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Purpose: Vitamin D deficiency was thought to be associated with insulin resistance and metabolic-associated fatty liver disease
(MAFLD). The aim of this study was to investigate the relationship between the triglyceride-glucose (TyG) index, a useful surrogate
biomarker of insulin resistance, and vitamin D status in patients with MAFLD.

Patients and Methods: A total of 566 patients with MAFLD were included in this retrospective cross-sectional study. Clinical
characteristics were compared between participants with and without vitamin D deficiency. The association between the TyG index
and serum 25-hydroxyvitamin D [25(OH)D] levels was determined by Spearman correlation analysis and logistic regression analysis.
The receiver operating characteristic curve (ROC) was used to assess the diagnostic efficacy of TyG index for vitamin D deficiency in
MAFLD patients.

Results: The TyG index levels were higher in the vitamin D deficient group than in the non-vitamin D deficient group, and serum 25
(OH)D was negatively correlated with the TyG index. The TyG index was an independent risk factor for vitamin D deficiency in
patients with MAFLD. The area under the curve (AUC) of the TyG index for the identification of vitamin D deficiency in MAFLD
patients was 0.744 (95% CI: 0.701-0.787, p<0.001).

Conclusion: The TyG index is negatively associated with vitamin D status in patients with MAFLD. In patients with MAFLD,
a higher TyG index may be an indication of a higher prevalence of vitamin D deficiency.

Keywords: triglyceride-glucose index, 25-hydroxyvitamin D, metabolic-associated fatty liver disease, insulin resistance

Introduction
Non-alcoholic fatty liver disease (NAFLD) has become a very common disease as a result of changes in diet and
lifestyle. NAFLD affects around a quarter of the global adult population, resulting in widespread social and economic
implications.! As well as causing liver damage, NAFLD is also closely associated with metabolic disorders. NAFLD has
common clinical and physiopathological profiles with metabolic syndrome, and the increased incidence of metabolic
syndrome is associated with an equally significant increase in NAFLD worldwide.? Therefore, NAFLD is also recognised
as a hepatic manifestation of metabolic syndrome. In view of the close relationship between NAFLD and metabolic
syndrome, an international panel published a consensus statement proposing to rename NAFLD as metabolic-associated
fatty liver disease (MAFLD) in 2020. Role of metabolic disorders and insulin resistance in the pathogenesis of fatty liver
is emphasised by this new nomenclature.

Vitamin D deficiency is very common in Asian populations, and the factors significantly related to vitamin
D deficiency were gender, age, altitude, region, and specific diseases (diabetes, cancer, fracture, systemic lupus
erythematosus, fatty liver disease, osteopenia, thyroiditis, anemia, hepatitis, metabolic diseases, and dermatitis).*
Noteworthy, vitamin D deficiency has been closely associated with the severity of NAFLD and has been linked to the
pathogenesis of insulin resistance, a critical factor in the development of NAFLD. It has been reported by Guo et al that
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vitamin D supplementation has a favourable effect on glycemic control and insulin sensitivity in patients with NAFLD.®
A recent study has additionally discovered a negative association between serum vitamin D and MAFLD, particularly
when the serum vitamin D level reached or exceeded 44.6 nmol/L.”

In recent years, the Triglyceride-Glucose (TyG) index, which is derived from a simple formula based on serum
triglyceride and fasting blood glucose levels, has been considered to be a useful surrogate biomarker of insulin
resistance.® ' In addition, Lee et al reported that the prevalence of NAFLD significantly increased with an increase in
the TyG index, and the TyG index was superior to homeostasis model assessment of insulin resistance (HOMA-IR) in
predicting NAFLD in Korean adults.'’ The TyG index was also found to be a risk factor for MAFLD. A meta-analysis
conducted by Wang et al demonstrated that the TyG index can diagnose and predict MAFLD patients with good
accuracy,'> and combining BMI, ALT, and TyG showed high diagnostic efficiency for MAFLD."® Previous studies
have reported an association between the TyG index and vitamin D deficiency in patients with type 2 diabetes mellitus
(T2DM) and suggested that a higher TyG index is linked to an increased risk of vitamin D deficiency.'*'> However, there
have been no reports on the relationship between TyG index and vitamin D status in MAFLD patients. In view of the
close link between MAFLD and insulin resistance, the aim of this study was to investigate the relationship between TyG
index and vitamin D deficiency in patients with MAFLD.

