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Abstract

AIM: To assess the vitamin A status of patients with
Crohn’s disease (CD) by evaluating serum retinol levels
and the relative dose response (RDR) test (liver retinol
stores).

METHODS: Vitamin A nutritional status was measured
by serum retinol obtained by high performance liquid
chromatography and the RDR test for evaluation of
the hepatic stores. Body composition was performed
by densitometry by dual-energy X-ray absorptiometry.
Vitamin A dietary intake was assessed from a semi-
quantitative food frequency questionnaire.

RESULTS: This study included 38 CD patients and
33 controls. Low serum retinol concentrations were
detected in 29% of CD patients vs 15% in controls
(P < 0.005). The RDR test was positive in 37% of CD
patients vs 12% in controls, which indicated inadequate
hepatic vitamin A stores (P < 0.005). Individuals
with hypovitaminosis A had lower BMI and body fat
compared with those without this deficiency. There
was no association between vitamin A deficiency and
its dietary intake, ileal location, presence of disease
activity and prior bowel resections.

CONCLUSION: Patients with CD have higher prevalence
of vitamin A deficiency, as assessed by two independent
methods.

Key words: Crohn’s disease; Vitamin A; Serum retinol;
Relative dose response test; Body composition
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Core tip: In this study, a higher prevalence of vitamin
A deficiency was detected in Crohn’s disease (CD)
patients compared with healthy controls by measuring
serum retinol levels and the relative dose-response test.
According to the relative dose-response test, almost
40% of the CD patients had inadequate hepatic vitamin
A stores, which was three times the value found in
healthy controls. CD Patients with hypovitaminosis
A had lower BMI and body fat compared with those
without this deficiency. There was no association
between vitamin A deficiency and its dietary intake,
ileal location, presence of disease activity and prior
bowel resections.
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INTRODUCTION

Crohn's disease (CD) is characterized by chronic
and recurring intestinal inflammation, with periods
of remission and activity!”. Owing to long-term gut
inflammation, CD patients can develop continuous
increase in oxidative stress in the affected tissue®?.
As a result, the reactive oxygen species (ROS) ori-
ginating from this process can be an important
factor in the pathogenesis of the disease!*. In ideal
conditions, a complex of antioxidant substances,
including vitamin A, inhibits the oxidative stress,
limiting tissue damage®. In CD, however, an imba-
lance between the formation and the destruction of
free radicals seems to be present®. This imbalance
can be further aggravated by a low intake of mi-
cronutrients, which could reduce the antioxidant
micronutrient concentration and increase the levels of
lipid peroxidation'®.

In the past, important nutritional disorders,
including protein-energy malnutrition, were a do-
minant feature of CD"’. Although the calorie and
macronutrient consumption is currently considered
adequate in most CD patients in remission, previous
studies demonstrated that the same does not occur
for the intake of micronutrients, which tends to be
reduced®*?!, This deficiency in micronutrients with
antioxidant function, even when subclinical, can
facilitate lipid peroxidation, leading to an increase in
oxidative stress, regardless of disease activity™" .

Vitamin A is one of these important micronutrients
with antioxidant capabilities. This vitamin has a
protective role against free radicals and oxidative
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stress, and participates in several primary functions
of the human body!***, In spite of the potential
protective role of vitamin A in inflammatory states,
very few studies have investigated whether a
deficiency in this micronutrient is present in CD pa-
tients™®'"), In all previous studies, the serum retinol
level (SRL) was used as the only measurement to
assess the nutritional status of vitamin A. Howeuver,
the SRL might be a poor reflection of the vitamin
A status: previous studies observed a normal SRL
despite low concentrations of retinol in liver biopsies!*®..
In this study, for the first time, we aimed to assess
the vitamin A status in CD patients, taking into
consideration not only the SRL, but also the relative
dose response (RDR) test, an accurate, indirect
indicator of the hepatic retinol stores™”.

MATERIALS AND METHODS

Study design and patient inclusion

This cross-sectional study included 38 individuals with
CD and 33 healthy controls. Patients were recruited
at the inflammatory bowel disease (IBD) outpatient
clinic of the Federal University of Rio de Janeiro
(UFRJ) Hospital (HUCFF), Brazil. Healthy controls
were enrolled among university staff and medical
students with no history of intestinal disorders and
chronic or acute diseases. The Ethics Committee of
the Institute of Public Health Studies/UFRJ approved
this study. All patients and control subjects gave their
written informed consent before enrolment. Data
was analyzed anonymously to preserve the patient’s
confidentiality.

