Clinical Medicine Insights:
Endocrinology and Diabetes
Volume 17: 1-8

© The Author(s) 2024

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/11795514241259741

S Sage

Atherogenic Index of Plasma as an Early Marker of
Chronic Kidney Disease and Liver Injury in Type 2
Diabetes

Huifang Li, Xia Miao, Jiaoying Zhong and Zhaoming Zhu
Department of Nephrology, Hebei Yiling Hospital, Shijiazhuang, Hebei, China.

ABSTRACT

BACKGROUND: Diabetic kidney disease (DKD) is the main cause of end-stage renal disease and has a high mortality rate. Currently, no
effective treatments are available to reduce the progression of kidney damage associated with diabetes.

OBJECTIVES: To explore the influence and predictive value of the atherogenic index of plasma (AIP) on early chronic kidney disease and
liver injury in patients with type 2 diabetes mellitus (T2DM).

METHODS: Medical records of 1057 hospitalized adult patients with T2DM between January 2021 and December 2022 were collected. The
predictive value of AIP, renal function, and liver injury in patients with T2DM were analyzed using Pearson’s correlation, multiple logistic
regression, and receiver operating characteristic (ROC) curve analyses.

RESULTS: AIP was a sensitive indicator of early liver and kidney injury in patients with T2DM. Patients in the DKD group showed increased
AIP that positively correlated with serum creatinine, uric acid, and B2-microglobulin levels. Increased AIP negatively correlated with esti-
mated glomerular filtration rate (eGFR). AIP significantly correlated with alanine aminotransferase and aspartate aminotransferase levels and
glutamyl transpeptidase-to-platelet ratio (GPR). An eGFR of 60-100mL/min/1.73m?2 significantly increased the risk of DKD as the AIP
increased. At lower GPR levels, the risk of DKD significantly increased with increasing AIP. However, no significant difference was found

between the 2 groups when the GPR was >0.1407. The ROC curve analysis showed that AIP could predict early liver injury.

CONCLUSIONS: AIP is directly involved in early liver and kidney injury in T2DM and may be a sensitive indicator for early detection.

PLAIN LANGUAGE SUMMARY

Diabetes and its complications are a global public health concern. Diabetic kidney disease (DKD) is the main cause of end-stage renal dis-
ease, and metabolism-related disease factors are found throughout the progression of DKD. This study identified common sensitive indica-
tors of early metabolism-related damage to liver and kidney function in patients with T2DM.
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Introduction
Type 2 diabetes mellitus (T2DM) is the most common meta-
bolic disease, causing acute and chronic complications in mul-
tiple body organs,! and the number of patients with diabetes is
estimated to increase to 642 million by 2040.2 Diabetes kidney
disease (DKD) is the main cause of end-stage kidney disease
worldwide3 and has a high mortality rate. From 1990 to 2012,
the number of deaths caused by DKD increased by 94%.4
Currently, no effective treatment exists to reduce the progres-
sion of kidney damage associated with diabetes.
Metabolism-related pathogenic factors can independently
predict DKD progression in patients with T2DM and are pre-
dictive of kidney function decline and albuminuria deteriora-
tion.” The liver is the primary organ involved in metabolism,
and 70%-80% of patients with T2DM typically suffer from
metabolic-associated fatty liver disease (MAFLD).® Even
after adjusting for common risk factors of chronic kidney

disease (CKD), MAFLD remains an independent risk factor
for the progression of DKD.” Common risk factors for DKD
and MAFLD include overweight, obesity, poor blood sugar
control, and insulin resistance. Increased oxidative stress,
abnormal lipid metabolism, and abnormal adipokines are the
common pathological mechanisms leading to MAFLD and
DKD.? Research indicates a significant correlation between
MAFLD and elevated microalbuminuria in T2DM.?
Furthermore, MAFLD is correlated with large vessel and
microvascular lesions in T2DM and is significantly associ-
ated with an increased risk of =stagel CKD, with a median
follow-up of 3years.!! Several hypoglycemic drugs such as
metformin hydrochloride, sodium glucose cotransporter-2
(SGLTI?2) inhibitors, and glucagon-like peptide-1 (GLP-1)
receptor agonists are used to treat MAFLD and demonstrate
significant renal protective effects.’> However, sensitive indi-
cators for early identification of high-risk DKD and
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metabolic liver disease are lacking in T2DM clinical practice.
Identifying a marker that can accurately reflect metabolism-
associated liver and kidney function injury at an early stage
could be used as an intervention target and may help prevent
the progression of DKD.

