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Abstract
Background  In recent years, the triglyceride-glucose (TyG) index has emerged as a reliable surrogate marker of 
insulin resistance (IR). This study aimed to investigate the association between the TyG index and severe proteinuria or 
decreased renal function in patients with primary membranous nephropathy (PMN).

Methods  We consecutively enrolled 536 patients with PMN hospitalized at Peking University Third Hospital from 
January, 2014 to December, 2023. The TyG index was calculated as Ln[fasting triglyceride (mg/dL)×fasting blood 
glucose (mg/dL)/2]. All participants were categorized into quantiles according to the TyG index. Severe proteinuria 
was defined as 24 h urine protein > 3.5 g/d, and decreased renal function was defined as the estimated glomerular 
filtration rate < 90 mL/min/1.73m2. Multivariable logistic regression, restricted cubic spline (RCS) curves, and receiver 
operating characteristic (ROC) curves were used for analysis.

Results  Among 536 patients with PMN, 355 patients had severe proteinuria and 149 patients had decreased renal 
function. The levels of TyG index was significantly elevated in PMN patients with severe proteinuria or decreased renal 
function. The RCS analysis revealed a positive linear relationship of the TyG index with the risk of severe proteinuria 
(P for non-linear = 0.317) or decreased renal function (P for non-linear = 0.199) in patients with PMN. Using the lowest 
quantile as the reference, multivariate-adjusted logistic regression indicated that patients in the highest quantile of 
the TyG index had a significantly increased risk of severe proteinuria [odds ratio (OR) = 2.08, 95% confidence interval 
(CI): 1.44–3.01, P < 0.001] and decreased renal function (OR = 1.57, 95% CI: 1.04–2.36, P = 0.032). The area under the ROC 
curve (AUC) of the TyG index is 0.613 (95% CI: 0.564–0.662) for severe proteinuria and 0.590 (95% CI: 0.536–0.643) for 
decreased renal function.
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Introduction
Primary membranous nephropathy (PMN) is a kidney-
specific autoimmune disease caused by the attack of 
autoantibodies against podocyte antigens leading to the 
formation of in situ immune complexes [1]. However, the 
pathogenesis of PMN is still far from being completely 
elucidated, and 40–60% of patients with nephrotic syn-
drome will ultimately progress to end-stage renal disease 
(ESRD) or die from cardiovascular events [2]. Recently, 
the American Heart Association (AHA) first proposed 
the definition of cardiovascular-kidney-metabolic (CKM) 
syndrome and defined it as a health disorder that results 
from a systemic pathophysiological interaction between 
obesity, diabetes mellitus (DM), cardiovascular disease 
(CVD), and chronic kidney disease (CKD) [3]. Insulin 
resistance (IR) plays a key role in the pathogenesis of 
CKM syndrome, which led us to focus on the relation-
ship between IR and CKD.

IR is characterized by reduced sensitivity or responsive-
ness to the effects of insulin metabolism, including insu-
lin-mediated glucose processing, and has been widely 
recognized as an independent risk factor for the develop-
ment of CVD [4]. Insulin also influences the kidney since 
the insulin receptor is expressed on renal tubular cells 
and podocytes [5]. In addition, the strong correlation of 
IR with salt-sensitive arterial hypertension indicates the 
involvement of the kidney in IR and CVD [6]. The tri-
glyceride-glucose (TyG) index, calculated by fasting tri-
glyceride (TG) and fasting blood glucose (FBG), has been 
considered as a simple and reliable surrogate marker of 
IR [7, 8]. Studies have demonstrated that the TyG index 
plays an important role in assessing IR and predicting the 
risk of adverse outcomes, such as hypertension, diabetes 
and atherosclerosis [9–11].

Previous studies showed that in patients with primary 
glomerular diseases, IR and concomitant DM are associ-
ated with an increased risk of cardiovascular comorbid-
ity, and PMN was found to be independently associated 
with a higher risk of CVD [12]. Lee et al. also demon-
strated that patients with PMN were at higher risk of car-
diovascular events [13]. Previous studies also found that 
the TyG index was associated with increased risk of dia-
betic kidney disease (DKD) [14], renal function worsen-
ing [15], and ESRD in patients with DM [16]. In addition, 
the TyG index was found to be associated with increased 
likelihood of albuminuria in United States adults [17]. 
However, the mutual association between the TyG index 
and PMN remains unclear. Based on the above clues, we 
hypothesized that the TyG index may be associated with 

the clinical severity of PMN based on the level of protein-
uria and renal function. If confirmed, for the prevention 
of early ESRD, TyG index might be considered as part of 
the early goals of therapy of the nephrotic syndrome of 
PMN.

Therefore, the current study aimed to investigate the 
association between the TyG index and severe protein-
uria or decreased renal function in patients with PMN.

Methods
Study population and design
Clinical data of PMN patients hospitalized in the nephrol-
ogy department of Peking University Third Hospital from 
January, 2014 to December, 2023 were retrospectively 
collected. 612 patients diagnosed with membranous 
nephropathy (MN) after renal biopsy were included for 
participants screening. Patients aged < 18 years old were 
excluded (n = 4). Patients combined with other types 
of kidney diseases (n = 14), including IgA nephropathy 
(IgAN), diabetic nephropathy (DN), lupus nephritis (LN), 
hepatitis B associated nephritis were excluded. Patients 
combined with malignant tumor (n = 9) and autoimmune 
diseases (n = 5) were excluded. Patients who were preg-
nant (n = 10) were excluded. Patients with missing data of 
TG or FBG were excluded (n = 36). Finally, 536 patients 
with PMN were enrolled into this study. Flow chart of 
study participants was shown in Fig. 1.

Study outcomes
Severe proteinuria was defined as the value of 24 h urine 
protein > 3.5  g/d at baseline. Decreased renal function 
was defined as the estimated glomerular filtration rate 
(eGFR) < 90 mL/min/1.73 m2. eGFR was calculated by 
the Chronic Kidney Disease Epidemiology Collaboration 
equation [18].

