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ABSTRACT

BACKGROUND: The triglyceride-glucose index (TyG
index), calculated as the logarithmic product of fast-
ing triglyceride and glucose concentrations, is recog-
nized as a simple marker of insulin resistance. How-
ever, the association between the TyG index and future
decline of renal function remains unclear in the general
population.

OBJECTIVE: To investigate whether the TyG index was
associated with future decline of renal function in the
general population who had not progressed to chronic
kidney disease stage G2.

DESIGN: Retrospective longitudinal observational
cohort study.

PARTICIPANTS: Individuals who received a population-
based health checkup at JA Ehime Kouseiren Checkup
Center from 2010 to 2019 (n=134,007). Individuals
without data of baseline fasting triglyceride or glucose
levels, or baseline and follow-up data of estimated glo-
merular filtration rate (eGFR), or those with baseline
eGFR<60 mL/min/1.73 m? were excluded.

MAIN MEASURES: Future renal function decline,
defined as a>25% decrease in eGFR from baseline.
KEY RESULTS: Of 10,758 participants, 8,076
were classified into the low TyG index group (TyG
index<8.76, 1st to 3rd quartiles) and 2,682 into the
high TyG index group (TyG index > 8.76, 4th quartile).
The mean follow-up period was 37.8 +23.6 months.
The incidence rates of renal function decline were 0.31
and 0.69 per 100 person-years in the low and high
TyG index groups, respectively. In multivariate Cox
proportional hazard models, high TyG index was sig-
nificantly associated with future renal function decline
(hazard ratio 2.25, 95% CI 1.40-3.60). This associa-
tion was consistent across subgroups stratified by age,
sex, body mass index, baseline eGFR, and diagnosed
hypertension, diabetes, or dyslipidemia.
CONCLUSION: In the general population, high TyG
index was associated with future renal function decline.
The TyG index may be useful in identifying individuals at
high risk for future renal function decline in the setting
of health checkups.
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INTRODUCTION

Chronic kidney disease (CKD) is a growing global health
concern with increasing prevalence and associate risks,
including death and cardiovascular disease.'™ Importantly,
CKD is characterized by progressive renal function deterio-
ration.* Early CKD diagnosis and intervention are crucial to
prevent death and cardiovascular disease.’

Insulin resistance is recognized as a risk factor of CKD
and a potential target for CKD treatment and prevention.®
Previous cross-sectional studies have demonstrated that insu-
lin resistance and hyperinsulinemia occur early in CKD pro-
gression, even in patients with normal estimated glomerular
filtration rate (¢GFR).”® Furthermore, several longitudinal
studies have shown that insulin resistance was associated
with incident of CKD and kidney function decline.”'" Thus,
insulin resistance may serve as a novel marker for CKD
development.

The insulin clamp test is the gold standard for evaluating
insulin resistance but is impractical for large studies due to
time and cost constraints.!! In 2008, the triglyceride-glu-
cose (TyG) index was proposed as a less invasive marker,
calculated using fasting triglycerides (TG) and blood sugar
(FBS).'? The TyG index predicts hypertension and car-
diovascular disease independently of diabetes.'> Whereas
longitudinal studies have reported that a high TyG index
predicts the progression of kidney dysfunction under spe-
cific conditions such as the elderly population, patients with
type 2 diabetes mellitus, or those with preserved eGFR
(>75 mL/min/1.73 m?) and no medication,'*” the associa-
tion between the TyG index and future renal function decline
has not been fully explored in the general population.

Whereas health checkups target early disease detection
in the general population, they may not predict CKD risk
solely based on eGFR and proteinuria assessments.'® This
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study investigates the association between the TyG index and
future renal function decline in individuals not yet at CKD
stage G2, using annual health checkup data.

