European Journal of Nutrition (2020) 59:3647-3658
https://doi.org/10.1007/500394-020-02198-0

ORIGINAL CONTRIBUTION q

Check for
updates

Evaluation of nutritional adequacy in adult patients with Crohn'’s
disease: a cross-sectional study

lolanda Cioffi'© - Nicola Imperatore? - Olivia Di Vincenzo' - Maria Carmen Pagano' - Lidia Santarpia’ -
Lucienne Pellegrini? - Anna Testa? - Maurizio Marra' - Franco Contaldo’ - Fabiana Castiglione? - Fabrizio Pasanisi'

Received: 27 May 2019 / Accepted: 6 February 2020 / Published online: 18 February 2020
© The Author(s) 2020

Abstract

Purpose Inadequate oral intake may play an important role in the onset of malnutrition in patients with Crohn’s disease (CD).
The aims of this cross-sectional study were: (1) to compare dietary intake in clinically active and quiescent CD patients, and
(2) to assess patients’ nutritional adequacy relative to the dietary reference values (DRVs) for the Italian population using
LARN (Livelli di Assunzione di Riferimento di Nutrienti ed energia per la popolazione italiana).

Methods Patients aged between 18 and 65 years with a diagnosis of CD were recruited. All participants underwent anthro-
pometry and were instructed to fill in a 3-day food record. Disease activity was clinically defined using the Crohn’s disease
activity index (CDAI).

Results Overall, 117 patients, 71 males and 46 females, with a mean age of 39.6 + 13.8 years and a mean body weight of
65.4 +11.8 kg, were ultimately included. Our findings showed that the amount of nutrients was similar between patients with
active and quiescent disease. The mean intake of macronutrients was adequate, except for fiber, while dietary micronutrients
were insufficient. Median intakes of sodium, phosphorus, and fluorine met LARN recommendations in both sexes, and the
DRVs were accomplished by many patients (53/117; 104/117 and 98/117, respectively). Interestingly, dietary amounts of
iron and zinc were barely acceptable in males but not in females. However, a few of the patients (< 15) met the LARN for
potassium, calcium, and magnesium, regardless of sex and CDAI. With respect to vitamins, no relevant difference was found
between the active and quiescent groups, and none of them met recommended values in both sexes.

Conclusions This study showed that the assessment of dietary intake can be crucial for optimizing dietary intervention with
focused nutrition counseling, to improve nutritional status in CD patients.
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require surgery [1, 2]. Generally, CD patients are at risk
of nutritional deficiencies both during periods of disease
exacerbation (due to reduced oral intake, malabsorption,
and nutrient losses through the gut) and remission [3-5].
Specifically, poor and/or inadequate oral intake may play
an important role in the onset of malnutrition due to many
factors such as voluntary food restrictions, increased satiety,
reduced sensation of pleasure related to eating, changes in
mood, and even medical advice [6, 7].

Currently, reduced macronutrient intakes are less com-
mon in these patients, whereas deficits in micronutrients,
such as iron, copper, selenium, magnesium, zinc, vitamins,
and antioxidants (vitamins C, E, beta carotene, glutathione,
taurine) can occur frequently [8—16], even in apparently
well-nourished patients [13]. Some food group restrictions,
such as dairy products and/or fruit and vegetables, are pur-
sued by patients to control their symptoms [10, 17]. Addi-
tionally, appetite sensation could dramatically change, espe-
cially with active disease, in which patients experience less
hunger and more satiety [18]. As such, knowledge regarding
reduced and/or inadequate food intake in CD patients can
contribute to the early identification of nutritional deficien-
cies. Basically, quantifying nutrient intake in the context of
the overall nutrition status assists in determining if patients
are meeting recommended levels of nutrient intake and to
what extent subjects should require specific supplementation
[19]. To date, there are limited published data describing the
dietary patterns as well as macro- and micro-nutrient intakes
in patients with CD [20, 21] and no data are available in Ital-
ian individuals with CD.

Therefore, the objectives of the present study were: (1) to
compare energy and nutrient intake, collected by 3-day food
records, in clinically active and quiescent CD patients, clas-
sified according to the Crohn’s disease activity index (CDAI)
and (2) to assess their nutritional adequacy compared to the
dietary reference values (DRVs) for the Italian population
using LARN (Livelli di Assunzione di Riferimento di Nutri-
enti ed energia per la popolazione italiana) [22], according
to sex and specific-age ranges.

Subjects and methods

We evaluated differences in dietary intake and adequacy by
studying food records prospectively collected from a cohort
of CD patients participating in the REECD study (Resting
Energy Expenditure evaluation in subjects with Crohn’s Dis-
ease). Consecutive patients aged between 18 and 65 years
with a diagnosis of CD were recruited at the Department
of Clinical Medicine of Federico II University Hospital in
Naples between July 2016 and March 2018. The exclusion
criteria were the following: use of corticosteroids in the last
3 months, history of acute or chronic liver or kidney disease,
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current enteral and parenteral nutrition, intestinal fistulae,
ileostomy or colostomy, presence of extensive small bowel
resections (residual small bowel < 2 m), pregnancy or lacta-
tion, unstable body weight in the last month, inability or
unwillingness to give informed consent.

The Crohn’s disease activity index (CDAI) was adopted
to classify patients in the active and remission phases (> 150
and < 150, respectively). Additionally, clinical data such as
disease diagnosis, location, drug treatment, disease dura-
tion etc. were collected. All participants provided written
informed consent prior to enrolment. All procedures were
conducted in accordance with the Helsinki Declaration of
1975 as revised in 1983 and were approved by the Ethics
Committee of Federico II University (Protocol’s number:
102/16). This study was registered at clinicaltrials.gov as
NCT03054935.

Energy intake and nutrient assessment

All patients were instructed by a registered dietitian, face-
to-face or by phone, to fill in a food diary for 3 nonconsecu-
tive days (2 weekdays and 1 weekend day) before coming
to the hospital. Specifically, participants were taught how
to estimate food portions using household measurements
such as bowls, cups, spoons, and plates. A dedicated dieti-
tian reviewed the completed 3-day food diary upon return
for clarification of portions, missing or unclear data, and
food preparation methods. All diaries were calculated using
the WINFOOD database (3.4 version; Medimatica, Teramo,
Italy).

