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Nutritional Status and Growth in Korean Children with Crohn’s Disease:

A Single-Center Study
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Background/Aims: Malnutrition and growth retardation are
important issues in treating pediatric Crohn’s disease (CD).
Thus, we aimed to investigate the prevalence of various
nutritional and growth parameters at the time of diagnosis
in Korean children with CD. Methods: Seventy-one children
(<18 years) were enrolled. We analyzed the Z-scores of
height-for-age (HAZ), weight-for-height (WHZ), body mass
index for age (BMIZ), bone mineral density for age (BMDZ),
and the biochemical markers measured at the time of diag-
nosis. Results: At diagnosis, HAZ <-2 was observed in three
patients (4%), WHZ <-2 in 20 patients (28%), BMIZ <-2 in
19 patients (27%), and BMDZ <-2 in 11 patients (18%). The
HAZ was significantly lower in females and patients with
extraintestinal manifestations, and the WHZ and BMIZ were
significantly lower in patients with stricturing and penetrating
disease. Subnormal serum levels were highly prevalent for
hemoglobin, albumin, iron, ferritin, calcium, magnesium, fo-
late, vitamin B,,, and zinc. There was a significant correlation
between nutritional status, growth retardation, and disease
activity. Conclusions: Abnormal nutritional status was highly
prevalent in Korean children with CD at the time of diagnosis
and was associated with the extent, behavior, and activity of
the disease. (Gut Liver 2014;8:500-507)
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INTRODUCTION

Crohn’s disease (CD) is a chronic inflammatory bowel dis-
ease (IBD) that can affect any portion of the gastrointestinal
tract from the mouth to the perianal area. The incidence and
prevalence of CD in Western countries are higher than in Asian

countries. However, the latest studies have reported a gradually
increasing incidence of CD in Asian populations."” The inci-
dence of CD in Korean adults has been increasing,’ and it has
been suggested that the incidence in children is also increasing.*

Malnutrition and impaired growth are the major complica-
tions of pediatric CD, with growth retardation occurring in 15%
to 40% of patients.>® The etiology of growth retardation in chil-
dren with CD is multifactorial and poorly understood. Decreased
oral intake, malabsorption, increased enteral loss and energy
requirements, and increased production of inflammatory cyto-
kines are believed to be the major determinants.” In pediatrics,
growth is integral to quality of life because growth retardation
and developmental delays can have devastating psychologi-
cal consequences in children. Thus, growth and nutrition are
key priorities in the management of pediatric CD, and effective
disease control can optimize growth potential and pubertal
development.® An accurate evaluation of each patient’s nutri-
tional status is essential for planning the appropriate treatments
that can reverse growth retardation. However, a comprehensive
picture of the nutritional status of children with CD has not
been properly investigated in Korea, which is known as a low-
incidence area for CD.

We could not perform a population-based study in Korea,
instead we attempted to identify the prevalence of growth retar-
dation and malnutrition in children with CD at a single tertiary
center in Korea.

MATERIALS AND METHODS

1. Patients

Between January 1996 and March 2011, a total of 123 pa-
tients with CD that manifested at <18 years of age were newly
registered at the Department of Pediatrics, Asan Medical Center
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Children’s Hospital, a tertiary medical center in Seoul, Korea (Fig,.
1). Fifty-two patients who were referred from primary clinics or
other hospitals during the management were excluded. There-
fore, 71 patients (51 males and 20 females) who were newly
diagnosed and underwent management of definite CD at Asan
Medical Center Children’s Hospital were included in this study.

2. CD characteristics and definitions

Data gathered at the time of diagnosis and during follow-
up were retrospectively obtained from the medical records of
consecutive CD cases. We evaluated baseline demographic and
clinical characteristics, including sex, age, symptoms, extrain-
testinal manifestations, medical history, status of perianal le-
sions, medications, and disease location, behavior, and activity.

