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Abstract

Hepatitis C virus (HCV) infection is associated with oxidative stress and vitamin A possesses antioxidant activity. The objective of
the present study was to investigate vitamin A nutritional status in chronic hepatitis, liver cirrhosis and hepatocellular carcinoma (HCC),
according to biochemical, functional and dietetic indicators correlating these findings with liver function, liver damage and death. Vitamin
A nutritional status was analysed by serum retinol levels, dietetic indicators and functional indicators. A total of 140 patients with HCV-
related liver disease were enrolled. Vitamin A deficiency was detected in 54-3 % of all patients, and there was a progressive drop in serum
retinol levels from chronic hepatitis C patients towards cirrhosis and HCC patients. Increased total bilirubin, liver transaminases and pro-
thrombin time, presence of hepatic encephalopathy and ascites were related to reduced serum retinol levels, and values =0-78 pmol/l of
serum retinol were associated with liver-related death. A high prevalence of inadequate intake of vitamin A was observed in all stages of
chronic liver disease. The functional indicator was not an adequate parameter for evaluating the vitamin A nutritional status. Therefore,
serum retinol concentration is related to severity of the disease, liver complications and mortality. The effectiveness of nutritional counsel-
ling and measures of intervention in this group in improving vitamin A nutritional status should be examined further in a controlled study.
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The hepatitis C virus (HCV) is a major causative agent of
chronic liver disease (CLD), which often leads to chronic
hepatitis, cirrhosis and hepatocellular carcinoma (HCC). To
date, HCV infection represents the leading cause of liver trans-
plant in Europe and the USA®?. HCV infection is associated
with oxidative stress, which plays a crucial role in the onset
and progression of liver disease and may contribute to the
development of HCC in these patients, as oxidative stress acti-
vates hepatic stellate cells, resulting in hepatic fibrosis®®.
Vitamin A deficiency (VAD) is one of the world’s greatest
malnutrition problems. According to the World Health Organ-
ization'®, Brazil is classified as having a high prevalence of
subclinical VAD. Vitamin A and its retinoid derivatives are
essential for physiological functions, including vision, cellular
proliferation and differentiation and immune system activity.
Night blindness (NB) is a disorder frequently caused by VAD

and is defined as diminished night vision in individuals with
normal daytime vision®,

Theoretically, low levels of serum retinol and inadequate
intake of vitamin A may be a risk factor for the progression
of CLD in HCV patients, considering the potent ability of vita-
min A to combat free radicals and its role in suppressing
tumour promotion and progression”®. In fact, findings from
another study” have previously demonstrated that lower
levels of serum retinol may promote hepatocarcinogenesis in
cirrhotic patients. In a normal liver, hepatic stellate cells are
major storage sites for vitamin A. Following the activation of
hepatic stellate cells, a loss of the characteristic stored intra-
cellular vitamin A occurs; however, it is still unclear whether
vitamin A loss causes activation, potentiates it or whether it
is simply an event in the cascade of changes that occur

during activation*'?,

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; CLD, chronic liver disease; HCC, hepatocellular carcinoma; HCV, hepatitis C virus;
MAMC, mid-arm muscle circumference; NB, night blindness; TST, triceps skinfold thickness; VAD, vitamin A deficiency.

* Corresponding author: Dr W. A. F. Peres, fax 455 21 22808343, email wilza@nutricao.uftj.br
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Considering the importance of VAD on CLD progression in
HCV patients, the aim of the present study was to evaluate
vitamin A nutritional status in all stages of CLD, including
chronic hepatitis, liver cirrthosis and HCC superimposed
on liver cirrhosis, according to biochemical, functional and
dietetic indicators.

Experimental methods

In the cross-sectional phase of the present study, data were
collected from September 2006 to December 2009 at the Uni-
versity Hospital of the Federal University of Rio de Janeiro, Rio
de Janeiro, Brazil. The present study was conducted according
to the guidelines laid down in the Declaration of Helsinki, and
all procedures involving human subjects/patients were
approved by the Research Ethics Committee of the University
Hospital. Written informed consent was obtained from all
subjects/patients.

