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META-ANALYSIS

Triglyceride glucose index can predict the risk of contrast-induced
nephropathy undergoing percutaneous coronary intervention: A systematic

review and meta-analysis
Shuxiong Ge, Jinlin Yan, Hui Wang

Abstract

Objective: To investigate the association between triglyceride glucose index and contrast-induced nephropathy in patients
after percutaneous coronary intervention.

Methods: The meta-analysis was conducted in Ningbo in 2024 from May to July and comprised literature search across
PubMed, Embase and Web of Science databases for relevant studies published up to May 2024 and evaluated the adverse
outcomes of contrast-induced nephropathy in patients after percutaneous coronary intervention. The pooled odds ratios
with 95% confidence intervals were calculated by random-effects model, assessing the strength of association between
triglyceride glucose index and contrast-induced nephropathy. Subgroup analysis assessed the sources of heterogeneity.
Data was analysed using Stata 17.

Results: Of the 212 studies identified initially, 6(2.8%) were included, comprising 4,521individuals; 2,996(66.3%) men and
1,525(33.7%) women. High triglyceride glucose index increased the risk of contrast-induced nephropathy in the patients
compared to those with low triglyceride glucose index (p<0.05). There was a significant association between triglyceride
glucose index and an increased risk of contrast-induced nephropathy (p=0.012). There was some obvious heterogeneity in
the meta-analysis (12=79.9%).

Conclusion: Triglyceride glucose index in patients undergoing percutaneous coronary intervention was found to be
associated with marked increase in the risk of contrast-induced nephropathy. Pretreatment of high-risk patients could
reduce the risk.

Keywords: Triglyceride glucose index, Contrast-induced nephropathy, Meta-analysis, Percutaneous coronary intervention,

Predictor. (JPMA 76: 1726; 2026) DOI: https://doi.org/10.47391/JPMA.23287

Introduction

Contrast-induced nephropathy (CIN) is a common and
serious disease, which refers to acute renal failure
complications caused by contrast agents during
arteriography or interventional surgery. The diagnostic
criteria for CIN is an increase in serum creatinine of
>26.5mmol/l  (0.3mg/dl) or >50% compared to
preoperative creatinine.! Despite improved understanding
of CIN among the clinicians and the increasing awareness
of risk assessment, the incidence of CIN continues to rise
with the increasing use of contrast agents in clinical
practice. Previous studies have reported that the incidence
of CIN after percutaneous coronary intervention (PCl) was
15-35%.2 Many potential factors increase the risk of CIN,
including advanced age, congestive heart failure (CHF),
diabetes mellitus (DM), chronic renal insufficiency, and the
type and amount of contrast agent.3 Although CIN is a self-
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limiting disease, it can prolong hospitalisation, and increase
the risk of mortality and economic burden during
hospitalisation. Therefore, early identification of high-risk
patients with CIN and timely preventive measures are
essential for reducing complications in patients post-PCI.

Insulin resistance (IR) is a pathophysiological process of
cellular metabolicimbalance, characterised by the reduced
efficiency of glucose uptake and utilisation by insulin-
sensitive tissues and cells in the body. Studies have
supported a profound relation between IR and acute
kidney injury (AKI).4 The hyperinsulinaemic-euglycaemic
clamp test is considered the gold standard method for
diagnosing IR, which has the disadvantages of being
cumbersome, costly and time-consuming.> Triglyceride
glucose index (TyG) is a novel index based on fasting
triglyceride (TG) and fasting blood glucose (FBG), and
showing a powerful ability to predict IR, with studies
indicating that TyG is strongly associated with CIN in
patients post-PCL.6 In addition, patients with high TyG are
more likely to develop CIN.7 Although some studies have
demonstrated that the TyG is a potential biomarker to
predict the adverse outcome of CIN in patients undergoing
PCl, but the evidence for TyG's assessment of CIN was not
strongly robust because the studies were limited by their
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single-centre design and small sample size.68 Furthermore,
the absence of randomised controlled trials (RCTs) further
weakens the validity of such findings. The current study
was planned to use the existing data for the evaluation of
the accuracy of high TyG in terms of predicting CIN post-
PCl.

Materials and Methods

The meta-analysis was conducted in Ningbo in2024 from
May to July and comprised literature search across
PubMed, Embase and Web of Science databases for
relevant studies published up to May 2024. The review was
carried out in accordance with Cochrane Collaboration
methods and Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.® The
search was performed using the following key words:
“(triglyceride-glucose index or TyG) and (contrast-induced
nephropathy or CIN or Acute Kidney Injury or AKI)". The
studies were screened by two reviewers independently to
identify the eligible publications, and any disagreement
was resolved with mutual discussion.