Diagnosis of CD was based on the conventional clinical, ra-

>1° Patients

diologic, endoscopic, and histopathologic criteria.
with indeterminate colitis were excluded from this study. In-
fectious enteritis and colitis were excluded by stool cultures
for Salmonella, Shigella, Yersinia, Campylobacter, and Clos-
tridium difficile, stool tests for parasites, and tuberculosis was
excluded by the Mantoux skin test, interferon-y release assays
(QuantiFERON®-TB Gold In-Tube; Cellestis Ltd., Carnegie, Aus-
tralia), acid-fast bacilli staining, culturing, and polymerase chain
reaction of tissue samples, and chest X-ray. All the patients
underwent colonoscopy, and all the patients with suspected CD
underwent esophagogastroduodenoscopy at diagnosis and were
studied using more than one radiographic methods (e.g., small
bowel series, barium enema, abdominal computed tomography,
abdominal ultrasonography, magnetic resonance imaging) and
transperineal ultrasonography'' to determine lesion location and
behavior according to the Porto criteria.’

After confirming the diagnosis of CD, we classified the dis-
ease status according to the Paris Classification."” CD location
and behavior were determined at diagnosis and during follow-
up. The presence of any macroscopic abnormality, such as
mucosal ulceration, fistula, stricture, or abscess, was considered
to indicate regional involvement. The perianal lesions of the CD
patients included skin tags, fissures, fistulas, and abscesses. CD
activity was assessed at the time of diagnosis according to the
Pediatric Crohn’s Disease Activity Index (PCDAI), which is based
on symptoms (30%), physical examination (30%), laboratory
parameters (20%), and growth data (20%).” PCDAI scores range
from O to 100, and were categorized as follows: no disease
activity (<10), mild disease activity (11-30), and moderate to
severe disease activity (30)."*

3. Anthropometry and laboratory studies

Growth is the best indicator of nutritional status, and the use
of growth curves remains the simplest way to assess nutritional
status in children.”” The assessment of growth involves the ac-
curate measurement of height and weight, and these were retro-
spectively obtained from the medical records. Both height (cm)
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Fig. 1. Annual number of newly diagnosed pediatric Crohn’s disease
(CD) patients at Asan Medical Center between 1996 and 2010. Start-
ing in 2000, we noted that the number of children with CD rapidly
increased.

and weight (kg) were measured to 1 decimal place, and body
mass index (BMI) was calculated as weight in kilograms divided
by height in meters squared. The standard deviation scores (SDS;
Z-score) were used to evaluate and compare the anthropometric
measurements of CD children of various ages and both sexes.
SDS is a standardized value based on data from a normal pe-
diatric population, and it is calculated using values appropriate
for the child’s age and sex. Z-score for height-for-age (HAZ),
weight-for-height (WHZ), and BMI (BMIZ) after taking into
account age and sex were calculated to 2 decimal places for
every patient. These deviations were used for between-group
comparisons of the patients and the normal pediatric popula-
tion and references to growth standards for Korean children and
adolescents.'® Growth retardation was defined as a Z-score <-2
SD, and severe malnutrition was defined as BMI <-2 SD."

Bone mineral density (BMD) was measured at the anterior-
posterior lumbar spine (L1-4) and at the nondominant femoral
neck by dual energy X-ray absorptiometry using Lunar equip-
ment (Lunar Prodigy; GE Healthcare, Madison, WI, USA). BMD
results are expressed in g/cm’. Each value was converted to a Z-
score (BMDZ), which were determined by subtracting the mean
height-, age- and sex-specific BMD values from the measured
BMD, and the result was divided by the normative standard de-
viation.

Laboratory studies included the determination of serum
hemoglobin (g/dL), erythrocyte sedimentation rate (mm/hr),
albumin (g/dL), iron (ug/dL), calcium (mg/dL), magnesium (mg/
dL), folate (ng/mL), and zinc (ug/dL). These biochemical markers
were measured at the clinical laboratory of Asan Medical Center
Children’s Hospital using standard techniques.

