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Abstract

Background The triglyceride glucose (TyG) index is a cutting-edge and highly effective marker of insulin resistance,
a crucial factor in the development and exacerbation of diabetic kidney disease (DKD). To date, there has been limited
research on how the triglyceride-glucose (TyG) index affects the outlook for patients suffering from DKD.

Methods In this multicenter retrospective cohort study, the analysis recruited 2,203 DKD patients from the National
Health and Nutrition Examination Survey (NHANES) dataset, which covers the US from 2001 to 2018. The research
applied a Cox proportional hazards model with multiple variables to investigate the association of the TyG index
with mortality outcomes. Restricted cubic splines (RCS) and methods for analyzing threshold effects were employed
to identify possible non-linear relationships.

Results Over nearly 19 years of follow-up, this study captured data on 753 all-cause and 231 cardiovascular disease-
specific fatalities. Sophisticated statistical methods, including RCS and smoothing curve adjustments via penalized
splines, helped identify distinctive patterns: The baseline TyG index was observed to have a U-shaped pattern related
to overall mortality and an L-shape with cardiovascular diseases(CVD) mortality among individuals with DKD. Notably,
TyG index below 9.15 for overall mortality and 9.27 for CVD mortality were linked to reduced death rates (HR=0.65,
95% Cl1=0.52-0.82 for all-cause; HR=0.58, 95% Cl=0.43-0.83 for CVD). On the other hand, TyG index exceeding

these benchmarks (greater than 9.15 for all-cause and 9.27 for CVD) correlated with increased all-cause mortal-

ity risks (HR=1.21,95% Cl=1.02-1.43) and showed a non-significant change in CVD mortality risks (HR=1.07, 95%
C1=0.83-1.38).

Conclusions This study emphasizes the non-linear linkage involving the TyG index and death rates due to CVD
and other factors in patients with DKD, demonstrating its effectiveness in estimating potential adverse events
within this demographic.
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Background

Type 2 diabetes mellitus (T2DM) has emerged as a sig-
nificant global public health challenge. Epidemiologi-
cal studies reveal that by 2021, the worldwide diabetes
population had grown to 537 million. Predictions sug-
gest this figure will escalate to 783 million by 2045 [1].
Furthermore, diabetic kidney disease (DKD), affecting
20-50% of individuals with T2DM, is a prevalent and
costly complication arising from prolonged diabetes [2].
Moreover, DKD significantly increases the likelihood of
all-cause mortality and cardiovascular disease (CVD)
in contrast to individuals who do not have diabetes [3].
Specifically, DKD notably contributes to increased mor-
tality in T2DM patients, representing an exceptionally
high risk for younger individuals and accounting for a
substantial portion of the increased risk in older patients
[4, 5]. Therefore, identifying residual risk factors for
DKD patients is critical in reducing death rates, espe-
cially from cardiovascular events. Additionally, insulin
resistance (IR), a state of reduced insulin effectiveness,
is linked to increased CVD risk in T2DM individuals [6,
7] and strongly correlates with DKD, thereby intensify-
ing the associated CVD risk [8—10]. Given these findings,
numerous studies have highlighted IR as a crucial prog-
nostic indicator for adverse outcomes in DKD patients
[11, 12].

Patients with IR often have compromised fasting blood
glucose (FBG) and triglycerides (TG) levels. Introduced
by Simental-Mendia et al. in 2008, the TyG index, which
integrates fasting plasma glucose and triglyceride meas-
urements, is critical in evaluating IR [13]. Its efficacy is
on par with or surpasses conventional techniques like the
hyperinsulinemic-euglycemic clamp test and Homeo-
static Model Assessment for Insulin Resistance(HOMA -
IR) [14, 15]. Moreover, the TyG index stands out for its
accessibility, affordability, and reliability.

Despite its potential, the use of the TyG index to indi-
cate IR and predict outcomes in DKD patients is still
uncertain. The study aimed to assess its predictive power
for overall mortality associated with cardiovascular dis-
ease in DKD individuals.