To be included, the studies had to satisfy the following
criteria: patients were precisely diagnosed CIN after PCl or
arteriography; provided the number of patients positive
with CIN in different TyG stages; and designed as a cohort
control project. Exclusion criteria entailed the following
elements: review articles, case reports, comments, cell and
animal research; lack of correlation information for
calculating odds ratio (OR). In studies having identical or
overlapping data, only the largest patient cohort was
selected for analysis to avoid duplicate information.

Crude data was collected from the selected studies by two
researchers independently, including the name of the first
author, the year of publication, country, age, the sample
size, cut-off value, with or without DM, the number of
patients with CIN in different TyG categories, and
multivariate OR values of TyG. In the event of missing data,
communication was initiated with the primary
corresponding author via email in order to acquire
adequate information.

Quality assessment of the eligible studies for meta-analysis
was done using the Newcastle-Ottawa scale (NOS).10 The
NOS scores ranged 0-9, and studies with score =6 were
considered to have high-quality methodology.

Data was analysed using Stata 17 OR and 95% confidence
intervals (Cls) were used to estimate the association
between TyG and CIN in patients who underwent PCl. The
statistical significance of OR was calculated by Z test, and
p<0.05 indicated significance. Heterogeneity across the
studies was assessed using Cochran’s Q and I2. IN case of
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p>0.05, a fix-effect model was applied. Otherwise a
random-effect model was used. Subgroup analysis and
meta-regression were conducted to explore potential
sources of heterogeneity. Publication bias was inspected
using Begg's rank correlation test and Egger's regression
test.’m To evaluate the robustness of the summary
estimates and to identify potential sources of
heterogeneity, a sensitivity analysis was conducted by
systematically eliminating the included studies one by one
from the pooled analysis. This Meta-Analysis was
prospectively registered with INPLASY with the registration
number of INPLASY202460115.

Results

Of the 212 studies identified initially, 6(2.8%) were included
(Figure 1)6-8.12 comprising 4,521 individuals; 2,996(66.3%)
men and 1,525(33.7%) women (Table 1).

The pooled OR was 2.32 (95%Cl: 1.58-3.40, p<0.05) for
predicting CIN, as assessed by the random effect model
with heterogeneity (12=79.9%) (Figure 2). Multivariate
regression analysis revealed a significant association
between TyG and an increased risk of CIN (OR=2.36, 95%Cl:
1.74-3.21, p=0.012) (Table 2, Figure 3).

There was significant heterogeneity in terms of country,
study design, participants, DM comorbidity, sample size,
and cut-off <9 (Figure 4). The heterogeneity of meta-
regression analysis was noted (Supplementary Figure 1).

Quality assessment suggested 5(83.3%) of the studies had
high quality (Table 1).

Publication bias was assessed using a funnel plot. There

| Identification of studies via database and registers
—
_§ Records identified from: > Records removed before screening:
5] Databases (n=212) Duplicate records removed (n=0)
% Registers (n=0) Records marked as ineligible by
3 automation tools (n=0)
~ Records removed for other reasons
(n=93)
—~
Records screened - Records screened
(n=119) - (n=87)
_ Y
£ Reports sought for retrieval > Reports not retrieved
§ (n=32) (n=11)
v
Reports assessed for eligibility | Reports excluded:
(n=21) - Not related to Tyg (n=9)
\_/ Not related to CIN (n=6) etc.
o V
E Studies included in review
= (n=6)
-/

Figure-1: Search flowchart for meta-analysis.
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Table-1: Characteristics of the included studies (n=6).
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Author Year Nation Study Design Participants(n) Age(years) M
1 Halil Aktas™ 2023 Turkey prospective study 272 60.47+12.25 216
2 Erol Gursoy® 2022 Turkey retrospective study 350 - 183
3 Yuhan Qin™2 2021 China retrospective study 928 68.32+8.95 658
4 Mingkang Li'® 2022 China retrospective study 1108 66.4+10.4 692
5 Yue Hu? 2022 China retrospective study 1073 - 680
6 Yue Shi¢ 2024 China retrospective study 790 67.65 567
nl n2 m1 m2 DM cut-off NOS
14 4 122 132 NO 8.87 8
Y] 14 160 134 NO 8.65 7
155 42 309 345 YES 9.04 7
13 53 440 502 NO 8.85 7
14 72 454 406 YES 8.98 7
136 102 394 39 YES 9.15 7
DM: Diabetes mellitus, NOS: Newcastle-Ottawa scale.
_._._) MO 18D 748 Halll Aks (20231 "P_H 656212, 2040) 509
wiaia! —t e - o g SN
e i (200 l:. — 134 (1 00, 1 7 wn Yue Shi \:ID:HB —— ; 142(1.00.192) 2200
A : A ois } a4