Patients aged =18 years with HCV-related chronic disease
(serum HCV-RNA) were eligible for enrolment. The diagnosis
of liver cirrhosis was based on clinical manifestations and
laboratorial testing, as well as on ultrasonographic imaging
and histological evaluation whenever necessary. Diagnosis
of HCC was based on a computerised tomography and/or
magnetic resonance findings and serum o-fetoprotein. The
number of liver-related deaths was recorded during the obser-
vation period. All patients in the cross-sectional sample were
followed for at least 17 months. The criteria for exclusion
were disabsorptive syndromes, type 1 diabetes mellitus, res-
piratory or CVD, cancer except HCC, cholestasis, chronic
renal failure, amyloidosis, pregnancy, chronic and acute alco-
holism, use of supplements or drugs containing vitamin A
during the last 6 months and any other aetiological factor
besides HCV infection.

Evaluation of vitamin A nutritional status

The evaluation of the nutritional status vitamin A of included
biochemical indicators, i.e. serum retinol concentration,
dietetic indicators and functional indicators, i.e. NB.

Assessment of serum retinol

For determining serum retinol concentration, 5ml of fasting
blood sample were taken intravenously from patients on a
12h fast. Separation and quantification of the serum retinol
were carried out by a validated method for online solid-
phase extraction coupled with HPLC-MS (Sigma Chemical
Company, St Louis, MO, USA). All trans-retinol was used as
the reference standard for analysis. The serum retinol values
obtained were compared with the cut-off points for normalcy
proposed by the World Health Organization?, and thus were
presented in 0-35 wmol/l interval classes. In this manner, VAD
was classified as severe deficiency (<0-35 wmol/D), moderate
deficiency (=0-35 pmol/l < 0-70 wmol/1) and mild deficiency
(=0-70 pmol/1 < 1-05 pmol/D. In the present study, a value
of =1-05 umol/1 of serum retinol was considered to be ade-
quate, with a cut-off point of <1-05 wmol/l indicating VAD% |

Retinol assays

Serum retinol concentrations were measured by a validated
method for online solid-phase extraction coupled with
HPLC-MS. To minimise retinol photoisomerisation, all proces-
sing steps were performed in a room with only a low-intensity
light source. Solid-phase extraction was performed on a Pros-
pekt 2™ system (Spark Holland, Emmen, The Netherlands).
We used an automated low-pressure gradient system from
Shimadzu Company (Tokyo, Japan) with LC-10ADvp solvent
delivery, DGU-10B degasser, SCL-10Avp system controller
and CTO-10Acvp for column temperature control. The separa-
tion of individual analytes was achieved using a Shim-pack
CLC-C8 150 mm X 4-6 mm, 5 wm particles (Shimadzu Company),
analytical column preceded by a Supelco 1/16", peek, 2 um frit,
pre-column filter (Supelco, Bellefonte, PA, USA). Solid-phase
extraction elution and analyte transfer to the HPLC—MS system
were performed using a mobile phase, which consisted of
the following solvent mixtures: mixture A, water—acetonitrile
(50:50, v/v) with 0-1% formic acid and mixture B, aceto-
nitrile—methyl-ter-butyl diethyl ether (90:10, v/v) with 0-1%
formic acid. Analyte elution was performed with a gradient:
from 65% of mixture A to 90% of mixture B at a flow rate
of 1-1ml/min in a 2min total runtime. In order to obtain MS,
we used a triple-stage quadrupole Quattro LC system with
atmospheric pressure chemical ionisation interface of Micro-
mass-Waters (Wythenshawe, UK), acquired in full-scan and
under selected-ion monitoring acquisition modes. All trans-
retinol characterisation was carried out using 1-0 wg/ml of
standard (Sigma-Aldrich) methanol infused individually into
the mass spectrometer at a flow rate of 50 ul/min. Optimised
variables were averaged for the range of retinol concentrations
in human serum. A positive ion mode was used. Because reti-
nol fragments during positive ion atmospheric pressure
chemical ionisation form a base peak of m/z 269, selected
ion monitoring was used to record the signals at m/z 209.
Data acquisition, peak integration and calculations were
performed using MassLynx software (Waters Corporation,
Milford, MA, USA) residing in a Compaq computer.

