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Purpose: We aimed to evaluate the association between vitamin D status and hepatic
function parameters and scores: Fatty Liver Index (FLI, predictor of hepatic steatosis) and
BARD (BMI, AST/ALT ratio and DM, predictor of hepatic fibrosis) in patients with morbid
obesity.

Patients and Methods: Cross-sectional study including patients with morbid obesity
followed in our centre between January 2010 and July 2018. Patients with missing vitamin
D levels or hepatic profile parameters were excluded. We divided the population according to
two cut-offs of vitamin D levels (12ng/mL and 20ng/mL).

Results: The included population (n=1124) had an average age of 43.3+10.7 years and
84.3% were female. Seventy-point eight percent of the population had vitamin D levels
lower than 20ng/mL and 34.8% lower than 12ng/dL. Patients with lower vitamin D levels
(<12ng/mL) had higher BMI, hip and waist circumferences and higher prevalence of
hypertension. Higher FLI scores [OR= 0.77 (0.07), p<0.01] and ALP levels [= —0.03
(—0.06, —0.01), p<0.01] associated to lower vitamin D levels.

Conclusion: Vitamin D deficiency is associated with a higher risk of hepatic steatosis in
individuals with morbid obesity. Correction of vitamin D deficiency may have a beneficial
role in the management of NAFLD in patients with morbid obesity.

Keywords: vitamin D, fatty liver, NAFLD, obesity

Introduction
Vitamin D is classically recognized for its role in phospho-calcium metabolism and,
therefore, in bone health. However, its receptors are present ubiquitously and
vitamin D has been shown to have a myriad of pleiotropic effects in several other
human organs and systems.'~

In particular, vitamin D deficiency has been associated with several meta-
bolic disturbances, such as obesity, dyslipidaemia, hypertension, type 2 diabetes
(T2D) and metabolic syndrome (MS).>> Obesity, via pro-inflammatory adipo-
kines, increases oxidative stress.® The excessive production of reactive oxygen
species (ROS) in obesity by the adipose tissue increases the risk of T2D, leading
to a condition described as diabesity (combination of diabetes and obesity).’
Additionally, overproduction of ROS results in DNA, lipid, and protein damage
induces endothelial dysfunction, favouring the development of other cardiovas-
cular risk factors such as atherosclerosis, hypertension, and NAFLD.® Non-

alcoholic fatty liver disease (NAFLD) is considered the hepatic counterpart of
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MS. Vitamin D deficiency is highly prevalent among
patients with NAFLD, however literature linking this
hepatic disorder and vitamin D deficiency states have
shown inconsistent results.®’ It is biologically plausible
that the relation is bidirectional. On one hand, vitamin
D (either synthesised in the skin — cholecalciferol- or
obtained from dietary — ergocalciferol) is metabolised
within the liver to 25-hydroxyvitamin D and within the
the (1,25-
dihydroxyvitamin D).'® On the other hand, insulin resis-
tance is at the root of both T2D and NAFLD, and
vitamin D may have a significant impact on insulin

kidneys  to biologically  active

sensibilization through its anti-inflammatory effects and
its role in the regulation of insulin secretion.'' The
presence of hepatic vitamin D receptors in various non-
the
proliferative, anti-inflammatory and antifibrotic proper-

parenchymal cells reinforces potential  anti-
ties of this hormone in this organ.'? Vitamin D is able to
inhibit hepatic expression of several pro-fibrotic media-
tors and other liver fibrosis actors.'® In vitro and in vivo
studies suggest that the protective effect of vitamin D in
the liver may be, at least in part, mediated by acting on
stellate cells and inhibiting fibrogenesis.*'* The patho-
physiology behind the association of vitamin D status
and NAFLD is yet to be fully uncovered, making this
a hot topic in current scientific research.’

NAFLD is a metabolic liver disease characterized by
a continuum of liver dysfunction, ranging from simple
steatosis to steatohepatitis and fibrosis, cirrhosis and even
hepatocarcinoma.'>"'” This metabolic liver disorder is
typically asymptomatic at initial stages. Scores used to
predict hepatic steatosis and fibrosis and measurement of
serum liver enzymes are essential in clinical practice to
screen and evaluate the progression of NAFLD. There are
many scores available each with its strengths and limita-
tions. The Fatty Liver Index (FLI) score is one of the best-
validated scores for predicting steatosis. On the other
hand, the BARD (BMI, AST/ALT ratio and presence of
diabetes) score is reported as having a high negative pre-
dictive value, making it especially useful to exclude
advanced fibrosis.'”'®

In this study, we aimed to evaluate the association
between vitamin D levels and hepatic function parameters
and scores: Fatty Liver Index (FLI, predictor of hepatic
steatosis), and BARD (BMI, AST/ALT ratio and DM,
predictor of hepatic fibrosis), in a cohort of patients with

morbid obesity.

