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Objective: In this cross-sectional study including patients with type 2 diabetes
mellitus (T2DM) we aimed to explore the relationship between serum 25-hydroxy
vitamin (25(OH)D) level and liver steatosis and fibrosis in the Chinese population.

Methods: Patients visiting 16 clinical centers with T2DM were recruited. Their
liver steatosis and fibrosis status were then assessed using elastography. Factors
associated with steatosis and fibrosis were explored using regression analysis.
Correlations between serum 25(OH)D levels and other patient characteristics
were analyzed using linear regression.

Results: In total, 1,513 patients with T2DM were included in the study. The
prevalence of steatosis and fibrosis was 69.7%, and 34.6%, separately. A lower
level of 25(0OH)D was detected in patients with liver steatosis compared to those
without, although it was not an independent predictor of this condition.
However, 25(0OH)D level was independently associated with liver fibrosis even
when adjusted for age, sex, body mass index, hemoglobin Alc, insulin, and
homeostatic model assessment of insulin resistance (OR = 0.964 [0.935-0.993],
P = 0.015). When patients were separated into subgroups by sex, a correlation
between 25(0OH)D and fibrosis was identified in the male group (OR = 0.969
[0.940-0.998], P = 0.038).

Conclusions: In conclusion, this multi-center, cross-sectional study in patients

with T2DM showed that serum 25-hydroxy vitamin D level was strongly associated
with liver fibrosis and this relationship was more pronounced in male patients.
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Introduction

The prevalence of liver steatosis, with further development into
nonalcoholic steatohepatitis (NASH) and fibrosis has been proven
to be significantly higher in patients with type 2 diabetes mellitus
(T2DM) (1, 2). The elucidation of risk factors and development of
corresponding management strategies are therefore of great
clinical importance.

Non-alcoholic fatty liver disease (NAFLD) and T2DM are closely
associated (3). Patients with T2DM have been reported to have a
higher prevalence of liver steatosis and advanced fibrosis (1, 4-6).

The causal relationship between diabetes and liver steatosis has
not been thoroughly understood. Significant variability exists in the
relationship between T2DM and liver steatosis, potentially due to
the complicated pathological mechanisms (7). It has been reported
that the prevalence of liver steatosis and the correlation between
NAFLD and T2DM may be affected by ethnicity, race, and various
other patient characteristics (8-10). The risk factors in T2DM that
affect the development of liver steatosis have yet to be clarified.

Vitamin D plays a critical role in the regulation of the
metabolism and endocrine and immune systems (11-13).
Numerous studies have shown that vitamin D deficiency is
associated with diabetes (14-16). More recent studies have also
shown that vitamin D deficiency is among the risk factors for
various diabetes complications (17-20). Although the overall effects
need to be further confirmed, supplementation of vitamin D was
suggested to facilitate the treatment of T2DM (19, 21). Vitamin D
level may be also associated with liver steatosis. Previous studies
have suggested that a higher level of serum 25-hydroxy vitamin D
(25(OH)D) is associated with a lower risk of NAFLD (22, 23) and
that vitamin D supplementation could improve the prognosis of
chronic liver diseases (24). However, this is not certain and the

Abbreviations: T2DM, type 2 diabetes; 25(OH)D, 25-hydroxy vitamin D; BMI,
body mass index; TG, triglyceride; LDL, low-density lipoprotein; VLDL, very low-
density lipoprotein; HDL, high-density lipoprotein; VFA, visceral fat area;
NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis;
HCC, hepatocellular carcinoma; HbAlc, hemoglobin Alc; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; GGT, gamma glutamyl
transferase; hsCRP, high-sensitive reactive protein; RBC, red blood cell; CAP,
controlled attenuation parameter; LSM, liver stiffness measurement; HOMA-IR,

homeostatic model assessment of insulin resistance.
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association between liver steatosis and its progression still needs to
be confirmed (25, 26).

In this multi-center, cross-sectional study, we aimed to examine
the correlation between serum 25(OH)D levels and liver steatosis
and fibrosis in patients with T2DM from the Chinese population.

Methods
Study design and population

An observational study aiming to assess the prevalence and
development of liver steatosis/fibrosis in patients with T2DM was
conducted in 16 clinical centers in central south China. The
inclusion criteria included patients visiting these centers with
T2DM from November 2022. The exclusion criteria included
being enrolled in another trial, acute diabetes complications,
active and serious infection, pregnancy, cancer, and mental
disorders. The patient’s liver steatosis and fibrosis status were
assessed using elastography. Clinical characteristics along with
laboratory examination results were also collected. A total of
1,513 patients with T2DM were included in the study.