Patient selection and data collection

All included patients fulfilled the following inclusion
criteria: active follow up at the outpatient clinic and
established diagnosis of CD by clinical, radiological,
endoscopic and histological parameters!®,

The following exclusion criteria were considered for
both patients and controls: use of supplementation
of vitamin A, drugs that might interfere with the
absorption of fat-soluble vitamins, a BMI > 40 kg/
m?, autoimmune diseases, liver diseases, previous
bowel resection with residual small intestine < 180
cm®™®, restricted diet and recent hospitalization (less
than 6 mo). In addition, pregnancy, nursing, active
smokers, chronic consumption of alcoholic beverages
and any intestinal disorder (in the controls) were
also considered exclusion criteria. Only severe and
symptomatic impairment of pancreatic and biliary
function can cause fat-soluble vitamin deficiencies
and no patient included had symptoms or a metabolic
blood panel suggestive of these conditions.

Vitamin A status in CD patients and controls

Fasting serum retinol measurement: In patients
and controls, quantification of SRL was determined
by high performance liquid chromatography (HPLC),
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(Merck Hitachi LaChrom Elite Model equipped with
Diode Array Detector-DAD) after a 12-h fast. The
resulting SRLs were compared with the normal cut-
off points proposed by the World Health Organization
(WHO) and were presented in interval classes of
0.35 umol/L®?. Thus, vitamin A deficiency according
to SRL was classified as severe (< 0.35 umol/L),
moderate (= 0.35 umol/L, < 0.70 pmol/L) and mild
(= 0.70 pmol/L, < 1.05 umol/L)?7.

Vitamin A liver stores-the RDR test: The RDR
test is a noninvasive, functional test that allows an
indirect, accurate estimation of the total hepatic
stores of vitamin A”, In all subjects, the RDR test
was performed according to the following instructions.
After a baseline blood collection (T0), 2500 IU of
retinyl palmitate (UNICEF, Batch, SchemPTY. Co,
Melbourne, Australia) was diluted in 1mL of oil
solution and orally administered. All subjects then
received a standard breakfast, with estimated total
content of 16.2 g of lipids and 111.5 pug retinol activity
equivalents (RAE) of vitamin A. After a 5-h interval
with no food intake, a second blood collection was
carried out. The therapeutic response was evaluated
by assessing circulating values of serum retinol 5 h
after vitamin A administration. RDR was calculated by
the formula described by Loerch et a**, and an RDR
= 20% was used as the cut-off point, above which is
considered a positive RDR and an indirect indication
of inadequate hepatic stores',

Assessment of variables associated with low SRL in CD
patients

Clinical variables: Clinical and demographic data
on CD characteristics (i.e., disease history, disease
activity and previous surgeries) were collected from
medical records. The Montreal classification was
used to classify patients regarding disease behavior
and location™*. At enrollment, disease activity was
assessed by the Harvey-Bradshaw index (HB)™.

Dietary intake of vitamin A, nutritional status and
other laboratory parameters: The dietary intake of
vitamin A was calculated using a semi-quantitative
food frequency method. The cut-off point for
adequate dietary intake was 900 ug/d for men
and 700 pg/d for women'®®. CD patients were also
evaluated by anthropometric measurements, which
included weight, height and body mass index (BMI),
classified according to the cut-off points proposed by
the WHO'?!, Densitometry by dual X-ray emission
(DEXA) was conducted to allow body composition
assessment based on the following parameters:
body fat percentage, lean body mass, bone mineral
content and fat mass. Average values of 9%-16%
for men and 15%-22% for women were used to
categorize body fat percentages™®. In addition,
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C-reactive protein (CRP) and hemoglobin values were
evaluated. CRP was measured by nephelometry,
and values greater than 3.0 mg/L were used as the
reference value for high CRP. The normal values of
hemoglobin obtained by the colorimetric method
were in the range of 14-18 g/dL for men and 12-16
g/dL for women.

Statistical analysis

Qualitative variables were described according
to their absolute and relative frequencies. The
quantitative variables of symmetric and asymmetric
distribution were described by the mean and
standard deviation, and the median was used to
present the data concerning the intake of vitamin
A. The t-student test and the Mann-Whitney U test
were used for comparison of parametric and non-
parametric variables, respectively. To analyze the
association between the categorical variables, the »°
test and Fisher's exact test were used. To analyze the
correlation between the variables, the Pearson test
was used. The significance level adopted was 5%
and data analysis was performed with the statistical
program SPSS (Statistical Package for Social
Sciences) for Windows version 16.0.