Comparison to the dietary reference values
for the Italian population

DRVs are an umbrella term that include the population
reference intakes (PRIs), the average requirements (ARs),
adequate intakes (Als) and reference intake (RIs) ranges for
macronutrients [23]. They can be used to identify nutrient
intakes that are relevant for planning dietary treatments and
research purposes in individuals as well as in population
groups [22, 23]. LARN (Livelli di Assunzione di Riferi-
mento di Nutrienti ed energia per la popolazione italiana)
are the last version of the Italian DRVs released in 2014 by
the Italian Society of Human Nutrition [22], in line with the
EFSA (European Food Safety Authority) technical report
[23]. Thus, the PRI is the level of nutrient intake that is
adequate for the majority of people in a population group.
The AR is the intake level that is adequate to meet the physi-
ological needs of half of the individuals in a population.
When there is insufficient scientific evidence to estimate
the AR or PRI, Al is established by estimating the intake
of an apparently healthy population group that is assumed
to have adequate intake. Finally, RI is the intake range for
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macronutrients, expressed as % of the energy intake; and
corresponds to ranges that are adequate for maintaining
health.

As suggested by technical reports [22, 23], to evaluate the
adequacy of macro- and micronutrient intake, data obtained
from 3-day food records were compared with AR or RI val-
ues provided by LARN. However, when the AR values were
not available, we referred to Al values for comparison. Spe-
cifically, Al was used for sodium, potassium, manganese,
iodine, molybdenum, fluorine, vitamin E, vitamin K and
biotin levels.

Statistical analysis

Data were expressed either as the means and standard
deviation (SD) or as medians and ranges, depending on the
distribution of the data. Differences between groups were
assessed with unpaired ¢ tests and analysis of variance for
parametric variables; while the Mann—Whitney U test or
Kruskal-Wallis was applied for nonparametric data. The
chi-squared test was used for differences between categori-
cal variables. The number and percentage of patients whose

reported intakes were higher or lower than the AR, RI or
Al values were calculated for each micronutrient. Statisti-
cal analyses were performed using SPSS version 22.0 (IBM
Corporation, Inc. Chicago, IL, USA) and the significance
level was set at the p <0.05 level.

Results

Overall, 148 CD patients were recruited for participation,
but 31 were ruled out for the following reasons: 8 subjects
did not fulfil the inclusion criteria, 11 did not return their
3-day food records, and 12 supplemented with protein and/
or micronutrients during the study. Therefore, a total of 117
patients, 71 males and 46 females, were finally included in
this analysis.

The demographic and clinical characteristics of the
patients are shown in Table 1. Overall, CD patients had a
mean age of 39.6+ 13.8 years and an average body weight
of 65.4+11.8 kg. Based on the CDAI, 53 patients were clini-
cally active (score > 150), while 64 were in the quiescent
phase (score < 150). The disease duration was approximately

Table 1 Clinical characteristics

§ Total Men ‘Women
of CD patients
N, (%) 117 (100) 71 (61) 46 (39)
Age, years [SD] 39.6 [13.8] 38.6 [13.8] 41.1[13.9]
BMI, kg/m? [SD] 23.2 [3.4] 23.7 [2.26] 22.5[3.69]
Mean disease duration, y [range] 8.23 [0.5-30] 8.80 [1-30] 7.36 [0.5-23]
Clinical activity, n (%)
CDAI< 150 64 (55) 43 (61) 21 (46)
CDAI> 150 53 (45) 28 (39) 25 (54)
Montreal age at diagnosis, n (%)
Al:<16y 21 (18) 14 (20) 7 (15)
A2:17-40y 77 (66) 47 (66) 30 (65)
A3:>40y 19 (16) 10 (14) 9 (20)
Montreal disease location, n (%)
L1: Ileum 41 (35) 24 (34) 17 37)
L2: Colon 11(9) 10 (14) 1(2)
L3: Ileum and colon 62 (53) 3549) 27 (59)
L4: Upper GI tract 303) 203) 1)
Montreal disease behaviour, n (%)
B1: Inflammatory 36 (31) 27 (38) 9 (20)
B2: Stricturing 59 (50) 3549) 24 (52)
B3: Penetrating 22 (19) 9 (13) 13 (28)
Perianal disease, n (%) 23 (20) 13 (18) 10 (22)
Medications, n (%)
None 34 (29) 21 (30) 13 (28)
5-ASA 19 (16) 12 (17) 7(7)
IMMs 16 (14) 8 (11) 8 (15)
Biologics 48 (41) 30 (42) 18 (39)

ASA amino salicylic acid, CDAI Crohn disease activity index, /MMs immunosuppressives
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8 years in both sexes. Based on the Montreal classification,
CD was mainly diagnosed between 17 and 40 years (66%),
located in the ileum—colon (53%) and characterized by
a stricturing phenotype (50%). Regarding drug therapies,
patients were treated with biologic agents (41%), immuno-
suppressives (19%), mesalazine (16%), and almost 30% of
them were out of therapy at the time of the study visit, due
to the screening phase before starting biologic therapy.

No differences were found for age and BMI between
males and females (Table 1), whereas body weight dif-
fered (males=70.5+10.5 kg vs. females=57.6 +9.37 kg;
p=0.03). Moreover, disease activity assessed by the CDAI
was higher in females compared to males (males: 124 +74
vs. females: 160 +83; p=0.04).

Data on self-reported energy and dietary intakes are pre-
sented separated by sex and disease activity (active and qui-
escent groups).

Self-reported energy intake (El) and macronutrients
Among CD patients, daily self-reported EI did not differ

between the active and quiescent phases for either males
or females, as reported in Tables 2 and 3, respectively.

However, it was lower than the EI recommended by LARN
by almost 500 kcal for both sexes.

