
S YS T E M AT I C  R E V I E W Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation 
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

Li et al. BMC Endocrine Disorders          (2024) 24:222 
https://doi.org/10.1186/s12902-024-01743-w

BMC Endocrine Disorders

*Correspondence:
Shiwei Liu
lswspring6@aliyun.com

Full list of author information is available at the end of the article

Abstract
Objective  This study aims to explore the association between the triglyceride-glucose (TyG) index and vitamin D 
status to enhance our understanding of how vitamin D status relates to metabolic health and to provide evidence for 
the early diagnosis of vitamin D deficiency (VDD) using the TyG index.

Methods  We conducted a comprehensive search in various databases, including PubMed, Web of Science, Embase, 
Cochrane Library, China National Knowledge Infrastructure (CNKI), China Biology Medicine disc, China Science and 
Technology Journal Database, and Wanfang Data to gather articles published from the inception of these databases 
until February 19, 2024. We assessed the quality of included studies using the Newcastle-Ottawa Scale (NOS) for 
case-control studies and the Agency for Healthcare Research and Quality (AHRQ) methodology checklist for cross-
sectional studies. Statistical analyses in this study were conducted using conversion methods for non-standard data 
formats and consolidation techniques for combining multiple groups. The Fisher transformation method was used for 
correlation coefficients. We used a random-effects model considering the inherent clinical heterogeneity among the 
studies, and assessed statistical heterogeneity with the Cochrane Q test and I2 statistic, complemented by subgroup 
analyses and sensitivity analysis.

Results  Our meta-analysis selected a total of nine studies. The analysis revealed that patients with vitamin D 
deficiency (VDD group) exhibited a significantly higher TyG index than those without deficiency (no-VDD group), with 
a mean difference (MD) of 0.16 (95% CI: 0.10 to 0.23, I2 = 93%). This association was particularly pronounced among 
patients with type 2 diabetes (T2DM), showing an MD of 0.15 (95% CI: 0.05 to 0.26, I2 = 55%). Additionally, a negative 
correlation was observed between the TyG index and vitamin D levels, with a correlation coefficient (r) of -0.236 (95% 
CI: -0.310 to -0.159, I2 = 91%). Excluding each study sequentially in the sensitivity analyses did not significantly alter the 
outcomes.

Conclusions  Our findings demonstrate a significant association between the TyG index and vitamin D status across 
diverse populations, including those with T2DM, subclinical hypothyroidism (SCH), and metabolic associated fatty 
liver disease (NAFLD). Our results reveal a notable disparity in the TyG index between vitamin D deficient and non-
deficient groups, suggesting that vitamin D may play a critical role in metabolic health. These findings highlight the 
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Background
Vitamin D deficiency (VDD) has emerged as a major pub-
lic health challenge globally, with an estimated 30–60% of 
the population, including children and adults, affected by 
either deficiency or insufficiency [1]. A multitude of stud-
ies have demonstrated that the impacts of VDD extend 
beyond the musculoskeletal system. Notably, it is associ-
ated with an elevated risk of various health conditions, 
including acute respiratory infections [2], autoimmune 
diseases [3], malignancies [4], cardiovascular diseases 
[5], depression [6], and diabetes [7]. These findings col-
lectively highlight the critical role of addressing VDD in 
potentially mitigating a broad spectrum of health con-
cerns. This significance is accentuated by the pivotal role 
of vitamin D in managing lipid metabolism, as it not only 
influences triglyceride levels but also impacts the overall 
lipid profile [8]. Furthermore, vitamin D’s involvement 
in regulating inflammation and oxidative stress — both 
key contributors to metabolic disorders — adds another 
layer to its metabolic impact [9]. Emerging studies point 
to vitamin D’s role in influencing insulin secretion and 
action, suggesting it may play a key role in modulating 
insulin resistance (IR) [10–12]. These findings highlight 
vitamin D’s significant impact on enhancing glycemic 
control.

IR, a condition where peripheral tissues show a reduced 
response to insulin, plays a central role in the develop-
ment of various metabolic diseases [13, 14]. The hyper-
insulinemic-euglycemic clamp test, deemed the gold 
standard for assessing IR, is not commonly employed in 
clinical settings due to its cost and invasive procedure 
[15]. Currently, the Homeostasis Model Assessment-
Estimated Insulin Resistance (HOMA-IR) index is often 
utilized to measure IR [16]. However, its reliance on fast-
ing glucose and insulin levels limits its ability to reflect 
the dynamic interplay of insulin secretion and action. 
In recent years, the TyG index, calculated as ln(fasting 
triglycerides [mg/dL] × fasting glucose [mg/dL]/2), is 
gaining recognition for its effectiveness in predicting car-
diovascular risk and other metabolic complications [17, 
18], presenting a more accessible and less invasive option 
for evaluating IR in clinical and research settings. The 
TyG index is increasingly recognized for its association 
with lipid metabolism, indicating that higher TyG values 
correlate with dyslipidemia, including elevated triglycer-
ides, increased low density lipoprotein cholesterol, and 
decreased high density lipoprotein cholesterol [19, 20]. 
Unlike traditional markers that focus solely on blood glu-
cose or lipids, the TyG index integrates both parameters, 

offering a more holistic view of metabolic function, 
particularly in patients with type 2 diabetes mellitus 
(T2DM). As such, the TyG index stands out as a supe-
rior indicator in capturing the intricate interplay between 
glucose and lipid metabolism and reflecting the broader 
spectrum of metabolic health.

Considering the crucial roles of vitamin D status and 
the TyG index in glucose and lipid metabolism, it is ratio-
nal to assess their relationship to overall metabolic health 
via the TyG index. Although there have been investiga-
tions into the relationship between the TyG index and 
vitamin D levels in various countries, a comprehensive 
summary of these findings is lacking. Recent studies have 
shed light on the negative correlation between vitamin 
D status and IR, suggesting that vitamin D supplemen-
tation may reduce the risk of IR [21–23]. However, most 
of these studies have focused on traditional markers like 
HOMA-IR, rather than the emerging TyG index. There-
fore, our study aims to explore the association between 
the TyG index and vitamin D status, providing prelimi-
nary perspectives into the potential application of the 
TyG index as a diagnostic tool for VDD. The use of the 
TyG index for the early diagnosis of VDD is particularly 
relevant because routine clinical screening for vitamin 
D is not common, despite the increasing evidence of its 
significant impact. Furthermore, the TyG index is eas-
ily calculable and readily accessible, which supports our 
investigation into its potential integration into clinical 
practice. While the majority of research points to higher 
TyG indices in vitamin D deficient individuals, some 
studies report lower TyG indices in this group. Notably, 
the relationship between the TyG index and vitamin D 
status varies across different disease types, presenting a 
complex picture. These discrepancies highlight the neces-
sity of a comprehensive systematic review and meta-anal-
ysis to unravel these complex association.

