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Abstract 

Background Insulin resistance (IR) is prevalent in individuals undergoing peritoneal dialysis (PD) and is related 
to increased susceptibility to coronary artery disease and initial peritonitis. In recent investigations, correlations have 
been found between indices of IR and the incidence of all-cause mortality in various populations. However, such cor-
relations have not been detected among individuals undergoing PD. Hence, the present study’s aim was to explore 
the connections between IR indices and the incidence of all-cause mortality in PD patients.

Methods Peritoneal dialysis patients (n = 1736) were recruited from multiple PD centres between January 2010 
and December 2021. Cox proportional hazards and restricted cubic spline regression models were used to evaluate 
the connections between the triglyceride–glucose (TyG) index, triglyceride–glucose/body mass index (TyG–BMI), 
and triglyceride/high-density lipoprotein cholesterol (TG/HDL-C) ratio and the occurrence of all-cause mortality. 
All three IR indices were integrated into the same model to assess the predictive stability. Furthermore, a forest plot 
was employed to display the findings of the subgroup analysis of PD patients.

Results Overall, 378 mortality events were recorded during a median follow-up time of 2098 days. Among PD 
patients, a higher TyG index, TyG–BMI, and TG/HDL-C ratio were identified as independent risk factors for all-cause 
mortality according to Cox proportional hazards analyses (hazard ratio (HR) 1.588, 95% confidence interval (CI) 1.261–
2.000; HR 1.428, 95% CI 1.067–1.910; HR 1.431, 95% CI 1.105–1.853, respectively). In a model integrating the three IR 
indices, the TyG index showed the highest predictive stability. According to the forest plot for the TyG index, no signifi-
cant interactions were observed among the subgroups.

Conclusion Significant associations were found between the TyG index, TyG–BMI, and TG/HDL-C ratio and the inci-
dence of all-cause mortality among PD patients. The TyG index may be the most stable of the three surrogate IR mark-
ers. Finally, a correlation was identified between IR and the risk of all-cause mortality in patients undergoing PD.
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Introduction
The prevalence of chronic kidney disease (CKD) has 
reached 8–16% globally [1]. There are approximately 759 
people worldwide being treated for end-stage kidney dis-
ease (ESKD), and 11% of those individuals are undergoing 
peritoneal dialysis (PD) [2, 3]. Although some classic fac-
tors (diabetes, cardiovascular disease and malnutrition) 
are correlated with the incidence of all-cause mortality 
in PD patients, specific PD-related factors (exposure of 
glucose to the peritoneum, PD-related peritonitis and 
encapsulating peritoneal sclerosis) also contribute signifi-
cantly to the increased mortality of these patients [4–6]. 
Although progress in dialysis technology has increased 
the potential for prolonged survival among PD patients 
[7], compared with that in the age-matched general 
population, the mortality rate is 6.1 to 7.8 times greater 
[8]. Thus, it is crucial for PD patients to undergo further 
research on prognostic factors and identify potential 
treatment targets.

Insulin resistance (IR) is considered a decrease in sen-
sitivity or responsiveness to the metabolic actions of 
insulin, including insulin-mediated glucose disposal [9]. 
Along with exposure to a high glucose load from dialysis 
fluid and abnormalities in glucose and lipid metabolism, 
IR is frequently observed in PD patients and is related to 
adverse clinical outcomes [10–12]. The hyperinsulinae-
mic-euglycaemic clamp (HEC) represents the most reli-
able method for evaluating IR. The quantitative insulin 
sensitivity check index (QUICKI) and homeostasis model 
assessment of IR are among the other surrogate mark-
ers utilized to assess the levels of IR. Nevertheless, owing 
to the expense and complex calculations, their clinical 
implementation is limited [13]. Researchers have con-
firmed that the triglyceride (TG)–glucose (TyG) index, 
TG–glucose/body mass index (TyG–BMI), and TG/high-
density lipoprotein cholesterol (TG/HDL-C) ratio serve 
as reliable surrogate markers for IR. [14–16]. Numer-
ous studies have shown highly consistent associations 
between these indicators and adverse clinical outcomes 
among different populations [17–21]. However, these IR 
surrogates have not been studied previously in relation to 
all-cause mortality in PD patients. Therefore, the purpose 
of this study was to examine how these different indices 
are related to the risk of all-cause mortality in patients 
with PD and to identify the most stable predictors.

