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Abstract: Objective: To investigate the relationship between the 25-OH vitamin D level and nonalcoholic fatty liver
disease (NAFLD) in elderly Chinese. Methods: A total of 663 patients aged between 65 to 101 years old, who received routine physical examination or were hospitalized in Beijing Friendship Hospital of Capital Medical University
from January 2015 to March 2017, were retrospectively analyzed in this study. All the included patients were divided
into the NAFLD group (36.5%, 242/663) and the non-NAFLD group (63.5%, 421/663) and underwent examinations
including the body mass index (BMI), fasting blood glucose (FBG), HbA1C, total cholesterol, HDL-cholesterol, LDLcholesterol, triglycerides, aminotransferases (AST and ALT), uric acid, h-CRP, FT3, FT4, TSH and 25-OH vitamin D. All
parameters were compared between the NAFLD and non-NAFLD group and the parameters with statistical difference were then analyzed by logistic regression analysis. Results: Compared with the non-NAFLD group, the NAFLD
group had obviously higher FBG, triglycerides, HbA1C, ALT, and BMI, while evidently lower 25-OH vitamin D (all
P<0.05) was observed. There was no significant difference between the two groups of patients in regard to male/
female ratio, age, total cholesterol, HDL-cholesterol, LDL-cholesterol, AST, uric acid, hs-CRP, FT3, FT4, and TSH (all
P>0.05). Logistic regression demonstrated the NAFLD was significant associated with high level FBG, triglycerides,
HbA1C, BMI, and low level 25-OH vitamin D. Conclusion: Patients with NAFLD had reduced serum 25-OH vitamin D
levels compared with subjects without NAFLD.
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Introduction
Nonalcoholic fatty liver disease (NAFLD) is a
clinical-histological syndrome that refers to a
spectrum of liver lesions ranging from steatosis
to more complex patterns of necro-inflammation with various degree of fibrosis in the absence of alcohol intake [1, 2]. In some patients,
NAFLD can deteriorate into cirrhosis and (or)
hepatocellular carcinoma [3, 4]. Currently,
NAFLD has become the most common etiology
of chronic liver disease not only in the US and
other developed countries, but also in developing countries like China, with the prevalence
ranging from 9% to 37% [4-7]. NAFLD is especially common in children, teenagers, and
young adults [8]. A previous study reported that
the prevalence of NAFLD increased from younger to middle-aged individual and decreased at
the age of 50 or 60. This phenomenon has

been defined as an “inverted U-shaped curve”
[8].
In recent years, vitamin D has emerged as an
important factor in the development of NAFLD.
In adult NAFLD patient, serum vitamin D level
has been inversely associated with liver steatosis, necro-inflammation, and fibrosis [9]. Furthermore, vitamin D deficiency could exacerbate NAFLD by activating the Toll-like receptors
by the way of endotoxin exposure; additionally,
it could also cause insulin resistance, overexpression of hepatic resistin, and up-regulation
of hepatic inflammatory genes [10, 11]. However, the relationship of level of 25-OH vitamin
D and NAFLD has been rarely reported in the
elderly. Therefore, the aim of this study was to
investigate the relationship between the serum
level of 25-OH vitamin D and NAFLD in elderly
Chinese.

