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ABSTRACT

Background. Chronic kidney disease (CKD) is associated with high rates of cardiovascular events. We here explored
whether the recently described triglycerides-glucose index (TyG) predicted the incidence of major adverse
cardiovascular events (MACE) in these patients.

Methods. This observationa study was undertaken of 1142 persons with CKD and free from diabetes and 460 controls
from the prospective NEFRONA study. The study exposure was the TyG index at cohort inclusion. The study outcome
was MACE (cardiovascular death, nonfatal myocardial infarction, nonfatal stroke and hospitalization for unstable
angina). Covariates included demographics, comorbidities, lipid profile, renal function and glycaemic control. Cox
regression models evaluated the association between TyG index and 4-point MACE in patients with CKD.

Results. TyG was higher [median 8.63 (interquartile range 8.32-8.95)] in patients with CKD compared with controls

(P < 0.001). TyG increased across albuminuria categories but was similar for glomerular filtration rate categories among
patients with CKD stages 3-5. During 46 + 13 months of follow-up, 49 (4.3%) MACE were registered. TyG predicted the
occurrence of MACE {hazard ratio (HR) 1.95 [95% confidence interval (CI) 1.11-3.40] per TyG unit increase; and HR 2.29
(95% CI 1.24-4.20] for TyG values above the median of 8.63 units}. Sensitivity analysis for subgroups of participants
according to age, kidney function, body mass index and imaging evidence of atherosclerosis yielded similar results, as
did adjusted analysis. Neither triglycerides nor glucose alone was associated with MACE.

Conclusions. The TyG index is associated with the occurrence of major cardiovascular events in persons free from
diabetes with non-dialysis dependent CKD.
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GRAPHICAL ABSTRACT
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Triglycerides-glucose index and the risk of cardiovascular

events in persons with non-diabetic chronic kidney disease

CKD is associated with high rates of cardiovascular events. We explored whether the recently described
triglycerides—glucose (TyG) index predicted the incidence of major adverse cardiovascular event CKD patients.
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Conclusion: The TyG index is associated with the occurrence of major

cardiovascular events in persons free from diabetes with non-dialysis
dependent CKD.
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INTRODUCTION

Patients with chronic kidney disease (CKD) have an increased
risk of major adverse cardiovascular events (MACE). Car-
diovascular morbi-mortality increases as CKD progresses
[1]. The increased cardiovascular risk has been attributed
to the concomitant prevalence of traditional (such as dys-
lipidemia, hypertension, diabetes mellitus, etc.) and non-
traditional (uraemia, inflammation, oxidative stress, etc.) risk
factors [2].

Abnormalities in lipids are common in patients with CKD,
and statins (w/wo ezetimibe) decrease cardiovascular events in
them [3]. High levels of low-density lipoprotein cholesterol (LDL-
C) have been also associated with high risk of cardiovascular
events [4], but the role of other lipids in predicting cardiovascu-
lar disease (CVD) risk is less studied. Triglycerides levels are high
in CKD, especially in advanced stages. However, and in contrast
to LDL-C or high-density lipoprotein cholesterol (HDL-C), evi-
dence on the relation between triglycerides and cardiovascular
prognosis is heterogeneous [5, 6]. Treatment with classical drugs
for hypertriglyceridemia [i.e. peroxisome proliferator-activated
receptor « (PPAR«x) agonists] have yielded a beneficial effect
on cardiovascular prognosis in patients with CKD [7]. However,
PPAR« agonist may exert adverse events (increase in creatinine,
myopathy or rhabdomyolysis) that limit their use in these pa-
tients. Indeed, the threshold for starting a triglyceride-lowering
treatment has not been established, and the benefit seems to be
specific to high-risk populations [6].

The recently described triglyceride-glucose index (TyG) may
predict cardiovascular events in non-CKD populations. Specif-
ically, TyG has been independently associated with the inci-
dence of coronary artery disease and stroke in high-risk and
in atherosclerosis-free populations [8]. Additionally, one study
showed that TyG predicts the incidence of CKD in the general
population [9]. In patients with CKD, sporadic studies have as-
sociated higher TyG index values with the progression to end-
stage kidney disease [10]. In one study of patients undergoing
peritoneal dialysis patients, TyG was associated with the risk of
cardiovascular death [11].