In this cross-sectional study, the characteristics of the patients
recruited were compared between those with different liver
steatosis/fibrosis statuses. Associations between serum 25(OH)D
level with liver steatosis/fibrosis were specifically explored.

Elastography is a non-invasive imaging technique used to assess
liver stiffness. It employs an ultrasound transducer to generate and
capture shear waves, which propagate through the liver tissue. The
speed of these shear waves is directly related to the stiffness of the
liver, which in turn correlates with the degree of fibrosis. A higher
shear wave velocity indicates increased liver stiffness and more
advanced fibrosis. This method is widely accepted as a reliable tool
for staging liver fibrosis in chronic liver diseases, including NAFLD
and other conditions associated with fibrosis.

Data collection
Liver steatosis was defined as a controlled attenuation

parameter (CAP) score =244 db/m. Fibrosis was defined as a liver
stiffness measurement (LSM) score >7.85 kPa.
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Demographic characteristics, clinical information of diabetes
status, serum lipids profiles, and inflammation markers in a blood
test were collected. Serum 25(OH)D level was measured using high-
performance liquid chromatography-tandem mass spectrometry
(HPLC-MS/MS) in the clinical laboratory of Zhongda Hospital.

Statistical analysis

Characteristics were compared between patients with liver
steatosis or fibrosis and those without these conditions. Factors
associated with steatosis/fibrosis were explored using regression
analysis. In addition, correlations between serum 25(OH)D levels
and other patient characteristics were analyzed using Spearman’s
correlation analysis and logistic regression analysis. Normally
distributed continuous data were presented as mean = SD, while
skew-distributed data were presented as median (range).
Categorical data were presented as frequency (percentage).
Differences in normally distributed data between two groups were
analyzed using Student’s t-test. Skew-distributed data were
compared using the non-parameter Mann-Whitney U test.
Differences in categorical data were compared using the Chi-
squared test or Fisher’s exact test. The correlated factors for liver
steatosis and fibrosis were analyzed using single and multivariate
logistic regression analyses. SPSS Statistics version 23.0 (IBM,
Armonk, NY, USA) were used for statistical analysis. All tests
were two-sided. P < 0.05 was considered = significantly significant.

Results
Characteristics of patients

In total, 1,513 T2DM patients were included in the study period.
In 1,507 patients with valid liver steatosis data, 1,049 were identified
with liver steatosis, with a prevalence of 69.7%. A total of 520
patients out of 1,509 with valid data were diagnosed with liver
fibrosis, with a prevalence of 34.6%. The mean age for the
individuals in this study was 58 + 12.7 years old.

Steatosis/fibrosis patients had lower serum
25-hydroxy vitamin D levels

To explore the potential risk factors for liver steatosis and fibrosis
of patients with T2DM, comparisons with various characteristics
were performed. As shown in Table 1, patients with steatosis showed
significant differences from those without steatosis, including
younger age, a higher prevalence of women, higher body mass
index (BMI), a higher percentage of overweight/obesity, and higher
insulin resistance but lower hemoglobin Alc (HbAlc) and shorter
diabetes duration. Laboratory tests showed that the patients in the
two groups had significant differences in serum lipid profile with
higher levels of triglyceride (TG), low-density lipoprotein (LDL), and
very low-density lipoprotein (VLDL), and lower levels of high-density
lipoprotein (HDL) in the patients with steatosis. In addition, mild but
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statistically significant lower levels of 25(OH)D were detected in
patients with steatosis compared to those without (Median 21.7 vs
20.3 nmol/L, P = 0.025).

When characteristics were compared between patients with and
without fibrosis (Table 2), differences in age, gender, and HbAlc were
not significant, while differences in BMI and lipid profiles were similar
as in the steatosis analysis. Notably, patients with liver fibrosis also had
significantly lower levels of serum 25(OH)D compared to those
without fibrosis (Median 21.0 vs 19.3 nmol/L, P = 0.030).

Multivariate analysis identified serum 25-
hydroxy vitamin D to be independently
correlated with liver fibrosis

To further explore the potential risk factors for liver steatosis and
fibrosis in patients with T2DM, multiple logistic regression analysis
was performed. The results indicated that multiple factors were
independently associated with higher risks of liver steatosis and
fibrosis, including female sex, a higher BMI, and shorter disease
duration. However, age, HbAlc, insulin, and HOMA-IR were no
longer associated with liver steatosis and fibrosis in the multivariate
analysis. In addition, the correlation of some other characteristics,
such as lipid profiles, was only significant with liver steatosis but not
liver fibrosis. These results suggested that simple differences in these
factors between the patient groups did not indicate close associations.