RESULTS

Clinical and demographic characteristics

Of the 38 included CD patients, 53% (n = 20) were
female, and the mean age was 39.2 + 10.3 years.
The mean disease duration was 3.76 + 5.21 years.
An overall summary of patients’ characteristics is
presented in Table 1. In the control group, 33 healthy
subjects were included, 58% were female and the
mean age was 34.7 £+ 13.05 years. There were no
differences between the CD group and controls with
respect to age and gender.

Prevalence of vitamin A deficiency according to SRL
and the RDR test

SRL with different cut-off categories and the results
for the RDR test are shown in Table 2. Considering
an SRL below 1.05 pmol/L, which is traditionally
considered vitamin A deficiency, 29% in the CD group
and 15% in the control group had hypovitaminosis
A (P < 0.005). Notably, 24% of CD subjects had
moderate to severe depletion compared with 6 % of
the controls (P < 0.005). With respect to the hepatic
retinol stores, 37% of the subjects in the CD group
and 12% in the control group had decreased retinol
stores in the liver, as suggested by a positive RDR
test (P < 0.005).

The relationship between serum retinol and RDR
test results in the patients can be seen in Table 3.
Among subjects with normal SRL, five CD patients
and no controls had a positive RDR test. Among
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Table 1 Clinical characteristics of the Crohn's disease population

Parameters n (%) mean + SD
Disease activity (1 = 38)
In remission 34 (89.4)
Moderate activity 4 (10.52)
Severe activity 0(0)
Disease Location (1 = 35)
Tleum (L1) 12 (34.3)
Colon (L2) 8(22.9)
Tleocolonic (L3) 15 (42.9)
Upper digestive tract (L4) 0(0)
Phenotype (1 = 31)
Non-stricturing and non-penetrating (B1) 6 (19.4)
Stricturing (B2) 9(29.0)
Penetrating (B3) 16 (51.6)
Surgery (n = 38)
None 18 (47.4)
Small bowel resection 5(13.1)
Colonic resection 3(7.9)
Other procedures 12 (31.6)
Medical treatment (1 = 38)
5-ASA 25 (65.8)
Immunosuppressants 28 (73.7)
Corticosteroids 3(7.9)
Anti-TNF therapy 3(7.9)
Antibiotics 1(2.6)
Body composition parameters (1 = 34)
LBM (kg) 42.01 +11.63
BMC (kg) 2.39+9.73
Body fat (kg) 20.34 +0.51
Body fat (%) 31.59 +10.89
LBM: Lean body mass; BMC: Bone mineral content.
500 b
2.85 + 1.55
4.00 -
~ 3.00 - 1.94 £ 0.75
o}
3
g 2.00 ~
1.00 - 0.44 £ 0.23
0.00 L

ARC/RDR-n =22 ARC/RDR+7n7 =5 VAD/RDR+77 =9

Figure 1 Fasting serum retinol concentration according to relative dose
response test results. Values are mean * standard deviation. ARC (adequate
retinol concentration in serum), VAD (vitamin A deficiency in serum), RDR+
(positive relative dose response), RDR- (negative relative dose response test).
®P < 0.001 (ARC/RDR- vs VAD/RDR+, one-way ANOVA test).

individuals with low SRL, two CD patients and one
control had a negative RDR test. In the CD group,
the mean SRL according to vitamin A deficiency
status (serum retinol) and RDR test results is shown
in Figure 1. SRL gradually reduced from patients
with adequate serum retinol with a positive RDR
test to patients with serum hypovitaminosis A and
a positive RDR test, compared with patients with
normal results in both tests.
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Table 2 Serum retinol levels and relative dose response test

results with mean and standard deviation

Serum retinol categories' CD Patients Controls
n (%) Serum n (%) Serum
retinol retinol
values values
Normal levels 27 (71)  2.69+147 28(85) 2.63+1.29
(= 1.05 umol/L)
Deficiency 11(29) 049+026 5(15) 0.74+0.32
(<1.05 pmol/L)
Mild deficiency 2(5) 1.00£0.00 3(9 0.96+0.05
(1.05-0.70 pmol /L)
Moderate deficiency 5(13) 0.46+0.05 1(3) 0.50+0.00
(0.70-0.35 pmol /L)
Severe deficiency 4(11) 028+0.02 1(3) 0.3 +0.00
(< 0.35 ymol/L)
RDR test
Positive (= 20%) 14(37) 097+087 4(12) 0.67+033
Negative (< 20%) 24(63) 268+159 29(88) 2.58+1.30

"WHO, 1996). CD: Crohn's disease; RDR: Relative dose response.