Assessment of dietary vitamin A intake

Vitamin A dietary intake was assessed by a validated semi-
quantitative food intake questionnaire™® and was analysed
using the food composition table from the Institute of
Nutrition of Central America and Panama (Guatemala City,
Guatemala) based on the biological activity of retinol, $-caro-
tene and other carotenoids. According to the RDA, a cut-off
value <900 mg/d for males and <700mg/d for females was
used to define low vitamin A intake™” .

Assessment of night blindness

The functional indicator NB was assessed by standardised
interviews proposed by the World Health Organization?,
including the following questions: (1) Do you have difficulty
in seeing during the day? (2) Do you have difficulty in

seeing in decreased light or at night? (3) Do you have NB?
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Question 3 was explained to the interviewees as an alteration
in their habitual sight pattern in decreased light or at night by
adopting the patient’s pre-CLD nocturnal vision as the refer-
ence. Cases were defined as subjects who answered ‘no’ to
question 1 and ‘yes’ to questions 2 and/or 3 because this
ocular symptom reflects the functional role of vitamin A in
the formation of rhodopsin.

Assessment of biochemical parameters of liver function
and liver damage

The laboratory data collected included albumin, total biliru-
bin, aspartate transaminase (AST) and alanine transaminase
(ALT) and prothrombin time, which were measured by
previously established standard laboratory methods. The
AST:ALT ratio was then calculated for each patient.

Assessment of liver complications and death

Clinical wvariables recorded were degree of ascites and
hepatic encephalopathy based on ultrasound data and clinical
evaluation, respectively. Laboratory data and degree of ascites
and hepatic encephalopathy were used to calculate the Child—
Pugh score. The patients were then stratified as A, B or C in
accordance with the Child—Pugh classification criteria®.

Anthropometric measurements

Nutritional status was evaluated based on mid-arm muscle
circumference (MAMC) and triceps skinfold thickness (TST) to
assess muscle protein and adipose tissue, respectively. Mid-
arm circumference and TST were measured with a measuring
tape and a Lange skinfold caliper, respectively. To minimise
practical variability, the average of three consecutive measure-
ments for TST was recorded. MAMC was calculated according
to formulas described by Frisancho based on mid-arm circum-
ference and TST measurements'”’. Malnutrition was defined
as MAMC and/or TST below the 10th percentile®.

Statistical analysis

The distribution of the referred values was identified as not
normal. Statistical comparisons for significance were made
using the Kruskal-Wallis non-parametric test as appropriate.
The Mann—Whitney test was used to compare the numeric
variables between the two groups. Associations between the
categorical variables were performed by y? test. A receiver-
operating characteristic analysis was used to determine the
serum retinol threshold with the best death predictive value.
Significance level was set at P<0-05. Analyses were performed
with SPSS 13.0 (SPSS, Inc., Chicago, IL, USA).

Results
Serum retinol levels and night blindness frequency

A total of 140 patients with HCV infection were enrolled and
sixty-nine (49:3%) of them were male. Median age was

55 years, varying from 33 to 76 years, with 30-6% of the
sample in the 31-to-50-year-old range, 66:6% in the 51-to-
70-year-old range and 2:8% over 70 years of age. There was
no relationship between age and serum retinol concentration
(P=0-100). Data analysis revealed that serum retinol concen-
trations did not differ according to sex (P=0-060). The frequency
of VAD, low vitamin A intake, NB and undernourishment is
shown in Table 1. In the present study, VAD frequency was
54:3% of all the patients. For more than half (54:0%) of the
patients, vitamin A intake was below the RDA.

Median serum retinol concentration among the participants
was 1-71 wmol/I (range 0-180-3-626) among the chronic hepa-
titis C patients, 1-00 umol/l (range 0-62-2-50) for Cirrhosis
Child—Pugh A patients, 0:97 wmol/l (range 0-17-2-11) for Cir-
rhosis Child—Pugh B patients, 0:63 pmol/l (range 0-06—1:97)
for Cirrhosis Child-Pugh C patients and 0-56 (range 0-10—
1-33) for Cirrhosis HCC patients. The median retinol levels
observed in each stage of liver disease are presented in
Fig. 1. There was a progressive and statistically significant
drop in serum retinol levels according to liver disease severity
(P<0-010).