METHODS
Study Population

This was a retrospective cohort study using a population-
based health checkup data. The dataset was derived from
the annual health-screening program conducted by JA
Ehime Kouseiren Checkup Center between 2010 and 2019.
This study was approved by the local ethics committee at
Kyushu University Hospital (22181-00) and Ehime Univer-
sity (Approval no. 1912011). This study complied with the
Declaration of Helsinki. An opt-out consent procedure was
used in this retrospective and noninterventional study.

Data Collection

All participants included in this study underwent health
checkup at least twice between 2010 and 2019. Baseline
data was obtained from the data of the first visit during the
period from 2010 to 2018. Individuals without baseline
eGFR, baseline FBS, or fasting TG were excluded. Individu-
als with baseline eGFR < 60 mL/min/1.73 m?, suggestive of
possible CKD stage G2 or higher, were also excluded from
this study. The TyG index was calculated using the formula
In [FBS (mg/dL) x fasting TG (mg/dL) /2].'? Other details
of the data collection are shown in Appendix 1.

Outcomes

Future renal function decline was defined as a 25% or greater
decrease in eGFR from baseline, using the values at baseline
and each subsequent visit. As sensitivity analyses, we also
examined the association for (1) a 25% or greater decrease
in eGFR from baseline to less than 60 mL/min/1.73 m?, (2)
a 30% or greater decrease in eGFR from baseline, and (3) a
20% or greater decrease in eGFR from baseline. The eGFR
was calculated using the following formula: eGFR (mL/
min/1.73 m?) = 194 X (serum creatinine concentration [mg/
dL]) 1% % Age™7 for males, or (eGFR for males) x 0.739
for females, which is revised formula for Japanese.'”

Statistical Analysis

Participants were stratified into four groups based on quar-
tiles for their baseline TyG index. Baseline differences
between participants in the four groups were compared
using Jonckheere-Terpstra test for continuous variables and
Cochran-Armitage test for categorical variables.
Univariate and multivariate Cox proportional hazards
models were employed to calculate hazard ratios (HRs) for
the incidence of future renal function decline. Models 1, 2,

and 3 were developed to adjust for potential confounders
(details in Appendix 1 and footnotes in Tables 2 and 4).
Multivariate Cox regression analysis with Model 3 using
the TyG index as a continuous variable was also performed.
The associations between the TyG index and the incidence of
future renal function decline were examined using restricted
cubic splines with the same covariates used in Model 3.

In addition, we performed the analyses stratifying the par-
ticipants into two groups: those with a low TyG index (1st,
2nd, and 3rd quartiles) and those with a high TyG index
(4th quartile). Baseline differences between participants in
the two groups were compared using t-test for continuous
variables and chi-square test for categorical variables. The
cumulative incidence of eGFR decline events in the low and
high TyG index groups, adjusted for age and sex, was esti-
mated using a Cox proportional hazards model. Additional
analyses were conducted by including fasting TG and FBS in
Model 3, respectively. In these two analyses, the TyG index
was included only as a categorical variable due to collin-
earity issues. Subgroup analyses were also performed using
Model 3 to determine whether the association between the
TyG index and future renal function decline was affected by
sex, age, body mass index (BMI), eGFR, or the diagnosis of
hypertension, diabetes mellitus, or dyslipidemia.

All P values were two-sided except for trend tests, in
which one-sided P values were used. A P value < 0.05 indi-
cated statistical significance. All analyses were conducted
with SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Figure 1 shows a flowchart of participants selection. A total
of 134,007 individuals received health checkups at JA Ehime
Kouseiren Checkup Center at least once between 2010 and
2018. Exclusions were made for individuals without baseline
eGFR data (n=76,081), those with baseline eGFR < 60 mL/
min/1.73 m? (n=17,044), those without follow-up eGFR data
(n=21,841), and those without baseline FBS or fasting TG
data (n=18,283). After applying these exclusion criteria,
10,758 people were included in this study. The median TyG
index was 8.32, with an interquartile range of 7.94-8.76.
The mean follow-up period was 37.8 +23.6 months (median
35.5 months, interquartile range: 13.2-59.0 months).

