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Abstract

IMPORTANCE It is unknown whether the triglyceride-glucose (TyG) index as a measure of insulin
resistance is associated with the risk of developing end-stage kidney disease (ESKD). Because
individuals who are overweight or obese often develop insulin resistance, mediation of the
association between body mass index (BMI) and ESKD risk through the TyG index seems plausible
but has not been investigated.

OBJECTIVE To evaluate whether the TyG index is associated with ESKD risk and, if so, to what
extent the TyG index mediates the association between BMI and ESKD.

DESIGN, SETTING, AND PARTICIPANTS A total of 176 420 individuals were recruited during
routine health examinations to participate in the Austrian Vorarlberg Health Monitoring and
Promotion Program (VHM&PP), a prospective, population-based cohort study with participant
enrollment between January 1, 1988, and June 30, 2005, and a mean follow-up of 22.7 years. Data
analysis was conducted from March 1, 2020, to September 30, 2020.

EXPOSURES Body mass index and the logarithmized product of fasting triglyceride and glucose
concentrations (TyG index), as determined during the baseline health examination.

MAIN OUTCOMES AND MEASURES End-stage kidney disease, as indicated by initiation of kidney
replacement therapy, either dialysis or kidney transplantation.

RESULTS Of the 176 420 participants, 94 885 were women (53.8%); mean (SD) age was 42.5 (15.4)
years. During a mean (SD) follow-up of 22.7 (6.9) years, 454 (0.3%) participants developed ESKD
and 35 234 (20.0%) died. In multivariable-adjusted Cox proportional hazards models, the TyG index
was significantly associated with the risk of ESKD, both with (hazard ratio [HR] per 1-SD increase,
1.68; 95% CI, 1.56-1.82) and without (HR per 1-SD increase, 1.79; 95% CI, 1.66-1.93) the inclusion of
BMI as a covariate. Mediation analysis using a newly proposed 2-stage regression method for survival
data showed that a 5-point increase in BMI increased the risk of ESKD by 58% (HR [total association],
1.58; 95% CI, 1.43-1.75), and that 41.7% of the total association (95% CI, 31.6%-51.8%) was mediated
through the TyG index (HR [indirect association], 1.21; 95% CI, 1.18-1.25).

CONCLUSIONS AND RELEVANCE This study found that the TyG index appeared to be associated
with ESKD risk and mediates nearly half of the total association between BMI and ESKD in the general
population. Public health efforts aiming at the reduction of body weight might decrease the kidney
sequelae of insulin resistance and the burden of ESKD.
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Key Points
Question To what extent does the

triglyceride-glucose index, a novel

measure of insulin resistance, explain

the association between body mass

index and end-stage kidney disease risk?

Findings In this population-based

cohort study of 176 420 Austrian

participants, the triglyceride-glucose

index was significantly associated with

incident end-stage kidney disease risk.

Approximately 40% of the association

between body mass index and

end-stage kidney disease was mediated

through the triglyceride-

glucose index.

Meaning The findings of this study

appear to support the hypothesis of

insulin resistance being an important

intermediate in the association between

obesity and end-stage kidney disease.
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Introduction

Chronic kidney disease (CKD) affects approximately 10% to 15% of the adult general population
worldwide. The numbers are increasing owing to the growing aging population and lifestyle changes
associated with an increased prevalence of obesity, hypertension, and diabetes.1-3 The increase in
obesity prevalence is reported worldwide and is estimated to further increase by 40% by 2027.4

Globally, obesity is associated with a 36% increased risk of CKD in the general population.5,6

Individuals who are obese have a more than 3-fold higher risk of developing end-stage kidney disease
(ESKD) than those with normal body weight.7-9 End-stage kidney disease and the subsequent kidney
replacement therapy represent a major burden for individuals and health care systems.10,11

Although multiple neurohumoral, metabolic, and hemodynamic components have been
suggested as factors in an association between obesity and kidney disease, the exact mechanisms
are still not fully understood.12,13 Decreased insulin sensitivity might be one component, favoring a
hyperglycemic state that eventually results in diabetes and diabetic kidney disease. In addition to and
independent of the later development of diabetes, insulin resistance per se is associated with
glomerular hyperfiltration, sodium retention, defective tubular reabsorption, tissue inflammation,
and fibrosis.14-16