Materials and methods
This meta-analysis was conducted in strict adherence 
to the guidelines of the Meta-analysis of Observational 
Studies in Epidemiology (MOOSE) [24]. Additionally, 
the methodology aligns with the Cochrane guidelines 
for systematic reviews [25]. Furthermore, this study has 
been duly registered with the International Register of 
Prospective Systematic Reviews (PROSPERO) under the 
registration number CRD42024513774.

need for further research to explore the underlying mechanisms and clinical implications of vitamin D in the context 
of various metabolic disorders.
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Search strategy
For this review, we meticulously searched several elec-
tronic databases, including PubMed, Web of Science, 
Embase, Cochrane Library, China National Knowledge 
Infrastructure (CNKI), China Biology Medicine disc 
(CBM), China Science and Technology Journal Data-
base (VIP), and Wanfang Data, covering all records 
from their inception up to February 19, 2024. To iden-
tify relevant articles, we utilized a combination of MeSH 
terms and keywords such as “Vitamin D”, “25(OH)D”, 
“25-Hydroxyvitamin D” along with “triglyceride-glucose 
index”, “triglyceride glucose index”, “TyG index” and 
“TyG”. This approach was designed to comprehensively 
capture original studies investigating the association 
between the TyG index and vitamin D status. The exact 
search strings used for each database are documented in 
Table S1.

Selection criteria and PECOS Framework
Two authors independently conducted a thorough evalu-
ation and selection of pertinent studies, adhering to the 
predefined criteria: (1) study type: observational stud-
ies (including cohort, case-control, and cross-sectional 
studies) that report on the TyG index and vitamin D 
will be included; (2) study subjects: individuals who can 
be clinically diagnosed with vitamin D deficiency (VDD 
group) or identified as not having the deficiency (no-
VDD group) based on established criteria including 
serum 25-hydroxyvitamin D levels below 20 ng/mL or 50 
nmol/L [26], with no age restrictions for participants; and 
(3) study index: data on the TyG index and vitamin D sta-
tus must be recorded completely.

Exclusion criteria: (1) studies without primary data: 
reviews, editorials, commentaries, and studies without 
original data (such as meta-analyses); (2) duplicate pub-
lications or overlapping study subjects; (3) studies that do 
not report both the TyG index and vitamin D status or 
do not provide sufficient information to calculate these 
values; and (4) preclinical studies (in vitro or animal 
experiments).

In the PECOS framework for this meta-analysis, the 
Population consisted of individuals with metabolic condi-
tions such as T2DM, subclinical hypothyroidism (SCH), 
and metabolic associated fatty liver disease (MAFLD) 
from diverse regions including China, India, Mexico, and 
Ukraine, reflecting the global prevalence and pathophysi-
ological links through insulin resistance. The Exposure 
under investigation was vitamin D status, categorized 
based on serum levels with deficiency defined as < 20 ng/
mL and sufficiency as ≥ 20 ng/mL. The Comparison was 
between those with vitamin D deficiency and those with 
sufficient levels across the varied metabolic conditions. 
The Outcome of interest was the TyG index, a mea-
sure of insulin resistance and metabolic function, with 

secondary outcomes examining the correlation between 
vitamin D levels and the TyG index. The meta-analysis 
synthesized results from Study Designs including case-
control and cross-sectional studies, providing a compre-
hensive assessment of the association between vitamin D 
status and metabolic markers.

Data extraction
From the included articles, data extraction was indepen-
dently performed by two authors, focusing on the fol-
lowing details: (1) study characteristics, including first 
author, year of publication, nationality, study design; (2) 
basic characteristics of the individuals, including sample 
size (n), mean age, sex ratio, the TyG index and presence 
or absence of VDD. In addition, we extracted correlation 
coefficients [27] to further assess the association between 
the TyG index and vitamin D levels. When reporting 
Spearman correlation coefficients, we converted them 
to Pearson correlation coefficients using a well-estab-
lished method outlined in prior research [28]. We also 
extracted the area under the curve (AUC) from studies 
that reported AUC for the diagnosis of VDD.

Quality assessment
To evaluate the quality in the included studies, the two 
authors utilized distinct assessment tools based on the 
type of each observational study. The Newcastle-Ottawa 
Scale (NOS) was employed for assessing case-control 
studies [29], while the Agency for Healthcare Research 
and Quality (AHRQ) methodology checklist (www.ncbi.
nlm.nih.gov) was applied to cross-sectional studies. Stud-
ies were categorized into low (< 5 stars), medium (5–7 
stars), or high quality (> 7 stars) based on the star rating 
system. The AHRQ methodology comprises an eleven-
item checklist, with the quality of studies ranked as low 
(< 30% “yes” responses), medium (30-60% “yes”), or high 
quality (> 60% “yes”).

Results of interest
In our meta-analysis, we designated the disparity in the 
TyG index between VDD group and no-VDD group as 
the primary outcome. Additionally, we identified the cor-
relation between the TyG index and vitamin D levels as 
the secondary outcome.

Statistical analysis
All the statistical computations and analyses in this study 
were conducted using RevMan 5.3 and Stata 18. When-
ever the data were presented as median and interquar-
tile range (IQR) or median and range for any required 
variables, we derived the mean and standard deviation 
using the conversion methods proposed by Luo et al. 
[30] and Wan et al. [31]. In instances where it was nec-
essary to combine multiple groups with their respective 

http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov


Page 4 of 13Li et al. BMC Endocrine Disorders          (2024) 24:222 

n, means, and standard deviations (SD), we employed 
the consolidation techniques outlined by Higgins et al. 
(training.cochrane.org/handbook). Given that the TyG 
index values were continuous and all metrics were calcu-
lated in uniform data units, we integrated effect sizes by 
computing the mean difference (MD), SD, and the cor-
responding 95% confidence interval (95% CI). Recogniz-
ing the inherent clinical heterogeneity among the studies, 
we opted for the random-effects model as the most suit-
able approach for summarizing the effect measures. The 
statistical heterogeneity of individual outcome studies 
was assessed using the Cochrane Q test [32] and the I2 
statistic [33]. To delve into the clinical heterogeneity, 
we conducted subgroup analyses based on different dis-
eases. Sensitivity analysis was also employed to gauge the 
robustness of our meta-analysis findings. Moreover, to 
handle correlation coefficient values, we initially applied 
the Fisher transformation method for conversion, fol-
lowed by a meta-analysis using the generalized inverse 
variance model to derive a summary of Fisher Z values. 
These summary Z-values were then converted back to 
r-values using standard formulae. We did not assess pub-
lication bias because the Cochrane Handbook of Inter-
ventional System Reviews (www.cochranehandbook.org) 
states that publication bias studies with funnel plots are 
not required when there are fewer than 10 studies. Differ-
ences were considered statistically significant at P-values 
less than 0.05.