Materials and Methods
Study Population

This retrospective cross-sectional study was conducted at the Department of Gastroenterology, Hankou Hospital of
Wuhan from January 2021 to October 2022. At first, 804 participants who met the diagnostic criteria for MAFLD were
selected. MAFLD was defined as the presence of fatty liver by abdominal ultrasonography, in addition to one of the
following three criteria: namely overweight/obesity, presence of type 2 diabetes mellitus, or evidence of metabolic
dysregulation.®> The exclusion criteria were as follows: (1) liver cirrhosis or tumours; (2) active viral hepatitis, drug-
induced liver injury, autoimmune liver disease, or Wilson disease; (3) renal failure; (4) parathyroid diseases; (5) receiving
vitamin D supplementation or administering medication that affects vitamin D metabolism. Overall, 31 participants who
had missing information of key parameters were excluded. Finally, 566 participants were involved in our study
(Figure 1). The study protocol was approved by the Ethics Committee of Hankou Hospital of Wuhan (approval number:

804 participants who met the diagnostic
criteria for MAFLD were selected

Exclusion criteria:

(1) liver cirrhosis or tumours (n=27)

(2) active viral hepatitis, drug induced
liver injury, autoimmune liver disease
or Wilson disease (n=114)

(3) renal failure (n=32)

(4) parathyroid diseases (n=6)

(5) receiving vitamin D supplementation
or administering medication that affects
vitamin D metabolism (n=28)

597 participants were included |

missing information of key
parameters (n=31)

Finally, 566 participants were involved

Figure | Flow chart of the participants selection.
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2020-HKYYO017) and was conducted in accordance with the Declaration of Helsinki. Written informed consent was
obtained for all participants prior to study commencement. All subjects’ private information is protected.

Data Collection and Laboratory Tests

At enrolment, the following data were collected from all participants: age, gender, body height and weight, medical
history, and history of medication. Body mass index (BMI) was calculated as the body weight divided by the square of
the body height. Hypertension was defined as repeated measurements of systolic blood pressure >140 mmHg and/or
diastolic blood pressure >90 mmHg. Diabetes mellitus was diagnosed based on WHO criteria for diabetes in 1999. Blood
samples were collected after overnight fasting for the following determinations: alanine transaminase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), y-glutamyl transferase (GGT), blood urea nitrogen (BUN), serum
creatinine (SCr), serum uric acid (SUA), fasting plasma glucose (FPG), total cholesterol (TC), triglyceride (TG), high-
density lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c), C-reactive protein (CRP), and 25-
hydroxyvitamin D [25(OH)D]. Vitamin D deficiency was defined as the serum 25(OH)D level <20 ng/mL, and the level
of 25(0OH)D >20 ng/mL was categorised as non-vitamin D deficiency.'® The TyG index was calculated as In[fasting TG
(mg/dL)xXFPG (mg/dL)/Z].8 The hepatic steatosis index (HSI) is used for the detection of hepatic steatosis."”

Statistical Analysis

All data were analyzed using SPSS (version 22.0) and GraphPad Prism (version 8.0). Shapiro—Wilk normality tests were
performed on continuous variables. The data that were normally distributed were expressed as the mean + standard
deviation (SD), and non-normally distributed data were expressed as median and interquartile range (IQR). Categorical
variables were expressed as frequencies and percentages. The Student’s t-test or Mann—Whitney U-test was used to
compare the differences between vitamin D deficiency group and non-vitamin D deficiency group. The categorical
variables were compared using Chi-square test. Chi-square test for linear trend test was used to assess the linear
correlation between vitamin D deficiency prevalence and TyG index quartiles. Spearman correlation analysis was
employed to evaluate the correlations between 25(OH)D level and other clinical parameters. A binary logistic regression
analysis was performed to investigate the associations between TyG index and risk of vitamin D deficiency. The results
were expressed as Odds ratios (OR) and 95% confidence intervals (CI). The diagnostic efficacy of TyG index for vitamin
D deficiency in patients with MAFLD was assessed using the receiver operating characteristic (ROC) curves. Statistical
significance was defined as a two-tailed p value less than 0.05.