Table 1 shows the baseline characteristics of the partici-
pants divided by quartiles of the TyG index. The incidence
of future renal function decline was observed in 136 out of
10,758 participants (1.26%). The incidence rates of future
renal function decline were 0.35, 0.21, 0.37, and 0.69 per
100 person-years in Q1 (TyG index <7.94), Q2 (7.94 <TyG
index < 8.32), Q3 (8.32 <TyG index <8.76), and Q4
(8.76 <TyG index), respectively, suggesting that individuals
in Q2 had the lowest risk for renal function decline.

Table 2 shows the HRs for the incidence of future renal
function decline in comparison with Q2 of the TyG index,
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People who receive health checkup
at JA Ehime Kouseiren Checkup Center from 2010 to 2018
N = 134,007

Exclusion Lack of baseline eGFR, N =76,081
——— | Baseline eGFR < 60 mL/min/1.73 m2, N = 7,044
Lack of follow—up of eGFR, N =21,841

Baseline eGFR > 60 mL/min/1.73 m?
N =29,041

Exclusion
B — [Lack of baseline fasting TG or BS level, N = 18,283 }

N =10,758
Low TyG index group, N =8,076
High TyG index group, N =2,682

Figure. 1 The flowchart of patient selection. Abbreviations: BS, blood sugar; eGFR, estimated glomerular filtration rate; TG, Triglycer-
ide; TyG index, triglyceride-glucose index.

Table 1 Baseline Characteristics of the Participants Divided by Quartiles of the TyG Index

Total Q1 Q2 Q3 Q4 P for trend
TyGI <7.94 7.94<TyGI<8.32 8.32<TyGI<8.76 8.76 <TyGI
N=10,758 N=2717 N=2659 N=2700 N=2682

TyG index* 8.32[7.94,8.76] 7.70[7.52,7.83] 8.14[8.04, 8.23] 8.52 [8.42, 8.63] 9.10 [8.90, 9.36] <0.001
Age, years 483+12.6 432+11.6 48.0+12.6 50.7+12.7 515+11.5 <0.001
Male, n (%) 5495 (51.1) 753 (27.7) 1141 (42.9) 1608 (59.6) 1993 (74.3) <0.001
BMI, kg/m? 23.1+3.8 21.1+2.8 223433 23.7+3.7 253+3.7 <0.001
eGFR, mL/min/1.73 m? 82.5+143 86.1+15.0 82.7+13.8 81.0+13.7 80.4+13.9 <0.001
Hypertension, n (%)t 2660 (24.7) 273 (10.1) 506 (19.0) 781 (28.9) 1100 (41.0) <0.001
Duration of hypertension, 7.0 [3.0, 14.0] 6[3.0, 12.0] 7.0 [4.0, 13.0] 7.0 [3.0, 13.0] 8.0 [3.0, 14.0] 0.031

years*
Diabetes mellitus, n (%) 573 (5.3) 25(0.9) 63 (2.4) 130 (4.8) 354 (13.2) <0.001
Dyslipidemia, n (%) 4651 (43.2) 351 (12.9) 764 (28.7) 1204 (44.6) 2332 (87.0) <0.001
History of CVD, n (%) 427 (4.0) 58 (2.1) 106 (4.0) 111 4.1) 152 (5.7) <0.001
Current smoking, n (%) 2271 (21.6) 320 (12.0) 507 (19.5) 635 (24.2) 809 (30.7) <0.001
Proteinuria, n (%) 286 (2.7) 61 (2.3) 46 (1.7) 76 (2.8) 103 (3.8) <0.001
Systolic blood pressure, 119.6+18.6 110.8 +16.0 117.4+18.0 122.7+18.0 127.7+17.9 <0.001

mmHg
Diastolic blood pressure, 73.0+12.3 67.0+10.8 71.3+11.7 74.8+11.5 789+11.7 <0.001