In the same tables, we showed macronutrient intakes,
according to the CDAI. Overall, total protein, protein per
kilogram of body weight as well as fat and carbohydrate
intakes were within the range proposed by LARN for males
and females; while dietary fiber and polyunsaturated fatty
acids (PUFAs), including both n-6 and n-3 PUFAs, were
lower than the recommended values. In male CD patients,
based on the CDALI, no difference was observed for macro-
nutrient intake, except for monounsaturated fatty acid
(MUFA), which was lower for those in the active group than
those in the quiescent group (active: 23.9+8.68 g vs. quies-
cent: 28.1+7.91 g; p=0.04). Among female CD patients,
we found lower intakes for MUFA, total PUFA and solu-
ble and insoluble dietary fibers in the active group than in
the quiescent group (Table 3). Overall, the mean value for
dietary intake of cholesterol was below the cutoff range in
both sexes (<300 mg), regardless of CDAI; however, almost
15% of patients had high intakes.

When macronutrients were assessed as a percentage of
total energy intake, we found a similar distribution between
males and females (Tables 2 and 3) as well as between

Table 2 Daily energy and macronutrient intake as well as their adequacy in male CD patients, according to disease activity

LARN All (n=71) EI° Active (n=28) EI° Quiescent (n=43) EI°
RI AR Mean +SD % Mean=+SD % Mean=+SD %
Energy intake (EI), kcal/d 2350° 1863 +345 1915 +451 1829 +260
Protein, g 50¢ 79.0+£23.6 17% 80.1+29.1 17% 78.3+£19.6 17%
Protein g/kg body weight 0.71 0.98+0.36 0.98+0.41 0.99+0.34
Fat, g 25-35% EI 63.9+18.8 32% 64.4+21.2 31% 63.6+17.4 30%
SFA, g <10% EI 17.3+7.53 8% 17.3+9.14 8% 17.3+6.89 8%
MUFA, g - 26.4+8.41 14% 23.9+8.68* 13% 28.1+7.91 12%*
PUFA, g 5-10% EI 6.58+2.56 32% 6.41+3.05 3% 6.70+2.21 3.0%
n-6 PUFA, g 4-8% EI 336+1.74 1.7% 3.18+2.02 1.6% 3.47+1.54 1.5%
n-3 PUFA, g 0.5-2% EI 0.39+0.28 0.2% 0.42+0.40 0.2% 0.38+0.16 0.2%
Cholesterol, mg <300 219+102 204+110 229+97
Carbohydrate, g 45-60% EI 255+55.6 51% 268+70.8 52% 247+41.8 53%
Starch, g - 155+45.8 161+50.6 152+£42.7
Oligosaccharides, g <15% EI 56.8+29.7 11% 59.8+31.9 11% 54.8+28.4 11%
Fiber/1000 kcal, g 12.6-16.7 7.23+2.50 7.25+2.34 7224271
Total fibers, g* 25 13.5+5.22 14.1+5.52 13.1+£5.03
Soluble, g - 2.94+1.46 291+1.39 2.98+1.58
Insoluble, g - 5.13+3.11 520+3.34 5.01+£2.78

LARN Livelli di Assunzione di Riferimento di Nutrienti ed energia per la popolazione italiana, RI Reference intake ranges for macronutrients,
AR average requirements, SFA saturated fatty acid, MUFA monounsaturated fatty acid, PUFA polyunsaturated fatty acid, EI energy intake

*p<0.05

*Value suggested for disease prevention

"Macronutrients expressed as percentage of total EI

“Energy needs associated with the lowest level of physical activity [14]
9Based on a body weight of 70 kg
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Table 3 Daily energy and macronutrient intakes as well as their adequacy in female CD patients, according to disease activity

LARN All (n=46) EI° Active (n=25) EI° Quiescent (n=21) EI°
RI AR Mean+SD % Mean+SD % Mean+SD %
Energy intake (EI), kcal/d 1900°¢ 1445 +222 1440 +224 1452 +224
Protein, g 434 61.1+15.0 17% 60.7+16.4 17% 61.7+13.5 17%
Protein, g/kg body weight 0.71 1.00+£0.32 1.01+£0.32 1.00+£0.32
Fat, g 25-35% EI 52.5+12.9 33% 51.5+13.2 33% 53.6+12.7 32%
SFA, g <10% EI 13.8+5.20 8% 14.7+5.83 9% 12.7+4.23 9%
MUFA, g - 22.5+6.13 15% 21.1+6.04% 14% 242+5.94 13%*
PUFA, g 5-10% EI 5.30+2.24 3.7% 4.73+1.53% 3.3% 5.98+2.65 2.9%*
n-6 PUFA, g 4-8% EI 297+1.56 2% 2.69+0.97 1.9% 3.30+2.04 1.7%
n-3 PUFA, g 0.5-2% EI 0.36+0.29 0.2% 0.30+0.12 0.2% 0.42+0.39 0.2%
Cholesterol, mg <300 173+99 192+ 115 152+73
Carbohydrate, g 45-60% EI 193 +£39.0 49% 193 +£32.5 50% 192 +46.4 51%
Starch, g - 111+£29.2 110£22.7 112+36.0
Oligosaccharides, g <15% EI 42.3+20.0 10% 45.7+20.0 11% 38.3+19.7 12%
Fiber/1000 kcal, g 12.6-16.7 6.21+2.14 6.02+2.04 6.54+2.26
Total fibers, g* 25 8.93+3.14 8.56+2.94 9.38+3.39
Soluble, g - 2.08+0.99 1.81+0.79* 239+1.12
Insoluble, g - 348+2.13 2.94+1.69* 4.13+2.46

LARN Livelli di Assunzione di Riferimento di Nutrienti ed energia per la popolazione italiana, Rl Reference intake ranges for macronutrients,
AR average requirements, SFA saturated fatty acid, MUFA monounsaturated fatty acid, PUFA polyunsaturated fatty acid, EI energy intake

*p<0.05

*Value suggested for disease prevention

"Macronutrients expressed as percentage of total EI

“Energy needs considering the lowest level of physical activity [14]
4Based on a body weight of 60 kg

CDAI groups (data not shown). Generally, we noted a
slight increase in total fat intake (>30%) in all patients,
with greater consumption of MUFA (> 12%) compared to
PUFAs, while saturated fatty acid (SFA) was less than 10%
of total EI, as recommended by LARN [21].

