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Abstract
Background Insulin resistance (IR) is one of the risk factors for chronic kidney disease (CKD) and diabetes. The 
triglyceride–glucose (TyG) index is considered a reliable alternative marker of IR. We investigated the correlation 
between the TyG index and the severity of CKD in patients with latent autoimmune diabetes in adults (LADA).

Methods This cross-sectional study included 288 patients with LADA in the department of endocrinology at our 
hospital between January 2018 and January 2022. The TyG index was calculated as Ln [TG (mg/dl) × fasting blood 
glucose (FBG) (mg/dl) / 2]. All individuals were divided into either a LADA + CKD group or a LADA + non-CKD group 
according to the presence or absence of CKD. A correlation analysis, logistic regression analysis and receiver operating 
characteristics curve analysis were performed.

Results A total of 130 (45.1%) participants were identified as having CKD. Compared with the non-CKD group, the 
CKD group had a longer disease duration and a higher proportion of smokers; patients were more likely to have 
hypertension and higher serum creatinine, triglyceride, cholesterol, low-density lipoprotein cholesterol, FBG, uric acid 
estimated glomerular filtration rates (eGFR) and TyG levels as well as lower high-density lipoprotein cholesterol levels 
(all P < 0.05). The positive relationship between the TyG index and the urinary albumin/creatinine ratio was significant 
(r = 0.249, P = 0.010). There was also a significant correlation between the TyG index and the eGFR (r = − 0.211, P = 0.034) 
after adjusting for confounding factors. The area-under-the-curve value of the TyG index was 0.708 (95% confidence 
interval: 0.61–0.81, P < 0.001).

Conclusions The TyG index is significantly associated with the severity of CKD in patients with LADA. This conclusion 
supports the clinical application of the TyG index for the assessment of kidney disease in patients with LADA.
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Background
Latent autoimmune diabetes in adults (LADA) is a type 
of adult-onset autoimmune diabetes that reflects the clin-
ical characteristics of type 2 diabetes and the presence of 
type 1 diabetes-related autoantibodies. The clinical and 
genetic features of the disease are intermediate between 
those of typical type 1 diabetes mellitus (T1DM) and type 
2 diabetes mellitus (T2DM), and it is labelled as ‘slowly 
evolving immune-mediated diabetes’ by the World 
Health Organization (WHO) [1]. Epidemiological stud-
ies show that LADA may account for 2–12% of all cases 
of diabetes in the adult population. It is a heterogeneous 
form of diabetes with a pathogenesis that includes the 
autoimmune destruction of pancreatic beta cells as well 
as a degree of insulin resistance (IR) [2].

The triglyceride–glucose (TyG) index, comprising 
fasting plasma glucose and triglycerides (TGs), is signif-
icantly associated with the hyperinsulinemia-normal glu-
cose clamp test and the homeostasis model assessment of 
IR (HOMA-IR) [3]. A large number of studies have dem-
onstrated that the TyG index, which outperformed the 
HOMA-IR, is correlated with the incidences of coronary 
heart disease, hypertension, myocardial infarction and 
other cardiovascular diseases [4–6]. Given that HOMA-
IR confers a high risk of kidney disease, it is plausible that 
the TyG index may be implicated in the pathogenesis and 
progression of kidney disease in patients with diabetes. 
Recent studies confirmed that the TyG index could pre-
dict kidney disease in subjects with type 2 diabetes [7]. 
However, there are currently no such data for patients in 
the LADA category. Therefore, the present study aimed 
to determine the association between the TyG index and 
the severity of chronic kidney disease (CKD) in patients 
with LADA.

Methods
Participants and study design
This cross-sectional study included 288 patients with 
LADA at our hospital between January 2018 and Janu-
ary 2022. All individuals were divided into either a 
LADA + CKD group or a LADA + non-CKD group 
according to the presence or absence of CKD. The inclu-
sion criteria for patients with LADA were as follows [8]: 
(1) adult age of onset (> 30 years); (2) diagnosed with dia-
betes (WHO diagnostic criteria) [1]; (2) no ketoacidosis 
in the first 6 months after a diagnosis of diabetes; (3) no 
insulin requirement for at least 6 months after diagnosis; 
(4) generalised kidney disease autoantibody-positive and 
(5) fasting C-peptide > 0.2 ng/ml.

