyte globulin 412 (25.9) 419 (26.4) 422 (26.6) 401 (25.3) 0.84
Maintenance immunosuppressant

Calcineurin inhibitor 1,584 (99.7) 1,587 (99.9) 1,587 (99.9) 1,587 (99.9) 0.55

Mycophenolate mofetil 1,490 (93.8) 1,484 (93.4) 1,516 (95.4) 1,499 (94.4) 0.08

Glucocorticoid 1,558 (98.1) 1,557 (98.0) 1,565 (98.5) 1,560 (98.2) 0.74

Data are expressed as mean + standard deviation or number (%).

BMI, body mass index; ESKD, end-stage kidney disease; CV, cardiovascular; HLA, human leukocyte antigen; eGFR, estimated glomerular filtration rate;

LDL, low-density lipoprotein.

transplantation and types of immunosuppressants did not
differ across the quartiles.

Triglyceride-glucose index and the risk of adverse kidney
outcomes

During the mean follow-up period of 39.2 + 26.1 months,
327 events of 250% decline in eGFR, 153 cases of renal
allograft loss, and 114 patient deaths were observed. The
cumulative rates of >50% decline in eGFR, death-censored
graft survival, and MAKE differed significantly among re-
cipients with different TyG index quartiles (all p < 0.001)
(Fig. 1). The highest cumulative event rate for all clinical
outcomes was observed in recipients in the TyG index

quartile 4.

Table 2 shows the number of events, incidence rates,
and observed hazard ratios (HRs) of adverse kidney out-
comes based on the TyG index quartiles. Univariable Cox
regression analysis revealed that the TyG index quartile
3 or 4 was significantly associated with an increased risk
for kidney outcomes. The risks of the death-censored
graft loss, eGFR decline 230%, eGFR decline >50%, patient
death, and MAKE in recipients in the TyG index quartile
4 were 2.31 (95% confidence interval [CI], 1.80-2.95), 1.39
(95% CI, 1.13-1.72), 1.70 (95% CI, 1.25-2.30), 1.64 (95% ClI,
0.98-2.76), and 1.55 (95% CI, 1.22-1.96), respectively.

Compared with recipients in TyG index quartile 1, the
adjusted HRs for death-censored graft loss were 1.24 (95%
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Figure 1. Cumulative rate for each outcome in different
triglyceride-glucose index quartiles. (A) Estimated glomerular
filtration rate decline 250%, (B) death-censored graft survival,
and (C) major adverse kidney events among recipients. The
p-values are calculated by log-rank tests.
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CI, 0.75-2.06), 1.52 (95% CI, 0.93-2.48), and 2.13 (95% CI,
1.28-3.55) for quartiles 2, 3, and 4, respectively, indicating
a progressive increase in risk. Recipients in the highest
TyG index quartile showed a significantly increased risk
of 230% and >50% decline in eGFR, with adjusted HRs of
1.46 (95% CI, 1.17-1.82) and 1.78 (95% CI, 1.30-2.44), re-
spectively, compared with those in Q1. The composite out-
come of MAKE showed a similar trend, with adjusted HRs
of 1.00 (95% CI, 0.77-1.29), 1.12 (95% CI, 0.87-1.45), and
1.56 (95% CI, 1.22-1.99) for quartiles 2, 3, and 4. However,
the risk of patient death did not differ significantly across
TyG quartiles (HR for Q4 vs. Q1, 1.57; 95% CI, 0.91-2.65).
Variables that were significantly associated with patient
death included age (adjusted HR, 1.08; 95% CI, 1.06-1.11),
deceased donor (adjusted HR, 1.73; 95% CI, 1.11-2.70),
and time on dialysis (adjusted HR, 1.04 per year; 95% CI,
1.03-1.06).

Restricted cubic spline curves were generated to assess
the continuous relationship between the TyG index and
the HRs of the death-censored graft loss (Fig. 2). A gradual
increase in the risk of composite events and graft loss was
observed with an incremental increase in the TyG index.

