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SUMMARY

Background: We aimed to characterize the relationship between the serum 25-hydroxyvitamin D concentration
and the circulating lipid concentrations of patients with NAFLD in the Hulunbuir region of China.

Methods: One hundred fifty-six patients, who were diagnosed with NAFLD in the Physical Examination Depart-
ment of the Second Clinical College of Inner Mongolia University for the Nationalities between January 2021 and
March 2023, were recruited as NAFLD group, and 160 healthy people were recruited as a control group during
the same period. The serum 25(OH)VitD, TBIL, TG, TC, LDL-C, HDL-C, AST, ALT, GGT, and FPG activities of
the participants were measured, and hepatic ultrasonography was performed.

Results: The BMI of the NAFLD group was higher than of the control group (p < 0.05). The serum 25(OH)VitD3
(p <0.05) and the HDL-C concentrations of the NAFLD group were lower than those of the normal control group.
However, the AST (p < 0.05), ALT (p < 0.05), and GGT (p < 0.05) activities, and the serum TG (p < 0.05), TC (p <
0.05), LDL-C (p < 0.05), and the fasting glucose (p < 0.05) concentrations of the NAFLD group were higher than
those of the normal control group. The serum 25(OH)VitD3 concentrations of the NAFLD group significantly cor-
related negatively with BMI (r = -0.302, p < 0.01), TG (r = -0.221, p < 0.05), and fasting glucose (r = -0.236, p <
0.05). The BMI, TG, and fasting glucose of vitamin D-deficient participants were higher than of the participants
with adequate or insufficient levels of vitamin D (p < 0.05). Finally, the BMI of vitamin D-deficient participants
was higher than of those with an adequate vitamin D status (p < 0.05).

Conclusions: A deficiency of 25(OH)VitD is more common in people from the Hulunbuir region of China than
elsewhere. In addition, the vitamin D status is significantly associated with NAFLD; as the serum vitamin D con-
centration decreases, patients with NAFLD show greater dyslipidemia and hyperglycemia and a higher BMI.
(Clin. Lab. 2024;70:xx-xx. DOI: 10.7754/Clin.Lab.2024.231225)
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LIST OF ABBREVIATIONS

NAFLD - nonalcohalic fatty liver disease
AST - aspartate aminotransferase

ALT - alanine aminotransferase

GGT - gamma-glutamyltransferase

TBIL - total bilirubin

TG - triglyceride

TC - total cholesterol

LDL-C - low-density lipoprotein cholesterol
HDL-C - high-density lipoprotein cholesterol
FPG - fasting glucose

25(0OH)VitD - 25-hydroxyvitamin D

BMI - body mass index

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is associated
with an insulin resistance (IR) and hepatic metabolic
stress, and is subject to genetic susceptibility [1,2]. The
pathological features mainly manifest as hepatic steato-
sis, accompanied by cellular inflammatory response,
which can further develop and lead to serious conse-
quences such as cirrhosis and liver cancer. In recent
years, with the increases in the prevalences of obesity
and metabolic syndrome (MetS), NAFLD has become
an increasingly recognized cause of chronic liver dis-
ease and high circulating liver enzyme activities.
NAFLD is associated with cellular oxidative stress, in-
sulin resistance, and pancreatic cell dysfunction, mani-
festing in dyslipidemia and hyperglycemia, which seri-
ously endanger health [3,4].

Recent studies have shown that the vitamin D status is
closely associated with NAFLD, and the degree of vita-
min D deficiency positively correlates with circulating
TGF-p concentration and the severities of fatty liver and
liver cirrhosis [5]. A high BMI is associated with low
circulating vitamin D concentration, and vitamin D defi-
ciency may increase the risks of an impaired glucose
regulation and dyslipidemia. Vitamin D is an essential
steroid hormone, that has numerous physiological roles,
including the regulation of calcium and phosphorus me-
tabolism and the immune response [6]. In addition, vita-
min D plays a role in chronic diseases, such as diabetes
[7] and coronary heart disease [8]. Vitamin D3 can be
synthesized in the skin from 7-dehydrocholesterol
through a photochemical reaction in the sunlight.
Hulunbuir, Inner Mongolia, is located in the northern-
most part of China, which has a cold climate and limit-
ed sunshine, meaning that the inhabitants typically have
a poor vitamin D status. In addition, the prevalence of
NAFLD is relatively high in this region, owing to the

high-fat content of the inhabitants’ diet, which includes
a lot of beef and mutton. Therefore, we aimed to study
the relationship of 25-hydroxyvitamin D status with
NAFLD and lipid metabolism in this region, in order to
provide guidance for people with NAFLD and a vitamin
D deficiency, who live in cold climates and consume a
high-fat diet.