Relationship between serum 25-OH vitamin D level and fatty liver disease
Exclusion criteria: (1) age
<65 yrs; (2) cirrhosis or autoimmune liver diseases; (3)
positive for hepatitis B surface antigen or hepatitis C
antibody; (4) current use of
drugs known to influence
25 (OH) D3 metabolism, including glucocorticoids and
calcium/vitamin D suppleFigure 1. Flow chart of the study
ments; (5) severe disability,
population.
bone fracture, or psychiatric
disorder; (6) current infectious condition; (7) the presence of a tumor and severe
anemia; (8) history of hepatitis or cirrhosis of other
Materials and methods
causes, such as hemochromatosis, Wilson disease, autoimmune hepatitis, primary biliary cirEthics statement
rhosis, primary sclerosing cholangitis or druginduced liver injury; (9) incomplete clinical data
This study was performed to investigate the
[13, 14].
association between NAFLD and the serum
25-OH vitamin D level in elderly Chinese and it
Information extraction and indicators
was approved by the Ethics Committee of
Basic information including sex, age, weight
Beijing Friendship Hospital of Capital Medical
and height was collected and measured followUniversity. As this was a retrospective study
ing standard guidelines. BMI was calculated by
and all of the data were collected and analyzed
dividing the weight (kg) by the square of the
anonymously, there was no need to obtain
height (m2).
informed consent from patients.
Case selection
This retrospective study included 663 patients
who performed Routine physical examination
or hospitalization between January 2015 and
March 2017 at the Medical Healthcare Center
of Beijing Friendship Hospital, Capital Medical
University. All the recruited subjects underwent
comprehensive health examination and agreed
to a simple interview for past medical history
and lifestyle after the examination. According
to the result of ultrasound, all these subjects
were divided into two groups: the NAFLD group
and non-NAFLD group.
Inclusion criteria: (1) age ≥65 years; (2) the
serum 25-OH vitamin D level was examined; (3)
had liver ultrasonography for diagnosis of fatty
liver, which was based on the previously reported ultrasonographic criteria [12]; (4) for the
NAFLD group, NAFLD was diagnosed based on
the presence of fatty liver by ultrasonography
without history of significant alcohol consumption (female <20 g/d, male <30 g/d).
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Fasting blood samples were collected to measure serum levels of fasting blood glucose
(FBG), total cholesterol, low density lipoproteincholesterol (LDL-cholesterol), high density lipoprotein-cholesterol (HDL-cholesterol), triglycerides (TG), HbA1c, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), uric
acid, high sensitivity C-reactive protein (hsCRP), serum free Triiodothyronine (FT3), free
Thyroxine (FT4), thyroid stimulating hormone
(TSH), and 25-OH vitamin D.
Measurement of 25-OH vit D
All samples were collected in the time from the
1st September to the 30th April to minimize seasonal variation of 25-OH vitamin D levels. Blood
samples for serum 25-OH vitamin D, and calcitriol levels were collected between 9 and 10
a.m. after a 12 hour fast to minimize interference from sunlight and dietary intake [15, 16].
The serum levels of 25-OH vit D was measured
by using high-performance liquid chromatography/tandem mass spectrometry [17].
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Table 1. Clinical Characteristics of participants
NAFLD
(n=242)
Male/Female ratio
161/81
Age (years)
79.98±8.33
FBG (mmol/L)
6.19±1.85
Total cholesterol (mmol/L)
4.23±1.16
HDL-cholesterol (mmol/L)
1.15±0.29
LDL-cholesterol (mmol/L)
2.52±0.96
TG (mmol/L)
1.51±0.73
HbA1c (%)
6.18±0.97
2
BMI (kg/m )
25.89±3.17
AST (U/L)
20.43±9.23
ALT (U/L)
19.03±13.09
Uric acid (umol/L)
341.09±95.92
hs-CRP (mgl/L)
6.48±11.71
FT3 (pmol/L)
4.09±0.77
FT4 (pmol/L)
15.36±2.99
TSH (uIU/mL)
2.75±2.27
25-OH Vitamin D (ng/mL)
11.55±7.66

Non-NAFLD
(n=421)
269/152
80.45±7.86
5.70±1.71
4.13±0.94
1.19±0.17
2.47±0.77
1.11±0.58
5.70±0.82
22.54±3.11
20.29±13.68
15.37±12.23
328.71±99.40
7.56±15.11
3.98±0.88
15.69±1.13
2.71±2.37
15.09±9.27

P
0.494
0.467
<0.001
0.254*
0.051*
0.489*
<0.001*
<0.001*
<0.001
0.875*
<0.001
0.118
0.306*
0.094*
0.100*
0.832
<0.001*

Note: NAFLD: nonalcoholic fatty liver disease; FBG: fasting blood glucose; HDLcholesterol, high-density lipoprotein-cholesterol; LDL-cholesterol, low density
lipoprotein-cholesterol; TG, triglycerides; BMI: body mass index; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; hs-CRP, high sensitivity
C-reactive protein; FT3, serum free Triiodothyronine; FT4, free Thyroxine; TSH,
thyroid stimulating hormone; *unpaired t test with Welch’s correction.

Table 2. Assignment description of multiple logistic regression
analysis
Factors
Assignment Description
FBG (mmol/L)
X1
< mean - SD, X1=0;
mean - SD ~ mean + SD, X1=1;
TG (mmol/L)
X2
> mean + SD, X1=2
HbA1c (%)
X3
2
BMI (kg/m )
X4
ALT (U/L)
X5
25-OH Vitamin D (ng/mL)
X6
Note: FBG: fasting blood glucose; TG, triglycerides; BMI: body mass index; ALT:
alanine aminotransferase.