The exclusion criteria were as follows: (1) participants 
with secondary diabetes, those who were pregnant and 
those with a malignancy; (2) participants in a state of 
ketoacidosis; (3) participants with a previous history of 
using statins or TG-lowering drugs; (4) participants who 

had used immunosuppressive drugs, antibiotics or ste-
roid medication in the preceding 3 months; (5) patients 
with other severe diseases and (6) those with a lack of 
necessary laboratory or physical examination data.

Data collection and measurements
For the included patients, clinical data were extracted 
from electronic medical records, including age, sex, dura-
tion of LADA, height, weight, hypertension, systolic 
blood pressure (SBP), diastolic blood pressure (DBP), 
lipid profile and glucose metabolism indices. Blood sam-
ples were collected from the patients after fasting for 8 h. 
All blood and urine specimens were tested immediately 
after collection. Biomedical measurements were taken 
for serum or plasma separation upon blood collection. 
Overnight fasting blood samples were collected from 
each participant to test for fasting blood glucose (FBG), 
serum total cholesterol (TC), low-density lipoprotein 
cholesterol (LDL-C), high-density lipoprotein choles-
terol (HDL-C), TGs, serum uric acid (UA), glycosylated 
haemoglobin A1c (HbA1c) and liver/renal functions. 
Serum C-peptide levels were detected by a chemilumi-
nescent immunometric assay (Roche Diagnostics Ltd.). 
Urinary albumin and serum creatinine (Scr) were mea-
sured using laser immunonephelometry (Roche Diag-
nostics Ltd.). The serum levels of interleukin-10 (IL-10), 
tumour necrosis factor-α (TNF-α), interleukin-6 (IL-6) 
and interleukin-1β (IL-1β) were quantified using the fol-
lowing enzyme-linked immunosorbent assay (ELISA) 
kits (all from Abcam, USA) in accordance with the 
manufacturer’s instructions: Human IL-10 ELISA Kit 
(ab46034), Human TNF-α ELISA Kit (ab181421), Human 
IL-6 ELISA Kit (ab178013), Human IL-1β ELISA Kit 
(ab100562). The optical density of the samples was deter-
mined at 450  nm using an ImmunoChem-2100 micro-
plate reader (HTI Ltd., USA).

Definition of variables: Hypertension was defined as 
SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg following 
repeated examination or a prior diagnosis of hyperten-
sion by a physician. The estimated glomerular filtration 
rates (eGFRs) were calculated using the Chronic Kidney 
Disease Epidemiology Collaboration formula [9]. The 
urinary albumin/creatinine ratio (UACR) was calculated 
as the UACR. Chronic kidney disease was defined as 
UACR ≥ 30  mg/g and/or eGFR < 60 ml/min/1.73m2 [10]. 
Body mass index was calculated as the patient’s weight in 
kilograms divided by the square of their height in metres. 
The TyG index was defined using the formula Ln [TG 
(mg/dl) × FBG (mg/dl)] / 2 [11].

Statistical analysis
All analyses were performed using SPSS 26.0 software 
(IBM Statistics Group). The clinical characteristics of all 
the participants were described using means ± standard 



Page 3 of 7Fu et al. BMC Endocrine Disorders          (2023) 23:209 

deviations for continuous variables and percentages for 
categorical variables. Normally distributed data were 
analysed using the Student’s t test or a one-way analy-
sis of variance, with Bonferroni corrections for post hoc 
analysis. Non-normally distributed data were analysed 
using the Mann–Whitney test or the Kruskal–Wallis H 
test to identify statistical differences between groups. 
Categorical variables described the number and percent-
age of each type, and comparisons between groups were 
processed using Chi-squared or Fisher’s exact tests. Pear-
son’s correlation and partial correlation analyses were 
performed for the correlation analysis of the TyG index 
with other variables. Univariate and multivariate logis-
tic regression analyses were performed to determine 
the effect of different TyG levels on the severity of CKD. 
Receiver operating characteristic curve (ROC) analy-
ses were conducted to determine the severity of CKD in 

participants. A value of P < 0.05 was considered statisti-
cally significant.