Data collection and definitions
Clinical characteristics, including age, sex, duration of 
MN, body mass index (BMI), systolic blood pressure 
(SBP), diastolic blood pressure (DBP), history of smok-
ing and drinking, the medical history of hypertension, 
DM, coronary heart disease (CHD), stroke, and hyper-
lipidemia were collected retrospectively. Laboratory indi-
cators, including high-density lipoprotein cholesterol 
(HDL-C), low-density lipoprotein cholesterol (LDL-C), 
total cholesterol (TC), triglyceride (TG), fasting blood 
glucose (FBG), glycosylated hemoglobin (HbA1c), 24  h 
urine protein, serum albumin (ALB), serum uric acid 
(SUA), blood urea nitrogen (BUN), serum creatinine 
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(Scr), eGFR, erythrocyte sedimentation rate (ESR), 
C-reactive protein (CRP), white blood cell (WBC) count, 
and hemoglobin (HGB) were also collected at baseline.

Hypertension was defined as a self-reported history 
of hypertension, or SBP ≥ 140 mmHg and/or DBP ≥ 90 
mmHg, or currently using antihypertensive drugs [19]. 
DM was defined as a self-reported history of DM, or 
FBG ≥ 7.0 mmol/L, or 2-hour plasma glucose ≥ 11.1 
mmol/L, or HbA1c ≥ 6.5%, or currently using hypo-
glycemic drugs [20]. Hyperlipidemia was defined as a 

self-reported history of hyperlipidemia, or TC ≥ 6.22 
mmol/L, or TG ≥ 2.26 mmol/L, or HDL-C < 1.04 mmol/L, 
or LDL-C ≥ 4.14 mmol/L, or currently using lipid-lower-
ing drugs [21]. The TyG index was defined as Ln[fasting 
TG (mg/dL)×FBG (mg/dL)/2] [22].

Statistical analysis
Continuous variables were presented as mean with 
standard deviation or median with interquartile 
range, whereas categorical variables were presented as 

Fig. 1  Flow chart for participant selection
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proportions. Independent sample t-test or the Mann-
Whitney U test was used to test group differences for 
continuous variables, and the Chi-square test was used 
for categorical variables. Kruskal-Wallis test was used to 
evaluate the differences in groups divided by TyG index 
(quantiles). When the baseline TyG index was treated as a 
continuous variable, restricted cubic spline (RCS) curves 
were used to depict the association between TyG index 
and the risk of severe proteinuria or decreased renal 
function in patients with PMN. Spearman correlation 
analysis was used to investigate the correlation between 
the baseline TyG index and other clinical parameters. 
Multivariate logistic regression models were employed 
to estimate the odds ratios (ORs) and 95% confidence 
intervals (CIs) in different models. The area under the 
curve (AUC) of receiver operating characteristic (ROC) 
curves was used to evaluate the predictive ability of the 
TyG index. Furthermore, we conducted subgroup analy-
ses based on the stratification of sex, age, BMI, smoking, 
history of hypertension, history of DM, eGFR, and 24 h 
urine protein. In addition, an interaction term was added 
to investigate the heterogeneity of associations between 
these subgroups using log likelihood ratio test model. 
P-value < 0.05 (two-sided) was considered to be statisti-
cally significant. All analyses were preformed using R 
software (version 4.3.1).

Results
Baseline characteristics according to the level of 24 h urine 
protein or renal function
PMN patients were divided into severe proteinuria 
group (24-hour urinary protein > 3.5  g/d, n = 355) and 
non-severe proteinuria group (24-hour urinary pro-
tein ≤ 3.5  g/d, n = 181). In addition, PMN patients 
were also divided into decreased renal function group 
(eGFR < 90 mL/min/1.73 m2, n = 149) and non-decreased 
renal function group (eGFR ≥ 90 mL/min/1.73 m2, 
n = 387) for further analysis. As shown in Table 1, there 
were many differences in baseline clinical character-
istics in patients with and without severe proteinuria, 
or in patients with and without decreased renal func-
tion. It was worth noting that compared to patients 
without severe proteinuria, the level of TyG index was 
significantly increased in patients with severe protein-
uria (9.15 ± 0.68 vs. 8.88 ± 0.58, P < 0.001). Compared to 
patients without decreased renal function, the level of 
the TyG index was also significantly increased in patients 
with decreased renal function (9.18 ± 0.63 vs. 9.01 ± 0.67, 
P = 0.006).

Clinical characteristics according to quantiles of the TyG 
index
Further, PMN patients were divided into four groups 
according to quartiles of the TyG index, which were as 

follows: Q1 (TyG index < 8.58, n = 134), Q2 (8.58 ≤ TyG 
index < 8.99, n = 134), Q3 (8.99 ≤ TyG index < 9.48, 
n = 133), and Q4 (TyG index ≥ 9.48, n = 135). As shown in 
Table 2, compared to patients with the lowest quartile of 
the TyG index, patients with the highest quartile of the 
TyG index had higher levels of BMI, DBP, higher pro-
portion of DM, and higher proportion of hyperlipidemia 
(P < 0.05). In terms of laboratory indicators, compared 
to patients with the lowest quartile of the TyG index, 
patients with the highest quartile of the TyG index had 
higher levels of TC, TG, FBG, HbA1c, 24 h urine protein, 
Scr, ESR, CRP, WBC, and HGB, while had lower levels of 
HDL-C and eGFR (P < 0.05).

Correlation analysis of the TyG index and other clinical 
parameters
Spearman correlation analysis was used to analyze the 
correlation between the TyG index and other important 
clinical parameters. As shown in Table S1, the TyG index 
was positively correlated with BMI, DBP, FBG, HbA1c, 
TC, TG, 24-hour urinary protein, ESR, WBC, and HGB, 
while negatively correlated with HDL-C and eGFR in 
patients with PMN.

The dose-response relationship between the TyG index 
and severe proteinuria or decreased renal function
The dose-response relationship between the TyG index 
and severe proteinuria or decreased renal function in 
patients with PMN was evaluated by RCS curves. As 
shown in Fig. 2A, a positive linear correlation was found 
between the TyG index and severe proteinuria in patients 
with PMN (P for non-linear = 0.317). As shown in Fig. 2B, 
the results showed that there was also a positive linear 
correlation between the TyG index and decreased renal 
function in patients with PMN (P for non-linear = 0.199).

