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Purpose: The relationship between atherogenic index of plasma (AIP) values and 25-hydroxyvitamin D (25[OH] D) was examined in
type 2 diabetes mellitus (T2DM).

Patients and Methods: Six hundred and ninety-eight T2DM patients were included. Patients were allocated to two groups, namely,
the vitamin D-deficient and non-deficient groups (threshold of 20 ng/mL). The AIP was determined as log (TG [mmol/L] / HDL-C
[mmol/L]). The patients were then allocated to two further groups according to the median AIP value.

Results: AIP level in the vitamin D-deficient group was significantly higher than that in non-deficient group (P<0.05). Patients with
high AIP values had markedly reduced levels of vitamin D levels compared with those in the low-AIP group [15.89 (11.97, 20.29) VS
18.22 (13.89, 23.08), P<0.001]. Patients in the high AIP group had a higher rate of vitamin D deficiency (73.3% VS 60.6%). It was
found that AIP values were adversely and independently correlated with vitamin D levels. The AIP value was shown to independently
predict vitamin D deficiency risk in T2DM patients.

Conclusion: Patients with T2DM were shown to have an increased risk of vitamin D insufficiency when their AIP levels were low.
This suggests that AIP is associated with vitamin D insufficiency in Chinese patients with type 2 diabetes.
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Introduction

Diabetes is a chronic metabolic condition, and it occurs more often every year. According to the Latest Chinese Diabetes
Epidemiology 2020, there are 129.8 million people with diabetes in China, of which 70.4 million are men and 59.4
women' with T2DM accounting for about 90% of overall incidence. Common complications of diabetes include
cardiovascular disease, and osteoporosis, as well as diabetic nephropathy, retinopathy, and peripheral neuropathy.
Vitamin D is an essential nutrient for the body’s vital activities. Along with regulating immune system function and
fostering bone formation, vitamin D also controls how calcium and phosphorus are absorbed by the body. Vitamin
D deficiency is prevalent in T2DM patients” and, furthermore, adequate vitamin D levels can prevent the development of
osteoporosis and fracture risk.

AIP, a new indicator of lipid binding, was defined by Dobiasova as the logarithm of the TG to HDL-C ratio.® The AIP
can be calculated from routine laboratory tests and has the advantage of being readily available. Associations between
AIP have been reported with coronary artery disease, and diabetic foot and nephropathy in T2DM patients.* ® Negative
correlations between AIP and vitamin D have also been found in Non-alcoholic fatty liver disease (NAFLD).” However,
it is not known whether there is an association between vitamin D and AIP in T2DM. The purpose of this study was to
investigate the relationship between AIP and serum vitamin D levels in T2DM in China, to further analyze whether AIP

is an independent influencing factor of vitamin D levels.
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Materials and Methods

Study Population

From September 2021 to August 2022, 698 patients were registered in the endocrinology department at Hebei General
Hospital. The patients were divided into two groups: those with sufficient vitamin D levels (> 20 ng/mL) and those with
deficient levels (< 20 ng/mL). The AIP was determined according to the TG and HDL-C levels, and the patients were
allocated to two groups, High-AIP and Low-AIP, according to the median value. All participants were T2DM patients
who met the 1999 WHO diagnostic criteria for diabetes and were aged > 18 years and <80 years. Patients with non-
T2DM diabetes, or with acute diabetes complications, or with severe hepatic and renal insufficiency, or with malignancy,
or with thyroid disease, or with previous fractures, or with other diseases or with medications influencing vitamin
D levels were excluded. The Hebei General Hospital’s ethics committee gave its approval before the research was
conducted in accordance with the Declaration of Helsinki’s criteria. The study objectives were explained to the patients
and they signed informed consent forms.

Clinical Assessment and Biochemical Measurements

Basic patient information, including age, sex, smoking, disease history, disease duration, and alcohol consumption, was
obtained by questionnaire. The patients’ heights, weights, diastolic blood pressure (DBP), and systolic blood pressure
(SBP) were recorded. Blood specimens were collected from subjects after overnight fasting (more than eight hours) for
measurement of AST, ALT, fasting blood glucose (FBG), urea nitrogen (BUN), uric acid (UA), creatinine (Scr), GFR,
total cholesterol (TC), triglyceride (TG), HDL-C, LDL-C, 25-hydroxyvitamin D, and glycated hemoglobin (HbAlc), all
of which were determined by the laboratory physicians of the Hebei General Hospital using a fully automated
biochemical analyzer; 25-Hydroxyvitamin D3 (25[OH]D3) levels were determined using electrochemiluminescence by
a physician in the Department of Nuclear Medicine.