In the present study, a greater prevalence of severe VAD
in Cirrhosis Child—Pugh C and HCC patients was observed,
demonstrating that the lowest vitamin A values are found
during more advanced stages of the disease. Only in the hepa-
titis group was there an elevated percentage of individuals
with adequate levels of the vitamin. Among the other
groups, at most 50% of the individuals were observed to
have adequate serum retinol levels (Table 2).

Biochemical and anthropometric parameters

In comparing median biochemical and anthropometric vari-
ables between the groups with adequate and inadequate
serum retinol levels, the individuals with inadequate retinol
presented a significantly higher median AST, AST:ALT ratio,
total bilirubin and prothrombin time (P = 0-030, 0-020, 0-010
and 0-020, respectively), with no significant difference for
albumin levels, ALT levels, MAMC and TST values (P=0-060,
0-570, 0-590 and 0-092, respectively; Table 3).

Table 1. Frequency of vitamin A deficiency (VAD), low vitamin A
intake, night blindness (NB) and undernutrition among patients with
hepatitis C virus-related chronic liver disease

(Number of patients and percentages)

Variables Total n %
VAD*

Chronic hepatitis 29 8 27-6
Cirrhosis Child—Pugh A 36 19 52-8
Cirrhosis Child—Pugh B 30 15 50-0
Cirrhosis Child—Pugh C 30 21 70-0
HCC 15 13 86-7
Vitamin A intake <RDA 140 76 54.0
NB 140 26 185
Undernutrition 140 29 192

HCC, hepatocellular carcinoma.
*Serum retinol < 1-05 pmol/l.
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Liver disease stages

Fig. 1. Median of serum retinol levels observed in each liver disease stage. Mean values were significantly decreasing from chronic hepatitis C patients towards

patients with cirrhosis and hepatocellular carcinoma (Kruskal—Wallis; P<0-010).

Liver complications and death

Median serum retinol was significantly lower in patients with
hepatic encephalopathy and ascites (P=0-040 and 0-006,
respectively). There were forty-six patients who died during
the period of study. Furthermore, those who died presented
the lowest statistically significant value of serum retinol
(P=0-001; Table 4). There was a significant association
between vitamin A nutritional status and liver-related death
(P=0-026; Table 3).

In the present study, according to the receiver-operating
characteristic curve, it was observed that the best cut-off
point for classifying death ». non-death serum retinol levels
was =078 wmol/l, with 70-7% sensibility and 52:8% speci-
ficity. The area under the receiver-operating characteristic
curve was 71% (Fig. 2).

OR analysis shows that individuals below the 0-78 pwmol/l
cut-off point present 1-86 times greater likelihood of dying
when compared with individuals over this cut-off point.

Dietary vitamin A intake

The distribution of dietary vitamin A intake during each stage
of liver disease is shown in Table 6. An elevated proportion

of low intake was observed in all stages of CLD, especially
in the chronic hepatitis group. Taking all of the patients into
consideration, about 70 % of vitamin A intake came from veg-
etables and fruits and only 30% came from animal sources.

Discussion

The present study found a significant prevalence of VAD in the
CLD of HCV patients, with intermediate values of those pre-
viously reported®'?. This is the first study that endeavours
to investigate the nutritional status of vitamin A according
to biochemical, functional and dietetic indicators in chronic
hepatitis, Child—Pugh A, B and C cirrhosis and HCC in HCV
patients.

In the present study, neither age nor sex was linked to
serum retinol level, an observation consistent with a past
study®”. VAD prevalence was 54:3%, which is consistent
with the findings of Paula et al®®, who evaluated the
nutritional status of vitamin A in fifty-eight patients with hepa-
tic cirrhosis and observed low serum levels in 60% of the

)

sample group, pointing out that this effort did not cover the
initial stage of CLD, i.e. chronic hepatitis.