Logistic regression analysis of the association between 
the TyG index and severe proteinuria or decreased renal 
function in patients with PMN
Logistic regression analysis was used to clarify the asso-
ciation between the TyG index and severe proteinuria 
in patients with PMN, which were as follows: Model 1: 
adjusted for sex and age; Model 2: adjusted for variables 
in model 1 plus smoking, drinking, BMI, hypertension, 
DM, and hyperlipidemia; Model 3: adjusted for variables 
in model 2 plus eGFR, SUA, HbA1c, HDL-C and LDL-C. 
The results showed that a higher TyG index was associ-
ated with increased risk of severe proteinuria in patients 
with PMN. As shown in Table  3, this association was 
significant both in the unadjusted model [OR (95%CI): 
1.99 (1.47–2.69), P < 0.001] and the fully adjusted model 
[OR (95%CI): 2.08 (1.44–3.01), P < 0.001]. Then we trans-
formed the baseline TyG index from a continuous vari-
able to a categorical variable. Compared to the lowest 
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TyG index quartile, the highest TyG index quartile had 
a 158% increased risk of severe proteinuria in the fully 
adjusted model.

In addition, logistic regression was also used to clarify 
the association between the TyG index and decreased 
renal function, which were as follows: Model 4: adjusted 
for sex and age; Model 5: adjusted for variables in model 
4 plus smoking, drinking, BMI, hypertension, DM, and 
hyperlipidemia; Model 6: adjusted for variables in model 
2 plus 24  h urine protein, HGB, SUA, HbA1c, HDL-C, 
and LDL-C. The results showed that a higher TyG index 
was associated with increased risk of decreased renal 
function in patients with PMN. As shown in Table 3, this 
association was significant both in the unadjusted model 
[OR (95%CI): 1.46 (1.10–1.94), P = 0.008] and the fully 
adjusted model [OR (95%CI): 1.57 (1.04–2.36), P = 0.032]. 
Furthermore, compared to the lowest TyG index quartile, 

the highest TyG index quartile had a 248% increased risk 
of decreased renal function in the fully adjusted model.

Evaluation of the impact of the TyG index on severe 
proteinuria or decreased renal function by ROC analysis
We used ROC analysis to evaluate the predictive ability of 
the TyG index for severe proteinuria or decreased renal 
function in patients with PMN. As shown in Figure  3, 
the AUC for evaluating severe proteinuria is 0.613 (95% 
CI: 0.564–0.662), and the AUC for evaluating decreased 
renal function is 0.590 (95% CI: 0.536–0.643).

Subgroup analysis
Subgroup analyses revealed that the association between 
the TyG index and severe proteinuria was inconsistent 
across several populations. As shown in Fig.  4A, the 
interaction test suggested that the association between 
the TyG index and severe proteinuria was influenced by 

Table 1  Clinical baseline characteristics of PMN patients with different levels of proteinuria and renal function
Variables Overall (n = 536) Severe protein-

uria (n = 355)
Non-severe pro-
teinuria (n = 181)

P-value eGFR < 90 mL/
min/1.73 m2

(n = 149)

eGFR ≥ 90
mL/min/1.73 m2

(n = 387)

P-value

Age (years) 51 ± 14 51 ± 14 50 ± 15 0.176 59 ± 11 47 ± 13 < 0.001
Male (n,%) 331 (61.75%) 240 (67.61%) 91 (50.28%) < 0.001 104 (69.8%) 227 (58.66%) 0.023
MN duration (months) 4 (1, 12) 4 (1, 12) 4 (2, 12) 0.442 6 (2, 18) 4 (1, 11) < 0.001
BMI (kg/m2) 25.87 ± 3.91 26.37 ± 3.80 24.88 ± 3.96 < 0.001 26.17 ± 3.61 25.75 ± 4.02 0.238
SBP (mmHg) 136 ± 19 139 ± 19 131 ± 17 < 0.001 141 ± 20 134 ± 18 < 0.001
DBP (mmHg) 84 ± 12 86 ± 11 80 ± 11 < 0.001 86 ± 12 84 ± 11 0.110
Smoking (n, %) 180 (33.58%) 139 (39.15%) 41 (22.65%) < 0.001 64 (42.95%) 116 (29.97%) 0.006
Drinking (n, %) 136 (25.37%) 103 (29.01%) 33 (18.23%) 0.009 36 (24.16%) 100 (25.84%) 0.772
Hypertension 304 (56.72%) 207 (58.31%) 97 (53.59%) 0.342 105 (70.47%) 199 (51.42%) < 0.001
DM 87 (16.23%) 64 (18.03%) 23 (12.71%) 0.145 39 (26.17%) 48 (12.40%) < 0.001
CHD 16 (2.99%) 13 (3.66%) 3 (1.66%) 0.307 12 (8.05%) 4 (1.03%) < 0.001
Stroke 32 (5.97%) 20 (5.63%) 12 (6.63%) 0.789 21 (14.09%) 11 (2.84%) < 0.001
Hyperlipidemia 430 (80.22%) 298 (83.94%) 132 (72.93%) 0.004 125 (83.89%) 305 (78.81%) 0.229
Serum PLA2R-Ab (RU/
mL)

34.66
(4.01, 127.14)

65.12
(11.19, 179.31)

7.39
(1.33, 44.94)

< 0.001 27.50 (2.42, 
115.14)

