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Original research article—clinical

A Cross-Sectional Study on Malnutrition in Inflammatory Bowel 
Disease: Is There a Difference Based on Pediatric or Adult Age 
Grouping?

Valérie Marcil, RD, PhD,*,† Emile Levy, MD, PhD,† Devendra Amre, MD, PhD,‡ Alain Bitton, MD,* 
Ana Maria Guilhon de Araújo Sant’Anna, MD,* Andrew Szilagy, MD,* Daniel Sinnett, PhD,‡ and  
Ernest G. Seidman, MD*

Background: Malnutrition, commonly observed in inflammatory bowel disease (IBD), is associated with increased morbidity and mortality and 
is attributed to multiple causes. The added energy costs of growth in the child and adolescent with IBD are an additional risk factor. 

Methods: The aim of the study was to perform a cross-sectional comparison of nutritional parameters in IBD between pediatric and adult cases. 

Results: We found that prevalence of undernutrition (low body mass index) and hypoalbuminemia was not different in pediatric, compared with 
adult patients. Anemia and iron deficiency were more often observed in pediatric subjects, compared with adults (59.1% vs 36.9%, respectively, 
P < 0.0001; and 37.9% vs 25.3%, P < 0.002). Vitamin B12 deficiency was significantly less common in the pediatric than in the adult group (5.4% 
vs 19.4%, P < 0.0001). Elevated C-reactive protein was more frequent in pediatric compared with adult cases (49.8% vs 38.4%, P < 0.01). 

Conclusions: Patients with active Crohn’s disease were more likely to be undernourished in both pediatric and adult populations. In both 
groups, predicators of undernutrition included low albumin levels (odds ratio [OR], 2.53; P < 0.006) and active disease (OR, 1.99; P < 0.03). Our 
results call for close surveillance of nutritional status for IBD patients, regardless of age.

Key Words:  inflammatory bowel disease, malnutrition, anemia, Crohn’s disease, ulcerative colitis

INTRODUCTION
Inflammatory bowel diseases (IBDs), comprising Crohn’s 

disease (CD), ulcerative colitis (UC), and unclassified colitis 
(IBDU), are chronic relapsing-remitting, immune-mediated 
disorders of the gastrointestinal tract. Malnutrition is observed 
in patients with IBD and is associated with increased morbidity 
and mortality.1 It has been reported that malnutrition is present 
in up to 85% of patients with IBD and that weight loss occurs 
in up to 80% of CD patients and 18%–62% of UC patients.2 In 
CD, the prevalence and degree of malnutrition are influenced 
by the extent and severity of the disease.3 Although it has been 
often reported that patients with CD are at higher risk of mal-
nutrition than those with UC, other studies have demonstrated 
that nutritional deficits occur to a similar degree.4

The most important factor associated with malnutrition 
in IBD is inadequate dietary intake, which can be secondary 
to avoidance due to exacerbation of symptoms when eating, 
exclusion of certain foods, or an impaired sense of taste.4, 5 
Excessive levels of inflammatory mediators, such as tumor ne-
crosis factor–α, interleukin-1, and interleukin-6, increase ca-
tabolism and lead to anorexia.6 Malnutrition in IBD can also 
be the result of increased energy requirements,7 malabsorp-
tion of nutrients, gastrointestinal losses,8 dietary intake,9 food 
avoidance,5,10 and drug–nutrient interactions.11

One of the most common complications of IBD is 
anemia, with a prevalence of up to 74%,12 often due to the 
combination of iron (Fe) deficiency and anemia from chronic 
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disease. In some cases, anemia can be drug-induced (mesalazine, 
sulfasalazine, thiopurines) or due to folate or vitamin B12 defi-
ciency. Fe deficiency in IBD is primarily caused by chronic gas-
trointestinal tract blood loss. However, decreased absorption 
may also play a role in patients with active CD involving the 
proximal small bowel.13 The prevalence of Fe deficiency ranges 
from 36% to 90%, depending on the criteria used for the defini-
tion and cohort selection.14, 15

Inflammatory bowel disease patients may also present 
a variety of vitamin deficiencies as a consequence of the dis-
ease per se or of reduced dietary intake.16, 17 Vitamin B12 and 
folate deficiency are also relatively common in CD, especially 
in patients with active disease.18 This can be caused by malab-
sorption or surgery, low-fiber diets, or antifolate drugs such 
as methotrexate and sulfasalazine.18, 19 Cobalamin deficiency 
is more common in CD patients who have undergone ileal 
resections of 20 cm or more.20

Malnutrition may have serious consequences for IBD 
patients. Calorie–protein malnutrition is associated with im-
paired humoral and cellular immunity, which adversely affects 
the mucosal barrier. It has also been associated with deteriora-
tion in muscle and respiratory and immune functions, delayed 
wound healing, and postoperative complications.21 The added 
energy costs of growth in the child and adolescent with IBD are 
an additional risk factor. Weight loss is present at diagnosis in 
up to 90% of children,22 and growth failure is one of the most 
frequent extraintestinal manifestations seen in pediatric-onset 
disease.23 Indeed, growth retardation at diagnosis has been re-
ported in 23%–88% of CD children and may precede the gas-
trointestinal manifestations by years.24

Several studies have evaluated nutritional status in IBD 
patients, but few have compared malnutrition between children 
and adults. The aim of this study was to perform a comparative 
analysis of nutritional parameters between pediatric and adult 
patients with IBD.

METHODS

Patient Cohorts
We performed a cross-sectional comparison of nutri-

tional status in pediatric and adult patients with IBD, grouped 
as CD, UC, or IBDU, according to the Montreal classifica-
tion.25 Subjects aged 16 years and under were classified as pe-
diatric IBD.25 In cases where the age of a subject overlapped 
the 2 categories over different visits, the average age was used 
to classify the patient as pediatric or adult. Patients were 
recruited from the 4 principal tertiary medical centers of the 
McGill Faculty of Medicine (Montreal Children’s Hospital, 
Montreal General Hospital, Royal Victoria Hospital, Jewish 
General Hospital) over a 2-year period (2008–2010). Clinical 
and biochemical parameters at each visit were collected using 
the McGill IBD database. Parameters surveyed included body 
mass index (BMI), hemoglobin (Hb), serum Fe, vitamin B12, 

folate, albumin, and C-reactive protein (CRP). The average 
BMI of each visit was calculated. Disease activity was deter-
mined at each clinical visit by the Harvey-Bradshaw Index 
(HBI) for CD26 or the Lichtiger Index (LI) for UC and IBDU.27 
The disease was considered active when the HBI was >4 or the 
LI was >2. Data on medications taken and usage of enteral 
nutritional therapy, nutritional supplements, and vitamins were 
also collected.