Calculation of Parameters
AIP= log (TG [mmol/L] / HDL-C [mmol/L]).
Body mass index (BMI) = weight (kg) / height (m)?;

Statistical Analysis

SPSS 25.0 was used for data analysis. Continuous variables were represented as means + standard deviation (SD) if they
conformed to a normal distribution, and Student’s 7-test was used between-group comparisons; non-normally distributed
data were presented as medians (P25, P75) and the Mann—Whitney U-test was used to compare groups. For categorical
variables, data were expressed as numbers (percentages) and compared by x2 tests. Associations between AIP and clinical
indicators were evaluated by Spearman correlation analysis, linear regression was used to assess independent influencing
factors, and logistic regression for the assessment of the ability of AIP to predict vitamin D deficiency. P-values <0.05
were considered statistically significant.

Results

Indicators in the Vitamin D-Deficient and Non-Deficient Groups

Of the 698 enrolled patients, 66.9% (467/698) were vitamin D-deficient. AIP values were greater in the deficient group
patients (P<0.001) (Table 1 and Figure 1). There were relatively fewer males in the deficient group than in the non-
deficient group. Both age and diabetes duration were lower in vitamin D-deficient patients while SBP, DBP, BMI, FBG,
UA, GFR, TG, TC, and HAblc levels were higher (P<0.05). The clinical parameters for the patients in both groups are
presented in Table 1.

Comparison of Indicators Between the Low-AlIP and High-AIP Groups
Patients with high AIP values had markedly reduced levels of vitamin D levels compared with those in the low-AIP
group [15.89 (11.97, 20.29) VS 18.22 (13.89, 23.08), P<0.001] (Figure 2), and patients in the high-AIP group were also
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Table | Indicators in the Vitamin D-Deficient and Non-Deficient Groups

Variable Non-Vitamin D Deficienct | Vitamin D Deficient P-value
Group (n=231) Group (n=467)

Men (%) 141 (61.04%) 246 (52.68%) 0.036*
Smoking (%) 64 (27.71%) 111 (23.77%) 0.259
Drinking (%) 6l (26.41%) 117 (25.05%) 0.699
Age 59 (53, 67) 55 (45, 64) <0.001*
DM duration 10 (3, I5) 7 (2, 13) 0.002*
SBP (mmHg) 132£18 133 (122, 147) 0.050*
DBP (mmHg) 80 (74, 88) 8311 0.012*
BMI (kg/m2) 26.11 (24, 28.38) 26.85 (24.34, 29.29) 0.024*
ALT (U/L) 18.8 (14.6.26.15) 19.8 (14.05, 29.25) 0.528
AST (U/L) 19.6 (16.85, 24.55) 19.1 (15.9, 24.8) 0.146
FBG (mmol/L) 7.55 (6.08, 9.87) 8.32 (6.49, 10.91) 0.006*
BUN (mmol/L) 5.2 (4.5, 6.1) 5.4 (4.4, 6.5) 0.479
Scr (mmol/L) 65.2 (57.5, 76.3) 64.8 (54.5, 74.7) 0.119
UA (mmol/L) 297.1 (253.5, 349.5) 317.6 (262.55, 387.3) 0.01*
GFR (mL/min) 9831 (88.72, 104.31) 101.77 (91.54, 110.99) <0.001*
TC (mmol/L) 4.52 (3.74, 5.31) 4.76 (3.85, 5.63) 0.034*
TG (mmol/L) 1.34 (0.96, 1.73) 1.61 (1.09, 2.44) <0.001*
HDL-C (mmol/L) 1.08 (0.94, 1.26) 1.05 (0.89, 1.23) 0.137
LDL-C (mmol/L) 2.97+0.94 3.11 (2.40, 3.70) 0.070
HbAIC (%) 8.3 (6.9, 10.1) 9.1 (7.45, 10.6) 0.001*
AIP 0.1£0.29 0.19 (-0.001, 0.38) <0.001*

Note: *Denotes significance at a P value of <0.05.