The atherogenic index of plasma (AIP) (logl0 [triglycer-
ides/high-density lipoprotein-cholesterol]), was first proposed
by Dobidsovd as a biomarker for plasma arteriosclerosis to pre-
dict the development of cardiovascular events and related mor-
tality rates.!® A higher AIP is significantly related to the
increase in prevalence of prediabetes and diabetes.!# Fatty liver
disease is characterized by metabolic disorder of triglyceride
(T'G), which accumulate in the hepatocytes and liver tissue
while diabetes-related dyslipidemia primarily manifests as
hypertriglyceridemia and a low level of high-density lipopro-
tein cholesterol (HDL-C).15

The ratio of glutamyl transpeptidase to platelets (GPR),
proposed in 2016, is significantly correlated with liver stiffness
measurements in the evaluation of liver fibrosis. Therefore,
GPR can be used as a noninvasive indicator for evaluating liver
injury in patients with nonalcoholic fatty liver disease.!® Zhao
et al.'7 showed that GPR can act as an inflammatory marker
and an independent predictor of adverse outcomes in patients
with coronary heart disease after percutaneous coronary inter-
vention.’ This may be because platelets, which are atypical
first-line inflammatory biomarkers that attach to white blood
cells and endothelial cells, can alter the activity of these cellular
inflammatory components. Herein, the GPR was used as a
predictive indicator of early liver injury.

Evaluation of glomerular filtration rate (eGFR) is crucial
for the diagnosis and monitoring of CKD. A decrease in the
e¢GFR remains a criterion for determining acute kidney injury
(AKI) or CKD. Li et al.? showed that CKD events were asso-
ciated with MAFLD and T2DM (odds ratio [OR], 1.33; 95%
confidence interval [CI]: 1.20-1.48). In the Chinese popula-
tion, higher AIP levels show a strong positive correlation with
fatty liver disease.?0 However, studies are lacking on the rela-
tionship between AIP and CKD associated with T2DM. Our
study aimed to explore whether AIP can serve as a sensitive
indicator of early metabolism-related liver and kidney function
in T2DM.

Methods
Study population

This retrospective study included patients with T2DM admit-
ted to the Endocrinology Department of Hebei Yi Ling
Hospital, affiliated with Hebei Medical University, between
January 2021 and December 2022.

Inclusion criteria were: (1) Diagnosis of T2DM according
to the American Diabetes Diagnostic Criteria International
Diagnostic Standards or confirmed based on treatment for
T2DM and hypoglycemia for over 6months; and (2) age
between 40 and 85years. Exclusion criteria were: (1) Patients
without T2DM,; (2) patients with T2DM and concomitant

lactic acid acidosis, ketoacidosis, severe infection, or critical ill-
ness (such as organ failure, acute myocardial infarction, or cer-
ebral infarction), abnormal liver function, or autoimmune
diseases; (3) incomplete laboratory inspection data; and (4)
urinary protein creatinine ratio >1000mg or estimated GFR
(eGFR) <30mL/min/1.73 m?. This study was approved by the
Ethics Committee of Hebei Yi Ling Hospital, which is affili-
ated with Hebei Medical University. All participants provided

informed consent.

Study variables and measurements

Clinical and biochemical indicators were retrieved from patient
admission records and results of the first laboratory test after
hospitalization. Blood and urine samples were collected in the
morning after the participants had fasted for at least 8 hours.
Fasting blood glucose (FBG), TG, total cholesterol, HDL-C,
low density lipoprotein-cholesterol (LDL-C), uric acid (UA),
and serum creatinine (Crea) testing was performed using a
fully automated biochemical analyzer (AUS5800; Beckman
Coulter). An automatic coagulation analyzer (CS-5100;
Sysmex Europe GmbH) was used to measure the coagulation
indicators fibrinogen (Fib), D-dimer (D-D), and fibrin degra-
dation products (FDP).

Formulae and definitions

AlIP=10g10 [TG (mmol/L)/high-density lipoprotein choles-
terol (mmol/L)]; GPR=r-glutamyl transpeptidase (GTT)
(U/L)/platelet count (PLT) (X10%L); systemic immune
inflammation index (SII)=platelet count (PLT) X neutrophil
count (NE)/lymphocyte count (Lym) (X10%L); the eGFR
was calculated based on the Crea and gender (CKD-EPI); tri-
glyceride glucose (TyG)=In [TG (mg/dL) X FBG (mg/dL)];
prognostic  nutritional index (PNI)=serum albumin
(g/L) + 5 X Lym (x10%L); DKD was defined as a urine pro-
tein creatinine ratio of =30mg/g from at least 2 morning urine
samples with an interval >24hours.