According to biochemical indicators, the present results
confirm the progressive decrease in serum retinol with the

Table 2. Distribution of vitamin A deficiency considering all stages of hepatitis C virus-related chronic liver

disease

Liver disease stages =1.05 pmol/l <1.05-0-70 umol/l 0-69—-0-35 pmol/l < 0-35 pmol/l
Chronic hepatitis (%) 72-40 17-20 5-60 3-40
Cirrhosis Child—Pugh A (%) 47.20 25.00 10.00 5.60
Cirrhosis Child—Pugh B (%) 50-00 10-00 30-00 10-00
Cirrhosis Child—Pugh C (%) 30-00 16-70 33-30 20-00
HCC (%) 13-30 20-00 46-70 20-00

HCC, hepatocellular carcinoma.
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Table 3. Comparison of medians of the biochemical and anthropometric parameters between the groups with

inadequate and adequate serum retinol levels
(Medians, minimum and maximum values)

Inadequate serum retinol

Adequate serum retinol

<1.05 pmol/l =1.05 wmol/l

Variables Median Minimum—maximum Median Minimum—maximum P*
MAMC (cm) 2817 10-31-84-00 29.83 9.42-72.20 0-590
TST (mm) 15-00 5-30 19-00 4.0-32-0 0-092
AST (U/l) 93.00 25-211 68-50 17-368 0-030
ALT (U/l) 80-00 11-278 73-00 14-233 0-570
AST:ALT ratio 1-01 0-09-3-11 0-87 0-12-4.78 0-020
Albumin (g/1) 33.0 10-45 35-5 19-0-45.0 00-60
Total bilirubin (mg/l) 14.5 03-0-60-0 10-0 04-0-81-0 00-10
PTT (seconds above control) 3-10 0-00-10-00 210 0-0-7-90 0-020

MAMC, mid-arm muscle circumference; TST, triceps skinfold thickness; AST, aspartate transaminases; ALT, alanine transaminases;

PTT, prothrombin time.

*Mean values significantly different between the groups were calculated using the Mann—Whitney U test (P<0-050).

increase in CLD severity, and this finding corroborates prior
studies involving CLD patients®™*?, Serum retinol levels
were significantly higher in patients diagnosed with chronic
hepatitis C. It is worth noting that only the chronic hepatitis
C group bore median serum retinol values higher than the
1:05 pmol/1 cut-off point. Also prominent is how VAD pro-
gresses according to the stage of the illness, and that the
Child—Pugh C and HCC groups present a greater prevalence
of severe VAD, corroborating the findings of Paula et al*"
who reported low levels of retinol in 67% of the patients
with advanced hepatic cirrhosis.

This progressive drop in serum vitamin A levels found in the
present study could be a consequence of reduced amounts of
vitamin A in the hepatic stellate cells due to activation by the
HCV. This activation is a transition of quiescent cells into pro-
liferative, fibrogenic and contractile myofibroblasts, although,
at the moment, no definitive studies establish a causal link
between loss of retinoid stores and progression of hepatic dis-

(2329 Other factors associated with low serum retinol

ease
concentrations in CLD, such as poor dietary vitamin A intake
and malabsorption of fat-soluble vitamins, can be speculated
on; however, cholestasis was an exclusion criterion in the
present study. It is further suggested that in CLD, there
is a reduction in hepatic synthesis of the retinol carrier
protein due to dysfunction of the organ or protein—energy

o e [® 5
malnutrition®?>.

It is also possible that the demand for the vitamin increases
with the progression of CLD. The serum and livers of
individuals with HCV present an increase in lipid peroxidation
products, such as malondialdehyde and hydroxynoneal(zm,
and it has been suggested that there is an association between
the production of these products and the activation of stellate
cells. Thus, the depletion of antioxidants, such as vitamin A,
may be related to greater need due to the oxidative process,
bringing about an imbalance in the cellular redox balance®”.
In cirrhosis or chronic hepatitis, hepatocytes are in intense
regenerative activity, and the loss of vitamin A, which con-
tributes to the regulation and maintenance of hepatocyte
differentiation, may result in the formation of mutant hepato-
cytes that may be progenitors to HCC cells.