Methods
Study Design and Participants

We performed a cross-sectional study according to
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) Statement.'® We included patients
with morbid obesity followed in our centre between
January 2010 and July 2018. Patients missing measurements
of vitamin D or hepatic profile parameters were excluded.
From a total of 2595 patients 1124 were included in the
analysis after applying the former inclusion and exclusion
criteria (255 were excluded because of missing parameters of
hepatic profile and 1216 because of missing measurement of
vitamin D). This study was approved by the Ethics
Committee for Health our centre, Centro Hospitalar
Universitario de Sao Jodo. For this type of study formal
consent is not required in accordance with the national leg-
islation and the institutional requirements.*® Privacy of the
patients included was preserved along with this study and it
was done according to the Declaration of Helsinki.

Clinical and Biochemical Parameters

Evaluated

The following parameters were evaluated: age, sex, weight,
body mass index (BMI), waist and hip circumferences,
history of diabetes, dyslipidaemia and hypertension.
Diabetes was defined as fasting plasma glucose >126 mg/
dL, glycated haemoglobin >6.5%, 2 hours plasma glucose
after a 75g oral glucose tolerance test >200 mg/dL or the
use of antihyperglycemic drugs.?’ Hypertension was
defined as systolic blood pressure >140 mmHg, diastolic
blood pressure >90 mmHg or the use of antihypertensive
drugs.”> Dyslipidaemia was defined as serum low-density
lipoprotein (LDL) cholesterol >160 mg/dL, serum high-
density lipoprotein (HDL) cholesterol <40 mg/dL, serum
triglycerides >200 mg/dL, or the use of lipid-lowering
agents.” Vitamin D, albumin, triglycerides (TG), aspartate
transaminase (AST), alanine transaminase (ALT), gamma-
glutamyltransferase (GGT), alkaline phosphatase (ALP),
total bilirubin and direct bilirubin were measured in serum
samples, obtained from the baseline clinical evaluation.

Predictors of Hepatic Fibrosis and
Steatosis

FLI and BARD scores were used as predictors of hepatic
steatosis and fibrosis, respectively. These were built based
on the following formulas:
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1. FLI score: FLI=e"/(1+ €”) x 100, where y=0.953
x In(triglycerides, mg/dL) + 0.139 x BMI, kg/m? +
0.718 x In(GGT, U/L) + 0.053
circumference, cm — 15.745. FLI scores <30 indi-

X waist

cate low risk of hepatic steatosis, 30—60 intermedi-
ate risk and >60 high risk.**

2. BARD BMI>28=1 AST/ALT
ratio>0.8=2 points, presence of diabetes=1 point.

score: point;
Low fibrosis risk patients are scored 0—1 points
and higher risk patients are scored 2—4 points."'’

Statistical Analysis

The population was divided according to two cut-offs of
vitamin D levels (<12ng/mL and <20ng/mL). These cut-
off values were chosen based on the Institute of Medicine
stance on vitamin D status (levels >20ng/mL are sufficient
and levels <12ng/mL represent a vitamin D deficiency
state).”

For continuous variables, independent f-tests were
performed. We used linear and ordered logistic regres-
sion models unadjusted and adjusted for possible con-
founders: 1) sex and age; 2) sex, age and body mass
index (BMI); and 3) sex, age, BMI, diabetes and dysli-
pidaemia. Results are presented as mean + standard
deviation for continuous variables and as percentages
for categorical variables. Statistical analysis was per-
formed with Stata software, version 14.1 (StataCorp).
We considered a two-sided P value less than 0.05 to
be statistically significant.

Results
Clinical and Demographic Population

Characteristics

Clinical and demographic characteristics of the population
included in this analysis are presented in Table 1. From the
1124 individuals, 84.3% were female. The average age of the
population was 43.3+10.7 years and BMI was 43.3+10.7kg/
m?. Seventy-point eight percent had vitamin D levels lower
than 20ng/mL and 34.8% lower than 12ng/dL (43.5% of men
and 33.16% of women had vitamin D levels below 12ng/mL).
Six-point six percent of the participants were being supple-
mented with vitamin D. Patients supplemented with vitamin
D had similar clinical and demographic characteristics in com-
parison with participants without supplementation, except for
the waist circumference that was larger in the supplemented
group (data not shown).