Statistical analysis

SPSS software (version 23.0; IBM Corp., Armonk, NY, USA)
was used to analyze the data. Data are expressed as
mean * standard deviation (SD) or median and interquartile
range (IQR) for continuous variables and percentages for cat-
egorical variables. The #-test was used to compare the 2 groups
(DKD and non-DKD). Pearson’s correlation analysis was used
to calculate the correlation between AIP and other variables.
The receiver operating characteristic (ROC) curve was used to
evaluate the identification performance of the AIP based on
the area under the ROC curve (AUC). Binary logistic regres-
sion multivariate analysis was used to evaluate risk factors for
DKD. GraphPad Prism 8 was used to draw forest plots to
demonstrate the relationships between AIP and DKD or GPR.
All statistical tests with P<<.05 were considered significant.
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Results

Demographic and clinical characteristics

The study included 1057 patients with T2DM who were
divided into 464 patients with DKD and 593 patients without
DKD. The average patient age was 63.42 * 10.65 years. The
average age of patients with DKD or non-DKD was
64.55*+11.23 and 62.53 = 10.09 years, respectively. A signifi-
cant difference was observed between the 2 groups (P<.05).
Patients in the DKD group exhibited more severe liver and
kidney injuries and metabolic disorders than those in the non-
DKD group, resulting in a poorer prognosis. Manifestations
included elevated levels of GGT, GPR, Fib, D-D, FBG, TG,
SII, TyG, and AIP (P<.01). The levels of HDL-C, eGFR,
albumin, and prognostic nutritional index (PNI) were signifi-
cantly decreased (P<.05) in the DKD group compared with
those in the non-DKD group. Conversely, the levels of globulin
(GLB), Lym, PLT, alanine transaminase (ALT), and LDL-C
did not significantly differ between the 2 groups (P>.05)
(Table 1).

Correlation between AIP and other parameters in
patients with T2DM

Pearson’s correlation analysis was used to clarify the relation-
ship between the AIP and liver and kidney function parameters
in patients with T2DM. AIP was associated with insulin resist-
ance TyG (r=0.814, P<.001), renal function Crea (r=0.122,
P<.001),and UA (r=0.302, P<.001), B2-microglobulin (B2-
MG) also correlated positively with AIP (»=0.077, P=.012)
but correlated negatively with eGFR (r=-0.078, P=.011). In
addition, AIP correlated positively with ALT (r=0.114,
P<.001), GCT (r=0.153, P<.001), NE (»=0.071, P=.022),
and GPR (»=0.133, P<.001). SII, PNI, Fib, albumin, and
PLT did not correlate with the AIP (Table 2).

AIP as an independent risk factor for DKD

progression

Univariate regression analysis showed that f2-MG, Age, Fib,
D-D, FDP, NE, GCT, FBG, and AIP were all risk factors for
DKD (P<.001). AIP had the highest OR 0£2.202 and a 95%
Cl:1.412-3.434 (P<.001). After multivariate regression anal-
ysis, adjusted for f2-MG, age, Fib, D-D, FDP, NE, GCT, and
FBG, AIP remained an independent risk factor for DKD pro-
gression, and the OR remained significantly greater than that
for the other indicators (OR: 1.930, 95% CI: 1.247-2.987;
P<.001). For each unit increase in AIP, the risk of DKD
increased by 1.93-fold (Table 3) (Supplementar]l Material).

AIP as a risk factor for DKD and early liver injury
in patients with T2DM

For patients with T2DM, stratified AIP analysis was per-
formed at the AIP quartile level. The high-AIP4 (>0.2988)

group had a 2.125-fold increased risk of developing DKD than
the AIP1 (=<0.0985) group (OR: 2.125,95% CI: 1.495-3.021)
(Figure 1A). The patients with T2DM were divided into high-
and low-GPR groups, according to the mean GPR. In the low-
GPR group (<0.1406), the risk of liver fibrosis was 3.994-fold
greater in the AIP4 (>0.2988) group than that in the AIP1
(<0.0985) group (OR: 3.994, 95% CI. 2.672-5.971).
Conversely, in the high-GPR group (>0.1407), this difference

was not significant (Figure 1B).

AIP is a sensitive indicator of early renal injury in

DKD

The AIP is associated with urinary microalbumin levels.
However, the correlation between AIP and eGFR has not been
previously studied. Patients with T2DM were classified accord-
ing to eGFR (>60 or <60mL/min/1.73 m?). AIP showed no
significance in the eGFR <60 mL/min/1.73 m? group. Further
stratification of the eGFR >60 mL/min/1.73 m? group identi-
fied a significance between AIP and an eGFR of 60-100 mL/
min/1.73 m?; however, no significance was found between AIP
and eGFR >100mL/min/1.73 m? (Figure 2).