4. Statistics

The continuous variables, such as age and follow-up dura-
tion, are expressed as the median values and ranges. Continu-
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ous variables, including HAZ, WHZ, BMIZ, and BMDZ, are
expressed as the mean+SD. Categorical variables, including sex,
disease characteristics, growth retardation rates, and prevalence
of subnormal serum levels of the various biochemical markers,
are reported as numbers and percentages. Differences between
groups of measurements were assessed using the Student t-test

Table 1. Patient Characteristics at the Time of Diagnosis (n=71)

L4a: upper disease proximal to ligament of Treitz 24 (34

Characteristic No. (%)
Median age (range), yr 13 (12-15)
Sex
Male 51 (72)
Female 20 (28)
Symptoms
Abdominal pain 47 (66)
Diarrhea 46 (65)
Hematochezia 22 (31)
Weight loss 40 (56)
Anorexia 40 (56)
Extraintestinal manifestations 14 (20)
Oral ulcers 10 (14)
Joint symptoms 3(4)
Erythema nodosum 1(1)
Disease behavior
Inflammatory (B1) 64 (90)
Stricturing (B2) 3 (4)
Penetrating (B3) 3(4)
Both penetrating and stricturing (B2B3) 1(1)
Disease location
L1 12 (17)
L2 7 (10)
L3 52 (73)
Upper GI (L4) 38 (51)
)
)

L4b: upper disease distal to ligament of Treitz and 7 (10

proximal to the distal third of the ileum

L4al4b 7 (10)
PCDAI
No active disease (<10) 4 (6)
Mild (11-30) 22 (31)
Moderate to severe (>30) 45 (63)
Perianal lesions 55 (77)
Perianal fistula 42 (59)
Perianal abscess 10 (14)
Perianal fissures 19 (27)
Anal skin tag 27 (38)

GI, gastrointestinal; PCDAI, Pediatric Crohn’s Disease Activity Index.

or one way ANOVA for normally distributed variables and us-
ing the Mann-Whitney U test or the Kruskal-Wallis test for non-
normally distributed variables. In addition, subgroup analyses
of PCDAI at baseline (moderate to severe 230, mild to quiescent
<30) and disease activity of CD were performed.

Statistical analyses were performed using SPSS version 14.0
for Windows (SPSS Inc., Chicago, IL, USA), and a p-value <0.05
was considered statistically significant.

RESULTS
1. Demographic characteristics

Seventy-one children <18 years of age with newly diagnosed
CD were identified at Asan Medical Center Children’s Hospital.
The male to female sex ratio was 2.5:1 (51 boys and 20 girls).
The median age at the time of diagnosis was 13 years (range, 0
to 17 years). The median period from symptom onset to diagno-
sis was 5.5 months (range, 0.7 to 73.1 months). The demograph-
ic characteristics of the patients at diagnosis are summarized in
Table 1.

2. Disease characteristics at diagnosis

The common presenting symptoms were abdominal pain
(66%), diarrhea (65%), weight loss (56%), anorexia (56%), he-
matochezia (31%), and extraintestinal manifestations (149%).
Disease behavior at diagnosis was inflammatory (B1) in 64 pa-
tients (90%), stricturing (B2) in three patients (4%), penetrating
(B3) in three patients (4%), and both penetrating and strictur-
ing (B2B3) in one patient. Perianal disease was present in 55
patients (77%), including perianal fistulas in 42 patients (59%),
perianal abscesses in 10 patients (14%), perianal fissures in 19
patients (27%), and skin tags in 27 patients (38%).

At the time of diagnosis, 12 patients (17%) had disease lo-
cated in distal third of the ileum and/or cecum alone (L1), seven
patients (10%) had disease in the colon alone (L2), and 52 pa-
tients (73%) had disease in both the small bowel and colon (L3).
Upper gastrointestinal tract involvement above the distal ileum
was observed in 38 patients (54%) and classified as L4a (upper
disease proximal to the ligament of Treitz) in 24 patients (34%),
L4b (disease distal to ligament of Treitz a proximal to the distal
third of the ileum) in seven patients (10%), and both L4a and
L4b in seven patients (10%). The PCDAI score at diagnosis was
<10 (no activity) in four patients (6%), 10 to 30 (mild activity)
in 22 patients (31%), and =30 (moderate to severe activity) in 45
patients (63%). The disease characteristics at diagnosis are sum-
marized in Table 1.

