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1 | INTRODUCTION

Celiac disease(CeD) is one of most common auto-
immune disorders in childhood, with an estimated
overall prevalence of 1%—-3%, worldwide.'? Small
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Abstract

Objectives: Celiac disease (CeD) requires long-term follow. The role of lab-
oratory testing other than celiac serology during follow up is unclear. We aimed
to determine which laboratory tests are required during follow up based on the
prevalence of abnormal tests and timing of abnormalities appearance.
Methods: Retrospective chart-review of children diagnosed with CeD between
1999 and 2018 was conducted. Demographic, clinical and laboratory data were
recorded from diagnosis and during follow-up.

Results: The cohort included 500 children with CeD [59.8% females, median
(IQR) age at diagnosis 5.7(3.7-8.9) years]. Mean follow-up time was 5.5 years
(range 1.5-16.2). The most frequently abnormal laboratory tests at time of
diagnosis were low ferritin (64.3%), vitamin D (33.6%), zinc (29.9%), hemo-
globin (29.2%), and folate (14.7%). In 74 (14.8%) patients, anemia developed
only during follow up, while in another 46 patients, anemia resolved after
diagnosis and reappeared later (after a mean+SD 2.8 +2.1 years from CeD
diagnosis, for the entire group). Abnormal values that developed during follow
up were low folate in 40 patients (3.9 = 2.6 years), and abnormal liver enzymes
in 18 patients (3.1 £ 2.7 years). Elevated TSH during follow-up was observed in
14/280 (5%) patients, after a mean+SD of 2.2+ 1.6 years from diagnosis.
Patients diagnosed as teenagers (12-18 years) had shorter intervals to
reappearance of anemia and folate deficiency.

Conclusions: Multiple laboratory abnormalities may occur in pediatric patients
with CeD, both at diagnosis and during long-term follow-up. We suggest con-
tinued monitoring of hemoglobin, ferritin, folate, liver, and thyroid function in
addition to celiac serology during follow-up of CeD.

KEYWORDS
follow up, laboratory measures, micronutrients, nutrition

bowel mucosal damage in susceptible individuals is
mediated via CD4 + T cells immunoreaction to gluten
peptides. Both gastrointestinal and extra-intestinal
manifestations may be present at diagnosis and
during follow-up, including abdominal pain, diarrhea,
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vomiting, abdominal distention, fatigue, micronutrient
deficiencies, weight loss and impaired growth, which
usually are age dependent.>”” Pediatric patients with
CeD, especially those diagnosed at younger age, can
present with anemia, hypoalbuminemia, elevated li-
ver enzymes and deficiencies of iron, folic acid and
vitamin D.”

Long-term laboratory follow-up for CeD is mainly
based on local clinical practices with paucity of
evidence-based recommendations. Thus, some
studies have reported high rates of anemia, vitamin D
deficiency and elevated transaminases during follow-
up,®7'° while others suggested low yield of routine
laboratory investigations.'’'®> The ESPGHAN posi-
tion paper on management and follow-up of children
and adolescents with CeD'® recommend compre-
hensive laboratory evaluation at time of diagnosis
(complete blood cell count; micronutrients status and
liver function tests); however, omitted the necessity
of routine laboratory investigations during follow-up in
patients with a stable clinical course and good
adherence to gluten-free diet, other than the correc-
tion of iron stores and consideration of thyroid func-
tion monitoring.'®

In this study, we aimed to evaluate the yield of long-
term laboratory follow-up in pediatric patients with CeD,
in a large cohort at a tertiary referral center.

2 | METHODS

2.1 | Study design and population

The study was performed at the Institute of Gastro-
enterology, Nutrition and Liver Diseases at Schnei-
der Children's Medical Center of Israel, which serves
as a tertiary referral center for pediatric patients
across the country. The study population included all
pediatric patients (up to 18 years) diagnosed with
CeD, between the years 1999 and 2018. A retro-
spective review of electronic medical records was
conducted. Case retrieval was achieved using the
search terms ‘celiac disease’ and ‘gluten-sensitive
enteropathy’ (n=910), which are embedded in the
records. Patients were excluded if their follow-up
was shorter than 18 months (n=362) or had a
concomitant endocrine disease at diagnosis, n =48,
(including type 1 diabetes mellitus (n=33) and
hypothyroidism (n = 15)).