Indeed, in studies carried out by Newsome et al*” and
Clemente et al.®?, it was noted that cirrhotic patients with
HCC presented significantly lower levels of retinol than cirrho-
tic patients without HCC, suggesting that retinol deficiency
may predispose HCC development in high-risk patients; for
example, those with cirrhosis. Hence, serum retinol levels
have been suggested as indicators of individuals at greater
risk of developing HCC.

Traditional biochemical variables for assessing liver
@® such as total bilirubin and prothrombin time,
were significantly higher in individuals with inadequate

function

serum retinol levels. There was no statistically significant

Table 4. Comparison of serum retinol levels between the groups with the presence or absence of hepatic

encephalopathy, ascites and liver-related death
(Medians, minimum and maximum values)

Presence Absence
Variables Median Minimum—maximum Median Minimum—maximum P*
Hepatic encephalopathy
Serum retinol (wmol/l) 0.77 0-08-1-97 1.01 0-06-3-62 0-040
Ascites
Serum retinol (mol/l) 0-76 0-08-2-39 111 0-06—3-62 0-006
Death
Serum retinol (wmol/l)
Yes 0-64 0-08—-1-97 0-001
No 1.07 0-06—3-62

*Mean values significantly different between groups were calculated using the Mann—Whitney U test (P<0-050).
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Table 5. Association between serum retinol levels and liver-related
death

Vitamin A nutritional status

<1-05pmol/l  <1-05 wmol/l
Death n n Total OR X2 P*
No 41 46 87 1.86 497 0.026
Yes 31 15 46
Total 72 61 133

*Mean values significantly different between groups were calculated using the
Mann—Whitney U test (P<0-050).

difference in albumin levels, although there is a tendency
towards reduced albumin levels in patients with inadequate
serum retinol levels. Rocchi e al®” and Chaves et al®”
found a significant negative correlation between serum retinol
and total bilirubin in individuals with cirrhosis and non-
alcoholic fatty liver disease, respectively. In the present study,
in individuals with inadequate serum retinol levels, liver
damage tests such as AST and AST:ALT ratio presented a signifi-
cantly higher median, whereas ALT median values showed
no difference. Previous studies have shown that an AST:ALT
ratio >1 suggested cirrhosis®"*?. It has been suggested that
with progressive fibrosis and cirrhosis, sinusoidal function is
progressively hampered, reducing the clearance of AST from
the serum®?. In fact, Sheth er al.®* observed that the AST:ALT
ratio correlated positively with the stage of fibrosis. So it could
be postulated that retinol is a potential marker of liver damage
and liver function, although the present data have not produced
enough evidence to establish that conclusively.

The present study encountered a significant drop in serum
retinol concentration among individuals suffering ascites and
hepatic encephalopathy. It is worth stressing that these com-
plications are common in advanced liver disease and relate
to the largest number of hospital visits and the greatest inci-
dence of death. The incidence of death is also associated
with the presence of VAD. Such evidence substantiates
increased risk of mortality among risk populations with VAD
and without ocular signs, suggesting the need to reassess
the cut-off points and criteria for interpreting serum retinol
concentration distribution. In the present study, the cut-off
point best associated with the risk of death was 0-78 wmol/l,
which is above the value considered to be moderate VAD by
the World Health Organization’?] reinforcing the need to
reassess cut-off points for CLD patients.

The present findings show that dietary vitamin A intake is
notably insufficient, with intake below the RDA in 54 % of the
sample group. Average intake was insufficient both in the
chronic hepatitis and in the cirrhosis Child—Pugh C patients.
Although only the chronic hepatitis C group presented physio-
logically acceptable circulating retinol levels, this reduced diet-
ary vitamin A intake contributes to the depletion of retinoid
storage in the early stage of CLD. It could be suggested that
this insufficient vitamin A intake may contribute to the pro-
gression of liver disease, as oxidative stress is an important
pathophysiological mechanism in patients infected by HCV
and vitamin A is recognised to have important antioxidant
action®. Rocchi et al'*? and Ukleja et al.™” noted low

levels of antioxidants in HCC patients when compared with
control groups. Furthermore, vitamin A controls hepatocellular
proliferation and differentiation®”. Thus, considering the
importance of the vitamin in the disease progression process
and in chemoprevention of hepatocarcinogenesisﬁn , it is
important to guarantee adequate intake of the vitamin during
the early stages of the disease.