To the best of our knowledge, no studies have explored the
possible value of TyG in identifying patients with non-dialysis
dependent CKD at higher risk of MACE, and this was the objec-
tive of our study.

MATERIALS AND METHODS
Subjects

NEFRONA is a prospective multicentric cohort which between
2010 and 2012 enrolled 3004 persons from 81 Spanish hospi-
tals: 2445 of them were classified as having CKD stages 3-5 with
glomerular filtration rate (GFR) <60 mL/min/1.73 m? at inclu-
sion estimated using the 4-variable Modification of Diet in Re-
nal Disease (MDRD) equation [12]. The remaining 559 individu-
als were classified as controls. The control group included adults
with GFR >60 mL/min/1.73 m? without any evidence of kidney
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FIGURE 1: Study flow chart. CKD: chronic kidney disease.

damage. Controls were recruited from primary care centres, as
described in Arroyo et al. [13]. NEFRONA excluded CKD or con-
trol participants who had active infections, pregnancy, history
of cardiovascular disease or organ transplant [13].

For this study, we excluded patients and controls with di-
abetes mellitus, leaving 1142 patients with non-dialysis CKD
and 460 controls, free from diabetes or history of cardiovascu-
lar events (Figure 1). Although the inclusion criteria for controls
was an estimated GFR (eGFR) >60 mL/min/1.73 m?, 16 patients
were reclassified as stage 2 CKD as they had positive albumin-
uria at baseline.

Exposure

The exposure is TyG calculated at study inclusion, with both
measurements performed in fasting conditions and calculated
as Ln (fasting TG [mg/dL] x fasting blood glucose [mg/dL]/2) [14].

Covariates

At inclusion, demographic data (sex and birth date) and clas-
sical cardiovascular risk factors [body mass index (BMI), smok-
ing habits, hypertension and dyslipidemia] were collected. In
patients with CKD, aetiology of the renal disease was regis-
tered if available in clinical registries. Renal [eGFR and urinary
albumin-creatinine ratio (WUACR)], lipid (LDL-C, HDL-C, triglyc-
erides, total cholesterol) and metabolic [fasting glucose and
glycated haemoglobin (Hb1Ac)] laboratory values were also
obtained at baseline. CKD stages and uACR categories were es-
tablished according to Kidney Disease: Improving Global Out-
comes (KDIGO) guidelines [15]. Dyslipidemia was defined ac-
cording to current guidelines at the moment of the protocol

approval [16]. Atherosclerosis was evaluated as described pre-
viously [17]. Briefly, based on carotid ultrasound and ankle-
brachial index performed at baseline, an atherosclerosis score
(AS) was defined in four categories. AS = 0 corresponded to the
absence of atherosclerosis, AS = 1 to mild atherosclerosis, AS = 2
to moderate atherosclerosis and AS = 3 to severe atherosclerosis.

Outcomes

Patients were followed for the occurrence of MACE, defined as
the composite of cardiovascular death, nonfatal myocardial in-
farction, nonfatal stroke and hospitalization for unstable angina.

Ethical concerns

The study was approved by each local ethics committee and sub-
jects were included after providing informed consent.

Statistics

Data are expressed as mean (standard deviation) or median (IQR)
depending on the distribution as assessed with the Kolgomorov-
Smirnov test. First, we identified covariates associated with
higher values of the TyG index (using the median as cutoff). Con-
sidering the low number of total events (4-point MACE), we used
median TyG index values (8.63) to categorize the population, as
it was close to the cutoff of 8.60 units, identified by the Youden’s
] statistics as the threshold with best performance in terms of
sensitivity and specificity for this outcome. The comparison
with other qualitative variables was performed with chi-squared
or Fisher test depending on their parametric characteristics.
Inference between TyG index and dichotomic quantitative
variables was performed using t-test or Mann-Whitney, and for
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Table 1. Baseline characteristics of included participants with CKD according to the median triglycerides-glucose index value