Statistical analysis
Analyses were performed with SPSS 20.0
(StataCorp LP, College Station, TX) and MedCalc
11.4 (MedCalc, Mariakerke, Belgium) [18].
Measurement variables are presented as a
mean with standard deviation and the comparison between groups was adopted independent
sample t test for the data with homoscedasticity; for data with heteroscedasticity, unpaired t
test with Welch’s correction was applied.
Categorical variables were expressed as fre-
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quencies or percentages and
the analysis was adopted Chisquare test. Variables showed
significant difference between
the two groups were analyzed
with multiple logistic regression
analysis to determine the independent correlated variables for
NAFLD. A two-tailed P value of
<0.05 was considered to indicate statistical significance.
Results
Case selection result
After applying the inclusion and
exclusion criteria, 663 subjects
between 65 to 101 years were
initially included in this study. Of
the 663 subjects, 242 subjects
were diagnosed as NAFLD, while
421 subjects were diagnosed as
non-NAFLD as shown in Figure
1.
Baseline characteristics
The baseline characteristic in
subjects with and without NAFLD
are listed in Table 1. The results
showed that individuals with
NAFLD had significantly higher
FBG, TG, HbA1C, BMI and ALT,
while obviously lower 25-OH
vitamin D compared with those
without NAFLD (all P<0.05).
Relationship between 25-OH
vitamin D and NAFLD

Multiple logistic regression analysis showed that NAFLD was
independently correlated with low serum level
of 25-OH vitamin D and high level of FBG, TG,
HbA1C, and BMI (Tables 2, 3).
Discussion
The prevalence of decreased 25-OH vitamin D
levels is relatively high as reported by Holick et
al. [19]. The prevalence of hypo-25-OH vitamin
D in the elderly would be even higher due to
inadequate food intake, decreased outdoor
activity and exposure to sunlight, as well as
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Table 3. Multiple logistic regression analysis result of these parameters
Variables in the Equation
β

S.E.

Wald

df

Sig.

Exp (β)

HbA1C
BMI
FBG
TG
ALT
Vit D

0.567
0.325
-0.167
0.828
0.015
-0.081

0.126
0.036
0.067
0.162
0.008
0.014

20.057
81.76
6.173
26.105
3.257
32.531

1
1
1
1
1
1

0.000
0.000
0.013
0.000
0.071
0.000

1.762
1.384
0.846
2.290
1.015
0.922

Constant term (β0)

-8.526

1.512

31.803

1

0.000

0.000

95% C.I. for Exp (β)
Lower
Upper
1.375
2.258
1.290
1.484
0.741
0.965
1.666
3.146
0.999
1.032
0.897
0.948

Note: FBG: fasting blood glucose; TG, triglycerides; BMI: body mass index; ALT: alanine aminotransferase.

impairment of kidney and hepatic functions
[20]. The 25-OH vitamin D level is related with
many factors, such as environmental factors
(including season, local climate, latitude), modifiable life habits (including sun-exposure, clothing), and unchangeable parameters (including
skin pigmentation, skin thickness) [20]. Therefore, in the present study, to eliminate (or at
least to minimize) the influence of geographical
and seasonal variation of 25-OH vitamin D levels, all subjects were recruited from Beijing and
all blood samples were collected in the time
from the 1st September to 30th December of
each year. We believe this important strength
made our study results more reliable.
A recent systematic review showed that 25-OH
vitamin D level more than 25 ng/mL were associated with a 43% lower risk of type 2 diabetes
compared with those less than 14 ng/mL [21].
Furthermore, George PS also reported that
25-OH vitamin D supplementation significantly
improved insulin resistance when compared
with placebo, while insulin resistance was an
important pathogenic factor of NAFLD and is
involved in the occurrence and development of
NAFLD [22-24]. Another study showed that liver
expression of 25-OH vitamin D receptor is
inversely related with histological spectrum of
NAFLD, independently from other metabolic
parameters, such as BMI, insulin resistance, or
adiponectin [13]. Furthermore, studies showed
that serum level of 25-OH vitamin D was associated with age and treatment of 25-OH vitamin
D deficiency may prevent fibrosis in chronic
liver disease including NAFLD, suggesting that
vitamin D deficiency play a role in development
of NAFLD in the elderly [25-27]. Therefore, vitamin supplementation in the elderly may prevent
both skeletal and non-skeletal adverse conse9914

quences of vitamin D deficiency including NAFLD. In our study of elderly patients, we demonstrate that serum levels of 25-OH vitamin D in
NAFLD patients are lower than that in patients
without NAFLD. Furthermore, 25-OH vitamin D
level was independently associated with the
presence of NAFLD, indicating that the 25-OH
vitamin D may influence the development of
NAFLD, consistent with previous reports.
There are also some limitations in the present
study. First, we could not obtain the data
regarding the patient’s diet habit, sun exposure, and other life behaviors, which may potentially affect the vitamin D status. Second, this
was a single center study, which will increase
the risk of bias. Therefore, we will improve
experimental scheme and validate the results
by prospective multicenter cohort studies.
Conclusion
Elderly patients with NAFLD had reduced serum
25-OH vitamin D levels compared with patients
without NAFLD. 25-OH vitamin D was independently associated with NAFLD.
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