Considering the subtle differences in 25(OH)D between the
patient groups, it was expected that its associations with liver
steatosis and fibrosis may also be superficial. However, somewhat
surprisingly, the results of the multivariate regression analysis
(Table 3) showed that serum 25(OH)D level, although not an
independent predictor of liver steatosis, was independently
associated with liver fibrosis (OR = 0.964 [0.935-0.993], P =
0.015) even when adjusted for age, sex, BMI, HbAlc, insulin, and
HOMA-IR. It also demonstrated that for every one standard
deviation increase in 25(OH)D level, the risk of liver fibrosis was
reduced by 3.60%. These results indicated that, although at a very
mild level, differences in serum 25(OH)D could be a significant
factor related to liver fibrosis in patients with T2DM.

The association between serum 25-
hydroxy vitamin D with liver fibrosis was
specific for male patients

To further explore the relationship between 25(OH)D and liver
fibrosis, we analyzed the correlations of serum 25(OH)D with other
characteristics of patients with T2DM. As shown in Table 4, the
multivariate linear regression analysis found that 25(OH)D was
significantly correlated with age and sex, but not HbAlc, BMI, or
high-sensitive C-reactive protein (hsCRP). Since BMI is the most
significant associated factor for liver steatosis and fibrosis and
female sex was surprisingly found to be associated with higher
risk of liver steatosis and fibrosis in this study, we further explored
the association between serum 25(OH)D and fibrosis in different
BMI and gender subgroups. As shown in Table 5, a significant
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TABLE 1 Comparison of characteristics between patients with T2DM with and without liver steatosis.

10.3389/fendo.2024.1420088

Non-steatosis (n= 458) Steatosis (n=1049) P-value
Demographic

Age (Year) 60.00 + 12.40 56.50 + 14.00 <0.001
Sex 0.021

Female 35.80% 42.10%

Male 64.20% 57.90%

Diabetes parameters
Disease duration (Year) 10.00 (4.00-15.00) 6.00 (1.00-10.00) <0.001
HbAlc (mmol/L) 9.51 + 2.56 9.09 + 2.14 0.002
Insulin-F (UTU) 6.09 (2.17-11.2) 8.51 (3.74-14.6) <0.001
HOMA-IR 2.32 (0.75-4.14) 3.16 (1.34-5.45) <0.001
Body weight and serum lipid profile

BMI (kg/m?) 22.90 + 2.88 26.00 + 4.04 <0.001
BMI category <0.001

Normal 53.00% 19.00%

Overweight 40.40% 52.60%

Obese 6.50% 28.40%
TG (mmol/L) 1.19 (0.87-1.81) 1.72 (1.18-2.68) <0.001
LDL (mmol/L) 2.34 (1.83-3.03) 2.50 (1.94-3.12) 0.011
HDL (mmol/L) 1.23 (1.00-1.50) 1.14 (0.94-1.36) <0.001
VLDL (mmol/L) 0.66 (0.39-2.07) 1.27 (0.52-1.42) <0.001
Cholesterol (mmol/L) 440 + 1.24 4.63 £1.28 0.002
25-hydroxy vitamin D (nmol/L) 21.70 (16.80-27.90) 20.30 (15.60-25.60) 0.025

BMI, body mass index; TG, triglyceride; LDL, low-density lipoprotein; HDL, high-density lipoprotein; ALT, alanine transaminase; AST, aspartate transaminase; GGT, gamma glutamyl
transferase; eGFR, estimated glomerular filtration rate; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid-stimulating hormone; hsCRP, high-sensitive C-reactive protein; UACR,

urinary albumin to creatinine ratio.