Results
Characteristics of patients with latent autoimmune 
diabetes with and without chronic kidney disease
A total of 288 individuals participated in this study, in 
which men accounted for 51.3% and women 48.7%; 
130 patients were included in the LADA + CKD group 
and 158 in the LADA + non-CKD group. Table  1 shows 
the demographic and clinical characteristics of the two 
groups. The two participant groups did not differ in 
terms of gender, age and fasting C-peptide levels. Com-
pared with the patients without CKD, those with CKD 
had a longer disease duration, and a higher proportion 
were smokers, who were more likely to have hyper-
tension; they also had higher mean Scr, TG, TC, LDL-
C, FBG, HbA1c, UA, eGFR and TyG levels and lower 
HDL-C levels (all P < 0.05). There was no difference in the 
expression levels of inflammation-related factors (IL-10, 
TNF-α, IL-6 and IL-1β) (all P > 0.05) (see Table 1; Fig. 1).

Clinical and biochemical characteristics by triglyceride–
glucose index
To understand the association between different TyG 
levels and UACRs in patients with LADA, we divided 
the participants into terciles according to the TyG index 
(n = 96 in each group, TyG index range of tercile 1 < 8.5; 

Table 1 Characteristics of LADA patients with and without CKD
LADA + non-
CKD group 
(n = 158)

LADA + CKD 
group 
(n = 130)

P

Gender (male) 77 (48.7) 71 (54.6) 0.617
Age (years) 55.44 ± 11.55 59.18 ± 13.42 0.118
Smoke [n (%)] 16 (10.1%%) 32 (24.6%) < 0.001
Disease duration (years) 5.34 ± 5.67 8.10 ± 5.41 0.011
BMI (kg/m2) 22.3 ± 3.6 23.1 ± 3.9 0.524
Hypertension [n (%)] 19 (12%) 36 (27.7%) < 0.001
SBP (mmHg) 132.5 ± 16.3 135.9 ± 17.2 0.109
DBP (mmHg) 69.3 ± 10.2 69.4 ± 11.5 0.359
ALT (U/L) 20.15 ± 9.53 34.13 ± 25.50 < 0.001
AST (U/L) 20.57 ± 7.93 32.91 ± 21.49 < 0.001
Scr (mmol/L) 58.22 ± 11.78 101.22 ± 27.61 < 0.001
TC (mmol/L) 4.26 ± 1.09 5.18 ± 1.08 < 0.001
TG (mmol/L) 2.00 ± 1.36 2.55 ± 1.53 0.049
HDL-C (mmol/L) 1.10 ± 0.21 1.01 ± 0.15 0.010
LDL-C (mmol/L) 2.69 ± 0.91 3.37 ± 0.91 < 0.001
IL-10 (pg/mL) 1.32 ± 0.11 1.44 ± 0.20 0.057
TNF-α (pg/mL) 5.60 ± 0.78 5.44 ± 0.65 0.075
IL-6 (pg/mL) 1.61 ± 0.32 1.69 ± 0.41 0.064
IL-1β (pg/mL) 2.67 ± 0.44 2.47 ± 0.29 0.051
UA 317.20 ± 87.24 384.2 ± 128.68 0.002
FBG (mmol/L) 9.76 ± 4.58 12.84 ± 4.47 0.001
HbA1c 8.86 ± 2.45 9.75 ± 2.12 0.047
Fasting C-peptide 1.25 ± 1.11 1.37 ± 1.23 0.584
UACR (mg/g) 8.13 ± 1.46 132.56 ± 70.36 < 0.001
TyG index 8.54 ± 0.74 9.11 ± 0.78 < 0.001
eGFR 79.9 ± 13.1 48.9 ± 14.7 0.001
Note: LADA, latent autoimmune diabetes in adults; CKD, chronic kidney 
disease; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; ALT, alanine transaminase; AST, aspartate amino transferase; Scr, 
serum creatinine; TC, serum total cholesterol; TG, triglycerides; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
IL-10, interleukin-10; TNF-α: tumor necrosis factor-α; IL-6, interleukin-6; IL-
1β, interleukin-1β; UA, serum uric acid; FBG, fasting blood glucose; HbA1c, 
glycosylated hemoglobin A1c; UACR, urinary albumin/creatinine ratio; eGFR, 
estimated glomerular filtration rate; TyG index, the triglyceride-glucose index

Fig. 1 The relationship of UACR and TyG in LADA patients
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TyG index range of tercile 2 8.50–9.23; TyG index range 
of tercile 3 > 9.23).

