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Aim: Considering the characterization of vitamin D deficiency as a risk factor of ectopic fat deposition, the association of serum 
25-hydroxy vitamin D3 [25(OH)D3] levels with non-alcoholic fatty liver disease (NAFLD) was evaluated in Chinese men with normal body 
mass index (BMI) and enzyme markers of liver function.  
Methods: A total of 514 participants (22 to 79 years old) with normal BMI and liver enzymes were identified for analysis.  Abdominal 
ultrasound was performed to diagnose NAFLD, and the fatty liver index (FLI) was calculated to quantify liver steatosis.  Serum 25(OH)D3 
levels were determined by an electrochemiluminescence immunoassay.  
Results: Among the entire study population, the mean levels of serum 25(OH)D3 were 15.32±5.77 ng/mL.  However, when serum 
25(OH)D3 levels were compared between non-NAFLD subjects (n=438) and NAFLD subjects (n=76), the latter showed significantly 
lower levels (15.65±5.89 ng/mL vs 13.46±4.65 ng/mL, P=0.002).  In addition, serum 25(OH)D3 levels were found to be significantly 
correlated with FLI after adjustment for age and BMI (r=-0.108, P=0.014).  Logistic regression showed that serum 25(OH)D3 levels 
were independently correlated with NAFLD (OR: 0.937, 95% CI: 0.884–0.993, P=0.028).  Furthermore, stepwise regression analysis 
revealed that serum 25(OH)D3 levels were inversely associated with FLI (β=-0.055, P=0.040).  
Conclusion: The present study demonstrated that serum 25(OH)D3 levels were inversely associated with NAFLD, even in subjects with 
normal total body fat, suggesting a potential role of lower levels of vitamin D in the occurrence and development of NAFLD.
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Introduction
Vitamin D is an important lipid-soluble vitamin that contrib-
utes to the broad array of calcium-related molecular processes 
under normal physiological conditions, exerting its biological 
effects by triggering a signaling pathway upon binding to its 
cognate receptor, the vitamin D receptor (VDR).  Although the 
most well-characterized function of vitamin D-VDR signaling 
involves the calcium-related effects on bone metabolism, more 
recent studies have suggested that this signaling cascade may 
play a protective role in cardiovascular disease, cancer, and 
autoimmune disease[1–3].  Moreover, studies of the potential 
pathological detriment of vitamin D deficiency, in both ani-

mal- and clinical-based settings, have uncovered a potential 
role in obesity and visceral obesity.  In a clinical study of Chi-
nese men with normal glucose tolerance, a marked decrease in 
serum vitamin D levels was observed in subjects with higher 
amounts of adipose tissue, especially those with increased vis-
ceral adipose[4].  

Although obesity defined by body mass index (BMI) pres-
ents a reliable relationship with adverse metabolic outcomes, 
it is not applicable for some specific subtypes of subjects, such 
as metabolically obese but normal weight (MONW) subjects, 
who are defined as subjects of normal weight with a cluster 
of obesity-related abnormalities (including insulin resistance, 
type 2 diabetes, dyslipidemia, visceral obesity and cardio-
vascular disease)[5].  Those with MONW are common in the 
general population and represent a high-risk population of 
metabolic syndrome (MetS)[5].  Non-alcoholic fatty liver dis-
ease (NAFLD), an obesity-related disease, is considered as the 
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hepatic manifestation of MetS[6].  A study from Korea reported 
that the prevalence of NAFLD in the nonobese was 23.4%.  
Hence, identifying NAFLD in those with a normal BMI might 
have important clinical significance[7].  

From a clinical perspective, NAFLD is characterized by ecto-
pic fat deposition.  Considering the demonstrated (likely pro-
tective) role of vitamin D in adipose tissue, as described above, 
vitamin D may play a role in the pathological mechanism of 
NAFLD.  Indeed, the serum vitamin D level was found to be 
lower in biopsy-diagnosed NAFLD patients and subjects with 
elevated alanine aminotransferase (ALT) levels, suggesting a 
possible correlation with liver function status[8, 9].  However, in 
another study of Chinese subjects that used ultrasonography 
to diagnose NAFLD, no difference in serum vitamin D levels 
was found[10].

