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Purpose: The main objective of this study was to examine the possible association between the atherogenic index of plasma (AIP)
and the prevalence of nonalcoholic fatty liver disease (NAFLD) in Chinese individuals with type 2 diabetes mellitus (T2DM).
Patients and methods: In this survey, data from 1074 patients with T2DM were retrospectively extracted. The correlations between
each variable and NAFLD were determined by univariate analysis, and then, the statistically significant variables were evaluated for
their association with AIP and NAFLD by multivariate regression analysis.

Results: AIP levels were significantly higher in all males and females with NAFLD than those without NAFLD (p<0.001). The
prevalence of NAFLD increased progressively throughout the AIP quartiles (trend P < 0.001) and accounted for possible variables in
Model 3 of the multivariate logistic regression analysis (OR: 2244.984). In terms of sensitivity and specificity, the AIP index was
found to be 65.0% and 90.1% accurate, respectively, with a 95% CI of 0.804-0.893. According to a stratified analysis, females,
patients over the age of 56 and current nonsmokers were found to have a higher chance of developing NAFLD.

Conclusion: T2DM individuals with NAFLD were found to have a higher AIP index than those without NAFLD. The prevalence and
progression of NAFLD in T2DM patients may be influenced by the AIP index.

Keywords: type 2 diabetes mellitus, nonalcoholic fatty liver disease, atherogenic index of plasma, diagnostic ability, cross-sectional
study

Introduction

Fat accumulation in the liver is caused by complex interactions between hereditary factors and external factors,
such as metabolic stress." A common chronic complication of diabetes mellitus is characterized as nonalcoholic
fatty liver disease (NAFLD).>> NAFLD is a hepatic manifestation of metabolic syndrome that is typically linked
to type 2 diabetes mellitus (T2DM), obesity, dyslipidemia, and other metabolic disorders.®® Increased obesity and
diabetes incidence has led to a rise in the number of NAFLD problems in T2DM patients.” '' According to the
literature, the occurrence of NAFLD in diabetic patients is 40%-70%.%'>"'> The incidence of NAFLD was 27.85%
in the T2DM group of a Chinese cohort study.'® Therefore, early prevention of the development of NAFLD in
patients with T2DM is essential. The atherogenic index of plasma (AIP) is an efficient predictor of atherosclerosis
and coronary heart disease risk.'”"'® According to a number of studies, an elevated AIP index is linked to the
development of diabetes, coronary heart disease, NAFLD, and hypertension, and it also has good predictive
value.'”*? However, there is no research on the link between AIP and NAFLD in people with T2DM. Therefore,
the aim of this study was to analyze the association between AIP and NAFLD in patients with T2DM and to
investigate the potential of AIP as a potential risk factor for NAFLD.
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Materials and Methods
Study Subjects

We screened 1074 patients from the Department of Endocrinology and Metabolism of the Affiliated Hospital of
Southwest Medical University from March 2018 to May 2019. There were 542 males and 532 females aged 18 to
80 years, with an average age of 56.17 = 11.54 years. Inclusion criteria: the American Diabetes Association
(ADA) “Standards of Medical Care in Diabetes” for diabetes mellitus, published in 2021, were completely met by
all T2DM patients.”> Exclusion criteria: type 1 diabetes, specific types of diabetes due to other causes and
gestational diabetes mellitus defined by the ADA “Standards of Medical Care in Diabetes” (2021);>* infectious
diseases, severe liver insufficiency, severe cardiovascular diseases, psychiatric diseases, alcoholism and incom-
plete clinical data.

The study complied with the ethical standards of the Declaration of Helsinki (2013) and was approved by the Ethics
Committee of the Affiliated Hospital of Southwest Medical University (file number: 2018017).>* The patients gave their
informed consent.

