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Purpose: This study aims to explore the predictive value of plasma atherogenic index of plasma (AIP) for microalbuminuria (MAU)
in newly diagnosed patients with type 2 diabetes mellitus (T2DM).
Methods: This study was a retrospective study, which included 335 newly diagnosed T2DM patients. They were divided into
microalbuminuria group (group A, n = 105 cases) and no microalbuminuria group (group B, n = 230 cases) according to whether
microalbuminuria occurred. General information and laboratory examination indexes of patients were collected, and AIP was
calculated. Multivariate logistic regression analysis was used to analyze the independent risk factors of microalbuminuria in T2DM
patients, and receiver operating characteristic curve (ROC) was established to evaluate the predictive value of AIP on MAU of newly
diagnosed T2DM patients.
Results: According to general data analysis, AIP level in group A was significantly higher than that in group B (P < 0.05).
Multivariate logistic regression analysis showed that AIP was an independent risk factor for microalbuminuria (P < 0.05). The
receiver operating characteristic curve showed that the area under the curve (AUC) of AIP was 0.772 (P < 0.05), which had a good
predictive value for the occurrence of MAU in newly diagnosed T2DM patients. The waist-hip ratio, triglyceride, high-density
lipoprotein cholesterol, fasting blood glucose, glycosylated hemoglobin and AIP were used to make a joint model, and the AUC was
0.841 (P < 0.05), which had a better predictive value for the occurrence of MAU.
Conclusions: AIP is an independent risk factor and could predict the occurrence of MAU in newly diagnosed T2DM patients. AIP provides
clinicians a reliable basis to quickly identify high-risk patients and formulate appropriate treatment strategies.
Keywords: plasma arteriosclerosis index, microalbuminuria, type 2 diabetes, dyslipidemia, diabetic nephropathy

Introduction
In recent years, with the increasing prevalence of diabetes mellitus (DM), the number of patients with diabetic kidney
disease (DKD) caused by DM is also increasing. A meta-analysis shows that the prevalence of diabetic kidney disease
(DKD) in Chinese patients with type 2 diabetes mellitus (T2DM) is 21.8%.1 Clinically, when microalbuminuria occurs in
diabetic patients, it indicates that they have entered the early stage of DKD, which can be reversed if the disease is
actively prevented and treated.2 Therefore, early detection, prevention and intervention of microalbuminuria are
significant.

In 2001, Dobiasova et al3 put forward the concept of plasma atherogenic index of plasma (AIP), a logarithmically
transformed ratio of triglyceride (TG) to high-density lipoprotein-cholesterol (HDL-C) in molar concentration. AIP is
a good predictor of the risk of atherosclerosis and coronary heart disease.4,5 The AIP is related to the size of
antiatherosclerotic lipoprotein particles, which was a sign of lipid metabolism disorder. Furthermore, AIP can provide
information on the severity of insulin resistance, which is associated with impaired glucose metabolism.6 At present, the
researches on AIP at home and abroad mainly focused on diabetic macroangiopathy.7 However, at present, we do not
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fully understand the relationship between AIP and microvascular complications in patients with T2DM. Therefore, this
study mainly discusses the predictive value of AIP for microalbuminuria in newly diagnosed patients with T2DM.

Materials and Methods
Study Design
This was a cross-sectional study. The study was conducted in accordance with the Declaration of Helsinki and approved
by the Hebei General Hospital Ethics Committee.

Research Objects
In this study, 506 newly diagnosed patients with DM in Hebei People’s Hospital from January 2018 to December 2020 were
collected. According to the inclusion and exclusion criteria (Figure 1), 335 newly diagnosed T2DM patients were finally
included in this study. They were divided into microalbuminuria group (group A, n = 105 cases) and no microalbuminuria
group (group B, n = 230 cases) according to whether microalbuminuria occurred. All the diagnoses and treatments
conformed to the Chinese Guidelines for the Prevention and Treatment of Type 2 Diabetes (2020 Edition).8 This study
was approved by the Medical Ethics Committee of People’s Hospital of Hebei Province, and all patients signed the
informed consent form.

Method
General data such as gender, age, course of diabetes, family history of three generations, history of smoking and drinking,
blood pressure, BMI and waist-hip ratio were collected. After overnight fasting for 8–12 hours, the hospitalized patients will
take venous blood samples for inspection in the next morning when they are on an empty stomach. Laboratory examination

Figure 1 The flow chart of participants recruitment.
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indexes include triglyceride (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), serum uric acid (SUA), serum creatinine (SCr), glomerular filtration rate (GFR), fasting blood glucose
(FBG), fasting insulin, insulin resistance index (FINS), glycosylated hemoglobin (HbA1c) and 24-hour urinary microalbu-
min quantification (MAU). Then, we compute AIP by the formula: AIP =log(TG/HDL-C).