Serum vitamin D levels are known to be influenced by a 
wide array of physiological, genetic and environmental fac-
tors, including but not limited to BMI, gender, ethnicity, and 
sunlight exposure[11, 12].  However, the effects of serum vitamin 
D levels on NAFLD remain poorly understood after adjusting 
for the influencing factors mentioned above.  Currently, the 
diagnosis of NAFLD relies on the findings from examinations 
of biopsied liver tissues and imaging analyses by ultrasonog-
raphy, computed tomography, and magnetic resonance[13].  
The ongoing search for other non-invasive diagnostic meth-
ods with high accuracy and low cost has provided promising 
results for the fatty liver index (FLI), which is an algorithm 
assessing serum markers related to liver function[14].  

 To gain further insight into the role of serum vitamin D 
levels in NAFLD, we measured serum levels of 25-hydroxy 
vitamin D3 [25(OH)D3], the most stable form of vitamin D, in 
Chinese men with normal BMI and liver enzymes.  In addi-
tion, the correlations of 25(OH)D3 with NAFLD and FLI were 
assessed by statistical analysis.

Materials and methods
Subjects
The Ethics Committee of Shanghai Jiaotong University Affili-
ated Sixth People’s Hospital approved the study design and 
all procedures.  The Chinese adult male subjects were selected 
for analysis from the database of participants in the Shang-
hai Obesity Study (SHOS)[15].  Upon initial enrollment in the 
SHOS, all subjects provided written informed consent for use 
of their study-related information and for participation in 
ongoing research.  

The general background information of each SHOS par-
ticipant was obtained by questionnaires and recorded in the 
database.  The selection criteria for the current study included 
men who had been sampled between May and September 
in 2010–2011 and who had complete background informa-
tion.  Candidates were excluded according to the following 
additional criteria: (1) BMI<18.5 kg/m2 and BMI≥25 kg/m2; 
(2) abnormal liver enzymes [ALT, aspartate aminotransferase 
(AST), alkaline phosphatase (AKP), and gamma-glutamyl 
transpeptidase (GGT)]; (3) diagnosis of autoimmune liver dis-
ease; (4) positive test results for either hepatitis B surface anti-

gen or hepatitis C antibody; (5) weekly alcohol consumption 
≥140 g; (6) history of cardiovascular disease; (7) renal dysfunc-
tion; (8) hypo- or hyperthyroidism; (9) serum calcium level 
of ≥10.5 mg/dL; (10) current use of drugs known to influence 
25(OH)D3 metabolism, including glucocorticoids and calcium/
vitamin D supplements; (11) severe disability, bone fracture, 
or psychiatric disorder; (12) current infectious condition; (13) 
C-reactive protein (CRP) >10 mg/L; and (14) the presence of a 
tumor and severe anemia.  

Anthropometric measurements
Each subject underwent a physical examination.  Measure-
ments of weight (to the nearest 0.1 kg) and height (to the 
nearest 0.1 cm) were used to calculate the BMI [=(kg/m2)].  
Waist circumference (W) was measured on the midaxillary 
line between the lower border of the rib cage and the upper 
margin of the iliac crest.  Average resting blood pressure (BP) 
was obtained from three measurements made with a standard 
mercury sphygmomanometer at 3-minute intervals.