Basic Information

Data regarding sex, age, duration of T2DM, and history of smoking (smoking defined as >1 cigarette/d, lasting >1 year)
were collected. The physical examination indices were height, weight, waist circumference (WC), diastolic blood
pressure (DBP), systolic blood pressure (SBP), heart rate, and body mass index (BMI). The laboratory test indices
were fasting blood glucose (FBG), glycated hemoglobin (HbAlc), triglyceride (TG), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), and y-glutamyl transpeptidase (GGT) levels. After admission, all
participants were given a light meal and fasted for at least eight hours at night. FBG, HbAlc, and lipid levels were
determined by a fully automated biochemical analyzer using 5 ml of fasting venous blood obtained in the early morning
of the next day.

AIP Assessment

AIP was determined as follows for each individual examined at the initial stage: log (TG (mmol/L)/HDL-¢ (mmol/L)).'®
The AIP index was used to separate attendees into four groups: Q1 (<-0.1) (n=264), Q2 (0.1, 0.21) (n=273), Q3 (0.21,
0.43) (n=266), and Q4 (>0.43) (n=271).

Diagnosis of NAFLD
As a proxy of NAFLD, the fatty liver index (FLI) was utilized in this study. The NAFLD group was defined as having an FLI

>60.% The following formula was used to determine FLI: F LI=e(0-933 * In (TG, mg/dL) + 0.139 * BMI (kg/em2) + 0.718 * In (GGT, mg/dL)

+0.053 * WC —15.745)/(1 + e(0.953 * In (TG, mg/dL) + 0.139 * BMI (kg/cm2) + 0.718 * In (GGT, mg/dL) +0.053 * WC —15.745)) * 100 25

Statistical Analysis

The clinical features of the study subjects are reported as the means + SDs. Categorical variables are numerically expressed
(percent within group). To determine if the data followed a normal distribution, Q-Q plots were utilized. Independent
samples t-test for normally distributed data, and nonnormally distributed data were tested by the Mann—Whitney U-test.
Then, the y2 test or Fisher’s exact test was used to evaluate group comparisons for categorical variables. We examined the
anticipated accuracy of the AIP index using receiver operating characteristic (ROC) curves. SPSS.26.0 was utilized for
every statistical analysis.

Results

Table 1 lists the characteristics of the 1074 patients in our study according to sex and NAFLD. The results
showed that compared to non-NAFLD males, males with NAFLD were more likely to be middle-aged, to be
current smokers, to use lipid-lowering drugs, to have higher values for BMI, waist circumference, diastolic blood
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Table | Baseline Clinical Data According to Gender and NAFLD Status

Variables Men P Women P
Non-NAFLD NAFLD Non-NAFLD NAFLD
(n=485) (n=57) (n=509) (n=23)

Age, years old 54.57x11.71 48.65+11.15 <0.001* | 58.49+10.82 57.39x11.72 | 0.636
BMI 24.35+3.09 29.46+2.91 <0.001* | 24.18+3.59 31.86+4.78 <0.001*
WC, cm 86.99+9.59 101.00£7.59 <0.001* | 83.43+10.07 100.74+9.35 <0.001*
SBP, mmHg 133.21+20.34 134.63+17.45 0.612 140.04+22.40 156.04£18.61 | 0.001*
DBP, mmHg 79.88+11.34 84.04£10.03 0.008* 78.39£11.17 85.96+£12.04 | 0.002*
Heart rate 72311173 76.40+12.26 0.013* 74.61+11.50 72611199 | 0415
TC, mmol/L 4.58+1.29 6.88+9.51 <0.001* | 4.98+1.43 5.08%1.64 0.745
TG, mmol/L 2.13£1.72 6.73£5.43 <0.001* | 2.28+2.23 6.02+£5.53 <0.001*
HDL, mmol/L 1.11£0.35 0.92+0.25 <0.001* | 1.25+0.38 1.00+0.34 0.003*
LDL, mmol/L 2.78+1.06 2.41+0.94 0.013* 2.94x1.10 2.22+1.00 0.002%*
FBG, mmol/L 9.17+3.29 9.9242.95 0.101 8.87+3.30 10.79+2.95 0.006*
HbAlc, % 10.05+2.65 9.67+2.35 0.300 9.67£2.55 9.87+2.09 0.720
ALT, IU/L 30.05+28.74 48.35+42.99 <0.001* | 24.41£21.76 33.89+21.92 | 0.042*
AST, IU/L 24.36+32.29 34.06+22.86 0.028%* 21.90£14.35 33.29+23.20 <0.001*
ALP, IU/L 89.50£63.30 100.84£51.72 | 0.194 88.06+58.69 92.00+30.46 | 0.749
GGT, IU/L 50.09£159.72 153.75£261.05 | <0.001* | 34.44+119.77 84.40+83.84 | 0.049*
FLI 17.37£14.85 75.79+10.02 <0.001* | 13.72+14.13 73.80+8.92 <0.001*
AIP 0.21+0.32 0.76+0.42 <0.001* | 0.18+0.34 0.67+0.40 <0.001*
Duration of diabetes, months | 85.40+68.00 46.61+49.56 0.004* 99.53+77.68 93.22+55.30 | 0.197
Current smoking 0.011* 0.300