2.2 | Ethics Statement

The study was approved by the institution ethical
review board of the Rabin Medical Center (RMC
0642-15).

What is Known

* Celiac disease (CeD) is an immune-mediated
condition characterized by small bowel dam-
age, triggered by gluten exposure in in-
dividuals with a genetic predisposition.
Long-term laboratory follow-up of patients
with CeD is largely based on local and
opinion-based clinical practices with paucity
of evidence-based recommendations.

What is New

* In pediatric CeD, laboratory abnormalities

such as anemia, hypoferritinemia, and nutri-
tional and vitamin deficiencies can persist
during follow-up or can emerge during the
disease course, despite adherence to a
gluten-free diet.
Continued monitoring of hemoglobin, ferritin,
folate, liver and thyroid function in addition to
celiac serology during follow-up of CeD is
suggested.

2.3 | Data collection and study
variables

The data extracted from medical records included:
gender, age at diagnosis, frequency of follow-up visits,
and self-reported gluten-free diet (GFD) adherence
according to the number of transgressions patients
committed per month. The frequency of follow-up visits
was calculated from the end of the first year after CeD
diagnosis. Lost to follow-up was defined as the
absence of visits for more than 3 years. Patients were
classified to four age groups according to age at CeD
diagnosis: group 1: 0-3 years; group 2: 3—6 years;
group 3: 6-12 years; and group 4: 12—18 years.

Baseline laboratory characteristics at diagnosis and
follow-up were evaluated including celiac serology (anti-
tissue transglutaminase (TTG) and anti-endomysium
antibodies (EMA)), hemoglobin, albumin, ferritin, vitamin
D, zinc, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), folic acid, vitamin B12, thyroid
stimulating hormone (TSH), thyroxine (T4).

2.4 | Definitions

TTG was expressed as multiples of the upper limit of
normal(ULN). EMA titer of 1:5 and above was con-
sidered positive. In cases of selective IgA deficiency,
CeD diagnosis was based on intestinal biopsies.'*
Anemia was defined according to WHO'™'® as
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hemoglobin (Hb) <11 gr/dL for children <5years old,
<11.5gr/dL for children 5-11 years old, <12 gr/dL for
children 12-14 years old and <13gr/dL for boys
and < 12 gr/dL for girls older 15 years. Iron deficiency
was defined as ferritin <12 ng/ml for patients <5 years
old and a ferritin <15ng/ml in older children.’® Hy-
poalbuminemia was defined as albumin <3.5 gr/dL."”
Folic acid deficiency was defined as <10nmol/L,'®
vitamin B12 deficiency was defined as <150 pmol/L'®
and vitamin D deficiency was defined as
<50 nmol/L."®?° Zinc deficiency was defined as
<70 pg/dL.?" Elevated AST and ALT were defined as
levels x2 above upper limit of normal (ULN) for age.
Elevated TSH was defined as level x1.5 above ULN
for age.

2.5 | Adherence to gluten free diet

In our clinical practice and in accordance with the
professional guidelines, all children diagnosed with
CeD are promptly advised to adopt a strict GFD. To
ensure proper dietary guidance and adherence, a
comprehensive consultation with a pediatric dietitian
is scheduled shortly after the diagnosis. In this study,
adherence to GFD was self-reported by patients and/
or caregivers during each clinical visit and stratified
to: good adherence, partial adherence (defined as
<1 lapses/month) and poor adherence (> 1 lapses/
month).

2.6 | Statistical analysis

Categorical variables were described as frequency
and percentage. Continuous variables were eval-
uated for normal distribution using histogram and
reported as mean and standard deviation (SD) or as
median and interquartile range. Chi-square test and
Fisher's exact test were used to compare categorical
variables. ANOVA, independent samples t-test and
Mann-Whitney test were used to study the associa-
tion between continuous variables and categorical
variables. Spearman correlation coefficient was
applied to study the association between continuous
variables. Repeated measures ANOVA and paired t-
test were used for repeated measures analysis. Kaplan
Meier curve was used to describe events during the
follow-up period and Log-Rank test and univariate cox
regression were applied to compare categorical and
continuous variables, respectively. All statistical tests
were two sided and p <0.05 was considered as statisti-
cally significant. Statistical analysis was performed
using the SPSS statistical software (IBM SPSS Statistics
for Windows, version 28, IBM Corp., Armonk, NY,
USA, 2021).

