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Abstract
Background The objective of the present study was to
investigate vitamin A nutritional status in individuals with
class III obesity through a biochemical indicator (retinol
and β-carotene serum levels), correlating these findings
with non-alcoholic fatty liver disease (NAFLD) presence
and its risk factors.
Methods The studied population was composed of 145
patients with morbid obesity [body mass index, BMI≥
40 kg/m2) of both sexes. Retinol and β-carotene serum
levels were assessed by high performance liquid chroma-
tography. The cutoff values used for serum retinol and β-
carotene inadequacy were <1.05 μmol/l and ≤40 μg/dl,
respectively. Insulin resistance (IR) was assessed through
homeostasis model assessment index (HOMA) method.
Biochemical parameters of liver enzymes, lipid profile, and
glycemia were analyzed. Anthropometric measurements
were conducted. NAFLD diagnosis was performed through
magnetic resonance.
Results NAFLD prevalence in the group was 71%. An
inadequacy of 11.3 and 41.7% of retinol and β-carotene
serum levels, respectively, was found when NAFLD was
present. A significant correlation of serum retinol with
albumin liver and total bilirubin was found. As regards

β-carotene, a positive correlation for HDL-c variable and a
negative correlation for the HOMA-IR, weight, and BMI
variables were observed. There was a significant association
between IR presence and retinol and β-carotene inadequacy.
Conclusion The high inadequacy of retinol and β-carotene
nutritional status in the sample, with a higher inadequacy in
those with NAFLD, suggests an increase in the utilization
of vitamin A in this group related to the fight against the
oxidative stress to what they are exposed to. The significant
association between retinol and β-carotene with IR sup-
ports the hypothesis that vitamin A may have a protector
effect on IR pathogenesis.

Keywords VitaminA . Oxidative stress . Non-alcoholic fatty
liver disease . Insulin resistance

Introduction

Non-alcoholic fatty liver disease (NAFLD) presents a
comprehensive histological aspect which results from the
deposit of triglycerides into hepatocytes. It embodies a
status of pathological alterations similar to those observed
in alcoholic hepatopathies but occurring in non-alcoholic
individuals. These alterations vary from simple steatosis
to non-alcoholic steatohepatitis (NASH), fibrosis, and
cirrhosis [1].

Although diagnosed all over the world, NAFLD has
variances in prevalence. In the USA, a country where one
fourth of the adult population is obese, steatosis reaches
more than two thirds of those individuals and more than
90% of class III obese [2]. The actual incidence is still
unknown and probably higher than what is assumed, as it
presents a silent clinical course, unspecific laboratory
alterations, and in its initial stages, liver biopsy and/or
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ultrasound are/is not performed in individuals who belong
to this disease risk group.

Predominance of the female sex and association with
obesity, type II diabetes mellitus, and hyperlipidemia are
classical aspects of this disease [3]. Primary NAFLD is
related to the presence of obesity, type II diabetes mellitus,
and hyperlipidemia, whereas secondary NAFLD is caused
by use of some drugs and toxins, surgeries for obesity, total
parenteral nutrition, among others [4].

The rise of obesity may be verified as much in the
richest social classes as in the poorest populations, as the
industrialization process not only favored sedentary life-
styles but also reduced the cost of foods, thus, making more
accessible those foods poor in vitamins and minerals with
high content of energy and fat, especially the saturated
ones [5]. Because of this, we may observe coexistence be-
tween obesity and malnutrition, which suggests nutritional
problems that superpose such as obesity and deficiency
of micronutrients, therefore, characterizing the so-called
hidden hunger.

Hidden hunger is the term utilized for characterizing
micronutrient deficiency, and it is defined as the non-
explicit lack of one or more micronutrients, besides being
recognized as the most prevalent nutritional issue in the
world. It is the previous stage of the manifestation of
clinical signs of these lacks, and it is not necessarily
associated with diseases clearly defined as those observed
in energetic and proteic malnutrition. In this context,
vitamin A deficiency (VAD) is inserted, being considered
one of the health public issues most prevalent in the world,
as it brings several damages to the health of individuals,
including death [6].

Vitamin A participates in several functions that are
primordial to the human system, acting in visual acuity, in
cellular proliferation and differentiation, and immunologi-
cal activity [7]. Retinol and carotenoids have received a
prominent position for their role against reactive oxygen
species (ROS), protecting the organism against oxidative
stress (OS) and, consequently, preventing damages and
tissue lesions related to several chronic diseases [8].