Table 3 Relationship between normal and low serum retinol

levels and negative and positive relative dose response test
results in Crohn's disease patients and controls

Serum retinol levels RDR test
Negative Positive
CD CT CD CT
Normal 22 28 5 0
Low 2 1 9 4
Total 24 29 14 4

CT: Controls; CD: Crohn's disease; RDR: Relative dose response.

Assessment of factors associated with low SRL in CD
patients

Dietary intake of vitamin A: In the food frequency
questionnaire, 11 CD patients (29%) had inadequate
intake of vitamin A. There was no clear association
between poor consumption of vitamin A and low
SRL, because only four patients had low results and
inadequate scores in the food questionnaire. Overall,
there was no statistically significant difference in the
median vitamin A intake between patients with and
without low SRL (Table 4). Notably, no difference
was observed in the median vitamin A intake
according to gender (women, n = 20, 1148.5 nug/d
vs men, n = 17, 1112.4 ug/d) in the studied CD
population.

Nutritional status: According to BMI, overall, 49%
(19/38) of the CD patients were eutrophic patients,
24% (9/38) were overweight, 16% (6/38) were
obese and only 11% (4/38) were below the ideal
level. The mean value of fat percentage was 31.59%
(£ 10.89%), being 31.6% (£ 8.22%) among women
and 22.7% (£ 8.94%) among men. The body
composition of patients evaluated by DEXA is shown
in Table 1. The parameters of body composition
according to the presence of low SRL can be seen
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Table 4 Body composition parameters, vitamin A intake,
disease duration and clinical characteristics of interest in

Crohn's disease patients, according to serum retinol level

Parameters < 1.05 pmol/L = 1.05 pmol/L P value
(n=11) (n = 27)
BMI (kg/m’) 21.69 +2.74 25.65 + 5.48 0.029
Weight (kg) 58.75+9.46 68.96 + 15.59 0.051
Body fat (%) 26.13 £10.32 33.27 £11.68 0.131
LM (kg) 38.66 + 8.35 43.04 £10.03 0.272
BMC (kg) 221+055 2.44 +0.50 0.273
Body fat (kg) 13.22+5.43 22.53 +11.28 0.032
Vitamin A intake (ug/d) 1125.7 1163.9 0.561
Disease duration (yr) 6.73 £7.89 2414294 0.164
Bowel resection 7 (63) 13 (48) 0.386
Ileal resection 2(18) 3 (11) 0.956
Ileal involvement 10 (90) 20 (74) 0.430
Active disease (HB index) 3(27) 1(4) 0.330
High CRP levels 2 (18) 9(33) 0.430
Low HB levels 109 5 (18) 0.345

Data are represented as mean * SD, median or n (%). BMI: Body mass
index; LM: Lean body mass; BMC: Bone mineral content.

in Table 4. Patients with decreased SRL showed
significantly lower BMI and body fat (kg) than those
without it (P = 0.029; P = 0.032, respectively).

Clinical characteristics: With respect to clinical
characteristics, no association with low SRL was
detected when ileal location, bowel resection, ileal
resection and disease duration were evaluated (Table
4). In addition, no association between low SRL and
anemia or high CRP levels was detected (Table 4).

DISCUSSION

With the current standard multidisciplinary care of
IBD and the development of medical therapies that
might change the natural history of the disease,
the prevalence of malnutrition has markedly de-
creased™®. Currently, many IBD patients face a very
different nutritional scenario, where obesity and
obesity-related diseases affect their quality of life and
life expectancy™®. Even though clinical malnutrition is
becoming rarer among IBD outpatients, an important
deficiency of micronutrients, including vitamin
A, is still frequently found in this population®=%,
Unfortunately, all studies evaluating the relationship
between IBD and vitamin A deficiency used the
dosage of fasting SRL as the single parameter to
determine vitamin A depletion®®'"), To the best of
our knowledge, this is the first study to combine SRL
with the more accurate RDR test to assess the status
of vitamin A in CD patients.

In the present study, the prevalence of low SRL
was 29% (15% in controls) and a positive RDR test
was found in 37% (12% in controls), suggesting that
vitamin A deficiency is still present in CD patients
and might be higher compared with results solely
based on retinol measurements in sera. In previous
studies using SRL, the prevalence of vitamin A
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deficiency in CD patients ranged from 0% to
21%"% in adults, and 16% in children®”. The dosage
of fasting SRL underestimates the actual vitamin A
deficiency™”?#*%; therefore, these studies need to be
interpreted carefully. In this regard, SRL can be kept
quite constant by release of hepatic retinol until the
global body stores are quite depleted, making the
plasma retinol concentration a poor reflection of the
global body vitamin A status'"..