Methods
Study Design and Participants
From January 2010 to December 2021, 1746 patients 
with PD were recruited from four PD centres in this ret-
rospective multicentre study. The inclusion criterion was 
patients who received continuous ambulatory peritoneal 

dialysis as their first form of renal replacement therapy. 
The exclusion criteria were as follows: (1) PD duration < 
3 months; (2) age < 18 years; (3) lack of significant base-
line data for calculating the TyG index, TyG–BMI and 
TG/HDL-C ratio; (4) the use of icodextrin as a PD fluid.

Data Collection
Clinical data were obtained via an electronic medical 
records system, which included demographic informa-
tion (sex, age, weight and height), comorbidities (history 
of cardiovascular disease (CVD), diabetes and stroke), 
and the administration of medications (insulin and 
statins). Biochemical data, including leukocyte, haemo-
globin (HGB), fasting blood glucose (FBG), TG, total 
cholesterol (TC), HDL-C, low-density lipoprotein choles-
terol (LDL-C), albumin (Alb), uric acid (UA), calcium 
and phosphorus, were measured according to each PD 
centre’s standard laboratory techniques. To estimate 
residual kidney function (RKF), the following formula, 
which was corrected by the area of the body, was used. 
The body surface area was calculated via the Gehan and 
George equations: RKF =

1

2

{[

UrineCreatinine(µmmol/L)
SerumCreatinine(µmmol/L)

]

+

UrineUrea(mmol/L)
SerumUrea(mmol/L)

×
UrineVolum(mL)

1440
 [22]. The total Kt/V 

was calculated using PD Adequest software 2.0 (Baxter, 
Deerfield, IL). Continuous variables were standardized by 
the Z scores, which was calculated using the following 
equation: Z =

origindata−mean

standarddeviation
 . Every quarter, patients 

were required to return to each centre for a comprehen-
sive medical assessment, and to assess their general con-
ditions, trained nurses followed-up with the patients 
monthly by telephone.

Definitions
Patients aged ≥ 65  years were considered elderly [23]. 
Body mass index was calculated using the following for-
mula: BMI(kg/m2) = [

Weight(kg)

Height2(m2)
] . A BMI > 24.9 kg/m2 

was considered overweight or obese [24]. In accordance 
with the recommendations of the Kidney Disease: 
Improving Global Outcomes (KDIGO), participants were 
diagnosed with anaemia by HGB concentration < 130 g/L 
in males and < 120  g/L in females [25]. Cardiovascular 
disease was defined as a history of conditions including 
coronary heart disease, myocardial infarction, heart fail-
ure, vascular intervention procedures or coronary artery 
bypass surgery [26]. The following criteria were used to 
define diabetes: (1) treatment with insulin and antidia-
betic drugs; (2) glycated HGB A1c (HbA1c) levels ≥ 6.5%; 
(3) FBG levels ≥ 7.0 mmol/L ; or (4) a history of diabetes. 
The International Classification of Diseases, Ninth Revi-
sion (ICD-9) was used to define the other comorbidities 
[27]. Individuals were divided into lower and higher IR 
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index groups according to the optimal cut-off values for 
the TyG index, TyG–BMI, and TG/HDL-C ratio. The fol-
lowing formulas were used to calculate the TyG index, 
TyG–BMI, and TG/HDL-C ratio:

Study Outcomes
All-cause mortality during the PD period was the pri-
mary endpoint. The numbers of patients who were 
transferred to haemodialysis (HD), underwent kidney 
transplantation, transferred to other centres and lost to 
follow-up were also recorded. The end of the follow-up 
period for this study was 31 December 2021.