In our meta-analysis examining the association 
between the TyG index and vitamin D status, we have 
included both case-control and cross-sectional stud-
ies. Despite the differences in their designs, both types 
of studies offer consistent and comparable outcome 
measures relevant to our research: [1] the TyG index in 
individuals with and without vitamin D deficiency, and 
[2] the correlation coefficients between vitamin D lev-
els and the TyG index. Both study designs are observa-
tional and share a common methodological framework, 
involving either prospective recruitment of participants 
or use of pre-existing cohorts, followed by laboratory 
measurements. To ensure a valid synthesis of results, we 
employed a rigorous methodology that includes design-
specific quality assessment tools, a random-effects model 
to account for between-study variability, and sensitiv-
ity and subgroup analyses to address heterogeneity and 
potential biases. Furthermore, pooling these studies is 
justified by the fact that both study types aim to assess 
similar underlying relationships and outcomes, thereby 
allowing for a comprehensive understanding of the asso-
ciation between the TyG index and vitamin D status. 
By integrating results from different study designs, we 
enhance the robustness and generalizability of our find-
ings, and provide a more complete evaluation of the evi-
dence base. This methodological approach aligns with 

established practices in meta-analysis and maximizes the 
utility of available data.

Results
Literature search
Following our explicitly defined search strategy, we ini-
tially identified 393 publications. After removing dupli-
cates, 318 potentially relevant articles were shortlisted. 
A further review based on titles and abstracts led to the 
exclusion of 304 publications that did not meet the study 
criteria. We then conducted a comprehensive full-text 
assessment of the remaining 14 articles. Subsequently, 
nine studies [34–42] that fulfilled our stringent inclusion 
criteria were incorporated into the meta-analysis. The 
detailed flow of the literature search and selection pro-
cess is graphically represented in Fig. 1.

Basic information of included studies
In this meta-analysis, ultimately nine studies were ulti-
mately selected for inclusion, with four [36, 38, 40, 41] 
originating from China, three [34, 37, 39] from India, 
one [42] from Mexico, and one [35] from Ukraine. These 
comprised seven [35–38, 40–42] cross-sectional and two 
[34, 39] case-control studies. Collectively, they encom-
passed a participant pool of 5,949 individuals with VDD 
and 9,917 without, facilitating the comparison of the TyG 
index. Additionally, a total of 14,702 participants were 
involved in analyzing the correlation between the TyG 
index and vitamin D levels, using either the Spearman 
or Pearson correlation coefficient. Among these stud-
ies, three unique studies focused on populations with 
unspecified disease status: 10,167 Indian adolescents 
[37], 3,143 Euthyroid adults [41], and 1,904 Mexican 
adults [42], while the rest targeted mostly middle-aged 
and older adults with metabolic diseases, including four 
studies [34–36, 38] on T2DM, one [40] on MAFLD, and 
one [39] on SCH. The baseline characteristics of these 
studies are visually summarized in Table 1.

Quality evaluation of included studies
For assessing the quality of the seven cross-sectional 
studies included in our meta-analysis, we applied the 
AHRQ methodology checklist, with the detailed evalua-
tions presented in Table 2. Among these, five studies [36, 
38, 40–42] were categorized as high quality, while two 
[35, 37] were deemed medium quality. The quality assess-
ment of the two case-control studies was conducted 
using the NOS, as detailed in Table 3, with both studies 
achieving a high-quality rating [34, 39]. Collectively, the 
studies incorporated into this meta-analysis exhibited a 
commendably high level of quality.

http://www.cochranehandbook.org
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Meta-analysis of the TyG index in VDD group and no-VDD 
group
In our meta-analysis, eight of the included studies 
reported on the TyG index in both VDD group (n = 5,949) 
and no-VDD group (n = 9,917). The aggregated data 
revealed a significantly higher TyG index in the VDD 
group compared to the no-VDD group (MD = 0.16, 
95% CI: 0.10 to 0.23, P < 0.00001), as illustrated in 
Fig.  2. Significant heterogeneity was detected (I2 = 93%, 
P < 0.00001); therefore, we performed a subgroup analy-
sis based on different disease types. The results, depicted 
in Fig.  3, showed distinct variances in the TyG index 
between the T2DM subgroup (MD = 0.15, 95% CI: 0.05 
to 0.26, P = 0.004) and other metabolic disease subgroups 
(MD = 0.27, 95% CI: -0.07 to 0.62, P = 0.12). The hetero-
geneity in the T2DM group was somewhat reduced 
(I2 = 55%), but remained high in the other metabolic dis-
eases group (I2 = 98%). Additionally, the subgroup with 
unclear disease status demonstrated a mean difference 
of 0.06 (95% CI: 0.05 to 0.07) with a P-value less than 

0.00001 and no heterogeneity (I² = 0%). The stability of 
our results was affirmed through sensitivity analysis, 
depicted in Fig.  4. This analysis demonstrated that the 
exclusion of individual studies did not lead to any signifi-
cant changes, thereby confirming the robustness of our 
findings.

Meta-analysis of the relationship between the TyG index 
and vitamin D status
Within the included studies, eight [34–40, 42] examined 
the relationship between the TyG index and vitamin 
D levels, with Pearson or Spearman correlation coeffi-
cients computed from the data. A meta-analytical sum-
mary of this relationship was performed using Fisher’s 
z transformation. As illustrated in Fig. 5, the meta-anal-
ysis yielded a Fisher’s Z value of -0.24 (95% CI: -0.32 to 
-0.16, I2 = 91%), indicating a significant negative cor-
relation between the TyG index and vitamin D levels. 
This was further supported by a total r-value of -0.236 
(95% CI: -0.310 to -0.159). Subsequently, a subgroup 

Fig. 1  PRISMA flow diagram of literature search
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analysis based on different disease types was conducted. 
As shown in Fig.  6, in both T2DM group (Fisher’s Z= 
-0.16, 95% CI: -0.21 to -0.12) and the group with other 
metabolic diseases (Fisher’s Z = -0.48, 95% CI: -0.56 to 
-0.40), a significant negative correlation between the TyG 
index and vitamin D levels was observed. Moreover, sta-
tistical heterogeneity was notably reduced in both groups 
(I2 = 0). Additionally, in the subgroup with unclear dis-
ease status, a Fisher’s Z value of -0.20 (95% CI: -0.28 to 
-0.12, I² = 86%) was found. Sensitivity analysis further 
validated the stability of these findings, with the results 
presented in Table S2. Excluding the studies of Dhas [34], 
Aludwan [35], Jia [36], Mustafa [37], Xiang [38], Mahat 
[39], Liu [40], and Paredez [42] individually, the Fisher’s Z 
values with 95% CIs were consistently significant, ranging 
from − 0.32 to -0.15, -0.34 to -0.17, -0.35 to -0.17, -0.36 
to -0.17, -0.35 to -0.16, -0.31 to -0.15, -0.24 to -0.14, and 
− 0.35 to -0.15, respectively, confirming the robustness of 
our outcomes.

