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Abstract: Background: The atherogenic index of plasma (AIP) is the base-10 logarithmic conversion
of the triglyceride to high-density lipoprotein cholesterol ratio [AIP = log10 (triglyceride/HDL
cholesterol)]. Some studies have found a link between low serum vitamin D levels, AIP, and fatty liver.
This study was conducted to evaluate the relationship between AIP levels, fatty liver, and vitamin D
levels in obese adolescents aged 10–17 years. Methods: This study included 136 adolescents, including
83 obese and 53 healthy controls, in the age range of 10–17 years. Thirty-nine of the obese adolescents
had fatty livers. Those with ultrasonography grades 2 or 3 of fat were in the fatty liver group. The AIP
value was calculated as the logarithmic conversion of the ratio (triglyceride/HDL cholesterol) at the
base of 10. Vitamin D and other laboratory tests were analyzed biochemically. Statistical evaluations
were made with the SPSS program. Results: The AIP, body mass index (BMI), homeostatic model
assessment for insulin resistance (HOMA-IR), and insulin averages of obese adolescents with fatty
liver were significantly higher than those of obese adolescents without fatty liver and the healthy
control group (p < 0.05). Again, the mean AIP of obese patients without fatty liver was pointedly
higher than that of the healthy control group (p < 0.05). There was a positive, moderate relationship
between AIP and BMI, AIP and HOMA-IR, and AIP and insulin levels (p < 0.05), whereas there was
a negative, moderate (37.3%) relationship between AIP and vitamin D (p = 0.019). Conclusion: AIP
levels were higher in obese adolescents, and this increase was higher in obese adolescents with fatty
liver in this study. Moreover, we detected a negative correlation between AIP and vitamin D levels
and a positive correlation with BMI, insulin resistance, and insulin levels. Based on our data, we
concluded that AIP can be a useful predictor of fatty liver in obese adolescents.

Keywords: atherogenic index of plasma; fatty liver; obesity; vitamin D

1. Introduction

Non-alcoholic fatty liver disease (NAFLD) is a major and common chronic liver disease
in children. Studies on obese children have reported that the NAFLD prevalence varies up
to 85% [1]. The prevalence of chronic liver disease in adolescents and youthful adults has
more than doubled in the last thirty years, mostly due to an increase in the prevalence of
NAFLD [2]. In recent years, there has been a dramatic rise in the prevalence of NAFLD
with increasing obesity rates [3,4]. NAFLD is also associated with type 2 diabetes mellitus,
hyperlipidemia, and insulin resistance. The disease may progress to fibrosis, cirrhosis,
and liver carcinoma in the liver [5]. In the pathogenesis of NAFLD, excessive triglyceride
accumulation in the liver is a prerequisite, and there is an imbalance between lipid intake
and lipid excretion that eventually leads to oxidative stress and hepatocyte damage [6].

NAFLD is associated with a high cardiovascular disease (CVD) risk and an atherogenic
lipid profile, including increased triglycerides, LDL cholesterol, and very low-density
lipoprotein cholesterol (VLDL cholesterol) levels and lower HDL cholesterol levels [7–9].
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CVD is a common cause of death in NAFLD patients [10]. NAFLD is a self-sufficient risk
factor for atherosclerotic CVD development, and, by the same token, patients with NAFLD
have chronic inflammation and increased oxidative stress levels, indicating CVD risk [11].
Inflammation, irregularity of lipoprotein metabolism, and oxidative stress lead to the
collection of cholesterol esters in the macrophages of the arterial wall in the pathogenesis
of atherosclerosis [12].

Semiquantitative grading system ultrasonography (USG) is an acceptable tool for
NAFLD screening. USG can detect and rate NAFLD. It is non-invasive, fast, cost-effective,
and easily accessible. However, USG has moderate accuracy in detecting NAFLD [13].
However, total cholesterol/HDL cholesterol, LDL cholesterol/HDL cholesterol, and triglyc-
eride/HDL cholesterol rates are preferable indicators of metabolic and clinical links among
lipid fractions and have better predictive powers than parameters used independently of
disease conditions [14]. Researchers have examined the relationship between another lipid
ratio, the atherogenic index of plasma (AIP) and NAFLD, and they found a relationship
between them [15–20]. Studies show that AIP is a strong indicator of NAFLD and can
predict CVD development [15–19]. However, studies in the pediatric age group are limited.
There is an important positive correlation between AIP and steatosis grade; AIP may be a
risk indicator for NAFLD and CVD in obese children [20].

The AIP was defined by Dobiasova and Frohlich in 2001 as a sensitive and powerful
index reflecting the interaction between atherogenic and non-atherogenic lipoproteins. The
AIP is the base-10 logarithmic conversion of the triglyceride to high-density lipoprotein–
cholesterol ratio [AIP = log10 (triglyceride/HDL cholesterol)] [21]. The AIP is a powerful
indicator for estimating the risk of atherosclerosis and cardiovascular disease [22–24].
Compared to the routine lipid profile, the AIP is a better predictor of atherosclerosis
than LDL cholesterol [21]. The AIP prevents inconsistent evaluation of different lipid
components and simplifies the routine estimation task [25].

Many studies showed the connection between AIP and vitamin D levels [26]. Data in
the literature suggest that decreasing serum vitamin D levels can lead to fatty liver disease.
Hypovitaminosis D was associated with the severity and ratio of NAFLD [27]. Based on
the literature data, for the first time, we conducted this study to examine the relationship
between AIP values and NAFLD and vitamin D levels in obese adolescents in the 10–17
adolescent age group.

2. Materials and Methods
2.1. Patients and Design

This study included 136 adolescents, 83 obese and 53 healthy controls, aged 10–17,
who were admitted to the pediatrics division of Dr. Cemil Taşcıoğlu at City Hospital in
İstanbul between 15 November 2022 and 15 January 2023. Adolescents with a body mass
index (BMI) of 95th percentile and above according to age and sex were ‘obese’. Thirty-nine
of the obese adolescents had fatty livers. Those with grade 2 or 3 fatty liver according
to USG were in the NAFLD-fatty liver group. Those with grade 1 fatty liver were not
included in the study. The healthy control group consisted of 53 patients without fatty liver
according to USG whose BMI was in the normal percentile for their age and sex. The AIP
value was the base-10 logarithmic conversion of the ratio (triglyceride/HDL cholesterol).
Vitamin D and other laboratory tests were analyzed biochemically. All laboratory tests,
sex, age, and BMI levels were statistically checked among the groups. Correlations were
examined between the obese adolescent group and the group with liver fat. Smoking,
obesity, the presence of chronic disease other than fatty liver, infection, those receiving any
medication, and those receiving vitamin D supplements within the last six months were
not in the study.