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; ALT, alanine
aminotransferase; AST, aspartate transaminases; FBG, fasting blood glucose; BUN, blood urea nitrogen; SCr,
serum creatinine; UA, uric acid; GFR, glomerular filtration rate; TC, total cholesterol; TG, triglyceride; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HbAlc, hemoglobin Alc; AIP,
atherogenic index of plasma.

younger. The vitamin D deficiency rate, smoking rate, SBP, DBP, BMI, ALT, FBG, TC, TG, LDL-C, and HbA1C levels
were all higher in high-AIP patients while disease duration and HDL-C were lower compared with low-AIP patients
(P<0.05). No differences in sex, alcohol consumption, AST, BUN, SCr, or GFR were observed between the two groups
of patients (P>0.05) (Table 2).

Association Between Vitamin D and Clinical Indicators

Vitamin D was negatively associated with AIP values (r=—0.191, P<0.001), while vitamin D levels were positively
associated with age (r=0.154, P<0.001) and SCr (r=0.085, P=0.025) but negatively associated with SBP (r=—0.109,
P=0.004), DBP (r=—0.098, P=0.01), BMI (r=—0.085, P=0.024), AST (r=—0.084, P=0.027), FBG (r=—0.129, P=0.001),
GFR (r=—0.114, P=0.003), TG (r=—0.1, P=0.008), TC (r=—0.192, P<0.001), LDL-C (r=—0.09, P=0.018), and HbAlc (r=-
0.177, P<0.001) (Table 3).

Linear Regression Shows That AIP Independently Predicts Vitamin D Deficiency
Vitamin D and AIP were negatively associated in the unadjusted Model 1 (P<0.001) while Model 2 (after adjustment for
age, T2DM duration, SBP, DBP, and BMI) (P<0.001), Model 3 (after adjustment for age, T2DM duration, SBP, DBP,
BMI, AST, ALT, BUN, SCr, UA, GFR, TC, TG, LDL-C, and HDL-C) (P=0.043), and Model 4 (with adjustments for age,
T2DM duration, SBP, DBP, BMI, AST, ALT, BUN, SCr, UA, GFR, TC, TG, LDL-C, HDL-C, FBG, and HbA1C)
(P=0.038) indicated that AIP independently influenced the vitamin D level (Table 4).
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Figure | Comparisons of AIP between non- vitamin D deficiency and Vitamin D deficiency groups.
Note: *Denotes significance at a P value of <0.05.
Abbreviation: AP, atherogenic index of plasma.
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Figure 2 Comparisons of vitamin D levels in the Low-AlIP and High- AIP groups.
Note: *Denotes significance at a P value of <0.05.
Abbreviation: AIP, atherogenic index of plasma.

Logistic Regression Indicated an Independent Association Between AIP and Vitamin D
In this analysis, vitamin D deficiency (whether present or absent) was used as a dependent variable together with age,
T2DM duration, SBP, DBP, FBG, UA, GFR, TC, and HbAIC, among others. As shown in Table 5, AIP was
independently related to deficiency risk in T2DM patients [OR (95% CI) = 2.009 (1.096, 3.680), p<0.05]. Specifically,
an increase of one unit in the AIP was linked to a 2.009-fold elevation of the vitamin D deficiency risk.
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Table 2 Comparison of Indicators Between the Low-AIP and High-AIP Groups
Variable Low-AIP (n=350) High-AIP (n=348) P-value