3. Assessment of nutritional parameters and growth at the
diagnosis of CD

At diagnosis, HAZ (mean, -0.18), WHZ (mean, -1.33), and
BMIZ (mean, -1.21) were significantly lower than the referenced
general population (p<0.001) (Fig. 2). Three patients (4%) dem-
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Fig. 2. Distribution and mean of Z-scores for height-for-age (A), weight-for-height (B), body mass index (BMI) (C), and bone mineral density (BMD)
(D) in patients with Crohn’s disease at the time of diagnosis and percentages (in black) of children with values less than -2 standard deviation.

Table 2. Distribution of the Z-Scores of Various Growth Parameters
in Patients with Crohn’s Disease at the Time of Diagnosis

Anthropometrical data Z-score <-1 SD  Z-score <-2 SD

Height-for-age (Z-score) 16 (23) 3(4)
Weight-for-height (Z-score) 39 (55) 20 (28)
Body mass index (Z-score) 35 (49) 19 (27)

Data are presented as number (%).
SD, standard deviation.

onstrated growth retardation as defined by HAZ <-2 SD, 20 pa-
tients (28%) had WHZ <-2 SD, and 19 patients (27%) had BMIZ
<-2 SD (Table 2, Fig. 2). Sixteen patients (23%) were short, as
defined by a HAZ <-1 SD, 39 patients (55%) had WHZ <-1 SD,
and 35 patients (49%) had BMIZ <-1 SD (Table 2, Fig. 2).
Among 71 patients with CD, BMD was measured in 60 pa-
tients (47 males and 13 females), and the BMDZ values are
shown in Table 3. Females with CD demonstrated significantly

Table 3. Z-Scores for the Bone Mineral Density Values Determined
Using Dual Energy X-Ray Absorptiometry in Patients with Crohn’s
Disease

All (n=60)  Male (n=47) Female (n=13)
Z-score -1.09+1.04 -0.92+1.00*  -1.68+1.03*
Z-score <-2 SD 12 (20) 7 (15) 5(39)
-2< Z-score <-1 SD 21 (35) 16 (34) 5(39)
Z-score >-1.0 SD 27 (45) 24 (51) 3(23)

Data are presented as mean+SD or number (%).

SD, standard deviation.

*p=0.02, significant for the bone mineral density Z-scores grouped by
sex.

lower BMDZ than males with CD (p=0.02). Twenty percent of
patients (15% of males and 39% of females) had moderate to
severe BMD as defined by a BMDZ <-2 SD, and 35% of pa-
tients (34% of males and 39% of females) demonstrated mildly
decreased BMD (-1.99<Z-score<-1 SD). Forty-five percent of
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patients had BMDZ values within the normal range (>-1 SD).

Table 4 shows the prevalence of subnormal serum levels of
the examined biochemical markers. Anemia was observed in
62% and hypoalbuminemia was observed in 61% of patients.
Iron deficiency, as determined by the serum iron or transferrin
saturation, was observed in 77% and 72% of patients, respec-
tively. In addition, there was a high prevalence of micronutrient
deficiencies. Serum calcium, magnesium, folate, and zinc levels
of <8.8 mg/dL, <1.8 mg/dL, <5 ng/mL, and <70 pg/dL, respec-
tively, were considered indicative of a deficiency in each the re-
spective micronutrients. About 35%, 10%, 40%, and 51% of CD
patients were deficient in calcium, magnesium, folate, and zinc,
respectively.