Results

Clinical Characteristics of MAFLD Patients with Different Vitamin D Statuses

A total of 566 participants were included in this analysis. There were 237 (41.87%) women and 329 (58.13%) men, and
the interquartile range (25%—75%) of age was 42—60 years (median 52 years). Of these, 366 (64.66%) participants were
identified as having vitamin D deficiency according to serum 25(OH)D levels. Clinical characteristics of MAFLD
patients with and without vitamin D deficiency are shown in Table 1. There was no significant difference in age, gender,
hypertension prevalence, ALT, AST, ALP, BUN, SCr, SUA, TC, LDL-c, CRP, and HSI between the two groups (all p >
0.05). The levels of TyG index, diabetes mellitus prevalence, BMI, GGT, FPG, and TG in MAFLD patients with vitamin
D deficiency were significantly higher than in those without vitamin D deficiency (all p < 0.05), whereas the HDL-c
levels were significantly lower (p < 0.05).

Comparisons of Vitamin D Deficiency Prevalence in Different TyG Index Quartiles
All subjects were divided into four groups defined by quartiles of the TyG index (Q1: TyG < 8.562, Q2: 8.562 < TyG <
8.917, Q3: 8.917 < TyG < 9.328, Q4: TyG > 9.328). The prevalence of vitamin D deficiency showed a significant
increasing trend from the bottom quartile to the top quartile of TyG index, with proportions in the Q1, Q2, Q3, and Q4
groups of 30.99%, 68.09%, 73.24%, and 86.52%, respectively (p for trend <0.001, Figure 2).
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Table | Clinical Characteristics of MAFLD Patients with Different Vitamin D Statuses
Variable Total (n = 566) Non Vitamin D Deficiency Vitamin D Deficiency p value
(n = 200) (n = 366)

Age (years) 52 (42-60) 52 (43-59.75) 52 (42.00-60.00) 0.945
Male [n (%)] 329 (58.1) 116 (58.0) 213 (58.2) 0.964
Hypertension [n (%)] 209 (36.9) 70 (35.0) 139 (38.0) 0.483
Diabetes mellitus [n (%)] 132 (23.3) 33 (16.5) 99 (27.1) 0.005
BMI (kg/m?) 24.44 (22.94-26.20) 23.88 (22.69-25.75) 24.69 (23.23-26.33) 0.001
ALT (UIL) 33.0 (21.0-60.0) 31.5 (22.0-58.0) 34.0 (20.0-62.25) 0513
AST (UIL) 24.5 (16.0-40.0) 23.5 (16.0-40.0) 25.0 (16.0-39.5) 0321
ALP (UIL) 75.0 (61.0-95.25) 76.0 (61.0-93.0) 74.0 (61.0-98.25) 0.684
GGT (UIL) 46.0 (29.0-84.25) 42.0 (26.0-67.75) 49.0 (30.75-94.0) 0.002
BUN (mmol/L) 491 (4.10-6.20) 501 (4.11-6.13) 4.90 (4.10-6.20) 0.956
SCr (umol/L) 67 (55-84) 64 (52-84) 68 (56-85) 0.169
SUA (umol/L) 390 (327-460) 370.5 (322.25-457.25) 395.5 (335.5—460.5) 0.082
FPG (mmol/L) 5.35 (4.79-6.24) 5.12 (4.57-5.86) 551 (4.85-6.45) <0.001
TC (mmol/L) 483 + 1.17 471 = 1.20 490 + 1.15 0.062
TG (mmol/L) 1.72 (1.23-2.39) 1.31 (1.02-1.83) 2.00 (1.42-2.73) <0.001
HDL-c (mmol/L) 113 (0.92-1.42) 123 (1.03-1.53) 1.09 (0.88-1.35) <0.001
LDL-c (mmol/L) 2.82 £ 091 2.82 £ 0.94 2.83 £ 0.90 0.954
CRP (mg/L) 2.60 (1.30-5.00) 2.85 (1.33-5.45) 2.52 (1.27-4.72) 0.304
TyG index 8.92 (8.56-9.33) 8.58 (8.37-9.01) 9.11 (8.76-9.47) <0.001
HSI 36.87 (33.7141.10) 36.55 (33.3340.43) 37.09 (34.0341.22) 0.145
25 (OH)D (ng/mL) 17.24 (13.21-22.70) 24.73 (22.31-28.43) 14.28 (11.94-17.03) <0.001