MATERIALS AND METHODS

Subject selection and sample collection

We recruited patients who attended the Physical Exami-
nation Center of the Second Clinical Medical College of
Inner Mongolia University for the Nationalities between
January 2021 and March 2023, all of whom underwent
blood testing, hepatic ultrasonography, and the mea-
surement of BMI. One hundred fifty-six of the partici-
pants (81 men and 75 women) were diagnosed with
NAFLD, and a control group was created, that consisted
of 160 healthy people without fatty liver (78 men and
82 women), who were recruited during the same period.
The study was approved by the Ethics Committee of the
Second Clinical Medical School of Inner Mongolia Uni-
versity for the Nationalities.

Inclusion criteria

All patients met the diagnostic criteria of the Guidelines
for the Prevention and Treatment of Nonalcoholic Fatty
Liver Disease, formulated by the Chinese Medical As-
sociation in 2018 [9-12]: 1) Imaging or pathological
findings showed a steatosis of hepatocytes, patients with
no history of alcohol consumption or an alcohol con-
sumption equivalent to the alcohol consumption stan-
dards (male alcohol consumption < 30 g/d, female < 20
g/d), patients with alcohol, autoimmune, or other clear
causes for their fatty liver disease were excluded, as
well as patients with special drugs being applied to their
liver cell steatosis; 2) the diagnostic criteria of abdomi-
nal B-ultrasonography for fatty liver are enhanced near
field echo of liver, higher than that of spleen and kid-
ney, showing "bright liver”, far field echo attenuation,
and an unclear intrahepatic duct structure; 3) residents,
aged 20 - 69 years, with complete clinical data and as
long-term residents in the Hulunbuir area; and 4) none
of the participants took vitamin D supplements during
the study period, and the sampling times were parallel
between the two groups.

Exclusion criteria

Patients were excluded if they had a history of exces-
sive alcohol consumption (> 30 g/day or > 20 g/day for
men and women, respectively), if they had a history of
acute or chronic hepatitis, cirrhosis, or liver cancer, if
they had experienced metabolic infectious gastrointesti-
nal diseases affecting the vitamin D absorption, if they
were orally administered drugs affecting the vitamin D
absorption, or if they were pregnant or lactating.

Clin. Lab. 7/2024



VD Concentration on Lipid Metabolism in NAFLD

Measurement of serum parameters

Five milliliter fasting venous blood samples were drawn
from patients into tubes, containing 5 mL of inert sepa-
ration gel and coagulation enhancers. After standing for
30 minutes, they were centrifuged at 1,509 x g for 15
minutes, and the 25(OH)VitD3 (nmol/L) concentrations
of the serum samples were measured by the German
Roche Cobas e602 electrochemical luminescence ana-
lyzer. The serum AST (U/L), ALT (U/L), and GGT
(U/L) activities and the serum TBIL (umol/L), TG
(mmol/L), TC (mmol/L), LDL-C (mmol/L), HDL-C
(mmol/L), and glucose (mmol/L) concentrations were
measured by Beckman AU5800 of Beckman Kurt Lim-
ited, USA.

Categorization of the participants according to se-
rum VitD concentration

There is no standard definition for vitamin D deficien-
cy, so we used previously published criteria [13]. The
participants with NAFLD were categorized according to
their serum vitamin D concentration as follows: 1) Vita-
min D deficiency subgroup: serum 25(OH)VitD < 50
nmol/L; 2) Vitamin D insufficiency subgroup: serum
25(OH)VitD 50 - 74.9 nmol/L; and 3) Vitamin D suffi-
ciency subgroup: serum 25(OH)VitD > 75 nmol/L.

Statistical analyses

SPSS 26.0 was used for data analysis. Normally distrib-
uted continuous data are expressed as mean + standard
deviation, and one-way analysis of variance was used
for comparisons among the groups, followed by the
LSD test. Abnormally distributed continuous data are
expressed as median and interquartile range. Categori-
cal datasets were compared by using the rank-sum test.
The chi-squared test was used for count data. The
Spearman analysis method was used for correlation
analysis. p < 0.05 was considered to represent a statisti-
cal significance.

RESULTS

Comparison of the general characteristics of the
NAFLD and control groups

The 156 participants in the NAFLD group had a mean
age of 47.1 + 10.5 years and the 160 participants in the
control group had a mean age of 46.3 £ 11.7 years.
There were no differences in the age or gender distribu-
tions of the two groups. The BMI of the NAFLD group
was higher than of the control group, and the difference
was statistically significant (Table 1).