Minerals and trace elements

Both minerals and trace elements for male and female CD
patients and the number of subjects meeting the LARN
recommendations are shown in Tables 4 and 5, respec-
tively. Median intakes of sodium, phosphorus, iron, cop-
per, and fluorine met LARN recommendations and were
achieved by most patients (43/71; 66/71; 44/71; 44/71
and 66/71, respectively). Zinc intake was higher in 29/71
patients, while potassium, calcium, magnesium, iodine,
selenium and manganese intakes were considerably lower
than the recommended level. Indeed, a small number of
subjects (< 15) met the LARN values and none of them
met the molybdenum dietary recommendation (0/71).
Based on the CDAI, we did not find any differences in
median mineral intake, but the number of patients who

met the LARN recommendations slightly varied accord-
ing to disease activity. Specifically, we observed that
none of the patients in the quiescent group achieved rec-
ommendations for potassium (0/43) and iodine (0/43).

In female CD patients, intakes of phosphorus, zinc, cop-
per, and fluorine were good for most patients, whereas
potassium, calcium, magnesium, iron, iodine, selenium,
and molybdenum intakes were low compared to the recom-
mended values. Specifically, none of them met the LARN
recommendations for potassium, iodine or molybdenum
intake (0/46). Based on the CDAI, we found a lower intake
of copper in the active group than in the quiescent group
(active =0.59 mg vs. quiescent =0.74 mg; p=0.02).

When intakes were expressed as a percentage of the
LARN recommendations, the data clearly showed that
only phosphorous, copper, and fluorine met the LARN
recommended values in both CDAI groups for males and
females, while sodium and iron were achieved in male CD
patients only (Fig. 1). As reported in Fig. 1, copper intake
was significantly different between percentage values in
female CD patients (p =0.02).
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Table 4 Minerals and trace elements intake in male CD patients, according to disease activity

LARN All (n=171) Active (n=28) Quiescent (n=43)

AR Al Median (min-max) No. meeting LARN Median No. meeting LARN Median No. meeting LARN
Sodium (mg)** 1500 1631 (318-4629) 43 (61%) 1589 16 (57%) 1655 27 (63%)
Potassium (mg) 3900 1799 (867-4198) 2 (3%) 1840 2 (7%) 1799 0
Calcium (mg)** 800 351 (64-1194) 4 (6%) 357 2 (7%) 346 2 (5%)
Phosphorus (mg) 580 921 (312-2193) 66 (93%) 852 25 (89%) 921 41 (95%)
Magnesium (mg) 170 128 (39-270) 14 (20%) 133 6 (21%) 123 8 (19%)
Iron (mg)** 7 7.85 (2-26) 44 (62%) 8.01 18 (64%) 7.82 26 (61%)
Zinc (mg) 10 8.55 (3-21) 29 (41%) 8.04 10 (36%) 8.71 19 (44%)
Iodine (mg) 150  42.1 (1.2-226) 3 (4%) 43.8 3(11%) 42.1 0
Copper (mg) 0.7 0.84 (0.2-7.0) 44 (62%) 0.78 17 (61%) 0.86 27 (63%)
Selenium (ug) 45 19.2 (3.4-103) 9 (13%) 13.0 3(11%) 22.6 6 (14%)
Fluorine (mg) 35 24.2 (0-206) 66 (76%) 27.0 25 (68%) 24.1 41 (79%)
Manganese (mg) 2.7 0.93 (0-28.5) 6 (9%) 1.03 2 (7%) 0.93 4 (9%)
Molybdenum (ug) 65 1.43 (0-17.7) 0 1.12 0 1.46 0

Data are expressed both as number and percentage of subjects meeting LARN (Livelli di Assunzione di Riferimento di Nutrienti ed energia per

la popolazione italiana)
AR average requirement, A/ adequate intake
*p<0.05

**Values considered for age-range

Table 5 Minerals and trace elements intake in female CD patients, according to disease activity

LARN All (n=46) Active (n=25) Quiescent (n=21)

AR Al Median (min-max) No. meeting LARN Median No. meeting LARN Median No. meeting LARN
Sodium (mg)** 1500 1045 (20-25006) 9 (20%) 1106 7 (28%) 935 2 (10%)
Potassium (mg) 3900 1344 (636-2422) 0 1398 0 1295 0
Calcium (mg)** 800 338 (37-1101) 3 (7%) 380 2 (8%) 331 1 (5%)
Phosphorus (mg) 580 743 (230-1307) 38 (83%) 766 21 (84%) 742 17 (81%)
Magnesium (mg) 170 97.4 (37-210) 1 2%) 92.8 0 101 1 (5%)
Iron (mg)** 10 6.47 (2-11) 4 (9%) 6.41 3 (12%) 6.53 1 (5%)
Zinc (mg) 8 7.53 (3-14) 21 (46%) 7.68 11 (44%) 7.14 10 (48%)
Iodine (mg) 150  33.4 (0-75) 0 29.8 0 44.1 0
Copper (mg) 0.7 0.67 (0.1-1.6) 21 (46%) 0.59% 8 (32%) 0.74 13 (62%)
Selenium (ug) 45 19.5 (1.8-52.8) 3 (T%) 20.5 1 (4%) 18.5 2 (10%)
Fluorine (mg) 3 28.2 (0-107) 32 (70%) 29.2 15 (60%) 28.2 17 (81%)
Manganese (mg) 2.3 0.78 (0-30.1) 8 (17%) 0.73 5 (20%) 0.81 3 (14%)
Molybdenum (ug) 65 2.36 (0-21) 0 2.22 0 2.58 0

Data are expressed both as number and percentage of subjects meeting LARN (Livelli di Assunzione di Riferimento di Nutrienti ed energia per

la popolazione italiana)
AR average requirement, A/ adequate intake
*p<0.05

**Values considered for age-range

Vitamins
In Table 6, we presented vitamin intakes for both males (a)

and females (b) as well as the number of subjects meeting
the LARN values. The median intakes of all vitamins were
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low and unrelated to CDAI. None of the male participants
met the LARN recommendations for biotin intake, while a
small number of patients (< 7) met the vitamin D, vitamin E,
vitamin K, vitamin B5 and folate recommendations. No sig-
nificant difference was observed between the CDAI groups.
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Similar results were observed in females, where Discussion

the intakes of vitamin E (active =6.01 mg vs. quies-
cent="7.54 mg; p=0.03) and niacin (active =9.46 mg vs.
quiescent=11.9 mg; p =0.04) were significantly lower in
the active group than in the quiescent group. Again, none
of patients (0/46) met the LARN recommendations for
vitamin K, vitamin B5, biotin or folate, and the number
of patients meeting LARN was low for the remaining vita-
mins, especially in the active group, where none of them
achieved the LARN values for vitamin D and vitamin E
(Table 7).