Figure-2: Forest plots of odds ratio (OR) for the relation between triglyceride glucose
index (TyG) and contrast-induced nephropathy (CIN) in patients receiving
percutaneous coronary intervention (PCl).

Table-2: Multivariate regression odds ratio (OR) for contrast-induced nephropathy
(CIN) incidence.

Author OR 95%(Cl
1 Halil Aktas' 6.583 2.12-20.40
2 Erol Gursoy$ 25 1.30-4.60
3 Yuhan Qin™ 237 1.89-3.67
4 Mingkang Li' 2.26 1.68-3.04
5 YueHu 3.77 1.94-7.34
6 YueShié 142 1.06-1.92

(l: Confidence interval.

was no significant publication bias in the meta-analysis
(Figure 5). Sensitivity analysis evaluated the reliability of the
studies analysed, and showed that the pooled OR of TyG
was not significantly affected by omitting any single study
(Figure 6).

Discussion

The growing popularity of endovascular interventional
therapy has led to increased CIN awareness, as it can have
severe consequences. IR is considered a risk factor for CIN
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Figure-3: Multivariate regression analysis regarding the correlation between
triglyceride glucose index (TyG) and contrast-induced nephropathy (CIN) in
patients receiving percutaneous coronary intervention (PCl).

and has an impact on its incidence. The TyG index, which
serves as a biomarker for IR, plays a significant role in
predicting the occurrence of CIN.72 The current meta-
analysis, to our knowledge, is the first to establish a
correlation between TyG and CIN, and provides evidence
for the predictive value of elevated TyG levels in CIN post-
PCI.

The occurrence of CIN is a frequently encountered
complication, and numerous biomarkers have
demonstrated their efficacy in the prediction of CIN. A
meta-analysis conducted by Tong et al. demonstrated that
neutrophil gelatinase-associated lipocalin (NGAL) was a
reliable marker for predicting CIN. The analysis revealed
that NGAL had a higher diagnostic accuracy in urine
compared to blood.’3 Another meta-analysis suggested
that cystatin C and NGAL could be used as predictors of
CIN, with cystatin C showing a higher diagnostic value than
NGAL.4 Additionally, cystatin C levels are less influenced
by factors, such as muscle mass, age, gender, or nutritional
status, compared to blood creatinine levels. Therefore, they