4. Predictive factors of nutritional parameters and growth

The influences of the various demographic and clinical pa-
rameters on height-for-age, weight-for-height, and BMI on the
diagnosis of CD in 71 children are shown in Table 5. HAZ was
significantly lower in females (p=0.002), whereas WHZ and
BMIZ were not affected by sex. There were no significant dif-
ferences in HAZ, WHZ, and BMIZ between the two age groups
according to the Paris classification at diagnosis (age, <10 years
[A1a] vs 210 years [A1b and A2]). WHZ and BMIZ were signifi-

cantly lower in patients with stricturing and penetrating diseases
(p=0.015 and p=0.016, respectively). There were no significant
differences in HAZ, WHZ, and BMIZ in terms of disease location
or upper gastrointestinal location. HAZ was significantly lower

Table 4. Prevalence of Subnormal Serum Levels of Various Biochemi-
cal Markers (n=71)

Biochemical marker No. (%)
Hemoglobin* 44/71 (62)
Albumin (<3.5 g/dL) 43/70 (61)
Iron (<50 pg/dL) 49/64 (77)
Transferrin saturation (<16%) 46/64 (72)
Ferritin (<100 pg/L) 45/65 (69)
Calcium (<8.8 mg/dL) 24/68 (35)
Magnesium (<1.8 mg/dL) 6/61 (10)
Folate (<5 ng/mL) 25/63 (40)
Vitamin B,, (<211 pg/mL) 1/62 (2)
Zinc (<70 pg/dL) 26/51 (51)

*Hemoglobin levels used to define anemia: children 6 months to 5
years, 11.0 g/dL; children 5 to 11 years, 11.5 g/dL; children 12 to 13
years, 12.0 g/dL; men, 13.0 g/dL; nonpregnant women, 12.0 g/dL.

Table 5. Influence of Demographic and Clinical Parameters on Height, Weight, and Body Mass Index at the Time of Diagnosis (Expressed as the

Mean Z-scores) in 71 Children Diagnosed with Crohn’s Disease

HAZ p-value WHZ p-value BMIZ p-value
Sex 0.002 0.136 0.085
Male (n=51) 0.09 -1.15 -1.00
Female (n=20) -0.88 -1.79 -1.75
Age, yr 0.274 0.772 0.291
Ala, <10 (n=6) -0.67 -1.52 -0.52
A1bA2, 10-17 (n=65) -1.39 -1.31 -1.27
Disease behavior at diagnosis 0.327 0.015 0.016
B1 inflammatory (n=64) -0.20 -1.11 -1.02
B2 stricturing (n=3) 0.46 -4.63 -3.78
B3 penetrating (n=3) 0.12 -1.95 -1.70
B2B3 both penetrating and stricturing (n=1) -1.84 -3.62 -4.22
Disease location at diagnosis 0.359 0.867 0.808
L1 (n=12) 0.09 -1.53 -1.27
L2 (n=7) -0.68 -1.13 -0.82
L3 (n=52) -0.18 -1.31 -1.25
Upper GI location at diagnosis 0.730 0.970 0.868
Presence (n=38) -0.14 -1.32 -1.24
Absence (n=33) -0.23 -1.34 -1.17
Extraintestinal manifestations at diagnosis 0.039 0.619 0.817
Presence (n=14) -0.91 -1.14 -1.04
Absence (n=57) -0.01 -1.38 -1.25

HAZ, height-for-age Z-score; WHZ, weight-for-height Z-score; BMIZ, body mass index Z-score; GI, gastrointestinal.



Table 6. Correlation between Various Parameters and Activity of
Crohn’s Disease

PCDAI <30 PCDAI>30 p-value
Anthropometrical data
Height-for-age (Z-score) 0.21 -0.40 0.029
Weight-for-height (Z-score)  -0.69 -1.68 0.001
BMI (Z-score) -0.56 -1.56 0.002
Laboratory data
Hemoglobin, g/dL 12.80 11.10 <0.001
Albumin, g/dL 3.90 3.00 <0.001
Iron, pg/dL 55.20 24.60 <0.001
Calcium, mg/dL 9.10 8.70 0.001
Magnesium, mg/dL 2.30 2.10 0.005
Folate, ng/mL 8.70 5.90 0.018
Zing, pg/dL 80.20 67.90 0.030

PCDAI, Pediatric Crohn’s Disease Activity Index; BMI, body mass in-
dex.

in the patients with extraintestinal manifestations (p=0.039).