Statistical Analysis
SPSS 26.0 statistical software was used to analyze the data. Measurement data conforming to normal distribution are
expressed by mean standard deviation (x� S), and independent sample t test is used for comparison between groups.
Measurement data that do not conform to normal distribution are all expressed by median (quartile), and Mann–Whitney
U-test is used for comparison between groups. The data indicated by the number of cases (%), and the comparison
between groups was performed by χ2 test. Multivariate analysis uses binary logistic regression analysis. Receiver
operating characteristic curve (ROC) and area under the curve (AUC) were used to compare the accuracy of each
index in predicting microalbuminuria in T2DM patients. All the above differences were statistically significant when
P < 0.05.

Results
Comparison of General Clinical Data Between Groups A and Groups B
The average age of patients in group Awas 43.13±11.34, while that of patients in group B was 44.13±12.39, and there was
no significant difference between the two groups (P > 0.05). In addition, there was no significant difference in diabetes
duration, smoking history, drinking history, systolic blood pressure, diastolic blood pressure, fasting insulin level, TC, LDL,
creatinine, glomerular filtration rate and glycosylated hemoglobin level between the two groups (P > 0.05). The levels of
BMI, WHR, TG, SUA, MAU, FBG, HOMA-IR and AIP in group Awere higher than those in group B, and the differences
were statistically significant (P < 0.05). HDL-C level was lower than that of group B, and the difference was statistically
significant (P < 0.05). The results are shown in Table 1.

Analysis of Risk Factors Affecting Microalbuminuria
The microalbuminuria in T2DM patients was considered as the dependent variable. BMI, WHR, TC, TG, LDL-C, HDL-
C, SUA, FBG, HOMA-IR, HbA1c and AIP were seen as independent variables, a binary logistic regression model was
established. The results showed that WHR, TG, HDL-C, FBG, HbA1c and AIP were statistically significant (P<0.05).
The results are shown in Table 2.

Receiver Operating Characteristic Curve (ROC)
ROC curve was used to analyze the predictive efficiency of WHR, TG, HDL-C, FBG, HbA1c and AIP for micro-
albuminuria in T2DM patients. The results showed that the AUC of AIP in T2DM patients was 0.772 (95% CI
0.713~0.831, P ≤ 0.05). When the cut-off value was 0.415, the diagnostic efficiency was the highest and the sensitivity
was 64. The AUC corresponding to WHR, TG, HDL-C, FBG and HbA1c were 0.629, 0.759, 0.594, 0.674 and 0.545,
respectively, and AIP has the best predictive value. The results are shown in Table 3 and Figure 2.

Joint Forecasting Model
According to the results of binary Logistic regression analysis, WHR, TG, HDL-C, FBG, HbA1c and AIP were
substituted into the equation to make the joint prediction model. The results showed that the AUC of the joint prediction
model was 0.841 (95% CI 0.794~0.888, P ≤ 0.05), the sensitivity was 75.2% and the specificity was 79.1%. Compared
with the above indicators, it has a higher prediction value. The results are shown in Table 3 and Figure 3.

Discussion
Diabetic kidney disease (DKD) is one of the common microvascular complications of diabetes, and it is also an important
influencing factor in the poor prognosis of diabetic patients. Research has shown that roughly 3% of patients worldwide
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with a new diagnosis of type 2 diabetes mellitus (T2DM) already have an overt nephropathy at diagnosis and about 20–
30% of the remaining ones develop a complication of this kind later in life.9 As a result, it is significant to identify and
intervene the occurrence of DKD in the early stage to better improve the prognosis and decrease the mortality of T2DM.
24-hour urinary microalbumin is one of the most sensitive indexes to reflect glomerular damage in the early stage.

Table 1 The General Data of Group A and Group B Patients

Variable A Group (n = 105) B Group (n = 230) Statistic P value

Age (years) 43.13±11.34 44.13±12.39 −1.407a 0.160
Course (days) 30.00(10.50,75.00) 30.00(14.00,60.00) −0.101c 0.919

Smoking 38(36.2) 61(26.5) 3.237b 0.072

Drinking 31(29.5) 54(23.5) 1.391b 0.238
SBP (mmHg) 125.57±11.71 125.34±11.69 0.169a 0.866

DBP (mmHg) 82.94±9.22 82.43±8.79 0.492a 0.623

BMI (kg/m2) 27.92±3.65 26.17±3.27 4.381a <0.001
WHR (%) 0.97±0.59 0.95±0.06 3.25a <0.001

TC (mmol/l) 5.26±1.15 4.98±1.06 2.169a 0.031
TG (mmol/l) 2.88(1.95,4.28) 1.67(1.11,2.29) −7.609c <0.001

LDL-C (mmol/l) 3.38±1.08 3.21±0.92 1.503a 0.134

HDL-C (mmol/l) 0.95±0.18 1.04±0.25 −3.867a <0.001
SUA (µmol/L) 342.54±94.94 309.02±81.35 3.132a 0.002