We performed a power analysis before beginning this study. As a result of the power
analysis using the G*Power program, when the effect size is d: 1.010 and the standard
deviation is 0.27 for AIP, the sample number for power = 0.80 and α = 0.05 was determined
for a minimum of 17 individuals for each group.
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2.2. Calculation of the Parameters

AIP = log10 (triglyceride/HDL cholesterol) [21].
Homeostatic model assessment of insulin resistance (HOMA-IR): for insulin resistance

(insulin IU/L × glucose mg/dL)/405 [28].
LDL cholesterol level calculations were in line with Friedewald’s formulation [LDL

cholesterol = total cholesterol (HDL cholesterol) – (triglyceride/5)].

2.3. Laboratory Tests

The colorimetric method measured glucose, urea, creatinine, aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), C-reactive protein (CRP), total cholesterol,
triglyceride, HDL cholesterol, LDL cholesterol, and calcium. The chemiluminescent im-
munoassay method evaluated thyroid stimulating hormone (TSH), free T4 (fT4),
25-hydroxyvitamin D3, and insulin in an autoanalyzer (Roche Brand, Cobas 8000 model).
HbA1c was measured in an autoanalyzer (Bio-Rad, Variant II turbo) by high-performance
liquid chromatography.

2.4. Statistical Investigation

The IBM SPSS Statistics 22 for statistical analysis (SPSS IBM, Turkey) program was
utilized for statistical analyses. The compatibility of the parameters for the normal distribu-
tion was measured by the Kolmogorov–Smirnov and Shapiro–Wilks tests. In addition to
descriptive statistical methods (mean, standard deviation, and frequency), we compared
parameters with normative distribution between the two groups’ Student’s t-test and the
quantitative data. The Mann–Whitney U-test compared the parameters that did not have
a normative distribution between the two groups. A one-way ANOVA made intergroup
comparisons of normally distributed parameters, and a Tukey’s HSD test determined
the group causing the difference. The Kruskal–Wallis made intergroup comparisons of
non-normally distributed parameters, and Dunn’s test determined the group causing the
difference. Pearson’s correlation analysis scrutinized the relationships between parameters
that were compatible with a normal distribution, whereas Spearman’s rho correlation
analysis examined the links between parameters that do not have a normal distribution.
The chi-square test compared qualitative data. The most appropriate cut-off point was
chosen based on the receiver operating characteristic (ROC) curve analysis. The statistical
significance was p < 0.05.

2.5. Ethical Approval

The research was acknowledged by Prof. Dr. Cemil Taşcıoğlu City Hospital Ethics
Committee (14/11/2022-314).

3. Results

This study had 136 adolescent participants, including 62 (45.6%) girls and 74 (54.4%)
boys, aged between 10 and 17 years. The mean age was 13.07 ± 1.94 years. Adolescents
were in two groups: obese (n = 83) and control (n = 53). There was no statistically significant
difference between the groups in mean age and sex distribution (p > 0.05). The mean BMI
of obese adolescents was significantly higher than that of the control group (p < 0.05).

The AST, ALT, CRP, cholesterol, triglyceride, LDL cholesterol, HOMA-IR, insulin,
cholesterol/HDL, triglyceride/HDL, AIP, cholesterol/triglyceride levels of obese adoles-
cents were significantly higher than those of the healthy control group (p < 0.05). The HDL
cholesterol levels of obese adolescents were considerably lower than those of the healthy
control group (p < 0.05).

The biochemical parameters and Calculated indexes between the obese adolescent
group and the healthy control group were presented in Table 1.
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Table 1. Data on obese adolescents and healthy controls.

Obese Adolescents (n = 83) Healthy Control (n = 53)
Mean ± SD Mean ± SD p-Value

Serum Biochemical Parameters:
HbA1c (%) 5.42 ± 0.37 5.33 ± 0.31 0.161 1

Glucose (mg/dL) 89.73 ± 8.03 89.36 ± 7.5 0.785 1

Urea (mg/dL) 23.49 ± 6.24 22.38 ± 5.85 0.299 1

Creatinine (mg/dL) 0.57 ± 0.14 0.58 ± 0.15 0.911 1

AST (U/L) 25.2 ± 12.86 19.68 ± 5.17 0.001 2

ALT (U/L) 28.78 ± 25.38 14.21 ± 7.06 0.001 2

CRP (mg/L) 4.89 ± 4.47 3.13 ± 3.51 0.003 2

Cholesterol (mg/L) 162.33 ± 33.53 146.96 ± 28.98 0.007 1

Triglyceride (mg/L) 123.2 ± 60.67 83.72 ± 34.15 0.001 2

HDL cholesterol (mg/dL) 44.27 ± 9.14 51.66 ± 11.3 0.001 1

LDL cholesterol (mg/dL) 98.45 ± 29.69 80.96 ± 26.13 0.001 1

TSH (mU/L) 2.78 ± 1.3 2.66 ± 1.76 0.641 1

Free T4 (ng/L) 10.31 ± 2.23 10.3 ± 2.21 0.991 1

25-Hydroxyvitamin D3 (ug/L) 16.91 ± 8.96 16.58 ± 6.45 0.853 2

Insulin (IU/L) 22.68 ± 15.37 10.66 ± 5.38 0.001 2

Calculated indexs:
HOMA-IR 5.07 ± 3.61 2.37 ± 1.25 0.001 2

Cholesterol/HDL cholesterol 3.81 ± 1.14 2.96 ± 0.84 0.001 2

Triglyceride/HDL cholesterol 3.02 ± 1.89 1.71 ± 0.79 0.001 2

AIP 0.40 ± 0.26 0.19 ± 0.20 0.001 1

Cholesterol/triglyceride 1.58 ± 0.69 1.97 ± 0.73 0.002 2

1 Student’s t-test; 2 Mann–Whitney U Test. AIP: Atherogenic index of plasma, ALT: Alanine aminotransferase,
AST: Aspartate aminotransferase, BMI: Body mass index, CRP: C-reactive protein, HOMA-IR: Homeostatic model
of assessment for insulin resistance, HDL cholesterol: High-density lipoprotein cholesterol, LDL cholesterol:
Low-density lipoprotein cholesterol, SD: Standard deviation, TSH: Thyroid-stimulating hormone.

The AIP, cholesterol/HDL, triglyceride/HDL, and cholesterol/triglyceride mean of
obese adolescents with fatty liver were significantly higher than those of obese people
without fatty liver and the healthy control group (p < 0.05). Again, the average AIP,
cholesterol/HDL cholesterol, and triglyceride/HDL cholesterol of obese patients without
fatty liver were considerably higher than those of the healthy control group (p < 0.05)
(Table 2).