Methods

Participant demographics and study framework

The National Health and Nutrition Examination Survey
(NHANES) is carried out biennially as a cross-sectional
analysis that mirrors the entire demographic range
of Americans. The core focus is scrutinizing Ameri-
can adults’ and children’s wellness and dietary condi-
tions through detailed interviews, physical assessments,
nutritional evaluations, and laboratory investigations
[16]. A sophisticated multi-stage, stratified sampling
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method was employed to select the study cohort, ensur-
ing its national representation [17]. The execution of the
NHANES was a collaborative effort between the Cent-
ers for Disease Control and Prevention (CDC) [16] and
the National Center for Health Statistics (NCHS). The
NCHS Research Ethics Review Board granted ethical
clearance for the NHANES protocol, and written consent
was secured from every individual involved. Between
2001 and 2018, 9 NHANES cycles saw the enrollment of
102,321 individuals. After excluding individuals under
20 years old (n=45,402), pregnant individuals (n=1,328),
and those either without DKD or lacking relevant data
on this condition (#=50,986), a total of 4,695 adults with
DKD were initially identified. Subsequently, after remov-
ing participants without TyG index data (n=2,377) and
those missing mortality information (n=25), the final
cohort included 2,203 eligible individuals (Fig. 1).

Definition of diabetic kidney disease and TyG

Diabetes mellitus was diagnosed following the guide-
lines established by the American Diabetes Association
(ADA), encompassing:

1. A prior diagnosis by a healthcare professional.

2. FBG levels of 7. 0 mmol/L or higher.

3. Glycosylated hemoglobin Alc (HbAlc) levels of 6.
5% or higher.

4. Current use of diabetes medications or insulin.

Per the KDIGO 2021 Guidelines, DKD was character-
ized by the presence of diabetes mellitus along with a
urinary albumin-to-creatinine ratio (UACR) 2of 30 mg/g
and/or an estimated glomerular filtration rate (eGFR)
less than 60 mL/min/1. 73 m? [18]. The TyG index was
determined using the formula: TyG index=Ln [TG, (mg/
dL) X FBG (mg/dL) / 2] [13, 19]. Participants in the study
were divided into quartiles (Q1, Q2, Q3, and Q4) accord-
ing to their scores on the TyG index, designating Q1 as
the reference group.

Definition of mortality from any cause

and cardiovascular-related Deaths

Participant survival was determined based on records of
all-cause and CVD mortality sourced from the National
Death Index (NDI) controlled by the CDC up to Decem-
ber 31, 2019, in the US [20]. Causes of death in these
records adhere to the International Classification of
Diseases, Tenth Revision (ICD-10). All-cause mortality
includes fatalities due to any fundamental reason, while
deaths attributed to cardiovascular issues are explicitly
categorized using ICD-10 codes 100-109, 111, 113, and
120-151.
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102,321 individuals of NHANES
in 2001-2018

Excluded:
45,402 participants of age <20;

> 1,328 participants were pregnant;
50,986 participants of non-DKD
or without DKD date

4,605 DKD patients aged
20-85 years

Excluded:

Y

2,377 missing TyG index date

2,228 individuals

Excluded:

Y

> 25 missing mortality date

Enrolled analysis (n=2,203)

Fig. 1 Flow chart of study participants

Covariates

Initial demographic data collection encompassed sex
(male, female), age, among other variables. A question-
naire was administered to collect 'yes’ or 'no’ responses
regarding smoking, alcohol consumption, hyperten-
sion, diabetic retinopathy, and CVD. Clinical parameters
such as HbAlc, FBG, lipid profiles, and liver and kidney
function indicators were obtained from the NHANES
laboratory data. Calculation of the eGFR utilized the
CKD-EPIscr (eGFRscr) formula [21]. For comprehensive
details on demographic data, lipid profiles, liver and kid-
ney function metrics, the formulas for BMI and its clas-
sification criteria, the equation for eGFRscr, definitions of
CVD, and specific categories for smoking and alcohol use,
please consult supplementary material 1.

Statistical analysis

Considering NHANES's intricate sampling structure, the
study utilized sample weights, clustering, and stratifica-
tion, adhering to the standards for NHANES data analy-
sis [22].To mitigate potential bias due to missing data,
the analysis utilized a multilevel approach designed for
survey data to conduct multiple imputations [9, 10]. This

study employed a Gibbs sampling procedure to generate
ten interpolated datasets, preceded by 500 iterations of
burn-in and followed by 100 updates. This process was
designed to ensure random independence between the
interpolated datasets.