Data are presented as mean (SD), median (25th-75th percentile [P25-P75]), or n and percentage. The P-values are calculated using Student’s t-test, the Kruskal-Wallis test, or the chi-squared test.
HbA1lc, hemoglobin A1C; HOMA-IR, homeostatic model assessment of insulin resistance; BMI, body mass index; TG, triglyceride; LDL, low-density lipoprotein; HDL, high-density lipoprotein;

VLDL, very low-density lipoprotein.

correlation between 25(OH)D and fibrosis could not be detected in
patients separated into lean and overweight subgroups. These
results may be explained by the reduced sample size in each
subgroup and mild associations. However, when patients were
separated into subgroups of different sexes, although not detected
in the female group, a clear independent correlation between 25
(OH)D and fibrosis was identified in the male group (OR = 0.969
[0.940-0.998], P = 0.038). It suggested that for every one standard
deviation increase in 25(OH)D level, the risk of liver fibrosis was
reduced by 3.10% in the male group. Patients with higher levels of
25(OH)D appeared to be at lower risk of liver fibrosis.

Discussion

In this cross-sectional study exploring the characteristics and
potential risk factors for liver steatosis and fibrosis, we found that
there was a high prevalence of liver steatosis and fibrosis among the
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patients with T2DM. The potential risk factors for liver steatosis/
fibrosis included BMI, sex, and diabetes duration. Lower serum 25
(OH)D levels were detected in patients with liver steatosis and
fibrosis. Furthermore, serum 25(OH)D levels appeared to be
independently associated with fibrosis and have more influence in
male compared to female patients.

In this study, patients with T2DM visiting 16 centers, from
community to tertiary hospitals in Jiangsu Province, located in the
central China region, were studied. The prevalence of liver steatosis
and fibrosis was comparable to previous studies carried out in the
USA (5, 6), France (1), and other populations in China (27, 28).
Therefore, a high prevalence of liver steatosis and fibrosis appears to
be not highly associated with ethnicity.

A higher BMI was found to be the most significant risk factor
for liver steatosis and fibrosis in this study, which was consistent
with previous studies (29, 30). In contrast, a patient’s diabetes status
was not significantly associated with liver steatosis and fibrosis.
These results further indicate the complexity of the interaction
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https://doi.org/10.3389/fendo.2024.1420088
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Huang et al.

TABLE 2 Comparison of characteristics between patients with T2DM
with and without liver fibrosis.

Non-fibrosis

(n=989)

Demographic

Fibrosis
(n=520)

Age (Year) 57.30 + 13.30 58.10 + 14.30 0.366
Sex 0.117
Female 38.70% 42.90%
Male 61.30% 57.10%
Diabetes parameters
Disease
) 8.00 (2.00-13.00) 5.50 (1.00-11.80) <0.001
duration (Year)
HbAlc (mmol/L) 9.27 £2.28 9.11 £2.29 0.220
Insulin-F (UIU) 6.73 (2.69-12.30) 9.56 (4.72-15.70) <0.001
HOMA-IR 2.49 (0.96-5.07) 3.34 (1.54-5.51) <0.001
Body weight and serum lipid profile
BMI (kg/m?*) 24.40 + 3.15 26.40 + 4.04 <0.001
BMI category <0.001
Normal 34.40% 19.80%
Overweight 50.30% 46.10%
Obese 15.30% 34.10%
Waist-to-hip ratio 0.94 (0.90-0.97) 0.95 (0.91-0.99) <0.001
Visceral fat
5 84.00 + 33.00 102.80 + 35.00 <0.001
area (cm”)
Subcutaneous fat
5 169.20 + 48.70 197.80 + 61.80 <0.001
area (cm”)
TG (mmol/L) 1.44 (0.99-2.33) 1.65 (1.18-2.60) <0.001
LDL (mmol/L) 2.49 (1.94-3.13) 2.39 (1.85-3.05) 0.038
HDL (mmol/L) 1.19 (0.99-1.42) 1.11 (0.92-1.35) <0.001
VLDL (mmol/L) 0.95 (0.44-1.91) 1.14 (0.45-1.54) 0.279
Cholesterol
4.60 + 1.27 448 +1.28 0.095
(mmol/L)
Alkaline 77.00 (62.00-95.80) | 8120 (65.00-99.90)  <0.001
phosphatase (U/L) ’ ’ : ’ : ’ ’
Bile acid (umol/L) 2.93 (2.10-4.45) 3.56 (2.50-5.90) <0.001
25-hydroxy vitamin
21.00 (16.40-26.70) 19.30 (15.00-25.50) 0.030

D (nmol/L)

Data are presented as mean (SD), median (25th-75th percentile [P25-P75]), or n and
percentage. The P-values are calculated using Student’s t-test, the Kruskal-Wallis test, or
the chi-squared test. HbAlc, hemoglobin A1C; HOMA-IR, homeostatic model assessment of
insulin resistance; BMI, body mass index; TG, triglyceride; LDL, low-density lipoprotein;
HDL, high-density lipoprotein; VLDL, very low-density lipoprotein.