Serum concentrations of 25(OH)VitD3 and biochem-
ical indices of the two groups

The serum concentrations of 25(OH)VitD3 and HDL-C
were lower in the NAFLD group than in the control
group (p < 0.05). However, the AST, ALT, and GGT
activities and the TG, TC, LDL-C, and glucose concen-
trations of the NAFLD group were higher than those of
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the control group (p < 0.05). There was no difference in
the TBIL concentrations of the two groups, as is shown
in Table 2.

Correlations between 25(OH)VitD3 concentration
and biochemical indices in the NAFLD group

The serum 25(OH)VitD3 concentrations of the partici-
pants in the NAFLD group significantly, negatively cor-
related with BMI (r = -0.302, p < 0.01), TG (r = -0.221,
p < 0.05), and fasting glucose (r = -0.236, p < 0.05).
However, they did not correlate with AST, ALT, GGT,
TBIL, TC, LDL-C, or HDL-C, as is shown in Table 3.

Comparison of BMI, TG, and fasting glucose con-
centrations among the 25(OH)VitD3 status sub-
groups of the NAFLD group

There were significant differences in the BMI, TG, and
fasting glucose concentrations among the three sub-
groups (p < 0.05). There were statistically significant
differences in the BMI between the NAFLD group and
the control group (p < 0.05). There was no significant
difference in TG or glucose between the vitamin D suf-
ficiency and insufficiency groups (p < 0.05). There
were significant differences in TG and glucose between
the vitamin D sufficiency and vitamin D deficiency
groups (p < 0.05) (Table 4).

DISCUSSION

In the present study, we found that the serum AST,
ALT, and GGT activities of patients with NAFLD are
higher than those of healthy individuals, which is con-
sistent with the findings of many previous studies [14].
Hepatocyte disorders caused by the excessive deposi-
tion of fat in the liver of patients with NAFLD, result in
high circulating levels of transaminases. Therefore, pa-
tients with NAFLD should have their transaminase ac-
tivities measured regularly. NAFLD is associated with a
high level of oxidation stress, IR, beta-cell dysfunction,
and dyslipidemia. In the present study, the serum HDL-
C concentrations of participants with NAFLD were
lower than of the control group, whereas their BMI, TG,
TC, LDL-C, and glucose were higher. This is consistent
with the close relationships of NAFLD with diabetes,
dyslipidemia, obesity, and IR. NAFLD usually coexists
with lipid metabolism disorders. Due to the impact of
lipid metabolism disorders on liver cell function, liver
cells undergo steatosis to form fatty liver, which trans-
forms into hyperlipidemia and further exacerbates liver
cell steatosis [15].

NAFLD is closely associated with a poor lifestyle. In
recent years, owing to factors such as a sedentary life-
style, the consumption of high-fat foods, and the conse-
quent obesity, the prevalence of NAFLD has been in-
creasing, and the disease is increasingly affecting youn-
ger people. A large number of studies have shown that
vitamin D is closely associated with fatty liver and me-
tabolic syndrome [16], but the mechanisms involved
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Table 1. Comparison of the general characteristics of the NAFLD and the control group.

NAFLD group Control group
Parameter t/y? p
(n = 156) (n =160)
Grade [n (male/female)] 81/75 78/82 0.32 0.573
Age (years) 47.06 +10.53 46.34 £ 11.65 0.57 0.369
BMI (kg/m?) 25.69 +1.89 23.08 +£2.02 11.87 0.000

Table 2. Comparison of the serum 25(OH)D3 concentrations and of the biochemical indices of the NAFLD and the control

group.
Parameter NAFLD group Control group ZIt p
25(OH)D3 (nmol/L) 38.00 [30.00, 44.00] 45.00 [35.00, 50.00] -4.88 <0.001
AST (U/L) 24.11 +3.93 22.73+2.93 3.53 <0.001
ALT (U/L) 27153+£7.77 23.20 £6.85 5.25 <0.001
GGT (U/L) 40.00 [34.00, 43.00] 25.00 [23.00, 30.00] -10.82 <0.001
TBIL (umol/L) 14.03 [12.12, 16.38] 13.98 [11.99, 16.84] -0.47 >0.05
TG (mmol/L) 2.41[1.77, 2.62] 1.16 [0.95, 1.46] -13.23 < 0.001
TC (mmol/L) 5.29 +0.88 4.05+0.95 11.88 <0.001
LDL-C (mmol/L) 3.75+0.85 2.86 £0.42 11.84 <0.001
HDL-C (mmol/L) 119+0.14 1.36 £0.22 -7.82 <0.001
FPG (mmol/L) 5.82 [5.21, 6.11] 5.17 [4.99, 5.43] -6.97 < 0.001

Table 3. Pearson correlations for the relationships between serum 25(OH)D3 concentration and other biochemical indices in
the NAFLD group.