Table |
Population Included (n=1124). Values are Shown as Mean *
Standard Deviation or as Median [95% Confidence Interval]

Clinical and Demographic Characteristics of the

Age, years 433 +10.7
Female, % 84.3

Weight, kg 115.6 + 19.1
Body Mass Index, kg/m? 433 %107
Waist circumference, cm 1222 + 13.6
Hip circumference, cm 1315+ 11.2
Diabetes mellitus, % 325
Dyslipidaemia, % 45.2
Hypertension, % 62.1

Vitamin D Deficiency (<I2ng/mL), % 348

Vitamin D Deficiency (<20ng/mL), % 70.8

Vitamin D supplementation, % 6.6

Albumin, g/L 41.3 [39.5, 43.4]
AST, U/L 21.0 [17.0, 28.0]
ALT, U/L 24.0[17.0, 35.0]
GGT, UL 26.0 [19.0, 41.0]
ALP U/L 76.0 [63.0, 92.0]

Total Bilirubin, mg/dL 0.53 [0.42, 0.65]

Direct Bilirubin, mg/dL 0.10 [0.08, 0.13]
BARD, %

[ 22.1

2 15.2

3 45.1

4 17.6

FLI 97.4 [94.0, 99.1]

Abbreviations: AST, aspartate transaminase; ALT, alanine transaminase; GGT,
gamma-glutamyltransferase; ALP, alkaline phosphatase.

Clinical, Demographic, Biochemical and
Liver Scores Characteristics According to

Vitamin D Levels
Table 2 (12ng/dL cut-off) and Table 3 (20ng/dL cut-off)
show the clinical and demographic characteristics of the
population according to vitamin D levels.

Considering Table 2, the group of patients with vitamin
D <12ng/mL had a lower percentage of women (86.4% vs
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Table 2 Clinical, Demographic and Biochemical Characteristics
and Liver Scores of the Population According to Vitamin
D Levels (I12ng/dL cut-off) (n=1124). Values are Shown as Mean
+ Standard Deviation or as Median [95% Confidence Interval]

Table 2 (Continued).

Vitamin Vitamin P value
D >12ng/imL | D <I2ng/mL
n=733 n=391
4 15.7 21.0
FLI 97.2 [93.2, 97.9 [95.1, <0.01
99.0] 99.5]

Notes: AST, ALT, GGT, total bilirubin and direct bilirubin were log-transformed.
Numbers are bolded if statistically significant (p value<0.05).

Abbreviations: AST, aspartate transaminase; ALT, alanine transaminase; GGT,
gamma-glutamyltransferase; ALP, alkaline phosphatase.

80.3%, p<0.01), higher weight, BMI, hip and waist circum-
ferences, and higher prevalence of hypertension. This group
had higher levels of serum ALP and FLI score (97.2 [93.2;
99.0] vs 97.9 [95.1; 99.5], p<0.01) and a higher percentage
of individuals with the highest BARD score (15.7% vs 21%)).

Regarding Table 3, it is shown that patients with vita-
min D <20ng/mL have higher weight, BMI, hip circum-
ference, and ALT, AST and ALP levels. However, we did
not find significant differences regarding FLI and BARD
scores using 20ng/mL cut-off.

Results of the aforementioned linear and ordered logistic
regression models are presented in Tables 4 and 5.
Associations between vitamin D levels and FLI and BARD
scores in uni- and multivariate logistic regression analysis
are shown in Table 4. Patients with lower vitamin D levels
have significantly higher FLI scores [OR= 0.77 (0.07),
p<0.01]. This association was maintained when adjusting
to sex and age (model 1) but was lost with further adjust-
ments (Table 4). No significant association was found
between vitamin D levels and BARD score (Table 4). In
Supplementary Table 1, the 12 and 20ng/mL cut-offs were

applied to this analysis. Similar results were found using the
12ng/mL cut-off but not the 20ng/mL cut-off.

Table 5
D levels and biochemical liver parameters. A significant

shows the linear association of vitamin

negative association between ALP and vitamin D levels
was found [B= —0.03 (—0.06, —0.01), p<0.01], and was
all
Supplementary Table 2, the 12 and 20ng/mL cut-offs

maintained in models of adjustment. In

were applied to this analysis. Both patients with levels of
vitamin D <12 and <20ng/mL had higher levels of ALP, in
comparison with the groups of patients with levels of
vitamin D >12 and >20ng/mL, respectively.