AUC for the prediction of VDD
In our comprehensive analysis, we focused on evaluating 
the AUC values of the TyG index as presented in vari-
ous studies. This assessment was aimed at determining 
the index’s efficacy in predicting VDD across different 
medical conditions. Our findings, as detailed in Table 4, 
shed light on the predictive value of the TyG index in 
various contexts. This analysis highlights the TyG index 
as a significant predictor of VDD, with varying degrees 
of accuracy across different patient cohorts. The study 
underscores the TyG index’s potential utility in clinical 
settings, particularly for early detection and management 
of VDD in diverse conditions.

Discussion
Comparison with existing research results
Current research trends are focusing on vitamin D’s 
impact on metabolic processes. Studies have identified 
that vitamin D influences insulin secretion and activ-
ity by acting on pancreatic β-cells and tissues responsive 
to insulin, such as muscle and adipose tissue [43–45]. 
However, the relationship between vitamin D status and 
IR is complex and not universally agreed upon. Rasouli 
et al. [46] reported supplementing with vitamin D3 for a 
continuous period of 24 months did not improve insu-
lin sensitivity in patients with prediabetes. This may be 
attributed to the study’s use of HOMA-IR for assessing 
IR instead of the more precise hyperinsulinemic-euglyce-
mic clamp test, implying that the choice of IR assessment 
technique could impact experimental outcomes [47].

In T2DM, where IR is a core issue, vitamin D 
enhances insulin sensitivity and has anti-inflammatory 
effects, potentially mitigating the disease’s progression 
[48]. Moreover, VDD is also linked to dysfunctions in Ta
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pancreatic β-cell function, crucial for maintaining nor-
mal glucose levels. Hence, VDD might exacerbate IR and 
glucose metabolism disorders in T2DM. In the context 
of T2DM, the TyG index is not just a measure for VDD 
but also a significant indicator of the disease’s metabolic 
complications. The TyG index is useful in T2DM because 
it provides insights into the interplay between vitamin D 
status and the metabolic dysfunctions typical of diabetes. 
This offers a more comprehensive approach to manag-
ing the condition. The associations between vitamin D 
and other metabolic diseases such as NAFLD and SCH 
further highlight the multifaceted role of vitamin D in 
metabolic health. Studies have shown that lower vitamin 

D levels are associated with higher NAFLD prevalence 
and severity, possibly due to vitamin D’s effects on insu-
lin sensitivity, lipid metabolism, and anti-inflammatory 
properties [49, 50]. SCH, characterized by an elevated 
thyroid-stimulating hormone (TSH) level with normal 
thyroid hormone levels, has been linked to various meta-
bolic derangements, including IR and dyslipidemia [51]. 
Emerging evidence suggests that vitamin D plays a role 
in thyroid function, with deficiency associated with an 
increased risk of subclinical hypothyroidism [52].

VDD affects glucose and lipid metabolism through 
several mechanisms. Vitamin D acts as a steroid hor-
mone, binding to the vitamin D receptor (VDR) in tis-
sues like muscle, liver, and adipose tissue. This activation 
improves insulin sensitivity by increasing the expression 
of insulin receptor substrates and glucose transporters, 
such as GLUT4, enhancing cellular glucose uptake. VDD 
impairs these processes, leading to insulin resistance 
[53]. Additionally, vitamin D regulates lipid metabolism 
by influencing peroxisome proliferator-activated recep-
tors (PPARs), especially PPAR-γ, which affects lipid syn-
thesis and breakdown. A deficiency in vitamin D can 
disrupt PPAR-γ activity, leading to lipid accumulation 
and conditions like NAFLD [54]. Vitamin D also has 

Table 2  Quality assessment of cross-sectional studies with AHRQ methodology checklist
Author (year) (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) Percent
Aludwan [35] Y Y N U Y Y N Y N U U 5/11(45%)
Paredez [42] Y Y Y Y Y N N Y Y N U 7/11(64%)
Jia [36] Y Y Y Y Y Y N Y N Y U 8/11(73%)
Mustafa [37] Y Y Y U U N N Y U Y U 5/11(45%)
Xiang [38] Y Y Y Y Y N N Y Y U U 7/11(64%)
Liu [40] Y Y Y Y Y N N Y Y N U 7/11(64%)
Zhou [41] Y Y Y Y Y Y N Y N Y U 8/11(73%)
AHRQ, Agency for Healthcare Research and Quality; Y, Yes; N, No; U, Unclear

 [1] Define the source of information (survey, record review); [2] List inclusion and exclusion criteria for exposed and unexposed subjects (cases and controls) or refer 
to previous publications; [3] Indicate time period used for identifying patients; [4] Indicate whether or not subjects were consecutive if not population-based; [5] 
Indicate if evaluators of subjective components of study were masked to other aspects of the status of the participants; [6] Describe any assessments undertaken for 
quality assurance purposes (e.g., test/retest of primary outcome measurements); [7] Explain any patient exclusions from analysis; [8] Describe how confounding was 
assessed and/or controlled; [9] If applicable, explain how missing data were handled in the analysis; [10] Summarize patient response rates and completeness of data 
collection; [11] Clarify what follow-up, if any, was expected and the percentage of patients for which incomplete data or follow-up was obtained

Table 3  Quality assessment of the newcastle-ottawa scale for 
case-control studies
Author 
(year)

Selection Comparability Outcome/
Exposure

NOS 
score

Dhas [34 ] ★★★★ ★ ★★★ 8
Mahat 
[39]

★★★★ ★ ★★★ 8

★: The NOS consists of eight items categorized into three aspects. Each 
numbered item can score one star if the study is eligible. A maximum of four 
stars can be awarded for selection, two stars for comparability, and three stars 
for outcome or exposure

Fig. 2  Forest plot of meta-analysis of differences in the TyG index between VDD group and no-VDD group
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anti-inflammatory effects, helping to control inflam-
matory cytokines like TNF-α and IL-6, which contrib-
ute to insulin resistance and metabolic syndrome [55]. 
Thus, adequate vitamin D levels are crucial for maintain-
ing glucose and lipid balance and preventing metabolic 
disorders.