No 231 17 502 22

Yes 254 40 7 |
Quit smoking 0.595 0.162

No 390 48 506 22

Yes 95 9 3 |

Insulin 171 17 0.451 172 10 0.338
Hypoglycemic drugs 0.888 0.827

No 205 25 186 9

Yes 280 32 323 14
Antihypertensive drugs 0.156 0.624

No 396 42 381 16

Yes 89 15 128 7
Lipid-lowering drugs 0.019* 0.958

No 462 50 488 22

Yes 23 7 21 |

Note: The values were expressed as mean * standard deviation, or n. *P<0.05.

Abbreviations: BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol;
TG, triglyceride; HDL, high density lipoprotein cholesterol; LDL, low density lipoprotein cholesterol; FBG, fasting blood glucose; HbAlc, Hemoglobin
Alc; ALT, alanine transaminase; AST, aspartate transaminase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transferase.

pressure, heart rate, TC, TG, ALT, AST, GGT, FLI, AIP and to have lower values for HDL-c, LDL-c (all P<0.05).
Similarly, females with NAFLD also had higher values for BMI, WC, DBP, heart rate, TC, TG, ALT, AST, GGT,
FLI, and AIP and lower values for HDL-c and LDL-c (all P<0.05).

Univariate regression analyses for all variables are presented in Table 2. According to the results, the
prevalence of NAFLD was positively associated with sex, age, BMI, WC, DBP, heart rate, TC, TG, HDL,
LDL, ALT, GGT, AIP, duration of diabetes, current smoking and use of lipid-lowering drugs (all P trend <
0.05). Next, variables that were not statistically significant in Table 2 were excluded, and those with multiple
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Table 2 Univariate Regression Analysis of Variables Contributing to NAFLD

Prevalence
Univariate
B OR (95%ClI) P
Gender —0.862 0.422 (0.242, 0.738) 0.002%*
Age —0.040 0.961 (0.939, 0.982) <0.001*
BMI 0.557 1.745 (1.532, 1.987) <0.001*
wcC 0.193 1.213 (1.158, 1.272) <0.001*
SBP 0.004 1.004 (0.990, 1.017) 0.611
DBP 0.032 1.033 (1.008, 1.058) 0.009*
Heart rate 0.028 1.028 (1.006, 1.051) 0.014*
TC 0.402 1.494 (1.264, 1.766) <0.001*
TG 0412 1.510 (1.358, 1.680) <0.001*
HDL —2.541 0.079 (0.024, 0.259) <0.001*
LDL —0.376 0.687 (0.511, 0.922) 0.013*
FBG 0.064 1.066 (0.987, 1.151) 0.102
HbAIc —0.057 0.944 (0.847, 1.052) 0.300
ALT 0.012 1.012 (1.005, 1.018) <0.001*
AST 0.006 1.006 (0.999, 1.012) 0.095
ALP 0.002 1.002 (0.999, 1.005) 0.230
GGT 0.002 1.002 (1.000, 1.004) 0.010%
AlP 3.831 46.129 (18.818, 113.075) <0.001*
Duration of diabetes —0.007 0.993 (0.989, 0.996) <0.001*
Current smoking 0.761 2.140 (1.181, 3.879) 0.012%
Quit smoking —0.262 0.770 (0.365, 1.624) 0.492
Insulin —0.034 0.967 (0.597, 1.565) 0.891
Hypoglycemic drugs —0.65 0.937 (0.539, 1.630) 0.818
Antihypertensive drugs 0.463 1.589 (0.844, 2.992) 0.151
Lipid-lowering drugs 0.875 2.399 (1.088, 5.289) 0.030*
Note: *P<0.05.
Table 3 Correlation Between NAFLD and AIP Quartiles
Per | Unit Ql Q2 Q3 Q4
Increase in
AIP
Model | 36.293 Ref 5.910 (0.707, 49.427) 16.832 (2.216, 127.864) | 70.051 (9.621, 510.060)
Model 2 32.284 Ref 5.967 (0.711, 50.045) 16.400 (2.152, 124.985) | 65.785 (9.011, 480.242)
Model 3 2244.984 Ref 1115.269 (0.493, 5795.299 (2.643, 18000.980 (8.123,