35.29 (4.66, 134.88) 0.273

HDL-C (mmol/L) 1.28 ± 0.37 1.25 ± 0.36 1.33 ± 0.39 0.012 1.19 ± 0.33 1.31 ± 0.39 < 0.001
LDL-C (mmol/L) 4.04 (3.00, 5.50) 4.42 (3.29, 5.94) 3.65 (2.74, 4.46) < 0.001 4.01 (2.99, 5.14) 4.05 (3.00, 5.69) 0.355
TC (mmol/L) 7.19 ± 2.41 7.69 ± 2.52 6.20 ± 1.83 < 0.001 6.99 ± 2.40 7.27 ± 2.42 0.225
TG (mmol/L) 2.09 (1.43, 3.05) 2.22 (1.52, 3.34) 1.76 (1.35, 2.63) < 0.001 2.26 (1.62, 3.33) 2.01 (1.37, 2.90) 0.024
FBG (mmol/L) 5.10 ± 1.17 5.17 ± 1.27 4.98 ± 0.94 0.056 5.40 ± 1.27 4.99 ± 1.11 0.001
TyG index 9.06 ± 0.66 9.15 ± 0.68 8.88 ± 0.58 < 0.001 9.18 ± 0.63 9.01 ± 0.67 0.006
HbA1c (%) 5.75 ± 0.75 5.79 ± 0.81 5.67 ± 0.61 0.055 6.00 ± 0.81 5.66 ± 0.70 < 0.001
24 h urine protein (g/d) 4.92 (2.84, 8.16) 6.88 (4.95, 9.93) 2.12 (1.48, 2.89) < 0.001 5.59 (3.14, 9.71) 4.69 (2.75, 7.65) 0.004
Serum ALB (g/L) 29.48 ± 6.37 27.35 ± 5.48 33.67 ± 5.90 < 0.001 29.63 ± 6.76 29.43 ± 6.22 0.749
SUA (µmo/L) 377.16 ± 91.12 379.21 ± 92.56 373.13 ± 88.34 0.459 397.36 ± 94.47 369.38 ± 88.7 0.002
BUN (mmol/L) 4.9 (3.9, 6.2) 5.0 (4.0, 6.4) 4.7 (3.0. 7,6) 0.032 6.3 (5.3, 8.5) 4.5 (3.7, 5.5) < 0.001
Scr (µmo/L) 68 (58, 83) 71 (60, 86) 64 (55, 78) 0.001 92 (83, 105) 63 (54, 72) < 0.001
eGFR (mL/min/1.73 m2) 100.66 ± 26.44 99.19 ± 28.67 103.55 ± 21.16 0.047 69.16 ± 18.54 112.79 ± 17.5 < 0.001
ESR (mm/h) 29 (16, 51) 34 (19, 56) 23 (10, 36) < 0.001 36 (23, 65) 27 (14, 45) < 0.001
CRP (mg/dL) 0.20 (0.15, 0.32) 0.20 (0.15, 0.32) 0.18 (0.14, 0.31) 0.030 0.24 (0.19, 0.47) 0.18 (0.14, 0.27) < 0.001
WBC (×109/L) 6.82 ± 2.12 6.96 ± 2.24 6.55 ± 1.83 0.022 7.16 ± 2.14 6.69 ± 2.10 0.022
HGB (g/L) 137 ± 20 137.92 ± 20.64 136.1 ± 18.16 0.295 132 ± 21 139 ± 19 < 0.001
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sex and the history of smoking (P for interaction < 0.05). 
Female sex and history of smoking were suggested to 
be effector modifiers. As shown in Fig.  4B, the interac-
tion test suggested that the association between the TyG 
index and decreased renal function was influenced by 
sex (P for interaction = 0.017). The sex of female was sug-
gested to be an effector modifier.

Discussion
In this single-center cross-sectional study, the TyG index 
was found to be positively associated with severe pro-
teinuria and decreased renal function in patients with 
PMN confirmed by renal biopsy. After fully adjusting 
potential covariates, the positive association between 
the TyG index and severe proteinuria or decreased renal 

function remained stable, suggested that the TyG index 
was an independent risk factor for severe proteinuria or 
decreased renal function in patients with PMN. The ROC 
analyses revealed the predictive ability of the TyG index 
for severe proteinuria or decreased renal function in 
patients with PMN. Subgroup analyses found that female 
sex was an effector modifier of the association between 
the TyG index and severe proteinuria or decreased renal 
function, and smoking history was found to be an effec-
tor modifier of the association between the TyG index 
and severe proteinuria.

Several previous studies showed that the proportion 
of albuminuria gradually increased with the increase 
of the TyG index and an elevated TyG index was inde-
pendently associated with albuminuria, suggesting that 

Table 2  Clinical characteristics of patients according to the TyG index quartiles
Variables Q1

(n = 134)
Q2
(n = 134)

Q3
(n = 133)

Q4
(n = 135)

P-value

TyG index 8.28 ± 0.24 8.80 ± 0.12 9.21 ± 0.14 9.94 ± 0.45 < 0.001
Age (years) 50 ± 15 50 ± 15 52 ± 14 51 ± 12 0.447
Male (n,%) 86 (64.18%) 84 (62.69%) 75 (56.39%) 86 (63.7%) 0.529
MN duration (months) 4 (1, 12) 5.5 (2, 12) 5 (1.3, 12) 4 (1.25, 10) 0.152
BMI (kg/m2) 24.59 ± 4.06 25.63 ± 3.98 26.40 ± 3.81 26.85 ± 3.44 < 0.001
SBP (mmHg) 135 ± 19 137 ± 17 135 ± 17 137 ± 21 0.675
DBP (mmHg) 83 ± 12 83 ± 11 84 ± 12 87 ± 11 0.016
Smoking (n, %) 50 (37.31%) 44 (32.84%) 42 (31.58%) 44 (32.59%) 0.761
Drinking (n, %) 32 (23.88%) 33 (24.63%) 33 (24.81%) 38 (28.15%) 0.857
Hypertension (n, %) 65 (48.51%) 80 (59.70%) 76 (57.14%) 83 (61.48%) 0.144
DM (n, %) 7 (5.22%) 16 (11.94%) 21 (15.79%) 43 (31.85%) < 0.001
CHD (n,%) 4 (2.99%) 6 (4.48%) 3 (2.26%) 3 (2.22%) 0.672
Stroke (n, %) 4 (2.99%) 10 (7.46%) 10 (7.52%) 8 (5.93%) 0.359
Hyperlipidemia (n, %) 80 (59.70%) 95 (70.90%) 121 (90.98%) 134 (99.26%) < 0.001
PLA2R-Ab (RU/mL) 30.23