In clinical practice, vitamin D levels are not routinely 
included in standard examinations, often leading to the 
neglect of this essential health parameter. Given the ele-
vated incidence of VDD, such oversight is concerning. 
The TyG index, due to its strong relationship with meta-
bolic health, is gaining prominence as an easily acces-
sible biomarker in clinical settings. Patients with higher 
TyG levels may face an increased risk of VDD. There-
fore, utilizing the TyG index as a predictive marker for 
VDD and intervening early to prevent complications are 
paramount. Vitamin D absorption is influenced by lipid 
metabolism due to its fat-soluble nature [56]. The TyG 
index, closely linked to lipid metabolism, might explain 
its predictive power for VDD. In the three studies we 
included in our meta-analysis [38–40], AUC for the TyG 
index used in predicting VDD was close to 0.7, suggest-
ing a certain level of precision. In the research conducted 
by Xiang et al. [38], multivariate logistic regression 
results showed an increasing trend in VDD prevalence 
across the TyG index quartiles, with the Q1 quartile as 
the reference. This trend persisted even after adjusting 

for various confounders, with all results being significant 
(P all < 0.05). This underscores the value of the TyG index 
in the early diagnosis of VDD in the clinical setting.

Our meta-analysis confirms a significant negative cor-
relation between the TyG index and vitamin D status, 
indicating that higher TyG indices may suggest VDD. 
However, it’s important to note that our study primarily 
focused on establishing this general relationship, rather 
than exploring its variations across different demographic 
groups. While this aspect extends our findings and is 
suggested by existing research, it was not deeply investi-
gated due to data constraints. This limitation underscores 
the need for more comprehensive future studies that can 
conduct detailed subgroup analyses. Jia et al. [36] dis-
covered a distinct negative correlation between serum 
vitamin D levels and the TyG index in male patients with 
T2DM, a pattern not observed in female patients. Xiang 
et al.’s research [38] further highlighted these gender dis-
parities, revealing an increased risk of VDD across all 
quartiles of the TyG index in males, while in females, this 
risk was significant only in the highest quartile. Further-
more, Xiang et al. [38] identified a strong and notewor-
thy association between the TyG index and VDD among 
participants over 65 years of age. In contrast, this associa-
tion was not evident in younger participants, suggesting 
that the TyG index could serve as an effective indicator 
of VDD prevalence particularly in the elderly population 

Fig. 3  Forest plot of subgroup meta-analysis of differences in the TyG index between individuals with different diseases
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with T2DM. These findings collectively underscore 
the potential of the TyG index as a differential marker 
for assessing vitamin D status in diverse demographic 
groups.

Strengths and limitations
Our study exhibits unique strengths. First, it presents a 
groundbreaking analysis that systematically reviews and 

examines the relationship between the TyG index and 
vitamin D status. Second, our comprehensive litera-
ture search has yielded extensive and pertinent findings, 
ensuring a robust and wide-ranging foundation for our 
analysis. Third, despite there is some heterogeneity in the 
results, the predominantly moderate to high quality of 
the included studies lends considerable confidence to our 
findings. Finally, our subgroup analysis, focusing on the 

Fig. 5  Forest plot of meta-analysis of the relationship between the TyG index and vitamin D levels

 

Fig. 4  Sensitivity analysis of differences in the TyG index in VDD group and no-VDD group
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association of the TyG index with vitamin D status across 
different disease types, has further strengthened the reli-
ability of our conclusions.

However, our study faces several limitations. First, 
our study encountered significant heterogeneity across 
the included dataset, which we addressed with detailed 
subgroup analyses based on different disease types. This 
approach notably reduced heterogeneity within the 
T2DM group but heterogeneity remained pronounced 
in other metabolic disease groups. This increased het-
erogeneity is mainly due to the group consisting of only 
one study each on SCH and MAFLD. The substantial 
divergence between these two conditions, along with 
the scarcity of studies, hindered further analysis to pin-
point specific sources of heterogeneity. In addition to 
the challenges mentioned, the heterogeneity observed 
in our study might also stem from the geographical and 
demographic diversity of the study populations. Different 
regions may exhibit unique environmental and genetic 

factors that affect disease manifestation and response to 
treatment, contributing to variability in outcomes. Fur-
thermore, the age, gender, and ethnic composition of the 
populations studied could introduce additional layers of 
heterogeneity, particularly if these aspects are not evenly 
distributed across studies. Additionally, the variability 
in the stage or severity of diseases at the time of study 
enrollment could lead to different responses, impacting 
the overall results. Another potential source of heteroge-
neity is the differing lengths of follow-up among studies, 
which might affect the observed effects of interventions. 
Addressing these sources comprehensively would require 
more granular analyses and possibly incorporating 
meta-regression to explore these moderators’ impacts. 
Second, the observational nature of the included stud-
ies limits our ability to establish a definitive causal rela-
tionship between the TyG index and vitamin D status. 
Third, another constraint in our study is the relatively 
small number of studies that met our inclusion criteria, 

Table 4  Comparative analysis of the TyG index’s predictive accuracy for VDD across different studies
Study Condition AUC 95% CI Youden’s Index P-Value Optimal Cut-off Value Sensitivity (%) Specificity (%)
Xiang, [38] VDD in T2DM 0.647 — 0.331 < 0.001 9.03 75.0 41.9
Liu, [40] VDD in MAFLD 0.744 0.701 to 0.787 — < 0.001 8.750 76.5 64.5
Mahat, [39] VDD in SCH 0.759 0.650 to 0.868 0.38 < 0.001 4.86 78.8 59.5

Fig. 6  Forest plot of subgroup meta-analysis of differences in the relationship between the TyG index and vitamin D levels in individuals with different 
diseases
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limiting the depth of our analysis. Despite these limita-
tions, our study adds statistical power by pooling results 
from individual studies, allowing for stronger conclu-
sions. The total number of subjects in our analysis is large 
enough to support these conclusions. While acknowl-
edging these limitations, our study still provides valu-
able insights into the relationship between the TyG index 
and vitamin D status, emphasizing the need for further 
research, including cohort and experimental studies, to 
explore the causal relationship between the TyG index 
and vitamin D status more comprehensively.

Despite the lack of detailed clarity on participant 
conditions and states in studies by Dhas, Mustafa, and 
Paredez, the findings of this meta-analysis remain sig-
nificant, offering valuable insights into the relationship 
between vitamin D status and metabolic health. Each 
study employed rigorous methodologies, including well-
defined inclusion and exclusion criteria, which enhance 
the reliability of their results. For instance, Dhas et al. 
ensured that participants in the control group were free 
from chronic conditions such as type 2 diabetes and 
hypertension, while Mustafa et al. focused on a large ado-
lescent population, providing a broad perspective on vita-
min D levels across different age groups. Furthermore, 
the studies utilized consistent methodologies for measur-
ing vitamin D levels and the TyG index, facilitating com-
parability and strengthening the validity of our pooled 
analysis. The substantial sample sizes across these stud-
ies contribute to the robustness of our findings, allowing 
for more powerful statistical analysis and the potential 
for generalization to wider populations. However, the 
ambiguity around participants’ precise health statuses in 
certain studies challenges definitive interpretation of the 
results. Nevertheless, the overarching trends observed 
suggest a meaningful association between vitamin D defi-
ciency and metabolic disorders, underscoring the impor-
tance of regular vitamin D assessment in clinical practice. 
In conclusion, while the limitations regarding participant 
characterization should be acknowledged, the strengths 
of the studies in terms of methodological rigor and large 
sample sizes highlight the relevance of our findings and 
the need for further research to elucidate the causal rela-
tionships involved. Future studies should aim to provide 
more detailed participant profiles to enhance the under-
standing of how vitamin D status influences metabolic 
health across different populations.