2521306.290)

12709508.400)

39890219.100)

Note: Model | unadjusted. Model 2 adjusted for sex, age. Model 3 adjusted for sex, age, BMI, WC, DBP, heart rate, TC, LDL, ALT, GGT, duration of
diabetes, current smoking and lipid-lowering drugs.

covariances (TG, HDL-c) were removed together to facilitate multiple regression analysis (Table 3). Model 1 was
unadjusted for variables, and the odds ratio (OR) for each SD increase in AIP was 36.293. When adjusted for sex
(Model 2), the OR for each SD increase in AIP was 32.284. After comprehensive adjustment for sex, age, BMI,
WC, DBP, heart rate, TC, LDL, ALT, GGT, duration of diabetes, current smoking and lipid-lowering drugs
(Model 3), the OR per SD increase in AIP was 2244.984. All of the models had an OR > 1, indicating that there
was a strong positive association between AIP and NAFLD (all p<0.001). We transformed the AIP index to
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Table 4 Association of AIP with NAFLD in Subgroup Analysis

Subgroup No. of HR (95%ClI) P-value for
Participates Interaction
Gender 0.002
Men 542 1383.079 (46.959, 40735.325)
Women 532 417120.886 (178.756, 973339507)
Age (years) 0.030
18-56 542 1824.077 (95.517, 34834.355)
56-80 435 358242846 (74.847, 1.715E+15)
Current smoking 0.006
No 772 18387.817 (456.535, 740605.140)
Yes 302 155.439 (1.923, 12561.740)

Note: adjusted for sex, age, BMI, WC, DBP, heart rate, TC, LDL, ALT, GGT, duration of diabetes, current smoking and lipid-
lowering drugs.

a categorical variable (AIP quartiles) to improve the study’s reliability, and the outcomes remained unchanged.
Additionally, the higher the AIP index is, the greater the risk of NAFLD in the T2DM population.

The findings of the subgroup analysis are shown in Table 4. After excluding the factors causing multicollinearity, TG
and HDL-c levels, the remaining effective variables were included in the binary regression analysis. There was a strong
relationship between the performance of the AIP index and an elevated risk of NAFLD prevalence in females, patients >
56 years of age, and current nonsmokers (all P for interaction < 0.05).

After that, we assessed the diagnostic value of the independent risk factors for NAFLD using an ROC curve
(Figure 1). With an under the curve (AUC) of 0.891 (95% CI: 0.857, 0.925), WC was found to be the most
accurate, and the second most accurate was the AIP index (AUC: 0.849, 95% CI: 0.804—0.893). By calculating the
Jorden index, the optimum cutoff value of AIP was 0.56. The sensitivity of the AIP index was 65.0%, and the
specificity was 90.1%.