Triglyceride-glucose level and the estimated glomerular
filtration rate slopes of renal allograft

The annual eGFR slopes were -1.15 mL/min/1.73 m* (95%
CI, -1.33 to -0.96), -1.14 mL/min/1.73 m* (95% CI, -1.32 to
-0.96), -1.24 mL/min/1.73 m* (95% CI, -1.44 to -1.04), and
-1.06 mL/min/1.73 m* (95% CI, -1.18 to -0.94) for recipi-
ents in the TyG index quartile 1, 2, 3, and 4, respectively.
Linear mixed models were constructed to characterize the
eGFR slopes based on the TyG index (Table 3). A significant
unadjusted interaction was observed for eGFR between the
TyG index quartile and time (p = 0.005). Adjusted analyses
of change in eGFR indicated that, compared to recipients
in the TyG index quartile 1, those in the TyG index quartile
3 and 4 were significantly associated with the excess eGFR
decline of -3.00 mL/min/1.73 m* (95% CI, -5.63 to -0.36)
per year and -4.72 mL/min/1.73 m” (95% CI, -7.39 to -2.04)
per year, respectively.

Subgroup analysis

We evaluated the association between a one-quartile in-
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Table 2. Incidence rate and HRs of predefined kidney outcomes based on the triglyceride-glucose index quartiles

) ) ) No. of Person- Incidence Univariable analysis Multivariable analysis
Trighyceride-glucose index  gyents  years rate HR (95% CI) pvalue HR (95% CI) pvalue
Death-censored graft loss

Quartile 1 24 4,389 5.5 Reference - Reference -
Quartile 2 31 4,343 71 1.32(0.77-2.36) 0.31 1.25(0.73-2.16) 0.42
Quartile 3 44 4,297 10.2 1.86 (1.12-3.07) 0.02 1.76 (1.05-2.95) 0.03
Quartile 4 54 4,276 12.6 2.31 (1.80-2.95) 0.001 2.13 (1.28-3.55) 0.004
eGFR decline 230%
Quartile 1 151 4,438 34.0 Reference - Reference -
Quartile 2 136 4,384 31.0 0.92(0.73-1.16) 0.48 0.92(0.73-1.16) 0.49
Quartile 3 167 4,336 38.5 1.15(0.43-0.92) 0.23 1.18 (0.94-1.47) 0.16
Quartile 4 197 4,320 45.6 1.39 (1.13-1.72) 0.002 1.46 (1.17-1.82) 0.001
eGFR decline 250%
Quartile 1 67 4,438 15.1 Reference - Reference -
Quartile 2 68 4,385 15.5 1.03 (0.74-1.45) 0.85 1.03 (0.74-1.45) 0.85
Quartile 3 84 4,337 19.4 1.29 (0.93-1.77) 0.13 1.31(0.95-1.82) 0.10
Quartile 4 108 4,324 25.0 1.70 (1.25-2.30) 0.001 1.78 (1.30-2.44) <0.001
Patient death
Quartile 1 23 4,539 5.1 Reference - Reference -
Quartile 2 31 4,470 6.9 1.36 (0.79-2.34) 0.26 1.37 (0.80-2.36) 0.26
Quartile 3 23 4,443 5.2 0.97 (0.54-1.75) 0.93 1.01(0.56-1.81) 0.98
Quartile 4 37 4,405 8.4 1.64 (0.98-2.76) 0.06 1.57 (0.91-2.65) 0.10
MAKE
Quartile 1 88 4,404 20.0 Reference - Reference -
Quartile 2 89 4,359 20.4 1.01(0.78-1.31) 0.95 1.00 (0.77-1.29) 0.98
Quartile 3 100 4,317 23.2 1.11 (0.86-1.43) 0.44 1.12 (0.87-1.45) 0.39
Quartile 4 139 4,298 323 1.55 (1.22-1.96) <0.001 1.56 (1.22-1.99) <0.001

Cl, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio; MAKE, major adverse kidney events.