The logarithmized product of fasting triglyceride and glucose levels (triglyceride-glucose [TyG]
index) has been shown to be a simple measure of insulin resistance.17 The TyG index correlates with
the euglycemic-hyperinsulinemic clamp test, and its validity is similar to the homeostatic model
assessment insulin resistance index.18 Owing to its easy availability and good performance, the TyG
index can be conveniently used in large-scale epidemiologic studies as a simple surrogate measure
for insulin resistance.

To our knowledge, no studies have been conducted on the association between the TyG index
and ESKD risk and the role of the TyG index in the association between BMI and ESKD risk. Assuming
that decreased insulin sensitivity plays a substantial role in the association between obesity and
kidney disease, we hypothesized that the TyG index is associated with risk of ESKD and that part of
the association between BMI and ESKD is mediated through the TyG index. Using data from the
Vorarlberg Health Monitoring and Promotion Program (VHM&PP), a low-risk population-based
cohort followed up for as long as 30 years, we quantified these associations and calculated the
proportion mediated through the TyG index.

Methods

Data Source and Study Population
The VHM&PP is a large, ongoing, population-based risk factor surveillance program in Vorarlberg, the
westernmost province of Austria. Every adult residing in Vorarlberg was invited to participate, and a
screening examination was performed by local general practitioners according to a standard
protocol. Between January 1985 and June 2005, 99 894 female and 85 473 male residents older
than 18 years (approximately two-thirds of the adult population of Vorarlberg) were enrolled in the
VHM&PP. During the screening examination, height and weight (in light clothing) were measured by
medical staff, smoking status was determined, and a blood sample was obtained. A more detailed
description of the program is reported elsewhere.9,19,20

Because an overnight fast was part of the protocol only from January 1, 1988, onward, we
excluded 8073 participants (4.4%) who did not have an examination with a blood sample obtained
in fasting status. Of the remaining participants, we excluded another 874 (0.5%) owing to missing
BMI, glucose, or triglyceride values, resulting in a final analysis population of 176 420 participants
initially free of ESKD at the baseline examination, with complete information on exposure, mediator,
outcome variables, and covariates.

Outcome data were obtained by linking the VHM&PP database with the Austrian Dialysis and
Transplant Registry and the National Mortality Registry. The Austrian Dialysis and Transplant Registry
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collects data, which are provided by the Austrian dialysis and transplant centers, on all patients
receiving chronic kidney replacement therapy (hemodialysis, peritoneal dialysis, and kidney
transplantation) in Austria since 1964 with an almost complete follow-up.21 Data analysis was
conducted from March 1, 2020, to September 30, 2020.

All study procedures were performed in accordance with the Declaration of Helsinki22 and
relevant guidelines. Institutional review board approval for the study was obtained from the ethics
committee of the State of Vorarlberg. Written informed consent was obtained from all VHM&PP
participants, and all patients registered in the Austrian Dialysis and Transplant Registry signed a
declaration of consent to permit their data to be transferred to the registry. This study followed the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guideline for cohort studies.23

Definitions of Exposure, Mediator, and Outcome
Body mass index was calculated from height and weight records as weight in kilograms divided by
height in meters squared and categorized as underweight (BMI<18.5), normal weight (BMI 18.5-<25),
overweight (BMI 25-<30), and obesity (BMI�30) according to the World Health Organization
definition.24 The TyG index was calculated as ln [fasting triglycerides (milligrams per
deciliter) × fasting blood glucose (milligrams per deciliter) / 2)17 and split into quartiles. The outcome
ESKD was defined as initiation of kidney replacement therapy, either dialysis or kidney
transplantation. Follow-up began after the baseline health examination and ended at the diagnosis
of ESKD or at the occurrence of the censoring events death or end of the observation period
(December 31, 2018), whichever occurred first.