mmHg
Hemoglobin Alc, % 5.5+0.6 53+0.3 54+03 5.5+0.5 5.8+0.9 <0.001
Fasting glucose, mg/dL 98.5+17.2 90.7+7.2 95.1+8.9 99.3+12.6 109.0+26.7 <0.001
Fasting triglycerides, mg/dL*  85.0 [60.0, 126.0] 48.0 [41.0, 55.0] 72.0[65.0, 79.0] 102.5[93.0, 114.0] 171.0[143.0,222.0] <0.001
Total cholesterol, mg/dL 204.3+354 190.0+31.1 200.9+33.2 208.1+33.0 219.3+374 <0.001
LDL-C, mg/dL 123.1+31.7 106.8+25.6 120.0+28.2 129.6 +29.3 136.1+34.8 <0.001
HDL-C, mg/dL 67.2+17.7 77.7+16.7 71.5+16.6 64.3+15.2 552+13.3 <0.001
Urid acid, mg/dL 53+1.4 4.6+1.2 50+13 55+1.3 6.0+1.4 <0.001

Values are mean+ SD or numbers (%)
“Median value and interquartile range are shown in square brackets
Prior diagnosis of hypertension

BMI body mass index; CVD cerebral cardiovascular disease; eGFR estimated glomerular filtration rate; HDL-C high-density lipoprotein; LDL-C
low-density lipoprotein cholesterol; TyG index (TyGI) triglyceride-glucose index
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Table 2 Hazard Ratios for Future Renal Function Decline Compared to Q2 of the TyG Index

TyG index Number of events Univariate analysis Model 1* Model 27 Model 3%

HR 95%CI Pvalue HR 95%CI Pvalue HR 95% CI Pvalue HR 95% CI P value
Q2 7.94-8.32 18/2659 Ref - - Ref - - Ref - - Ref - -
Ql <7.94 30/2717 1.68 0.94-3.02 0.082 1.83 1.01-3.31 0.046 1.77 0.98-3.21 0.059 1.87 1.01-3.45 0.046
Q3 8.32-8.76 30/2700 1.77 0.99-3.18 0.056 1.69 0.94-3.05 0.080  1.67 0.92-3.01 0.091 1.66 0.90-3.08 0.107
Q4 8.76< 5812682 326 1.92-554 <0.001 3.12 1.81-5.39 <0.001 2.87 1.66-4.95 <0.001 3.30 1.74-6.29 <0.001

“Model 1 was adjusted for sex and age

"Model 2 was adjusted for sex, age, urine protein, and estimated glomerular filtration rate

*Model 3 was adjusted for all confounders in Model 2, history of cerebral cardiovascular disease, diagnosis of hypertension, diabetes mellitus, and

dyslipidemia, current smoking status, uric acid, and body mass index
HR hazard ratio; TyG index triglyceride-glucose index

representing the lowest risk population, derived from the
univariate and multivariate Cox regression analyses. In
the multivariate analysis using Model 3, compared with
individuals in Q2, those in Q1 had a high risk of renal
function decline, and those in Q4 also had a higher risk.
However, the risk in Q3 was not significantly different
from that in Q2.

We also performed multivariate Cox regression anal-
ysis using the TyG index as a continuous variable and
showed that an elevated TyG index was significantly asso-
ciated with the renal function decline (HR 1.69, 95% CI
1.22-2.34, P=0.002).

Figure 2 shows the restricted cubic spline regression
analysis with the TyG index of 8.76 (upper quartile) as
the reference, adjusted for the same variables using Model
3. There was a minimal HR of less than 0.5 observed at a
TyG index of approximately 8.0, indicating a lower risk
of renal function decline at this level. A slightly increased
risk was observed at lower TyG index levels. As the TyG
index increased beyond approximately 8.0, the risk of renal
function decline continued to increase.