Incidence rate was represented as 1,000 person-years. Multivariable analyses were adjusted for the following covariates: age, sex, body mass index at
enroliment, previous history of cardiovascular disease, donor type (living vs. deceased), underlying etiology of end-stage kidney disease, time on dialysis,
desensitization, human leukocyte antigen mismatching number, maintenance immunosuppressant, and eGFR at enroliment.

crease in the TyG index and the risk of >50% decline in
eGFR and death-censored graft loss across clinically rele-
vant subgroups, including age, sex, diabetes mellitus, hy-
pertension, BMI, and metabolic syndrome (Supplementary
Table 1, available online). In most subgroups, a higher TyG
index was consistently associated with increased risks of
both eGFR decline and graft loss. No statistically significant
interaction was observed for any subgroup, suggesting that
the association was consistent across diverse clinical sub-

high TyG index would have an elevated risk of major ad-
verse kidney outcomes, including a composite of moder-
ate-to-severe renal function decline and death-censored
renal allograft loss. In this nationwide, prospective, obser-
vational cohort study, a higher TyG index was significantly
associated with increased susceptibility to these outcomes.
Furthermore, recipients with a higher TyG index showed a
steeper slope of eGFR decline over time in linear mixed-ef-
fects models. These findings highlight the clinical signif-

groups. icance of the TyG index in kidney transplant recipients,
suggesting its potency as a risk factor for unfavorable renal
Discussion allograft outcomes.

We hypothesized that kidney transplant recipients with a

While renal transplantation resolves several complica-
tions related to impaired kidney function, recipients con-
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tinue to encounter new metabolic challenges driven by
factors such as obesity, immunosuppressive therapy, dys-
lipidemia, hypertension, and imbalanced glucose metab-
olism [24,25]. These metabolic disorders have been recog-
nized as significant alloantigen-independent contributors
to adverse kidney outcomes [26,27]. In our study, recipients
with a high TyG index showed a higher cumulative inci-
dence of adverse kidney outcomes and a significantly in-
creased risk of MAKE compared to those with a lower TyG
index. These findings highlight the TyG index as a useful
marker of metabolic disturbances in predicting adverse re-
nal graft outcomes. Notably, insulin resistance is a primary
manifestation of these metabolic disorders and represents
a central pathophysiologic feature of this syndrome [28,29].
Therefore, the TyG index could be a clinically meaningful
marker of posttransplant metabolic stress, allowing iden-
tification of individuals at higher risk for adverse kidney
outcomes.

Although several reports have indicated that metabolic
syndrome and obesity contribute to poor kidney outcomes
in the general population [30,31], few studies have evaluat-
ed the role of insulin resistance in renal allograft outcomes.
Our study demonstrates a clear association between TyG
index quartiles 3 and 4 and an increased risk of graft loss,
which increased gradually in proportion to the TyG index
level. These findings extend the clinical relevance of in-
sulin resistance to the field of renal allograft outcomes. In
our subgroup analysis, the association between a high TyG
index and the risk of both >50% eGFR decline and graft loss
was consistently observed without significant interaction
across subgroups. This suggests that the predictive value of
the TyG index for graft loss may be generalizable regardless
of baseline characteristics, and highlights its potential utili-
ty in diverse transplant populations.

To explore the association between the TyG index and re-
nal injury prior to the occurrence of graft loss, we analyzed
outcomes related to renal function decline and the mag-

nitude of eGFR change. We found that a high TyG index
was associated with a greater risk of 250% decline in eGFR
from baseline, and that recipients in TyG index quartiles 3
and 4 exhibited a significantly steeper eGFR decline slope
compared to those in quartile 1. These findings suggest
that the TyG index may facilitate the early identification
of transplant recipients at increased risk for renal allograft
deterioration and provide an opportunity for proactive
management to prevent further injury. In sensitivity anal-
yses, recipients in TyG index quartile 4 showed a signifi-
cantly increased risk of experiencing >30% decline in renal
function and exhibited a more rapid decline in eGFR slope.
These findings further support the utility of the TyG index
in detecting recipients with initial-stage graft dysfunction.
Therefore, we suggest that the TyG index is a valuable

Death-censored graft loss

. 7.54
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Figure 2. Restricted cubic spline curves demonstrate a
continuous relationship between TyG index and HRs of death-
censored graft loss.