Statistical Analysis
All statistical analyses were performed using IBM 
SPSS Statistics for Windows, Version 22.0 (IBM Corp., 
Armonk, NY, USA), R programming language (R Project 
for Statistical Computing; R Foundation) and GraphPad 
Prism 8 (GraphPad Software, Inc.). The receiver oper-
ating characteristic (ROC) curve was used to deter-
mine the optimal cut-off value for dividing individuals 
into high- and low-index groups. Missing data were 
imputed via multiple imputation. Statistical significance 
was determined by P < 0.05. The Kolmogorov–Smirnov 
normality test was used to determine whether the data 
were normal. Continuous variables without a normal 
distribution are expressed as medians (25th–75th per-
centiles), whereas categorical variables are expressed 
as numbers (%). The chi-square test or nonparamet-
ric Mann–Whitney test was used to assess differences 
between two groups. Univariable Cox proportional haz-
ards regression was used to examine the associations 
between significant risk factors and the risk of all-cause 
mortality, and multivariable Cox proportional hazards 
regression was used to assess the associations between 
diverse levels of IR indices and the risk of all-cause mor-
tality. Model 1 was unadjusted, Model 2 was adjusted 
for laboratory indices, and Model 3 was adjusted for 
laboratory indices, elderly status, sex, BMI, comorbid 
conditions and medication use. To eliminate the poten-
tial impact of statins on the TyG index and TG/HDL-C 

TyG = ln

[

(TG(mg/dL)× FBG(mg/dL)

2

]

,

TyG − BMI = ln

[

(TG(mg/dL)× FBG(mg/dL)

2

]

× BMI

(

Kg

m2

)

,

TG

HDL− C
=

TG
(mg
dL

)

HDL− C
(mg
dL

) .

ratio, sensitivity analyses were conducted in PD patients 
who were not taking statins. Spearman’s correlation 
analysis was conducted to explore the correlations 
between the IR indices and other significant mortality 
risk factors. The adjusted Kaplan‒Meier survival curve 
was used to show differences in survival outcomes 
between the high- and low-IR index groups. A forest 
plot was used to present the outcomes of the subgroup 
analysis. Additionally, the relationship between the TyG 
index and the risk of all-cause mortality was explored in 
PD patients without elderly status, diabetes and CVD. 
Furthermore, restricted cubic splines (RCSs) were used 
to elucidate the relationships between various IR indices 
and the risk of all-cause mortality.

Results
Baseline characteristics of the participants
The study ultimately enrolled 1242 PD patients. At the 
end of follow-up, 378 participants had died, 111 par-
ticipants were transferred to HD, 61 participants had 
undergone kidney transplantation, and 18 participants 
had been transferred to another centre. A total of 18 par-
ticipants were lost to follow-up, and 656 reached the final 
follow-up date (Fig. 1).

No significant differences were observed in the data 
before and after missing value imputation (Table S5).

The baseline features of the nonsurviving and surviving 
groups are shown in Table  1. Compared with individu-
als in the surviving group, nonsurviving individuals were 
more likely to be older; have a history of CVD, stroke 
or diabetes; and receiving insulin therapy. In addition, 
patients in the nonsurviving group had higher FBG, TG, 
TC, LDL-C, and calcium levels; lower HGB and leuko-
cyte levels; and a higher TyG index, TyG–BMI, and TG/
HDL-C ratio. Furthermore, participants who died had 
lower levels of UA and worse RKF.

Correlations between IR indices and traditional all 
mortality risk factors
The relationships of the TyG index, TyG–BMI and TG/
HDL-C ratio with other risk factors and with the risk of 
all-cause mortality in PD patients are presented in Table 
S1 Age, BMI, TC, LDL-C, HGB, and Kt/V were positively 
correlated with the TyG index, and HDL-C and RKF were 
negatively linked. Moreover, similar to the TyG index, the 
TyG–BMI was also positively correlated with age, TC, 
and LDL-C and negatively correlated with HDL-C. There 
was a negative correlation between the TyG–BMI and 
Alb and Kt/V. The TG/HDL-C ratio was positively cor-
related with age, BMI, FBG, and TC, while there was no 
significant correlation between the TG/HDL-C ratio and 
LDL-C, Alb Kt/V or RKF.
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Relationships between IR Indices and all‑cause mortality
All-cause mortality was linearly associated with the TyG 
index and TyG–BMI according to RCS analysis (P values 
for nonlinearity of 0.566 and 0.716, respectively). How-
ever, a nonlinear relationship was observed between 
the TG/HDL-C ratio and the risk of all-cause mortality 
(Fig. 2a, b and c).