Abbreviations: BMI, body mass index; ALT, alanine transaminase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, y-glutamyl transferase; BUN, blood urea
nitrogen; SCr, serum creatinine; SUA, serum uric acid; FPG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-
¢, low-density lipoprotein cholesterol; CRP, C-reactive protein; TyG, triglyceride-glucose; HSI, hepatic steatosis index; 25(OH)D, 25-hydroxyvitamin D.

Correlation of Serum 25(OH)D with Other Clinical Parameters
Seen in Figure 3, Spearman correlation analysis revealed that the serum 25(OH)D level was negatively correlated with
BMI (» = —0.113, p=0.007), GGT (r = —0.165, p<0.001), FPG (r = —0.211, p<0.001), TC (» = —0.102, p=0.015), TG (r =
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Figure 2 Comparisons of vitamin D deficiency prevalence in different TyG index quartiles.
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Figure 3 Spearman correlation analysis of serum 25(OH)D with other clinical parameters.

—0.375, p<0.001), TyG index (r = —0.434, p<0.001) in all patients with MAFLD, but positively correlated with HDL-c
(r =0.221, p<0.001). But, there was no correlation between 25(OH)D and HSI (r = —0.027, p=0.522).

The Association Between TyG Index and Vitamin D Deficiency in Subgroups

The univariable logistic analysis showed that TyG index were associated with vitamin D deficiency in all subjects with
MAFLD [OR (95% CI): 4.583 (3.164-6.638), p<0.001]. As shown in Figure 4, similar results were found after
stratifying the study population by gender (male or female), BMI (high or normal), and diabetes mellitus status (with
or without) (all p<0.05). However, TyG index was only associated with vitamin D deficiency in subjects aged <65 years
[OR (95% CI): 5.622 (3.675-8.600), p<0.001] but not in those aged >65 years (p>0.05).

Multivariable Analysis of the Association Between TyG Index and Vitamin D Deficiency
The binary logistic regression models were performed to assess the association between TyG index quartiles and risk
of vitamin D deficiency (Table 2). Taking the lowest quartile of TyG index as a reference, the OR value was increased
from the second to the fourth quartile of TyG index [Q2: 4.752 (2.877-7.849), Q3: 6.096 (3.645-10.195), Q4: 14.301
(7.848-26.063), p<0.001 for trend]. The confounding factors that were found to be statistically significant in the
univariate analysis were then entered into the logistic regression model. There was a slight increase in the risk of
vitamin D deficiency after adjustment for age and gender in Model 1 [Q2: 4.848 (2.926-8.035), Q3: 6.149 (3.670—
10.302), Q4: 15.087 (8.209-27.731), p<0.001 for trend]. After further adjustment for BMI, diabetes mellitus status,
and HSI (Model 2) and GGT, FPG, TG, HDL-c (Model 3), the multivariable binary logistic regression models showed
that increased TyG index was an independent risk factor for vitamin D deficiency in subjects with MAFLD (all
p<0.001 for trend).
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Figure 4 The association between the TyG index and vitamin D deficiency in subgroups analysis.

The Diagnostic Value of TyG Index for Vitamin D Deficiency in Patients with MAFLD
Figure 5 presents the results of the ROC curve analysis of TyG index for the predicting vitamin D deficiency in MAFLD
patients. With high sensitivity (76.5%) and specificity (64.5%), the area under the curve (AUC) for the TyG index was
0.744 (95% CI: 0.701-0.787, p<0.001). The cut-off value of the TyG index for the identification of vitamin D deficiency
was 8.750, and the maximum Youden’s index was 0.410.