Statistical Analysis
Only exposure, mediator, and covariate data from each individual´s first health examination were
included in the analysis. We tabulated participant characteristics both overall and stratified by TyG
index quartiles, using Cochrane-Armitage tests and linear regression t tests using quartile numbers (1,
2, 3, and 4) to test for trends over TyG index quartiles. The association between the TyG index (both
as a linear term and as quartiles) and risk of ESKD was modeled using Cox proportional hazards
regressions. Linear trends over TyG index quartiles was assessed using Wald tests of a linear
association of the quartiles as a numeral (1-4) with the risk of ESKD. For assessing mediation of the
association between BMI and ESKD through the TyG index, we applied the 2-stage regression
method for survival data proposed by VanderWeele.25 In brief, 2 regression models are fit to the data,
1 modeling the mediator and the other modeling the outcome; parameter estimates and SEs of these
2 separate models are combined according to the formulas given therein25 to obtain estimates and
SEs for effect size of mediation. We modeled the outcome (ESKD) using Cox proportional hazards
regression models with time since baseline examination as the underlying time variable, and the
mediator (TyG index) using linear regressions. We used the TyG index as a linear term because a Cox
proportional hazards regression model using the TyG index categorized into quartiles confirmed a
linear association between the TyG index and risk of ESKD. All models were adjusted for age, sex, and
smoking status because these variables are established factors in the outcome ESKD,8 without
inclusion of interaction terms. We conducted analogous mediation analyses using BMI categories
instead of continuous BMI, restricting analysis to men and women, truncating the follow-up at 10
years, and using triglyceride and glucose levels as mediators instead of the TyG index.

Assuming associations between variables as shown in the directed acyclic graph in the Figure,26

and assuming that age, sex, and smoking status account for the majority of confounding,
VanderWeele’s method decomposes the total effect of BMI on ESKD (expressed as the hazard ratio
[HR] per 5-point increase in BMI, or as the HR vs the reference normal weight for BMI categories) into
2 components: the natural indirect effect size (ie, the effect size of BMI that is due to mediation
through the TyG index), and the natural direct effect size (ie, the effect size of BMI not explained
through the mediator).27,28 Because these estimates are based on observational data, we term the
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estimates the total, indirect, and direct associations. The proportion of the association between BMI
and ESKD mediated through the TyG index as a measure of the contribution of the natural indirect
association with the total association was calculated on the log-transformed HR scale as log(indirect
association HR)/log(total association HR), since HRs are additive on this scale. Both the 95% CIs for
estimates of the total, natural indirect, and natural direct associations and the proportion mediated
were calculated based on SEs derived from the delta method.29 Additional information on our model
is given in the eMethods in the Supplement.

All statistical tests were 2-sided at a significance level of P < .05. Mediation analysis was
conducted in SAS, version 9.4 (SAS Institute Inc), using the macro %mediation by Valeri and
VanderWeele,30 and the rest of the analyses were conducted in R, version 3.5.1 (R Foundation).

Results

The analyzed cohort included 176 420 participants (94 885 women [53.8%], 81 535 men [46.2%],
mean [SD] baseline age, 42.5 [15.4] years) initially free of ESKD, of whom 454 (0.3%) developed
ESKD and 35 234 (20.0%) died over a mean follow-up of 22.7 (6.9) years (ie, 4 001 979 person-years
of follow-up) (Table 1). Mean age at the start of kidney replacement therapy was 65.2 (12.7) years,
and mean time from baseline until ESKD was 13.8 (7.6) years. Mean BMI was 24.9 (4.3); 56 136
(31.8%) of the participants were overweight, and 20 275 (11.5%) were obese. Mean fasting glucose
level was 88.3 (23.4) mg/dL (to convert to millimoles per liter, multiply by 0.0555) and triglyceride
level was 132.7 (97.4) mg/dL (to convert to millimoles per liter, multiply by 0.0113) yielding a mean
(SD) TyG index of 8.5 (0.6) (Table 1).