The mean BMI, HbA1c, HOMA-IR, and insulin levels of those with fatty liver were
considerably higher than those without fatty liver and the healthy control group (p < 0.05).
The mean BMI of obese patients without fatty liver was considerably higher than that of
the control group (p = 0.001). There was no statistically noteworthy variance between the
obese patients without fatty liver and the control group in HbA1c levels (p > 0.05).

Data on obese adolescents and healthy controls with and without fatty liver were
presented in Table 2.

Correlations in the entire obese adolescent group (n:83): There was a positive and
statistically important relationship between AIP and BMI, HbA1c, HOMA-IR, insulin,
cholesterol/HDL cholesterol, and triglyceride/HDL cholesterol (p < 0.05). There were
negative and statistically noteworthy correlations amongst AIP and cholesterol and AIP
and cholesterol/triglyceride (p < 0.05).

Correlations in the total obese adolescent group were presented in Table 3.
Correlations in the obese adolescent group with only fatty liver (n:39): There was a

positive and statistically significant relationship between AIP and BMI, HbA1c, HOMA-IR,
insulin, cholesterol/ HDL cholesterol, and triglyceride/HDL cholesterol (p < 0.05). There
was a negative and statistically substantial link between AIP and vitamin D levels and
cholesterol/triglyceride ratio (p < 0.05).

Correlations in the obese adolescent group with fatty liver were presented in Table 4.
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Table 2. Data on obese adolescents and healthy controls with and without fatty liver.

Obesity (+)
Fatty Liver (−)

(n = 44)

Obesity (+)
Fatty Liver (+)

(n = 39)
Healthy Control (n = 53)

Mean ± SD Mean ± SD Mean ± SD p-Value

Demographic variables:
Age 13.02 ± 2.01 12.79 ± 1.95 13.3 ± 1.9 0.462 1

Sex n.%
Female 28 (63.6%) 7 (17.9%) 27 (50.9%)

0.001 3
Male 16 (36.4%) 32 (82.1%) 26 (49.1%)
BMI (kg/m2) 30.02 ± 3.45 b 32.26 ± 5.39 a,b 21.62 ± 3.03 0.001 1

Serum Biochemical Parameters:
HbA1c (%) 5.31 ± 0.33 5.54 ± 0.37 a,b 5.33 ± 0.31 0.003 1

Glucose (mg/dL) 87.86 ± 7.95 91.85 ± 7.68 89.36 ± 7.5 0.064 1

Urea (mg/dL) 22.73 ± 6.41 24.36 ± 6 22.38 ± 5.85 0.279 1

Creatinine (mg/dL) 0.56 ± 0.1 0.59 ± 0.18 0.58 ± 0.15 0.635 1

AST (U/L) 21.18 ± 6.76 29.74 ± 16.29 a,b 19.68 ± 5.17 0.001 2

ALT (U/L) 18.55 ± 7.74 b 40.33 ± 32.62 a,b 14.21 ± 7.06 0.001 2

CRP (mg/L) 4.5 ± 4.61 b 5.33 ± 4.31 b 3.13 ± 3.51 0.006 2

Cholesterol (mg/L) 161.36 ± 35.61 163.41 ± 31.44 b 146.96 ± 28.98 0.025 1

Triglyceride (mg/L) 111.84 ± 58.28 b 136.03 ± 61.5 a,b 83.72 ± 34.15 0.001 2

HDL cholesterol (mg/dL) 46.89 ± 8.97 b 41.31 ± 8.5 a,b 51.66 ± 11.3 0.001 1

LDL cholesterol (mg/dL) 98.68 ± 31.63 b 98.18 ± 27.75 b 80.96 ± 26.13 0.003 1

TSH (mU/L) 2.66 ± 1.25 2.91 ± 1.36 2.66 ± 1.76 0.680 1

Free T4 (ng/L) 10.23 ± 2.26 10.4 ± 2.22 10.3 ± 2.21 0.943 1

25-Hydroxyvitamin D3 (ug/L) 18.23 ± 10.52 15.42 ± 6.62 16.58 ± 6.45 0.573 1

Insulin (IU/L) 17.9 ± 10.11 b 28.07 ± 18.39 a,b 10.66 ± 5.38 0.001 2

Calculated indexs:
HOMA-IR 3.88 ± 2.29 b 6.4 ± 4.33 a,b 2.37 ± 1.25 0.001 2

Cholesterol/HDL cholesterol 3.58 ± 1.18 b 4.08 ± 1.05 a,b 2.96 ± 0.84 0.001 2

Triglyceride/HDL cholesterol 2.61 ± 1.78 b 3.49 ± 1.92 a,b 1.71 ± 0.79 0.001 2

AIP 0.33 ± 0.26 b 0.48 ± 0.23 a,b 0.19 ± 0.2 0.001 1

Cholesterol/triglyceride 1.73 ± 0.71 1.42 ± 0.62 a,b 1.97 ± 0.73 0.001 2

1 One-way ANOVA test. 2 Kruskal-Wallis Test. 3 Chi-square test. a Versus to obesity (+) fatty liver (−) group
b Versus to control group. AIP: Atherogenic index of plasma, ALT: Alanine aminotransferase, AST: Aspartate
aminotransferase, BMI: Body mass index, CRP: C-reactive protein, HOMA-IR: Homeostatic model of assessment
for insulin resistance, HDL cholesterol: High-density lipoprotein cholesterol, LDL cholesterol: Low-density
lipoprotein cholesterol, SD: Standard deviation, TSH: Thyroid-stimulating hormone.

Table 3. Correlations in the total obese adolescent group (n:83).

Total Obese Cholesterol/HDL Triglyceride/HDL Cholesterol/Triglyceride AIP

BMI r 0.247 0.370 −0.204 0.304
p-value 0.024 0.001 0.064 0.005

HbA1c r 0.281 0.276 −0.142 0.269
p-value - 0.012 - 0.014

Cholesterol r - 0.374 - −0.355
p-value 0.001 0.001 0.695 0.001

Triglyceride r 0.651 - - -
p-value + 0.001 - - -

HDL cholesterol r - - 0.513 -
p-value - - 0.001 -

LDL cholesterol r 0.605 0.215 0.111 0.188
p-value 0.001 0.051 0.318 0.089

25-Hydroxyvitamin D3 r −0.040 −0.096 0.140 −0.206
p-value + 0.719 + 0.386 + 0.207 0.062

HOMA-IR r 0.245 0.398 0.403 0.322
p-value 0.026 + 0.001 + 0.001 0.003
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Table 3. Cont.

Total Obese Cholesterol/HDL Triglyceride/HDL Cholesterol/Triglyceride AIP

Insulin r 0.268 0.401 −0.397 0.325
p-value 0.014 + 0.001 + 0.001 0.003

Cholesterol/HDL cholesterol r - - - 0.734
p-value - - - 0.001

Triglyceride/HDL cholesterol r - - - 0.946
p-value - - - 0.001

Cholesterol/triglyceride r - - - −0.879
p-value - - - 0.001

Pearson Correlation Analysis. + Spearman’s rho correlation analysis.