AIP is a sensitive indicator of early liver injury in

12DM

AIP is a risk factor of liver injury in patients with T2DM.
Therefore, the predictive performance of the AIP for liver
injury in patients with T2DM was analyzed using ROC curve
analysis. The maximum AUC was 0.666, with a sensitivity of
76.5% and a specificity of 69.9%, indicating that AIP can serve
as a sensitive indicator of liver injury (Figure 3).

Discussion

To the best of our knowledge, this is the first study to explore
the relationship between AIP and liver and kidney function in
patients with T2DM. Our analysis found a significant increase
in AIP in patients with DKD, which positively correlated with
Crea, UA, and B2-MG levels and negatively correlated with
eGFR. Additionally, the AIP demonstrated significance in
patients with an eGFR of 60-100 mL/min/1.73 m?. AIP was
significantly and positively correlated with liver function indi-
cators (ALT, GCT, and GPR). In the low-level liver injury
(GPR) group, the risk of DKD significantly increased with
increasing AIP levels. Therefore, the AIP can be used as an
intervention indicator for early liver and kidney function inju-
ries in patients with T2DM.

The incidence of hepatic steatosis in patients with T2DM is
50%.2! The German Diabetes Study found that the risk of
metabolic liver disease and diabetes nephropathy was higher in
patients with severe insulin resistance diabetes.?? Consistent
with previous studies, patients with T2DM and CKD showed
more severe coagulation abnormalities, metabolic disorders,
insulin resistance, and increased immune inflammation index,
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Table 1. Demographic and clinical profiles of T2DM patients and DKD (n=1057).

VARIABLES ALL T2DM PATIENTS

T2DM (N=593)

DKD (N=464)

(N=1057)

PNI 50.35 (46.45, 53.98) 51.15 (47.65, 54.23) 49.15 (44.66, 53.44) .001
Age (years) 63.42+10.65 62.53 +10.09 64.55+11.23 -002
Gender (male, %) 593(56.05%) 320(54.5%) 267(45.5%) 245
GLB (g/L) 28.4+4.51 28.33+4.36 28.48 + 4.69 -587
Lym (10°/L) 1.89+0.7 1.92+0.71 1.86 +0.68 157
PLT (109/L) 235.93 +63.94 233.97 +61.35 238.45 + 67.1 -259
UA (umol/L) 315.64 = 92.16 308.30 + 90.91 325.02 +92.98 -003
HDL-C (mmol/L) 1.14+0.29 115+0.3 1.11+0.29 -022
B2-MG (mg/L) 1.98 (1.61, 2.51) 1.81 (1.51, 2.27) 2.19 (1.77, 3.0) .001
Fib (g/L) 3.04 (2.58, 3.56) 2.91 (2.49, 3.4) 3.22 (2.77, 3.91) .001
D-D (mg/L) 0.3 (0.19, 0.52) 0.29 (0.19, 0.46) 0.33 (0.2, 0.62) .001
ALB (g/L) 40.9 (37.75, 43.7) 41.7 (39.05, 44.1) 39.65 (36.5, 42.9) .001
ALT (U/L) 17.4 (13.1, 24.7) 17.3 (13.2, 24.0) 17.4 (12.75, 25.35) 916
GCT (U/L) 21.3 (16.2, 31.9) 20.5 (15.7, 29.4) 23.2 (16.73, 36.03) .001
NE (109/L) 3.85 (3.015, 4.89) 3.68 (2.93, 4.7) 4.08 (3.27, 5.13) .001
Crea (umol/L) 68.5 (59, 80.35) 65.6 (57.55, 76.85) 71.65 (61.73, 87.75) .001
LDL-C (mmol/L) 2.65 (2.06, 3.25) 2.62(2.1,3.19) 2.71 (2.02, 3.33) 324
FBG (mmol/L) 8.44 (6.4, 11.285) 7.78 (5.93, 10.25) 9.36 (7.07, 11.96) .001
TG (mmol/L) 1.38 (0.95, 2.0) 1.28 (0.91, 1.89) 1.49 (1.05, 2.23) .001
SlI 466.81 (341.05, 682.65) 447.65 (325.09, 636.50) 499.05 (352.50, 773.78) .001
TyG 9.14 (8.67, 9.68) 9.0 (8.55, 9.53) 9.32(8.83, 9.87) .001
AlP 0.12+0.31 -0.08 + 0.293 0.17 = 0.31 -001
GPR 0.096 (0.068, 0.15) 0.091 (0.065, 0.139) 0.102 (0.069, 0.165) .004

Abbreviations: AP, atherogenic index of plasma; ALB, albumin; ALT, alanineamino transferase; Crea, serum creatinine; FBG, fasting blood glucose; Fib, fibrinogen;
GGT, y-glutamyl-transpeptidase; GLB, globulin; GPR, glutamate transpeptidase platelet ratio; HDL-C, high density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; Lym, lymphocyte; NE, neutrophils; PLT, platelet; PNI, prognostic nutritional index; SD, standard deviation; Sll, systemic immune inflammation; TG, triglyceride;

TyG, triglyceride glucose; UA, uric acid; f2-MG, B2-microglobulin.