To explore the associations between baseline char-
acteristics and the incidence of all-cause mortality in 
patients with PD, a univariate Cox proportional haz-
ards regression model was constructed. All-cause 
mortality was associated with advanced age; history of 
diabetes, stroke and CVD; use of insulin; and levels of 
leukocytes, UA, FBG, TC, TG, Ca, Alb, Kt/V and RKF. 
Except for UA, Alb and RKF, which were negatively 
linked to the incidence of all-cause mortality, the other 
baseline characteristics were positively correlated with 
the incidence of all-cause mortality. After standardiza-
tion by the Z scores, the FBG level was more signifi-
cantly associated with the risk of all-cause mortality in 
PD patients than other continuous variables (Table S2). 
According to the ROC curve, the optimal cut-off val-
ues for the TyG index, TyG–BMI, and TG/HDL-C ratio 
were 8.59, 191.76, and 1.21, respectively (Table S3). The 
results of the multivariable Cox proportional hazards 

regression can be found in Table 2. As shown in Table 2, 
an elevated TyG index and TyG–BMI were related to 
a greater incidence of mortality for patients with PD, 
regardless of whether the models were unadjusted or 
adjusted for potential confounders (HR 1.254, 95% CI 
1.082–1.452, P 0.003; HR 1.009, 95% CI 1.003–1.016, 
P 0.004, respectively). After standardization by the Z 
scores, the TyG–BMI was more significantly associ-
ated with the risk of all-cause mortality in PD patients 
than TyG index (Table  2). Additionally, compared 
with those in the lower TyG index category, patients 
in the higher TyG index category had a 1.588-fold 
greater incidence of mortality (95% CI 1.261–2.000, P 
value < 0.001), which resembled the results of the com-
parisons between the lower and higher TyG–BMI (HR 
1.428, 95% CI 1.067–1.910, P value 0.017) and TG/
HDL-C ratio (HR 1.431, 95% CI 1.105–1.853, P value 
0.007) groups. After exclusion of patients taking statins, 
the higher IR index group remained an independent 
risk factor for all-cause mortality in PD patients, which 
was consistent with the results of Cox regression mod-
els in the general population (Table S6). Additionally, 
adjusted Kaplan–Meier survival curves were plotted 
to depict the risk of all-cause mortality associated with 
different IR index groups. Compared with the patients 

Fig. 1 The flow chart shows the exclusion and selection of patients. PD, peritoneal dialysis; HD, haemodialysis;TyG index, triglycerideglucose index; 
TyG–BMI, triglyceride–glucose/body mass index; TG/HDL-C ratio,triglyceride/high-density lipoprotein cholesterol
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in the three higher-IR index groups, the patients in 
each of the three lower-IR index groups had markedly 
better survival rates (Fig. 3a, b and c).

In conclusion, risk of mortality was increased among 
patients with a higher TyG index, TyG–BMI, and TG/
HDL-C ratio. To determine the most stable index for 

Table 1 Baseline clinical characteristics of peritoneal dialysis patients

Data are shown as medians (25th-75th percentile) or n (%). Age ≥ 65 was considered as the elderly. Anaemia: haemoglobin concentration is < 130 g/L in males 
and < 120 g/L in females

Abbreviations: BMI Body mass index, CVD Cardiovascular disease, HGB Haemoglobin, FBG Fasting blood glucose, TG Triglyceride, TC Total cholesterol, HDL-C High-
density lipoprotein cholesterol, LDL-C Low-density lipoprotein cholesterol, Alb Albumin, UA Uric acid, Ca Calcium, P Phosphorus, RKF Residual kidney function, TyG 
index Triglyceride–glucose index, TyG–BMI Triglyceride–glucose/body mass index, TG/HDL-C ratio Triglyceride/high-density lipoprotein cholesterol ratio, PD Peritoneal 
dialysis, GIB Gastrointestinal bleeding

Total (n = 1242) Non‑death (n = 864) Death (n = 378) P value

Demographics
 Male (%) 686 (55.2) 482 (55.8) 204 (54.0) 0.553

 Elderly status (%) 239 (19.2) 112 (13.0) 127 (33.6)  < 0.001

 Age (years) 53.50 (42.00–63.00) 50.00 (38.00–60.00) 60.50 (51.00–68.00)  < 0.001

 BMI (kg/m2) 21.91 (20.04–24.44) 21.98 (19.92–24.43) 21.77 (20.28–24.50) 0.830

Comorbid
 Diabetes (%) 468 (37.7) 264 (30.6) 204 (54.0)  < 0.001

 CVD (%) 220 (17.7) 101 (11.7) 119 (31.5)  < 0.001

 Stroke (%) 61 (4.9) 28 (3.2) 33 (8.7)  < 0.001

Medication use
 Use of insulin (%) 190 (15.3) 117 (13.5) 73 (19.3) 0.009

 Use of statins (%) 193 (15.5) 135 (15.6) 58 (15.3) 0.900

Laboratory variables
 Leukocyte  (109/L) 6.71 (5.43–8.31) 6.59 (5.35–8.19) 6.98 (5.70–8.60) 0.010