Assessment of Undernutrition and Height Deficit
Body mass index was assessed at each visit as weight 

(kg) divided by squared height (m2). Severe undernutrition 
was defined based on World Health Organization (WHO) 
criteria: BMI z-score for age >2 SDs below the mean in patients 
<20 years of age,28 or a BMI <18.5 in adults age 20–64 years,28 
and a BMI <20 in adults >65.29 Mild undernutrition was de-
fined by BMI z-score for age <1.5 SDs in patients <20 years of 
age,28 or a BMI <19.5 in adults age 20–64 years,30 and a BMI 
<22 in adults >65.29 Patients meeting these criteria at a min-
imum of 1 visit during their follow-up were classified with se-
vere or mild undernutrition.

In parallel, we determined the height deficit of children 
by computing the z-scores for height-for-age (5 to 19  years 
old) and for weight-for-height (<5 years old) using the WHO 
charts.28 Growth was classified as normal (>1.5 SDs), with 
moderate deficit (≤1.5 SDs and >2 SDs), and severe deficit (≤2 
SDs). Children with abnormal criteria at a minimum of 1 visit 
during their follow-up visit were classified as having moderate 
or severe growth retardation.

Assessment of Nutritional Status Using 
Biochemical Parameters

Abnormal micronutrient status was defined by age-
adjusted values below normal cutoffs. Levels of  serum 
albumin, Hb, Fe, vitamin B12, folate, and CRP were de-
termined at each visit. Hypoalbuminemia was defined ac-
cording to age: 0–1  year: <30  g/L; 1–10  years: <39  g/L; 
10–18 years: <41 g/L; 18 y and over: <38 g/L.4,31 Hb levels 
were evaluated according to age and sex. The following 
cutoff  values were used: 1–5  years: <110  g/L; 6–12  years: 
<120 g/L; male 12–17 years: <130 g/L; female 12–17 years: 
<120 g/L; male 18 and over: <140 g/L; female 18 and over: 
<120 g/L.32 For all subjects, serum Fe concentrations were 
classified as low when <10 μmol/L.33 Vitamin B12 levels <148 
pmol/L34 and/or the need for ongoing B12 supplementation 
indicated B12 deficiency. Folate levels were characterized as 
low when inferior to 7 nmol/L in serum, or 317 nmol/L in 
red blood cells.35, 36 CRP levels were elevated when >5 mg/L 
in children37 and >10  mg/L in adults.38 Patients meeting 
these criteria at a minimum of  1 visit during their follow-up 
were classified as having abnormal levels of  the specific bi-
ochemical parameter.
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Measurement of Antioxidant Vitamins
To examine the levels of plasma antioxidant vitamins 

(retinol, β-carotene, α-tocopherol, and γ-tocopherol), blood 
samples were collected in tubes containing 1  g EDTA/L. 
Plasma was separated immediately by centrifugation (700g 
for 20 minutes at 4°C), and the vitamin levels of 48 CD adult 
patients were determined using an improved method previously 
described by our team.39

Essential Fatty Acid Deficiency
To detect essential fatty acid (EFA) deficiencies in 48 

adult CD patients, blood samples were collected in tubes 
containing 1  g EDTA/L, and plasma was separated im-
mediately by centrifugation (700g for 20 minutes at 4°C). 
For trans-esterification, an internal standard consisting 
of  14.952  µg of  nonadecenoic acid (C19:1) was precisely 
weighed, dissolved in 2 mL of  methanol-hexane (4:1, v:v), 
and mixed with 100  µL of  cell homogenate. Then 200  µL 
of  acetyl chloride was added, and each tube was subjected 
to methanolysis at 100°C for 1 hour. After tubes had been 
cooled, 5  mL of  6% K2CO3 solution was added to stop 
the reaction and neutralize the mixture. The tubes were 
then shaken and centrifuged, and an aliquot of  the hexane 
upper phase was injected into the chromatograph, as previ-
ously described,40 using the Varian 8400 GC Autosampler 
system (Cole-Parmer, Vernon Hills, IL). The fatty acids 
were identified by comparison with the expected retention 
times of  known standards and were analyzed with Galaxie 
Chromatography Data System software (Varian Inc., 
Palo Alto, CA, USA). To assess EFA status, we used the 
16:1ω-7/18:1ω-6 and 20:ω-9/20:4ω-6 ratios.41

Statistical Analysis
We used Prism 5 for Mac OS X (GraphPad Software, 

Inc, La Jolla, CA, USA) and SPSS (version 24, IBM 
Analytics,  Armonk, NY, USA) for the statistical analyses. 
Results were considered statistically different at P < 0.05. Data 
are expressed as mean ± SD, median, prevalence (No.), or per-
centage. For patients’ descriptive characteristics (continuous 
variables), differences in means between groups were assessed 
using the Mann-Whitney t test. Differences in the prevalence of 
undernutrition and abnormal biochemical parameters assessing 
nutritional status between groups (categorical variables) were 
analyzed using the chi-square (χ2) test. If  criteria for the use 
of the χ2 test were not met, the Fisher exact test was used. 
Comparisons were made between the pediatric and adult 
cohorts, and, in each subgroup, between CD, UC, and IBDU, 
and between males and females. To determine predictors of 
undernutrition in CD, we used a logistic regression model in-
cluding all variables. Odds ratios (ORs) and corresponding 95% 
confidence intervals (95% CIs) were estimated.

Ethical Considerations
Consent was obtained from the participants, and the 

ethics committee of the McGill University Health Center 
approved the study. 

RESULTS

Characteristics of Patients
In total, 590 patients with IBD (203 pediatric and 387 

adult) were evaluated over the study period. The cohort was 
composed of patients seen for follow-up outpatient visits. 
Descriptive characteristics are presented in Table 1. The mean 
age at visit was 13.9 ± 2.8 years and 28.7 ± 13.2 years for pedi-
atric and adult cases, respectively. Overall, there was no differ-
ence in the proportion of males and females in the pediatric and 
adult cohorts. Because patients were grouped according to their 
mean age at visit over the study period, some started the study 
as pediatric subjects but were, in the end, classified as adults. 
A total of 11 men (all CD) and 14 women (13 CD and 1 IBDU) 
overlapped the 2 categories.

Crohn’s disease was the most prevalent form of IBD in 
both age groups (88.2% in pediatric and 70.8% in adults). In 
adults, IBDU was less frequent (4.1% vs 9.8%, P < 0.01) and 
UC was more common (25.1% vs 2.0%, P  <  0.0001). In the 
adult group, the prevalence of IBDU was lower among males 
compared with females (1.5% vs 6.8%, P  <  0.01). The mean 
number of visits was greater in the pediatric compared with the 
adult population (5.6  ±  2.8 vs 3.5  ±  3.0, P  <  0.0001) and in 
the CD compared with the UC group (in children: 5.9 ± 2.7 vs 
2.8 ± 2.2, P < 0.02; in adults: 4.0 ± 2.9 vs 2.3 ± 2.7, P < 0.0001). 
Age at diagnosis was significantly lower in adults with CD 
than with UC (20.9 ± 11.3 vs 30.7 ± 15.5 years, P < 0.0001), 
both in males and females. As expected, the duration of fol-
low-up was shorter in pediatric compared with adult patients 
(2.8  ±  2.2 vs 9.8  ±  8.7  years, P  <  0.0001). In both pediatric 
and adult cohorts, there was no significant difference in BMI 
between males and females, or between CD, UC, and IBDU. 
However, the average BMI was lower in children than in adults 
(19.9 ± 4.0 vs 23.1 ± 4.3, P < 0.0001) (Table 1).