between T2DM and liver steatosis, which involves crosstalk among
lipid and glucose metabolism, as well as inflammation (31-34). In
this study, age did not appear to be strongly associated with a risk of
steatosis or fibrosis. Previous studies about a correlation between
age and NAFLD did not produce consistent results (4, 35, 36).
Furthermore, in the T2DM population, NAFLD risk may decrease
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with increasing age (37). These results indicated that age may not be
among the significant risk factors for liver steatosis and fibrosis.
Interestingly, BMI did not play a role in the relationship between
vitamin D and liver fibrosis in this study. This could be attributed to
the diverse population sampled, which encompassed individuals
with various stages of T2DM from 16 medical centers, rather than
focusing on specific conditions such as obesity, liver steatosis, or
liver fibrosis. As a result, there may have been a significant number
of participants with less severe liver disease and better
weight management.

Although the differences in serum 25(OH)D levels appeared to be
subtle, the correlation between 25(OH)D with liver fibrosis was
statistically significant even when adjusted for multiple other risk
factors. The 25(0OH)D levels detected in this study were at the edge of
25(OH)D deficiency (20 nmol/L). It has long been known that patients
with T2DM are at more risk of 25(OH)D deficiency (14-16) therefore
the results were not surprising. What was surprising is that the
multivariate regression analysis found a non-significant relationship
between 25(OH)D levels and liver steatosis, but a significant
correlation with liver fibrosis in this study. There are two possible
reasons. One is that 25(OH)D may influence fat metabolism but its
impact on steatosis might not be evident at an early stage. In contrast,
fibrosis, as a later-stage pathology, might be more susceptible to 25
(OH)D deficiency, particularly due to its anti-inflammatory effects.
The other is that steatosis and fibrosis represent different phases of
liver disease progression. Steatosis is often reversible, while fibrosis is
harder to reverse. The role of 25(OH)D could be more critical in the
progression of fibrosis than in the initial fat accumulation stage.
Therefore, further exploration of the relationship between 25(OH)D
and liver fibrosis is warranted.

In addition, the association between 25(OH)D and fibrosis was
different in male and female individuals. Sex hormones have a
potential influence on both T2DM and liver steatosis. Previous
studies have found that the influences of 25(OH)D deficiency and
supplementation on lipid and glucose metabolite changes were sex-
specific (38). The results of a meta-analysis indicated that female
T2DM patients may have a higher risk of 25(OH)D deficiency (15).
Sex hormones are also involved in liver fat accumulation and are
closely associated with NAFLD (39, 40). Furthermore, a significant
inverse association between sex hormone-binding globulin (SHBG)
and the risk of NAFLD has been reported (41). 25(OH)D and sex
hormones have complex interactions. Vitamin D metabolites are
involved in the regulation of sex hormones and their interaction
plays an important role in the regulation of lipid metabolism and
obesity (42). In addition, the association between 25(OH)D and sex
hormones was reported to be different in different genders and
women with different menopausal statuses (43). For example, 25
(OH)D levels were found to be significantly associated with
testosterone levels while the association between 25(OH)D and
sex hormones in women was inconclusive (42). Testosterone has
been linked to increased liver fibrosis, as it may promote
fibrogenesis through mechanisms such as enhancing collagen
synthesis and activation of hepatic stellate cells. Conversely,
estrogen has protective effects against liver fibrosis, potentially
promoting apoptosis of hepatic stellate cells and inhibiting
collagen production. The contrasting effects of these hormones
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TABLE 3 Multivariate analysis of the correlation between 25-hydroxy vitamin D with liver steatosis and fibrosis in patients with T2DM.

Variable

Liver steatosis

OR (95% CIl) model 1

Adjusted for age and sex

P value

Adjusted for age, sex, BMI, HbAlc, insulin, and
HOMA-IR

OR (95% CI) model 2 P value

25(0H)D 0.982 (0.962, 1.003) 0.090 ‘ 0.977 (0.948, 1.006) 0.113
Liver fibrosis
25(0H)D 0.973 (0.952, 0.995) 0.010 ‘ 0.964 (0.935, 0.993) 0.015

Results were obtained with logistic regression and given as OR and 95% CI. 25(0OH)D, 25-hydroxy vitamin D.

TABLE 4 Multivariate analysis of correlations between 25-hydroxy
vitamin D and other characteristics of T2DM patients.