SCr (µmol/L) 66.58±13.41 65.60±13.76 0.607a 0.545

GFR (mL/min) 110.42±11.45 109.63±15.50 0.469a 0.639
MAU (mg/24h) 77.91±53.67 14.30±6.26 17.74a <0.001

FBG (mmol/l) 9.53±1.86 8.37±1.73 5.57a <0.001

FINS (µU/mL) 7.91(4.31,12.25) 6.42(4.14,10.20) −1.955c 0.051
HOMA-IR 3.30(1.80,5.49) 2.23(1.38,3.94) −3.284c 0.001

HbA1c (%) 9.52±1.64 9.31±1.75 1.039a 0.300

AIP 0.49(0.30,0.69) 0.21(0.03,0.37) −7.987c <0.001

Notes: at test; bchi-square test; cMann–Whitney U-test; data were expressed as number (%).
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; WHR,
waist-to-hip ratio; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-
C, high-density lipoprotein cholesterol; SUA, serum uric acid; SCr, serum creatinine; GFR, glomerular
filtration rate; MAU, microalbuminuria; FBG, fasting blood glucose; FINS, fasting insulin; HOMA-IR, HOMA
insulin-resistance; HbA1c, hemoglobin Alc; AIP, atherogenic index of plasma.

Table 2 Logistic Regression Analysis of T2DM Patients with
Microalbuminuria

Factor OR 95% CI P value

BMI (kg/m2) 1.049 0.954~1.154 0.320

WHR (%) 1.081 1.028~1.136 0.002
TC (mmol/l) 1.046 0.700~1.563 0.828

TG (mmol/l) 10.316 3.622~29.382 <0.001

LDL-C (mmol/l) 1.227 0.802~1.877 0.345
HDL-C (mmol/l) 0.006 0.000~0.101 <0.001

SUA (µmol/L) 1.000 0.997~1.004 0.813

FBG (mmol/l) 1.283 1.067~1.543 0.008
HOMA-IR 1.076 0.956~1.210 0.224

HbA1c 0.757 0.619~0.925 0.006

AIP 0.001 0.000~0.081 0.003

Abbreviations: BMI, body mass index; WHR, waist-to-hip ratio; TC, total cholesterol; TG,
triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein
cholesterol; SUA, serum uric acid; FBG, fasting blood glucose; HOMA-IR, HOMA insulin-
resistance; HbA1c, hemoglobin Alc; AIP, atherogenic index of plasma.
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However, clinically, the quantitative analysis of 24-hour urinary albumin is easily influenced by many factors, which
leads to inaccurate results. Therefore, it is very important to find a simple and economical method for early screening of
diabetic patients with DKD.

It is well known that different intracellular pathways demonstrated a driving role in the DKD process, stimulated by
hyperglycemia,10 lipid metabolism disorder also plays an important role in DKD occurrence. Recent evidences indicate
that both quantity and quality of lipids are involved in renal damage associated to lipotoxicity by activating inflammation,
oxidative stress, mitochondrial dysfunction, and cell-death.11 It is one of the pathophysiological mechanism of DKD
formation. The disorder of blood lipid metabolism is mainly manifested by the increase of TG, the decrease of HDL-C
and the increase of sLDL-C ratio. Studies have shown that the diameter of LDL-C particles is closely related to the
degree of atherosclerosis.12 AIP is a sensitive index proposed in 2004 to predict lipid metabolism disorder, which can
indirectly reflect the size of sLDL-C particles. The higher the AIP, the smaller the diameter of sLDL-C particles and the
higher the risk of vascular sclerosis.13 DKD is correlated with lipid metabolism disorder, and the AIP could be seen as
a sensitive factor of lipid metabolism disorder. So, we contend that AIP may play a significant role in predicting the
occurrence of DKD in the early stage. This research aims to study the predictive value of AIP.

Table 3 ROC Curve Analysis of WHR, TG, HDL-C, FBG, HbA1c, AIP in Predicting Disease in All T2DM Patients

Factor AUC 95% CI P value Cut-Off Sensitivity Specificity Youden Index

WHR 0.629 0.564~0.695 <0.001 0.989 0.400 0.817 0.217
TG 0.759 0.699~0.820 <0.001 2.335 0.686 0.774 0.460

HDL-C 0.594 0.530~0.659 0.006 1.215 0.924 0.226 0.159

FBG 0.674 0.613~0.735 0.186 9.060 0.610 0.678 0.288
HbA1c 0.545 0.479~0.611 <0.001 9.050 0.629 0.552 0.181

AIP 0.772 0.713~0.831 <0.001 0.415 0.648 0.826 0.474

Joint model 0.841 0.794~0.888 <0.001 0.318 0.752 0.791 0.544

Abbreviations: ROC, receiver operating characteristics; AUC, area under the ROC curve; WHR, waist-to-hip ratio; TG, triglyceride; HDL-C, high-density lipoprotein
cholesterol; FBG, fasting blood glucose; HbA1c, hemoglobin Alc; AIP, atherogenic index of plasma.