Considering the role of OS in NAFLD pathogenesis and
the potent action of vitamin A in the fight against ROS, it is
probable that individuals with this disease will have lower
levels of this vitamin, as OS much increases the intake of
substances with antioxidant function [9]. Moreover, risk
factors for NAFLD, as obesity, dyslipidemias, and hyper-
glycemia, isolatedly, have demonstrated an association with
decreased levels of vitamin A [10].

The aim of the present work was to investigate the
nutritional status of vitamin A in individuals with BMI≥
40 kg/m2 through a biochemical indicator (serum levels of
retinol and β-carotene), relating these findings to NAFLD
presence and to insulin resistance (IR).

Materials and Methods

The studied population was composed of 145 patients with
class III obesity (BMI≥40 kg/m2), of both sexes, attended
in a private clinic in the city of Rio de Janeiro. The study
comprised all patients who met the inclusion criteria and
who had been attended in the clinic in the period from
January through December 2006. The clinic referred to
attends about 240 patients per year with surgical indication
for weight loss. Overall, the studied population was com-
posed of approximately 60% of the total annual attendance.

Exclusion criteria were: patients with disabsorptive
syndromes, severe and chronic infections, pregnant and
lactating women, and patients with associated endocrino-
pathies who made use of medication/supplement containing
vitamin A or who consumed alcoholic beverages superior to
20 g/day in women and 40 g/day in men. Individuals who
had any other liver disease than NAFLD were also excluded.

For diagnosing NAFLD, magnetic resonance imaging
test was applied.

Weight and height indicators were utilized for assessing
nutritional status. BMI was measured according to the
following formula: actual body weight (kg)/height (m2)
[11]. The adopted cutoffs were those recommended by
WHO [12] for classification of eutrophy and overweight,
and the participants were classified in class III obesity with
BMI≥40.0 kg/m2. The present study proposed the catego-
rization of the individuals in BMI subclasses, and the
sample was distributed in 5 kg/m2 intervals, which originat-
ed five ranges: range 1 for those between 40 and 44.9 kg/m2,
range 2 between 45 and 49.9 kg/m2, range 3 between 50
and 54.9 kg/m2, range 4 between 55 and 59.9 kg/m2, and
range 5 for those between 60 and 64.9 kg/m2.

For determining fat body distribution, waist and hip
circumferences were measured. Waist-hip ratio (WHR) was
determined according to the following equation: WHR=
waist circumference/hip circumference.

A 5-ml blood sample was obtained by vein punction of
patients in a 12-h fast for determining the serum levels of
retinol and β-carotene. High performance liquid chroma-
tography–ultra violet was the method used for retinol and
β-carotene quantification. As the obtained serum values of
retinol were compared with normality cutoffs proposed by
WHO [13], they were presented in 0.35-μmol/l intervals. In
the present study, the serum retinol value of ≥1.05 μmol/l
was considered as adequate, and <1.05 μmol/l was the cutoff
utilized to indicate VAD [14]. As suggested by Sauberlich
et al. [15], the cutoff to indicate inadequacy of serum values
of carotenoids was lower or equal to 40 μg/dl.

IR was determined by the homeostasis model assessment
index (HOMA) method [16] through the calculation where
HOMA-IR=insulinemia after fast (mU/l)×glycemia after
fast (mmol/l)/22.5. The cutoff utilized for IR was 4.0,
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identified by the receiver operating characteristic (ROC)
curve as the one with best sensitivity and specificity for
individuals in this study.

Other laboratory tests were performed for assessment of
lipid profile and biochemical parameters of liver enzymes:
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), gamma glutamyl transpeptidase (GGT), total biliru-
bin (TB), albumin, prothrombin time test (PTT), cholesterol,
triglycerides, HDL, LDL, besides glycemia and basal insulin.

At the time of the individuals’ enrollment in the study,
diagnoses of diabetes mellitus and systemic arterial hyper-
tension were carried out by a physician in charge of this
according to norms of the V Brazilian Guidelines of
Arterial Hypertension [17]. Diagnosis of diabetes mellitus
was carried out according to norms of the American
Association of Diabetes [18].