To assess the normality of continuous variables,
the Kolmogorov—Smirnov test was employed. Vari-
ables following a normal distribution were expressed as
mean + standard deviation (SD), whereas those not fitting
a normal distribution were described using the median
and interquartile range (IQR). Categorical variables were
represented as numbers and percentages. For compari-
sons among continuous variables, the Wilcoxon rank
sum test or t-test was employed, and categorical variables
were analyzed using either the Pearson chi-square test
or Fisher’s exact test. To ascertain the TyG index’s inde-
pendent predictive capability, the analysis constructed a
multivariate Cox proportional hazards regression model
with four distinct models for adjusting confounding vari-
ables. The initial model was crude and unadjusted, while
Model 1 incorporated adjustments for age, sex, race, and
BMI. Model 2 further included adjustments for alcohol
intake, smoking, retinopathy, hypertension, and CVD,
building upon Model 1. Model 3 added HbAlc, LDL-C,
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eGFR, and ACR adjustments to Model 2. Additionally,
this research utilized multiple Cox regression hazard
models incorporating restricted cubic splines and curve
smoothing (applying the penalized spline technique) to
examine potential non-linear correlations linking the
TyG index with mortality stemming from any cause or
cardiovascular occurrences.

After identifying the non-linear association, the analy-
sis determined the inflection points of the TyG index
concerning both overall and CVD mortality. A recursive
algorithm was used to do this. Subsequently, a bi-phasic
approach to Cox proportional hazards was implemented
at each key turning point, examining how the TyG index
correlates with mortality risk from all causes and CVD.
In sensitivity assessments, analyses were stratified by sex,
age (either below 60 or 60 and older), ethnic background
(White, Black, Mexican, or Other), and BMI categories
(Normal weight, Low weight, Overweight, or Obese), as
well as HbAlc levels (either<6.5 or>6.5) and presence
of CVD. All statistical analyses were conducted on R
version 4.3.0 and the Empower (R)(www. empowerstats.
com, X&Y Solutions, Inc., Boston MA), with findings
deemed statistically significant at a two-sided P value less
than 0.05.

Results

Subject characteristics

This cohort study enrolled 2,203 subjects aged 20 years
and above, with an average age of approximately 66 years,
and about 58% of them were male. Table 1 displayed the
basic parameters organized by TyG index quartiles, show-
ing an average TyG index of 9.26+0.79 for participants.
Laboratory characteristics segmented by TyG index quar-
tiles were presented in Table 2. The observations indicated
that participants with elevated TyG index were generally
younger, were predominantly of Mexican ethnicity, and
exhibited a greater prevalence of hypertension in con-
trast to their counterparts in the lowest quartile. Signifi-
cant variations in biochemical parameters were also noted
among the groups. Individuals with higher TyG index
exhibited elevated concentrations of FBG, HbAlc, FINS,
LDL-C, TC, TG, UACR, eGFR, AST, and ALT compared
to their counterparts with lower TyG index, with all dif-
ferences being statistically significant (P<0. 01). Further-
more, notable differences were observed in Scr and BUN
levels across the four groups (all P<0. 05).

Correlations between TyG index values and mortality
outcomes

Table 3 detailed the recording of 753 instances of all-
cause mortality and 231 cases of deaths related to CVD
throughout the follow-up period. To ascertain the TyG
index’s standalone correlation with mortality risks, the
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analysis utilized three distinct Cox regression models.
Specifically, in Model 3, after adjusting for multiple con-
founders, the adjusted hazard ratios (HRs) and 95% con-
fidence intervals (ClIs) for all-cause mortality across the
TyG index quartiles varied from 1. 00 (reference) to 0. 79
(0. 64—0. 97), 0. 76 (0. 61-0. 93), and 0. 94 (0. 74-1. 18),
resulting in a P trend of 0. 47. Regarding CVD mortality,
the HRs for these quartiles stood at 0. 78 (0. 54-1. 12), 0.
59 (0. 40—0. 87), and 0. 84 (0. 55-1. 28), with a P trend of
0. 24.

Identifying non-linear associations

In the initial multivariate analysis regarding the TyG
index, a non-linear relationship emerged between mortal-
ity threats from all causes and CVD. Additional analysis
of this correlation was performed using a Cox propor-
tional hazards regression analysis that included RCS and
curve smoothing, explicitly employing the penalized
spline technique. Intriguingly, the adjusted plots revealed
distinct patterns: a U-shaped pattern related to mortality
from all causes (as depicted in Fig. 2A) and an L-shaped
correlation for CVD mortality (Fig. 2B).

The analysis employed the conventional Cox propor-
tional hazards regression model and a two-piece vari-
ant to measure these associations. The latter identified
critical inflection points at 9.15 for all-cause mortality
and 9.27 for mortality due to CVD, both significant with
log-likelihood ratio P-values under 0. 05, as detailed in
Table 4. After accounting for factors such as age, sex,
race, BMI, alcohol intake, smoking, retinopathy, hyper-
tension, CVD, HbAlc, LDL-C, eGFR, and ACR, this
study observed significant trends. Specifically, for every
unit rise in the TyG index, there was a 35% decrease
in the likelihood of all-cause mortality (HR 0.65, 95%
CI=0.52-0.82) and a 42% decrease in the likelihood
of CVD mortality (HR 0.58, 95% CI=0.43—-0.83), until
reaching the inflection points.