By expressing vitamin intake as a percentage of the
LARN recommendations, as shown in Fig. 2, we found
that none of the suggested values for vitamin were met
by patients, except for vitamin B6 in males. On the other
hand, in females, both vitamin E and niacin were sig-
nificantly higher for the quiescent compared to the active
group (p=0.03 and p =0.04, respectively).

The aims of the present study were first to compare macro-
and micronutrient intakes using 3-day food records in
active and quiescent CD patients, and second to assess
nutritional adequacy by comparing their intakes with the
LARN recommendations. Our findings showed that both
energy and nutrient intakes were similar between patients
with active and quiescent disease. However, most patients
failed to meet the LARN recommendations for micronu-
trients, unrelated to sex and disease activity, suggesting
that symptoms of active CD might not be the major factor
limiting nutritional intake.

As previously described [6], low and/or inadequate
nutrient intake can contribute considerably to the onset
of malnutrition in CD patients; therefore, their investi-
gation would be useful for planning effective dietary
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Table 6 Vitamin intake in male CD patients, according to disease activity

LARN All (n=71) Active (n=28) Quiescent (n=43)

AR Al  Median (min-max) No. meeting LARN Median No. meeting LARN Median No. meeting LARN
Vitamin A (ug) 500 328 (15.2-4896) 14 (20%) 328 5 (19%) 334 9 (21%)
Vitamin D (ug)** 10 1.35 (0-11.9) 1 (1%) 1.54 0 1.31 1 (2%)
Vitamin E (mg) 13 7.78 (2-16.9) 6 (9%) 7.28 2 (7%) 8.10 4 (9%)
Vitamin K (ug)** 140 6.25 (0-173) 2 (3%) 5.17 0 8.98 2 (5%)
Thiamin (mg) 1.0 0.71 (0.4-1.8) 22 31%) 0.67 11 39%) 0.72 11 (26%)
Riboflavin (mg) 1.3 0.97 (0.3-13.3) 24 (34%) 0.86 9 (32%) 1.03 15 (35%)
Niacin (mg) 14 12.3 (3.3-33.3) 30 (42%) 12.9 12 (43%) 12.3 18 (42%)
Vitamin B5 (mg) 5 1.16 (0.2-3.10) 2 (3%) 1.14 1 (4%) 1.21 1 (2%)
Vitamin B6 (mg)** 1.1 1.25 (04-3.0) 46 (65%) 1.23 16 (57%) 1.29 30 (70%)
Biotin (ug) 30 4.71(0-28.3) 0 471 0 4.82 0
Folate (ug) 320 140 (34-376) 4 (6%) 152 2 (7%) 140 2 (5%)
Vitamin B12 (ug) 2.0 0.96 (0-116) 21 (30%) 0.96 9 (32%) 0.78 12 (28%)
Vitamin C (mg) 75 48.5 (0-277) 26 37%) 39.5 11 (39%) 51.4 15 35%)

Data are expressed both as number and percentage of subjects meeting LARN (Livelli di Assunzione di Riferimento di Nutrienti ed energia per

la popolazione italiana)

AR average requirement, A/ adequate intake
*p<0.05

**Values considered for age-range

Table 7 Vitamin intake in female CD patients, according to disease activity

LARN All (n=46) Active (n=25) Quiescent (n=21)

AR Al  Median (min-max) No. meeting LARN Median No. meeting LARN Median No. meeting LARN
Vitamin A (pg) 400 268 (2-4560) 11 (24%) 310 7 (28%) 251 4 (19%)
Vitamin D (ug) ** 10 1.55 (0-15.4) 2 (%) 1.44 0 1.73 2 (10%)
Vitamin E (mg) 12 6.58 (1.6-13.3) 1 (2%) 6.01* 0 7.54 1(5%)
Vitamin K (ug) ** 140 6.83 (0-116) 0 7.12 0 6.54 0
Thiamin (mg) 0.9 0.63 (0.2-1.4) 8 (17%) 0.65 5 (20%) 0.61 3 (14%)
Riboflavin (mg) 1.1 0.86 (0.2-6.5) 12 (26%) 0.99 8 (32%) 0.81 4 (19%)
Niacin (mg) 14 10.7 (3.8-22.9) 14 (30%) 9.46* 5 (20%) 11.9 9 (43%)
Vitamin B5 (mg) 5 0.98 (0.3-3.3) 0 0.92% 0 1.18 0
Vitamin B6 (mg)** 1.1 1.04 (0.5-3.4) 17 37%) 1.03 7 (28%) 1.05 10 (48%)
Biotin (ug) 30 4.85(0-25) 0 4.49 0 5.50 0
Folate (ug) 320 121 (34-260) 0 115 0 134 0
Vitamin B12 (ug) 2.0 1.04 (0-19.4) 10 (22%) 1.08 6 (24%) 0.81 4 (19%)
Vitamin C (mg) 60 31.4 (0-250) 12 (26%) 30.9 8 (32%) 31.9 4 (19%)

Data are expressed both as number and percentage of subjects meeting LARN (Livelli di Assunzione di Riferimento di Nutrienti ed energia per

la popolazione italiana)

AR average requirement, A/ adequate intake
*p<0.05

**Values considered for age-range

strategies and supplementation, when indicated. To date,
however, only a few studies assessed dietary intake in
these patients, agreeing with altered micronutrient intakes
when compared to established recommended values [19,
21] as well as to a national survey [20, 24]. In the present

@ Springer

study, self-reported EI resulted in a lower calorie intake
by approximately 500 kcal compared to the EI sug-
gested by LARN [22], who considered the daily energy
needs estimated by a predictive equation, not measured;
therefore, EI was lower than that theoretically required.
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Nevertheless, the macronutrient distribution met LARN
values for protein, fat, and carbohydrate; and a high intake
of MUFA (> 12%), which differed between active and qui-
escent patients, and low intake of SFA (< 10%), accord-
ing to the recommendations, were reported. Likewise,
previous Canadian studies showed adequate intakes of
protein and carbohydrate in CD patients, but a different
fat distribution, with increasing SFA [18—20] and decreas-
ing MUFA intakes [19, 20], likely due to different dietary
habits. Regarding PUFA intake, including the essential
fatty acids (n-6 and n-3), we found that they were below
the cutoff values proposed by LARN, and that the ratio
of n-6/n-3 was in favor of n-6 PUFAs (9:1). Previously,
Taylor et al. [20] described a lower percentage of both n-6
and n-3 PUFAs in CD patients compared to the Canadian
Community Health Survey [25].