Open Access



1729

S. Ge, J. Yan, H. Wang

oay - Stugy %
o O (95% ) Weight D OR (85% C1) Weight
Turkey [ prospective study :
L3 " 7 i
Halil Aktas (2023) —_— s it e 750 Halll Adtas (2023)" ————————— 379(1.21,11.82) 759
& | -
Erol Guesoy (20221 _— 259 (132 4.80) 1390 Subtotal (-squared = %, p =) -._—_',_'3- 3.79(1.21, 11.82) 759
Sublotal (-squared = 0.0%, p = 0 539) = 2781158, 487) 2148 i
retrospective study i
China Erol Gursoy (2022) —_— 251 (132, 480) 1390
] ' 12 !
Yuhan o (2021 ) el 412 (284, 5.909) 1mea Yuhan Qin (2021) ) —i— 4.12(2.84,599) 18.90
1% 2 L
Mingiang L (2022) —— 243174345 1932 Mingkang Li (2022)" —_— 243(1.71,3.45) 1932
T [ 7 h
Vue Hu (2022) —— 175(1.28. 2.40) 1w Yue Hu (2022) — 1.75(1.28, 2.40) 19.96
B 8 :
Yue Shi (2024) - 1.34 {1.00, 1.78) 20213 Yue Shi (2024) f——— | 1.34 (1.00, 1.79) 2033
Sublotal (l-squared = 87 2%, p = 0.000) ¢ 218{1.37, 3.46) Tas1 Sublotal (--squared = 83.2%. p = 0.000) <> 223(1.49.333) 9241
1
Ovecall (-squared = 79.4%. p = 0.000) <> 232(156.3.40) 106,00 Overall (-squared = 79.9%. p = 0.000) e 232 (158, 3.40) 100.00
HOTE: Waights are from rancom eliects analvsis NOTE: Weights are from random effects analysis
T T
T T
mess 1 ne Siin Y e
Figure-4A: Figure-4B:
Stuay % Stuay %
Ly OR (95% Cl) Weight 0 OR (95% Cly Weight
<1000 : no '
17 ' '
Halil Aktas (2023) ——————————> 379 (121.1182) 7.59 Halil Aktas (2023)'7 —_————3 3790121, 1182) 759
6 ! i
Erol Gursoy (2022) —_— 251(1.32,4.80) 1390 Erol Gursoy (2022 —_— 251(132,4.80) 1390
12 18 /]
Yuhan Gin (2021) — 412 (2:84,5.99) 18.90 Mingkang Li (2022) —_— 243(1.71,3.45) 19.32
] " i d
Yue Shi (2024) = . 1.34(1.00,179) 2033 Subtotal (-squared =0.0%, p=0.767) <;> 252(1.87,3.40) 40.81
Subtotal (-squared = 86.9%. p = 0.000) - 258(1.29,5.13) 60.72 H
: VES
12
*1000 vunan ain (2021) —_— 412 (284,599 18.90
7 H
Mingkang Li (2022)'® e 2.43(1.71,3.45) 1932 Yuo Hu (2022) e 1.75(1.28, 2.40) 19.96
. [
Yue Hu (2022) —_— 1.75(1.28, 2.40) 19.96 Yue Shi (2024) —-— 1.34 (1,00, 1.79) 2033
Subtotal (-squared = 46.6%, p = 0.171) < 204 (1.48,2.62) 3928 Sublotal (I-squared = 91.0%, p = 0.000) <:> 211(113,3.04) 50.19
Overall (I-squared = 79.9%, p = 0,000) <o 232158, 3.40) 100.00 Overall (I-squared = 79.9%, p = 0.000) o 2.32(1.68, 3.40) 100.00
NOTE: Waights are from random affects analysis NOTE: Welghts are from random effects analysis I
T T T T
0846 1 18 0846 1 18
Figure-4C: Figure-4D:
Stusy =
2 oR (b €1 Weiget
-2 '
L3 !
el Akta (2025} L ] T

§
Erot Gerwoy (20421
umgrang i 2022y
7
Vum Wy (2022

Suttolal (Lsguared = 8.5%, b = 0.351)

-

Yuhaa On (!ﬂ!uu
£

¥ Shi (2024)

Swttotal (bequared = §5.4%, p = 0.000)

Overnl {Lsauared = THS%. p = 0.000)

HOTE: Weights ars frem randam efiects anabosis

—— A2 (284 599) e

—— 134 (100, 1.79) 03
2@ Ton w2

D - 220158340 10080

— 281032 480) 80
—_ 243071, 345) {LE-]
——t 175 (128, 240) (L

Q 244170, 270} sa7E

T
o848

T
ns

Figure-4E:

Figure-4: Subgroup analyses regarding heterogeneity between triglyceride glucose index (TyG) and contrast-induced nephropathy (CIN) in the studies subjected to meta-analysis. A:
Country; B: Study type; C: Sample size; D: Diabetes comorbidity; E: Cut-off value

provide a more reliable prediction of kidney function
deterioration. It has been suggested that the elevation of
cystatin C can serve as an early biomarker for CIN following
exposure to contrast media, and it can be utilised as an
independent predictor of CIN.'5 Furthermore, in patients
with heart failure and reduced left ventricular ejection

Open Access

fraction (LVEF), elevated levels of neutrophil-to-lymphocyte
ratio (NLR) have been found to be associated with the
progression of renal dysfunction. NLR serves as a predictive
marker for the deterioration of kidney function in DM
patients.’6 Although numerous studies have been
conducted on the early prediction of CIN, a majority of
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Supplement Figure-1: Meta regression analysis the heterogeneity between TyG and CIN in eligible articles.
A: Country; B: Study type; C: Sample size; D: Diabetes comorbidity; E: Cut-off value.

them were single-centre clinical and retrospective studies,
which remain controversial and necessitate further
evaluation to discover novel indicators or improve the
value of existing indicators for early CIN prediction.17.18

As a novel index for predicting CIN, TyG demonstrates
clinical value. Halil Aktas et al. found that high TyG