Furthermore, as illustrated in Table 4 and Fig. 2,
the lowest mortality risks for all-cause and CVD were
observed when the baseline TyG index reached these
threshold values. Nonetheless, once the baseline TyG
index surpassed 9. 15, a notable positive correlation
with the likelihood of overall mortality was observed
(HR 1. 21, 95% CI=1. 02-1. 43). Conversely, for CVD
mortality, no significant correlation was detected when
the baseline TyG index surpassed 9. 27 (HR 1. 07, 95%
CI=0.83-1. 38).

Subgroup and sensitivity analyses

Subgroup analyses comparing higher (2 9.15 for all-
cause mortality and 2 9.27 for CVD mortality) and
lower (<9.15 for all-cause mortality and<9.27 for
CVD mortality) TyG index thresholds in DKD patients
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Table 1 Baseline characteristics according to the TyG index quartiles
Characteristics Triglyceride-glucose index P-value
Q1(7.11-8.74) Q2 (8.74-9.18) Q3(9.18-9.68) Q4 (9.68-13.40)
N (%) 551(25.01) 549 (24.92) 552 (25.06) 551(25.01)
Age, years, median (IQR) 70.00 (61.00-79.00) 68.00 (58.00-75.00) 65.00 (56.00-75.00) 60.00 (50.00-70.00) <0.0001
Sex, n(%) 0.87
Male 324 (58.80) 320 (58.29) 315 (57.07) 313 (56.81)
Female 227 (41.20) 229 (41.71) 237 (42.93) 238(43.19)
BMI, kg/m?, n(%) <0.0001
Normal weight 129 (2341) 87 (15.85) 52(9.42) 58(10.53)
Low weight 6 (1.09) 4(0.73) 1(0.18) 3(0.54)
Overweight 160 (29.04) 172(31.33) 158 (28.62) 157 (28.49)
Obesity 256 (46.46) 286 (52.09) 341 (61.78) 333 (60.44)
Race, n(%) <0.0001
Mexican American 52 (9.44) 84 (15.30) 100 (18.12) 132 (23.96)
Non-Hispanic white 219 (39.75) 255 (46.45) 240 (43.48) 227 (41.20)
Non-Hispanic black 206 (37.39) 116 (21.13) 106 (19.20) 84 (15.25)
Other 74 (1343) 94 (17.12) 106 (19.20) 108 (19.60)
PIR level, n(%) 0.91
<10 133 (24.14) 123 (22.40) 134 (24.28) 143 (25.95)
1.1-3.0 267 (48.46) 266 (48.45) 261 (47.28) 262 (47.55)
>3.0 151 (27.40) 160 (29.14) 157 (28.44) 146 (26.50)
Education, n(%) 0.76
Less than high school 192 (34.85) 191 (34.79) 204 (36.96) 210(38.11)
High school or equivalent 149 (27.04) 109 (19.85) 139 (25.18) 115 (20.87)
College or above 210(38.11) 249 (45.36) 209 (37.86) 226 (41.02)
Alcohol intake, n(%) 0.83
Yes 304 (55.17) 311 (56.65) 306 (5543) 331 (60.07)
No 247 (44.83) 238 (43.35) 246 (44.57) 220(39.93)
Smoking, n(%)
Yes 133 (24.14) 128(23.32) 134 (24.28) 148 (26.86) 0.07
No 418 (75.86) 421 (76.68) 418 (75.72) 403 (73.14)
Hypertension, n(%) 0.0008
Yes 446 (80.94) 457 (83.24) 485 (87.86) 499 (90.56)
No 105 (19.06) 92 (16.76) 67 (12.14) 52 (9.44)
Retinopathy, n(%) 0.06
Yes 136 (24.68) 107 (19.49) 132(23.91) 146 (26.50)
No 415(75.32) 442 (80.51) 420 (76.09) 405 (73.50)
CVD, n(%) 0.55
Yes 298 (54.08) 266 (48:45) 306 (5543) 264 (47.91)
No 253 (45.92) 283 (51.55) 246 (44.57) 287 (52.09)

IQR Interquartile range, BMI Body mass index, PIR Poverty income ratio, CVD Cardiovascular disease; Date are presented as median (IQR) or n (%)

showed consistent survival impacts across all sub-
groups, including variations in sex, age, ethnicity, BMI,
and HbA1c levels. Details were provided in Tables 5 and
6.