Statistic analyses were performed in the SPSS for
Windows version 10.0 statistic package. Measures of
central tendency and dispersion were calculated besides
the median and minimum and maximum values of the
continuous variables. The distribution of the referred values
was identified as not normal. For multiple comparisons of
the numeric variables among three or more groups, the
Kruskal–Wallis variance analysis was performed. Compar-
ison of the numeric variables between two groups was
performed by Mann–Whitney test. Associations between
the categorical variables were performed either by the chi-
quadrate test χ2 or by Fisher exact test. Contingence
coefficient was provided to measure the degree of associ-
ation among the variables. ROC curve was utilized to
determine the best cutoff for HOMA-IR variable.

The present study was approved by the Ethics Commit-
tee on Research of Hospital Universitário Clementino Fraga
Filho of Universidade Federal do Rio de Janeiro/UFRJ.

Results

The sample was composed of 145 individuals, 44 (30.3%)
men and 101 (69.7%) women.

Mean age was 36.5±11.7 years, varying from 19 to
64 years, with 37.5% of the sample in the range of 19–
30 years, 47.8% in the range of 31–50 years, and 14.7% of
the individuals in the range of 51–70 years according to
IOM (2001) classification. There was no significant
difference between mean age and BMI related to gender.

Mean age was significantly higher in the group with
NAFLD diagnosis, being 38.2±11.5 and 32.2±11.1 years in
the groupwith andwithout steatosis, respectively ( p=0.006).

The prevalence of NAFLD in the group studied was
71%, with positive diagnosis in 75.0 and 69.3% of males
and females, respectively, with no statistical difference
( p=0.553).

The prevalence of arterial hypertension, dyslipidemia,
and diabetes mellitus/intolerance to glucose in the group
with steatosis was 56.9, 81.6, and 68.0%, respectively.

An association between the presence of IR and NAFLD
diagnosis was found, and 75.5% of the individuals with
NAFLD diagnosis presented inadequacy of HOMA-IR
index. Besides, 85% of the individuals without the disease
had adequate levels of HOMA-IR ( p<0.001).

As regards the nutritional status of vitamin A, the in-
dividuals studied presented a mean of 1.66±0.65 μmol/l
for serum levels of retinol and mean of 53.8±32.7 μg/dl for
serum levels of β-carotene. Distribution of the sample
according to serum levels of retinol showed that 12.7% of
the patients were below the <1.05 μmol/l cutoff, which
characterizes inadequate levels of vitamin A. Among the
patients with inadequate serum levels of retinol, 10.4%
were in the ≥0.70 μmol/l <1.05 μmol/l class, indicating
marginal deficiency, whereas 2.3% were concentrated in the
>0.35 μmol/l <0.70 μmol/l class, indicating moderate
deficiency. Of the patients, 37.5% showed inadequate
serum levels of β-carotene (≤40 μg/dl). In the comparison
of means between the group with and without the disease,
β-carotene presented a mean significantly lower in the
group with NAFLD (47.2±26.2 and 70±40.9 in the group
with and without the disease, respectively; p=0.003).
Retinol did not present significant mean difference between
the individuals with and without the disease (1.63±0.6 and
1.73±0.8, respectively; p=0.487).

No significant association was found between the
adequacy of serum retinol in patients with and without
NAFLD ( p=0.311). An inadequacy of 11.3 and 41.7% of
levels of retinol and β-carotene, respectively, was found
when NAFLD was present. Only 26.8% of the individuals
without NAFLD showed β-carotene inadequacy ( p=0.068).

Comparing β-carotene means according to serum retinol
adequacy in individuals with NAFLD, it was possible to
observe retinol progressive decrease as the severity of VAD
increased (Fig. 1). It is important to point out that β-
carotene mean was significantly higher in the group with
adequate retinol when compared with those groups with
marginal VAD (adjusted p=0.01) and moderate (adjusted
p=0.01). No significant difference was found between the
serum levels of β-carotene between the groups with
marginal and moderate VAD.

In the correlation of serum levels of retinol and β-
carotene with biochemical and anthropometric variables
according to NAFLD diagnosis, as what regards retinol, in
patients with NAFLD, the biochemical variables as albumin
(r=0.30; p=0.002), triglycerides (r=0.20; p=0.042), and
very low-density lipoprotein (VLDL; r=0.47; p=0.001)
showed a coefficient of positive correlation with statis-
tical significance. The TB variable showed a negative co-
rrelation coefficient with statistic significance (r=−0.352;
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p=0.001). No correlation was found between the biochem-
ical variables in the patients without steatosis. No correla-
tion was observed between retinol and the anthropometric
variables independent of the NAFLD diagnosis. In individ-
uals without the disease, no significant correlation was
found with any of the variables studied.