Stratification of participant characteristics by TyG index quartiles showed that the TyG index
was associated with higher BMI and increased ESKD incidence, but also with older age, male sex,
smoking, higher blood pressure, and cholesterol, γ-glutamyltransferase, and uric acid levels (all
P < .001 for trend) (Table 1). The association of BMI with the TyG index remained significant after
adjusting for sex, age, and smoking status (adjusted β per 5-point increase in BMI, 0.229; 95% CI,
0.226-0.232; adjusted R2 = 0.22). In Cox proportional hazards models adjusted for sex, age, and
smoking status, the TyG index was significantly associated with the risk of ESKD, both with (HR per
1-SD increase, 1.68; 95% CI, 1.56-1.82) and without (HR per 1-SD increase 1.79; 95% CI, 1.66-1.93) the
inclusion of BMI as a covariate (Table 2). Analyses using the TyG index categorized into quartiles
showed a linear association between the TyG index and the risk of ESKD (Table 2).

Figure. Directed Acyclic Graph Depicting the Hypothesized Associations Between Exposure Body Mass Index (BMI), Mediator Triglyceride-Glucose Index (TyG),
Outcome End-Stage Kidney Disease (ESKD), and the Relevant Confounders Age, Sex, and Smoking Status

Age, sex, smoking status

Triglyceride-glucose

Unmeasured confounding

Direct association between BMI and ESKD (not mediated through the TyG index)

BMI ESKD

Possible other mechanisms through which the association between BMI and ESKD is
mediated, such as hypertension, hypercholesterolemia, and/or hyperuricemia, are
contained in the direct association between BMI and ESKD. All statistical models were
based on this structure and were adjusted for age, sex, and smoking status. Because
blood pressure, cholesterol, and uric acid levels represent alternative pathways

potentially mediating parts of the association between BMI and ESKD, these variables
were not entered as covariates in our models according to the theory of causal graphs.26

The possibility of unmeasured confounding, which can never be ruled out in
observational research, is indicated with dashed arrows.
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Mediation analysis showed that an increase in BMI by 5 points increased the risk of ESKD by
58% (HR [total association], 1.58; 95% CI, 1.43-1.75), and that nearly half of the total association
(41.7%; 95% CI, 31.6%-51.8%) was mediated through the TyG index (HR [indirect association], 1.21;
95% CI, 1.18-1.25) (Table 3). Exclusion of underweight individuals from the analysis left the results
virtually unchanged. Analysis by BMI categories yielded a total association HR of 1.48 (95% CI, 1.19-
1.85) for overweight vs the reference normal weight, which increased to 2.73 (95% CI, 2.12-3.53) for
the obesity group. Proportions mediated were 57.5% (95% CI, 23.7%-91.4%) for overweight, and
49.8% (95% CI, 35.5%-64.2%) for obesity.

Table 1. Participant Characteristics of the VHM&PP Cohort, Overall and Stratified by Quartiles of the TyG Indexa

Characteristicb,c

No. (%)

Total

TyG indexd

Quartile 1
(<8.02)

Quartile 2
(8.02-8.38)

Quartile 3
(8.39-8.81)

Quartile 4
(≥8.82)

No. 176 420 44 194 44 033 44 070 44 123

Baseline age,
mean (SD), y

42.5 (15.4) 36.9 (13.2) 41.0 (15.2) 44.1 (15.9) 48.1 (15.1)

Sex

Male 81 535 (46.2) 14 944 (33.8) 17 939 (40.7) 21 266 (48.3) 27 386 (62.1)

Female 94 885 (53.8) 29 250 (66.2) 26 094 (59.3) 22 804 (51.7) 16 737 (37.9)

Smoking status

Nonsmoker 123 532 (70.0) 33 583 (76.0) 31 722 (72.0) 30 327 (68.8) 27 900 (63.2)

Ex-smoker 12 520 (7.1) 2421 (5.5) 2717 (6.2) 3126 (7.1) 4256 (9.6)

Smoker 40 368 (22.9) 8190 (18.5) 9594 (21.8) 10 617 (24.1) 11 967 (27.1)