Moreover, the analysis found no significant interac-
tions involving the TyG index with the factors used for
stratification.

Discussion

This study is pioneering in investigating how the TyG
index relates to mortality due to any cause and CVD in
those with DKD. The findings highlight a notable non-
linear relationship between initial TyG index measure-
ments and the likelihood of mortality from any cause
and cardiovascular complications in this patient group.
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Table 2 Baseline levels of laboratory characteristics according to the TyG index quartiles
Triglyceride-glucose index P-value

Q1(7.11-8.74)

Q2(8.74-9.18)

Q3(9.18-9.68)

Q4(9.68-13.40)

FBG, mg/dL, median (IQR)
HbA1c, %, median (IQR)

FINS, pU/mL, median (IQR)
LDL-C, mg/dL, median (IQR)
HDL-C, mg/dL, median (IQR)
TC, mg/dL, median (IQR)

TG, mg/dL, median (IQR)
UACR, mg/g, median (IQR)

Scr, mg/dL, median (IQR)
eGFR, mL/min/1.73m? median (IQR)
BUN, mg/dL, median (IQR)
Uric acid, mg/dL, median (IQR)
ALT, IU/L, median (IQR)

AST, IU/L, median (IQR)

117.00 (100.40-133.00)

6.30 (5.80-6.90)
10.01 (6.10-16.93)
81.00 (67.00-105.00)
54.00 (43.00-65.00)

157.00 (132.00-184.00)

75.00 (59.00-90.00)
26.09 (7.50-108.38)
1.10(0.93-1.30)

49.10 (39.88-58.13)
19.00 (14.00-23.00)
5.90 (5.00-7.00)

19.00 (15.00-25.00)
22.00 (18.00-26.00)

133.00 (121.00-154.00)

6.50 (6.00-7.40)
13.29 (8.07-23.28)
95.00 (75.00-122.00)
47.00 (41.00-57.00)

168.00 (148.00-205.00)
117.00 (100.00-136.00)

28.75(8.11-116.88)
1.05 (0.90-1.29)

52.08 (40.99-59.52)
17.00 (14.00-22.00)
6.20 (5.30-7.20)

21.00 (16.00-28.00)
23.00 (19.00-28.00)

144.00 (128.00-164.00)

6.70 (6.20-7.30)
1645 (10.17-25.98)
99.00 (78.00-123.00)
4400 (38.00-51.00)

177.00 (155.00-206.00)
167.00 (144.00-193.00)

3944 (10.39-109.57)
1.03 (0.85-1.28)
52.81 (43.16-65.64)
17.00 (13.00-21.00)
6.30 (5.10-7.40)
21.00 (16.00-28.00)
22.00 (18.00-27.00)

210.00 (158.00-280.00)

7.90 (6.90-10.20)
19.56 (10.71-36.77)
98.00 (73.00-134.00)
40.00 (34.00-47.00)

202.00 (172.00-240.00)
260.00 (203.00-370.00)

56.03 (15.65-186.86)
1.00 (0.79-1.18)
57.32 (46.49-79.12)
16.00 (13.00-21.00)
5.90 (4.90-7.00)
26.00 (20.00-37.00)
25.00 (20.00-30.00)

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.01
0.005
<0.0001
0.02
0.24
<0.0001
0.0003

FBG Fasting blood glucose, HbA1c Glycosylated hemoglobin A1c, FINS Fasting insulin, LDL-C Low density lipoprotein cholesterol, HDL-C High density lipoprotein
cholesterol, TC Total cholesterol, TG Triglyceride, UACR Urinary albumin-to-creatinine ratio, Scr Serum creatinine, eGFR estimated glomerular filtration rate, BUN Blood

urea nitrogen, ALT Alanine aminotransferase, AST Aspartate aminotransferase; Date are presented as median (IQR)

Table 3 Multivariate Cox regression analysis of the TyG index and All-cause and CVD mortality

Triglyceride-glucose index

P trend

Q1(7.11-8.74)

Q2(8.74-9.18)

Q3(9.18-9.68) Q4(9.68-13.40)