As regards β-carotene, a positive correlation with sta-
tistic significance for the HDL variable was observed (r=
0.254; p=0.010) in patients with NAFLD. The HOMA-IR
index presented a significant negative correlation (r=−0.301;
p=0.002). The anthropometric variables such as weight
(r=−0.239; p=0.015) and BMI (r=−0.198; p=0.045) pre-
sented negative correlation with statistic significance in these
patients. No correlation was observed betweenβ-carotene and
the studied variables in the individuals without the disease.

In the comparison of the means of the biochemical and
anthropometric variables between the groups with adequate
and inadequate retinol, the individuals who had adequate
retinol presented a significantly higher mean of VLDL and
albumin. Besides, those with adequate retinol presented
lower means with statistical significance of TB and basal
insulin. No significant difference was observed for the
anthropometric variables (Table 1).

When comparing the means of the biochemical and
anthropometric variables between the groups with adequate
and inadequate β-carotene, the patients who showed β-
carotene adequacy presented means significantly lower for
the weight anthropometric variable and for the HOMA-IR
index. Mean HDL was significantly higher in those
individuals (Table 2).

No association was observed between the nutritional
status of retinol and β-carotene and the presence of diabetes

Fig. 1 Distribution of means of "-carotene according to the
nutritional status of Vitamin A

Table 1 Comparison of means of the biochemical variables between the groups with adequate and inadequate serum retinol according to NAFLD
diagnosis

Biochemical and anthropometric parameters Adequate serum retinol≥1.05 μmol/l Inadequate serum retinol <1.05 μmol/l p value

Mean±SD Median (min–max) Mean±SD Median (min–max)

Weight (kg) 126.9±23.1 65.64 (87.6–192.0) 128.0±18.6 80.32 (95.5–155.8) 0.524
BMI (kg/m2) 45.4±5.4 67.07 (40.0–63.4) 46.1±5.4 70.44 (40.0–55.1) 0.620
WC (cm) 126.2±15.1 64.30 (97.0–165.0) 128.7±16.4 77.38 (111.0–160.0) 0.740
HC (cm) 135.8±12.5 65.99 (101.0–166.0) 131.8±12.9 62.26 (110.0–153.0) 0.393
RWH 0.92±0.9 18.67 (0.7–1.1) 0.98±0.9 23.92 (0.8–1.1) 0.206
AST (U/l) 25.7±10.2 67.75 (12.0–68.0) 24.4±8.6 65.76 (14.0–44.0) 0.820
ALT (U/l) 34.6±20.0 67.65 (8.0–132.0) 38.6±19.0 66.50 (17.0–78.0) 0.463
AST/ALT 0.85±0.32 67.93 (0.4–2.3) 0.69±0.16 64.53 (0.3–0.9) 0.118
GGT 39.5±28.6 67.89 (10.0–200.0) 39.3±27.2 64.82 (16.0–109.0) 0.991
Total bilirubin (mg/dL) 0.40±0.22 41.68 (0.1–0.6) 0.58±0.15 71.25 (0.2–1.2) 0.015
Albumin (g/dL) 4.4±3.8 70.28 (2.5–4.0) 3.7±0.37 44.65 (3.0–4.3) 0.005
PTTs 0.21±0.62 23.78 (0.6–1.7) 0.3±0.42 17.25 (0.2–1.2) 0.532
Cholesterol (mg/dL) 201.6±43.5 66.61 (120.0–239.0) 206.3±32.2 73.62 (143.0–260.0) 0.463
Triglycerides (mg/dL) 153.8±81.4 69.04 (42.0–574.0) 130.4±36.8 56.91 (85.0–208.0) 0.509
HDL (mg/dL) 46.5±11.9 66.84 (22.0–71.0) 44.4±5.8 64.18 (37.0–54.0) 0.765
LDL (mg/dL) 120.5±39.8 63.04 (53.0–240.0) 135.2±33.0 81.82 (85.0–200.0) 0.097
VLDL 30.9±14.1 48.91 (8.0–71.0) 20.8±4.2 29.68 (17.0–28.0) 0.024
Glucose (mg/dL) 100.7±27.1 66.11 (72.0–213.0) 101.6±14.8 77.06 (86.0–130.0) 0.285
Basal insulin (μU/mL) 22.0±12.8 65.96 (2.5–72.2) 29.5±16.3 70.18 (11.2–71.4) 0.05
HOMA-IR 4.3±2.6 58.96 (1.1–7.8) 5.0±1.7 69.25 (1.3–17.3) 0.076