The average TyG indices in the three tertile groups 
were 7.92 ± 0.35, 8.78 ± 0.21 and 9.69 ± 0.46. With an 
increase in the TyG index, the UACR of the patients in 
the three groups also increased significantly, indicating 
a possible positive correlation between the UACR and 
the TyG index (Fig. 1). There were statistically significant 

differences between the three groups concerning the 
number of smokers, disease duration, alanine amino-
transferase, aspartate aminotransferase, Scr, TG, TC, 
LDL-C, HDL-C, FBG, HbA1c, UACR, TyG index and 
eGFR (all P < 0.05) (see Table 2).

Association between triglyceride–glucose index and 
chronic kidney disease in the multivariate analysis
Based on the multivariate logistic regression analysis 
(Table  3), the TyG index was independently related to 
CKD in patients with LADA after adjusting for age, sex, 
disease duration, body weight, the presence of hyperten-
sion and serum UA.

Correlation of triglyceride–glucose index with urinary 
albumin/creatinine ratio and estimated glomerular 
filtration rates
We investigated the association between the TyG index, 
UACR and eGFR. Based on the correlation analysis, the 
TyG index positively correlated with the UACR (r = 0.319, 
P = 0.001). After adjusting for age, sex, disease duration, 
body weight, serum UA and the presence of hyperten-
sion, the positive relationship between the TyG index 
and the UACR remained significant (r = 0.249, P = 0.010). 
There was also a significant correlation between the TyG 
index and the eGFR (r = − 0.309, P = 0.001). After adjust-
ing for confounding factors, a moderate relationship 
was identified between the TyG index and the eGFR 
(r = − 0.211, P = 0.034) (see Table 4).

Receiver operating curve analysis for determination of the 
severity of chronic kidney disease
The ROC analysis was performed to evaluate the perfor-
mance of the TyG index to identify patients with a risk of 
CKD. The area-under-the-curve value of the TyG index 
was 0.708 (95% confidence interval: 0.61–0.81, P < 0.001) 
(Fig. 2).

Discussion
The mechanisms for the association between the TyG 
index, LADA and kidney disease have not yet been clari-
fied, but they are believed to include HOMA-IR, autoim-
mune, inflammation, lipid and glucose disorders [5]. The 
TyG index not only reflects IR but is also closely associ-
ated with these mechanisms, which may explain why a 
considerable number of participants with LADA and an 
increased TyG index ultimately developed kidney dis-
ease. Our results suggest that the TyG index is signifi-
cantly associated with the severity of CKD in patients 
with LADA.

Latent autoimmune diabetes in adults is a well-recog-
nised diabetes sub-type of immune-mediated type 1 dia-
betes. Previous studies revealed that patients with LADA 
displayed mixed innate immune cell features of T1DM 

Table 2 Demographic and clinical characteristics of participants 
by TyG index

Tertile 1 
(n = 96)

Tertile 2 
(n = 96)

Tertile 3 
(n = 96)

P

Gender 
(male)

44(45.8) 49(51.0) 55(57.3) 0.655

Age (years) 56.32 ± 12.75 58.08 ± 11.33 56.97 ± 13.63 0.832
Smoke [n 
(%)]

9 (9.4%) 14 (14.6%) 25 (26%)*# < 0.001

Disease 
duration 
(years)

5.09 ± 5.99 5.88 ± 4.71 8.80 ± 5.75*# 0.012

BMI (kg/m2) 22.5 ± 3.7 22.9 ± 3.8 22.8 ± 3.6 0.612
Hyperten-
sion [n (%)]

16 (16.7%) 18 (18.8%) 21 (21.9%) 0.512

SBP 
(mmHg)

133.7 ± 16.2 135.2 ± 16.9 138.1 ± 17.3 0.063

DBP 
(mmHg)