Comparisons were made using independent sample t-test, Chi-square test as appropriate. Categorical variables are presented in frequency and percentage while

continuous variables are presented as mean = SD.
P-value <.05 was defined as statistically significant and presented in bold.

which manifested as high Fib, D-D, ALB, GCT, and FBG lev-
els. The TG, SII, TyG, and GPR levels were higher in the non-
DKD group (P<.01) Fib, D-D, GCT, and TG are synthesized
and metabolized by the liver, indicating that patients with
DXKD exhibit a more severe compensatory liver function, which
is the foundation for early chronic liver disease. This study
tound that the DKD group had a significant decrease in the
levels of PNI and ALB, both of which are prognostic nutri-
tional indicators. Overall, these results indicate a poor progno-

sis for patients with T2DM and CKD. It is worth noting some

differences found in this study compared to previous studies.?3
Differences in GLB, lymphocyte, and PLT levels between the
2 groups were not significant (P> .05) indicating that immune
factors may not be the main cause of DKD progression.
Moreover, no significant difference was observed in blood ALT
or LDL-C levels between the 2 groups. Although ALT levels
are used as markers of liver function in clinical practice, early
metabolism-related fatty liver disease may not be accompanied
by histological changes. Further research is warranted to deter-
mine whether the significant difference in LDL-C levels
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Table 2. Correlation of AIP with other parameters in the T2DM patients.

ITEM TYG Sli PNI
AIP

r 0.814 -0.06 0.052
p 0.001 0.053 0.088
ITEM ALB ALT GCT
AIP

r 0.017 0.114 0.153
p 0.573 0.001 0.001

CREA UA B-2MG FIB
0.122 0.302 0.077 0.037
0.001 0.001 0.012 0.233
NE EGFR GPR PLT
0.071 -0.078 0.133 0.008
0.022 0.011 0.001 0.801

Abbreviations: AIP, atherogenic index of plasma; ALB, albumin; ALT, alanineamino transferase; Crea, serum creatinine; eGFR, estimated glomerular filtration rate; Fib,
fibrinogen; GGT, glutamyl-transpeptidase; GPR, y-glutamate transpeptidase platelet ratio; NE, neutrophils; PLT, platelet; PNI, prognostic nutritional index; SlI, systemic

immune inflammation; TyG, triglyceride glucose; UA, uric acid; 2-MG, p2-microglobulin.
P-value <.05(two-sided) was defined as statistically significant and presented in bold.

Table 3. Univariate and Multivariate logistic regression analysis results.

VARIABLES UNIVARIATE OR (95% Cl) P-VALUE
GLB 1.008 (0.981-1.035) 586
B2-MG 1.693 (1.465-1.957) .001
Gender 0.865 (0.677-1.105) 245
Age 1.018 (1.006-1.030) .002
Fib 1.538 (1.349-1.754) .001
D-D 0.459 (0.299-0.706) .001
FDP 1.461 (1.230-1.737) .001
ALT 0.998 (0.991-1.005) 508
NE 1.107 (1.023-1.198) 012
GCT 1.006 (1.001-1.011) 012
Lym 0.890 (0.728-1.088) 256
PLT 1.001 (0.998-1.003) 639
FBG 1.068 (1.032-1.106) .001
LDL-C 1.099 (0.951-1.269) 202
AIP 2.202 (1.412-3.434) .001

MULTIVARIATE OR (95% Cl) P-VALUE
1.492 (1.283-1.734) .001
1.300 (1.126-1.500) .001
1.084 (1.046-1.123) .001
1.930 (1.247-2.987) .001

Abbreviations: AIP, atherogenic index of plasma; Cl, confidence interval; D-D, D-dimer; FBG, fasting blood glucose; FDP, fibrin degradation products; Fib, fibrinogen;
GGT, y-glutamyl-transpeptidase; GLB, globulin; LDL-C, low-density lipoprotein cholesterol; Lym, lymphocyte; NE, neutrophils; OR, odds ratio; PLT, platelet; p2-MG, p2-

microglobulin.
P-value < .05 was defined as statistically significant.

between the 2 groups was related to the fact that the partici-
pants in this study were hospitalized and were predominantly
treated with statins.