Table 4. Correlations in the obese adolescent group with fatty liver (n:39).

Fatty liver (+) Cholesterol/HDL Triglyceride/HDL Cholesterol/Triglyceride AIP

BMI r 0.380 0.454 −0.253 0.375
p-value 0.017 0.004 0.120 0.019

HbA1c r 0.265 0.184 −0.007 0.133
p-value 0.103 0.263 0.967 0.419
p-value + 0.404 + 0.953 + 0.714 0.989

Cholesterol r - 0.319 - 0.277
p-value - 0.048 - 0.088

Triglyceride r 0.412 - - -
p-value + 0.009 - - -

HDL cholesterol r - - 0.326 -
p-value - - 0.043 -

LDL cholesterol r 0.585 0.150 0.203 0.116
p-value 0.001 0.361 0.215 0.483

25-Hydroxyvitamin D3 r −0.343 −0.331 0.256 −0.373
p-value + 0.032 0.040 + 0.116 0.019

HOMA-IR r 0.304 0.587 –0.500 0.449
p-value + 0.060 + 0.001 + 0.001 0.004

Insulin r 0.313 0.595 −0.510 0.467
p-value + 0.052 + 0.001 + 0.001 0.003

Cholesterol/HDL cholesterol r - - - 0.597
p-value - - - 0.001

Triglyceride/HDL cholesterol r - - - 0.825
p-value - - - 0.001

Cholesterol/triglyceride r - - - −0.807
p-value - - - 0.001

Pearson Correlation Analysis. + Spearman’s rho correlation analysis.

A ROC curve was drawn for AIP in the diagnosis of fatty liver. The area under the
curve is 0.757 and its standard error is 0.05. The area under the ROC curve was found to be
significantly higher than 0.5 (p = 0.001). The cut-off point for AIP in the diagnosis of fatty
liver is >0.41. The sensitivity of this value was 61.5% and the specificity was 83.5% (Area
under the ROC curve (AUC) = 0.757; 95% cervical length (CI) = 0.676–0.826; p = 0.001). A
ROC curve for AIP in the diagnosis of fatty liver was shown in Figure 1.
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4. Discussion

NAFLD, which starts with the collection of fat in hepatocytes in the absence of extreme
alcohol intake, is associated with obesity, type 2 diabetes, hyperlipidemia, and insulin
resistance. Worldwide, the NAFLD incidence is increasing [29,30]. Generally, NAFLD is
asymptomatic and is a silent disease that can be identified in basic health examinations with
some biochemical changes in liver enzymes without any other particular cause, such as
alcohol consumption, virus infection, drug effects, or autoimmune diseases. The diagnosis
of NAFLD entails the validation of hepatic steatosis based on imaging studies or liver
biopsies with clinical examinations [31,32]. AIP is calculated from laboratory parameters
such as triglycerides and HDL cholesterol and, according to the literature, is associated
with liver fattening.

Wang et al. divided obese people with NAFLD into three groups according to their
AIP values and found that the prevalence of NAFLD increased in the medium- and high-
risk groups. They found that AIP and total cholesterol, LDL cholesterol, and BMI levels
were associated with NAFLD, but AIP, in particular, showed a much stronger association
with NAFLD. They stated that AIP may be an indicator that contributes to the diagnosis of
NAFLD [15]. Risal et al. revealed that those with grade 3 liver fat had higher AIP values
than those with grade 1 and 2 liver fat. However, they could not find a difference between
the total NAFLD group and the healthy control group in terms of AIP values. Since NAFLD
is significantly associated with atherogenic dyslipidemia, they stated that AIP may be
useful in evaluating dyslipidemia to prevent CVD [16]. Xie et al. reported higher BMI, ALT,
AST, and AIP values in NAFLD patients. They stated that those with high AIP values were
more likely to be male and younger and had higher BMI, ALT, and AST values. They found
in their study that those with higher AIP levels tended to have a higher risk of NAFLD.
They also stated that AIP showed the strongest relationship with fatty liver compared to
other parameters; it was the strongest biomarker for NAFLD and could be a reference
index in diagnosis and treatment [17]. Dong et al. stated that AIP and NAFLD showed
a positive correlation in Chinese and Japanese people and could be a new screening sign
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for non-obese people with NAFLD in different countries. They stated that age, GGT, ALT,
albumin, uric acid, glucose, LDL cholesterol, BMI, and AIP are independent factors that
have a positive correlation with the progression of fatty liver disease, but AIP is the most
notable independent factor among them [18]. Fadaei et al. reported high AIP values in
NAFLD patients compared to healthy controls. They found that AIP had an independent
relationship with carotid intima-media thickness in NAFLD patients [19].

In our study, we calculated the AIP rates in the obese adolescent group with and
without NAFLD. We found that the mean AIP, BMI, HOMA-IR, and insulin levels of obese
adolescents with fatty liver were higher than those of obese adolescents without fatty
liver and the healthy control group. Again, the mean AIP of obese patients without fatty
liver was significantly higher than that of the healthy control group. Therefore, those
with the highest AIP values were those with fatty liver. Our findings are consistent with
other studies.

However, studies on the relationship between fatty liver and AIP in pediatric patients
are limited. The only study we found was by Ünal et al. [20] with 172 obese children and
adolescents between 7 and 18 years of age. They reported a substantial positive connection
between AIP and steatosis. They stated that AIP is a simple, inexpensive, and easily
calculable parameter that can be a functioning indicator to predict NAFLD and CVD risk
in obese children.

The definitive diagnosis of fatty liver is made by pathological examination. The
discriminative power of the USG examination is limited, especially in grade 1 fatty liver.
Therefore, we did not include those with USG grade 1 fatty liver. Furthermore, we did not
make a separate classification for grades 2 and 3. Our study is the first in the literature to
examine the rate of liver fattening and AIP in the adolescent group since the study sample
consists of obese people between 10 and 17 years of age. According to our current study
data and the results of other research, the existence of AIP and fatty liver are related. High
AIP levels may be beneficial as a strong indicator, especially for grade 2 or 3 fatty liver
disease (NAFLD).

NAFLD patients have a higher risk of atherosclerosis and CVD. In patients with
NAFLD, AIP may increase, and higher AIP values may be associated with an increased
risk of atherosclerosis and CVD. There is a significant increase in carotid intima-media
thickness—an indicator of early atherosclerosis in patients with NAFLD [33,34]. Several
studies on children have shown the relationship between early atherosclerosis, carotid
intima-media thickness, and NAFLD [35]. In another study with a pediatric sample, carotid
intima-media thickness was significantly higher in obese children with NAFLD than in
healthy children or obese children without NAFLD [36]. Previous findings were in a
large pediatric study evaluating the relationship between childhood NAFLD and CVD
risk factors [37]. Autopsy findings of 817 children who passed away from external causes
showed that children with liver fat had significantly more common atherosclerosis than
those without liver fat [38].