Implications for Practice and Research
Our meta-analysis highlights a critical gap in current 
clinical practices, where the regular assessment of vita-
min D levels is often overlooked. This oversight can lead 
to underdiagnosis and exacerbation of metabolic dis-
orders, emphasizing the need to incorporate vitamin D 
evaluation into routine clinical assessments. The TyG 

index is probably emerging as a crucial tool in identifying 
and managing metabolic disorders, especially in the early 
diagnosis of VDD. While our study provides foundational 
insights, extensive research is needed to explore these 
connections in diverse populations. Additionally, these 
results highlight the need for public health strategies that 
prioritize awareness and regular screening for vitamin D 
levels, particularly in high-risk groups, to improve overall 
metabolic health outcomes.

Conclusion
Our meta-analysis examined the association between 
the TyG index and vitamin D status across various pop-
ulations with differing metabolic conditions, including 
T2DM, SCH, and MAFLD. Our findings indicate a sig-
nificant disparity in the TyG index between VDD and no-
VDD groups, suggesting that vitamin D status may play 
a crucial role in metabolic health. Moreover, the corre-
lation between the TyG index and vitamin D levels was 
observed across diverse populations, highlighting the 
potential relevance of vitamin D in metabolic regulation 
beyond T2DM. Given the heterogeneity of the included 
studies, further research is warranted to elucidate the 
underlying mechanisms and to determine the clinical 
implications of these findings in different populations. 
Overall, our results underscore the importance of con-
sidering vitamin D status in the assessment and man-
agement of metabolic disorders, and they call for more 
comprehensive studies to explore this association in var-
ied clinical contexts.

Abbreviations
TyG	� Triglycerides and Glucose
T2DM	� Type 2 diabetes
IR	� Insulin resistance
VDD	� Vitamin D deficiency
MOOSE	� Meta-analysis of Observational Studies in Epidemiology
PROSPERO	� Prospective Systematic Reviews
CNKI	� China National Knowledge Infrastructure
CBM	� China Biology Medicine disc
VIP	� China Science and Technology Journal Database
TG	� Triglyceride
AUC	� Area under the curve
NOS	� Newcastle-Ottawa Scale
ANRQ	� Agency for Healthcare Research and Quality
IQR	� Interquartile range
SD	� Standard deviations
MD	� Mean difference
95% CI	� 95% confidence interval
MAFLD	� Metabolic-associated fatty liver disease
SCH	� Subclinical hypothyroidism
TSH	� Thyroid-stimulating hormone
VDR	� Vitamin D receptor
HOMA-IR	� Homeostasis Model Assessment-Estimated Insulin Resistance

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12902-024-01743-w.

Supplementary Material 1

https://doi.org/10.1186/s12902-024-01743-w
https://doi.org/10.1186/s12902-024-01743-w


Page 12 of 13Li et al. BMC Endocrine Disorders          (2024) 24:222 

Supplementary Material 2

Acknowledgements
Not applicable.

Author contributions
ZL and XL1 designed the project and developed the study protocol. ZL 
and XL1 conducted the literature search and collected relevant data from 
identified studies. ZL sorted the data and performed the initial data extraction, 
while SL and YF reviewed the extracted data for accuracy and completeness. 
ZL completed the first draft of the manuscript, while ZL, XL2, and JL were 
responsible for revising the draft based on feedback from co-authors. SL 
and YZ conducted a thorough review of the full text to ensure clarity and 
coherence. Additionally, SL provided financial support for the research. All 
authors contributed to the article and approved the submitted version.

Funding
This work was supported by Shanxi Province Basic Research Program 
Project (No.20210302123487); Research Project of Shanxi Bethune Hospital 
(No.2023xg04); Basic and Transformation Research of Endocrine Metabolic 
Diseases Shanxi Scientific and Technological Innovation Talent Team 
(No.202204051002029); Key Laboratory Project of Endocrine and Metabolic 
Diseases of Shanxi Province (No.202104010910009); Basic Research Program 
of Shanxi Province (No.202303021212330); The 2024 Shanxi Province College 
Students’ Innovation and Entrepreneurship Training Program (20240402) ; 
The 2024 Shanxi Province College Students’ Innovation and Entrepreneurship 
Training Program (20240407).

Data availability
The original contributions presented in the study are included in the 
article/Supplementary Material. Further inquiries can be directed to the 
corresponding author.

Declarations

Ethics approval and consent to participate
Systematic review registration: https://www.crd.york.ac.uk/prospero/, identifier 
CRD42024513774.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Shanxi Bethune Hospital, Third Hospital of Shanxi Medical University, 
Shanxi Academy of Medical Sciences, Tongji Shanxi Hospital,  
Taiyuan 030032, China
2Department of Endocrinology, Shanxi Bethune Hospital, Third Hospital 
of Shanxi Medical University, Shanxi Academy of Medical Sciences, Tongji 
Shanxi Hospital, Taiyuan 030032, China
3School of Public Health, Shanxi Medical University, Taiyuan 030032, China
4The Key Laboratory of Endocrine and Metabolic Diseases of Shanxi 
Province, Shanxi Bethune Hospital, Taiyuan 030032, China

Received: 17 July 2024 / Accepted: 26 September 2024

References
1.	 Gallagher JC, Rosen CJ, Vitamin D. 100 years of discoveries, yet controversy 

continues. Lancet Diabetes Endocrinol. 2023;11(5):362–74.
2.	 Brustad N, Chawes B. Vitamin D primary prevention of respiratory infections 

and asthma in early childhood: evidence and mechanisms. J Allergy Clin 
Immunol Pract. 2024;12(7):1707–14.

3.	 Adams C, Manouchehrinia A, Quach HL, Quach DL, Olsson T, Kockum I, et 
al. Evidence supports a causal association between allele-specific vitamin D 

receptor binding and multiple sclerosis among europeans. Proc Natl Acad Sci 
U S A. 2024;121(8):e2302259121.

4.	 Qin LN, Zhang H, Li QQ, Wu T, Cheng SB, Wang KW, et al. Vitamin D binding 
protein (VDBP) hijacks twist1 to inhibit vasculogenic mimicry in hepatocel-
lular carcinoma. Theranostics. 2024;14(1):436–50.