The population was mainly of Caucasian origin (65.8%), 
followed by Jewish Ashkenazi (19.0%), Middle Eastern (4.6%), 
Asian (3.9%), African American (3.0%), Jewish Sepharadic 
(2.7%), Latin American (0.8%), and mixed (0.2%). In the pedi-
atric cohort, 37 cases (18.2%) were included in the database at 
the time of diagnosis (16 boys, 14.0%; 21 girls, 23.6%). Most of 
them had a diagnosis of CD (16 boys, 100%; 19 girls, 90.4%), 
1 girl was diagnosed with UC (4.8%), and another had IBDU 
(4.8%). The proportion of newly diagnosed adults was signifi-
cantly lower: only 10 patients (2.6%, P < 0.0001 vs children; 4 
men, 2.1%; 6 women, 3.1%) were included in the database at 
the time of first visit. This included 6 CD (2.2%; 2 men, 1.4%; 
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4 women, 3.0%), 2 UC (2 men, 3.9%), and 2 IBDU patients (2 
women, 3.4%).

In keeping with the Montreal Classification, subjects age 
16  years and under were classified as pediatric and those 17 
and over as adult IBD. However, to elucidate the influence of 
age classifications on results, all analyses were repeated using 
18 years as the cutoff  for the pediatric age group. The results 
obtained from this additional analysis did not yield to signifi-
cantly different findings from the primary analysis.

Prevalence of Undernutrition Based on BMI in 
Children and Adults

The data on prevalence of undernutrition, based on BMI, 
for pediatric and adult IBD cohorts are illustrated in Table 2. 
The overall prevalence of undernutrition was similar in pedi-
atric compared with adult patients (14.3% vs 13.7%), as was the 
proportion of cases with severe or mild undernutrition. There 
was a trend toward a higher proportion of mild undernutrition 
in female pediatric cases compared with female adult cases 
(12.4% vs 5.7%, P < 0.06) and compared with male children 
(P  <  0.06). We did not observe differences in the prevalence 
of undernutrition between the CD, UC, and IBDU groups. 
The prevalence of severe undernutrition, defined according to 

WHO criteria, was similar between the 2 age groups (6.4% in 
children and 9.0% in adults).

We carried out further analyses to determine if  
undernutrition was associated with disease activity. Subjects 
with active CD were more likely to be undernourished, in both 
the pediatric (26.3% vs 11.5% with inactive disease, P < 0.016) 
and adult (21.2% vs 11.8% with inactive disease, P  <  0.043) 
cohorts. This was also observed in adult UC (22.2% of those 
with active disease vs 5.7% with inactive disease, P < 0.026), 
but the low number of pediatric UC cases does not allow for 
drawing conclusions in children. When analyses were performed 
separately for sex, the significant relationship between disease 
activity and undernutrition was maintained in female children 
and in male adults.

In CD, 87 children (48.6%) and 155 adults (56.6%) were 
receiving treatment with a biological and/or steroid at the time 
of a visit. The proportion of patients on a steroid alone or both 
steroid and a biological was not different between children 
and adults (31.3% vs 26.3% and 13.4% vs 17.1%, respectively). 
However, the proportion of children treated only with a bio-
logical was significantly lower than adults (3.9% vs 13.1%, 
P < 0.0009). Overall, the number of patients treated with en-
teral nutrition was low and only comprised of CD patients 
(children: 2 boys and 1 girl; adults: 2 men).

TABLE 2. Prevalence of Undernutrition According to BMI

 All Children, No. (%) All Adults, No. (%)

Degree of Undernutrition

Total CD UC IBDU UC+IBDU Total CD UC IBDU UC+IBDU

(n = 203) (n = 179) (n = 4) (n = 20) (n = 24) (n = 387) (n = 274) (n = 97) (n = 16) (n = 113)

Severe 13 (6.4) 13 (7.3) 0 (0) 0 (0) 0 (0) 35 (9.0) 25 (9.1) 8 (8.3) 2 (12.5) 10 (8.9)
Mild 16 (7.9) 15 (8.4) 1 (25.0) 0 (0) 1 (4.2) 20 (5.2) 18 (6.6) 2 (2.1) 0 (0) 2 (1.8)
Combined 29 (14.3) 28 (15.6) 1 (25.0) 0 (0) 1 (4.2) 53 (13.7) 41 (15.0) 10 (10.3) 2 (12.5) 12 (10.6)

 Male Children, No. (%) Male Adults, No. (%)

Degree of Undernutrition

Total CD UC IBDU UC+IBDU Total CD UC IBDU UC+IBDU

(n = 114) (n = 105) (n = 0) (n = 9) (n = 9) (n = 195) (n = 141) (n = 51) (n = 3) (n = 54)

Severe 8 (7.0) 8 (7.6) N/A 0 (0) 0 (0) 16 (8.2) 13 (9.2) 3 (5.9) 0 (0) 3 (5.6)
Mild 5 (4.4) 5 (4.8) N/A 0 (0) 0 (0) 9 (4.6) 9 (6.4) 0 (0) 0 (0) 0 (0)
Combined 13 (11.4) 13 (12.4) N/A 0 (0) 0 (0) 25 (12.8) 22 (15.6) 3 (5.9) 0 (0) 3 (5.6)

 Female Children, No. (%) Female Adults, No. (%)

Degree of Undernutrition

Total CD UC IBDU UC+IBDU Total CD UC IBDU UC+IBDU

(n = 89) (n = 74) (n = 4) (n = 11) (n = 15) (n = 192) (n = 133) (n = 46) (n = 13) (n = 59)

Severe 5 (5.6) 5 (6.8) 0 (0) 0 (0) 0 (0) 19 (9.9) 12 (9.0) 5 (10.9) 2 (15.4) 7 (11.9)
Mild 11 (12.4)b 10 (13.5)c 1 (25.0) 0 (0) 1 (6.7) 11 (5.7)a 9 (6.8) 2 (4.4) 0 (0) 2 (3.4)
Combined 16 (18.0) 15 (20.3) 1 (25.0) 0 (0) 1 (6.7) 30 (15.6) 21 (15.8) 7 (15.2) 2 (15.4) 9 (15.3)

Prevalence of severe, mild, and total undernutrition in pediatric and adult cohorts. 
aP < 0.06 vs children.
bP < 0.06, cP < 0.05 vs male.
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As the usage of medication can affect BMI, undernutrition 
data were analyzed according to the administration of steroids 
and/or biologicals (Table 3). Undernourished CD children were 
more likely to be treated with biologicals and/or steroids than 
undernourished CD adults (78.6% vs 53.7%, P < 0.05). Among 
females with CD, a larger proportion of children than adults 
were receiving steroid treatment (66.7% vs 19.0%, P  <  0.006). 
Interestingly, in children, the proportion of subjects on medication 
was higher in the undernourished group (78.6% in undernourished 
vs 43.0% in well-nourished, P < 0.0008), whereas the percentages 
of patients with and without undernutrition taking medication 
were similar in adults (57.1% vs 53.7%). No significant differences 
were noted between males and females in both the pediatric and 
adult groups or in UC and IBDU (Supplementary Tables 1–3).