Mann–Whitney test.
SD Standard deviation, PTTs seconds above control.
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mellitus, arterial hypertension, and dyslipidemia as much in
the total sample as when we only considered the individuals
with NAFLD. No significant difference was also found
between adequacy of the levels of retinol and the BMI
subclasses (5-kg/m2 intervals) proposed by this study. A
significant association was observed between the increase
of BMI subclasses and β-carotene inadequacy in individ-
uals with NAFLD ( p=0.05).

As regards insulin resistance, considering the individuals
with NAFLD, there was a significant association between
the presence of IR and retinol and β-carotene inadequacy,
with 100% of the individuals with low levels of serum
retinol presenting inadequacy of the HOMA-IR index ( p=
0.029). Concerning β-carotene, an inadequacy of 97.6%
was observed in individuals resistant to insulin ( p<0.001).
No significant association was found between the presence
of IR and retinol and β-carotene adequacy in individuals
without diagnosis of NAFLD.

Discussion

In the present study, mean age of the individuals with
NAFLD diagnosis despite being low was significantly
higher when compared with individuals without the disease.
Studies have demonstrated high prevalence of NAFLD in
younger age ranges [19, 20], which comes accordingly to

the rise of obesity in more and more young classes of the
population [5].

The prevalence of steatosis found in this study was 71%,
similar to that found by Crespo et al. [19] who observed
70% of steatosis in a sample of morbidly obese. In class III
obesity, steatosis has been shown in almost the overall
individuals (85–90%), with the presence of NASH in about
25–70% [21].

Although the sample was predominantly composed of
women, the prevalence of steatosis was higher in men
(75%). The first studies related to the epidemiology of
NAFLD point to a higher prevalence of the disease in
women [22]. Nonetheless, recent studies have demonstrated
a higher prevalence of NAFLD in men, further showing
that this disease affects all ethnic and racial groups [2, 23,
24]. As it is a disease that has been most studied lately,
there is still the need of a better understanding of some
issues related to its epidemiology. A higher prevalence of
steatosis in men might be explained by a higher tendency of
abdominal fat accumulation in men than in women [23].

Obese individuals seem to be in higher risk for
presenting decreased levels of serum retinol or carotenoids.
Studies have shown lower serum levels of carotenoids in
obese when compared with eutrophic individuals [25]. The
prevalence of inadequate serum levels of retinol found in
the present study was 12.7%, with β-carotene inadequacy
in 37.5% of the sample.

Table 2 Comparison of mean biochemical variables between the groups with adequate and inadequate β-carotene according to NAFLD diagnosis

Biochemical and anthropometric parameters Adequate serum β-carotene ≥40 mg/dl Inadequate serum β-carotene <40 mg/dl p value

Mean±SD Median (min–max) Mean±SD Median (min–max)