Variable Coefficient P value
Age 0.123 0.001
Sex 0.371 0.001
HbAlc -0.376 0.056
BMI 0.026 0.835
hsCRP -0.026 0.105

HbA1c, hemoglobin A1C; BMI, body mass index; hsCRP, high-sensitive C-reactive protein.

can thus create a gender-based difference in how 25(OH)D
influences liver fibrosis. Additionally, SHBG levels, which are
influenced by hormonal status, can affect bioavailable sex
hormones and thereby modulate their actions on liver tissue.
Lower SHBG levels in men may lead to higher free testosterone
levels, resulting in an increased risk of liver fibrosis. Due to the
complex interaction between 25(OH)D and sex hormones, as well
as their involvement in liver steatosis, the influence of 25(OH)D

TABLE 5 Correlations between 25-hydroxy vitamin D and liver fibrosis in
different subpopulations of patients with T2DM.

Adjusted for age

Adjusted for age

and BMI
OR OR
(95% Cl) P value (95% C) P value
Male 0970 0.035 0969 0.038
(0.944, 0.998) (0.940, 0.998)
Female 0-979 0.240 0-974 0.174

(0.946, 1.014)

Adjusted to age

(0.939, 1.011)

Adjusted to age

and sex
(0]} OR
P val P val
(95% Cl) aue  (95% CI) GiE
0.959 0.953
Lean 0.097 0.068
(0.913, 1.008) (0.906, 1.004)
Overweight 0979 0.085 0978 0.077

(0.957, 1.003)

(0.954, 1.002)

Results were obtained with logistic regression and given as OR and 95% CI. 25(OH)D,

25-hydroxy vitamin D.
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therefore may be affected by sex. It has been suggested that the
multiple mechanisms through which 25(OH)D participates in the
regulation of NAFLD development, including insulin sensitivity,
lipid metabolism and inflammation, may be affected by individual
sex hormone levels (44, 45). Previous studies have suggested that
sex differences affected the relationship between 25(OH)D
deficiency and NAFLD (23). Furthermore, menopause status is
among the confounding factors that influence the association
between NAFLD and T2DM (46). The association between sex
and liver fibrosis may vary in women before and after menopause
(47). Therefore, the risk of 25(OH)D deficiency, as well as its
influence on the development of liver fibrosis, may be different in
male and female T2DM patients. Clinically, these sex-specific
differences can be attributed to several key factors and underlying
mechanisms. For women, the hormonal fluctuations post-
menopause lead to changes in lipid metabolism and an increased
risk of NAFLD. The decline in estrogen levels may alter the
metabolism of 25(OH)D, affecting its bioavailability and overall
impact on liver health. Additionally, 25(OH)D plays a crucial role in
anti-inflammatory and antifibrotic processes, and its deficiency
might exacerbate liver inflammation and fibrosis progression. In
contrast, men typically exhibit higher levels of visceral adiposity,
which is associated with more severe liver fibrosis. This distinct fat
distribution and the differential impact on insulin sensitivity might
further affect the risk of NAFLD and subsequent fibrosis in male
patients with T2DM. Moreover, sex-specific differences in body
composition, metabolic rate, and liver enzyme functions could also
contribute to the varying effects of 25(OH)D deficiency on liver
fibrosis. Understanding these distinctions is crucial for developing
personalized therapeutic strategies and improving the overall
prognosis for patients with T2DM. The interplay between sex,
menopause status, hormonal environment, and metabolic
differences underscores the need for a differentiated approach in
managing 25(OH)D levels and their implications for liver health in
male and female patients with T2DM.

The study is subject to certain limitations. Due to the
complexity of the potential risk factors, limited sample size, and
wide distribution of some tested parameters, the validities of
differences and correlations detected need to be further confirmed
in a larger population. Furthermore, interactions among the tested
factors need to be further addressed. The influence of 25(0OH)D
levels on liver fibrosis may be clarified in a stratified analysis of 25
(OH)D deficiency, although this may depend on the normal range
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cutoff. Nevertheless, the results from this analysis did raise an
interesting finding that not only was 25(OH)D associated with
liver fibrosis despite subtle changes in serum levels, but its influence
closely interacted with sex. Therefore, further confirmation and
study of the underlying mechanisms are warranted.

In conclusion, a cross-sectional study in patients with T2DM
showed that serum 25(OH)D level is strongly associated with liver
fibrosis, and this relationship was more pronounced in
male patients.
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