Biochemical assessments 
A 10-h fasting blood draw was taken and immediately fol-
lowed by a 75-g oral glucose tolerance test (100-g carbohydrate 
test for subjects with a validated diabetes history).  Fasting 
plasma glucose (FPG) and 2 h postprandial glucose (2hPG) 
were measured by the glucose oxidase method, and glycated 
hemoglobin A1c (HbA1c) levels were determined by high-
pressure liquid chromatography (Variant II; Bio-Rad, Hercu-
les, CA, USA).  Total cholesterol (TC) and triglyceride (TG) 
levels were assessed using a standard enzymatic method, and 
low-density lipoprotein cholesterol (LDL-c) and high-density 
lipoprotein cholesterol (HDL-c) concentrations were measured 
using a direct assay method.  Levels of the liver function mark-
ers ALT, AST, AKP, and GGT were assessed by enzymatic 
methods.  The concentration of serum fasting insulin (FINS) 
was quantified by an electrochemiluminescence immunoas-
say (Roche Diagnostics GmbH, Mannheim, Germany), with 
intra- and inter-assay variation coefficients of 1.7% and 2.5%, 
respectively.  Insulin resistance (IR) was assessed by calculat-
ing the homeostasis model assessment index (HOMA-IR)[16]: 
[FPG (mmol/L)×FINS (mU/L)/22.5].  Serum 25(OH)D3 levels 
were quantified by an electrochemiluminescence immunoas-
say method (Roche Diagnostics GmbH); the intra- and inter-
assay variation coefficients were 5.6% and 8.0%, respectively.  
CRP concentration was measured using a particle-enhanced 
immunonephelometry analyzer (Siemens Healthcare Diagnos-
tics Inc, Newark, NJ, USA).

NAFLD evaluation
Liver ultrasound was performed with a Voluson 730 Expert 
B-mode ultrasonogram (GE Healthcare, Waukesha, WI, USA) 
equipped with a 5-MHz probe.  A single experienced sonogra-
pher who was blinded to the study subjects’ clinical character-
istics and who was unaware of the study design carried out all 
of the scans.  

Because performing liver biopsies for the exclusive purpose 
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of a study is inappropriate (ie, for study participants who have 
no clinical indications suggestive of disease or invasive test-
ing), the diagnosis of NAFLD was made for all study partici-
pants according to the working definition of NAFLD in China 
as recommended by the 2010 Revised Guidelines for the Diag-
nosis and Management of NAFLD published by the Chinese 
Hepatology Association (2010)[13].  The following alternative 
etiologies of fatty liver were considered (and ruled out for the 
NAFLD diagnosis): alcohol-induced liver disease, viral hepati-
tis, autoimmune liver disease, drug-induced liver disease, and 
total parenteral nutrition-induced steatosis.  

In addition, FLI (a quantitative estimate of liver steato-
sis) was also calculated[14]: (e0.953×loge(TG)+0.139×BMI+0.718×loge(GGT)

+0.053×W–15.745)/(1+e0.953×loge(TG)+0.139×BMI+0.718×loge(GGT)+0.053×W–15.745)×100.  
In the present study, subjects were divided into two groups 
using an FLI of 30 as the cutoff point, as previously recom-
mended[14].  

Definition of MetS 
All study participants were assessed for MetS according to 
the 2007 Joint Committee for Developing Chinese Guide-
lines, which recommends that a diagnosis be made based 
on the presence of more than three of the following disease-
related components[17]: central obesity, defined as W over 90 
cm; hypertriglyceridemia, defined as serum TG level≥1.70 
mmol/L; low serum HDL-c, defined as HDL-c<1.04 mmol/L; 
hypertension, defined as BP≥130/85 mmHg or current therapy 
to address previously diagnosed hypertension; hyperglyce-
mia, defined as FPG≥6.1 mmol/L and/or 2hPG≥7.8 mmol/L 
or previously diagnosed type 2 diabetes.

Statistical analysis
The SPSS (Statistical Package for the Social Sciences) statistical 
software suite, version 16.0, was used for all statistical analy-
ses (SPSS Inc, Chicago, IL, USA).  Data with normal distribu-
tion were expressed as the mean values±SD and were assessed 
by unpaired Student’s t-test to evaluate inter-group (NAFLD 
vs non-NAFLD) differences.  Data with skewed distribution 
were expressed as medians with corresponding interquartile 
ranges and were assessed by the Mann-Whitney U-test for the 
inter-group comparisons.  Comparative analyses of categorical 
variables were carried out by the chi-square test.  The relation-
ship between FLI and demographic and clinical variables was 
evaluated by partial correlation testing.  In addition, regres-
sion analysis was performed to identify independent factors of 
NAFLD and FLI.  A two-tailed P value <0.05 indicated statisti-
cal significance.