This result of the spline analysis aligns with the find-
ings from the multivariate analyses conducted across the
four groups stratified by quartiles of the TyG index, as
well as the analysis treating the TyG index as a continuous
variable. Detecting high-risk populations by categorizing
individuals based on a specific cutoff value is crucial. To
further explore this, we performed additional analyses by
stratifying participants into two distinct groups: individu-
als with a low TyG index (Q1-3: TyG index < 8.76) and
those with a high TyG index (Q4: TyG index > 8.76).

Table 3 shows the baseline characteristics of the par-
ticipants in the low and high TyG index groups. Similar
to the TyG index quartile analysis, the high TyG group
had significantly more known cardiovascular risk factors.
The mean follow-up period was 37.8 +23.5 months and
37.9+23.9 months in the low and high TyG index groups,
respectively, with no significant difference between the
groups (P=0.89).

The incidence rates of future renal function decline were
0.31 and 0.69 per 100 person-years in the low and high
TyG groups, respectively. Figure S1 in Appendix 2 shows
the cumulative incidence of future renal function decline
adjusted by age and sex. The incidence of future renal func-
tion decline was significantly higher in the high TyG index
group compared to the low TyG index group.

Table 4 shows the unadjusted and adjusted HRs for future
renal function decline comparing the high TyG index group
with the low TyG index group. Both unadjusted and adjusted
analyses revealed a significant association between the high
TyG index group and future renal function decline. Sensi-
tivity analyses using alternative renal endpoints showed a
similar association between the TyG index and risk of eGFR
decline (Table S1 in Appendix 3). Additional analyses,
including TG or FBS, respectively, as a continuous vari-
able in addition to the variables in Model 3, showed that the
association between a high TyG index and worsening renal
function remained significant (including TG: HR 2.06, 95%
CI 1.27-3.36, P=0.004; including FBS: HR 2.19, 95% CI
1.36-3.53, P=0.001).

The results of subgroup analyses were shown in Fig. 3.
The subgroup analysis based on sex, age (> 65 vs <65 years),
BMI (>25 vs<25 kg/mz), baseline eGFR (>90 vs <90 mL/
min/1.73 m?), or the presence of hypertension, diabetes
mellitus, or dyslipidemia presented no significant interac-
tion between the TyG index level and these factors for the
association with future renal function decline. The positive
association between the TyG index and future renal func-
tion decline basically remained consistent across these
subgroups.

DISCUSSION

This study provides novel evidence that individuals with
a high TyG index have a higher incidence of future renal
function decline, defined as a>25% decline in eGFR from
baseline, compared to those with a low TyG index in the
general population without evidence of CKD using data
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Figure. 2 Hazard ratio for renal function decline event according to baseline TyG index. The solid line indicates the adjusted hazard ratio,
and the dotted lines indicate 95% CI. The TyG index of 8.76 was set as a reference. Abbreviations: HR, hazard ratio; TyG index, triglycer-
ide-glucose index.

from annual health checkups. Importantly, this association
remained significant even after adjusting for potential con-
founding factors such as age, hypertension, diabetes mellitus,
baseline eGFR, and urine protein. This association remained
significant after further adjustment for TG or FBS. Subgroup
analyses demonstrated the consistency of this association
across different subgroups, including sex, age, BMI, baseline
eGFR, and the presence of hypertension, diabetes mellitus,
or dyslipidemia. These findings highlight the potential utility
of the TyG index as a screening tool for identifying individu-
als at high risk for future renal function decline in the general
population, regardless of their specific backgrounds.