BMI, mean (SD) 24.9 (4.3) 22.8 (3.4) 24.1 (3.9) 25.3 (4.2) 27.3 (4.4)

Weight

Underweight
(BMI, <18.5)

5411 (3.1) 2528 (5.7) 1676 (3.8) 907 (2.1) 300 (0.7)

Normal
(BMI, 18.5-24.9)

94 598 (53.6) 32 230 (72.9) 27 121 (61.6) 21 869 (49.6) 13 378 (30.3)

Overweight
(BMI, 25.0-29.9)

56 136 (31.8) 7970 (18.0) 12 059 (27.4) 15 821 (35.9) 20 286 (46.0)

Obese
(BMI, ≥30.0)

20 275 (11.5) 1466 (3.3) 3177 (7.2) 5473 (12.4) 10 159 (23.0)

Fasting glucose,
mean (SD), mg/dL

88.3 (23.4) 77.5 (12.6) 84.7 (12.6) 88.3 (14.4) 102.7 (36.0)

Diabetese 6511 (3.7) 39 (0.1) 228 (0.5) 833 (1.9) 5411 (12.3)

Fasting triglycerides,
mg/dL

132.7 (97.4) 61.9 (17.7) 88.5 (17.7) 123.9 (26.5) 247.8 (141.6)

Hypertriglyceridemiaf 22 850 (13.0) 0 10 (0.0) 420 (1.0) 22 420 (50.8)

TyG index, mean (SD)d 8.5 (0.6) 7.7 (0.2) 8.2 (0.1) 8.6 (0.1) 9.3 (0.4)

Blood pressure,
mean (SD), mm Hg

Systolic 129.7 (20.6) 122.2 (17.3) 127.1 (19.3) 131.4 (20.6) 138.1 (21.5)

Diastolic 80.5 (11.1) 77.0 (9.9) 79.3 (10.5) 81.3 (11.0) 84.4 (11.4)

Hypertensiong 65 617 (37.2) 9488 (21.5) 13 836 (31.4) 17 989 (40.8) 24 304 (55.1)

Fasting total
cholesterol, mean (SD),
mg/dL

212.4 (46.3) 189.2 (34.7) 204.6 (38.6) 220.1 (42.5) 239.4 (50.2)

Hypercholesterolemiah 45 458 (25.8) 3808 (8.6) 8150 (18.5) 12 889 (29.2) 20 611 (46.7)

Uric acid, mean (SD),
md/dL

5.3 (1.4) 4.8 (1.3) 5.1 (1.3) 5.3 (1.3) 5.8 (1.5)

Hyeruricemiai 17 565 (14.4) 1 382 (6.0) 2 515 (9.0) 4 285 (13.3) 9 383 (24.6)

γ-glutamyltransferase,
mean (SD), U/L

56.4 (84.7) 36.9 (41.2) 45.5 (56.2) 55.6 (74.5) 87.6 (129.6)

Elevated
γ-glutamyltransferasej

60 058 (34.1) 7 999 (18.1) 11 813 (26.8) 15 909 (36.1) 24 337 (55.2)

Follow-up,
mean (SD), y

22.7 (6.9) 23.6 (6.1) 23.1 (6.6) 22.6 (7.0) 21.4 (7.5)

Death by any cause
during follow-up

35 234 (20.0) 4299 (9.7) 7356 (16.7) 9880 (22.4) 13 699 (31.0)

ESKD during follow-up 454 (0.3) 38 (0.1) 67 (0.2) 99 (0.2) 250 (0.6)

Abbreviations: BMI (calculated as weight in kilograms
divided by height in meters squared); ESKD, end-stage
kidney disease; TyG, triglyceride-glucose index;
VHM&PP, Vorarlberg Health Monitoring and
Promotion Program.