(3.45, 83.72)
23.55
(3.94, 105.16)

35.38
(3.33, 168.45)

57.43
(9.55, 168.56)

0.071

HDL-C (mmol/L) 1.43 ± 0.43 1.32 ± 0.39 1.20 ± 0.29 1.15 ± 0.30 < 0.001
LDL-C (mmol/L) 3.80

(3.01, 4.93)
4.27
(3.03, 6.05)

4.29
(3.28, 5.84)

3.95
(2.74, 5.54)

0.051

TC (mmol/L) 6.28 ± 1.72 7.18 ± 2.76 7.17 ± 2.14 8.13 ± 2.56 < 0.001
TG (mmol/L) 1.17

(0.98, 1.36)
1.73
(1.52, 1.99)

2.44
(2.12, 2.78)

4.14
(3.54, 5.59)

< 0.001

FBG (mmol/L) 4.47 ± 0.65 4.88 ± 1.02 5.25 ± 0.91 5.81 ± 1.49 < 0.001
HbA1c (%) 5.57 ± 0.65 5.65 ± 0.64 5.76 ± 0.67 6.02 ± 0.92 < 0.001
24 h urine protein (g/d) 3.86

(2.23, 6.60)
4.20
(2.48, 6.64)

5.19
(2.95, 7.98)

6.92
(3.63, 10.46)

< 0.001

Serum ALB (g/L) 29.35 ± 6.61 29.42 ± 6.77 30.32 ± 5.84 28.85 ± 6.19 0.235
SUA (µmo/L) 370.99 ± 86.72 375.00 ± 89.47 377.67 ± 100.41 384.91 ± 87.78 0.649
BUN (mmol/L) 5.0 (3.8, 6.3) 4.6 (3.7, 5.6) 5.2 (4.1, 6.3) 5.0 (4.1, 6.5) 0.071
Scr (µmo/L) 65 (56, 78) 69 (57, 82) 69 (57, 84) 72 (61, 86) 0.031
eGFR (mL/min/1.73 m2) 107.40 ± 28.68 101.77 ± 25.11 96.20 ± 26.23 97.27 ± 24.34 0.002
ESR (mm/h) 25

(12, 33)
28
(14, 45)

33
(18, 53)

38
(19, 57)

< 0.001

CRP (mg/dL) 0.17
(0.13, 0.27)

0.18
(0.14, 0.34)

0.21
(0.16, 0.33)

0.23
(0.16, 0.35)

0.002

WBC (×109/L) 6.24 ± 1.70 6.92 ± 2.00 6.71 ± 2.08 7.41 ± 2.47 < 0.001
HGB (g/L) 132.66 ± 18.17 135.83 ± 19.51 136.25 ± 20.63 144.44 ± 19.25 < 0.001
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the TyG index may be a potential epidemiological tool 
to quantify the role of metabolic dysfunction in albu-
minuria [17, 23]. In addition, in the general population, 
a high TyG index was associated with future renal func-
tion decline [24]. A study suggested an increasing trend 
of homeostatic model assessment of IR was associated 
with a higher risk of CKD [25], whereas among clinical IR 
surrogate markers, the TyG index is significantly associ-
ated with a higher risk of renal function decline. Another 
study also indicates that the association between the TyG 

index and renal function in patients with DKD [16]. For 
IgAN patients, more urine protein, lower eGFR, > 50% 
of glomeruli with mesangial hypercellularity and higher 
BMI were correlated with IR [26]. However, there is cur-
rently lack of research exploring the association between 
the TyG index and renal function indicators in patients 
with PMN. Accordingly, in our study, we explored the 
relationship between the TyG index and severe protein-
uria or decreased renal function in patients with PMN. 
Compared to patients without severe proteinuria, the 

Table 3  The association between the TyG index and severe proteinuria or decreased renal function in patients with PMN
TyG index
OR (95%CI), P

Q1 Q2
OR (95%CI), P

Q3
OR (95%CI), P

Q4
OR (95%CI), P

P for trend

The association between the baseline TyG index and severe proteinuria
Unadjusted model 1 1.99 (1.47, 2.69) < 0.001 Ref 1.03 (0.63, 1.68) 0.901 1.56 (0.94, 2.57) 0.084 2.74 (1.60, 4.71) < 0.001 < 0.001
Model 1 2.01 (1.48, 2.74) < 0.001 Ref 1.04 (0.63,1.71) 0.872 1.65 (0.99, 2.76) 0.056 2.79 (1.61, 4.84) < 0.001 < 0.001
Model 2 1.76 (1.23, 2.50) 0.002 Ref 0.95 (0.57, 1.58) 0.834 1.32 (0.76, 2.30) 0.329 2.12 (1.14, 3.94) 0.017 0.012
Model 3 2.08 (1.44, 3.01) < 0.001 Ref 0.73 (0.42, 1.26) 0.257 1.26 (0.69, 2.29) 0.446 2.58 (1.32, 5.07) 0.006 0.004
The association between the baseline TyG index and decreased renal function
Unadjusted model 2 1.46 (1.10, 1.94) 0.008 Ref 1.25 (0.70, 2.25) 0.456 1.98 (1.13, 3.48) 0.017 2.37 (1.36, 4.12) 0.002 0.001
Model 4 1.58 (1.16, 2.16) 0.003 Ref 1.30 (0.68, 2.49) 0.425 2.14 (1.14, 4.00) 0.018 2.84 (1.53, 5.25) < 0.001 < 0.001
Model 5 1.46 (1.02, 2.09) 0.039 Ref 1.28 (0.65, 2.50) 0.471 2.09 (1.05, 4.15) 0.035 2.68 (1.32, 5.46) 0.007 0.003
Model 6 1.57 (1.04, 2.36) 0.032 Ref 1.50 (0.73, 3.08) 0.267 2.38 (1.14, 4.95) 0.021 3.48 (1.58, 7.66) 0.002 0.001
Model 1 adjusted for sex and age; model 2 adjusted for variables in model 1 plus smoking, drinking, BMI, hypertension, DM, and hyperlipidemia; model 3 adjusted 
for variables in model 2 plus eGFR, SUA, HbA1c, HDL-C, and LDL-C at baseline; model 4 adjusted for sex and age; model 5 adjusted for variables in model 4 plus 
smoking, drinking, BMI, hypertension, DM, and hyperlipidemia; model 6 adjusted for variables in model 2 plus 24 h urine protein, HGB, SUA, HbA1c, HDL-C, and 
LDL-C at baseline