Prevalence of Growth Retardation in Children
We found that 14.3% of children presented with growth re-

tardation (moderate and severe), which was the same prevalence 

as undernutrition. Although most patients had both conditions, 
4.4% had either growth retardation or undernutrition. However, 
no statistical differences were observed between the prevalence 
of growth retardation and undernutrition when groups were 
analyzed according to sex and disease (data not shown).

Biochemical Markers
Data on biochemical markers of malnutrition are shown 

in Table 4. As seen for BMI, the prevalence of hypoalbuminemia 
was not different between the pediatric and adult IBD groups. 
The frequency of hypoalbuminemia was higher in CD, 
compared with subjects with UC and IBDU, for both the pedi-
atric and adult cohorts (in children: 30.7% vs 8.3%, respectively, 
P < 0.05; in adults: 29.2% vs 9.7%, P < 0.0001). In the adult 
group, men with UC were less likely to have low levels of serum 
albumin than women (3.9% vs 17.4%, P < 0.05).

Anemia was observed more frequently in pediatric 
compared with adult IBD patients (59.1% vs 36.9%, P < 0.0001). 

TABLE 3. Medications in CD Patients According to Nutritional Status

Medication

All CD Children, No. (%) All CD Adults, No. (%)

Undernutrition Undernutrition

No (n = 151) Yes (n = 28) No (n = 233) Yes (n = 41)

Biologicals or steroids 65 (43.0) 22 (78.6)c 133 (57.1) 22 (53.7)a

 Biologicals 6 (4.0) 1 (3.6) 35 (15.0) 1 (2.4)
 Steroids+immunomodulators 38 (25.2) 14 (50.0) 52 (22.3) 10 (24.4)
 Steroids only 4 (2.7) 0 (0) 7 (3.0) 3 (7.3)
 Biologicals+steroids 17 (11.3) 7 (25.0) 39 (16.7) 8 (19.5)

 Medication 

Male CD Children, No. (%) Male CD Adults, No. (%)

Undernutrition Undernutrition

No (n = 92) Yes (n = 13) No (n = 119) Yes (n = 22)

Biologicals or steroids 42 (45.6) 9 (69.2) 61 (51.2) 14 (63.6)
 Biologicals 4 (4.3) 1 (7.7) 15 (12.6) 0 (0)
 Steroids+immunomodulators 25 (27.2) 4 (30.8) 21 (17.6) 8 (36.4)
 Steroids only 3 (3.3) 0 (0) 5 (4.2) 1 (4.5)
 Biologicals+steroids 10 (10.9) 4 (30.8) 20 (16.8) 5 (22.7)

 Medication 

Female CD Children, No. (%) Female CD Adults, No. (%)

Undernutrition Undernutrition

No (n = 59) Yes (n = 15) No (n = 112) Yes (n = 21)

Biologicals or steroids 23 (39.0) 13 (86.7) 72 (64.3) 8 (38.1)b

 Biologicals 2 (3.4) 0 (0) 20 (17.9) 1 (4.8)
 Steroids+immunomodulators 13 (22.0) 10 (66.7)a 31 (27.7) 2 (9.5)b

 Steroids only 1 (1.7) 0 (0) 2 (1.8) 2 (9.5)
 Biologicals+steroids 7 (11.9) 3 (20.0) 19 (17.0) 3 (14.3)

Prevalence of CD patients on steroids and/or biological treatments according to their nutritional status. 
aP < 0.05, bP < 0.01 vs children.
cP < 0.0008 vs well-nourished.

http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izy403#supplementary-data
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This significant difference was also observed for the CD, UC, 
and UC+IBDU subgroups and in both the male and female 
cohorts. In adults, the prevalence of anemia was higher in 
subjects with CD compared with those with UC or UC+IBDU 
(44.5%, 18.6%, and 18.5%, respectively, P < 0.0001). This was 
also significant in the adult male and female cohorts but was 
not observed in the pediatric population. Also, we found that a 
large proportion of undernourished patients had anemia (92% 
of children and 80% of adults). However, a considerable pro-
portion of patients who had normal BMI also presented with 
anemia (41% of children and 61% of adults).

The frequency of low blood Fe was higher in children 
compared with adults for the total IBD groups (37.9% vs 
25.3%, P < 0.0017). This remained significant when the male 

and female groups were analyzed independently. In adults only, 
low Fe was more frequent in the CD group compared with the 
UC and UC+IBDU groups (31.0%, 13.4%, and 11.5%, respec-
tively, P < 0.0007).

We further analyzed the prevalence of anemia based on 
age at diagnosis (pediatric vs adult) rather than chronological 
age at the time of testing. Adults with onset of IBD in the pe-
diatric age group were more often anemic than those diagnosed 
after age 17 (45.3% vs 30.9%, P < 0.005; data not shown). The 
same outcome was found with the evaluation of low blood Fe 
levels according to age at diagnosis (31.1% vs 21.2%, P < 0.033; 
data not shown). When analyzed according to sex, the differ-
ence in frequencies for low albumin and Fe according to age at 
diagnosis remained significant for women only.