An imbalance in the ratio of n-6/n-3 PUFAs, in favor
of n-6, is typically observed in the Western diet. Specifi-
cally, n-6 PUFAs have pro-inflammatory properties, since
they are precursors of arachidonic acid, which is metabo-
lized into thromboxane A2, leukotriene B4, and prostaglan-
dins [26], and have been shown to modulate the intestinal

M Active Quiescent

inflammatory response [27]. Therefore, an increase in the
consumption of animal protein (meat), fast foods, refined
grains and certain margarines, typical of a westernized diet,
has been associated with high dietary intake of n-6 PUFAs
[28]. In contrast, dietary n-3 PUFASs such as eicosapentae-
noic acid (EPA) and docosahexaenoic acid (DHA), which
are mainly concentrated in fish oils, salmon, tuna, nuts,
flaxseeds etc., have been shown to have anti-inflammatory
effects in several chronic inflammatory disorders [29], and
are involved in the regulation of immunological and inflam-
matory responses [28, 29]. To date, experimental evidences
has shown that n-3 PUFAs could have a protective role on
CD risk and that high intakes might reduce flares [29]; how-
ever, data are still controversial and conflicting on the effect
of n-3 and n-6 PUFAs in CD patients [30]. The results from
3-day food records showed that our patients preferred animal
proteins, derived mostly from meat rather than fish, com-
pared to other sources of protein; potentially explaining the
pro-inflammatory n-6/n-3 ratio. Additionally, we found that
females in the active group ate less plant-based protein com-
pared to those in the quiescent group (active: 15.5+4.63 g
vs. quiescent: 18.8 +£5.99 g; p=0.03).
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Regarding the intake of dietary fiber, expressed as both
the total and grams per 1000 kcal/day, we observed reduced
values (7.2 g/1000 kcal) compared to the LARN recommen-
dation (RI= ~15 g/1000 kcal), even in patients in clinical
remission. Previous studies showed an average daily intake
of fiber/1000 kcal that ranged from 6.13 [31] to 11.1 g [20],
without showing any differences between active and quies-
cent groups [21], in agreement with our results.

Generally, CD patients had a low fiber intake because
many physicians prescribed a low-residue diet to reduce
diarrhea or avoid abdominal symptoms due to strictures
and bacterial overgrowth. In fact, the consumption of veg-
etables, fruit peels, nuts, and seeds provides insoluble fib-
ers that are metabolically fermented in the colon and can
accelerate the movement of bolus through the intestine
[21]; this is harmful in patients with severe flares and in
those with stricturing type and obstructive symptoms [32,
33]. Unfortunately, some patients extend the low-residue
diet long after its prescription has ended, avoiding any form
of legumes, vegetables and fruit, since they are afraid of
eating food that can be linked with exacerbation of their
symptoms. Accordingly, we did not find any differences in
fiber intake between patients who showed a stricturing type
(B2: fiber=6.7+1.7 g/1000 kcal) and the others (B1+B3:
fiber=7.7+3.0 g/1000 kcal, based on Montreal classifica-
tion). Moreover, a low fiber intake can also be explained by
the fact that patients are not routinely followed by a nutri-
tional team during the disease course, and they base their
diet on personal experiences and/or information drawn from
the media [31].

Therefore, low diet diversity along with self-imposed and
prolonged food group exclusion can be responsible for sev-
eral nutritional deficits [20, 21, 31]. Our results showed that
only sodium, phosphorus, iron, copper and fluorine intake
met the LARN recommendations, while potassium, calcium,
magnesium, zinc, selenium, iodine, manganese and molyb-
denum were inadequate. Similarly, the majority of vitamin
intakes were insufficient to achieve the LARN recommen-
dations, regardless of disease activity. These results can be
explained by the reduced amounts of plant-based foods,
which represented the main dietary sources of minerals and
vitamins. When we looked at the number of subjects meet-
ing the LARN values, we found that only a small number
of patients (< 15) achieved the LARN recommended val-
ues for micronutrients, with the highest number of subjects
reported for sodium (52/117), phosphorus (104/117), fluo-
rine (98/117) and vitamin B6 (62/117).

These findings partially agreed with previous data
[19-21] showing that CD patients are frequently exposed
to insufficient micronutrient intakes. Therefore, it is use-
ful to identify any micronutrient shortfalls to treat them.
For instance, supplementation of vitamin C and vitamin
E has previously been shown to result in a reduction of

@ Springer

oxidative stress in CD patients [34]. However, adequate
intake of zinc could be associated with improvement of
clinical outcomes; since zinc plays a pivotal role in wound
repair, tissue regeneration, and the immune system [35].

Finally, we briefly compared the dietary data of our
group of CD patients with data collected by the third
Italian National Food Consumption Survey, INRAN-
SCAI 2005-06 Italian Survey [36], in adult Italian people
(18-65 years). We found that macronutrients, especially
total fat and SFA intakes, were higher compared both to
those reported by CD patients as well as those suggested
by LARN, while carbohydrates were lower. Regarding die-
tary fiber, the daily intake was higher than that observed
for CD patients, without meeting the LARN recommen-
dations. The mean daily intakes of phosphorus, magne-
sium, iron and zinc were adequate in both sexes, apart
from iron in females; while calcium and potassium were
insufficient [36], as we found in this population. Regarding
vitamins, the survey showed adequate values for most of
the vitamins considered, as expected; however, thiamin,
riboflavin, and vitamin D did not meet the recommended
values. Although these data were derived from a national
survey, not from a healthy control group; low intakes of
calcium, potassium, iron, and vitamin D were previously
reported in other diseases [37], not strictly related to CD
and in different surveys [20], suggesting that much greater
attention is needed.