SI conversion factors: To convert cholesterol to
millimoles per liter, multiply by 0.0259;
γ-glutamyltransferase to microkatals per liter, 0.0167;
glucose to millimoles per liter, 0.0555; triglycerides to
millimoles per liter, 0.0113; and uric acid to millimoles
per liter, 0.0595.
a Trend tests across TyG index quartiles (Cochrane-

Armitage tests for categorical variables, linear
regression t tests using quartile numbers (1, 2, 3, 4)
for continuous variables) yielded P < .001 for all
participant characteristics variables.

d TyG index was calculated as ln (triglycerides
[milligrams per deciliter] × blood glucose [milligrams
per deciliter] / 2).

e Diabetes was defined as fasting blood glucose levels
greater than 6.9 mmol/L.

f Hypertriglyceridemia was defined as fasting
triglycerides greater than or equal to 2.3 mmol/L.

g Hypertension was defined as systolic blood pressure
greater than or equal to 140 mm Hg or diastolic blood
pressure greater than or equal to 90 mm Hg.

h Hypercholesterolemia was defined as fasting total
cholesterol level greater than or equal to 6.2 mmol/L.

i Hyperuricemia was defined as uric acid level greater
than 340 μmol/L in women and greater than 420
μmol/L in men.

j Elevated γ-glutamyltransferase was defined as levels
greater than or equal to 36 IU/L in women and
greater than or equal to 61 IU/L in men.
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Subgroup analyses revealed similar results across men and women. Excluding participants with
baseline fasting plasma glucose levels greater than 125 g/dL slightly attenuated the total association
(HR, 1.47; 95% CI, 1.31-1.65) and the indirect association (HR, 1.12; 95% CI, 1.08-1.16) between BMI and
ESKD risk, with 29.6% (95% CI, 18.1%-41.1%) mediated by the TyG index (Table 3). Truncation of the
follow-up at 10 years resulted in a marked reduction in ESKD event numbers (n = 157). The total
association between BMI and ESKD risk was attenuated compared with our main model using the
complete follow-up (HR, 1.26; 95% CI, 1.05-1.52); conversely, the proportion mediated increased
(95.6%; 95% CI, 15.3%-176.0%) (Table 3).

Table 2. Risk of ESKD by TyG Index

Variable TyG index HR (95% CI) P value

Adjusted
Age, sex, and smoking status Continuousa 1.79 (1.66-1.93) <.001

Quartiles

Q1 (<8.02) 1 [Reference]

<.001b
Q2 (8.02-8.38) 1.43 (0.96-2.13)

Q3 (8.39-8.81) 1.81 (1.24-2.64)

Q4 (≥8.82) 3.92 (2.76-5.57)

Age, sex, and smoking status, plus BMI Continuousa 1.68 (1.56-1.82) <.001

Q1 (<8.02) 1 [Reference]

<0001b
Q2 (8.02-8.38) 1.32 (0.88-1.96)

Q3 (8.39-8.81) 1.55 (1.06-2.27)

Q4 (≥8.82) 3.02 (2.10-4.33)

Abbreviations: BMI, body mass index (calculated as
weight in kilograms divided by height in meters
squared); ESKD, end-stage kidney disease; HR, hazard
ratio; Q, quartile; TyG, triglyceride-glucose index.
a HR given per SD increase.
b P values for trend, obtained from Wald tests of a

linear association of the quartile as a numeral (1-4)
with risk of ESKD.

Table 3. Decomposition of the Total Association Between Body Mass Index and the Risk of ESKD Into Direct and Indirect Associations Mediated by the TyG Index

Variable
ESKD incident
cases/persons, No.

Associationa

Proportion mediated,
% (95% CI)

Totalb Indirect Direct

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
Model/group

BMI continuousa 454/176 420 1.58 (1.43-1.75) <.001 1.21 (1.18-1.25) <.001 1.31 (1.18-1.45) <.001 41.7 (31.6-51.8)

BMI continuous (≥18.5)a 451/171 009 1.59 (1.44-1.76) <.001 1.22 (1.18-1.25) <.001 1.31 (1.18-1.45) <.001 42.3 (32.1-52.6)

Normal weight 141/94 598 1 [Reference]

Overweight 196/56 136 1.48 (1.19-1.85) .001 1.25 (1.20-1.31) <.001 1.18 (0.94-1.49) .15 57.5 (23.7-91.4)