5.	 Estimating dose-response. Relationships for vitamin D with coronary heart 
disease, stroke, and all-cause mortality: observational and mendelian ran-
domisation analyses. Lancet Diabetes Endocrinol. 2024;12(1):e2–11.

6.	 Mikola T, Marx W, Lane MM, Hockey M, Loughman A, Rajapolvi S, et al. The 
effect of vitamin D supplementation on depressive symptoms in adults: a 
systematic review and meta-analysis of randomized controlled trials. Crit Rev 
Food Sci Nutr. 2023;63(33):11784–801.

7.	 Giustina A, Lazaretti-Castro M, Martineau AR, Mason RS, Rosen CJ, Schoen-
makers I. A view on vitamin D: a pleiotropic factor? Nat Rev Endocrinol. 
2024;20(4):202–8.

8.	 Gholamzad A, Khakpour N, Kabipour T, Gholamzad M. Association between 
serum vitamin D levels and lipid profiles: a cross-sectional analysis. Sci Rep. 
2023;13(1):21058.

9.	 Renke G, Starling-Soares B, Baesso T, Petronio R, Aguiar D, Paes R. Effects of 
vitamin D on Cardiovascular Risk and oxidative stress. Nutrients. 2023;15(3).

10.	 Szymczak-Pajor I, Drzewoski J, Śliwińska A. The Molecular mechanisms by 
which Vitamin D Prevents Insulin Resistance and Associated disorders. Int J 
Mol Sci. 2020;21:18.

11.	 Argano C, Mirarchi L, Amodeo S, Orlando V, Torres A, Corrao S. The role of 
Vitamin D and its molecular bases in insulin resistance, diabetes, meta-
bolic syndrome, and Cardiovascular Disease: state of the art. Int J Mol Sci. 
2023;24(20).

12.	 Li P, Li K, Yuan W, Xu Y, Li P, Wu R, et al. 1α,25(OH)(2)D(3) ameliorates insulin 
resistance by alleviating γδ T cell inflammation via enhancing fructose-
1,6-bisphosphatase 1 expression. Theranostics. 2023;13(15):5290–304.

13.	 Hill MA, Yang Y, Zhang L, Sun Z, Jia G, Parrish AR, et al. Insulin resis-
tance, cardiovascular stiffening and cardiovascular disease. Metabolism. 
2021;119:154766.

14.	 Lee SH, Park SY, Choi CS. Insulin resistance: from mechanisms to therapeutic 
strategies. Diabetes Metab J. 2022;46(1):15–37.

15.	 Søndergaard E, De Espinosa AE, Morgan-Bathke M, Jensen MD. How 
to measure adipose tissue insulin sensitivity. J Clin Endocrinol Metab. 
2017;102(4):1193–9.

16.	 Son DH, Lee HS, Lee YJ, Lee JH, Han JH. Comparison of triglyceride-glucose 
index and HOMA-IR for predicting prevalence and incidence of metabolic 
syndrome. Nutr Metab Cardiovasc Dis. 2022;32(3):596–604.

17.	 Alavi Tabatabaei G, Mohammadifard N, Rafiee H, Nouri F, Maghami Mehr A, 
Najafian J, et al. Association of the triglyceride glucose index with all-cause 
and cardiovascular mortality in a general population of Iranian adults. Cardio-
vasc Diabetol. 2024;23(1):66.

18.	 Tao LC, Xu JN, Wang TT, Hua F, Li JJ. Triglyceride-glucose index as a marker 
in cardiovascular diseases: landscape and limitations. Cardiovasc Diabetol. 
2022;21(1):68.

19.	 Kim S, Lee JW, Lee Y, Song Y, Linton JA. Association between triglyceride-glu-
cose index and low-density lipoprotein particle size in Korean obese adults. 
Lipids Health Dis. 2023;22(1):94.

20.	 Che B, Zhong C, Zhang R, Pu L, Zhao T, Zhang Y, et al. Triglyceride-glucose 
index and triglyceride to high-density lipoprotein cholesterol ratio as 
potential cardiovascular disease risk factors: an analysis of UK biobank data. 
Cardiovasc Diabetol. 2023;22(1):34.

21.	 Sun LJ, Lu JX, Li XY, Zheng TS, Zhan XR. Effects of vitamin D supplementation 
on glucose and lipid metabolism in patients with type 2 diabetes mellitus 
and risk factors for insulin resistance. World J Diabetes. 2023;14(10):1514–23.

22.	 Zhu L, Li S, Zhong L, Xu S, Zhu H. Optimal vitamin D supplement dosage 
for improving insulin resistance in children and adolescents with over-
weight/obesity: a systematic review and network meta-analysis. Eur J Nutr. 
2023;63(3):763–75.

23.	 Singh A, Singh N. Vitamin D intervention as a curative measure for glucose 
intolerance in obese children and adolescents: a systematic review on 
randomized control trials. Eur J Pediatr. 2024;183(4):1475–83.

24.	 Brooke BS, Schwartz TA, Pawlik TM. MOOSE Reporting guidelines for Meta-
analyses of Observational studies. JAMA Surg. 2021;156(8):787–8.

25.	 Cumpston M, Li T, Page MJ, Chandler J, Welch VA, Higgins JP, et al. Updated 
guidance for trusted systematic reviews: a new edition of the Cochrane 
Handbook for Systematic Reviews of Interventions. Cochrane Database Syst 
Rev. 2019;10(10):Ed000142.

https://www.crd.york.ac.uk/prospero/


Page 13 of 13Li et al. BMC Endocrine Disorders          (2024) 24:222 

26.	 Bouillon R, Marcocci C, Carmeliet G, Bikle D, White JH, Dawson-Hughes B, 
et al. Skeletal and extraskeletal actions of vitamin D: current evidence and 
outstanding questions. Endocr Rev. 2019;40(4):1109–51.

27.	 Peterson RA, Brown SP. On the use of beta coefficients in meta-analysis. J 
Appl Psychol. 2005;90(1):175–81.

28.	 Wang J, Liu S, Zhao Y, Naqvi S, Duan R. The association between serum adipo-
kines levels with senile osteoporosis: a systematic review and meta-analysis. 
Front Endocrinol (Lausanne). 2023;14:1193181.

29.	 Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment 
of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol. 
2010;25(9):603–5.

30.	 Luo D, Wan X, Liu J, Tong T. Optimally estimating the sample mean from the 
sample size, median, mid-range, and/or mid-quartile range. Stat Methods 
Med Res. 2018;27(6):1785–805.

31.	 Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard 
deviation from the sample size, median, range and/or interquartile range. 
BMC Med Res Methodol. 2014;14:135.

32.	 Bowden J, Tierney JF, Copas AJ, Burdett S. Quantifying, displaying and 
accounting for heterogeneity in the meta-analysis of RCTs using standard 
and generalised Q statistics. BMC Med Res Methodol. 2011;11:41.