It is worth pointing out that there was a high prevalence of
inadequate intake in the Child—Pugh A, B and HCC groups,
which could justify the reduction in serum retinol observed,
although intake medians are within the recommended values,
suggesting that consumption within what is recommended
may not be enough to fight against oxidative stress.

Food frequency data revealed that a large proportion of
vitamin A intake came from vegetables and fruits, while only
30% came from animal sources. Retinol is derived primarily
from animal-based food, whereas vegetables and fresh fruit
are major sources of provitamin A carotenoids. Provitamin A
carotenoids can be converted to retinol in vivo. The mean
conversion rate is of approximately 12 wg of B-carotene and
24pg of other carotenoids to 1pg of retinol in healthy
adults. The conversion of 3-carotene to retinol, for it occurring
in the liver, may be deficient in these patients, contributing
to the lowered levels of serum retinol in this group'?.

Moreover, this low intake of animal sources also contributes
to the reduced serum retinol levels observed in CLD patients.
Dietary beliefs, taboos and constraints associated with liver
disease lead to reduced intake of protein and fat and, conse-
quently, compromise the intake and absorption of preformed
vitamin A, as well as other micronutrients®®.

By applying the questionnaire for functionally evaluating
the nutritional status of vitamin A, an 18:5% prevalence of
NB was detected in the sample group. NB is the first functional
manifestation of VAD that can be potentially measured before
the drop in serum levels"'**”. Patek & Haig”, using an

1-00
0-75 |

>

>

*5 0-50

c

()]

w
0-25}
0800 0-25 0-50 0-75 1-00

Specificity

Fig. 2. Receiver-operating characteristic curve of retinol as predictor of
death. Area under the curve, 0-71.
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Table 6. Vitamin A intake among patients with hepatitis C virus-related
chronic liver disease

(Medians and ranges)

Dietary vitamin A intake (ng/d)*

Low ingestion

Study groups Median Range of vitamin A (%)
Chronic hepatitis 561-82 115.12—-2025-47 63-6
Cirrhosis Child—Pugh A 993-32 235-90—-227-80 40-7
Cirrhosis Child—Pugh B 894.88 245.60—-2415-60 40-0
Cirrhosis Child—Pugh C 685-61 144.70-1809-72 59-1
HCC 87240 233-86—-1323.72 375

HCC, hepatocellular carcinoma.
*RDA: 900 mg/d for males and 700 mg/d for females.

adaptometer for measuring human dark adaptation, described
an elevated prevalence of NB in cirrhosis patients (79:2%),
and Ukleja et al."”, through the application of a pre-validated
questionnaire, found a prevalence of 22%. More recently,
Mahmood et al.““V have reported NB in 47% of individuals
with cirrhosis, also describing cases of conjunctival xerosis
and Bitot’s spots in some of the individuals studied. In the pre-
sent study, one possible explanation for the low prevalence of
NB may be the high prevalence of sight problems, which may
lead to misclassification of NB. Furthermore, NB diagnosis in
the present study was performed by applying a validated
questionnaire for classic risk groups, which may not be the
most appropriate method for CLD patients.

In summary, a biochemical indicator was demonstrated to
be an important parameter for evaluating vitamin A nutritional
status in CLD patients, for its association with the severity of
the disease, liver complications and mortality, beyond which
a high prevalence of insufficient vitamin A intake was
observed, especially in the initial stage of CLD, i.e. chronic
hepatitis. This finding highlights the need for measures of
intervention in this group so as to improve the nutritional
status of this population, which would result in greater
oxidative protection and lower risk of complications from
the disease and the development of HCC, but further studies
are necessary to confirm it or dismiss it. In the present
study, the functional indicator was not a good parameter for
assessing the vitamin A nutritional status, suggesting a need
to evaluate the pertinence of applying the questionnaire
proposed by the WHO for diagnosing NB in CLD patients.
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