Obesity 114/20 275 2.73 (2.12-3.53) <.001 1.65 (1.51-1.80) <.001 1.66 (1.26-2.18) <.001 49.8 (35.5-64.2)

BMI continuousa

Men 286/81 535 1.68 (1.45-1.93) <.001 1.23 (1.17-1.29) <.001 1.37 (1.18-1.59) <.001 39.5 (26.6-52.4)

Women 168/94 885 1.54 (1.35-1.77) <.001 1.25 (1.20-1.29) <.001 1.24 (1.08-1.43) .003 50.7 (33.7-67.8)

Participants with baseline
fasting glucose ≤126 mg/dL
only

BMI continuousa 365/169 909 1.47 (1.31-1.65) <.001 1.12 (1.08-1.16) <.001 1.31 (1.16-1.48) <.001 29.6 (18.1-41.1)

Normal weight 125/92 807 1 [Reference]

Overweight 161/53 494 1.42 (1.12-1.80) .004 1.16 (1.10-1.22) <.001 1.22 (0.96-1.57) .11 42.3 (11.1-73.5)

Obesity 76/18 263 2.32 (1.73-3.11) <.001 1.37 (1.23-1.53) <.001 1.69 (1.23-2.32) .001 37.6 (21.3-53.9)

Follow-up truncated at 10 y

BMI continuousa 157/176 420 1.26 (1.05-1.52) .01 1.25 (1.19-1.31) <.001 1.01 (0.83-1.23) .92 95.6 (15.3-176.0)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by
height in meters squared); DAG, directed acyclic graph; ESKD, end-stage kidney disease;
HR, hazard ratio; TyG, triglyceride-glucose index.

SI conversion factor: To convert glucose to millimoles per liter, multiply by 0.0555.
a Hazard ratios given per 5-point increase.

b Decomposition of total associations into natural indirect and natural direct associations
was done according to the 2-stage regression method proposed by VanderWeele25 and
performed with the SAS macro provided by Valeri and VanderWeele.30 Confidence
intervals were calculated according to the delta method procedure. All models were
adjusted for age, sex, and smoking status as depicted in the DAG in the Figure.
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Discussion

In this large, observational, population-based cohort study, we found that the TyG index was
independently associated with an increased risk of ESKD and nearly half (41.7%) of the total
association between BMI and the risk of ESKD was mediated through the TyG index.

Various population-based studies have described an association between higher BMI and the
development of CKD31-34 as well as a more rapid decline of kidney function.35 Consistently,
epidemiologic studies have indicated that a higher BMI is an independent estimator for future
ESKD.7-9,36-38 Our study supports these findings and noted that an increase in BMI by 5 points
increased the risk of ESKD by 58%. In terms of BMI categories, the risk for ESKD increased by 48% in
participants who were overweight and almost tripled (HR, 2.73) in participants with obesity
compared with the reference normal weight populations.

Individuals who are overweight or obese are more likely to develop insulin resistance indicating
early impaired glucose metabolism.39 Cross-sectional studies have shown an association of insulin
resistance with CKD independent of diabetes, which was even greater in the presence of obesity.40,41

Therefore, insulin resistance might be a potential important mediator of the association between
BMI and the risk of ESKD.

To our knowledge, our study is the first to examine the association between the TyG index as a
validated measure of insulin resistance and ESKD risk and analyze its mediating role in BMI-related
ESKD risk. In our study, using multivariable-adjusted models, the baseline TyG index was
independently associated with an increased risk of ESKD over a mean follow-up of 22.7 years, and
41.7% of the total association between BMI and ESKD risk was mediated through the TyG index.
When truncating the follow-up at 10 years, the mediating association with the TyG index was even
greater; however, the total association between BMI and ESKD was attenuated. A reason for this
observation might be the marked difference regarding baseline age in cases of ESKD occurring within
10 years after baseline (mean age, 55.3 years) vs cases occurring beyond 10 years (mean age, 49.4
years). Another possible explanation for this instance of reverse epidemiologic findings (ie, a
markedly different pattern of BMI for short-term ESKD incidence than for long-term incidence) is that
participants developing ESKD in the short or medium run are already likely to present with
deteriorating health, with associated weight loss and lower BMI. The observation of a possible
reverse epidemiology in the short term also highlights the importance of a sufficiently long follow-up
when studying the long-term consequences of high BMI on ESKD risk.