It should be noted that the primary renal outcome of our
study, defined as a>25% decrease in eGFR from baseline,
differs from commonly used surrogate outcomes such as
end-stage kidney disease. We aimed to assess the clinical
utility of the TyG index for early identification of high-
risk individuals in the general population not yet at CKD
stage G2. Therefore, a less robust surrogate outcome was
set as the primary outcome, and individuals with baseline
eGFR < 60 mL/min/1.73 m? were excluded. Our sensitivity

analysis also showed that a high TyG index was associated
similarly with other renal outcomes, such as eGFR decline
of >20% or >30%, supporting its utility in detecting indi-
viduals at high risk for early-stage CKD. Furthermore, given
that a>30% eGFR decline predicts future end-stage kidney
disease,?’ the TyG index may potentially prove useful in
identifying individuals at high risk for renal dysfunction,
including end-stage kidney disease. A previous study dem-
onstrated an association between a high TyG index and the
development of end-stage kidney disease during a 22.7 +6.9-
year follow-up in the general population.?! Further studies
are needed to assess how the TyG index’s association with
future renal decline varies across different CKD stages.
There were significant differences in demographic and
clinical characteristics between the high and low TyG index
groups, as well as between the four groups stratified by quar-
tiles of the TyG index. Patients in the high TyG index group
had more risk factors for worsening renal function, includ-
ing hypertension, diabetes, and dyslipidemia.’*~>* Thus,
the increased incidence of renal function decline in indi-
viduals with a high TyG index may partly stem from these
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Table 3 Baseline Characteristics in the Low and High TyG Index Groups
Total Low TyG index group High TyG index group P value
(TyG index < 8.76) (TyG index > 8.76)

N=10,758 N=8076 N=2682
TyG index* 8.32 [7.94, 8.76] 8.13 [7.83, 8.42] 9.10 [8.90, 9.36] <0.001
Age, years 48.3+12.6 473+12.7 51.5+11.5 <0.001
Male, n (%) 5495 (51.1) 3502 (43.4) 1993 (74.3) <0.001
BML, kg/m? 23.1+3.8 224435 253+3.7 <0.001
eGFR, mL/min/1.73 m? 82.5+14.3 83.2+14.3 80.4+13.9 <0.001
Hypertension, n (%) 2660 (24.7) 1560 (19.3) 1100 (41.0) <0.001
Duration of Hypertension, years* 7.0 [3.0, 14.0] 7.0 [3.0, 13.0] 8.0 [3.0, 14.0] 0.071
Diabetes mellitus, n (%) 573 (5.3) 218 2.7) 354 (13.2) <0.001
Dyslipidemia, n (%) 4651 (43.2) 2319 (28.7) 2332 (87.0) <0.001
History of CVD, n (%) 427 (4.0) 275 (3.4) 152 (5.7) <0.001
Current smoking, n (%) 2271 (21.6) 1462 (18.5) 809 (30.7) <0.001
Proteinuria, n (%) 286 (2.7) 183 (2.3) 103 (3.8) <0.001
Systolic blood pressure, mmHg 119.6+18.6 117.0+18.0 127.7+17.9 <0.001
Diastolic blood pressure, mmHg 73.0+12.3 71.0+11.8 789+11.7 <0.001
Hemoglobin Alc, % 55+0.6 54+04 5.8+09 <0.001
Fasting glucose, mg/dL 98.5+17.2 95.0+10.4 109.0+26.7 <0.001
Fasting triglycerides, mg/dL* 85.0 [60.0, 126.0] 72.0 [54.0, 93.0] 171.0 [143.0, 222.0] <0.001
Total cholesterol, mg/dL 204.3+35.4 199.4 +33.3 219.3+37.4 <0.001
LDL-C, mg/dL 123.1+31.7 118.7+£29.3 136.1+34.8 <0.001
HDL-C, mg/dL 67.2+17.7 71.2+17.1 552+13.3 <0.001
Uric acid, mg/dL 53+14 50+1.3 6.0+14 <0.001

Values are mean=+ SD or numbers (%)
“Median value and interquartile range are shown in square brackets

TPrior diagnosis of hypertension

BMI body mass index; CVD cerebral cardiovascular disease; eGFR estimated glomerular filtration rate; HDL-C high-density lipoprotein; LDL-C

low-density lipoprotein cholesterol; 7yG index triglyceride-glucose index

Table 4 Hazard Ratios of Future Renal Function Decline for the High TyG Index Group Compared with the Low TyG Index Group