Men (%) 195 (55.7%) 192 (55.2%) 0.885
Smoking (%) 76 (21.7%) 99 (28.4%) 0.040*
Drinking (%) 78 (22.3%) 100 (28.7%) 0.051
Prevalence of vitamin | 212 (60.6%) 255 (73.3%) <0.001*
D deficiency (%)
Age 58 (50, 66) 55 (45.5, 64) <0.001*
DM duration 10 (3, 16) 6 (2, 12) <0.001*
SBP (mmHg) 131 (119, 143) 133 (124, 147) 0.033*
DBP (mmHg) 80.84x11.17 83 (76, 91) <0.001*
BMI (kg/m?) 25.66 (23.44, 27.92) 27.43 (25.28, 30.03) <0.001*
ALT (U/L) 18.3 (13.4, 26.5) 20.6 (15.55, 29.5) 0.002%*
AST (U/L) 19.5 (16.1, 24.6) 19.2 (16.1, 25.2) 0.881
FBG (mmol/L) 7.44 (5.8, 9.66) 8.65 (6.85, 11.22) <0.001*
BUN (mmol/L) 5.3 (4.6, 6.3) 5.3 (44, 64) 0.584
Scr (mmol/L) 64.4 (55.1,73.7) 65.45 (56.25, 75.8) 0.188
UA (mmol/L) 285.5 (242.8, 335) 339.9 (284.1, 405.7) <0.001*
GFR (mL/min) 99.43 (90.03, 107.22) | 101.67 (91.03, 110.55) | 0.068
TC (mmol/L) 4.4 (3.66, 5.19) 4.9 (3.98, 5.83) <0.001*
TG (mmol/L) 1.04 (0.83, 1.27) 2.3 (1.71, 3.19) <0.001*
LDL-C (mmol/L) 2.79 (2.22, 3.48) 3.22+0.92 <0.001*
HDL-C (mmol/L) 1.17 (1.00, 1.34) 0.97 (0.84, 1.1) <0.001*
HbAIC (%) 8.6 (6.9, 10.3) 8.95 (7.5, 10.6) 0.02*
Note: *Denotes significance at a P value of <0.05.
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index;
ALT, alanine aminotransferase; AST, aspartate transaminases; FBG, fasting blood glucose; BUN, blood
urea nitrogen; SCr, serum creatinine; UA, uric acid; GFR, glomerular filtration rate; TC, total
cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipo-
protein cholesterol; HbAlc, hemoglobin Alc; AIP, atherogenic index of plasma.
Table 3 Association Between Vitamin D and
Clinical Indicators
Variable r-value P-value
Smoking (%) 0.027 0.478
Drinking (%) 0.036 0.342
Age 0.154 <0.001*
DM duration 0.063 0.095
(Continued)
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Table 3 (Continued).

Variable r-value P-value
SBP (mmHg) —0.109 0.004*
DBP (mmHg) —0.098 0.01*
BMI (kg/m?) —0.085 0.024*
ALT (U/L) —0.03 0.427
AST (U/L) —0.084 0.027*
FBG (mmol/L) —0.129 0.001*
BUN (mmol/L) 0.002 0.952
Scr (mmol/L) 0.085 0.025%
UA (mmol/L) —0.052 0.171
GFR (mL/min) -0.114 0.003*
TC (mmol/L) —0.1 0.008*
TG (mmol/L) —-0.192 <0.001*
HDL-C (mmol/L) 0.072 0.057
LDL-C (mmol/L) —0.09 0.018*
HbAIC (%) —0.177 <0.001*
AlP —0.191 <0.001*

Note: *Denotes significance at a P value of <0.05.
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood
pressure; BMI, body mass index; ALT, alanine aminotransferase; AST,
aspartate transaminases; FBG, fasting blood glucose; BUN, blood
urea nitrogen; SCr, serum creatinine; UA, uric acid; GFR, glomerular
filtration rate; TC, total cholesterol; TG, triglyceride; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cho-
lesterol; HbA I c, hemoglobin Alc; AIP, atherogenic index of plasma.

Table 4 Linear Regression Shows That AIP Independently Predicts
Vitamin D Deficiency

B (95% CI) Std.Error | Beta T P
Modell | —4.642 (-6.333,-2.950) | 0.862 —0.200 | —5.387 | <0.001*
Model2 | —3.565 (=5.375,-1.756) | 0.922 —0.154 | —3.869 | <0.001*
Model3 | —4.354 (-8.576,-0.131) | 2.I51 —0.188 | —2.024 | 0.043*
Model4 | —4.534 (-8.809,-0.259) | 2.177 —0.196 | —2.082 | 0.038*

Note: *Denotes significance at a P value of <0.05.

ROC Curves Show That AIP Predicts Vitamin D Deficiency

ROC curves were used to analyze the link between T2DM and vitamin D, and showed that the AUC for AIP was
0.6, indicating that the AIP could predict the development of deficiencies in vitamin D. The sensitivity was
found to be 45.6%, together with a specificity of 70.7%, a Youdon index of 0.162, and a cutoff value of 0.218

(Table 6 and Figure 3).
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Table 5 Logistic Regression Indicated an Independent Association
Between AIP and Vitamin D

Variable p Wald OR (95% CI) P-value
AIP 0.649 4.289 2.009 (1.096, 3.680) 0.038*
Age —0.062 25.509 0.940 (0.918, 0.963) <0.001*
SBP (mmHg) 0.027 14.838 1.027 (1.013, 1.041) <0.001*
DBP (mmHg) —0.027 6.28 0.973 (0.953, 0.994) 0.012%
HbAIC (%) 0.085 0.039 1.089 (1.009, 1.176) 0.029%

Note: *Denotes significance at a P value of <0.05.
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; HbAlc, hemo-
globin Alc; AIP, atherogenic index of plasma.