ROC Curve of NAFLD

Source of the Curve

—WC0.891
—AIP:0.849
—ALT:0.720
—— DBP:0.635
TCO0.611
——SBP:0.559
heart rate:0.549
—LDL-c:0.376
Duration of diabetes:
0.375
—age:0.368
HDL-c:0.292

Sensitivity

0.4 0.6

1 - Specificity

Figure | ROC curve of AIP index predicting NAFLD in patients with T2DM.
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Discussion

NAFLD is common in patients with type 2 diabetes, but there is still a lack of simple and easy predictors.*'? This study
proposes AIP as an assessment index to estimate the likelihood of developing NAFLD in T2DM patients and evaluated
the diagnostic performance of the AIP index. After binary regression analysis, AIP was demonstrated to be a significant
risk factor for concurrent NAFLD in patients with T2DM, and there was a trend for the prevalence of NAFLD to increase
with increasing levels of AIP. Among T2DM individuals, females, patients >56 years of age, and current nonsmokers had
a significantly increased risk of NAFLD. According to ROC curve analysis, the AIP index also had good diagnostic
performance (AUC: 0.849, sensitivity: 65.0%, specificity: 90.1%).

Most studies have shown that the prevalence of NAFLD is higher in males than in females.?® This trend is reversed in
postmenopausal females, possibly due to the loss of the protective effect of estrogen.?’ 2 The mean age of females with
NAFLD in this study was 57 years old, which may explain the much higher prevalence of NAFLD in females with
T2DM than in males in this study. A cross-sectional study from Peking Union Medical College Hospital showed that WC
was the strongest predictor of NAFLD in postmenopausal females.>® This is consistent with our findings that WC
performs best under the ROC curve. This adds strong scientific evidence to the increased prevalence of NAFLD in
postmenopausal females and the migration of body fat to the abdomen.>'*? Insulin resistance was a common feature of
all of the T2DM population included in this study, and insulin resistance indirectly contributes to the development of
NAFLD.”

Smoking, a carcinogenic factor in liver cancer, also has a negative impact on the development of NAFLD; however,
our findings show that current nonsmokers have a much higher risk than current smokers.** We speculate that this result
was found because these individuals were passive smokers or had quit smoking, and some studies show that quitting
smoking may lead to NAFLD by increasing BMI.*> In addition, passive smoking caused by sidestream smoke is more
harmful than active smoking.*®"’

The development of T2DM can be predicted by the AIP index.**>° Additionally, AIP was significantly correlated
with the prevalence of NAFLD in both the obese and nonobese populations.*™*' On the basis of past research and the
current data, it can be inferred that there is also a favorable correlation between AIP and NAFLD in patients with T2DM.
The relationship between T2DM and NAFLD is characterized by a number of pathological alterations, including insulin
resistance, an abnormal hepatic lipid profile that results in adiposity, and hyperinsulinemic dysfunction.*? This could be
the reason why AIP is able to predict NAFLD in patients with T2DM.

The present cross-sectional study was derived from the community, ensuring the uniformity of personnel. And this is
the first study to assess the relationship between AIP and NAFLD in T2DM patients. Some limitations exist for this
study. Because our dataset lacked liver biopsies or imaging, we utilized the FLI index to characterize NAFLD, which is
less accurate.*’ In addition, this study was unable to obtain information on patient diets during their hospitalization to
exclude the effect of diet on triglyceride production. Additionally, the study only sampled 1074 people in the Luzhou

area, which is a small sample. A larger cross-sectional study or cohort study is needed to confirm the correlation.

Conclusion

In conclusion, a significantly increased AIP index was observed in patients with NAFLD and T2DM, and this association
was stronger in women, those older than 56 years, and current nonsmokers. These findings suggest that the AIP index
might have a substantial influence on the occurrence and development of NAFLD in T2DM patients. However, its

mechanism of action remains unclear, and more studies are required to investigate the causal association.

Ethics Approval and Informed Consent
The study was approved by the Ethics Committee of the Affiliated Hospital of Southwest Medical University. Approval
number: 2018017. Everyone involved in this study signed an informed consent form.
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