 HGB (g/L) 101.00 (87.00–116.00) 100.00 (86.00–115.00) 104.00 (90.00–118.00) 0.011

 Anaemia (%) 1059 (85.3) 746 (86.3) 313 (82.0) 0.105

 FBG (mmol/L) 4.81 (4.20–6.00) 4.70 (4.12–5.47) 5.30 (4.36–7.49)  < 0.001

 TG (mmol/L) 1.41 (0.97–2.13) 1.35 (0.93–2.02) 1.49 (1.04–2.34) 0.001

 TC (mmol/L) 4.75 (4.00–5.61) 4.61 (3.90–5.50) 5.01 (4.32–6.00)  < 0.001

 HDL-C (mmol/L) 1.11 (0.91–1.38) 1.11 (0.90–1.36) 1.12 (0.92–1.40) 0.580

 LDL-C (mmol/L) 2.78 (2.21–3.42) 2.72 (2.17–3.33) 2.92 (2.27–3.57) 0.003

 Alb (g/L) 35.50 (31.70–39.30) 35.55 (31.93- 39.50) 35.20 (30.98–39.00) 0.262

 UA (μmol/L) 408.50 (353.00–472.00) 413.00 (356.00–481.00) 399.50 (346.75–454.00) 0.002

 Ca (mmol/L) 2.20 (2.04–2.37) 2.19 (2.03–2.35) 2.24 (2.08- 2.39) 0.001

 P (mmol/L) 1.48 (1.20–1.83) 1.51 (1.22–1.84) 1.44 (1.18–1.78) 0.050

 Kt/V 2.31 (1.95–2.79) 2.30 (1.93–2.78) 2.34 (1.96–2.80) 0.298

 RKF (mL/min/1.73m2) 3.81 (2.04–8.62) 4.04 (2.09–11.27) 3.31 (1.93–5.62)  < 0.001

 TyG–BMI 190.59 (168.37–215.91) 188.87 (167.13–213.25) 194.28 (172.17–220.84) 0.008

 TyG index 8.63 (8.19–9.16) 8.53 (8.14–9.08) 8.81 (8.36–9.37)  < 0.001

 TG/HDL-C ratio 1.22 (0.75–2.18) 1.16 (0.72–2.13) 1.37 (0.80–2.32) 0.014

 PD vintage (days) 1733.50 (1025.00–2449.00) 1960.50 (1420.75–2688.50) 1106.00 (619.75–2310.70)  < 0.001

Cause of death
 Cardiovascular-related - 137 (36.2)

 Cerebrovascular-related - 61 (16.1)

 Pneumonia - 41 (10.8)

 PD-related peritonitis - 18 (4.8)

 Other infection - 15 (4.0)

 GIB - 11 (3.0)

 Cancer-related - 11 (3.0)

 Unknown - 84 (22.2)
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predicting all-cause mortality in PD patients, results 
were integrated for the three IR indices into Model 3 to 
construct Model 4. In Model 4, the TyG index was sig-
nificantly positively correlated with the incidence of all-
cause mortality (HR 1.489, 95% CI 1.102–2.012, P value 
0.010), whereas no statistically significant relationship 
was found between a higher TyG–BMI or TG/HDL-C 
ratio and the risk of all-cause mortality (Table 3). Based 

on these results, it appears that the TyG index is the 
most stable predictor. Moreover, according to the area 
under the curve (AUC) results, the TyG index had the 
highest predictive ability among the three IR indices 
(Table S3).