TABLE 4. Prevalence of Abnormal Biochemical Parameters in Adult and Pediatric IBD

 All Children, No. (%) All Adults, No. (%)

 Total CD UC IBDU UC+IBDU Total CD UC IBDU UC+IBDU

 (n = 203) (n = 179) (n = 4) (n = 20) (n = 24) (n = 387) (n = 274) (n = 97) (n = 16) (n = 113)

Albumin 57 (28.1) 55 (30.7) 0 (0) 2 (10.0) 2 (8.3)e 91 (23.5) 80 (29.2) 10 (10.3)g 1 (6.2)e 11 (9.7)g

Hemoglobin 120 (59.1) 109 (60.9) 3 (75.0) 8 (40.0) 11 (45.8) 143 (37.0)c 122 (44.5)b 18 (18.6)a,i 3 (18.8) 21 (18.6)a,g

Iron 77 (37.9) 72 (40.2) 0 (0) 5 (25.0) 5 (20.8) 98 (25.3)a 85 (31.0) 13 (13.4)f 0 (0) 13 (11.5)g

B12 11 (5.4) 10 (5.6) 0 (0) 1 (5.0) 1 (4.2) 75 (19.4)c 72 (26.3)c 3 (3.1)g 0 (0)e 3 (2.7)g

Folate 6 (3.0) 6 (3.4) 0 (0) 0 (0) 0 (0) 10 (2.6) 9 (3.3) 1 (1.0) 0 (0) 1 (0.9)
CRP 101 (49.8) 99 (55.3) 0 (0) 2 (10.0)f 2 (8.3)g 149 (38.5)a 130 (47.4) 15 (15.5)g 4 (25.0) 19 (16.8)g

 Male Children, No. (%) Male Adults, No. (%)

 Total CD UC IBDU UC+IBDU Total CD UC IBDU UC+IBDU

(n = 114) (n = 105) (n = 0) (n = 9) (n = 9) (n = 195) (n = 141) (n = 51) (n = 3) (n = 54)

Albumin 32 (28.1) 32 (30.5) 0 (0) 0 (0) 0 (0) 41 (21.0) 39 (27.7) 2 (3.9)f 0 (0) 2 (3.7)g

Hemoglobin 68 (59.7) 65 (61.9) 0 (0) 3 (33.3) 3 (33.3) 78 (40.0)b 66 (46.8)a 11 (21.6)e 1 (33.3) 12 (22.2)e

Iron 43 (37.7) 41 (39.1) 0 (0) 2 (22.2) 2 (22.2) 48 (24.6)a 41 (29.1) 7 (13.7)e 0 (0) 7 (13.0)e

B12 6 (5.3) 6 (5.7) 0 (0) 0 (0) 0 (0) 32 (16.4)a 29 (20.57)b 3 (5.9)e 0 (0) 3 (5.6)e

Folate 5 (4.4) 5 (4.8) 0 (0) 0 (0) 0 (0) 5 (2.6) 5 (3.6) 0 (0) 0 (0) 0 (0)
CRP 59 (51.8) 58 (55.2) 0 (0) 1 (11.1)e 1 (11.1)e 74 (38.0)a 66 (46.8) 6 (11.8)g 2 (66.7) 8 (14.8)f

 Female Children, No. (%) Female Adults, No. (%)

 Total CD UC IBDU UC+IBDU Total CD UC IBDU UC+IBDU

(n = 89) (n = 74) (n = 4) (n = 11) (n = 15) (n = 192) (n = 133) (n = 46) (n = 13) (n = 59)

Albumin 25 (28.1) 23 (31.1) 0 (0) 2 (18.2) 2 (13.3) 50 (26.0) 41 (30.8) 8 (17.4)d 1 (7.7) 9 (15.3)e

Hemoglobin 52 (58.4) 44 (59.5) 3 (75.0) 5 (45.5) 8 (53.3) 65 (33.9)c 56 (42.1)a 7 (15.2)e 2 (15.4) 9 (15.3)a,f

Iron 34 (38.2) 31 (41.9) 0 (0) 3 (27.3) 3 (20.0) 50 (26.0)a 44 (33.1) 6 (13.0)e 0 (0) 6 (10.2)f

B12 5 (5.6) 4 (5.4) 0 (0) 1 (9.1) 1 (6.7) 43 (22.4)b 43 (32.3)c,d 0 (0)g 0 (0)e 0 (0)g

Folate 1 (1.1) 1 (1.4) 0 (0) 0 (0) 0 (0) 5 (2.6) 4 (3.01) 1 (2.2) 0 (0) 1 (1.7)
CRP 42 (47.2) 41 (55.4) 0 (0) 1 (9.1)e 1 (6.7)f 75 (39.1) 64 (48.1) 9 (19.6)e 2 (15.4) 11 (18.6)f

Prevalence of abnormal biochemical markers in our IBD cohort. The numbers of patients with low albumin, hemoglobin, iron, vitamin B12, and folate, and with high CRP levels, 
are shown. 
aP < 0.05, bP < 0.001, cP < 0.0001 vs children.
dP < 0.05 vs male.
eP < 0.05, fP < 0.0002, gP < 0.0001 vs CD.
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Next, we assessed anemia status in relationship with iron 
supplementation. In CD, the proportion of anemic children 
taking Fe supplements was 60.6% (53.8% in boys and 70.5% in 
girls), which was not significantly different from adults (propor-
tion of 45.9%, 42.4% in men and 50.0% in women). Also, most 
of the subjects taking Fe supplements were diagnosed with low 
Hb levels at least at 1 visit during their follow-up (85.4% of 
boys, 79.5% of girls, 75.7% of men, and 90.3% of women).

Vitamin B12 deficiency was less common in the pediatric 
than the adult groups for CD (5.6% vs 26.3%, P < 0.0001), but 
not in the UC or IBDU groups. In adults, the proportion of 
subjects with low B12 was higher in CD compared with UC 
and IBDU (P  <  0.0001). Adult men had a lower prevalence 
of B12 deficiency than women (20.6% vs 32.3%, P < 0.05). In 
children with CD, 36.4% of subjects with low B12 levels were re-
ceiving B12 supplementation (33.3% in boys and 40.0% in girls), 
whereas in adults with CD, 52.7% of subjects with low B12 were 
taking B12 supplements (52.0% men and 53.4% women). These 
proportions were not significantly different. Among the 3 UC 
male adult patients who had B12 deficiency, 1 was taking B12 
supplements. Relatively few subjects had low folate levels (3.0% 
in children and 2.7% in adults).

We evaluated the prevalence of high CRP levels as a bio-
marker of inflammation. Pediatric IBD patients more often had 
an elevated CRP (49.8% vs 38.4%, P < 0.01). The proportion 
of patients with an elevated CRP was greater in CD compared 
with UC and UC+IBDU in children (P < 0.001) and in adults 
(P < 0.0001). No differences were observed based on sex.

Prevalence of Active Disease
We assessed the proportion of children and adults 

presenting at a visit with active disease. Among all IBD types, 
this proportion was not different between children and adults. 
However, when data were analyzed for CD, there were more 
adults than children with active disease (41.2% vs 31.8%, 
P < 0.05). In both groups, males were less likely than females 
to present with active disease, but the difference was only sig-
nificant in adults (30.8% vs 44.3%, P < 0.0065). This finding 
between men and women was also found in CD only (31.9% vs 
51.1%, P < 0.0014).