Vitamin Vitamin P value
D >12ng/mL D <I2ng/mL
n=733 n=391
Age, years 434+ 108 429 £ 10.7 0.44
Female, % 86.4 80.3 <0.01
Weight, kg 1135 £ 182 119.7 £ 19.9 <0.01
Body Mass 430+ 55 448 £ 5.9 <0.01
Index, kg/m2
Waist 120.7 £ 12.8 1249 £+ 14.6 <0.01
circumference, cm
Hip 130.8 £ 1.1 1329 £ 11.3 0.01
circumference, cm
Diabetes mellitus, % 30.5 36.3 0.06
Dyslipidaemia, % 44.8 46.1 0.66
Hypertension, % 59.1 67.4 0.01
Vitamin 6.0 7.8 0.26
D supplementation,
%
Albumin, g/L 41.2 [39.6, 41.3 [39.5, 0.66
43.3] 43.5]
AST, UL 21.0 [17.0, 21.0 [18.0, 0.27
28.0] 28.0]
ALT, U/L 23.0 [17.0, 25.0 [18.0, 0.09
34.0] 36.0]
GGT, U/L 25.0 [19.0, 27.0 [19.0, 0.07
39.0] 44.0]
ALP, U/L 74.0 [62.0, 79.0 [66.0, <0.01
90.0] 94.0]
Total Bilirubin, mg/ 0.5 [0.4, 0.6] 0.5 [0.4, 0.7] 0.64
dL
Direct Bilirubin, mg/ 0.1 [0.1, 0.1] 0.1 [0.1, 0.1] 1.00
dL
BARD, % 0.01
| 20.3 253
2 15.2 15.2
3 48.7 384
(Continued)
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Table 3 Clinical, Demographic and Biochemical Characteristics
and Liver Scores of the Population According to Vitamin
D Levels (20ng/dL cut-off) (n=1124). Values are Shown as Mean
* Standard Deviation or as Median [95% Confidence Interval]

Vitamin Vitamin P value
D >20ng/mL | D <20ng/mL
n=328 n=796
Age, years 433 = 108 432 £ 107 0.96
Female, % 86.3 83.4 0.23
Weight, kg 1134 £ 19.0 116.5 £ 19.1 0.01
Body Mass 43.0£59 439 +£5.6 0.01
Index, kg/m2
Waist 120.7 £ 133 122.7 £ 13.7 0.049
circumference, cm
Hip 1314 £ 1.1 1316 £ 11.2 0.80
circumference, cm
Diabetes mellitus, % 30.6 333 0.41
Dyslipidaemia, % 42.7 46.3 0.28
Hypertension, % 58.0 63.7 0.10
Vitamin 6.3 6.8 0.76
D supplementation,
%
Albumin, g/L 41.1 [39.3, 41.3 [39.5, 0.30
43.4] 43.4]
AST, UL 20.0 [16.0, 22.0 [18.0, 0.01
28.0] 28.0]
ALT, U/L 22.0[l6.0, 25.0 [18.0, <0.01
31.0] 36.0]
GGT, U/L 25.0 [19.0, 27.0 [19.0, 0.18
39.0] 41.0]
ALP, U/L 73.0 [62.0, 77.0 [64.0, 0.02
87.0] 93.0]
Total Bilirubin, mg/ 0.5 [0.4, 0.7] 0.5 [0.4, 0.7] 0.82
dL
Direct Bilirubin, mg/ | 0.1 [0.1, 0.1] 0.1 [0.1, 0.1] 0.67
dL
BARD, % 0.50
| 20.7 22,6
2 13.5 16.0
3 48.7 43.5
(Continued)

Table 3 (Continued).

Vitamin Vitamin P value
D >20ng/mL D <20ng/mL
n=328 n=796
4 17.1 17.8
FLI 97.1 [93.1, 97.5 [94.1, 0.08
99.0] 99.2]

Notes: AST, ALT, GGT, total bilirubin and direct bilirubin were log-transformed.
Numbers are bolded if statistically significant (p value<0.05).

Abbreviations: AST, aspartate transaminase; ALT, alanine transaminase; GGT,
gamma-glutamyltransferase; ALP, alkaline phosphatase.