Subgroup analyses
Subgroup analyses were performed for sex (male or 
female), elderly status (yes or no), diabetes status (yes 
or no), CVD status (yes or no), stroke status (yes or no), 
anaemia status (yes or no) and overweight or obesity sta-
tus (yes or no) (Fig. 4). A significant interaction was not 
found in any of the subgroups, even after adjusting for 
confounders (all P values for interactions > 0.05). Further-
more, in PD patients without diabetes, CVD or elderly 
status, a higher TyG index was significantly associated 
with the risk of all-cause mortality (Table S4).

Discussion
This retrospective cohort study found that the studied IR 
indices were significantly positively associated with the 
incidence of all-cause mortality in patients with PD. After 
adjusting for potential confounders in Model 3, the risk of 
mortality was increased by 1.588-fold in the higher TyG 
index group, 1.428-fold in the higher TyG–BMI group, 
and 1.431-fold in the higher TG/HDL-C ratio group com-
pared with that of the lower index groups. A high TyG 
index, TyG–BMI and TG/HDL-C ratio are independent 
risk factors for all-cause mortality in patients with PD 
and may be potential targets for improving the survival of 
patients undergoing PD.

Previous studies have indicated strong relationships 
between the TyG index, TyG–BMI, and TG/HDL-C 
ratio and the incidence of mortality in different popula-
tions. A large cross-sectional study from the National 
Health and Nutrition Examination Survey found that the 
TyG–BMI was associated with the risk of CVD mortal-
ity [28]. A prospective cohort study conducted by Lopez-
Jaramillo et al. revealed that the TyG index was positively 
associated with the incidence of cardiovascular mortality 
[29]. Furthermore, in a cohort study targeting the acute 
ischaemic stroke population, according to Deng and his 
collaborators [30], the TG/HDL-C ratio was negatively 
related to 3-month survival. In a cohort study involv-
ing 6697 patients diagnosed with chronic heart failure, 
the incidence of all-cause mortality was higher among 
patients with a high TyG index [31]. Moreover, a consen-
sus exists regarding the negative impact of elevated TG, 
FBG, and BMI on the prolonged survival of individuals 
with PD [32–34]. Additionally, a linear association was 
observed between the TG/HDL-C ratio and the risk of 
all-cause mortality in both early and advanced CKD 
patients [35]. However, to date, the relationships between 

Fig. 2 Fig 2a. Hazard ratios for incident all-cause mortality 
by baseline TyG index. Fig 2b. Hazard ratios for incident all-cause 
mortality by baseline TyG–BMI. Fig 2c. Hazard ratios for incident 
all-cause mortality by baseline TG/HDL-C ratio
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these composite indices and the risk of all-cause mortal-
ity have not been evaluated in the same PD patients, and 
linear or nonlinear associations have not been assessed.

Although the current study demonstrated that the TyG 
index, TyG–BMI, and TG/HDL-C ratio were positively 
associated with increased mortality risk in patients with 
PD, the specific biological mechanisms underlying these 
associations are unclear. The TyG index, TyG–BMI and 
TG/HDL-C ratio are derived from simple calculations 
based on TG, FBG, BMI and HDL-C data. The associa-
tions between these indices and IR have been demon-
strated in earlier studies. According to Fernando et  al., 
the TyG index has high sensitivity (96.5%) and specificity 
(85.0%) for diagnosing IR, with an area under the curve 
(AUC) of 0.858 [36]. A higher TyG–BMI and TG/HDL-C 
ratio were also related to greater morbidity in type 2 dia-
betic patients [37, 38]. Thus, the TyG index, TyG–BMI 
and TG-HDL-C ratio are considered simple and reliable 
markers for assessing IR. Current speculation is that IR 
may play a significant role in linking these indices with 
the risk of all-cause mortality.

End-stage kidney disease and IR are closely related 
[39]. Recent studies have emphasized the association 
between IR severity and the clinical outcomes of PD 
patients [18, 40]. Based on the principles of technique, 