Discussion

In the present cross-sectional study, we found that the levels of TyG index were significantly higher in subjects with
vitamin D deficiency than in those with non-vitamin D deficiency in MAFLD patients. The prevalence of vitamin
D deficiency showed a significant increasing trend from the bottom quartile to the top quartile of the TyG index.
Moreover, the TyG index was demonstrated to be an independent risk factor for vitamin D deficiency by multifactorial
logistic regression analysis. In particular, the relationship between the TyG index and vitamin D deficiency was
independent of HSI. TyG index can be employed as a predictor for the diagnosis of vitamin D deficiency in MAFLD
patients. These results indicate that increased TyG index is closely associated with vitamin D deficiency in patients with
MAFLD and is not affected by liver steatosis. To our knowledge, the present study is the first to validate the relationship
between TyG index and vitamin D status in MAFLD.

Table 2 Logistic Regression Analysis of the Association Between TyG Index and Vitamin D Deficiency

TyG Unadjusted Model | Model 2 Model 3

Index

Quartiles OR (95% CI) p value | OR (95% CI) p value | OR (95% CI) p value | OR (95% CI) p value
Ql 1.000 1.000 1.000 1.000

Q2 4.752 (2.877-7.849) <0.001 4.848 (2.926-8.035) <0.001 4.651 (2.783-7.770) <0.001 3.864 (2.172-6.871) <0.001
Q3 6.096 (3.645-10.195) <0.001 6.149 (3.670-10.302) <0.001 5.916 (3.508-9.977) <0.001 3.719 (1.740-7.951) =0.001
Q4 14.301 (7.848-26.063) <0.001 15.087 (8.209-27.731) <0.001 13.948 (7.396-26.304) <0.001 5.516 (1.491-20.411) =0.011
P for trend | <0.001 <0.001 <0.001 =0.001

Abbreviations: TyG, triglyceride-glucose; OR, Odds ratios; Cl, confidence intervals.
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Figure 5 ROC curve analysis of TyG index for diagnosing vitamin D deficiency in MAFLD patients.

The photoconversion of 7-dehydrocholesterol in the epidermis in response to ultraviolet radiation is the major source
of vitamin D in humans. Vitamin D is well known to play a key role in maintaining calcium homeostasis and bone health
in the body. As interest in vitamin D increased in past decades, more and more diseases have been found to be linked to
the metabolic disorders of vitamin D, such as metabolic bone disease, kidney disease, heart disease, skin disorders
(psoriasis and acne), autoimmune diseases (including multiple sclerosis, type 1 diabetes, inflammatory bowel disease,
lupus erythematosus, and rheumatoid arthritis), cancer, infectious disease, and hypercalcaemia.'® It is also worth noting
that vitamin D deficiency is related to many chronic liver diseases including NAFLD and hepatitis C, and the
mechanisms involve regulation of cell proliferation and differentiation, immune modulation, anti-inflammation, and anti-
fibrosis.” A recent study based on the Third National Health and Nutrition Examination Survey (NHANES III) showed
that vitamin D level was inversely related to the degree of liver steatosis and fibrosis.'® In contrast, another study based
on data obtained from the Sixth Korea National Health and Nutrition Examination Survey (KNHANES VI) suggested
that vitamin D insufficiency was not associated with the presence of NAFLD as assessed by hepatic steatosis index
(HSI).?° Similar results were reported by Dutra et al.>' We also found that there was no correlation between 25(OH)D
and HSI in patients with MAFLD. Although these studies did not find a statistically significant association between
vitamin D deficiency and NAFLD, there was consistent evidence of a high proportion of vitamin D deficiency in patients
with NAFLD.

The most common indicator of vitamin D status in humans is serum 25(OH)D, which is produced by 25 hydroxyla-
tion in the liver and has a half-life of 2-3 weeks.”"'® Similarly, a number of studies have reported that the serum 25(OH)D
level was also negatively associated with MAFLD, and a higher prevalence of diabetes and more severe disorders of
glucolipid metabolism were accompanied by lower vitamin D levels.”** As the definition of MAFLD describes, patients
with MAFLD usually have dyslipidaemia, glycaemia, and insulin resistance. A review reported by Szymczak-Pajor et al
showed that vitamin D deficiency is associated with the pathogenesis of insulin resistance, and vitamin D is also involved
in a large number of cellular processes responsible for the homeostasis of glucose and lipid metabolism via insulin
signaling pathway.?® But, there were also a number of studies that suggested contradictory conclusions in the association
of vitamin D deficiency with insulin resistance or severity of NAFLD.** The findings from studies on the effects of
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vitamin D supplementation in patients with NAFLD were also inconsistent.”> As a result, there is still no conclusive
evidence on the causal relationship between vitamin D deficiency and insulin resistance.