68.9 ± 10.5 69.4 ± 11.2 69.7 ± 12.1 0.071

ALT (U/L) 19.04 ± 8.45 23.26 ± 16.94* 37.05 ± 25.40*# < 0.001
AST (U/L) 19.85 ± 6.41 22.62 ± 10.87* 35.91 ± 23.21*# < 0.001
Scr 
(mmol/L)

63.43 ± 18.86 74.17 ± 21.54* 95.18 ± 36.40*# < 0.001

TC 
(mmol/L)

4.17 ± 0.86 4.78 ± 1.19 5.07 ± 1.28*# 0.003

TG 
(mmol/L)

1.12 ± 0.39 2.03 ± 0.86* 3.60 ± 1.53*# < 0.001

HDL-C 
(mmol/L)

1.12 ± 0.39 1.06 ± 0.19 0.99 ± 0.16*# 0.009

LDL-C 
(mmol/L)

2.65 ± 0.88 2.99 ± 0.89 3.33 ± 1.02*# 0.017

UA 331.59 ± 90.47 343.68 ± 110.23 366.86 ± 132.87 0.394
FBG 
(mmol/L)

8.09 ± 3.28 10.77 ± 4.04* 14.59 ± 4.52*# < 0.001

HbA1c 8.31 ± 2.15 8.97 ± 1.96 10.50 ± 2.38*# < 0.001
Fasting 
C-peptide

1.27 ± 1.02 1.32 ± 1.16 1.32 ± 1.35 0.982

UACR 
(mg/g)

6.58 ± 3.59 76.75 ± 11.77* 174.22 ± 35.37*# < 0.001

TyG index 7.92 ± 0.35 8.78 ± 0.21 9.69 ± 0.46*# < 0.001
eGFR 77.9 ± 15.3 68.4 ± 17.2* 53.7 ± 16.7*# < 0.001
Note: tertile 1: TyG index < 8.5; tertile 2: 8.50 ≤ TyG index ≤ 9.23; tertile 3: TyG 
index > 9.23. LADA, latent autoimmune diabetes in adults; CKD, chronic kidney 
disease; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; ALT, alanine transaminase; AST, aspartate amino transferase; Scr, 
serum creatinine; TC, serum total cholesterol; TG, triglycerides; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; UA, 
serum uric acid; FBG, fasting blood glucose; HbA1c, glycosylated hemoglobin 
A1c; UACR, urinary albumin/creatinine ratio; eGFR, estimated glomerular 
filtration rate; TyG index, the triglyceride-glucose index

*: compared with Tertile 1, p < 0.05; #: compared with Tertile 2, p < 0.05
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and T2DM [8]. Autoimmune attacks against islet β cells 
and IR caused by chronic systemic inflammation are both 
involved in the LADA disease process.

Podocytes are insulin-sensitive epithelial cells that cre-
ate slit diaphragms within glomeruli to ensure proper 
filtration. Podocyte injury is a critical factor in the pro-
gression of kidney disease. Studies have shown that the 
inability of podocytes to respond to insulin may partially 
account for the decreased number of podocytes observed 
in early diabetic nephropathy in diabetic mice [12]. Rous-
seau et al. found that a diabetes-induced reduction of 
dual-specificity phosphatase 4 leads to the activation of 
natural killer (NK) cells and elevated Nox4 expression, 

which contributes to podocyte dysfunction, IR and the 
progression of kidney disease [13]. These abnormal phys-
iological processes are common in patients with LADA 
and appear to partly explain the high risk of kidney injury 
in patients with both LADA and an increased TyG index. 
However, this study did not show significant differences 
in serum inflammatory biomarkers in patients with 
LADA with or without CKD, which may be because the 
study did not further divide subgroups according to dif-
ferent CKD stages for comparative analysis.