PD has specific problems, such as peritonitis and peri-
toneum damage, contributing to a high incidence of 
mortality. Compared with HD patients, PD patients 
are more likely to develop new-onset diabetes during 
the dialysis treatment period, implying a more severe 
IR [41]. Continuous contact with PD fluid containing 
high glucose concentrations may cause this clinical fea-
ture [10, 41]. Currently, although new PD fluids (such 
as icodextrin) have been used in clinical practice, con-
ventional glucose-based solutions are utilized at a rela-
tively high rate. Past publications have proposed that 
an increased peritoneal dialysate glucose concentra-
tion contributes to a greater risk of peritonitis and has 
adverse effects on the long-term survival of PD patients 
[6, 42]. Prolonged exposure of the peritoneum to high-
glucose-concentration PD fluid continuously stimu-
lates insulin secretion, leading to hyperinsulinaemia 
and increased IR, which aggravate glucose and lipid 
metabolic disorders, cause endothelial dysfunction and 
promote inflammation [43, 44], potentially resulting in 
an elevated incidence of cardiovascular morbidity and 
mortality among patients with PD [12]. Additionally, 
previous studies have shown that insulin is an anti-
inflammatory hormone [11]. Insulin resistance status 
is positively correlated with infection-related mortality 

Table 2 Association between the IR index and all-cause mortality in the peritoneal dialysis patients

Model 1 Unadjusted

Model 2 Adjusted by leukocyte, haemoglobin, calcium, phosphorus, albumin, uric acid, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, Kt/V

Model 3 Adjusted by model 2 plus sex, elderly status, body mass index, diabetes, stroke, cardiovascular disease, use of insulin, use of statins

TyG index, triglyceride–glucose index; TyG-BMI, triglyceride–glucose/body mass index; TG/HDL-C ratio, triglyceride/high-density lipoprotein cholesterol ratio;
a  Standardized using Z scores
b Since there was not a linear association between TG/HDL-C ratio and all-cause mortality, we didn’t use Cox proportional hazards regression to assess the association 
between continuous and standardized TG/HDL-C ratio and all-cause mortality

Events/Total Model 1 Model 2 Model 3

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

Continuous TyG Index (per unit change) 378/1242 (30.4) 1.420 (1.259–1.600)  < 0.001 1.455 (1.276–1.660)  < 0.001 1.254 (1.082–1.452) 0.003

Standardized TyG Index (per SD change) 
a

378/1242 (30.4) 1.314 (1.197–1.442)  < 0.001 1.339 (1.209–1.484)  < 0.001 1.193 (1.064–1.337) 0.003

Lower TyG index 138/600 (23.0) Reference - Reference - Reference -

Higher TyG index 240/642 (37.4) 1.786 (1.448–2.202)  < 0.001 1.816 (1.458–2.262)  < 0.001 1.588 (1.261–2.000)  < 0.001

Continuous TyG–BMI (per unit change) 378/1242 (30.4) 1.004 (1.001–1.006) 0.005 1.004 (1.001–1.007) 0.006 1.009 (1.003–1.016) 0.004

Standardized TyG–BMI (per SD change) 
a

378/1242 (30.4) 1.149 (1.043–1.226) 0.005 1.154 (1.041–1.279) 0.006 1.420 (1.121–1.799) 0.004

Lower TyG–BMI 172/642 (26.8) Reference - Reference - Reference -

Higher TyG–BMI 206/600 (34.3) 1.393 (1.137–1.706) 0.001 1.356 (1.101–1.671) 0.004 1.428 (1.067–1.910) 0.017

Continuous TG/HDL-C ratio (per unit 
change) b

378/1242 (30.4) - - - - - -

Standardized TG/HDL-C ratio (per SD 
change) b

378/1242 (30.4) - - - - - -

Lower TG/HDL-C ratio 164/613 (26.8) Reference - Reference - Reference -

Higher TG/HDL-C ratio 214/629 (34.0) 1.350 (1.102–1.655) 0.004 1.566 (1.223–2.005)  < 0.001 1.431 (1.105–1.853) 0.007
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[45], and a link between the TyG index and initial peri-
tonitis has also been reported [46]. On the basis of the 
reduced sensitivity to insulin and limited available evi-
dence, it is tempting to speculate that greater IR sever-
ity contributes to greater peritonitis mortality in PD 
patients. However, in the future, further studies should 
be conducted to test this theory. Additionally, previous 
studies have shown that among patients undergoing 
dialysis, those diagnosed with bladder cancer often pre-
sent with aggressive histological features [47]. A recent 
study suggested that IR may be related to the incidence 
of bladder cancer [48]. Therefore, for PD patients with 
high levels of insulin resistance, there is an increased 
risk of both morbidity and mortality from bladder can-
cer, which may further shorten their survival time.