Nutritional parameters were more severely impaired in pa-
tients with moderate to severe disease. Moderate to severe CD
demonstrated lower anthropometric and laboratory data com-
pared with mild to quiescent CD (Table 6). Children with severe
to moderate CD demonstrated significantly lower HAZ, WHZ,
and BMIZ values than patients with mild CD.

According to the analysis of the laboratory markers and
disease location, serum iron and albumin are significantly
lower patients with disease in L3 versus L1 or L2 (p=0.004 and
p=0.007, respectively).

DISCUSSION

This study showed that the growth retardation and malnutri-
tion are highly present at time of diagnosis in Korea pediatric
CD patients. Twenty percent of children presented with severely
low BMD, and about 35%, 10%, 40%, and 51% of children
were deficient in calcium, magnesium, folate, and zinc, respec-
tively. The Korean National Growth Charts (2007) were used as
a reference for height-for-age, weight-for-height, and BMIL The
Korean National Growth Charts are especially relevant when as-
sessing Korean ethnic groups.”

The proportions of children with severe malnutrition and
growth retardation at diagnosis were lower than the rates of
199% to 23% that had been previously reported,*'® possibly due
to the shorter interval to diagnosis from the onset of symptom
that resulted from more effective diagnoses. The previous re-
ports are originated from foreign country, therefore, there would
be the limitations on direct comparison actually.>'® In this study,
the median interval from symptom onset to diagnosis was 5.5
months (range, 0.7 to 73.1 months), whereas the median diag-
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nostic delay was 11.7 months in the previous study.'”® Likewise,
an earlier study in Korean children reported a high incidence
of growth retardation (58% in CD patients), which was defined
as being at <3 SD from the mean growth percentile when mea-
sured at 18-month intervals."

Sawczenko and Sandhu®™ reported that there is a significant
negative correlation between the length of any developmental
delays and height in CD patients, suggesting that earlier diagno-
sis might minimize growth retardation by rectifying the growth-
inhibiting effects of malnutrition and inflammatory cytokines.
Therefore, early diagnosis prevents abnormal growth, thus re-
ducing the duration of symptoms before treatment, which is an
important goal for improving treatment.

There was a high prevalence of anemia and malnutrition,
including micronutrient deficiencies. Anemia in IBD patients
can be the result of multiple causes, with iron deficiency being
the most prevalent due to dietary restrictions, malabsorption,
or intestinal bleeding.”’ Approximately 30% to 80% of patients
with CD develop anemia.” In this study, 62% of the patients
were diagnosed with anemia, similar to previous studies.”*** The
diagnostic criteria for iron deficiency depend on the level of in-
flammation, but appropriate criteria are typically serum ferritin
<100 pg/L or transferrin saturation <16% with the presence of
inflammation.”" Using this definition, which was agreed upon
by the international IBD Working Group, about 70% of our
patients presented with iron deficiency at diagnosis. However,
the results of this study may overestimate or underestimate the
true prevalence of iron deficiency. More extensive evaluation
of anemia, such as erthrocyte zinc protoporphyrin or tranferrin
receptor testing, may be beneficial. There are several mecha-
nisms that may precipitate malnutrition in patients with CD.”
Decreased nutrient intake, malabsorption, increased nutrient
loss, and increased energy requirements are several causes of
malnutrition. In addition, diarrhea causes the loss of electrolytes,
including calcium, magnesium, and zinc. Magnesium deficiency
is common and related to gastrointestinal loss and inadequate
intake.” Zinc loss is correlated with the volume of diarrhea, and
the loss of zinc increases with steatorrhea, as are the losses of
other divalent cations (e.g., calcium, magnesium, copper) and
fat soluble vitamins.”> Serum vitamin D and vitamin B, were not
measured in this study, but these may be valuable parameters to
measure when assessing CD patients in future research.