25(0OH)D3
Parameter
r p

BMI -0.302 <0.01
AST (U/L) -0.048 > 0.05
ALT (U/L) 0.017 > 0.05
GGT (U/L) -0.046 > 0.05
TBIL (umol/L) 0.148 >0.05
TG (mmol/L) -0.221 > 0.05
TC (mmol/L) -0.021 >0.05
LDL-C (mmol/L) 0.105 > 0.05
HDL-C (mmol/L) -0.041 >0.05
FPG (mmol/L) -0.236 <0.05

have not been firmly established. In particular, people
with obesity and adolescents with fatty liver have been
shown to lack vitamin D. The biological role of vitamin
D is not limited to calcium and phosphorus homeostasis
and the regulation of bone turnover, but is also involved

in cell differentiation, immune regulation, and carbohy-
drate metabolism [17]. The level of vitamin D deficien-
cy positively correlates with TGF-p concentration and
the severities of fatty liver and cirrhosis. The level of 25
hydroxyvitamin D was significantly lower in patients
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Table 4. Comparison of the BMI, TG, and FPG of the vitamin D deficiency, insufficiency, and sufficiency subgroups of the

NAFLD patients.

Parameter VD sgu:;:]c;ency VD in;;]of:‘]i;iency VD gﬁgilcj::)ency F D
BMI (kg/m?) 22.85+0.69 2419+1.472 26.26 +1.652b 3234 <0.05
TG (mmol/L) 1.32 £ 0.30 1.99 £ 0.32 259+1.673Pb 4.16 <0.05
FPG (mmol/L) 4.36 £0.32 4.97 £0.49 6.13+1.262P 19.67 <0.05

Total cases (n) 7 31 118 - -

2. p <0.05 vs. the 25(OH)VitD sufficiency subgroup, ® - p < 0.05 vs. the 25(OH)VitD insufficiency subgroup.

with NAFLD compared to the normal control group.
These low levels may be the result of a lacking expo-
sure to ultraviolet light, because there are only a few
hours of sunshine in the Hulunbuir area. In addition, the
inhabitants of the Hulunbuir region have a relatively
high prevalence of NAFLD, owing to their substantial
consumption of beef and mutton, and NAFLD is con-
sidered to be a manifestation of IR and MS in the liver.
Therefore, it is important to study the relationship of the
25(OH)VitD status with NAFLD and lipid metabolism
in the inhabitants of this area.

In the present study, we found that the BMI of the
NAFLD group was higher than of the control group,
and that the serum 25(OH)VitD3 concentrations of the
patients with NAFLD negatively correlated with BMI
and TG, while there was no correlation between
25(0OH)D3 and BMI and TG in the normal control
group. It is suggested that the absorption of vitamin D
was affected by the NAFLD, which lead to the decrease
in the vitamin D level. Vitamin D deficiency is closely
related to liver metabolic syndrome. The vitamin D re-
ceptor (VDR) in the nucleus can mediate intracellular
signal transduction, regulate more than 200 genes, and
participate in the glucose and lipid metabolism. There-
fore, the vitamin D level may be an important factor in
affecting body mass index and TG metabolism. Previ-
ous studies have shown that the serum 25(OH)VitD3
concentration is closely associated with NAFLD and
that it is negatively associated with the severity of the
disease [18]. In the present study, we categorized the
participants with NAFLD according to their vitamin D
status as deficient, insufficient, and sufficient, then
compared their BMI, TG, and glucose concentrations.
The patients with vitamin D deficiency had higher BMI
and serum TG and glucose concentrations. High BMI is
closely associated with poor vitamin D status, and vita-
min D deficiency may increase the risks of metabolic
abnormalities, such as hyperglycemia and dyslipidemia.
Furthermore, obesity has a deleterious effect on the vi-
tamin D status [19]. Therefore, clarifying the relation-
ship between the vitamin D status and the circulating
lipid concentrations provides a theoretical and experi-
mental basis for researchers to determine the role of vi-
tamin D in the lipid metabolism of patients with
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NAFLD.
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