TyG > 8.63
Overall (n = 1142) TyG < 8.63 (n=571) (n=571) p2

Sex (women, %) 458 (40) 257 (45) 201 (35) 0.001
Age (years) 59 +12 58 +13 59+ 11 0.498
BMI (kg/m?) 2845 2845 2945 <0.001
Smoking habits (n, %) <0.001

Non-smoker 551 (48) 279 (49) 232 (41)

Former smoker 409 (36) 206 (36) 203 (36)

Current smoker 222 (19) 86 (15) 136 (24)
Hypertension (n, %) 1096 (96) 540 (95) 556 (97) 0.023
Dyslipidemia (n, %) 765 (67) 331 (58) 434 (76) <0.001
eGFR (mL/min/1.73 m?) 31 (20-44) 31 (20-44) 31 (20-43) 0.912
UACR (mg/g) (n = 670) 91 (11-392) 66 (10-300) 118 (12-466) 0.041
CKD G category (n, %): 0.093

2 16 (1) 12 (2) 4(1)

3a 242 (21) 118 (21) 124 (22)

3b 343 (30) 173 (30) 170 (30)

4 384 (34) 180 (32) 204 (35)

5 157 (14) 88 (15) 69 (12)
CKD aetiology (n, %) 0.008

Glomerular 219 (19) 106 (20) 113 (20)

Hypertensive 286 (25) 121 (21) 165 (29)

Tubulointerstitial 161 (14) 93 (16) 68 (12)

Hereditary 144 (13) 82 (14) 62 (11)

Unknown 139 (12) 77 (13) 62 (11)

Other 193 (17) 92 (16) 101 (17)
Total cholesterol (mg/dL) 185 (162-211) 176 (157-200) 192 (168-217) <0.001
LDL-C (mg/dL) 107 (88-129) 104 (85-124) 111 (90-134) <0.001
HDL-C (mg/dL) 50 (41-61) 54 (46-66) 45 (37-53) <0.001
Triglycerides (mg/dL) 118 (163-89) 89 (73-104) 162 (137-202) <0.001
ASP (n, %) 0.073

AS=0 170 (20) 99 (23) 71 (16)

AS=1 127 (14) 65 (15) 62 (14)

AS =2 547 (63) 258 (59) 289 (66)

AS=3 30 (3) 13 (3) 17 (4)
Fasting glucose (mg/dL) 94 (87-102) 91 (85-99) 97 (90-105) <0.001
Lipid-lowering therapies
(n, %) 686 (60) 314 (55) 372 (65) <0.001
Statins 51 (5) 17 (3) 34 (6) 0.021
Ezetimibe 58 (5) 14 (3) 44 (8) <0.001
Fibrates
HblAc (%) 55+04 55+04 56+04 0.009
TyG index 8.63 (8.32-8.95) 8.32 (8.11-8.48) 8.95 (8.78-9.19) <0.001

Data are displayed as mean =+ standard deviation or median (IQR).

TyG: triglycerides—glucose index; BMI: body mass index; eGFR: estimated glomerular filtration rate; uACR: urinary albumin-creatinine ratio; CKD: chronic kidney disease;
Hb1Ac: glycated haemoglobin; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; AS: atherosclerotic score.

@p-value for the comparison between patients with CKD according to TyG median.

bBased on carotid ultrasound and ankle-brachial index.

non-dichotomic quantitative variables using ANOVA or Kruskal-
Wallis tests. The Spearman test was used for correlations of
the TyG index as a continuous variable with other quantitative
variables.

Next, we assessed factors associated with the risk of MACE
using Cox regression. Adjusted models for the independent
association between the TyG index (as a dichotomic or as a
continuous variable) and MACE were constructed based on
modifier effect variables and confounders. To avoid overfitted
models, the number of variables in each model was not higher
than the total number of events divided by 10. The statistical
analysis was performed using SPSS version 26.0 (IBM Corp., Ar-
monk, NY). Plots were drawn using GraphPad Prism version 9.02
(GraphPad 155 Holdings, LLC, San Diego, CA, USA).