One of the most critical known risk factors for CVD is dyslipidemia. The decrease in
HDL cholesterol and increase in total cholesterol, LDL cholesterol, and triglyceride levels
contribute to the progression of the atherosclerotic process [39]. Due to their small particle
size, small-density LDL particles (sdLDL) can penetrate the arterial walls, accumulate for
easy storage, and oxidize to oxidized LDL (OxLDL) compared to HDL particles. When
OxLDL is phagocytized by macrophages, macrophages turn into foam cells, which cause
atherosclerosis and CVD. Studies suggest the clinical use of sdLDL particles as an indicator
for predicting atherosclerosis [40]. As noted in the Dobiasova and Frohlich studies, the
AIP value is inversely proportional to the circumference of LDL particles and reflects the
size of sdLDL particles. Therefore, this measure reflects the balance between protective
and atherogenic lipoproteins [41]. Lipid ratios such as total cholesterol/HDL cholesterol
and LDL cholesterol/HDL cholesterol are determinants of CVD [39,41]. However, studies
have reported that the AIP value is a more consistent indicator for CVD risk factors
than traditional lipid parameters and lipid ratios [42,43]. In this respect, high AIP values
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in adolescents with liver fattening in our study may be predictive for atherosclerotic
cardiovascular diseases. In clinical practice, an accurate index is necessary to screen for
and predict NAFLD. Reporting the AIP value in laboratory results can also be cautionary
and noteworthy for clinicians. In addition to NAFLD, this application may be beneficial in
predicting atherosclerosis and CVD in treatment follow-up. More studies are necessary on
the subject, especially in pediatric cases.

In this study, we found a positive correlation between AIP values and cholesterol/HDL
cholesterol and triglyceride/HDL cholesterol ratios in both the total obese group and the
obese group with fatty liver. Additionally in these groups, there was a negative and
statistically important connection between AIP and cholesterol/triglyceride ratio. We
found that the cholesterol/HDL cholesterol and triglyceride/HDL cholesterol ratios were
higher in the obese group. We found that this increase was higher in obese patients with
fatty liver. Our findings demonstrate the association of all lipid levels with fatty liver and
obesity. However, based on literature data [15–18,41–43] and our study’s findings, we think
that it is more valuable to calculate AIP levels and show their relationship with fatty liver.
In addition, many studies continue to show the superiority of AIP. Our study will also
contribute to other lipid ratio studies.

Vitamin D3 plays a role in many biological processes, such as the regulation of calcium
and phosphorus metabolism and the prevention of cardiovascular disease and inflamma-
tion. Vitamin D3 deficiency may cause various metabolic diseases [44–48], NAFLD [49], and
a decrease in bone mineral content. Hypovitaminosis D is associated with the severity [49]
and incidence of NAFLD in patients with normal liver enzymes [50]. According to the
results of a meta-analysis, 26% of patients with NAFLD had a vitamin D deficiency [51].

We did not find any difference in vitamin D levels between our patient groups. Indeed,
it was low in all groups. In addition, in this research, we found a negative, reasonable
relationship between AIP and vitamin D only in the group with fatty liver. Our findings
are consistent with the studies in the literature [26,27]. However, interestingly, we could
not find a correlation between AIP and vitamin D in the entire obese group, while we
only found a correlation between AIP and vitamin D in the group with fatty liver. İzadi
et al. found that serum vitamin D levels were negatively associated with AIP in NAFLD
patients [52]. The literature supports the inverse relationship between AIP and vitamin D
in our study. In another study, Pokhrel et al. observed a significant negative correlation
between vitamin D with lipid markers and atherogenic variables in a poor glycemic control
diabetic population [53]. Some studies have shown that vitamin D supplementation
improves dyslipidemia and atherogenic indices [54], and may be effective in preventing
atherosclerosis [55]. Therefore, keeping vitamin D at optimal levels may prevent fatty liver
if we supplement deficient children. Additionally, we believe that keeping AIP values low
together with vitamin D at optimal levels may have a preventive effect on atherosclerosis
and CVD in those with fatty liver.

The presence of NAFLD was not determined by liver biopsy; fatty liver was not graded
due to the low distinguishing power of USG, and the relatively low number of patients
are some of the limitations of our study. Moreover, most adolescents with fatty were male.
However, we think that our study will guide other studies on this subject.

5. Conclusions

This study found that AIP levels increased in obese adolescents, and this increase was
higher in obese patients with fatty liver. In addition, we detected a negative correlation
between AIP and vitamin D levels, and a positive correlation with BMI, insulin resistance,
and insulin levels. Based on our data, we concluded that AIP can be used for predicting
fatty liver in obese adolescents.
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Prof. Dr. Cemil Taşcıoğlu City Hospital Ethics Committee (14/11/2022-314) and conducted in accor-
dance with the World Medical Association Declaration of Helsinki.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data is contained within this article [Tables 1–3].

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Jimenez-Rivera, C.; Hadjiyannakis, S.; Davila, J.; Hurteau, J.; Aglipay, M.; Barrowman, N.; Adamo, K.B. Prevalence and risk

factors for nonalcoholic fatty liver in children and youth with obesity. BMC Pediatr. 2017, 17, 113. [CrossRef]
2. Doycheva, I.; Watt, K.D.; Rifai, G.; Mrad, R.A.; Lopez, R.; Zein, N.N.; Carey, W.D.; Alkhouri, N. Increasing burden of chronic

liver disease among adolescents and young adults in the USA: A silent epidemic. Dig. Dis. Sci. 2017, 62, 1373–1380. [CrossRef]
[PubMed]

3. Polyzos, S.A.; Kountouras, J.; Mantzoros, C.S. Adipose tissue, obesity and nonalcoholic fatty liver disease. Minerva Endocrinol.
2017, 42, 92–108. [CrossRef] [PubMed]

4. Augustin, S.; Graupera, I.; Caballeria, J. Nonalcoholic fatty liver disease: A poorly known pandemic. Med. Clin. 2017, 149,
542–548. [CrossRef]

5. Fan, J.G.; Kim, S.U.; Wong, V.W.S. New trends on obesity and NAFLD in Asia. J. Hepatol. 2017, 67, 862–873. [CrossRef]
6. Cholankeril, G.; Wong, R.J.; Hu, M.; Perumpail, R.B.; Yoo, E.R.; Puri, P.; Younossi, Z.M.; Harrison, S.A.; Ahmed, A. Liver

transplantation for nonalcoholic steatohepatitis in the US: Temporal trends and outcomes. Dig. Dis. Sci. 2017, 62, 2915–2922.
[CrossRef] [PubMed]