The TyG index was first known as a surrogate marker of insulin resistance, and it has recently been found to be
relevant for many diseases that tend to be accompanied by disorders of glucose and lipid metabolism.”*** Previous
studies have found that TyG index can be used as a screening indicator for diagnosis of MAFLD and had a high
diagnostic efficiency for MAFLD when combined with other risk factors including BMI, ALT, waist circumference, and
waist-to-height ratio.'**%3! In addition, recent studies have shown a negative correlation between TyG index and vitamin
D deficiency in patients with T2DM.'*!> Similar findings were found for people with MAFLD in our study. However,
these studies also showed inconsistent findings in the subgroup analysis. In contrast to previous studies, the correlation
between the TyG index and vitamin D was only present in MAFLD patients under 65 years of age. Moreover, the
association was not affected by gender or BMI status in our study. Dhas et al reported that serum 25(OH)D was
correlated with TG, FPG, TyG index, and HOMA-IR in T2DM patients of both genders aged 30—50 years.*> A significant
inverse association between vitamin D and TyG index, independent of gender, was also found in Indian adolescents by
Mustafa et al.>* In light of the differences in the association of TyG index with vitamin D status between T2DM and
MAFLD, further large-scale cohort studies to address selection bias are necessary.

As TyG index is derived from a simple formula based on serum TG and FPG levels, our study showed that TyG index
was closely related to FPG and lipid profiles, especially strongly positively correlated with TG. Lower vitamin D levels
have been found to associate with atherogenic lipid profiles, and vitamin D supplementation can improve glycemic
control, reduce the levels of TC, TG, and LDL-c while increasing the levels of HDL-c.***> And the underlying
mechanism of vitamin D in regulation of lipid metabolism is that 25(OH)D impairs sterol regulatory element-binding
proteins (SREBPs) activation by inducing proteolytic processing and ubiquitin-mediated degradation of SREBP clea-
vage-activating protein (SCAP), thereby maintaining lipid homeostasis.*® In addition, serum vitamin D concentration was
also observed to increase with body weight and intrahepatic fat reduction, even though total energy and vitamin D intake
were reduced.’” Accordingly, it is reasonable to speculate that there may be a mutual causality between vitamin
D deficiency and metabolic disorders.

There are several limitations to this study. First, the present study was unable to evaluate the causal relationship
between the TyG index and vitamin D because it is based on a cross-sectional, observational study design. Second, this is
a single-centre study and the sample size is small, multi-centre and large-scale studies are needed to validate the
conclusions in future. Third, potential confounding factors affecting vitamin D status, including season, outdoor activity,
and dietary habits, have not been taken into account.

Conclusion

Overall, the TyG index is negatively associated with vitamin D status in patients with MAFLD, and elevated TyG index
is an independent risk factor for vitamin D deficiency. Vitamin D deficiency and metabolic disorders may interact to play
a role in the pathophysiology of MAFLD.

Abbreviations

MAFLD, metabolic-associated fatty liver disease; TyG, triglyceride-glucose; 25(OH)D, 25-hydroxyvitamin D; ROC,
receiver-operating characteristic curves; AUC, area under the curve; NAFLD, non-alcoholic fatty liver disease; HOMA-
IR, homeostasis model assessment of insulin resistance; T2DM, type 2 diabetes mellitus; BMI, body mass index; ALT,
alanine transaminase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, y-glutamyl transferase; BUN,
blood urea nitrogen; SCr, serum creatinine; SUA, serum uric acid; FPG, fasting plasma glucose; TC, total cholesterol;
TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; CRP,
C-reactive protein; HSI, hepatic steatosis index; OR, Odds ratios; CI, confidence intervals; SREBPs, sterol regulatory
element-binding proteins; SCAP, SREBP cleavage-activating protein.
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