RESULTS
Baseline characteristics

We included 1142 patients with CKD, with a mean age of 59 + 12
years and 40% (458) of them being women. Their median eGFR
was 31 (20-44) mL/min/1.73 m? and uACR 91 (11-392) mg/g. Six-
teen patients (1%) had stage 2, 242 (21%) had stage 3a, 343 (30%)
had stage 3b, 384 (34%) had stage 4 and 147 (14%) had stage 5
CKD. Among the 670 patients with registered urinary albumin-
to-creatinine ratio data, 235 (21%) has <30 mg/g (A1), 243 (21%)
has 30-300 mg/g (A2) and 192 (17%) has >300 mg/g (A3). The main
CKD aetiologies were hypertensive (25%) and glomerular (19%).
Based on the AS, 170 (20%) of the patients with CKD did not have
atherosclerosis, 127 (14%) had mild atherosclerosis, 547 (63%)
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FIGURE 2: TyG levels in controls and in patients with CKD stages 2-5.

had moderate atherosclerosis and 30 (3%) had severe atheroscle-
rosis (Table 1), although none had had a prior MACE. Baseline
characteristics of CKD and control patients are shown in Sup-
plementary data, Table S1.

Factors associated with the triglycerides and glucose
index

TyG was 8.63 (8.32-8.95) in patients with CKD, a median con-
centration significantly higher than in controls [8.38 (8.05-8.80)]
(P < 0.001), but we did not observe differences across CKD stages
(Figure 2). TyG differed across uACR categories, being higher
in patients with macroalbuminuria versus microalbuminuria
(P = 0.025) or normoalbuminuria (P = 0.009) (Figure 3). Among
patients with CKD, 874 had a registered AS. TyG was lower in pa-
tients with absence of atherosclerosis (AS = 0) compared with
pathological AS (AS > 1) [8.55 (8.24-8.89) versus 8.66 (8.33-8.97)]
(P = 0.016).

TyG was categorized based on the median value (8.63).
Patients with elevated TyG were more often men, smok-
ers, with higher BMI, prevalence of hypertension, dyslipi-
demia and higher Hb1Ac (Table 1). In univariate analyses, TyG
showed weak but significant correlations with total choles-
terol, LDL-C, HDL-C, fasting glucose, HblAc and uACR, and
a strong expected correlation with triglycerides (Table 2).
There was no association with eGFR. Similarly, in the con-
trol group, TyG correlated to total cholesterol, LDL-C, HDL-C,
fasting glucose, Hb1Ac and triglycerides (Supplementary data,
Table S2).
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FIGURE 3: TyG levels according to urinary albumin-to-creatinine ratio categories
(n = 670).

Table 2. Univariate correlation between TyG and glucose, renal and
lipid parameters in patients with CKD (n = 1142)

p (Spearman) P
Total cholesterol (mg/dL) 0.204 <0.001
LDL-C (mg/dL) 0.089 0.090
HDL-C (mg/dL) —0.423 <0.001
Triglycerides (mg/dL) 0.962 <0.001
Fasting glucose (mg/dL) 0.328 <0.001
HblAc (%) 0.150 0.002
eGFR (mL/min/1.73 m?) 0.001 0.971
UACR (mg/g) (n = 670) 0.109 0.005

Correlations were assessed using Spearman test. LDL-C: low-density lipopro-
tein cholesterol; HDL-C: high-density lipoprotein cholesterol; uACR: urinary
albumin-creatinine ratio.

TyG and the risk of MACE

During median 46 + 13 months of follow-up, 49 (4.3%) patients
with CKD suffered from MACE, explained by stroke (37% of
cases), unstable angina (24%), nonfatal myocardial infarction
(27%) and cardiovascular death (12%).

Univariate analysis showed that age, BMI, eGFR, HDL-C, fast-
ing glucose, AS, TyG (continuous variable) and TyG >8.63 were
associated with the risk of MACE, while triglycerides or HblAc
were not (Table 3).