Results
Demographic and clinical characteristics of study participants
A total of 514 adult Chinese males (age range: 22 to 79 years 
old; median (interquartile range): 57.62 (51.21–62.09) years) 
with normal BMI and liver enzymes were selected for study 
participation.  The median (interquartile range) level of FLI 
was 19.96 (11.19–28.68), and the serum 25(OH)D3 level was 
15.32±5.77 ng/mL for the entire study population.

The study population was stratified by B-mode ultrasound 
diagnosis of NAFLD, and the demographic and clinical char-
acteristics between the two groups were comparatively ana-
lyzed.  As shown in Table 1, compared to the non-NAFLD 
group (n=438; 85.21%), the NAFLD group (n=76; 14.79%) was 
younger, had lower levels of serum 25(OH)D3 and HDL-c, 
had higher levels of BMI, W, FPG, 2hPG, HbA1c, TG, FINS, 
HOMA-IR (ie, the clinical profile for adverse cardiometabolic 
conditions) and FLI, and enhanced ALT and GGT (ie, markers 
of liver dysfunction) levels.  In addition, the NAFLD group 
showed a higher frequency of MetS and of its components, 
with the exception of hypertension.

Comparison of serum 25(OH)D3 levels in different FLI level 
groups
The stratification of the overall study population by FLI values 
showed 395 (76.85%) of the participants with a FLI level<30 
and 119 (23.15%) with a FLI level≥30.  When the latter were 
subjected to comparative analysis against those with a FLI 
level<30, participants with a FLI level≥30 were found to have 
lower serum 25(OH)D3 levels (15.65±5.86 ng/mL vs 14.22±5.34 
ng/mL, P=0.018).

Correlation of FLI levels with clinical and metabolic parameters
The age- and BMI-adjusted associations of FLI with serum 
25(OH)D3 levels and other cardiometabolic parameters are 
shown in Table 2.  Significant positive correlations were found 
to exist between FLI and W, BP, 2hPG, TC, TG, FINS, HOMA-
IR, ALT, and GGT.  In contrast, significant negative correla-
tions were found to exist between FLI and serum 25(OH)D3 
levels and HDL-c.

Variables independently associated with NAFLD and FLI 
To investigate the potential clinical value of serum 25(OH)D3 

levels for diagnosing NAFLD, logistic regression analysis was 
conducted to evaluate the association of B-mode ultrasound-
diagnosed NAFLD with serum 25(OH)D3 levels as well as with 
the various cardiometabolic variables (specifically age, BMI, 
W, BP, glucose levels, HbA1c, lipid profiles, HOMA-IR and 
CRP), liver enzymes and any current therapy for managing 
these disease-related components (including anti-diabetics, 
anti-hypertensives, and lipid-lowering medications).  Serum 
25(OH)D3 levels were shown to be independently correlated 
with B-mode ultrasound-diagnosed NAFLD (odds ratio=0.937, 
95%CI: 0.884-0.993, P=0.028) (Table 3), together with 2hPG, 
HOMA-IR and ALT.  When multiple stepwise regression anal-
ysis was carried out with the FLI set as the dependent variable 
and adjustments made for the aforementioned independent 
covariates, the serum 25(OH)D3 levels were identified as an 
independent protective factor of FLI (β=-0.055, P=0.040) (Table 
4).

Discussion
To the best of our knowledge, the findings from the study 
described herein provide the first evidence of an association 
between serum 25(OH)D3 levels and B-mode ultrasound-
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diagnosed NAFLD in Chinese men who present with normal 
BMI and liver enzymes as detected by routine clinical test-
ing.  Specifically, the men with NAFLD in this study cohort 
had remarkably decreased serum 25(OH)D3 levels compared 
to their non-NAFLD counterparts.  In addition, the serum 
25(OH)D3 levels in these men were inversely associated with 
FLI, a novel observation recorded by this study.