To assess the correlation between disease activity and 
undernutrition, we calculated, for each group, the percentage 
of both the presence of undernutrition and high disease activity 
score at each visit. Among male children with CD, when se-
vere undernutrition was recorded at a visit, there was a high 
HBI score 25.0% of the time. In this group, the number was 
20% for mild undernutrition. These proportions were more el-
evated in female children, as a high disease activity score was 
recorded 100% of the time in cases with severe undernutrition, 
but only 30.0% of the time in cases with mild undernutrition. 
In male adults with CD, an HBI >4 and undernutrition were 
observed simultaneously at 61.5% of visits for severe and 11.0% 
for mild undernutrition. In women with CD, these percentages 

were 66.7% for severe and 44.4% for mild undernutrition. In 
male adults with UC, there was severe undernutrition and 
an LI score >2 66.7% of the time. As for female adults with 
UC, the proportions were 60.0% for severe and 50.0% for 
mild undernutrition. The 2 women with IBDU and severe 
undernutrition did not have a high LI score at visits. None of 
these differences were statistically significant.

We have also analyzed the relationship between serum al-
bumin and CRP with disease activity in CD. Seventy-seven per-
cent of children and 67% of adults with active disease had high 
CRP, compared with 48% and 43% with low albumin, showing 
that CRP is a better surrogate of disease activity than serum al-
bumin. However, CRP was found to be very unspecific as 45% 
of children and 38% of adults without active disease presented 
with high CRP, compared with 23% (children) and 21% (adults) 
for low albumin. Differences between children and adults were 
not statistically significant.

Disease Location and Behavior and 
Undernutrition in CD

We next assessed the association between variables rela-
tive to nutritional status and undernutrition. Because of the low 
number of patients with undernutrition in the UC and IBDU 
groups, analyses were only conducted in CD patients. Data for 
disease location were available for 188 children and 366 adults, 
whereas data for disease behavior were available for 200 pediatric 
and 376 adult patients. Most children had ileocolonic (83.5%) 
and luminal disease (84.5%). A majority of adults also presented 
with ileocolonic disease (54.9%), but unique colonic involve-
ment was more prevalent (25.7%) than in children. To assess if  
certain variables were associated with undernutrition, we first 
compared prevalence using χ2 tests (Table 5). These independent 
analyses revealed that hypoalbuminemia (P < 0.0001), low Hb 
(P < 0.0001), low-serum Fe (P < 0.027), high CRP (P < 0.037), 
and ileocolonic disease location (P < 0.004) were associated with 
undernutrition. When all variables were included in a logistic re-
gression model, the associations with hypoalbuminemia (OR, 
2.530; P < 0.006) and high disease activity (OR, 1.988; P < 0.03) 
remained significant, whereas the association with ileocolonic 
disease failed to reach significance (OR, 1.514; P < 0.06). When 
separate models were fit for pediatric and adult patients, similar 
associations with undernutrition were observed.

Antioxidant Vitamins
We examined the correlation between the plasma levels of 

antioxidant vitamins and BMI. Results show a weak but signif-
icant correlation (r2 = 0.103; P < 0.026) with plasma levels of 
retinol. When analyzed by sex, the correlation between retinol 
and BMI was stronger in females (r2 = 0.213; P < 0.027) but was 
not existent in males (r2 = 0.071). No significant correlation was 
found with other vitamins. Also, no correlation was observed 
between antioxidant vitamin levels and HBI score. Next, we 
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analyzed antioxidant vitamin levels according to undernutrition 
status (no/yes), active disease (no/yes), high CRP (no/yes), and 
low levels of albumin, Hb, Fe, vitamin B12, and folates (no/yes). 
Levels of antioxidant vitamins were not different in patients with 
low albumin, Hb, vitamin B12, or folates. However, as shown in 

Figure 1, compared with subjects with normal blood Fe values, 
patients suffering from Fe deficiency had higher levels of α-
tocopherol (19.8 ± 14.2 μM and 36.5 ± 41.4 μM, respectively, 
P  <  0.05), nonsignificant elevations of retinol (4.3  ±  3.2  μM 
and 6.5  ±  6.1  μM, respectively, P  <  0.10) and γ-tocopherol 

TABLE 5. Factors Associated With Undernutrition in Pediatric and Adult CD

 Logistic Regression Chi-Square

 Odds Ratio 95% CI P P 

Age 0.920 0.493–1.714 0.792 0.975
Sex 0.946 0.530–1.689 0.852 0.366
Low albumin 2.530 1.304–4.909 0.006 0.0001
Low hemoglobin 1.730 0.853–3.506 0.128 0.0001
Low iron 1.078 0.562–2.067 0.820 0.027
Low B12 0.819 0.384–1.746 0.605 0.512
Low folate 1.184 0.291–4.821 0.813 0.629
High CRP 0.637 0.309–1.313 0.222 0.037
High disease activity 1.988 1.068–3.701 0.030 0.002
Disease location (ileocolonic) 1.514 0.983–2.333 0.060 0.004
Disease behavior 0.989 0.655–1.493 0.958 0.260

Predicators of undernutrition in pediatric and adult CD patients, as assessed by logistic regression and by individual χ2 tests. 
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FIGURE 1. Antioxidant vitamin levels according to Fe deficiency. The levels of plasma antioxidant vitamins were analyzed according to Fe deficiency 
(no/yes). Plasma levels of (A) retinol, (B) β-carotene, (C) α-tocopherol, and (D) γ-tocopherol were determined in 48 CD adult patients according to 
their Fe deficiency status. *P < 0.05 vs no Fe deficiency.
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(3.6 ± 3.5 μM and 5.8 ± 4.6 μM, respectively, P < 0.07), and a 
tendency toward reduction in β-carotene levels (0.42 ± 0.37 μM 
and 0.33 ± 0.49 μM, respectively, P < 0.06).

Compared with subjects who did not consume 
supplements, patients who reported taking vitamins displayed 
higher levels of β-carotene (0.31 ± 0.34 μM and 0.59 ± 0.53 μM, 
respectively, P < 0.05) and α-tocopherol (20.8 ± 17.2 μM and 
38.9  ±  44.2  μM, respectively, P  <  0.05), whereas no signifi-
cant differences were observed for retinol (5.0 ± 4.9 μM and 
5.3 ± 3.4 μM, respectively) or γ-tocopherol (4.3 ± 4.3 μM and 
4.5 ± 3.4 μM, respectively).

Essential Fatty Acid Deficiency
Reduced ratios of 16:1ω-7/18:1ω-6 and 20:ω-9/20:4ω-6 

are indicators of EFA deficiency. We analyzed them according 
to undernutrition status, active disease, high CRP, and low 
levels of albumin, Hb, Fe, vitamin B12, and folates. No sig-
nificant differences were found for the 20:ω-9/20:4ω-6 ratio. 
However, subjects with active disease had a lower 16:1ω-
7/18:1ω-6 ratio compared with those with inactive disease 
(0.23  ±  0.06 and 0.18  ±  0.6, respectively, P  <  0.002) (Fig. 