Fig. 2  Association between the TyG index and severe proteinuria or decreased renal function in patients with PMN. (A) Association between the baseline 
TyG index and severe proteinuria in patients with PMN. (B) Association between the baseline TyG index and decreased renal function in patients with 
PMN. The red solid line represented unadjusted ORs of the baseline TyG index across the whole range. The black dot line represents the reference line 
when OR = 1
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TyG index level in patients with severe proteinuria 
was significantly increased (9.15 ± 0.68 vs. 8.88 ± 0.58, 
P < 0.001). Compared to patients without decreased renal 
function, the TyG index level in patients with decreased 
renal function was significantly increased (9.18 ± 0.63 vs. 
9.01 ± 0.67, P = 0.006). Further, patients were divided into 
four groups according to the TyG index quartiles. Using 

the lowest quantile as the reference, multivariate-adjusted 
logistic regression suggested that patients in the highest 
quantile of the TyG index had a significantly increased 
risk of severe proteinuria (OR = 2.08, 95% CI: 1.44–3.01, 
P < 0.001) and decreased renal function (OR = 1.57, 95% 
CI: 1.04–2.36, P = 0.032). Spearman correlation analysis 
also identified that the TyG index of PMN patients was 

Fig. 4  Subgroup analysis of the association between the TyG index and the risk of severe proteinuria or decreased renal function in patients with PMN. 
(A) Subgroup analysis for the outcome of severe proteinuria. (B) Subgroup analysis for the outcome of decreased renal function

 

Fig. 3  ROC analysis to evaluate the predictive ability of the baseline TyG index for severe proteinuria or decreased renal function. (A) ROC curve for severe 
proteinuria. (B) ROC curve for decreased renal function
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positively correlated with 24  h urinary protein, while 
negatively correlated with eGFR. To our knowledge, our 
findings are the first to reveal that in patients with PMN, 
the TyG index was positively associated with severe pro-
teinuria and decreased renal function.

The pathophysiological mechanism between the TyG 
index and the kidney disease has not been fully eluci-
dated, while, many clues indicated that the impact of IR 
on kidney function is multifaceted, including a decrease 
in bioavailable Nitric oxide that lead to attenuated tubu-
loglomerular feedback, hyperfiltration, and increased 
tubular sodium retention. In addition, IR also promotes 
glomerular mesangial expansion, glomerular hypertro-
phy, and renal interstitial fibrosis that elicit the occur-
rence of hypertension and albuminuria, all of which 
accelerate the progression of kidney disease [27]. More-
over, chronic inflammation and oxidative stress caused 
by IR may be the basis between the TyG index and the 
kidney disease. Lipid metabolism disorders can cause 
ectopic lipid accumulation in the kidney, accelerating 
apoptosis in renal intrinsic cells, affecting the synthesis 
and secretion of inflammatory mediators and adipokines 
[28], and also affecting kidney hemodynamics through 
mechanical effects [29]. IR can also interfere the balance 
of vasoactive factors, accelerating the progression of kid-
ney fibrosis [30]. In our study, the dose-response rela-
tionship between the TyG index and severe proteinuria 
or decreased renal function in PMN patients was evalu-
ated by RCS curves. Our results showed that with the 
increase of the TyG index, the risk of severe proteinuria 
or decreased renal function gradually increased, and the 
association was found to be linear. In addition, logistic 
regression showed that the positive association between 
the TyG index and severe proteinuria or decreased renal 
function in patients with PMN remained stable even 
after fully adjusting for potential covariates. We further 
used the ROC analysis to evaluate the predictive abil-
ity of the TyG index for severe proteinuria or decreased 
renal function in patients with PMN. The AUC was 0.613 
(95% CI: 0.564–0.662) for severe proteinuria and 0.590 
(95% CI: 0.536–0.643) for decreased renal function, sug-
gesting that the TyG index may be a simple and practical 
clinical tool to evaluate the renal function status of PMN 
patients.

Finally, the subgroup analysis revealed that the asso-
ciation between the baseline TyG index and severe pro-
teinuria was inconsistent across several populations. The 
interaction test suggested that the association between 
the baseline TyG index and severe proteinuria was influ-
enced by the sex of female and smoking history, while the 
interaction test suggested that the association between 
the TyG index and decreased renal function was influ-
enced by the sex of female. Many studies have revealed 
the sex and gender disparities in the epidemiology and 

outcomes of chronic kidney disease. A study showed 
women have a higher prevalence of CKD stages 3–5 than 
men, whereas men have a higher prevalence of albumin-
uria and hence CKD stages 1–2. Moreover, men have a 
faster decline in kidney function, progress more fre-
quently to kidney failure and have higher mortality and 
risk of cardiovascular disease than women [31]. While, 
the population-based studies indicate that women pres-
ent a higher prevalence of CKD and experience less CVD 
than men in all CKD stages [32]. In addition, a study 
suggested that sex was significant and independent risk 
factors in patients with IMN with hypertension [33]. 
Therefore, more research is still needed on sex differ-
ences in PMN patients.

Importantly, our study for the first time explored the 
correlation between the TyG index and severe protein-
uria or decreased renal function in a large Chinese PMN 
population. However, our study also has several limita-
tions. Firstly, due to the retrospective nature and the lack 
of long-term follow-up data, we could not explore the 
relationship between the TyG index and the prognosis of 
PMN, such as whether TyG index can predict the occur-
rence of ESRD in PMN, and to provide guidance for clini-
cal management. In addition, the study was conducted 
at a single center and lack of external validation cohort 
which may lead to inaccurate data analysis. Future stud-
ies with a larger sample size and multi-center design are 
needed to determine whether the TyG index level has 
important clinical implications in patients with PMN.