Discussion

In this study, performed in patients with morbid obesity,
we showed that vitamin D deficiency is associated with
higher weight, BMI, and hip and waist circumferences,
and a higher risk of steatosis according to FLI score.
While the anthropometric associations were present using
both the 12ng/mL and the 20ng/mL cut-offs, the associa-
tion of vitamin D deficiency with FLI score was only
observed using the 12ng/mL cut-off.

Our results show that vitamin D deficiency seems to be
associated with a higher risk of hepatic steatosis in patients
with morbid obesity. Indeed, this is in agreement with
several epidemiological studies that lean towards an asso-
ciation between low vitamin D levels and NAFLD, even
though no causal relation can be established.?* ** Namely,
Targher et al have shown that biopsy-proven NAFLD
patients presented lower vitamin D levels, compared to
healthy the fact that
D undergoes an important step of its biological activation

controls.”  Given vitamin
in the liver, it is biologically plausible that chronic liver
including NAFLD,

D metabolism and decrease

diseases, can alter vitamin

its plasmatic levels.'®
Another chronic liver disease which has been associated
with vitamin D deficiency is hepatocellular carcinoma.?’
However, similarly to vitamin D and NAFLD, this remains
controversial and further research is necessary. We intend
to explore this possible association in our population in
future studies. Not only have other liver diseases been
associated with vitamin D deficiency but also other vita-
min deficiencies, such as A, C and E, have been associated
with liver disease. Oxidative stress has been extensively
described as a contributing factor for the development of

liver disease. Antioxidant effects of vitamins A, C and
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Table 4 Association of Vitamin D Levels with FLI and BARD
Scores

Table 5 Linear Association of Vitamin D Levels with Liver
Function Tests

Vitamin D Vitamin D
OR (SE) P value B (95% CI) P value
BARD Albumin
Unadjusted 1.06 (0.07) 0.43 Unadjusted ~0.15 (~0.49, 0.19) 0.39
Model I? 1.01 (0.07) 0.87 Model 1? —0.07 (—0.40, 0.25) 0.66
Model 2° 1.02 (0.07) 0.74 Model 2° —0.15 (-0.48, 0.18) 0.38
Model 3¢ 1.05 (0.08) 0.55 Model 3¢ —0.09 (—0.45, 0.27) 0.62
FLI AST
Unadjusted 0.77 (0.07) <0.01 Unadjusted —0.01 (-0.03, 0.02) 0.58
Model I? 0.79 (0.07) 0.01 Model 1? 0.001 (—0.03, 0.03) 0.95
Model 2° 091 (0.10) 0.41 Model 2° 0.004 (~0.02, 0.03) 0.77
Model 3¢ 0.94 (0.12) 0.65 Model 3¢ 0.01 (—0.02, 0.04) 0.51
Notes: The values are shown as odds ratio and standard error obtained from ALT
ordered logistic regression models. An increase in one unit of vitamin D represents
10ng/mL aAd]ltIST.ed to- sex and' age; "Adjusted to sex, age anq BMI;.CAdIUSteé té sex, Unadjusted ~0.03 (-0.07, 0.01) o1
age, BMI, dyslipidaemia and diabetes. Numbers are bolded if statistically significant
(b value<0.05). Model I ~0.02 (-0.05, 0.02) 0.40
Model 2° -0.01 (-0.05, 0.02) 0.54
Model 3¢ —0.004 (—0.04, 0.03) 0.84
E may help explain why their deficiencies may lead to Jp
liver disease.’® In future, it would be interesting to study
the association between NAFLD and these three vitamins. E"zdi;’slt:d _gg; i_gg: 223 glg
. . . ode —0. —0.06, 0. k
Recent studies have found that both patients with Model 2° ~001 (005, 0.03) 0.58
NAFLD and non-alcoholic steatohepatitis (NASH) have Model 3¢ ~0.001 (-0.05, 0.04) 0.97
lower levels of 25-hydroxycholecalciferol than patients
without these diseases,® and that levels of this hormone ALP
are negatively associated with NAFLD severity,”' raising Unadjusted —0.03 (-0.06, —0.01) <o.o0l
the possibility of an association between vitamin Model 1* —0.04 (-0.06, -0.01) <0.01
D deficiency and the development and progression of Model 2° ~0.03 (0.05,~0.01) <o.0l
] - o Model 3¢ ~0.04 (0.06, —0.01) <0.01
NAFLD. Also, the expression of hepatic vitamin
D receptors was found to be inversely associated with | Total Bilirubin
the severity of steatosis and lobular inflammation, in Unadjusted -0.01 (-0.05, 0.03) 0.55
patients with NASH.*? It remains unclear whether vitamin Model 1? -0.01 (—0.05, 0.03) 0.60
D deficiency status is a contributing factor to NAFLD or Model 2° -0.01 (-0.05, 0.03) 0.64
simply a consequence of impaired liver function. Vitamin Model 3° 001 (-0.05, 0.04) 076
D has a well-established role as an anti-inflammatory Direct Bilirubin
molecule and is an important modulator of insulin sensi- Unadjusted 001 (-0.04, 0.05) 0.80
tivity by inducing pancreatic B cells to release insulin and Model 1° 0.01 (~0.03, 0.05) 0.68
adipocytes to release adiponectin.®® These actions are Model 2° 0.01 (—0.03, 0.06) 0.56
important features in the prevention of fat accumulation Model 3¢ 0.03 (-0.01, 0.08) 0.18