Cl, confidence interval; HR, hazard ratio; TyG, triglyceride-glucose.

Table 3. Association between triglyceride-glucose index quartiles and changes in eGFR of renal allograft

Univariable analysis

Multivariable analysis

Triglyceride-glucose index

Differences in eGFR (95% CI) p-value Differences in eGFR (95% ClI) p-value
Quartile 1 Reference - Reference -
Quartile 2 0.00 (-2.2510 2.26) 0.997 -1.24 (-3.88t0 1.39) 0.36
Quartile 3 -2.41 (-4.68t0 -0.38) 0.04 -3.00 (-5.63 t0 -0.36) 0.03
Quartile 4 -3.09 (-5.36t0 -0.81) 0.008 -4.72 (-7.39 to -2.04) 0.001
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marker for ongoing surveillance of metabolic risk, which
is closely associated with graft dysfunction from the early
posttransplant period.

Insulin resistance affects kidney function and the de-
velopment of chronic kidney disease through multiple
pathways [32]. Mechanistically, insulin resistance leads to
glomerular hyperfiltration, increased sodium retention,
tubular dysfunction, and renal tissue inflammation and
fibrosis [1,33,34]. Single renal allografts in recipients are
more susceptible to renal hyperfiltration compared to two
native kidneys due to a reduced number of glomeruli. Ad-
ditionally, the adverse effects of immunosuppressants and
immunological injury induce renal interstitial inflamma-
tion and fibrosis [35,36]. Therefore, increased insulin resis-
tance can substantially exacerbate the underlying damage
in renal allografts, and our results provide further support
for the biological pathway through which insulin resistance
deteriorates the kidneys.

Several previous studies have evaluated the association
between the TyG index and all-cause mortality in patients
with diabetes mellitus or those requiring intensive care,
and found that a higher TyG index was associated with
increased mortality risk [37]. However, the strength of this
association has been inconsistent. Some studies found no
significant relationship between the TyG index and all-
cause mortality, or observed significance only within spe-
cific subpopulations [38,39]. We also assessed the clinical
relevance of the TyG index for all-cause mortality in kidney
transplant recipients, but the association was not signifi-
cant among those in the higher TyG index quartiles. These
findings suggest that the relationship between the TyG
index and mortality risk may differ across clinical popula-
tions, and that the TyG index may have a limited prognostic
value for mortality in kidney transplant recipients.

This study has several limitations. First, the KOTRY da-
tabase does not include detailed information on import-
ant lifestyle and clinical variables such as dietary habits,
physical activity, alcohol consumption, or family history of
disease. These unmeasured factors are known to influence
metabolic status and kidney outcomes, and their absence
may have introduced residual confounding in our analysis.
In addition, although information on the types of immu-
nosuppressive agents was available and adjusted for in the
multivariable models, data on immunosuppressive drug
levels and adherence were not accounted for. These un-

measured treatment-related factors may have influenced
both metabolic parameters and graft outcomes, and should
be considered in future studies. Second, the present study
was limited to the assessment of the TyG index, which was
based on a single value obtained on the index date. Tran-
sient fluctuations may affect the diagnostic or predictive
value of the TyG index. Future studies incorporating serial
TyG index measurements or cumulative exposure over
time, or latent class mixture modeling, may better reflect
long-term metabolic burden and improve the prediction of
graft outcomes. Third, observational study designs inher-
ently involve residual or unmeasured confounding factors
that could influence the results. Moreover, such designs
have limited capacity to establish a causal relationship
between the TyG index and adverse kidney outcomes. Fur-
ther studies would be valuable in confirming the predictive
utility of the TyG index for long-term kidney outcomes.

In conclusion, this study demonstrated that kidney trans-
plant recipients with a high TyG index had an elevated risk
of 230% and 250% declines in eGFR, along with graft loss.
In addition, a high TyG index was associated with a steeper
decline in eGFR over time. Monitoring the TyG index is
useful to identify recipients at increased risk of adverse kid-
ney outcomes and support risk-based management strate-
gies to optimize care in kidney transplant recipients.
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