 While previous studies carried out in European and Ameri-
can populations have investigated the potential association of 
vitamin D with NAFLD, the results have been largely incon-
sistent; non-uniformity in the methods used to assess NAFLD 
among these various studies may explain this quandary.  
Indeed, when the studies are grouped for general comparison 
according to NAFLD diagnosis method or study population, 

some consistency is found.  For example, the two studies using 
biopsy-based NAFLD diagnosis (from Italy and the USA) 
found a significantly lower serum vitamin D level in NAFLD 
patients and demonstrated a close association of vitamin D 
levels with both fibrosis and hepatocyte ballooning[8, 18].  Fur-
thermore, in two studies using B-mode ultrasound NAFLD 
diagnosis (again from Italy and the USA), serum vitamin D 
was also found to be an independent predictor of NAFLD[19, 20].  
However, the inverse relationship that was shown to exist 
between serum levels of vitamin D and an unexplained eleva-
tion in ALT[9] was found to disappear in an adolescent popula-
tion study after adjustment for obesity[21].  Moreover, when an 
Italian study of essential hypertension performed an analysis 
of NAFLD, the association with vitamin D deficiency was 

Table 1.  Demographic and clinical characteristics of study participants.  

Variables                                                                 Total                            Non-NAFLD                                   NAFLD                               P
 
n 514 438   76                                                      –
Age (year)   57.62 (51.21–62.09)   58.04 (51.76–62.36)   54.31 (48.99–60.69) 0.008
BMI (kg/m2)   22.72 (21.24–23.85)   22.62 (20.99–23.78)   23.67 (22.58–24.04) <0.001
W (cm)   81.41±6.24   80.82±6.14   84.79±5.80 <0.001
SBP (mmHg) 121.33 (114.58–130.00) 121.33 (115.33–130.00) 120.00 (112.33–130.67) 0.620
DBP (mmHg)   79.33 (70.67–82.00)   79.33 (70.67–82.00)   80.00 (72.17–82.50) 0.593
FPG (mmol/L)     5.30 (4.98–5.68)     5.28 (4.95–5.65)     5.40 (5.15–5.73) 0.016
2hPG (mmol/L)     6.52 (5.32–8.06)     6.39 (5.22–7.93)     7.18 (5.58–9.01) 0.018
HbA1c (%)     5.60 (5.30–5.80)     5.60 (5.30–5.80)     5.60 (5.40–5.90) 0.038
TC (mmol/L)     5.00±0.91     5.00±0.93     4.99±0.78 0.923
TG (mmol/L)     1.30 (0.93–1.77)     1.26 (0.89–1.73)     1.42 (1.12–2.04) 0.002
HDL-c (mmol/L)     1.29 (1.12–1.50)     1.30 (1.14–1.53)     1.22 (1.02–1.34) <0.001
LDL-c (mmol/L)     3.12±0.81     3.11±0.82     3.17±0.76 0.602
FINS (mU/L)     5.77 (3.98–7.55)     5.52 (3.83–7.14)     7.92 (5.77–10.24) <0.001
HOMA-IR     1.39 (0.94–1.92)     1.30 (0.91–1.75)     1.96 (1.42–2.63) <0.001
ALT (U/L)   17.00 (13.00–21.25)   17.00 (13.00–21.00)   20.00 (16.00–25.00) <0.001
AST (U/L)   20.37±4.18   20.35±4.21   20.45±4.06 0.854
AKP (U/L)   71.12±14.64   71.02±14.26   71.68±16.75 0.716
GGT (U/L)   24.50 (20.00–32.00)   24.00 (20.00–31.00)   28.00 (23.00–37.75) <0.001
CRP (mg/L)     0.58 (0.31–1.16)     0.56 (0.29–1.15)     0.70 (0.41–1.19) 0.055
25(OH)D3 (ng/mL)   15.32±5.77   15.65±5.89   13.46±4.65 0.002
FLI   19.96 (11.19–28.68)   18.20 (9.94–27.67)   27.60 (20.22–38.36) <0.001
Current smoker, n (%) 252 (49.0) 214 (48.9)   38 (50.0) 0.970
Family history of diabetes, n (%) 105 (20.4)   93 (21.2)   12 (15.8) 0.355
Hyperglycemia, n (%) 161 (31.3) 129 (29.5)   32 (42.1) 0.032
Hypertension, n (%) 214 (41.6) 179 (40.9)   35 (46.1) 0.450
Hypertriglyceridemia, n (%) 158 (30.7) 126 (28.8)   32 (42.1) 0.022
Low HDL-c, n (%)   84 (16.3)   64 (14.6)   20 (26.3) 0.018
Central obesity, n (%)   34 (6.6)   22 (5.0)   12 (15.8) 0.002
MetS, n (%)   70 (13.6)   47 (10.7)   23 (30.3) <0.001
Antidiabetic therapy, n (%)   24 (4.7)   21 (4.8)     3 (3.9) 0.998
Anti-hypertensives, n (%)   72 (14.0)   61 (13.9)   11 (14.5) 0.859
Lipid-lowering therapy, n (%)     7 (1.4)     7 (1.6)     0 (0) 0.601