Number of events Univariate analysis Model 1* Model 2} Model 33
HR 95%CI Pvalue HR 95% CI Pvalue HR 95%CI Pvalue HR 95% CI P value

Low TyG 78/8076 Ref - —  Ref - —  Ref - —  Ref -

index

group (TyG

index < 8.76)
High TyG 58/2682 221 1.57-3.11 <0.0012.10 1.46-3.02 <0.0011.95 1.36-2.80 <0.0012.25 1.40-3.60 <0.001

index

group (TyG

index > 8.76)

“Model 1 was adjusted for sex and age

"Model 2 was adjusted for sex, age, urine protein, and estimated glomerular filtration rate

*Model 3 was adjusted for all confounders in Model 2, history of cerebral cardiovascular disease, diagnosis of hypertension, diabetes mellitus, and

dyslipidemia, current smoking status, uric acid, and body mass index

HR hazard ratio; TyG index triglyceride-glucose index

accompanying risk factors. However, after adjusting for
these potential confounders, the high TyG index remained
associated with renal function decline. Subgroup analyses
also demonstrated the consistency of this association across
different subgroups: the HRs for renal function decline were
greater than 1.0 in all subgroups with no significant interac-
tion between the TyG index and subgroup factors, which

is consistent with previous studies.'*?>2° Therefore, the
elevated TyG index itself may contribute to the progression
of renal dysfunction.

The TyG index is a minimally invasive and cost-effective
measure of insulin resistance.'>?’ Insulin resistance can dis-
rupt glucose utilization in adipocytes, affecting lipid profiles
and fasting glucose levels,?® which are components of the
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Number of events

Male —e—
Female —e—
Age = 65 years
Age < 65 years —e—o
BMI > 25 kg/m? ——
BMI < 25 kg/m? ——
eGFR 2 90 mL/min/1.73 m? —————
eGFR < 90 mL/min/1.73 m? —e———i
Hypertension (+) H-o——
Hypertension (-) ———————
DM (+ ! °
DM (-) —e——
Dyslipidemia (+) ——
Dyslipidemia (—) ——

Low TyG index High TyG index HR 95% CI P value P for
group group interaction
33/3502 41/1993 1.87 1.03-3.39 0.040 0.86
45/4574 17/689 3.22 1.45-7.09 0.004 ’
8/875 9/383 3.44 1.11-10.66 0.033 087
70/7204 49/2299 2.06 1.21-3.51 0.008 .
20/1530 31/1314 1.76 0.89-3.50 0.11 0.68
58/6546 27/1367 2.64 1.38-5.05 0.003 ’
39/2290 20/564 1.96 0.90-4.31 0.092 0.29
39/5786 38/2118 2.87 1.57-5.22 <0.001 ’
25/1560 32/1100 1.47 0.76-2.82 0.25 091
53/6516 26/1582 3.40 1.71-6.77 <0.001 :
1/218 17/354 10.92 1.24-96.34 0.031 0,098
7717858 41/2328 2.01 1.20-3.34 0.008 :
14/2319 50/2332 247 1.28-4.77 0.007 0.30
64/5757 8/350 2.00 0.904.49 0.091 :

0O 1 2 3 4 5 6 7 8 9 10 11 12

HR

Figure. 3 Association between TyG index and the risk for future renal function decline in the subgroups. Hazard ratios were calculated
by a multivariate Cox proportional hazards model with Model 3. Abbreviations: BMI, body mass index; DM, Diabetes mellitus; eGFR,
estimated glomerular filtration rate; HR, hazard ratio; TyG index, triglyceride-glucose index.

TyG index. While previous studies have reported associa-
tions between blood TG levels and worsening kidney func-
tion,” our results showed that a high TyG index correlates
with renal function decline even after adjusting for TG or
FBS levels. This suggests that the TyG index captures addi-
tional information beyond TG or FBS levels alone, serving
as a comprehensive indicator of metabolic abnormalities
and insulin resistance that contribute to kidney dysfunction
progression. Considering the TyG index could help identify
individuals at higher risk of renal function decline, even with
normal TG or FBS levels.