2A). Patients with Fe deficiencies also had a reduced 16:1ω-
7/18:1ω-6 ratio (0.24  ±  0.08 and 0.19  ±  0.06, respectively, 
P < 0.03) (Fig. 2B). When the analyses were performed for sex, 
these findings remained significant for women (0.30 ± 0.06 and 
0.20 ± 0.07, respectively, P < 0.01) but not for men (0.20 ± 0.05 
and 0.18 ± 0.05, respectively).

DISCUSSION
In this cross-sectional study, we aimed to compare the 

prevalence of malnutrition in children and adults with IBD. 
When evaluated with BMI or albumin levels, malnutrition was 
not more common in children compared with adults. However, 
the measurement of several biochemical parameters reflecting 
nutritional status revealed that the prevalence of low Hb, low 
Fe, and high CRP was higher in children, whereas vitamin B12 
deficiency was more frequent in adults.

In our cohort, composed of  outpatients mainly vis-
iting for routine follow-up appointments, undernutrition 
was observed in 14.3% of  pediatric patients and 13.7% of 
adults, including both severe and mild cases. Some studies 
reported striking differences in the nutritional status between 
IBD patients and controls,42, 43 whereas others did not.16, 

44, 45 The reported prevalence of  undernutrition varies ac-
cording to the method used for its evaluation and the type 
of  patients examined. Studies that focused on hospitalized 
IBD patients with severe disease activity reported a high in-
cidence of  undernutrition.46, 47 A study examining nutritional 
status in outpatients in remission observed undernutrition in 
less than 5% of  CD patients according to Subjective Global 
Assessment (SGA) and BMI, substantially lower than pre-
vious studies.48 Ladd et al. found that 32.4% of  pediatric CD 
patients were malnourished, including 4.1% with severe mal-
nutrition.49 In a report including both CD and UC patients in 
remission, CD patients had significantly lower body weights 
as compared with UC or controls.43 Studies found no differ-
ence in weight or BMI between CD patients and UC patients 
or controls.9, 44, 45 However, Geerling et  al. reported lower 
body fat mass in male patients with CD, and, despite the lack 
of  normally recognized indicators of  malnutrition, patients 
with CD had less power and endurance in their flexor mus-
cles.44, 45 Using criteria based on BMI, we did not observe a 
difference in the frequency of  undernutrition between CD 
and colitis (UC and IBDU), or between males or females. 
Other measures of  nutritional status, such as skin fold thick-
ness, could have led to different results. Malnutrition, defined 
with BMI, was found in 14.0% of  subjects with CD and 5.7% 
of  UC patients, whereas muscle mass depletion, measured 
by triceps plus subscapular skin fold thickness and by arm 
muscle area, was detected in more than half  of  the CD and 
UC patients.50 Nonetheless, as BMI is a simple and useful 
tool in clinical practice and comparisons between anthro-
pometric parameters have already been performed in IBD, it 
was selected as our indicator for undernutrition.
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FIGURE 2. Essential fatty acid deficiency according to disease activity and 
Fe deficiency. Plasma fatty acid levels were determined in 48 CD adult 
patients, and the ratio between 16:1ω-7 and 18:1ω-6 was computed in 
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It has been demonstrated that treatment choice can 
impact nutritional status in IBD patients. For example, 
infliximab,30 steroids,51 and enteral nutrition therapy51 can im-
prove BMI. However, our results show that there was no differ-
ence in the proportion of undernourished and well-nourished 
adults treated with steroids and/or a biological. On the con-
trary, we observed that steroids and biologicals were more fre-
quently used in undernourished children compared with those 
who were well-nourished. This difference might reflect more se-
vere disease in children taking these medications.

It was reported that a high proportion of hospitalized 
CD (25%–80%) and UC patients (25%–50%) have 
hypoalbuminemia.52 We found that 28.1% of children and 23.5% 
of adults, mostly outpatients, had hypoalbuminemia. The prev-
alence of hypoalbuminemia was higher in CD compared with 
UC and IBDU patients, in both pediatric and adult cohorts. 
Circulating albumin levels, along with BMI, are often used as a 
nutritional assessment in IBD patients,53 although low albumin 
levels better reflect the status of inflammation.54 In our study, 
even when including cases with mild undernutrition (using 
BMI), the prevalence was almost half that of low-serum al-
bumin. In line with our results, it has been pointed out that BMI 
underestimates malnutrition and should be used with caution, 
especially in IBD patients.55 Some patients classified as over-
weight or obese with BMI were found to be malnourished based 
on triceps skin folds and handgrip strength.55 In that study, the 
prevalence of malnutrition based on BMI was only 6.0%, but 
was found to be as high as 73.3% when assessed with handgrip 
strength.55 As BMI is such a simple clinical tool to use, we be-
lieve that determining its correlation with other markers of nu-
tritional status is useful for proper assessment, in keeping with 
a recent position paper on nutritional status in pediatric IBD.56

The specific considerations of pediatric-onset IBD in 
terms of their nutritional needs are well recognized.56, 57 Growth 
during childhood and adolescence increases nutritional 
requirements, which can be difficult to meet in a patient with 
IBD. Growth failure is seen in about 30% of children with CD 
from 9 years of age to adolescence and in 5%–10% of children 
with UC.58 Permanent short stature in patients with pediatric-
onset CD has been reported in 19%–35% of patients,24, 59 
whereas it is relatively rare in pediatric-onset UC.59 Given the 
additional nutritional challenge of growth in children, we were 
surprised by the similar prevalence of malnutrition found in pe-
diatric and adult groups. These results uphold the need for ad-
equate nutritional assessment and follow-up in IBD at any age.

Anemia is a frequent complication of IBD, with reported 
prevalence varying between 19% and 60%.60, 61 Anemia has 
significant impact on quality of life, contributing to chronic 
fatigue. Both Fe deficiency and anemia of chronic disease 
contribute most to the development of anemia in IBD.62 Our 
study revealed that, although both children and adults had a 
high prevalence of low Hb, especially when undernourished, 
children were at higher risk of anemia. In adults, CD patients 

were at higher risk of low Hb compared with those with UC 
or IBDU. Low Fe levels were also more prevalent in children 
than adults, and in CD compared with UC or IBDU. Fe de-
ficiency is the most common micronutrient deficiency in IBD 
and may be a result of malabsorption, impaired dietary intake, 
inflammation, or chronic intestinal blood loss.61 Fe deficiency 
anemia in adults with IBD was found in 6%–73%, depending 
on disease type and diagnostic criteria.63, 64 In a study in pedi-
atric IBD, the reported prevalence was 17%.65 This discrepancy 
in frequency may be partially caused by differences in diag-
nostic criteria and the populations studied. A higher prevalence 
of anemia is seen in hospitalized patients. As most studies were 
performed at referral centers, one can speculate that they may 
have overestimated the actual prevalence in a community-based 
setting. However, despite being focused on a population largely 
comprised of outpatients, our study underlines the high preva-
lence of anemia and low Fe in IBD, especially in children and 
particularly in CD.