7. Siddiqui, M.S.; Fuchs, M.; Idowu, M.O.; Luketic, V.A.; Boyett, S.; Sargeant, C.; Stravitz, R.T.; Puri, P.; Matherly, S.; Sterling, R.K.;
et al. Severity of nonalcoholic fatty liver disease and progression to cirrhosis are associated with atherogenic lipoprotein profile.
Clin. Gastroenterol. Hepatol. 2015, 13, 1000–1008. [CrossRef] [PubMed]

8. Younossi, Z.M.; Koenig, A.B.; Abdelatif, D.; Fazel, Y.; Henry, L.; Wymer, M. Global epidemiology of nonalcoholic fatty liver
disease—Meta-analytic assessment of prevalence, incidence, and outcomes. Hepatology 2016, 64, 73–84. [CrossRef] [PubMed]

9. Tutunchi, H.; Saghafi-Asl, M.; Asghari-Jafarabadi, M.; Ostadrahimi, A. The relationship between severity of liver steatosis and
metabolic parameters in a sample of Iranian adults. BMC Res. Notes 2020, 13, 218. [CrossRef]

10. Huang, Y.; Bi, Y.; Xu, M.; Ma, Z.; Xu, Y.; Wang, T.; Li, M.; Liu, Y.; Lu, J.; Chen, Y.; et al. Nonalcoholic fatty liver disease is associated
with atherosclerosis in middle-aged and elderly Chinese. Arterioscler. Thromb. Vasc. Biol. 2012, 32, 2321–2326. [CrossRef]

11. Lonardo, A.; Sookoian, S.; Chonchol, M.; Loria, P.; Targher, G. Cardiovascular and systemic risk in nonalcoholic fatty liver
disease—Atherosclerosis as a major player in the natural course of NAFLD. Curr. Pharm. Des. 2013, 19, 5177–5192. [CrossRef]
[PubMed]

12. Everett, B.M.; Pradhan, A.D.; Solomon, D.H.; Paynter, N.; MacFadyen, J.; Zaharris, E.; Gupta, M.; Clearfield, M.; Libby, P.; Hasan,
A.A.; et al. Rationale and design of the cardiovascular inflammation reduction trial: A test of the inflammatory hypothesis of
atherothrombosis. Am. Heart. J. 2013, 166, 199–207.e15. [CrossRef] [PubMed]

13. Pardhe, B.D.; Shakya, S.; Bhetwal, A.; Mathias, J.; Khanal, P.R.; Pandit, R.; Shakya, J.; Joshi, H.O.; Marahatta, S.B. Metabolic
syndrome and biochemical changes among nonalcoholic fatty liver disease patients attending a terary care hospital of Nepal.
BMC Gastroenterol. 2018, 18, 109. [CrossRef] [PubMed]

14. Millán, J.; Pintó, X.; Muñoz, A.; Zúñiga, M.; Rubiés-Prat, J.; Pallardo, L.F.; Masana, L.; Mangas, A.; Hernández-Mijares, A.;
González-Santos, P.; et al. Lipoprotein ratios: Physiological significance and clinical usefulness in cardiovascular prevention. Vasc.
Health Risk Manag. 2009, 5, 757–765. [PubMed]

15. Wang, Q.; Zheng, D.; Liu, J.; Fang, L.; Li, Q. Atherogenic index of plasma is a novel predictor of nonalcoholic fatty liver disease in
obese participants: A cross-sectional study. Lipids Health Dis. 2018, 17, 284. [CrossRef]

16. Risal, P.; Pandey, M.; Shrestha, S.M.; Adhikari, A.; Manandhar, S.; Karki, S.; Bha, R.D. Correlave analysis of atherogenic
dyslipidemia among the patients with non-alcoholic fatty liver disease visiting tertiary care center. Birat J. Health Sci. 2020, 5,
1132–1136. [CrossRef]

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

http://doi.org/10.1186/s12887-017-0867-z
http://doi.org/10.1007/s10620-017-4492-3
http://www.ncbi.nlm.nih.gov/pubmed/28194666
http://doi.org/10.23736/S0391-1977.16.02563-3
http://www.ncbi.nlm.nih.gov/pubmed/27711029
http://doi.org/10.1016/j.medcli.2017.06.026
http://doi.org/10.1016/j.jhep.2017.06.003
http://doi.org/10.1007/s10620-017-4684-x
http://www.ncbi.nlm.nih.gov/pubmed/28744836
http://doi.org/10.1016/j.cgh.2014.10.008
http://www.ncbi.nlm.nih.gov/pubmed/25311381
http://doi.org/10.1002/hep.28431
http://www.ncbi.nlm.nih.gov/pubmed/26707365
http://doi.org/10.1186/s13104-020-05059-5
http://doi.org/10.1161/ATVBAHA.112.252957
http://doi.org/10.2174/1381612811319290003
http://www.ncbi.nlm.nih.gov/pubmed/23432668
http://doi.org/10.1016/j.ahj.2013.03.018
http://www.ncbi.nlm.nih.gov/pubmed/23895801
http://doi.org/10.1186/s12876-018-0843-6
http://www.ncbi.nlm.nih.gov/pubmed/29980170
http://www.ncbi.nlm.nih.gov/pubmed/19774217
http://doi.org/10.1186/s12944-018-0932-0
http://doi.org/10.3126/bjhs.v5i3.33681
http://doi.org/10.1186/s12944-019-1112-6


Children 2023, 10, 641 11 of 12

18. Dong, B.Y.; Mao, Y.Q.; Li, Z.Y.; Yu, F.J. The value of the atherogenic index of plasma in nonobese people with nonalcoholic fatty
liver disease: A secondary analysis based on a cross-sectional study. Lipids Health Dis. 2020, 19, 148. [CrossRef]

19. Fadaei, R.; Meshkani, R.; Poustchi, H.; Fallah, S.; Moradi, N.; Panahi, G.; Merat, S.; Golmohammadi, T. Association of carotid
intima media thickness with atherogenic index of plasma, apo B/apo A-I ratio and paraoxonase activity in patients with
non-alcoholic fatty liver disease. Arch. Physiol. Biochem. 2019, 125, 19–24. [CrossRef]

20. Ünal, E.; Haspolat, T.K. Novel markers in predicting nonalcoholic liver fatty and metabolic syndrome in obese children and
adolescents: Atherogenic index of plasma and monocyte/high-density lipoprotein cholesterol ratio. J. Surg. Med. 2020, 4,
1003–1007. [CrossRef]

21. Dobiasova, M.; Frohlich, J. The plasma parameter log (TG/HDL-C) as an atherogenic index: Correlation with lipoprotein particle
size and esterification rate in apoB-lipoprotein-depleted plasma (FER (HDL)). Ann. Clin. Biochem. 2001, 34, 583–588. [CrossRef]
[PubMed]

22. Nwagha, U.I.; Ikekpeazu, E.J.; Ejezie, F.E.; Neboh, E.E.; Maduka, I.C. Atherogenic index of plasma as a useful predictor of
cardiovascular risk among postmenopausal women in Enugu, Nigeria. Afr. Health Sci. 2010, 10, 248–252.