Data are presented as mean±SD or median (interquartile range). 
Abbreviation: BMI, body mass index; W, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; 
2hPG, 2h postprandial plasma glucose; HbA1c, glycated hemoglobin A1c; TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein 
cholesterol; LDL-c, low-density lipoprotein cholesterol; FINS, fasting insulin; HOMA-IR, homeostasis model assessment for insulin resistance; ALT, 
alanine aminotransferase; AST, aspartate aminotransferase; AKP, alkaline phosphatase; GGT, gamma-glutamyl transpeptidase; CRP, C-reactive protein; 
25(OH)D3, 25-hydroxy vitamin D3; FLI, fatty liver index; MetS, metabolic syndrome.
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lost[22].
 It is also important to consider the various well-known 

influencing factors (such as ethnicity and geography) of serum 
vitamin D levels, which may have confounded the results 

from the various study populations.  A study from Turkey[23] 
(which represents a Eurasian ethnicity), demonstrated lower 
serum 25(OH)D3 levels in liver biopsy proven-NAFLD sub-
jects.  Yet, not all studies in Asian populations have yielded 
similar results.  For example, two studies from Korea showed 
that the increased prevalence of NAFLD was accompanied by 
decreased serum 25(OH)D3 levels in non-type 2 diabetes[24] and 
that this relationship was independent of visceral obesity[25].  
However, one study from South China (using a population of 
factory employees in the Yunnan Province) found no associa-
tion between vitamin D and NAFLD[10].  The differences in 
these results may be related to heterogeneity in environmental 
factors among and within the study populations.

In the present study of Chinese males recruited from 
Shanghai, we attempted to eliminate (or at least minimize) 
the impact of gender, BMI and liver enzymes on our analysis 
of serum 25(OH)D3 levels and NAFLD.  The subjects were 
recruited as residents of Shanghai (latitude 31° north), and all 
clinical sampling was performed in seasons that had adequate 
sunlight.  Therefore, we feel relatively confident in our results 
showing an inverse correlation between NAFLD and serum 
levels of 25(OH)D3 (13.99% lower than in the non-NAFLD sub-
jects) and a significant relationship between serum 25(OH)D3 
levels and FLI.  

 When considering the potential mechanisms that underlie 
the association between vitamin D and NAFLD, we theorized 
that processes related to insulin resistance (IR) and inflamma-
tion may be involved.  Vitamin D has been reported to play 
a protective role in IR, which is a feature of MetS[26, 27], and 
NAFLD is characterized as the hepatic component of MetS[28].  
In the present study, we observed a higher prevalence of MetS 
in the NAFLD group and confirmed a strong independent 
association between IR and NAFLD using statistical analyses.  
Vitamin D deficiency may play a role in the pathogenesis of 
autoimmune diseases and may accelerate liver fibrosis in the 

Table 2.  Partial correlation of FLI with anthropometric and biochemical 
variables after adjustment for age and BMI. 