Low body stores of vitamin A are detected reliably
only when plasma retinol concentrations are lower
than 100 ug/L"*?. To resolve these inaccuracies, the
RDR test has been proposed as a way to calculate
the total body store of retinol, based on the principle
that the plasma retinol concentration is little affected
by oral administration of vitamin A when the hepatic
stores of retinol are high. When the liver reserves
are low, however, the plasma retinol concentration
increases markedly, reaching a peak in 5 h*?, A
positive RDR test in individuals with normal SRL
indicates that their hepatic stores of retinol are
affected, while still maintaining an adequate serum
retinol concentration!*?!. In our series, five CD
patients had normal SRL with a positive RDR test,
which indicated normal retinol levels in their sera,
despite low retinol stores in the liver. This active
balance between serum levels and the hepatic stores
of retinol was also demonstrated by the finding that
the mean SRL was lower in patients with a positive
RDR test compared with subjects with a negative
test. It is important, therefore, to evaluate the SRL
along with the RDR test to achieve an accurate
global diagnosis of hypovitaminosis A.

Importantly, hypovitaminosis A occurred in pa-
rallel with an adequate dietary consumption of this
micronutrient, suggesting that the vitamin intake
might not be the determining factor for the observed
deficiency. In fact, in CD patients, the finding that
the dietary intake of vitamin A does not reflect SRL is
not novel. Imes et a/® previously found normal SRL
in a CD population in which one third of all subjects
had low dietary vitamin A intake. In this regard, the
severity of disease activity is a better predictor of low
SRL than the nutritional status®™”. It is also important
to note that there were no significant differences in
serum retinol concentration in the presence of ileal
involvement, even though the ileum is the main
site of absorption of vitamin A’ This finding may
be related to the patchy nature of CD, in which the
inflammatory process affects non-continuous areas of
the gut within areas of non-inflamed mucosa that are
fully capable of absorbing micronutrients. In addition,
the chronic inflammatory state associated with CD
might represent an important cause of vitamin A
deficiency, regardless of disease location, because of
the elevated oxidative stress that is characteristic of
this condition™?, In this regard, one previous study
showed that patients with active CD had significantly
lower SRL and that these levels became significantly
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higher after resection of the inflamed area'.

Given the predominant inclusion of inactive su-
bjects and the limited number of patients when
individuals were categorized into groups of normal
or low SRL, it is important to stress that the lack
of association between clinical characteristics and
low SRL might reflect a lack of statistical power
and these results should be interpreted carefully.
In addition, owing to the small cohort of patients
enrolled, further analysis of potential risk factors for
vitamin A deficiency related to CD characteristics and
treatment was not possible. Future studies should
address whether there is a subgroup of CD patients
at higher risk of developing vitamin A deficiency. In
this specific, high risk population, screening for such
deficiency with SRL measurements and the RDR test
would be reasonable in clinical practice.

In conclusion, the nutritional profile of individuals
with CD has undergone many changes because
of major advances in the clinical management of
the disease. Those changes have shifted the focus
towards overweight and obesity, which is different
from the characteristic protein energy malnutrition
established in the past. Deficiencies in micronutrients
such as vitamin A, however, are still prevalent in this
specific population. Importantly, such deficiencies
in antioxidant micronutrients can aggravate the
imbalance between the formation and destruction of
free radicals in the intestinal mucosa of these patients.
The present results suggest that there is a deficit
of vitamin A in CD patients, and that the exclusive
use of SRL as a diagnostic tool might underreport its
actual prevalence compared with the more accurate
RDR test. In this series, low SRL were not related
to vitamin A quantitative intake. More studies are
necessary to explain the mechanisms behind the
development of vitamin A deficiency in patients with
IBD.
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Vitamin A is an important micronutrient, with antioxidant capabilities. This
vitamin has a protective role against free radicals and oxidative stress, and
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potential protective role of vitamin A in inflammatory states, very few studies
have addressed whether a deficiency in this micronutrient is present in Crohn’s
disease (CD) patients.
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In this study, for the first time, the vitamin A statuses of CD patients were
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retinol stores.
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The present results suggest that there is a deficit of vitamin A in CD patients,
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