23. Shen, S.; Lu, Y.; Qi, H.; Li, F.; Shen, Z.; Wu, L.; Yang, C.; Wang, L.; Shui, K.; Wang, Y.; et al. The association between ideal
cardiovascular health and the atherogenic index of plasma. Medicine 2016, 95, e3866. [CrossRef] [PubMed]

24. Chang, Y.; Li, Y.; Guo, X.; Dai, D.; Sun, Y. The Association of ideal cardiovascular health and atherogenic index of plasma in rural
population: A cross-sectional study from Northeast China. Int. J. Environ. Res. Public Health 2016, 13, 1027. [CrossRef]

25. Bhardwaj, S.; Bhattacharjee, J.; Bhatnagar, M.K.; Tyagi, S. Atherogenic index of plasma, castelli risk index and atherogenic
coefficient- new parameters in assessing cardiovascular risk. Int. J. Pharm. Biol. Sci. 2013, 3, 359–364.

26. Mahmoodi, M.R.; Najafpour, H. Associations between serum vitamin D3, atherogenic indices of plasma and cardiometabolic
biomarkers among patients with diabetes in the KERCADR study. BMC Endocr. 2022, 22, 126. [CrossRef]

27. Hariri, M.; Zohdi, S. Effect of Vitamin d on non-alcoholic fatty liver disease: A systematic review of randomized controlled
clinical trials. Int. J. Prev. Med. 2019, 10, 14. [CrossRef]

28. Makoveichuk, E.; Vorrsjö, E.; Olivecrona, T.; Olivecrona, G. TNF-α decreases lipoprotein lipase activity in 3T3-L1 adipocytes by
upregulation of angiopoietin-like protein 4. Biochim. Biophys. Acta (BBA)-Mol. Cell Biol. Lipids 2017, 1862, 533–540.

29. Wang, J.; He, W.; Tsai, P.-J.; Chen, P.-H.; Ye, M.; Guo, J.; Su, Z. Mutual interaction between endoplasmic reticulum and mitochondria
in nonalcoholic fatty liver disease. Lipids Health Dis. 2020, 19, 72. [CrossRef]

30. Loomba, R.; Sanyal, A.J. The global NAFLD epidemic. Nat. Rev. Gastroenterol. Hepatol. 2013, 10, 686–690. [CrossRef]
31. Mahaling, D.U.; Basavaraj, M.M.; Taurus, A.J. Comparison of lipid profile in different grades of nonalcoholic benefit liver disease

diagnosed on ultrasound. Asian Pac. J. Trop. Biomed. 2013, 3, 907–912. [CrossRef]
32. Obika, M.; Noguchi, H. Diagnosis and evaluation of nonalcoholic benefit liver disease. Exp. Diabetes Res. 2012, 2012, 145754.

[CrossRef]
33. Brea, A.; Mosquera, D.; Martin, E.; Arizti, A.; Cordero, J.L.; Ros, E. Nonalcoholic fatty liver disease is associated with carotid

atherosclerosis: A case-control study. Arterioscler. Thromb. Vasc. Biol. 2005, 25, 1045–1050. [CrossRef] [PubMed]
34. Targher, G.; Bertolini, L.; Rodella, S.; Tessari, R.; Zenari, L.; Lippi, G.; Arcaro, G. Nonalcoholic fatty liver disease is independently

associated with an increased incidence of cardiovascular events in type 2 diabetic patients. Diabetes Care 2007, 30, 2119–2121.
[CrossRef] [PubMed]

35. Pacifico, L.; Cantisani, V.; Ricci, P.; Osborn, J.F.; Schiavo, E.; Anania, C.; Ferrara, E.; Dvisic, G.; Chiesa, C. Nonalcoholic fatty liver
disease and carotid atherosclerosis in children. Pediatr. Res. 2008, 63, 423–427. [CrossRef]

36. Demircioglu, F.; Kocyigit, A.; Arslan, N.; Cakmakci, H.; Hizli, S.; Sedat, A.T. Intima-media thickness of carotid artery and
susceptibility to atherosclerosis in obese children with nonalcoholic fatty liver disease. J. Pediatr. Gastroenterol. Nutr. 2008, 47,
68–75. [CrossRef]

37. Pacifico, L.; Anania, C.; Martino, F.; Cantisani, V.; Pascone, R.; Marcantonio, A.; Chiesa, C. Functional and morphological vascular
changes in pediatric nonalcoholic fatty liver disease. Hepatology 2010, 52, 1643–1651. [CrossRef]

38. Schwimmer, J.B.; Deutsch, R.; Behling, C.; Lavine, J.E. Fatty liver as a determinant of atherosclerosis. Hepatology 2005, 42, 610.
39. Goliasch, G.; Wiesbauer, F.; Blessberger, H.; Demyanets, S.; Wojta, J.; Huber, K.; Maurer, G.; Schillinger, M.; Speidl, W.S. Premature

myocardial infarction is strongly associated with increased levels of remnant cholesterol. J. Clin. Lipidol. 2015, 9, 801–806.e1.
[CrossRef]

40. Cai, G.; Shi, G.; Xue, S.; Lu, W. The atherogenic index of plasma is a strong and independent predictor for coronary artery disease
in the Chinese Han population. Medicine 2017, 96, e8058. [CrossRef]

41. Zhu, L.; Lu, Z.; Zhu, L.; Ouyang, X.; Yang, Y.; He, W.; Feng, Y.; Yi, F.; Song, Y. Lipoprotein ratios are better than conventional lipid
parameters in predicting coronary heart disease in Chinese Han people. Kardiol. Pol. 2015, 73, 931–938. [CrossRef] [PubMed]

42. Khazaal, M.S. Atherogenic index of plasma (AIP) as a parameter in predicting cardiovascular risk in males compared to the
conventional dyslipidemia indices (Cholesterol ratios). Karbala J. Med. 2013, 6, 1506–1513.