It is likely that the extent of disease and intensity of inflam-
mation have deleterious influences on growth and nutritional
status.”” One important observation of this study was the asso-
ciation between stricturing and penetrating disease and reduced
weight-for-height and BMI at diagnosis. In addition, most of
the nutritional and growth parameters were more severely im-
paired in patients with moderate to severe activity compared
with patients with mild activity. The presence of extraintestinal
manifestations at diagnosis was associated with low height.
The inflammatory process presumably plays important deleteri-
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ous roles against growth.” Complex interactions exist between
nutritional status, growth retardation, and inflammation. The
growth-inhibiting effects of the proinflammatory cytokines re-
leased from the inflamed intestines and chronically inadequate
nutritional intake may cause a variety of responses that affect
growth. Decreased circulating insulin-like growth factor 1 is
found in active CD patients.” Tumor necrosis factor-¢, appears
to play a pivotal role in cytokine-mediated growth retardation
and can affect growth through multiple pathways, includ-
ing anorexia, loss of skeletal muscle, and cachexia. Because
inflammation is closely associated with growth failure, tight
control of the inflammatory process appears to be of paramount
importance when treating pediatric CD. In this study, the disease
location did not seem to influence growth or nutritional status,
although a recent study by Sawczenko et al.”' reported that lin-
ear growth is associated with the site of disease. In their study,
they noticed that involvement of the ileum and jejunum is as-
sociated with being at high risk for growth retardation.

The growth patterns observed during childhood and adoles-
cence are different between males and females.” In our study,
females demonstrated impaired linear growth (height) and lower
BMD at diagnosis compared with males. In healthy children,
the average age at peak height velocity is 11.5 years in females,
whereas in males the average age is 13.5 years.”” The mean age
at diagnosis for females in our study was 11.4 years; 13.2 years
was the mean age for males. Although the Tanner stage at diag-
nosis was not determined, both sexes tended to develop CD just
before the average age at peak height velocity. Children who
acquire CD just before the reaching peak height velocity may be
at greater risk for impaired linear growth and warrant special
attention to growth issues during the treatment of CD. There-
fore, the time of onset of CD in relation to age at peak height
velocity may, in part, explain the sex differences regarding the
disease’s impact on growth. However, in the present study, the
assessment of puberty at diagnosis was only available for a
minority of patients. Because pubertal status was not taken into
account in this study, the differences between “prepubertal” and
“pubertal” effects on growth cannot be stated with accuracy.

To the best of our knowledge, this study is the first to ex-
amine the growth and nutritional status of children with CD in
Korea by documenting the effects of this disease on growth at
diagnosis and prior to the initiation of corticosteroid therapy
and nutritional supplementation. Therefore, the growth retarda-
tion and nutritional deficits seen in the CD patients in this study
reflect the cumulative effects of inflammation, malnutrition/
malabsorption, and pubertal delays.

This study has some limitations, including the lack of Tanner
stage evaluations and dietary and physical data. In addition,
the levels of various inflammatory cytokines, such as tumor
necrosis factor-o, are not available even though they may cor-
relate with both growth and nutritional status. Future studies
are needed that measure resting energy expenditure, physical

activity, dietary intake, and growth hormones in order to iden-
tify potential etiologies. Although this study was based on the
experiences of a single hospital, differences from hospital-based
studies in Western countries are probably due to variations in
the health delivery systems. In Korea, every hospital has its own
outpatient clinic, and patients can visit the clinics of tertiary
referral centers without being referred by their primary physi-
cians. Furthermore, we analyzed data only from patients who
were first diagnosed at our hospital, excluding those referred by
other physicians.

In conclusion, malnutrition and growth retardation are gen-
erally present at the time of diagnosis in Korean children with
CD. It is likely that extent of disease, behavior, and activity have
deleterious influences on growth and nutritional status. One
cannot address growth failure if it is not recognized, and early
detection is key. Therefore, in clinical practice, growth should
be taken into account as an important criterion for the manage-
ment of CD in children and should be considered as an impor-
tant marker of therapeutic efficiency. Pediatric patients with CD
should have height, weight, and BMI measured and plotted on
a growth chart at each visit. The physical exam should include
above growth parameters as well as Tanner stage, and physical
signs of malnutrition.

Future treatment strategies must be developed to control the
inflammatory process during childhood in order to minimize its
long-term deleterious consequences on growth and nutritional
status. Additionally, future prospective population-based studies
are necessary and must be performed at the national level.
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