DXKD occurs during the pathological and physiological pro-
cesses of metabolic disorders in patients with T2DM. Early
DKD renal damage is caused by the accumulation of senescent
cells and an increase in the degree of fibrosis.?* AIP is calcu-
lated based on the ratio of TGs to HDL-C and is easily meas-

urable in clinical practice. Apolipoprotein B is a component of

TGs that contributes to the development of atherosclerosis,
whereas apolipoprotein A1 is a component of HDL-C that has
a protective effect against atherosclerosis.

This study showed that AIP is not only associated with
Crea, UA, and f2-MG (P<.01) and that f 2-MG is nega-
tively correlated with eGFR but that a nonlinear correlation
was present between AIP and the reduction of eGFR. Before
the clinical diagnosis of CKD (eGFR was 60-100mL/
min/1.73 m?), the risk of diabetic nephropathy increased with
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Figure 1. The relationship between AIP stratified analysis and the risk of DKD and GRP liver injury. (A) The relationship between AIP stratified analysis

and the risk of DKD. (B) The relationship between AIP stratified analysis and the risk of high and low GPR groups.
Abbreviations: AIP, atherogenic index of plasma; DKD, diabetic kidney disease; GPR, y-glutamate transpeptidase platelet ratio.
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Figure 2. AIP stratification of patients with T2DM based on eGFR subgroup analysis.
Abbreviations: AIP, atherogenic index of plasma; eGFR, estimated glomerular filtration rate.

an increase in AIP. The risk of diabetes nephropathy in the
AIP4 group was 2.58-fold that in the AIP1 group. When
eGFR was <60 mL/min/1.73 m?, AIP showed no significance
between the 2 groups, indicating that AIP can predict the risk
of DKD early.

In a study of patients with biopsy-confirmed diabetes
nephropathy, the ratio of TG to HDL-C levels was associated
with the incidence of cardiovascular disease but not with end-
stage renal disease.” Yadegar et al.?¢ found that the average
level of TG decreased with the progression of renal failure in
patients with T2DM. A study on 15 836 participants showed a
linear correlation between AIP and eGFR, with each increase
in SD of AIP reducing the risk of eGFR.?” A cohort study of
911360 individuals in the UK showed that elevated TG and

decreased HDL-C levels were independently associated with a
higher risk of CKD stages 4-5.28

The ratio of TG to HDL-C can be used for the early diag-
nosis of nonalcoholic fatty liver disease. This study shows that
the TG/HDL-C ratio can be used as an indicator of early liver
injury in patients with T2DM. AIP was significantly correlated
with ALT, GCT, and GPR (P<.01) but not with ALB and
PNI, which are prognostic indicators for DKD.

Further stratified analysis showed that patients with AIP4
had a 3.994-fold higher risk of developing DKD in the GPR
(<0.1406) and GPR (>0.1407) groups than in the AIP1 group.
The ROC curve results showed that AIP could serve as an indi-
cator for predicting liver fibrosis. After adjusting for age, Fib,
D-D,FDP,and FBG in the multivariate regression analysis, AIP
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Figure 3. ROC curve of AIP on T2DM combined with early liver injury.
Abbreviations: AIP, atherogenic index of plasma; ROC, receiver operating
characteristic curve.

remained a risk factor for DKD progression with a significantly
higher OR 1.795 (95% CI: 1.154-2.794) than those of the other
indicators. For every SD increase in AIP, the risk of DKD
increased by 1.795-fold. However, individual studies on the
effect of AIP on DKD may be related to the abnormal body fat
distribution and high visceral fat distribution in patients.?’

In addition, the TyG index is a sensitive indicator of insulin
resistance, and this study showed a significant correlation between
AIP and TyG. Previous studies have found that AIP is associated
with TyG and helps predict the risk of cardiovascular disease.>
This study found a significant correlation between AIP and blood
NE count, which may serve as an inflammatory indicator affect-
ing the progression of DKD.

AIP is easily obtainable and cost-effective in clinical practice,
and understanding the potential use of AIP in delaying the pro-
gression of DKD is highly important. The strengths of this study
include a sufficient sample size and representation of hospital-
ized patients. Furthermore, to obtain more reliable results, we
adjusted for confounding variables. However, this study has sev-
eral limitations that require careful interpretation of the results.
First, the cross-sectional design prevented us from establishing a
causal relationship. Second, although we adjusted for several
related confounding factors, we cannot completely rule out the
influence of other potentially confounding variables. For exam-
ple, the type, dosage, body mass index, and diet of lipid-lowering
drugs can affect data. Therefore, more participants and accurate
measurements need to be studied in the future to determine the
causal relationships. Prospective clinical studies are needed to
clarify the effect of AIP interventions on diabetes nephropathy.