Conclusion
In patients with PMN, the TyG index has a positive linear 
correlation with severe proteinuria and decreased renal 
function. This finding supports the clinical application 
of the TyG index, a reliable surrogate marker of IR, for 
assessing proteinuria or renal function in patients with 
PMN.

Abbreviations
TyG	� Triglyceride-glucose
IR	� Insulin resistance
PMN	� Primary membranous nephropathy
RCS	� Restricted cubic spline
AUC	� Area under the ROC curve
ROC	� Receiver operating characteristic
CI	� Confidence interval
OR	� Odds ratio
ESRD	� End-stage renal disease
AHA	� American Heart Association
CKM	� Cardiovascular-kidney-metabolic
DM	� Diabetes mellitus
CVD	� Cardiovascular disease
CKD	� Chronic kidney disease
TG	� Triglyceride
FBG	� Fasting blood glucose
DKD	� Diabetic kidney disease
MN	� Membranous nephropathy
IgAN	� IgA nephropathy
DN	� Diabetic nephropathy



Page 10 of 11Gao et al. BMC Nephrology          (2025) 26:114 

LN	� Lupus nephritis
eGFR	� Estimated glomerular fltrationrate
BMI	� Body mass index
SBP	� Systolic blood pressure
DBP	� Diastolic blood pressure
CHD	� Coronary heart disease
HDL-C	� High-density lipoprotein cholesterol
LDL-C	� Low-density lipoprotein cholesterol
TC	� Total cholesterol
HbA1c	� Glycosylated hemoglobin
ALB	� Albumin
SUA	� Serum uric acid
BUN	� Blood urea nitrogen
Scr	� Serum creatinine
ESR	� Erythrocyte sedimentation rate
CRP	� C-reactive protein
WBC	� White blood cell count
HGB	� Hemoglobin

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​
g​​/​​1​0​​.​1​1​​​8​6​​/​s​1​2​​8​8​2​-​​0​2​5​-​0​​4​0​2​2​-​5.

Supplementary Material 1

Acknowledgements
We would like to thank all the investigators and subjects who participated in 
this study.

Author contributions
Y.G. and Z.W. contributed equally to this work and share first authorship. Y.G. 
developed the concept and designed the study. Data were collected and 
analyzed by Z.D., Z.W., and Y.G..Y.G. and Z.W. wrote the manuscript. Y.G., Z.W., 
and Y.W. revised the manuscript. All authors reviewed the manuscript and 
gave their final approval for publication.

Funding
This work was supported by the Beijing Natural Science Foundation under 
Grant [7244432].

Data availability
The raw datasets analyzed in this study are available from the corresponding 
author upon reasonable request and with permission from the institutional 
review board.

Declarations

Ethics approval and consent to participate
The research was conducted in line with the Declaration of Helsinki and 
received full approval from the Ethics Committee of Peking University Third 
Hospital (M2018132). Written informed consent was obtained from all 
individual participants included in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Nephrology, Peking University Third Hospital,  
Beijing 100191, China

Received: 8 August 2024 / Accepted: 14 February 2025

References
1.	 Couser WG. Primary Membranous Nephropathy. Clin J Am Soc Nephrol. 

2017;12:983–97.
2.	 Claudio P. Primary membranous nephropathy: an endless story. J Nephrol. 

2023;36:563–74.
3.	 Ndumele CE, Neeland IJ, Tuttle KR, Chow SL, Mathew RO, Khan SS, et al. 

A synopsis of the evidence for the Science and Clinical Management of 
Cardiovascular-kidney-metabolic (CKM) Syndrome: A Scientific Statement 
from the American Heart Association. Circulation. 2023;148:1636–64.

4.	 Tao LC, Xu JN, Wang TT, Hua F, Li JJ, et al. Triglyceride-glucose index as a 
marker in cardiovascular diseases: landscape and limitations. Cardiovasc 
Diabetol. 2022;21:68.

5.	 Lambie M, Bonomini M, Davies SJ, Accili D, Arduini A, Zammit V, et al. Insulin 
resistance in cardiovascular disease, uremia, and peritoneal dialysis. Trends 
Endocrinol Metab. 2021;32:721–30.

6.	 Lastra G, Dhuper S, Johnson MS, Sowers JR, et al. Salt, aldosterone, and 
insulin resistance: impact on the cardiovascular system. Nat Rev Cardiol. 
2010;7:577–84.

7.	 Simental-Mendía LE, Rodríguez-Morán M, Guerrero-Romero F. The product of 
fasting glucose and triglycerides as surrogate for identifying insulin resistance 
in apparently healthy subjects. Metab Syndr Relat Disord. 2008;6:299–304.

8.	 Tahapary DL, Pratisthita LB, Fitri NA, Marcella C, Wafa S, Kurniawan F, et 
al. Challenges in the diagnosis of insulin resistance: focusing on the role 
of HOMA-IR and Tryglyceride/glucose index. Diabetes Metab Syndr. 
2022;16:102581.

9.	 Minh HV, Tien HA, Sinh CT, Thang DC, Chen CH, Tay JC, et al. Assessment 
of preferred methods to measure insulin resistance in Asian patients with 
hypertension. J Clin Hypertens (Greenwich). 2021;23:529–37.

10.	 Luo P, Cao Y, Li P, Li W, Song Z, Fu Z et al. TyG Index performs Better Than 
HOMA-IR in Chinese type 2 diabetes Mellitus with a BMI < 35 kg/m2: a hyper-
glycemic clamp validated study. Med (Kaunas). 2022;58.

11.	 Zhao J, Fan H, Wang T, Yu B, Mao S, Wang X, et al. TyG index is positively asso-
ciated with risk of CHD and coronary atherosclerosis severity among NAFLD 
patients. Cardiovasc Diabetol. 2022;21:123.

12.	 Xie Z, Li Z, Dong W, Chen Y, Li R, Wu Y, et al. Metabolic syndrome and con-
comitant diabetes mellitus are associated with higher risk of cardiovascular 
comorbidity in patients with primary glomerular diseases: a retrospective 
observational study. Clin Cardiol. 2020;43:949–56.