Latent autoimmune diabetes in adults is an autoim-
mune-mediated type of diabetes, and T lymphocytes are 
a key factor in its pathogenesis [14]. Data demonstrates 
that, based on these T-cell subset alterations, IR may be 
involved in the pathogenesis of LADA [15]. Positive cor-
relations between the serum levels of autoantibodies 
and pancreatic islet dysfunction in the autoimmune dis-
ease model of mice may partially reflect the relationship 
between autoimmunity and LADA [16]. Islet-reactive T 
cells generated in the pancreas migrate to metabolically 
active tissue, such as kidney tissue, where they induce IR 
either by sustaining chronic tissue inflammation or tar-
geting protective elements for the development of IR. 
Studies have revealed that many patients with diabetes 
were found to have autoimmune abnormality-related 
renal diseases, such as tubule interstitial nephritis, immu-
noglobulin A nephropathy and membranous proliferative 
glomerulonephritis [17, 18]. In diabetic kidney disease 
related to autoimmune nephritis, Hiramatsu et al. found 
that hyperglycaemia modified its pathology by decreas-
ing the mesangial area and aggravating tubulointerstitial 
lesions, which were mainly observed as an injury in renal 
tubular epithelial cells [19].

During the initiation and progression of LADA, mac-
rophages, NK cells, dendritic cells and neutrophils play a 
crucial role [20]. Studies found an increased amount of 
inducible interferon (IFN)-g (+) NK cells in patients with 
newly diagnosed LADA. Additionally, IFN-g released 
by NK cells may promote the development of LADA by 
affecting islet β cells and is closely associated with IR [21, 
22]. A large number of lymphocytes, macrophages and 
mast cells accumulate in the kidney tissue of patients 
with diabetic kidney disease and secrete large amounts of 
inflammatory mediators, cytokines and oxygen free radi-
cals, directly or indirectly leading to IR and kidney dam-
age [23–26]. Metabolic disorders in patients with LADA 
activate inflammatory signals in the body, which, in turn, 
causes the deposition of extracellular matrixes in the kid-
ney and promotes fibrosis. Yu et al. found that neutrophil 
counts were closely associated with kidney disease in 
patients with LADA and suggested that neutrophil-medi-
ated inflammation may be involved in the pathogenesis of 
kidney disease in cases of LADA [27].

Table 3 Odds ratio of CKD in LADA patients
Variable B value Odds 

ratio
95%CI P-

value
TyG index 1.287 2.465 1.291–4.708 0.006
Disease duration 0.876 1.005 0.972–1.146 0.197
Hypertension 3.221 5.349 2.112–13.55 0.598
UA 0.127 1.005 1.001–1.009 0.328
Note: LADA, latent autoimmune diabetes in adults; CKD, chronic kidney disease; 
TyG index, the triglyceride-glucose index; UA, serum uric acid

Table 4 Correlation of TyG index with UACR and eGFR in 
patients with LADA
TyG index UACR eGFR

Before 
adjusting

After 
adjusting

Before 
adjusting

After 
adjusting

r-value 0.319 0.249 -0.309 -0.211
P-value 0.001 0.010 0.001 0.034
Note: LADA, latent autoimmune diabetes in adults; TyG index, the triglyceride-
glucose index; UACR, urinary albumin/creatinine ratio; eGFR, estimated 
glomerular filtration rate

Fig. 2 ROC analyses of TyG index
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Insulin resistance plays a crucial role in the occurrence 
of kidney disease in patients with LADA; at the same 
time, autoimmune damage, inflammation and glucose 
and lipid metabolism disorders promote the process. 
Pathological processes can result in increased TG and 
glucose levels, thus accelerating TyG levels, indicating 
that the TyG index is related to the occurrence of kidney 
disease in patients with LADA and is representative of 
disease severity. Glucose and lipid metabolism disorders 
in patients with LADA promote an increased IR; accord-
ingly, IR-induced inflammation and immune response 
appear to be fundamentally linked to kidney disease in 
patients with LADA.

Our study provides evidence for the association 
between the TyG index and kidney disease in patients 
with LADA despite the adjustments needed for tradi-
tional risk factors, such as age, smoking, disease dura-
tion, hypertension and UA. We showed that patients 
with LADA had an increased risk of kidney disease and a 
higher TyG index. In this study, TyG was used to empha-
sise the important role of IR in the occurrence of kidney 
disease in patients with LADA, providing a new way to 
indicate both LADA and the severity of kidney disease 
among at-risk patients.