Interestingly, the present study also indicated that 
among these three indices, the TyG index had the 
highest predictive ability and stability for all-cause 
mortality in patients undergoing PD. According to 
present hypothesis, this may be explained by the fact 
that among these indices, the TyG index demonstrated 
superior predictive ability for IR [49, 50]. However, 
the specific underlying mechanism remains to be 

Fig. 3 Fig 3a. Adjusted cumulative survival curves for all-cause 
mortality by category of TyG index. Adjusted by Model 3. Lower 
TyG index: TyG index ≤ 8.59; Higher TyG index: TyG index > 8.59. Fig 
3b. Adjusted cumulative survival curves for all-cause mortality 
by category of TyG–BMI. Adjusted by Model 3. Lower TyG–BMI: TyG–
BMI ≤ 191.76; Higher TyG–BMI :TyG–BMI >191.76. Fig 3c. Adjusted 
cumulative survival curves for all-cause mortality by category of TG/
HDL-C ratio. Adjusted by Model 3. Lower TG/HDL-C ratio: TG/HDL-C 
ratio ≤1.21; Higher TG/HDL-C ratio: TG/HDL-C ratio >1.21

◂

Table 3 Integrating three IR indexes into Model 3

Model 4 Adjusted by Model 3 plus TyG index group, TyG–BMI index group, 
TG-HDL index group

TyG index, triglyceride–glucose index; TyG–BMI, triglyceride–glucose/body mass 
index; TG/HDL-C ratio, triglyceride/high-density lipoprotein cholesterol ratio

Abbreviations: HR Hazard ratio, CI Confidence interval

Model 4
HR (95% CI) P value

Lower TyG index Reference -

Higher TyG index 1.489 (1.102–2.012) 0.010

Lower TyG–BMI Reference -

Higher TyG–BMI 1.141 (0.829–1.570) 0.420

Lower TG/HDL-C ratio Reference -

Higher TG/HDL-C ratio 1.042 (0.751–1.446) 0.804
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elucidated. These findings suggest that clinicians can 
be encouraged to utilize the TyG index to evaluate and 
address all-cause mortality rates in patients undergo-
ing PD.

Study strengths and limitations
There were several strengths in this study. Firstly, it was 
constructed in a multicenter, large-scale population, and 
found that different IR indices were identified as inde-
pendent risk factors for all-cause mortality. Secondly, 
this study was the first to compare the predictive ability 
and stability of different IR indices for all-cause mortality 
risk in PD patients. Nevertheless, there were limitations 
to the current research. First, since this study was retro-
spective, the impact of various medications on the out-
comes could not be completely eliminated. Second, since 
the present study was a retrospective cohort study, data 
on “C-reactive protein” “history of sarcopenia”, “high per-
itoneal transport status”, “fluid overload”, “accumulating 
glucose exposure” and “occurrence of peritonitis” were 
not available. Therefore, in the future, more comprehen-
sive data should be collected to explore the relationships 
between IR indices and the risk of all-cause mortality in 
PD patients. Third, although the present study hypoth-
esized that the potential mechanism linking these indices 
and all-cause mortality rates may be related to IR, it did 
not conduct HEC. Thus, the predictive ability of these 
indicators in PD patients could not be evaluated. There-
fore, there is a need for further research on the relation-
ship between IR indices and HEC (the gold standard for 
IR assessment) in PD patients. Furthermore, this study 
analysed the TyG index, TyG–BMI and TG/HDL ratio at 
baseline only; dynamic changes in these indices were not 

included in the present study. Therefore, future studies 
are needed to explore the predictive power of changes in 
these indices for all-cause mortality in individuals under-
going PD. Additionally, the present study used the cut-off 
values recommended by the ROC curves to distinguish 
between the higher and lower TyG index, TyG–BMI, and 
TG/HDL-C ratio groups. This may impact the generaliz-
ability of the present study’s conclusions.

Conclusion
The TyG index, TyG–BMI, and TG/HDL-C ratio have 
clinical significance for predicting all-cause mortality in 
PD patients. Based on the results of the present study, 
it is recommended that clinicians use the TyG index to 
evaluate and address all-cause mortality rates among 
individuals with PD, and reducing IR levels may improve 
the prognosis of PD patients.
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