Insulin resistance impacts kidney function and CKD
development diversely.*>*! Hyperinsulinemia, a character-
istic feature of insulin resistance, can directly contribute to
kidney dysfunction by promoting glomerular hyperfiltra-
tion, impairing endothelial function, and increasing vascular
permeability.*>3? Insulin resistance-related hyperglycemia
prompts metabolic acidosis, systemic inflammation, and oxi-
dative stress, causing renal fibrosis and tubular damage.>*’
Blood sugar fluctuations in insulin-resistant individuals
increase oxidative stress and risk of complications, includ-
ing mortality, independent of hemoglobin Alc levels.>*3’
Furthermore, insulin resistance-induced secondary hyper-
triglyceridemia directly impacts kidney function through
lipid accumulation and lipotoxicity.*®*° Moreover, insulin
resistance itself exacerbates renal disease progression by
worsening renal hemodynamics through mechanisms such
as sympathetic activation, sodium retention, and downregu-
lation of the natriuretic peptide system.>*3! These factors
collectively contribute to CKD development in individu-
als with high insulin resistance, as indicated by a high TyG
index. Importantly, the TyG index outperforms other simple
indicators such as homeostasis model assessment of insulin
resistance (HOMA-IR) and TG/high-density lipoprotein cho-
lesterol ratio in assessing insulin resistance.***! The strong

association between a high TyG index and future renal func-
tion decline may reflect its superior detectability for insulin
resistance.

Currently, no established TyG index cutoff exists to diag-
nose insulin resistance or predict diseases such as metabolic
syndrome, diabetes mellitus, or CKD. Previous studies on
TyG index and metabolic syndrome or diabetes mellitus sug-
gest a cutoff around 8.6-8.9.*>* In our study, individuals
with a TyG index > 8.76 had a higher risk of worsening renal
function compared to those with a TyG index < 8.76, align-
ing with prior research. Furthermore, the HRs in the quar-
tile stratified analysis and the restricted cubic spline curve
analysis suggest a J-curve shaped risk by TyG index for renal
function decline.

This study has several limitations. First, we could not ana-
lyze the association between the TyG index and hard renal
endpoints because of low event incidence in our study, likely
due to a slower GFR decline in Japanese individuals com-
pared to Caucasians.** Second, potential influences of treat-
ments for hypertension, diabetes mellitus, and dyslipidemia
(e.g., diet, exercise, medication) on the TyG index, insulin
resistance, or renal function,*® were not considered due to
lack of data. Certain medications can directly impact fasting
TG and FBS levels, affecting the TyG index independent of
true insulin resistance. Although we couldn’t assess these
treatments’ effects, subgroup analysis consistently showed
an association regardless of hypertension, diabetes mellitus,
or dyslipidemia. Third, reasons for follow-up discontinuation
were unavailable. The study would be further strengthened
if the reasons for censoring patients, such as mortality and
long-term hospitalization, were available. Fourth, many indi-
viduals were excluded due to missing TG, FBS, and eGFR
data. This is probably attributed to the fact that Japanese
law permits non-fasting blood draws, the exceptional omis-
sion of blood tests in individuals under 39 years of age, and
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the omission of serum creatinine from blood tests across all
age groups in health checkups. Nonetheless, TG and FBS
tests are common in clinical practice and health checkups.
This study underscores the potential of routine blood tests
in identifying high-risk individuals for renal dysfunction,
advocating for fasting blood samples and serum creatinine
inclusion in health checkups.

In conclusion, using health checkup data, we found a
higher incidence of eGFR decline >25% was in the high
TyG index group compared to the low TyG index group.
Evaluation of the TyG index may be useful in identifying
individuals at high risk for future renal function decline in
the setting of health checkups in the general population.
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