Vol. 76, No. 10, October 2026

increased CIN risk after PCl in non-diabetic patients with
non-ST segment elevation.'” Similarly, Yuhan Qin et al.
investigated the role of TyG in predicting CIN in patients
with type 2 DM undergoing PCl. Their findings indicated
that high TyG levels were an independent risk factor for
predicting CIN, and played a significant role in predicting
acute renal function injury.'2 Li et al. investigated the use
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Figure-6: Sensitivity analysis of the association between TyG and CIN.

of drug-eluting stents in non-ST-segment elevation
patients with acute coronary syndrome.'8 They discovered
a significant association between high TyG levels and CIN.
Furthermore, they observed that elevated TyG levels
increased the risk of CIN. Despite the development of
diagnosis and treatment technology, serum creatinine (SCr)
level is still the reference standard test for clinical diagnosis
of CIN. Therefore, there is an urgent need for simple,
accessible and inexpensive detection indicators to predict
CIN.

DM is an established independent risk factor for CIN and
has a strong association with CIN. The incidence of CIN is
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2% in patients without diabetes and normal renal function,
and 16% in patients with DM and normal renal function.’9
Patients with diabetic nephropathy are more susceptible
to CIN due to changes in glomerular filtration rate (GFR),
renal haemodynamics, and increased production of
reactive oxygen species (ROS).20 The main features of DM
include insufficient insulin secretion and IR, which are
implicated in the dysregulated processes of metabolic and
cardiovascular diseases.2! In multivariate regression
analysis, the current meta-analysis found that TyG
increased the risk of CIN in patients post-PCl (p=0.012) after
adjusting for confounding factors, including DM,
hypertension, heart failure and so on. The current study
showed that TyG still had a high predictive value after
adjusting for DM.

The pathophysiological mechanism of CIN has not been
fully elucidated. Numerous clinical and experimental
studies have confirmed the association between renal
medullary ischaemia, hypoxia, direct toxicity of contrast
agent, oxidative stress, and inflammatory response with the
onset and progression of CIN.22 Evidence has shown that
IR elevates the risk of renal impairment in vascular
disease.?3 IR affects the prevalence of CIN related to various
mechanisms. Firstly, there is renal medullary ischaemia. In
the state of IR, the activation of nitric oxide synthase is
reduced through the PI3K pathway, resulting in decreased
renal blood flow and subsequently decreased renal
function.24 Upon the administration of contrast agents,
renal vasoconstriction occurs, leading to the redistribution
of blood flow from the renal medulla to the renal cortex.
This exacerbates renal ischaemia and hypoxia.25 Secondly,
oxidative stress plays a role. IR induces mitochondrial
deoxyribonucleic acid (DNA) gene mutation in various
tissue cells, such as skeletal muscle, liver and fat, causing
mitochondrial dysfunction and oxidative stress in the body.
This leads to an increase in the generation of ROS, which
can directly damage mitochondrial DNA, the mitochondrial
cell membrane and macromolecular substances within the
mitochondria, ultimately resulting in mitochondrial
dysfunction.26 Additionally, ROS can activate pathways,
such as NF-kB and JNK, further aggravating IR.

There was moderate heterogeneity in the current meta-
analysis, which is related to differences in study design
criteria. In order to find the source of heterogeneity,
subgroup analysis was conducted. Firstly, the sample sizes
of the study groups varied, with 4 articles having a sample
size of less than 1,000 and 2 articles having a sample size
of more than 1,000. This discrepancy in sample size
introduced selection bias, which can limit the rationality
and accuracy of predictions. Secondly, different cut-off
values for TyG influenced the diagnosis of CIN. The
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fluctuation of TyG values was found to be influenced by
individual factors, regional factors, and complications.
Establishing a stable cut-off interval is crucial for improving
the diagnosis. Heterogeneity was also observed with
respect to country, DM status, and study type. Multicentre
RCTs with large sample sizes are recommended to validate
the predictive value of TyG for CIN.

The current meta-analysis has some limitations. First, all the
incorporated studies were retrospective and observational
in approach. Second, there was no uniform criterion for
defining the cut-off value, which may have influenced the
findings. Third, despite adjusting for potential covariates,
the confounding factor of accompanying DM could have
rendered the result less valid. Finally, some key factors of
CIN, such as dose and type of contrast agent and
preoperative hydration, were not taken into account in the
analysis.

Conclusion
TyG could serve as an underlying predictive marker of CIN
in patients undergoing PCl.
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