All-cause mortality

Crude model, HR (95% Cl), P-value 1 (Ref) 0.71(0.58-0.87), 0. 0.68 (0.55-0.83), 0.01 0.66 (0.54-0.81), 0.01 0.01
Model 1, HR (95% Cl), P-value 1 (Ref) 0.77 (0.63-0.95), 0 0.76 (0.62-0.94), 0.01 1.00 (0.81-1.23),0.99 0.89
Model 2, HR (95% Cl), P-value 1 (Ref) 0.77 (0.63-0.95), 0.01 0.76 (0.62-0.93), 0.01 1.00 (0.81-1.24),0.98 0.91
Model 3, HR (95% Cl), P-value 1 (Ref) 0.79 (0.64-0.97), 0.02 0.76 (0.61-0.93), 0.01 0.94 (0.74-1.18),0.58 047

CVD mortality

Crude model, HR (95% Cl), P-value 1 (Ref) 0.70 (0.49-1.00), 0.04 0.56 (0.38-0.81), 0.01 0.69 (0.49-0.98), 0.04 0.04
Model 1, HR (95% Cl), P-value 1 (Ref) 0.77 (0.54-1.11),0.17 0.64 (0.43-0.93), 0.02 07 (0.74-1.53),0.73 0.82
Model 2, HR (95% Cl), P-value 1 (Ref) 0.79 (0.55-1.14),0.20 0.63 (0.43-0.93), 0.02 09 (0.75-1.57),0.66 0.78
Model 3, HR (95% Cl), P-value 1 (Ref) 0.78 (0.54-1.12),0.18 0.59 (0.40-0.87),0.01 0.84 (0.55-1.28),0 0.24

CVD Cardiovascular disease, HR Hazard ratio, C/ Confidence interval, Ref Reference. Crude: unadjusted, Model 1 corrected for age, sex, race, and BMI, Model 2 Model
1+alcohol intake, smoking, retinopathy, Hypertension, and CVD, Model 3 Model 2 +HbA1c, LDL-C, eGFR, and UACR

It shows a U-shaped pattern for overall mortality and an
L-shaped pattern for CVD mortality. Additionally, this
research determined their respective turning points by
threshold effect analysis (all-cause mortality: 9. 15, CVD
mortality: 9. 27). Briefly, this research highlighted the
TyG index’s utility in predicting the likelihood of overall
mortality among DKD patients, helping to identify those
at higher risk and possibly guiding more targeted tests
and treatments.

Extensive studies has recognized the TyG index as an
important indicator of poor health outcomes in both the
general population and diverse patient groups [23-25].

For instance, a meta-analysis of 12 cohort studies sug-
gested that higher TyG index levels may be connected
to an increased risk of CVD among the overall popula-
tion. However, no link was identified with all-cause mor-
tality [26]. Furthermore, a study conducted by Chen
et al. found that the TyG index was positively correlated
with cardiovascular mortality in individuals under the
age of 65, while a nonlinear relationship was observed
concerning all-cause mortality [27]. Regarding the spe-
cific population of patients with DKD, existing studies
have underscored the TyG index’s role in predicting and
assessing the risk of DKD development within T2DM
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Fig. 2 Association between TyG index and all-cause (A) and CVD mortality (B) in T2DM patients with diabetic kidney disease. Fach hazard ratio
was computed with a TyG index level of A 9.15 and B 9.27 as the reference. Adjusted for age, sex, race, BMI, alcohol intake, smoking, retinopathy,
Hypertension, CVD, HbA1c, LDL-C, eGFR and UACR. The solid line and blue area represent the estimated values and their corresponding 95% Cls,

respectively (TyG index: triglyceride-glucose index; Cl: Confidence interval)

Table 4 Threshold effect analysis of the TyG index with All-cause and CVD mortality

Adjusted HR (95% Cl), P value

All-cause mortality
Total
Fitting by two-piecewise Cox proportional risk model
Inflection point
TyG index<9.15
TyGindex> =9.15
P for Log-likelihood ratio
CVD mortality
Total
Fitting by two-piecewise Cox proportional risk model
Inflection point
TyG index<9.27
TyGindex> =9.27
P for Log-likelihood ratio

0.95 (0.84-1.07),0.38

9.15
0.65(0.52-0.82), 0.01
1.21 (1.02-1.43),0.02
<0.001

0.84 (0.71-0.99), 0.05

9.27
0.58 (0.43-0.83), 0.01
1.07 (0.83-1.38),0.58
0.02

Cox proportional hazards models were used to estimate HR and 95% Cl. Adjusted for age, sex, race, BMI, alcohol intake, smoking, retinopathy, Hypertension, CVD,

HbA1c, LDL-C, eGFR and UACR. HR: Hazard ratio, C/ Confidence interval

cohorts [28-30]. Nevertheless, its capacity to forecast
long-term adverse outcomes in DKD patients remains
inadequately investigated.