Our study has some limitations. First, the tool adopted
for estimating dietary intake, such as the 3-day food record,
always needs to be interpreted with caution since individuals
may consciously or unconsciously underestimate or overes-
timate their nutrient intake. However, the correct use and
interpretation of food record might be helpful in the for-
mulation of dietary recommendations. Second, the use of
the CDAI might not be the best choice for defining disease
activity, although conventionally it is accepted. However,
it is extremely important to assess dietary intake according
to disease activity in these patients to plan targeted dietetic
approaches. Last, but not least, a matched control group
could have provided further considerations about nutritional
deficits in this specific population.

In conclusion, this cross-sectional study showed that the
assessment of dietary intake can be crucial for identifying
nutritional deficits and optimizing dietary diversity in CD
patients, especially in those who are clinically quiescent.
Further studies are needed to evaluate nutrient intakes in
different phases of the disease, to plan focused nutrition
counseling.

Acknowledgements We gratefully acknowledge Aniello Arianna for
his help during the study and the Italian Society of Artificial Nutrition
and Metabolism (SINPE, Societa Italiana di Nutrizione Artificiale e
Metabolismo) who provided a young investigator research grant to Dr.
Iolanda Cioffi for the project: “Valutazione del dispendio energetico in



European Journal of Nutrition (2020) 59:3647-3658

3657

pazienti con malattia di Crohn (Assessment of resting energy expendi-
ture in patients with Crohn’s Disease)”.

Author contributions IC, FP, and FCo designed research; FCa, NI,
ODV, AT, LP, MCP and LS conducted research; IC and MM analyzed
data; and IC and NI wrote the paper. All authors read and approved
the final manuscript.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval The study has been performed in accordance with the
ethical standards laid down in the 1964 Declaration of Helsinki and its
later amendments. All participants gave their informed consent prior
to their inclusion in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Castiglione F, Mainenti P, Testa A, Imperatore N, De Palma GD,
Maurea S, Rea M, Nardone OM, Sanges M, Caporaso N et al
(2017) Cross-sectional evaluation of transmural healing in patients
with Crohn’s disease on maintenance treatment with anti-TNF
alpha agents. Dig Liver Dis 49:484-489

2. Rispo A, Imperatore N, Testa A, Mainenti P, De Palma GD,
Luglio G, Maurea S, Nardone OM, Caporaso N, Castiglione F
(2017) Bowel damage in Crohn’s disease: direct comparison of
ultrasonography-based and magnetic resonance-based Lemann
Index. Inflamm Bowel Dis 23:143-151

3. LimdiJK, Aggarwal D, McLaughlin JT (2016) Dietary practices
and beliefs in patients with inflammatory bowel disease. Inflamm
Bowel Dis 22:164-170

4. Rispo A, Imperatore N, Testa A, Bucci L, Luglio G, De Palma
GD, Rea M, Nardone OM, Caporaso N, Castiglione F (2018)
Combined endoscopic/sonographic-based risk matrix model for
predicting one-year risk of surgery: a prospective observational
study of a tertiary centre severe/refractory Crohn’s disease cohort.
J Crohns Colitis 12:784-793

5. Cioffi I, Marra M, Imperatore N, Pagano MC, Santarpia L, Alfonsi
L, Testa A, Sammarco R, Contaldo F, Castiglione F, Pasanisi F
(2019) Assessment of bioelectrical phase angle as a predictor of
nutritional status in patients with Crohn’s disease: a cross sec-
tional study. Clin Nutr pii S0261-5614(19):30279-30281

6. Casanova MJ, Chaparro M, Molina B, Merino O, Batanero R,
Dueiias-Sadornil C, Robledo P, Garcia-Albert AM, Gémez-
Sénchez MB, Calvet X et al (2017) Prevalence of malnutrition

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

and nutritional characteristics of patients with inflammatory bowel
disease. J Crohns Colitis 11:1430-1439

Castiglione F, Imperatore N, Testa A, De Palma GD, Nardone
OM, Pellegrini L, Caporaso N, Rispo A (2019) One-year clinical
outcomes with biologics in Crohn’s disease: transmural healing
compared with mucosal or no healing. Aliment Pharmacol Ther
49:1026-1039

Gee MI, Grace MG, Wensel RH, Sherbaniuk R, Thomson AB
(1985) Protein energy malnutrition in gastroenterology out-
patients: increased risk in Crohn’s disease. J Am Diet Assoc
85:1466-1474

Rigaud D, Angel LA, Cerf M, Carduner MJ, Melchior JC, Sau-
tier C, Rene E, Apfelbaum M, Mignon M (1994) Mechanisms
of decreased food intake during weight loss in adult Crohn’s
disease patients without obvious malabsorption. Am J Clin Nutr
60:775-781

Mishkin S (1997) Dairy sensitivity, lactose malabsorption, and
elimination diets in inflammatory bowel disease. Am J Clin Nutr
65:564-567

Geerling BJ, Badart-Smook A, Stockbrugger RW, Brummer RJ
(1998) Comprehensive nutritional status in patients with long-
standing Crohn disease currently in remission. Am J Clin Nutr
67:919-926

Wendland BE, Aghdassi E, Tam C, Carrier J, Steinhart AH,
Wolman SL, Baron D, Allard JP (2001) Lipid peroxidation and
plasma antioxidant micronutrients in Crohn’s disease. Am J Clin
Nutr 74:259-264

Filippi J, Al-Jaouni R, Wiroth JB, Hebuterne X, Schneider SM
(2006) Nutritional deficiencies in patients with Crohn’s disease
in remission. Inflamm Bowel Dis 12:185-191

Dieleman LA, Heizer WD (1998) Nutritional issues in inflam-
matory bowel disease. Gastroenterol Clin N Am 27:435-451
Duerksen DR, Nehra V, Bistrian BR, Blackburn GL (1998)
Appropriate nutritional support in acute and complicated
Crohn’s disease. Nutrition 14:462-465

Testa A, Rispo A, Romano M, Riegler G, Selvaggi F, Bottiglieri
E, Martorano M, Rea M, Gravina A, Nardone OM et al (2016)
The burden of anaemia in patients with inflammatory bowel
diseases. Dig Liver Dis 48:267-270