Table 6 ROC Curves Show That AIP Predicts Vitamin D Deficiency

Variable AUC (95% CI) P-value Cut-off Sensitivity Specificity Youden Index

AIP 0.6 (0.556, 0.644) <0.001* 0.218 0.456 0.707 0.162

Notes: *Denotes significance at a P value of <0.05.
Abbreviations: ROC, receiver operating characteristic curve; AUC, area under the curve; AIP, atherogenic index of plasma.

Discussion

The study participants were divided into deficient and non-deficient groups according to their vitamin D determinations
and the clinical information of the two groups was assessed. Fewer male patients were found in the deficient group,
possibly because men tend to spend more time outdoors. In addition, both fasting blood glucose and glycated hemoglobin
were greater in the deficient group, which is consistent with previous findings.® There was also more younger patients in
the deficient group, as found in Zhao’s study,” which indicated that the vitamin D level may be related to the nature of the

All patients
1.0
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o
1

Sensitivity

=
K
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T T T 1
0.0 0.2 0.4 0.6 0.8 1.0
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Figure 3 ROC curves show that AIP predicts vitamin D deficiency.
Note: *Denotes significance at a P value of <0.05.
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patient’s work. The patients were grouped according to their median AIP indices and these groups were found to differ
both in levels and deficiency of vitamin D. There was a negative relationship between AIP and vitamin D level in T2DM
patients and, furthermore, was able to predict the development of deficiency. The critical AIP value was found to be
0.218; thus, AIP values higher than 0.218 indicate a significantly raised risk of developing vitamin D deficiency.

The European Society of Endocrinology defined serum 25 (OH)D levels <20 ng/mL as deficient.'® Deficiency in
vitamin D is becoming more common as people’s living environment, clothing, diet, sunscreen use, and sun exposure
hours change. A previous survey of people aged 50—70 in Beijing and Shanghai showed that 86% of people had either
vitamin D insufficiency (< 30 ng/mL) or deficiency, with only 14% having normal levels. It is thought that about 1 billion
people throughout the world are either vitamin D insufficient or deficient.'" While vitamin D itself does not have
a physiological function, it is transformed within the body where it takes part in various biological processes. The
vitamin is obtained either from the diet or through the skin, and is initially hydroxylated to 25 (OH)D in the liver by
vitamin D-25-hydroxylase (25-OHase) followed by further hydroxylation in the kidney to 1,25-Dihydroxyvitamin
D (1,25[OH[,D), which is then able to bind to the vitamin D receptor to fulfill its functions.'* A strong link between
vitamin D levels and the development of T2DM and associated complications has been reported. In addition, deficiency
in vitamin D has been related to sleep disorders and sleep deprivation, associated with reduced melatonin production'® as
well as with osteoporosis, muscle pain, rickets, and even fractures,'* all of which adversely affect the quality of life.
Early prediction of vitamin D deficiency is thus particularly important.

The disordered lipid metabolism associated with T2DM involves elevated TG and LDL-C together with low HDL-C.
The AIP, a combined index reflecting both TG and HDL levels, has been shown to indirectly reflect the diameter size of
the LDL particle and to predict the likelihood of diabetes development.>'> The AIP has been found to be effective not
only for predicting macrovascular complications of diabetes, such as cardiovascular disease,'®'” but also microvascular
complications, such as nephropathy, retinopathy and peripheral neuropathy.'®'? The present study suggests that disorders
of lipid metabolism are associated with vitamin D deficiency and that the AIP, as an index of the response to lipid
metabolism, is strongly associated with vitamin D deficiency in T2DM in China.

This study has several strengths. First, it is the first report showing a negative relationship between AIP and vitamin
D and AIP in T2DM. Second, the formula for calculating AIP is relatively simple and can be applied to routine
laboratory findings. The study also has some limitations. First, as a cross-sectional investigation, direct causality could
not be determined. Second, while sunlight exposure and dietary factors affect both vitamin D and blood lipid levels, these
data were not available. Future studies should include outdoor exercise time and diet for in-depth analysis.

Conclusion
In summary, AIP values and vitamin D levels were found to be negatively correlated in T2DM patients. High AIP levels
are thus a good clinical indicator for the identification of vitamin D deficiency, allowing early clinical intervention.

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