Conclusion

DKD has a high global burden and significantly increases the
risk of renal failure and cardiovascular events. Questing marker
that are easy to apply in clinical practice, sensitive, and

responsive to early disease as intervention monitoring may be
the most effective method .This study found an increase in
AIP levels in DKD patients, which is positively associated with
Crea, UA, and B 2-MG and negatively correlated with eGFR.
In addition, AIP showed statistical significance between eGFR
of 60-100mL/min/1.73 m2. At the same time, AIP levels are
closely related to liver function indicators (ALI, GCT, and
GPR). In the low-level liver injury (GPR) group, the risk of
DKD increases with the increase of AIP levels. Therefore, AIP
may serve as a monitoring marker for early liver and kidney
function damage in T2DM patients.

Declarations

Ethics Approval and Consent to Participate

This study was approved by the Ethics Committee of the Hebei
Yi Ling Hospital, Hebei Medical University (No. 2023LCKY-
031-01). This study provided detailed instructions for all indi-
viduals who agreed to participate, and written informed consent
was obtained from all participants before the study. The process
of obtaining consent was approved by the Ethics Committee of
Hebei Yi Ling Hospital, Hebei Medical University.

Consent for Publication
Not applicable

Author Contributions

Huifang Li: Design of the work; Acquisition; Analysis,
Interpretation of data for the work; drafting the work; final
approval of the version to be published; agreement to be
accountable for all aspects of the work, ensuring that questions
related to the accuracy or integrity of any part of the work
were appropriately resolved. Xia Miao, Jiaoying Zhong:
Acquisition; Analysis or Interpretation of data for the work,
drafting the work, and approval of the version to be published.
Zhaoming Zhu: Design of the work; analysis or interpretation
of data for the work; critical revision for important intellectual
content; approval of the version to be published.

Acknowledgements

This study was conducted at the Department of Nephrology
and Endocrinology of Yi Ling Hospital, Hebei Province,
China. We thank all the doctors and participating patients for
their dedication to the study.

Awvailability of Data and Materials
All the datasets used and/or analyzed during this study are
available from the corresponding author on reasonable request.

Supplemental Material

Supplemental material for this article is available online.

REFERENCES

1. ZhouB, ZouH, Xu G. Clinical utility of serum cystatin C in predicting diabetic
nephropathy among patients with diabetes mellitus: a meta-analysis. Kidney
Blood Press Res. 2016;41:919-928.



Clinical Medicine Insights: Endocrinology and Diabetes

10.

11.

12.

13.

14.

15.

16.

17.

Cefalu WT, Buse JB, Tuomilehto J, et al. Update and next steps for real-world
translation of interventions for type 2 diabetes prevention: reflections from a dia-
betes care editors’ Expert Forum. Diabetes Care. 2016;39:1186-1201.

DeFronzo RA, Bakris GL. Modifying chronic kidney disease progression with
the mineralocorticoid receptor antagonist finerenone in patients with type 2 dia-
betes. Diabetes Obes Metab. 2022;24:1197-1205.

Premaratne E, Verma S, Ekinci EI, et al. The impact of hyperfiltration on the
diabetic kidney. Diabetes Metab 2015;41:5-17.

Chuang SM, Shih HM, Chien MN, et al. Risk factors in metabolic syndrome
predict the progression of diabetic nephropathy in patients with type 2 diabetes.
Diabetes Res Clin Pract. 2019;153:6-13.

Eslam M, Newsome PN, Sarin SK, etal. A new definition for metabolic dys-
function-associated fatty liver disease: an international expert consensus state-
ment. J Hepatol. 2020;73:202-209.

Byrne CD, Targher G. NAFLD as a driver of chronic kidney disease. ] Hepatol.
2020572:785-801.

Badmus OO, Hillhouse SA, Anderson CD, etal. Molecular mechanisms of
metabolic associated fatty liver disease (MAFLD): functional analysis of lipid
metabolism pathways. Clin Sci (Lond). 2022;136:1347-1366.

Bae J, Lee BW. Significance of diabetic kidney disease biomarkers in predicting
metabolic associated fatty liver disease. Biomedicines. 2023;11:1928.

Hermans MP, Bouenizabila E, Daniel Amoussou-Guenou K, et al. Fatty liver
and atherogenic dyslipidemia have opposite effects on diabetic micro- and mac-
rovascular disease. Diabetes Metab Syndr. 2022;16:102613.

Mantovani A, Petracca G, Beatrice G, et al. Non-alcoholic fatty liver disease and
risk of incident chronic kidney disease: an updated meta-analysis. Guz.
2022;71:156-162.