Testa A, Imperatore N, Rispo A, Rea M, Tortora R, Nardone
OM, Lucci L, Accarino G, Caporaso N, Castiglione F (2018)
Beyond irritable bowel syndrome: the efficacy of the low fod-
map diet for improving symptoms in inflammatory bowel dis-
eases and celiac disease. Dig Dis 36:271-280

Bannerman E, Davidson I, Conway C, Culley D, Aldhous
MC, Ghosh S (2001) Altered subjective appetite parameters in
Crohn’s disease patients. Clin Nutr 20:399-405

Vagianos K, Bector S, McConnell J, Bernstein CN (2007) Nutri-
tion assessment of patients with inflammatory bowel disease.
JPEN J Parenter Enteral Nutr 31:311-319

Taylor L, Almutairdi A, Shommu N, Fedorak R, Ghosh S,
Reimer RA, Panaccione R, Raman M (2018) Cross-sectional
analysis of overall dietary intake and Mediterranean dietary pat-
tern in patients with Crohn’s disease. Nutrients 10:1761
Aghdassi E, Wendland BE, Stapleton M, Raman M, Allard
JP (2007) Adequacy of nutritional intake in a Canadian pop-
ulation of patients with Crohn’s disease. ] Am Diet Assoc
107:1575-1580

Societa Italiana di Nutrizione Umana (SINU) (2014) LARN: Liv-
elli di Assunzione di Riferimento di Nutrienti ed energia. 4th edn.
Milano.

EFSA (2017) Dietary reference values for nutrients: summary
report. EFSA Supporting Publication 2017:e15121. https://doi.
org/10.2903/sp.efsa.2017.e15121

Hartman C, Marderfeld L, Davidson K, Mozer-Glassberg Y, Poraz
I, Silbermintz A, Zevit N, Shamir R (2016) Food intake adequacy

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2903/sp.efsa.2017.e15121
https://doi.org/10.2903/sp.efsa.2017.e15121

3658

European Journal of Nutrition (2020) 59:3647-3658

25.

26.

27.

28.

29.

30.

31.

in children and adolescents with inflammatory bowel disease. J
Pediatr Gastroenterol Nutr 63:437-444

Health Canada; Statistics Canada. Canadian Community Health
Survey, Cycle 2.2 (2004) Nutrition—nutrient intakes from food,
provincial, regional and national summary data tables, Volume 1,
2 and 3.

Michalak A, Mosinska P, Fichna J (2016) Polyunsaturated fatty
acids and their derivatives: therapeutic value for inflammatory,
functional gastrointestinal disorders, and colorectal cancer. Front
Pharmacol 7:459

Ananthakrishnan AN, Khalili H, Konijeti GG, Higuchi LM, de
Silva P, Fuchs CS, Willett WC, Richter JM, Chan AT (2014)
Long-term intake of dietary fat and risk of ulcerative colitis and
Crohn’s disease. Gut 63:776-784

Tjonneland A, Overvad K, Bergmann MM, Nagel G, Linseisen
J, Hallmans G, Palmqvist R, Sjodin H, Hagglund G, Berglund G
et al (2009) Linoleic acid, a dietary n-6 polyunsaturated fatty acid,
and the aetiology of ulcerative colitis: a nested case-control study
within a European prospective cohort study. Gut 58:1606—1611
Lindoso L, Venkateswaran S, Kugathasan S (2017) PUFAs and
IBD: is there a relationship? Inflamm Bowel Dis 23:1905-1907
Scaioli E, Liverani E, Belluzzi A (2017) The imbalance between
n-6/n-3 polyunsaturated fatty acids and inflammatory bowel dis-
ease: a comprehensive review and future therapeutic perspectives.
Int J Mol Sci 18:2619

Principi M, Losurdo G, Iannone A, Contaldo A, Deflorio V,
Ranaldo N, Pisani A, Ierardi E, Di Leo A, Barone M (2018)

@ Springer

32.

33.

34.

35.

36.

37.

Differences in dietary habits between patients with inflammatory
bowel disease in clinical remission and a healthy population. Ann
Gastroenterol 31:469-473

Zallot C, Quilliot D, Chevaux JB, Peyrin-Biroulet C, Guéant-
Rodriguez RM, Freling E, Collet-Fenetrier B, Williet N, Zie-
gler O, Bigard MA et al (2013) Dietary beliefs and behaviour
among inflammatory bowel disease patients. Inflamm Bowel Dis
19:66-72

Levenstein S, Prantera C, Luzi C, D’Ubaldi A (1985) Low residue
or normal diet in Crohn’s disease: a prospective controlled study
in Italian patients. Gut 26:989-993

Aghdassi E, Wendland BE, Steinhart AH, Wolman SL, Jeejeeb-
hoy K, Allard JP (2003) Antioxidant vitamin supplementation in
Crohn’s disease decreases oxidative stress. A randomized con-
trolled trial. Am J Gastroenterol 98:348-353

Siva S, Rubin DT, Gulotta G, Wroblewski K, Pekow J (2017) Zinc
deficiency is associated with poor clinical outcomes in patients
with inflammatory bowel disease. Inflamm Bowel Dis 23:152-157
Sette S, Le Donne C, Piccinelli R, Arcella D, Turrini A, Leclercq
C, INRAN-SCAI 2005-6 Study Group (2011) The third italian
national food consumption survey, INRAN-SCAI 2005-06—
part 1: nutrient intakes in Italy. Nutr Metab Cardiovasc Dis
21:922-932

Chiurazzi C, Cioffi I, De Caprio C, De Filippo E, Marra M,
Sammarco R, Di Guglielmo ML, Contaldo F, Pasanisi F (2017)
Adequacy of nutrient intake in women with restrictive anorexia
nervosa. Nutrition 38:80-84



	Evaluation of nutritional adequacy in adult patients with Crohn’s disease: a cross-sectional study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Subjects and methods
	Energy intake and nutrient assessment
	Comparison to the dietary reference values for the Italian population
	Statistical analysis

	Results
	Self-reported energy intake (EI) and macronutrients
	Minerals and trace elements
	Vitamins

	Discussion
	Acknowledgements 
	References