Figure 2 The ROC curve of WHI, TG, HDL-C, FBG, HbA1c, AIP in T2DM patients.
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At present, many studies showed that AIP has a good predictive value for diabetes14 and the occurrence of diabetes
complicated with macroangiopathy.15–17 Some studies also showed that AIP was related to the distribution of body fat in
diabetic patients.15–17 Up to now, there is little research on AIP and diabetic nephropathy. This study showed that compared
with the control group, the AIP index of T2DM patients with microalbuminuria was significantly higher (P < 0.05), and the
levels of BMI,WHR, TG, SUA,MAU, FBG andHOMA-IR in groupAwere all higher than those in group B.While the HDL-
C level was lower than that in group B, and the differences were statistically significant (P < 0.05). These results indicated that
the levels of AIP and HOMA-IR in group A were significantly higher than those in group B. The results of further binary
logistic regression analysis showed thatWHR, TG, HDL-C, FBG andAIPwere independent risk factors for microalbuminuria
(P < 0.05), which indicates that with the gradual increase of waist-hip ratio, triglyceride, fasting blood glucose, glycosylated
hemoglobin, AIP and the gradual decrease of high-density lipoprotein cholesterol in T2DM patients, the probability of
microalbuminuria is increasing. In this study, the ROC curve of WHR, TG, HDL-C, FBG, HbA1c and AIP was made. The
results showed that the AUC of WHR, TG, HDL-C, FBG, AIP were 0.692, 0.759, 0.594, 0.674 and 0.722, respectively, all of
which were P < 0.05. The AUC of AIP was the largest, which indicated that AIP had a better predictive value for the
occurrence of microalbuminuria in T2DM patients. The corresponding optimal critical point of AIP was 0.415; hence, when
AIP is greater than 0.415, it indicates that the occurrence rate of microalbuminuria is greatly increased, so we should be
vigilant in clinic. We made a joint prediction model with WHR, TG, HDL-C, FBG, HbA1c and AIP, and the AUC was 0.841,
which was more significant than the prediction of each index alone and had a higher predictive value for microalbuminuria.
However, the AUC of glycated hemoglobin in this study is 0.545 (P value >0.05), which indicates that glycated hemoglobin is
a risk factor of microalbuminuria, but it could not predict microalbuminuria by itself. Nevertheless, it demonstrated a high
predictive value when combined with other indicators. The reason may be related to the factors such as the bias and size of
samples enrolled in this study. We are looking forward to a larger sample and more people to study the predictive value of
HbA1c for microalbuminuria.

T2DM patients are prone to lipid metabolism disorder, and high triglyceride and low HDL-C are typical manifesta-
tions of lipid metabolism disorder. The results of a prospective study in the UK showed that hypertriglyceridemia is
independently related to the risk of microalbuminuria in T2DM patients.18 Studies have also shown that lipid metabolism

Figure 3 The ROC curve of joint prediction model in T2DM patients.
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disorder plays an important role in the occurrence and development of renal dysfunction.19–22 Dyslipidemia is associated
with proteinuria, renal dysfunction and end-stage renal disease.23 Generally, patients with T2DM are susceptible to the
disorder of blood lipid metabolism, and excessive lipids are gradually deposited in non-fat tissues and organs such as
kidney, liver and blood vessels, which eventually leads to lipotoxicity and aggravates the disease progress. According to
the theory of nephrotoxicity, excessive fatty acids and toxic metabolites are deposited in the glomerulus and renal
tubules, activating various signal pathways, including oxidative stress, inflammation, fibrosis and apoptosis. These
phenomena will lead to renal cell injury and dysfunction, and ultimately accelerating glomerulosclerosis and tubulointer-
stitial fibrosis.24–26 In addition, lipotoxicity can also enhance insulin resistance by activating the protein kinase pathway,
and vice versa.27,28 In a word, high glucose toxicity and lipotoxicity play an important role in the occurrence and
development of DKD.

Conclusion
To sum up, our research shows that AIP is an independent risk factor for microalbumin in newly diagnosed T2DM
patients, which has a good predictive value for its occurrence, while the multi-index joint predictive model has a better
predictive value. At present, blood lipid detection is relatively easy and feasible in the clinic, and it could be used as
a reference index of abnormal lipid metabolism. In the aspect of the economy, AIP is simple and easy to calculate, which
is not only an index of lipid metabolism disorder, but also could predict early renal function damage in T2DM patients,
which is worthy of clinical popularization and usage.

Disclosure
The authors report no conflicts of interest in this work.
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