Our study has several limitations. First, the sample 
size of patients with LADA was relatively small, and its 
retrospective cross-sectional single-centre design may 
have caused bias. Future large-scale prospective stud-
ies are required to further clarify the predictive power 
of the TyG index on kidney disease risk among patients 
with LADA. Second, patients with severe kidney disease 
were not included in this study, which may have led to 
an underestimation of the efficacy of the TyG index in 
predicting kidney disease. Future studies should con-
sider dividing subgroups according to the stages of CKD 
to further validate and generalise the conclusions of this 
study. Third, our study was based on a single TyG mea-
surement, and the potential cardiovascular implications 
of changes in TyG (for example, in response to changes 
in lifestyle or drug therapy) over time require further 
investigation.

In conclusion, the TyG index is significantly associ-
ated with the severity of CKD in patients with LADA. 
The TyG index can be used as a supplement to the clas-
sic risk factors for CKD among patients with LADA, and 
the association may be higher and reflect lesion severity 
to some extent. This study supports the clinical applica-
tion of the TyG index in evaluating kidney disease in the 
LADA population.

Acknowledgements
Not applicable.

Authors’ contributions
Fu XL and Xu ZH conceived of the study and design it. Tan Q and Wei W 
participated in the data collection and helped with the data analysis. Wang 
ZJ took part in drafting and revising the manuscript. All authors read and 
approved the final manuscript.

Funding
The study is funded by Major Projects of Wuhan Health Commission 
(WG20M01); Hubei Province Natural Science Foundation (2021CFB448).

Data Availability
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
This study was conducted in accordance with the Declaration of Helsinki 
and approved by the ethics committee of The Central Hospital of Wuhan 
(WHZXKYL2022-073). Written informed consent was obtained from all 
participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 21 February 2023 / Accepted: 19 September 2023

References
1. World Health Organization. Classification of diabetes mellitus. Geneva, World 

Health Organization.; 2019.
2. Zhou Z, Xiang Y, Ji L, et al. Frequency, immunogenetics, and clinical char-

acteristics of latent autoimmune diabetes in China (LADA China study): 
a nationwide, multicenter, clinic-based cross-sectional study. Diabetes. 
2013;62(2):543–50.

3. Guerrero-Romero F, Simental-Mendía LE, González-Ortiz M, et al. The product 
of triglycerides and glucose, a simple measure of insulin sensitivity. Compari-
son with the euglycemic-hyperinsulinemic clamp. J Clin Endocrinol Metab. 
2010;95(7):3347–51.

4. Hong S, Han K, Park CY. The triglyceride glucose index is a simple and 
low-cost marker associated with atherosclerotic cardiovascular disease: a 
population-based study. BMC Med. 2020;18(1):361.

5. Li M, Zhan A, Huang X, et al. Positive association between triglyceride 
glucose index and arterial stiffness in hypertensive patients: the China H-type 
hypertension Registry Study. Cardiovasc Diabetol. 2020;19(1):139.

6. Wang L, Cong HL, Zhang JX, et al. Triglyceride-glucose index predicts 
adverse cardiovascular events in patients with diabetes and acute coronary 
syndrome. Cardiovasc Diabetol. 2020;19(1):80.

7. Liu L, Xia R, Song X, et al. Association between the triglyceride-glucose index 
and diabetic nephropathy in patients with type 2 diabetes: a cross-sectional 
study. J Diabetes Investig. 2021;12(4):557–65.

8. Jones AG, McDonald TJ, Shields BM, Hagopian W, Hattersley AT. Latent auto-
immune diabetes of adults (LADA) is likely to represent a mixed Population of 
Autoimmune (type 1) and nonautoimmune (type 2) diabetes. Diabetes Care. 
2021;44(6):1243–51.

9. Matsuo S, Imai E, Horio M, et al. Revised equations for estimated GFR from 
serum creatinine in Japan. Am J Kidney Dis. 2009;53(6):982–92.

10. Hashimoto Y, Tanaka M, Okada H, et al. Metabolically healthy obesity and risk 
of incident CKD. Clin J Am Soc Nephrol. 2015;10(4):578–83.

11. 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(4):299–304.

12. Tejada T, Catanuto P, Ijaz A, et al. Failure to phosphorylate AKT in podocytes 
from mice with early diabetic nephropathy promotes cell death. Kidney Int. 
2008;73(12):1385–93.