Weight (kg) 123.7±21.8 67.9 (95.5–181.0) 131.7±21.8 80.0 (87.6–192.0) 0.011
BMI (kg/m2) 44.7±4.9 68.0 (40.0–59.1) 46.5±5.7 80.0 (40.0–63.4) 0.073
WC (cm) 124.8±13.7 67.6 (106.0–164.0) 128.8±16.5 75.3 (97.0–165.0) 0.165
HC (cm) 133.8±11.2 68.3 (103.0–165.0) 136.9±13.5 72.7 (97.0–165.0) 0.246
WHR 0.93±0.9 17.0 (0.7–0.1) 0.93±0.9 22.8 (0.7–1.1) 0.416
AST (U/l) 25.6±9.5 73.4 (12.0–57.0) 26.4±11.3 69.5 (14.0–68.0) 0.857
ALT (U/l) 35.5±19.5 71.0 (10.0–112.0) 38.0±23.2 73.6 (8.0–132.0) 0.683
AST/ALT 0.81±0.28 74.65 (0.4–2.0) 0.81±0.36 67.50 (0.3–2.3) 0.514
GGT 39.4±30.3 71.9 (10.0–200.0) 43.0±29.2 72.0 (15.0–171.0) 0.549
Total bilirubin (mg/dl) 0.55±0.22 69.9 (0.2–1.1) 0.57±0.22 76.8 (0.1–1.2) 0.639
Albumin (g/dl) 4.0±0.41 78.7 (2.5–4.9) 4.8±5.5 60.9 (3.0–4.0) 0.087
PTTs 0.21±0.42 27.1 (0.2–1.2) 0.32±0.94 28.3 (0.9–1.7) 0.801
Cholesterol (mg/dl) 202.0±42.3 71.9 (140.0–329.0) 200.6±41.6 73.5 (120.0–303.0) 0.886
Triglycerides (mg/dl) 155.5±88.1 69.4 (42.0–574.0) 145.2±55.3 77.6 (51.0–312.0) 0.968
HDL (mg/dl) 48.1±11.5 77.8 (27.0–71.0) 42.7±10.1 58.9 (22.0–68.0) 0.033
LDL (mg/dl) 120.7±38.0 69.3 (64.0–240.0) 124.0±39.5 69.8 (53.0–235.0) 0.660
VLDL 29.6±14.3 47.2 (8.0–71.0) 29.9±11.7 49.8 (17.0–52.0) 0.832
Basal glycemia (mg/dl) 104.8±30.4 76.8 (72.0–213.0) 94.0±14.0 65.1 (75.0–136.0) 0.091
Basal insulin (μU/ml) 22.8±13.8 72.3 (2.5–72.2) 22.3±12.3 70.1 (12.3–6.9) 0.865
HOMA-IR 4.3±0.9 56.3 (1.1–8.7) 4.6±1.5 73.41 (1.0–17.0) 0.030

Mann–Whitney test.
SD Standard deviation, PTT seconds above control.
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This is the first study which is addressed to investigate
the prevalence of VAD in individuals with class III obesity
with NAFLD. Although no significant association was
found between adequacy of serum retinol in patients with
and without NAFLD, it was possible to observe a higher
inadequacy of β-carotene in those patients with the disease
(41.7%) when compared with those who did not have the
diagnosis of the disease (26.8%) and with the overall group
(37.5%). Besides, in the comparison of the means between
the groups of individuals with and without NAFLD, a
significantly lower mean of β-carotene was found ( p=
0.003) in the group with the disease (47.2±26.2 μg/dl and
70.0±40.9 μg/dl, respectively). It is probable that there is a
bidirectional relationship between the nutritional status of
this micronutrient and NAFLD: Hepatic steatosis may ag-
gravate the nutritional status of β-carotene probably caused
by a higher demand of antioxidant substances in such a
degree that individuals with low serum levels of this micro-
nutrient may have a higher risk for developing this disease.

In the present study, in individuals with NAFLD, it was
possible to observe a progressive decrease of β-carotene as
VAD severity increased. β-carotene is recognized as the
most potent retinol precursor. The present study corrobo-
rates the findings of Mecocci et al. [26] showing that there
was a higher mobilization of β-carotene for conversion into
retinol according to VAD aggravation. This finding is
worthy to be pointed out, as β-carotene is possibly being
deviated from other important functions as the fight against
OS to maintain an adequate nutritional status of retinol.
Thus, it is important to guarantee the adequacy of the serum
levels of retinol so as to preserve the function of β-carotene
as antioxidant, especially in obese individuals with stea-
tosis, taking into account the increased demand of antiox-
idant substances.

Albumin, TB, and PPT are tests that classically assess
liver function [27]. Up to the present time, there are no
studies assessing the relationship between these biochem-
ical parameters of liver enzymes and NAFLD presence or
severity. Generally, studies conducted with individuals with
this disease only assess the markers of liver lesion such as
AST, ALT, and GGT. Hence, this is the first study which
assesses all tests of liver lesion and function, besides their
relationship with serum levels of retinol and β-carotene in
individuals with NAFLD.

In the present study, in individuals with NAFLD, the
biochemical variables such as albumin, triglycerides, and
VLDL showed positive correlation with retinol, whereas
the TB variable showed negative correlation with statistical
significance.

Rocchi et al. [28] and Newsome et al. [29] also evidenced
a direct and significant correlation between serum retinol
and serum albumin in individuals with chronic liver
disease. Romagnuolo et al. [30] observed that albumin

inferior to 35 g/l was an independent predictor of moderate
and severe inflammation and of advanced fibrosis/cirrhosis.
In the present study, serum levels of albumin were
significantly higher in the group with adequate serum
retinol. However, mean values, as much in the group with
adequate retinol as in the group with inadequate retinol,
were inside normality.