33.	 Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat 
Med. 2002;21(11):1539–58.

34.	 Dhas Y, Banerjee J, Damle G, Mishra N. Association of vitamin D deficiency 
with insulin resistance in middle-aged type 2 diabetics. Clin Chim Acta. 
2019;492:95–101.

35.	 Aludwan M, Kobyliak N, Abenavoli L, Kyriienko D, Fagoonee S, Pellicano R, et 
al. Vitamin D3 deficiency is associated with more severe insulin resistance 
and metformin use in patients with type 2 diabetes. Minerva Endocrinol. 
2020;45(3):172–80.

36.	 Jia Y, Song T, Li Z, Zhou L, Chen S. The relationship between triglyceride glu-
cose index and Vitamin D in type 2 diabetes Mellitus. Diabetes Metab Syndr 
Obes. 2022;15:511–25.

37.	 Mustafa A, Shekhar C. Association between serum 25-hydroxyvitamin-D 
and triglycerides-glucose index among Indian adolescents. BMC Nutr. 
2022;8(1):69.

38.	 Xiang Q, Xu H, Zhan J, Lu S, Li S, Wang Y et al. Association between the 
Triglyceride-Glucose Index and Vitamin D Status in type 2 diabetes Mellitus. 
Nutrients. 2023;15(3).

39.	 Mahat RK, Panda G, Nayak BP, Panda S. Association of vitamin D with 
triglyceride-glucose index and cardiometabolic risk factors in subclinical 
hypothyroidism. Hum Nutr Metabolism. 2023;34:200226.

40.	 Liu Z, Zhang W, Zhao Z, Li W, Zhang J. The triglyceride-glucose index is 
Associated with vitamin D status in metabolic-Associated fatty liver disease. 
Diabetes Metab Syndr Obes. 2023;16:2651–60.

41.	 Zhou L, Wang Y, Su J, An Y, Liu J, Wang G. Vitamin D Deficiency is Associated 
with impaired sensitivity to thyroid hormones in Euthyroid adults. Nutrients. 
2023;15(17).

42.	 Rivera-Paredez B, Hidalgo-Bravo A, León-Reyes G, León-Maldonado LS, 
Aquino-Gálvez A, Castillejos-López M et al. Total, bioavailable, and free 
25-Hydroxyvitamin D equally associate with adiposity markers and metabolic 
traits in Mexican adults. Nutrients. 2021;13(10).

43.	 Morró M, Vilà L, Franckhauser S, Mallol C, Elias G, Ferré T, et al. Vitamin D 
receptor overexpression in β-Cells ameliorates diabetes in mice. Diabetes. 
2020;69(5):927–39.

44.	 Das A, Gopinath SD, Arimbasseri GA. Systemic ablation of vitamin D receptor 
leads to skeletal muscle glycogen storage disorder in mice. J Cachexia Sarco-
penia Muscle. 2022;13(1):467–80.

45.	 Nimitphong H, Guo W, Holick MF, Fried SK, Lee MJ. Vitamin D inhibits Adipo-
kine Production and Inflammatory Signaling through the vitamin D receptor 
in human adipocytes. Obes (Silver Spring). 2021;29(3):562–8.

46.	 Rasouli N, Brodsky IG, Chatterjee R, Kim SH, Pratley RE, Staten MA, et al. Effects 
of vitamin D supplementation on insulin sensitivity and secretion in Predia-
betes. J Clin Endocrinol Metab. 2022;107(1):230–40.

47.	 Rasouli N, Pittas AG. Response to letter to the editor from Chang Villacreses et 
al: effects of vitamin D supplementation on insulin sensitivity and secretion 
in Prediabetes. J Clin Endocrinol Metab. 2022;107(7):e3095–6.

48.	 Harris E. Meta-analysis: vitamin D therapy reduced type 2 diabetes. JAMA. 
2023;329(9):703.

49.	 Fang A, Zhao Y, Yang P, Zhang X, Giovannucci EL. Vitamin D and human 
health: evidence from mendelian randomization studies. Eur J Epidemiol. 
2024;39(5):467–90.

50.	 Liu J, Song Y, Wang Y, Hong H. Vitamin D/vitamin D receptor pathway in non-
alcoholic fatty liver disease. Expert Opin Ther Targets. 2023;27(11):1145–57.

51.	 Baumgartner C, da Costa BR, Collet TH, Feller M, Floriani C, Bauer DC, et al. 
Thyroid function within the normal range, subclinical hypothyroidism, and 
the risk of Atrial Fibrillation. Circulation. 2017;136(22):2100–16.

52.	 Safari S, Rafraf M, Malekian M, Molani-Gol R, Asghari-Jafarabadi M, Mobas-
seri M. Effects of vitamin D supplementation on metabolic parameters, 
serum irisin and obesity values in women with subclinical hypothyroidism: 
a double-blind randomized controlled trial. Front Endocrinol (Lausanne). 
2023;14:1306470.

53.	 Nemeth Z, Patonai A, Simon-Szabó L, Takács I. Interplay of Vitamin D and 
SIRT1 in tissue-specific metabolism-potential roles in Prevention and 
Treatment of Non-communicable diseases Including Cancer. Int J Mol Sci. 
2023;24(7).

54.	 Xia Y, Yu Y, Zhao Y, Deng Z, Zhang L, Liang G. Insight into the Interaction 
mechanism of vitamin D against metabolic syndrome: a Meta-analysis and in 
Silico Study. Foods. 2023;12(21).

55.	 Lu T, Chen X, Zhang Q, Shang K, Yang X, Xiang W. Vitamin D relieves Epilepsy 
symptoms and neuroinflammation in Juvenile mice by activating the mTOR 
Signaling Pathway via RAF1: insights from Network Pharmacology and 
Molecular Docking studies. Neurochem Res. 2024;49(9):2379–92.

56.	 Saponaro F, Saba A, Zucchi R. An update on vitamin D metabolism. Int J Mol 
Sci. 2020;21(18).

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿The association between the triglyceride-glucose index and vitamin D status: a systematic review and meta-analysis
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Search strategy
	﻿Selection criteria and PECOS Framework
	﻿Data extraction
	﻿Quality assessment
	﻿Results of interest
	﻿Statistical analysis

	﻿Results
	﻿Literature search
	﻿Basic information of included studies
	﻿Quality evaluation of included studies
	﻿Meta-analysis of the TyG index in VDD group and no-VDD group
	﻿Meta-analysis of the relationship between the TyG index and vitamin D status
	﻿AUC for the prediction of VDD

	﻿Discussion
	﻿Comparison with existing research results
	﻿Strengths and limitations
	﻿Implications for Practice and Research

	﻿Conclusion
	﻿References