In multivariable-adjusted Cox regression, TyG (per unit of
increase) and TyG >8.63 (median value) maintained their inde-
pendent predictive value (Table 4). Sensitivity analysis showed
absence of interaction between TyG and age, AS, BMI and
eGFR (P > 0.05 for all). Subgroup analyses suggested simi-
lar association across strata of age, sex, presence of AS and
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Table 3. Univariate Cox regression model depicting HR and 95% CI
of baseline covariates associated with the risk of developing MACE
in patients with CKD (n = 1142)

R (95% CI) P
Sex (women) 0.69 (0.38-1.26) 0.231
Age (per year) 1.06 (1.03-1.09) 0.001
BMI (per kg/m2) 1.08 (1.03-1.13) 0.002
Smoking habit (current smoker) 1.38 (0.64-2.98) 0.412
Hypertension (yes) 21.3 (0.4-11 899.5) 0.342
Dyslipidemia (yes) 1.47 (0.77-2.83) 0.241
eGFR (per mL/min/1.73m?) 0.97 (0.95-0.99) 0.010
UACR (per mg/g) (n = 670) 1.00 (1.00-1.00) 0.065
Total cholesterol (per mg/dL) 1.00 (0.99-1.01) 0.663
LDL-C (per mg/dL) 1.00 (0.99-1.01) 0.965
HDL-C (per mg/dL) 0.97 (0.95-0.99) 0.033
Triglycerides (per mg/dL) 1.00 (1.00-1.00) 0.099
Statins (yes) 1.35 (0.75-2.46) 0.319
AS (per 1 point) 1.97 (1.21-3.21) 0.006
Fasting glucose (per mg/dL) 1.02 (1.00-1.05) 0.048
Hb1Ac (per 1%) 0.47 (0.17-1.25) 0.129
TyG (per unit) 1.95 (1.11-3.40) 0.018
TyG > 8.63 2.29 (1.24-4.20) 0.008

Univariate regression Cox analysis for 4-point MACE as a dependent variable.
TyG: triglycerides-glucose index; HR: hazard ratio; 95% CI: 95% confidence in-
terval; uACR: urinary albumin-creatinine ratio; TyG = Ln (TG [mg/dL] x glucose
[mg/dL]/2).

eGFR (Supplementary data, Table S3). Survival curves depict a
clear separation for patients below and above the median TyG
(Figure 4).

DISCUSSION

Special features on lipid metabolism in patients with CKD may
contribute to atherogenesis. This may render monitoring for
high LDL-C and low HDL-C levels insufficient to correctly assess
cardiovascular risk. As an example, lipoprotein size and concen-
tration have been established as stronger predictors for adverse
outcomes in CKD [18]. However, they cannot be assessed in rou-
tine clinical practice in most centres [19]. NEFRONA recruited
persons with no previous history of CVD and free from diabetes,
rendering a low-risk population. Still, in our study, we observe a
strong direct association between TyG and the risk of MACE in
a large population of persons with CKD stages 3-5 not requiring
dialysis and free from diabetes. We should highlight that this
risk association was not observed for either triglycerides or glu-

cose alone. This easy-to-measure index may perhaps then be
relevant for risk stratification in this population.

Although triglycerides are the most frequent abnormality
in CKD [20], their role in atherogenesis and, consequently, in
cardiovascular prognosis is not well known. Population-based
studies have shown that higher triglyceride values are associ-
ated with an increased cardiovascular risk [21]. However, the
heterogeneous results in trials of triglyceride-lowering ther-
apies on hard outcomes, and the lack of specific therapies
(beyond fibrates) and consensus-threshold levels for starting
triglyceride-lowering therapy has led to therapeutic nihilism in
dyslipidemia guidelines [22]. Beyond the efficacy of interven-
tions, other factors may contribute to the lack of positive results
in patients treated with triglyceride-lowering therapies. On one
hand, the initiation of these drugs in CKD could be late as triglyc-
erides can promote atherosclerotic plaques even with normal
lipid parameters [23]. On the other hand, the laboratory param-
eters to assess the relationship between triglyceride metabolism
and cardiovascular events may be suboptimal [24]. In this regard,
TyG can be considered as a new biomarker for identifying pa-
tients that might benefit from early intervention and be used to
enrich future clinical trials of patients at high CV risk.