It has been reported that, in spite of appropriate energy 
and macronutrient intakes, CD patients in remission have lower 
plasma concentrations of several vitamins and minerals.61, 66, 67 
In particular, vitamin B12 and folate deficiencies are common 
in IBD. We found that the prevalence of vitamin B12 defi-
ciency was significantly higher in adults (19.4%) compared with 
children (5.4%). Women with CD were particularly at risk for 
vitamin B12 deficiency, with a prevalence of 32.3%. Because 
absorption of vitamin B12 requires an intact and functional 
ileum, it has been assumed that patients with CD are at high 
risk for B12 deficiency.68 We found that vitamin B12 deficiency 
was greater in adults with CD than in those with UC or IBDU 
(26.3% vs 2.6%). Similarly, two studies found a higher preva-
lence of low serum B12 in CD compared to UC: 18.4% vs 5%68 
and 22% vs 7.5%.53 Oostenbrug and collaborators found that 
41.9% of patients with ileal CD had low-serum cobalamin 
levels, compared with 20.7% in patients with disease confined to 
the colon.69 We recently reported that ileal resection exceeding 
20 cm is a risk factor for B12 deficiency.20

The prevalence of folate deficiency was relatively 
low in our study (3.0% in children, 2.6% in adults). This 
can be explained by the widespread consumption of folate 
supplements among IBD patients. In line with our findings, 
folate concentrations have been reported to be normal or low 
compared with those in non-IBD controls in adult61, 70 and pedi-
atric71 IBD patients. Studies have even observed higher serum, 
leukocyte, and red blood cell folate concentrations in pediatric 
patients with newly diagnosed IBD than in controls.72 However, 
other studies have reported higher folate deficiencies in adults 
with IBD, 10%–29% in CD patients and 8.6% in UC patients.53, 70  
A  meta-analysis found that folate concentrations in patients 
with UC but not CD were lower than those in controls.73

CRP is produced mainly in hepatocytes in response to 
acute phase stimuli such as inflammatory cytokines and is com-
monly used to monitor disease activity in IBD.37 CRP levels are 
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known to correlate with clinical disease activity, endoscopic 
inflammation, and active histological inflammation.74 In our 
study, the prevalence of high CRP levels was elevated in both 
age groups, although it was more frequent in children than in 
adults (49.8% vs 38.5%) and in adult CD compared with UC 
and IBDU (47.4% vs 16.8%). Others have also observed that 
CD patients have higher CRP levels than those with UC.75 One 
study showed that 75% of CD and 29% of UC adult patients 
had elevated CRP levels at diagnosis,38 which is higher than our 
findings. In a pediatric study, CRP was detectable in 36% of 
patients, but serum levels were independent of disease activity.37

Searching for variables that can predict undernutrition re-
vealed that hypoalbuminemia and high disease activity had the 
strongest associations, for both the pediatric and adult groups. 
Low Hb, low Fe, high CRP, and ileocolonic disease location 
were also associated with undernutrition. Similarly, it was 
found that BMI and serum albumin were the best predicators 
of nutritional status in IBD patients with active disease.53 In 
children, tructuring disease turned out to be the disease be-
havior most often associated with impaired nutritional status.76 
In hospitalized CD patients, malnutrition on admission was 
more frequent in those with active fistulizing disease than in 
those without this complication.1 Our data did not reveal any 
predicative value of disease behavior.

Our results showed that retinol levels correlated with BMI 
but only in women. A meta-analysis of 19 case-control studies 
revealed that levels of fat-soluble vitamins, including vitamin A, 
were lower in patients with IBD.77 In the EUREYE study, which 
included 4753 participants, BMI was one of the factors positively 
associated with plasma retinol levels.78 The reasons why this was 
only significant in women in our study are not clear, but might be 
explained by the small sample size. Interestingly, levels of retinol, 
α-tocopherol, and γ-tocopherol were elevated in patients with 
low blood Fe. As Fe is known to promote oxidative stress,79 it is 
rational to presume that, as less antioxidant protection is needed 
in these patients, levels of antioxidant vitamins are higher.

Aberrations in plasma fatty acid profiles of CD patients 
have been reported previously,39 and altered EFA profiles have 
been correlated with disease activity in children.80 Our data 
found EFA deficiency in adult CD patients with active disease 
and revealed its relation to blood Fe status, implicating elevated 
oxidative stress.

To enhance the feasibility of the McGill IBD Database, 
only values outside normal cutoffs were registered. Consequently, 
the lack of normal values for biological parameters is a limita-
tion of this study. Moreover, we did not systematically collect 
data on caloric and nutrient intake, preventing us exploring the 
specific factors causing malnutrition, such as decreased intake, 
increased loss, or malabsorption.

Furthermore, disease activity was calculated using HBI (CD) 
and LI (UC and IBDU) for both pediatric and adult populations. 
These indexes, which do not require endoscopy score or laboratory 
results, were used for practicality and efficiency. The Pediatric Crohn’s 

Disease Activity Index (PCDAI) and Pediatric Ulcerative Colitis 
Activity Index (PUCAI) have become the standard indices for meas-
uring disease activity in pediatric CD and UC, respectively, but the 
PCDAI necessitates endoscopy and laboratory testing. However, the 
HBI and LI have been validated and employed in several pediatric 
studies. As we only needed to discriminate between active and inactive 
disease, without gradation based on severity, we believe that the HBI 
and LI adequately captured active disease in our pediatric population.

Another limitation is that vitamin B12 deficiency may have 
been poorly diagnosed or misdiagnosed in the IBD population, 
as blood levels were found insufficient to identify deficiency in 
asymptomatic patients.18 Also, we did not collect data on total 
iron-binding capacity, ferritin, or transferrin, which could have 
been used to assess iron deficiency anemia.

In conclusion, data from our McGill University Health 
Center IBD database show that malnutrition, as measured by 
undernutrition using BMI and hypoalbuminemia, is seen in 
adult IBD patients as often as in children. Additionally, high 
disease activity and low albumin levels are strong predicators 
of malnutrition in CD, both in pediatric and adult patients. 
Anemia, low-serum Fe, and high CRP are more frequently 
observed in pediatric CD patients, compared with adults. 
Vitamin B12 deficiency is more common in adult compared with 
pediatric CD patients. Participants with active disease and Fe 
deficiency had a lower 16:1ω-7/18:1ω-6 ratio, an indicator of 
EFA deficiency. These results justify close follow-up of nutri-
tional status for IBD patients regardless of age.

SUPPLEMENTARY DATA
Supplementary data are available at Inflammatory Bowel 

Diseases online.
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