Handelsman Y, Butler ], Bakris GL, et al. Early intervention and intensive man-
agement of patients with diabetes, cardiorenal, and metabolic diseases. J Diabetes
Complications. 2023;37:108389.

Kim SH, Cho YK, Kim Y], et al. Association of the atherogenic index of plasma
with cardiovascular risk beyond the traditional risk factors: a nationwide popula-
tion-based cohort study. Cardiovasc Diabetol. 2022;21:81.

ShiY, Wen M. Sex-specific differences in the effect of the atherogenic index of
plasma on prediabetes and diabetes in the NHANES 2011-2018 population.
Cardiovasc Diabetol. 2023;22:19.

Kane JP, Pullinger CR, Goldfine ID, et al. Dyslipidemia and diabetes mellitus:
role of lipoprotein species and interrelated pathways of lipid metabolism in dia-
betes mellitus. Curr Opin Pharmacol. 2021;61:21-27.

Luo J, Du Z, Liang D, et al. Gamma-glutamyl transpeptidase-to-platelet ratio
predicts liver fibrosis in patients with concomitant chronic hepatitis B and non-
alcoholic fatty liver disease. J Clin Lab Anal. 2022;36:¢24596.

Zhao Y, Lin Z, Ji Y, et al. Gamma-glutamyl transpeptidase to platelet ratio: a
new inflammatory marker associated with outcomes after cardiac arrest. Media-
tors Inflamm. 2021;2021:5537966.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

29.

30.

Zheng YY, Wu TT, Chen Y, et al. Gamma-glutamyl transferase-to-platelet ratio
as a novel predictor of long-term adverse outcomes in patients after undergoing
percutaneous coronary intervention: a retrospective cohort study. Zhromb Hae-
most. 2019;119:1021-1030.

Li M, Zhao Z, Qin G, et al. Non-alcoholic fatty liver disease, metabolic goal
achievement with incident cardiovascular disease and eGFR-based chronic kid-
ney disease in patients with prediabetes and diabetes. Metabolism.
2021;124:154874.

Xie F, Zhou H, Wang Y. Atherogenic index of plasma is a novel and strong pre-
dictor associated with fatty liver: a cross-sectional study in the Chinese Han
population. Lipids Health Dis. 2019;18:170.

Portillo-Sanchez P, Bril F, Maximos M, et al. High prevalence of nonalcoholic
fatty liver disease in patients with type 2 diabetes mellitus and normal plasma
aminotransferase levels. J Clin Endocrinol Metab. 2015;100:2231-2238.

Zaharia OP, Strassburger K, Strom A, et al. S. Risk of diabetes-associated dis-
eases in subgroups of patients with recent-onset diabetes: a 5-year follow-up
study. Lancet Diabetes Endocrinol. 2019;7:684-694.

Chen S, Li B, Chen L, et al. Identification and validation of immune-related bio-
markers and potential regulators and therapeutic targets for diabetic kidney dis-
ease. BMC Med Genomics. 2023;16:90.

Gao P, Zou X, Sun X, et al. Cellular senescence in metabolic-associated kidney
disease. An update. Ce/ls. 2022;11:3443.

Uemura T, Nishimoto M, Eriguchi M, et al. Association of triglycerides to high-
density lipoprotein cholesterol ratio with incident cardiovascular disease but not
end-stage kidney disease among patients with biopsy-proven diabetic nephropa-
thy. Hypertens Res. 2023;46:1423-1432.

Yadegar A, Mohammadi F, Rabizadeh S, et al. Correlation between different
levels and patterns of dyslipidemia and glomerular filtration rate in patients with
type 2 diabetes: a cross-sectional survey of a regional cohort. J Clin Lab Anal.
2023;37:¢24954.

Zhou Y, Shang X. Usefulness of atherogenic index of plasma for estimating
reduced eGFR risk: insights from the national health and nutrition examination
survey. Postgrad Med. 2021;133:278-285.

Weldegiorgis M, Woodward M. Correction: elevated triglycerides and reduced
high-density lipoprotein cholesterol are independently associated with the onset
of advanced chronic kidney disease: a cohort study of 911360 individuals from
the United Kingdom. BMC Nephrol. 2022;23:318.

Song P, Xu L, XuJ, et al. Atherogenic index of plasma is associated with body
fat level in type 2 diabetes mellitus patients. Curr Vasc Pharmacol.
2018;16:589-595.

Mahdavi-Roshan M, Mozafarihashjin M, Shoaibinobarian N, et al. Evaluat-
ing the use of novel atherogenicity indices and insulin resistance surrogate
markers in predicting the risk of coronary artery disease: a case—control inves-
tigation with comparison to traditional biomarkers. Lipids Health Dis.
2022;21:126.