Our study extends to persons with CKD in previous
population-based studies [25] showing the usefulness of TyG in
predicting subclinical atherosclerosis. In our cohort, TyG was
associated with early evidence of subclinical atherosclerosis
(assessed with the AS) as well as other cardiovascular risk fac-
tors including albuminuria [26]. The addition of new biomarkers
for stratifying patient risk that can be easily measured in clin-
ical practice could help in improving cardiovascular prognosis
with the prescription of highly effective protecting drugs. TyG
can easily and automatically be calculated from routine lab anal-
ysis and presented in lab reports. Interestingly, recent observa-
tional studies have shown that TyG can respond to interventions,
beingreduced upon initiation of treatment with sodium-glucose
cotransporter 2 (SGLT2) inhibitors [27]. SGLT2 inhibitors provide
impressive renal and cardiovascular beneficial effects, beyond
the glycaemic control, in patients with diabetes and free from
diabetes with CKD or heart failure [28]. In the field of lipoprotein-
lowering therapies, proprotein convertase subtilisin/kexin type
9 inhibitors (PCSK9i) reduce cardiovascular events in patients
with history of atherosclerotic disease [29] and regress atheroma
plaques, a very prevalent condition in patients with CKD [30].
We speculate that linking early detection of atheroma plaques
with easily measured biomarkers in CKD should change the con-
cept of prescribing new and potent drugs that reduce cardio-
vascular risk only in advanced stages. In an observational study

Table 4. Association between TyG, triglycerides and fasting glucose to 4-point MACE in patients with CKD (n = 1142)

Unadjusted MACE 4-pt

Model 1?7

Model 2P Model 3¢

HR (95% CI) P

HR (95% CI)

P HR (95% CI) P HR (95% CI) P

TyG (per unit increase)
TyG > 8.63 (median value)

1.95(1.11-3.40)  0.018
229 (1.24-4.20)  0.008

Glucose (per mg/dL)
Triglycerides (per mg/dL)

1.02 (1.00-1.05) 0.048
1.00 (1.00-1.00) 0.099

2.14 (1.18-3.90) 0.012
2.22 (1.21-4.09) 0.010

1.02 (0.99-1.04) 0.246
1.00 (1.00-1.01) 0.021

2.01(1.09-3.70)  0.025
2.09(1.13-3.88)  0.019

1.94 (1.01-3.73)  0.046
2.54(1.27-5.07)  0.008

1.01 (0.99-1.04) 0.308
1.00 (1.00-1.01) 0.040

1.01 (0.98-1.03) 0.608
1.00 (0.99-1.01) 0.143

The association of each parameter [TyG (per unit increase), TyG (>8.63), glucose and triglycerides] to 4-point MACE is assessed separately in three different adjusted

models.

TyG: triglycerides-glucose index; HR: hazard ratio; 95% CI: 95% confidence interval. TyG = Ln (TG [mg/dL] x glucose [mg/dL]/2).

@Model 1: Cox regression adjusted for age and gender.
bModel 2: Cox regression adjusted for age, sex, hypertension and dyslipidemia.

¢Model 3. Cox regression adjusted for age, sex, hypertension and atherosclerotic score.
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[31], PCSK9i reduced TyG in patients with familial hypercholes-
terolemia. Obviously, before TyG can be used to guide clinical de-
cisions, validation of its usefulness in interventional studies or
trials is needed.

Several limitations should be acknowledged in the interpre-
tation of our findings: the observational design has inherent bi-
ases that preclude causality in the associations observed. The
population was of low risk with no history of CVD, which may
reduce confounding in the association between TyG and out-
comes, but at the same time can limit representativeness. Be-
cause of this low risk, the incidence of MACE was low (49 events,
4.3%) and this conditioned the number of variables we could use
to adjust our models to avoid overfitting. Finally, our study is
based on one single TyG measurement and the potential car-
diovascular implications of changes in TyG (for example, in re-
sponse to changes in lifestyle or drug therapy) over time require
further investigation.

CONCLUSION

We show TyG strongly associates with the risk of MACE in
a population with non-dialysis CKD at low CV risk. Because
TyG is an easily measured and inexpensive index, we propose
that its routine evaluation could help risk-stratify patients and
inform the choice of prevention strategies for primary CVD
prevention.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.
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