     Variables                               r                                         P
 
 W 0.509 <0.001
 SBP 0.094 0.033
 DBP 0.225 <0.001
 FPG 0.071 0.111
 2hPG 0.128 0.004
 HbA1c 0.049 0.269
 TC 0.185 <0.001
 TG 0.800 <0.001
 HDL-c -0.340 <0.001
 LDL-c 0.013 0.771
 FINS 0.319 <0.001
 HOMA-IR 0.329 <0.001
 ALT 0.254 <0.001
 AST 0.045 0.315
 AKP -0.012 0.784
 GGT 0.588 <0.001
 CRP 0.057 0.198
 25(OH)D3  -0.108 0.014

Partial correlation was made after adjustment for age, sex, and BMI.
Abbreviation: FLI, fatty liver index; BMI, body mass index; W, waist 
circumference; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; FPG, fasting plasma glucose; 2hPG, 2 h postprandial plasma 
glucose; HbA1c, glycated hemoglobin A1c; TC, total cholesterol; TG, 
triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density 
lipoprotein cholesterol; FINS, fasting insulin; HOMA-IR, homeostasis model 
assessment for insulin resistance; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; AKP, alkaline phosphatase; GGT, gamma-
glutamyl transpeptidase; CRP, C-reactive protein; 25(OH)D3, 25-hydroxy 
vitamin D3.

Table 3.  Independent factors of NAFLD identified by logistic regression 
analysis.

Independent        
β           SEM             OR               95% CI           Pvariables 

 
ALT  0.065 0.030 1.067 1.007–1.131   0.028
HOMA-IR  0.721 0.203 2.057 1.382–3.061 <0.001
25(OH)D3 -0.065 0.030 0.937 0.884–0.993   0.028
2hPG  0.149 0.069 1.161 1.014–1.329   0.031

Variables included in the original model were age, BMI, W, blood 
pressure, glucose levels, HbA1c, lipid profiles, HOMA-IR, liver enzymes, 
CRP, 25(OH)D3 and anti-diabetics, anti-hypertensives, and lipid-lowering 
medications.
Abbreviation: ALT, alanine aminotransferase; HOMA-IR, homeostasis 
model assessment for insulin resistance; 25-hydroxy vitamin D3; 2hPG, 
2 h postprandial plasma glucose.

Table 4.  Independent factors of FLI identified by linear regression 
analysis.

Independent               
β        SEM          Standardized β           Pvariables 

 
25(OH)D3 -0.055 0.027 -0.023   0.040
BMI  1.771 0.129  0.212 <0.001
W  0.813 0.035  0.370 <0.001
TG  7.969 0.188  0.508 <0.001
GGT  0.462 0.019  0.294 <0.001
HOMA-IR  0.446 0.219  0.025   0.042

Variables included in the original model were age, BMI, W, blood 
pressure, glucose levels, HbA1c, lipid profiles, HOMA-IR, liver enzymes, 
CRP, 25(OH)D3 and anti-diabetics, anti-hypertensives, and lipid-lowering 
medications.
Abbreviation: 25(OH)D3, 25-hydroxy vitamin D3; BMI, body mass 
index; W, waist circumference; TG, triglyceride; GGT, gamma-glutamyl 
transpeptidase; HOMA-IR, homeostasis model assessment for insulin 
resistance.
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context of those disease conditions[29].  Vitamin D has also been 
shown to protect against the occurrence and development of 
NAFLD, and this mechanism has been shown to involve vita-
min D-VDR signaling, leading to reductions in the expression 
of inflammatory factors, such as CRP, interleukin-6, and tumor 
necrosis factor-α[30].  Consistent with this observation, another 
result of our current study is the observation of a trend 
towards enhanced serum CRP levels in our NALFD subjects.

 The findings of the present study should be interpreted 
with care considering the inherent weaknesses related to the 
study design.  The primary strengths of the current study are 
represented by our efforts to minimize confounding factors.  
However, we did not measure parathyroid hormone (PTH).  
We attempted to counter this limitation in our study design by 
denying study participation to individuals with hypercalce-
mia.  In addition, the cross-sectional design of the study limits 
our ability to make any causal inferences.  Therefore, further 
large prospective studies are warranted.

 In summary, this study demonstrated a strong association 
between serum 25(OH)D3 levels and B-mode ultrasound-
diagnosed NAFLD in Chinese men with normal total body fat 
and liver enzymes.  Future prospective studies are necessary 
to validate these findings and to confirm the clinical utility of 
this association as a strategy to improve NAFLD management.
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