To address this research gap, this study examined 2,203
patients with prevalent DKD from a nationally repre-
sentative U.S. sample. The research sought to identify
the relationship of the TyG index with both overall and
cardiovascular-specific mortality in this group. These
findings indicated that a TyG index meeting or exceed-
ing the cutoft is significantly linked to increased all-cause

mortality among DKD patients, in contrast to those with
lower TyG index values. This emphasized the significance
of the TyG index for identifying those at greater risk of
mortality within this demographic. Known as a novel
and economic marker for IR—a well-documented risk
factor for CVD in general and diabetic populations—
the TyG index continues to prove its significance. It also
forecasts cardiovascular outcomes in CVD patients [31,
32]. IR is likely a crucial mechanism in this context, as
it is a notable marker for various conditions, including
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Table 5 Stratified analyses of the associations between TyG and All-cause mortality

All-cause mortality

HR(95% Cl), P-value

TyG index <9.15 >=9.15 P interaction
Sex 0.62
Female 0.62 (0.38-1.03), 0.06 1.20 (0.86-1.66), 0.28
Male 0.60 (0.42-0.87),0.01 1.27 (0.98-1.65),0.07
Age, years 0.51
<60 0.57(0.23-141),0.23 1.15(0.81-1.64), 0.44
> =60 0.64 (0.47-0.88), 0.01 1.11 (0.86-1.43),041
Race 0.65
Mexican American 0.47(0.15-1.48),0.20 145 (0.86-244),0.16
Non-Hispanic white 0.58 (0.39-0.87), 0.01 1.20(0.91-1.57),0.19
Non-Hispanic black .10(0.63-1.94),0.74 1.13 (0.68-1.88), 0.64
Other 0.20 (0.06-0.69), 0.01 4 (0.61-2.52),0.55
BMI, kg/m? 074
Normal weight 0.40 (0.21-0.75), 0.01 244 (1.25-4.73),0.01
Low weight NA NA
Overweight 0.72 (0.40-1.28),0.26 1.23(0.87-1.74),0.24
Obesity 0.67 (0.43-1.04),0.08 1.11 (0.82-1.50), 049
HbA1c, % 0.73
<6.5 0.77 (0.52-1.14),0.19 1.54 (0.97-2.44),0.07
>=6.5 0.54 (0.35-0.85), 0.01 1.23(1.00-1.51),0.04
CcvD 0.74
Yes 0.57 (0.38-0.87), 0.01 1.20 (0.91-1.58),0.19
No 0.65 (0.42-1.00), 0.05 1.13(0.84-1.53),0.42

NAThis particular population group is too small to be counted

obesity, hypertension, and dyslipidemia, alongside other
metabolic syndrome features and metabolic disturbances
triggered by inflammation and oxidative stress, all con-
tributing to diverse adverse health outcomes [33-35].
Moreover, IR intensifies platelet activity and the expres-
sion of thromboxane A2-dependent tissue factor, foster-
ing thrombosis and increased inflammation [36]. It also
accelerates TG hydrolysis, leading to excessive reactive
oxygen species (ROS) production, mitochondrial dam-
age, and functional decline, all implicated in the genesis
and progression of adverse health events [37].

IR is critical in the development and progression of
DKD. T2DM is inherently associated with IR, and stud-
ies indicate that individuals with T2DM who also have
DKD exhibit a higher likelihood of IR than those without
DKD [38]. Beyond the traditional mechanisms by which
IR can worsen DKD (such as hyperglycemia, hyper-
insulinemia, and hyperlipidemia), recent research has
unveiled that IR can directly impair kidney function at
the cellular level [39]. Specifically, it can disrupt normal
insulin signaling in glomerular podocytes and key insu-
lin-responsive cells in the kidneys, leading to irrevers-
ible renal damage [40]. These findings recognize the TyG

index as an autonomous marker of negative outcomes in
DKD patients, underscoring its importance in prognostic
evaluations.

Unexpectedly, These findings showed that lower TyG
index values (below 9.15 for all-cause deaths and 9.27 for
CVD-related deaths) significantly impacted the associa-
tion of the TyG index with mortality risks from both all
causes and CVD. After adjusting for other variables, each
increment in the TyG index corresponded to an approxi-
mately 35% reduction in all-cause mortality risk and a
42% decrease in the likelihood of CVD-related death. A
lower TyG index in patients with DKD might indicate
low blood sugar or lipid levels rather than just IR. Several
plausible explanations could account for this counterin-
tuitive relationship. Initially, studies suggest that lower
TG or fasting plasma glucose levels are associated with
negative health outcomes within specific ranges, with
deficient levels possibly reflecting inadequate nutritional
status [41-43].