13.	 Lee T, Derebail VK, Kshirsagar AV, Chung Y, Fine JP, Mahoney S, et al. Patients 
with primary membranous nephropathy are at high risk of cardiovascular 
events. Kidney Int. 2016;89:1111–8.

14.	 Yan H, Zhou Q, Wang Y, Tu Y, Zhao Y, Yu J, et al. Associations between cardio-
metabolic indices and the risk of diabetic kidney disease in patients with 
type 2 diabetes. Cardiovasc Diabetol. 2024;23:142.

15.	 Low S, Pek S, Moh A, Ang K, Khoo J, Shao YM, et al. Triglyceride-glucose index 
is prospectively associated with chronic kidney disease progression in type 
2 diabetes - mediation by pigment epithelium-derived factor. Diab Vasc Dis 
Res. 2022;19:14791641221113784.

16.	 Gao YM, Chen WJ, Deng ZL, Shang Z, Wang Y. Association between triglycer-
ide-glucose index and risk of end-stage renal disease in patients with type 2 
diabetes mellitus and chronic kidney disease. Front Endocrinol (Lausanne). 
2023;14:1150980.

17.	 Wang Z, Qian H, Zhong S, Gu T, Xu M, Yang Q, et al. The relationship between 
triglyceride-glucose index and albuminuria in United States adults. Front 
Endocrinol (Lausanne). 2023;14:1215055.

18.	 Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3, et al. A new equa-
tion to estimate glomerular filtration rate. Ann Intern Med. 2009;150:604–12.

19.	 Zheng R, Mao Y. Triglyceride and glucose (TyG) index as a predictor of 
incident hypertension: a 9-year longitudinal population-based study. Lipids 
Health Dis. 2017;16:175.

20.	 Menke A, Casagrande S, Geiss L, Cowie CC. Prevalence of and trends in diabe-
tes among adults in the United States, 1988–2012. JAMA. 2015;314:1021–9.

21.	 Liu X, Yu S, Mao Z, Li Y, Zhang H, Yang K, et al. Dyslipidemia prevalence, 
awareness, treatment, control, and risk factors in Chinese rural population: 
the Henan rural cohort study. Lipids Health Dis. 2018;17:119.

22.	 Mohd Nor NS, Lee S, Bacha F, Tfayli H, Arslanian S. Triglyceride glucose index 
as a surrogate measure of insulin sensitivity in obese adolescents with nor-
moglycemia, prediabetes, and type 2 diabetes mellitus: comparison with the 
hyperinsulinemic-euglycemic clamp. Pediatr Diabetes. 2016;17:458–65.

23.	 Gao W, Wang J, Chen Y, Qiao H, Qian X, Xin Z, et al. Discordance between the 
triglyceride glucose index and HOMA-IR in incident albuminuria: a cohort 
study from China. Lipids Health Dis. 2021;20:176.

https://doi.org/10.1186/s12882-025-04022-5
https://doi.org/10.1186/s12882-025-04022-5


Page 11 of 11Gao et al. BMC Nephrology          (2025) 26:114 

24.	 Yoshida D, Ikeda S, Shinohara K, Kazurayama M, Tanaka S, Yamaizumi M, et al. 
Triglyceride-glucose Index Associated with future renal function decline in 
the General Population. J Gen Intern Med. 2024;39:3225–33. 

25.	 Amouzegar A, Honarvar M, Masoumi S, Tohidi M, Mehran L, Azizi F, et al. Sex-
specific trajectories of insulin resistance markers and reduced renal function 
during 18 years of Follow-up: TLGS. J Clin Endocrinol Metab. 2023;108:e230–9.

26.	 Yang Y, Wei RB, Wang YD, Zhang XG, Rong N, Tang L, et al. Higher HOMA-
IR index and correlated factors of insulin resistance in patients with IgA 
nephropathy. Clin Nephrol. 2012;78:353–35.

27.	 Whaley-Connell A, Sowers JR. Insulin resistance in kidney disease: is there 
a distinct role separate from that of diabetes or obesity? Cardiorenal Med. 
2017;8:41–9.

28.	 Gai Z, Wang T, Visentin M, Kullak-Ublick GA, Fu X, Wang Z. Lipid accumulation 
chronic kidney disease. Nutrients. 2019;11.

29.	 Hall JE, do Carmo JM, da Silva AA, Wang Z, Hall ME. Obesity, kidney dysfunc-
tion and hypertension: mechanistic links. Nat Rev Nephrol. 2019;15:367–385.

30.	 Artunc F, Schleicher E, Weigert C, Fritsche A, Stefan N, Häring H. U. The 
impact of insulin resistance on the kidney and vasculature. Nat Rev Nephrol. 
2016;12:721–37.

31.	 Chesnaye NC, Carrero JJ, Hecking M, Jager KJ. Differences in the epidemiol-
ogy, management and outcomes of kidney disease in men and women. Nat 
Rev Nephrol. 2024;20:7–20.

32.	 Balafa O, Fernandez-Fernandez B, Ortiz A, Dounousi E, Ekart R, Ferro CJ, et al. 
Sex disparities in mortality and cardiovascular outcomes in chronic kidney 
disease. Clin Kidney J. 2024;17:sfae044.

33.	 Lu W, Gong S, Li J, Wang Y. Clinicopathological features and prognosis in 
patients with idiopathic membranous nephropathy with hypertension. Exp 
Ther Med. 2020;19:2615–21.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Higher triglyceride-glucose index is associated with severe proteinuria and decreased renal function in patients with primary membranous nephropathy
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study population and design
	﻿Study outcomes
	﻿Data collection and definitions
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics according to the level of 24 h urine protein or renal function
	﻿Clinical characteristics according to quantiles of the TyG index
	﻿Correlation analysis of the TyG index and other clinical parameters
	﻿The dose-response relationship between the TyG index and severe proteinuria or decreased renal function
	﻿Logistic regression analysis of the association between the TyG index and severe proteinuria or decreased renal function in patients with PMN
	﻿Evaluation of the impact of the TyG index on severe proteinuria or decreased renal function by ROC analysis
	﻿Subgroup analysis

	﻿Discussion
	﻿Conclusion
	﻿References