Page 7 of 7Fu et al. BMC Endocrine Disorders          (2023) 23:209 

13. Rousseau M, Denhez B, Spino C, et al. Reduction of DUSP4 contributes to 
podocytes oxidative stress, insulin resistance and diabetic nephropathy. 
Biochem Biophys Res Commun. 2022;624:127–33.

14. ElSayed NA, Aleppo G, Aroda VR, et al. Classification and diagnosis of 
diabetes: Standards of Care in Diabetes-2023. Diabetes Care. 2023;46(Suppl 
1):19–S40.

15. Tan T, Xiang Y, Deng C, et al. Variable frequencies of peripheral T-lymphocyte 
subsets in the diabetes spectrum from type 1 diabetes through latent 
autoimmune diabetes in adults (LADA) to type 2 diabetes. Front Immunol. 
2022;13:974864.

16. Rubinstein R, Genaro AM, Motta A, et al. Impaired immune responses in 
streptozotocin-induced type I diabetes in mice. Involvement of high glucose. 
Clin Exp Immunol. 2008;154(2):235–46.

17. Urbanek K, Cappetta D, Bellocchio G, et al. Dapagliflozin protects the 
kidney in a non-diabetic model of cardiorenal syndrome. Pharmacol Res. 
2023;188:106659.

18. Kanodia KV, Vanikar AV, Nigam L, et al. Clinicopathological study of nondia-
betic renal disease in type 2 diabetic patients: a single center experience 
from India. Saudi J Kidney Dis Transpl. 2017;28(6):1330–7.

19. Hiramatsu S, Ichii O, Namba T, et al. Altered Renal Pathology in an autoim-
mune Disease Mouse Model after induction of diabetes Mellitus. Microsc 
Microanal. 2021;27(4):897–909.

20. Jörns A, Wedekind D, Jähne J, et al. Pancreas Pathology of Latent Autoim-
mune diabetes in adults (LADA) in patients and in a LADA Rat Model 
compared with type 1 diabetes. Diabetes. 2020;69(4):624–33.

21. Wang Y, Yuan W, Guo H, et al. High frequency of activated NKp46(+) natural 
killer cells in patients with new diagnosed of latent autoimmune diabetes in 
adults. Autoimmunity. 2015;48(4):267–73.

22. Akesson C, Uvebrant K, Oderup C, et al. Altered natural killer (NK) cell fre-
quency and phenotype in latent autoimmune diabetes in adults (LADA) prior 
to insulin deficiency. Clin Exp Immunol. 2010;161(1):48–56.

23. Zhou K, Zi X, Song J, et al. Molecular mechanistic pathways targeted by natu-
ral Compounds in the Prevention and Treatment of Diabetic kidney disease. 
Molecules. 2022;27(19):6221.

24. Fu J, Sun Z, Wang X, et al. The single-cell landscape of kidney immune cells 
reveals transcriptional heterogeneity in early diabetic kidney disease. Kidney 
Int. 2022;102(6):1291–304.

25. Khanijou V, Zafari N, Coughlan MT, et al. Review of potential biomarkers of 
inflammation and kidney injury in diabetic kidney disease. Diabetes Metab 
Res Rev. 2022;38(6):e3556.

26. Fu Y, Wang X, Zhang L, et al. Allograft inflammatory factor-1 enhances inflam-
mation and oxidative stress via the NF-κB pathway in diabetic kidney disease. 
Biochem Biophys Res Commun. 2022;614:63–9.

27. Yu Y, Lin Q, Ye D, et al. Neutrophil count as a reliable marker for diabetic 
kidney disease in autoimmune diabetes. BMC Endocr Disord. 2020;20(1):158.

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


	Association between a high triglyceride–glucose index and chronic kidney disease in adult patients with latent autoimmune diabetes
	Abstract
	Background
	Methods
	Participants and study design
	Data collection and measurements
	Statistical analysis

	Results
	Characteristics of patients with latent autoimmune diabetes with and without chronic kidney disease
	Clinical and biochemical characteristics by triglyceride–glucose index
	Association between triglyceride–glucose index and chronic kidney disease in the multivariate analysis
	Correlation of triglyceride–glucose index with urinary albumin/creatinine ratio and estimated glomerular filtration rates
	Receiver operating curve analysis for determination of the severity of chronic kidney disease

	Discussion
	References