Additionally, hypoglycemia may induce arrhythmias,
thrombosis, vascular inflammation, and vasoconstric-
tion, which could escalate the risk of cardiovascular inci-
dents or mortality [44]. Moreover, low total cholesterol
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CVD mortality

HR(95% Cl), P-value

TyG index <9.27 >=9.27 P interaction
Sex 0.24
Female 0.61(0.28-1.35),0.23 0.89(0.42-1.87),0.76
Male 0.49 (0.26-0.91), 0.02 1.60 (0.99-2.60), 0.06
Age, years 0.19
<60 1(0.37-12.19),0.40 0.63(0.29-1.37),0.24
> =60 0.54 (0.32-0.89), 0.02 147 (0.89-2.43),0.13
Race 0.28
Mexican American 0.35(0.02-5.84), 047 3.08(1.25-7.59),0.01
Non-Hispanic white 1.06 (0.52-2.16), 0.87 9(0.67-2.11),0.56
Non-Hispanic black 1.12(0.44-2.82),0.82 0.76 (0.23-2.54), 0.66
Other 0.04 (0.00-0.38), 0.01 3.66 (0.69-19.31),0.13
BMI, kg/m? 042
Normal weight 0.35(0.11-1.16),0.09 2.94(0.24-36.08), 0.40
Low weight NA NA
Overweight 0.65(0.27-1.57),0.34 1.28 (0.71-2.32),041
Obesity 0.70 (0.36-1.36),0.29 0.97 (0.51-1.85),0.92
HbA1c, % 0.16
<6.5 1.32(0.63-2.75), 0.46 1.19 (041-3.46),0.75
> =65 0.37(0.18-0.77), 0.01 1.51(1.04-2.21),0.03
CVD 0.27
Yes 0.58 (0.33-1.01),0.06 1.26 (0.80-2.01),0.32
No 0.55(0.21-1.43),0.22 1.29 (0.62-2.68),0.50

NAThis particular population group is too small to be counted

levels have been recognized as a crucial indicator of car-
diogenic death in heart failure patients [45]. Thus, eval-
uating the TyG index, especially in those at the extreme
ends of the spectrum, can enhance risk stratification for
adverse events within this group.

However, once the TyG index surpassed the 9.27
threshold, its connection to CVD mortality was not
apparent in the DKD group. While the TyG index’s capa-
bility in assessing CVD mortality across different popula-
tions is widely recognized, some studies have yet to reach
consistent conclusions. A case in point is a study with
3,614 hypertensive subjects that did not establish a signif-
icant correlation with CVD mortality in middle-aged and
senior hypertensive populations [42, 46, 47]. The analy-
sis suspects several factors could explain these discrep-
ancies: Firstly, the average age of the DKD population
in this study was 65.97, and the elderly naturally have a
higher susceptibility to CVD. Secondly, as this inaugural
US cohort study reveals an L-shaped connection of the
TyG index related to CVD in patients with DKD, insights
into the TyG index’s linkage to CVD mortality within
this demographic are scant and naturally limited by the
study’s sample size. Finally, the retrospective design

of this research, despite adjustments for confounders,
might only account for some unmeasured confounding
variables, suggesting the necessity for broader studies to
deepen the understanding.

Strengths and limitations

The study’s merit is grounded in the novel examination
of how the TyG index correlates with outcomes for those
affected by DKD. With a longer follow-up and a signifi-
cant sample size, the analysis discerned both U-shaped
and L-shaped patterns as critical points for DKD patients.
Nonetheless, it is essential to consider certain inherent
limitations of this research: First, given that this study is
a retrospective cohort study, the inherent characteristics
of retrospective studies may encounter specific biases,
including the potential for unmeasured confounding fac-
tors. Second, the study’s need for ongoing tracking of the
TyG index limits the assessment of how changes in this
biomarker might influence its connection with particu-
lar mortality causes over time. Prior research has implied
that the aggregate and fluctuating levels of TyG could be
pivotal in recognizing individuals at elevated cardiovas-
cular risk [48, 49]. Third, this study only included DKD
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patients from the US, so future research needs to verify
the generalizability of these findings to patients in other
countries.

Conclusions

The results underscore the significance of the TyG index
as a crucial measure for overall and cardiovascular mor-
tality in individuals with DKD, revealing a non-linear
linkage with mortality rates. Consequently, utilizing the
TyG index for risk assessment in these individuals could
provide new perspectives and guide future investiga-
tions focused on forecasting adverse events in the DKD
population.
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