TB median values were significantly higher in the group
with VAD, but the mean was inside normality in both
groups. Rocchi et al. [28] found a negative and significant
correlation between serum retinol and TB in individuals
with cirrhosis, with 1.5 mg/dl mean TB, which is about
three times higher than that found in the present study.
Peres [31], studying individuals who were carriers of
chronic liver disease of viral C etiology, also observed
positive correlation between retinol and albumin and
negative correlation between retinol and TB. Despite
similar correlations found in the present study, as well
significant difference between the means of these variables
according to retinol adequacy, albumin and TB means were
inside normality.

Previous studies which assessed the relationship between
retinol and the tests of liver function were conducted in
individuals with advanced liver disease (cirrhosis, hepato-
cellular carcinoma). In spite of the low severity of the
disease studied in the present work, which may explain the
reason why no relationship was found between retinol and
other biochemical parameters of liver lesion and function
besides the finding that mean values of the biochemical
parameters were inside normality in the group with the
disease, it is already possible to point the role of retinol as a
potential marker of liver function. Nonetheless, it is still
necessary to conduct studies that assess retinol as marker of
liver function and liver lesion in simple steatosis and in
more severe NAFLD forms.

As regards β-carotene, a positive correlation with
statistical significance for the HDL variable with means of
HDL significantly higher was observed in individuals with
adequate β-carotene. This antioxidant acts as an important
protector against the LDL oxidative attack and has also
been associated with HDL increase in vitro and vivo [32]. It
is important to point out that in the present study HDL, the
only component of lipid fraction which is associated with
the presence of NAFLD, was also the only one that showed
correlation with β-carotene. Such findings suggest the
involvement of β-carotene and HDL in the installation
and aggravation of NAFLD as well in the development of
other comorbidities associated with this disease. These
findings still suggest a possible protective effect of β-
carotene and of HDL on NAFLD pathogenesis.

The HOMA-IR index showed a significant negative
correlation with higher means in individuals with adequate
β-carotene. Besides, 97.6% of the individuals with low
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levels of serum β-carotene had IR. As regards retinol, an
inadequacy of 100% was observed in individuals resistant
to insulin. Individuals with adequate retinol also presented
lower means of basal insulin. Sugiura et al. [33] observed a
reverse association between the serum levels of carotenoids
and the estimated IR through the HOMA-IR method, which
supports the hypothesis that carotenoids may have a
protective effect in the pathogenesis of IR probably on
account of its role as protective agent in OS, as it has been
suggested that the increase of OS implicates in a decrease
of insulin action [34]. Facchini et al. [35] reported a reverse
correlation between α-carotene, β-carotene, and lutein with
IR. Ford et al. [36] also observed a negative correlation
between the serum levels of carotenoids and the levels of
basal insulin in a study of population basis.

As regards anthropometric variables, weight and BMI
evidenced a significant negative correlation with β-carotene
corroborating the findings of Viroonudomphol et al. [37]
who showed a negative correlation between retinol, β-
carotene, and BMI. Moreover, studies performed in adult
population reported lower levels of β-carotene in individ-
uals with higher values of BMI similar to those of the
present study where we found a significant association
between the increase of BMI subclasses and β-carotene
inadequacy in individuals with NAFLD.

Publications relating vitamin A to NAFLD are still
scarce. The present study was the first to show the
association of β-carotene with NAFLD and its risk factors,
especially IR and HDL inadequacy; however, there is yet
the need of establishing the relationship of the nutritional
status of vitamin A in NAFLD different stages, associating
this vitamin with this disease severity as it has already been
shown in studies conducted with individuals with chronic
liver disease of other etiologies, thus, opening a field for
new researches.

Therefore, it is recommended that the assessment of
retinol and serum β-carotene might be included in the
attendance routine of NAFLD patients as a tool of clinical
practice aiming to guarantee an adequate nutritional status
of this vitamin in these individuals. It is also important to
conduct studies which will utilize the histological assess-
ment for this disease diagnosis so that it will be possible to
establish retinol as a possible marker of liver function and
lesion according to the disease severity, and, as well, to
establish β-carotene, associated or not with HDL, as
possible protective factors against this disease development.
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