Our study results provide epidemiologic support for the biologically plausible hypothesis that
insulin resistance plays an important role in the pathway between obesity and ESKD. It is conceivable
that the association between the TyG index and ESKD risk and the association of BMI with ESKD
mediated through the TyG index at baseline can in part be explained by the development of diabetes
and diabetic kidney disease during the long follow-up time. Investigating the role of the 2 single
components of the TyG index—fasting glucose and triglyceride levels—separately as mediators of the
association between BMI and ESKD revealed that both triglycerides and glucose were only weak
mediators (proportion mediated through triglycerides: 10.8%; 95% CI, 7.8%-13.8%, and through
glucose: 11.6%; 95% CI, 8.6%-14.6%) (eTable in the Supplement), whereas the TyG index as an entity
mediated 42% of the total association between BMI and ESKD, indicating that the whole (TyG index)
is more than the sum of its parts (triglycerides and glucose). This observation also supports our
hypothesis that the TyG index is biologically meaningful and a valid marker of insulin resistance.

Our findings have clinical and public health implications, because the epidemic of obesity is
accompanied by a growing number of patients with CKD worldwide.5,42,43 Obesity clearly is a
modifiable risk factor and a considerable proportion of ESKD and diabetes may be prevented if the
general population maintained a normal BMI. To our knowledge, no lifestyle intervention studies
focusing on weight reduction in persons who are overweight or obese have been carried out with
ESKD as an end point. However, bariatric surgery as a weight-reducing intervention was found to
result in a significant reduction of insulin resistance.44,45 The long-term incidence of ESKD and stage
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4 CKD can be significantly reduced by successful bariatric surgery in patients with obesity, as has
been reported recently in a post hoc analysis of the Swedish Obese Subjects study.46 These studies
indirectly support the idea of a causal pathway from obesity to insulin resistance and CKD with ESKD,
emphasizing the importance of weight reduction to maintain kidney health.

Strengths and Limitations
Our findings are noteworthy because they are based on a large representative cohort of a central
European general population with a long follow-up, which is necessary to meaningfully study
longitudinal associations, such as obesity-related ones, on the kidney. In addition, carefully selected
and standardized measures of study exposure and outcome variables allowed precise estimation of
the measures of association and mediation. Furthermore, we applied a new analytical tool developed
in the counterfactual framework that allows, in contrast to traditional methods for mediation
analysis, a mathematically consistent decomposition of the total association into direct and indirect
associations with clear interpretations.25,28

The study has limitations. First, we used BMI to determine overweight and obesity. Although
widely used and easy to calculate, BMI is a poor estimate of proportion and distribution of fat mass.
We lacked alternative parameters, such as waist circumference,47 waist-to-hip ratio,48 or body fat
composition analysis,49 which might more accurately determine visceral fat and represent even
more sensitive estimators of kidney sequelae. Second, in the VHM&PP cohort, baseline data on
kidney function were not available. However, given the long period of 13.8 years between baseline
examination and development of ESKD, we believe that it is unlikely that we have included a
significant number of patients with relevant kidney disease at the time of BMI measurement and TyG
index calculation. Third, our data and results refer to a low-risk, general population-based cohort of
White individuals, limiting generalization including different age groups and ethnicities. Fourth,
although the possibility of unmeasured confounding cannot be ruled out, the magnitude of the
observed effect sizes makes it unlikely that unmeasured confounding could completely explain our
observed associations.

Conclusions

Our findings suggest that the TyG index can be used to identify individuals at risk of developing ESKD
and that the TyG index mediates nearly half of the total association between BMI and ESKD in our
general population cohort. Public health efforts aiming at the reduction of body weight might
decrease the kidney sequelae of insulin resistance and the burden of ESKD.
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