43. Shin, H.R.; Song, S.; Cho, J.A.; Ly, S.Y. Atherogenic Index of Plasma and Its Association with Risk Factors of Coronary Artery
Disease and Nutrient Intake in Korean Adult Men: The 2013–2014 KNHANES. Nutrients 2022, 14, 1071. [CrossRef]

44. Hyppönen, E.; Boucher, B.J.; Berry, D.J.; Power, C. 25-hydroxyvitamin D, IGF-1, and metabolic syndrome at 45 years of age:
A Cross-sectional Study in the 1958 British Birth Cohort. Diabetes 2008, 57, 298–305. [CrossRef] [PubMed]

http://doi.org/10.1186/s12944-020-01319-2
http://doi.org/10.1080/13813455.2018.1429475
http://doi.org/10.28982/josam.812679
http://doi.org/10.1016/S0009-9120(01)00263-6
http://www.ncbi.nlm.nih.gov/pubmed/11738396
http://doi.org/10.1097/MD.0000000000003866
http://www.ncbi.nlm.nih.gov/pubmed/27310971
http://doi.org/10.3390/ijerph13101027
http://doi.org/10.1186/s12902-022-01043-1
http://doi.org/10.4103/ijpvm.IJPVM_499_17
http://doi.org/10.1186/s12944-020-01210-0
http://doi.org/10.1038/nrgastro.2013.171
http://doi.org/10.1016/S2221-1691(13)60177-X
http://doi.org/10.1155/2012/145754
http://doi.org/10.1161/01.ATV.0000160613.57985.18
http://www.ncbi.nlm.nih.gov/pubmed/15731489
http://doi.org/10.2337/dc07-0349
http://www.ncbi.nlm.nih.gov/pubmed/17519430
http://doi.org/10.1203/PDR.0b013e318165b8e7
http://doi.org/10.1097/MPG.0b013e31816232c9
http://doi.org/10.1002/hep.23890
http://doi.org/10.1016/j.jacl.2015.08.009
http://doi.org/10.1097/MD.0000000000008058
http://doi.org/10.5603/KP.a2015.0086
http://www.ncbi.nlm.nih.gov/pubmed/25985729
http://doi.org/10.3390/nu14051071
http://doi.org/10.2337/db07-1122
http://www.ncbi.nlm.nih.gov/pubmed/18003755


Children 2023, 10, 641 12 of 12

45. Forouhi, N.G.; Luan, J.; Cooper, A.; Boucher, B.J.; Wareham, N.J. Baseline serum 25-hydroxy vitamin d is predictive of future
glycemic status and insulin resistance: The Medical Research Council Ely Prospective Study 1990–2000. Diabetes 2008, 57,
2619–2625. [CrossRef] [PubMed]

46. Barchetta, I.; De Bernardinis, M.; Capoccia, D.; Baroni, M.G.; Fontana, M.; Fraioli, A.; Morini, S.; Leonetti, F.; Cavallo, M.G.
Hypovitaminosis D is independently associated with metabolic syndrome in obese patients. PLoS ONE 2013, 8, e68689. [CrossRef]
[PubMed]

47. Guasch, A.; Bulló, M.; Rabassa, A.; Bonada, A.; Del Castillo, D.; Sabench, F.; Salas-Salvadó, J. Plasma vitamin D and parathormone
are associated with obesity and atherogenic dyslipidemia: A cross-sectional study. Cardiovasc. Diabetol. 2012, 11, 149. [CrossRef]

48. Amirkhizi, F.; Khademi, Z.; Hamedi, S.; Rahimlou, M. Vitamin D insufficiency and its association with adipokines and atherogenic
indices in patients with metabolic syndrome: A case-control study. Front. Endocrinol. 2023, 14, 1080138. [CrossRef]

49. Targher, G.; Bertolini, L.; Scala, L.; Cigolini, M.; Zenari, L.; Falezza, G.; Arcaro, G. Associations between serum 25-hydroxyvitamin
D3 concentrations and liver histology in patients with nonalcoholic fatty liver disease. Nutr. Metab. Cardiovasc. Dis. 2007, 17,
517–524. [CrossRef]

50. Barchetta, I.; Angelico, F.; Ben, M.D.; Baroni, M.G.; Pozzilli, P.; Morini, S.; Cavallo, M.G. Strong association between nonalcoholic
fatty liver disease (NAFLD) and low 25(OH) vitamin D levels in an adult population with normal serum liver enzymes. BMC
Med. 2011, 9, 85. [CrossRef]

51. Eliades, M.; Spyrou, E.; Agrawal, N.; Lazo, M.; Brancati, F.L.; Potter, J.J.; Koteish, A.A.; Clark, J.M.; Guallar, E.; Hernaez, R.
Meta-analysis: Vitamin D and nonalcoholic fatty liver disease. Aliment. Pharmacol. Ther. 2013, 38, 246–254. [CrossRef] [PubMed]

52. Izadi, A.; Aliasghari, F.; Gargari, B.P.; Ebrahimi, S. Strong association between serum vitamin D and vaspin levels, AIP, VAI and
liver enzymes in NAFLD patients. Int. J. Vitam. Nutr. Res. 2020, 90, 59–66. [CrossRef] [PubMed]

53. Pokhrel, S.; Giri, N.; Pokhrel, R.; Pardhe, B.D.; Lamichhane, A.; Chaudhary, A.; Bhatt, M.P. Vitamin D deficiency and cardiovascular
risk in type 2 diabetes population. Open Life Sci. 2021, 16, 464–474. [CrossRef]

54. Muhammad, M.H.; Hussien, N.I.; Elwia, S.K. Vitamin D Replacement Mitigates Menopause-Associated Dyslipidaemia and
Atherogenic Indices in Ovariectomized Rats; A Biochemical Study. Exp. Clin. Endocrinol. Diabetes 2020, 128, 144–151. [CrossRef]
[PubMed]

55. Zhou, W.; Ye, S.D.; Chen, C.; Wang, W. Involvement of RBP4 in Diabetic Atherosclerosis and the Role of Vitamin D Intervention.
J. Diabetes Res. 2018, 2018, 7329861. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.2337/db08-0593
http://www.ncbi.nlm.nih.gov/pubmed/18591391
http://doi.org/10.1371/journal.pone.0068689
http://www.ncbi.nlm.nih.gov/pubmed/23935881
http://doi.org/10.1186/1475-2840-11-149
http://doi.org/10.3389/fendo.2023.1080138
http://doi.org/10.1016/j.numecd.2006.04.002
http://doi.org/10.1186/1741-7015-9-85
http://doi.org/10.1111/apt.12377
http://www.ncbi.nlm.nih.gov/pubmed/23786213
http://doi.org/10.1024/0300-9831/a000443
http://www.ncbi.nlm.nih.gov/pubmed/30932788
http://doi.org/10.1515/biol-2021-0050
http://doi.org/10.1055/a-0934-5666
http://www.ncbi.nlm.nih.gov/pubmed/31234220
http://doi.org/10.1155/2018/7329861

	Introduction 
	Materials and Methods 
	Patients and Design 
	Calculation of the Parameters 
	Laboratory Tests 
	Statistical Investigation 
	Ethical Approval 

	Results 
	Discussion 
	Conclusions 
	References