in the liver and chronic inflammation.'" In our study, the
association between vitamin D levels and hepatic steatosis,
measured by FLI score, disappeared after adjustment for
dyslipidaemia and diabetes. Indeed, these conditions might
be important mediators and confounders of the association.

Notes: aAdjusted to sex and age; bAdjusted to sex, age and BMI; “Adjusted to sex,
age, BMI, diabetes and dyslipidaemia. Numbers are bolded if statistically significant
(p value<0.05). The values shown are linear regression coefficients () and 95%
confidence intervals, estimated by multiple linear regression. An increase in one
unit of vitamin D represents 10ng/mL.

Abbreviations: AST, aspartate transaminase; ALT, alanine transaminase; GGT,
gamma-glutamyltransferase; ALP, alkaline phosphatase.
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Furthermore, its anti-fibrotic properties reinforce
a potential beneficial effects of vitamin D in this organ.>*
However, there is data contradicting these findings. Bozic
et al showed that stimulation of hepatocyte vitamin
D receptors in a mice model led to high-fat diet-
associated liver steatosis.*> Also, in a mendelian randomi-
zation analysis, Wang et al found no causal association
between vitamin D and NAFLD in a Chinese population
with over 9000 participants.’® Barchetta et al performed
a randomized, double-blind, placebo-controlled trial and
that  high

D supplementation for a period of 24 weeks did not

concluded doses of oral vitamin
improve hepatic steatosis, measured by MRI and FLI
score, nor hepatic function markers, such as liver enzymes,
in patients with NAFLD and type 2 diabetes.'??"®
Current evidence aiming to study the outcomes of high
dose vitamin D supplementation in patients with NAFLD
did not show any improvement in liver structure or
function.*® It is important to take into account that the
ideal vitamin D dose, frequency and formulation have
not been determined yet.* Some authors advocate the
use of a loading dose instead of an oral daily vitamin
D supplementation to achieve greater improvements in
hepatic parameters.*!

The controversy existing so far may rely on several
factors. It may be due to the different populations studied
and clinical heterogeneity of the studied populations, the
variability of the diagnosis methodology used to define
NAFLD, the follow-up periods and the variability of the
criteria defining vitamin D deficiency. Longer intervention
periods and standardized diagnostic criteria are required to
clarify the disagreements in literature.

There are some limitations to our work that must be
acknowledged. Firstly, this is a retrospective cross-
sectional study and therefore we could not perform any
imaging nor histological methods directed for NAFLD
diagnosis. Also, we have not had access to data regarding
other serological markers included in panels used to better
predict hepatic fibrosis, nor hepatic biopsy (gold-standard
to diagnose hepatic fibrosis).** Due to its retrospective
established.

Furthermore, we only evaluated the parameters in one

nature, no causal relation can be

moment; the levels of the parameters analysed may vary
according to acute events and offending factors.*>**
Nevertheless, as we evaluated a large population, we
believe that our results are not strongly affected by these
variations. Also, our study is clinically relevant as it

involves a vast population of the frequently overlooked

patients with morbid obesity, that enhances the external
validity of this study.

Conclusion

Taking this in account, vitamin D deficiency seems to be
associated to a higher risk of hepatic steatosis in indivi-
duals with morbid obesity. More studies, particularly pro-
spective ones and ideally well-powered randomized
controlled trials are needed to evaluate the potential role
of vitamin D supplementation in the management of
NAFLD.
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