3 |
3.1 |

RESULTS
Cohort characteristics

The study included 500 patients (59.8% females)
diagnosed with CeD. The median age at diagnosis
was 5.7 years (IQR 3.7-8.9) and the median age at
last follow-up was 11.8 years (IQR 8.6-15.7). The
median duration of follow-up was 5.1 years (IQR
3.1-7.3), with a range between 1.5 and 16.2 years.
The mean(x SD) time between follow-up visits was
10.2(x4.4) months, and 33.4% were lost to
follow-up.

Adherence to GFD was reported as good in the
majority (82.7%) of patients. Normalization of TTG was
observed in 417/500 (83.4%) patients, within a median
duration of 0.87 years (range: 2 month—6.8 years) from
diagnosis (Table 1).

TABLE 1 General characteristics of 500 children with CeD at

diagnosis.
Characteristics N =500
Gender: females, n (%) 299 (59.8)
Median age at diagnosis, years (IQR) 5.7 (3.7-8.9)
Median duration of follow up, years (IQR) 5.1 (3.1-7.3)
Mean time between visits, months (+ SD) 10.2 (+£4.4)
Age groups
0-3 years, n (%) 87 (17.4)
3-6 years, n (%) 186 (37.2)
6-12 years, n (%) 166 (33.2)
12-18 years, n (%) 61 (12.2)
Reported compliance with GFD
Good, % 82.7
Partial, % 15.4
Poor, % 1.9
TTG levels, x ULN
<x3, % 171
x 3-5, % 22.3
x 5-10, % 23.9
>x 10, % 36.7
TTG normalization
TTG normalization, n (%) 417 (83.4)

Median time to TTG normalization, years (IQR) 0.87
(0.58-1.35)

Abbreviations: GFD, gluten free diet; TTG, tissue trans glutaminase; ULN,
upper limits of normal.
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3.2 | Laboratory results

Anemia at diagnosis was observed in 133/456(29.2%)
patients, resolving in 125/133(94%) of them (Table 2). No
significant associations were found between age group or
TTG levels at diagnosis and time to resolution of anemia.
During follow-up, anemia occurred in 120/448(26.8%)
patients: in 74/323 (22.9%) patients that presented with
normal Hb at diagnosis, and in 46/125 (36.8%) that nor-
malized anemia after diagnosis in whom anemia re-
occurred (Table 3). Patients in the oldest age group
(group 4) had a shorter time to the first appearance of
anemia, mean( + SD) 2.4( + 0.4) years, compared to other

TABLE 2 Laboratory abnormalities at the time of celiac disease
diagnosis.

Mean = SD time
to normalization,

n/N (%) years

Anemia 133/456 (29.2) 12+14
Hypoferritinemia 225/350 (64.3) 1.9+1.8
Hypoalbuminemia 15/382 (3.9) 0.4+0.3
Vitamin D deficiency 39/116 (33.6) 1.5+1.7
Zinc deficiency 26/87 (29.9) 1.2+0.9
AST elevation 51/401(12.7) 0.8+1.1
ALT elevation 22/414 (5.3) 0.4+0.3
Folic acid deficiency 24/163 (14.7) 14+1.6
Vitamin B12 deficiency 2/189 (1.1) NA

TSH elevation 2/282 (0.7) NA

Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase; N, number of patients with available laboratory variable at
diagnosis; SD, standard deviation; TSH, thyroid stimulating hormone.

TABLE 3 Laboratory abnormalities occurrence during follow up.

age groups, p=0.023 (Figure 1). Patients who self-
reported incomplete adherence to GFD had a non-
significant trend towards shorter time to first appearance
of anemia compared to others. A second event of anemia
was observed in 41/456(9%) patients (with available Hb at
diagnosis), after a mean( = SD) 4.6( +2.2) years from the
diagnosis, with patients from age group 4 and those with
poor adherence to GFD having significantly shorter time
to second event of anemia, 4.7(+0.5) years, p <0.001
and 3.1(x1.3) years, p<0.01, respectively). No differ-
ence in the time to first and second Reoccurrence of
anemia was observed between genders.

Hypoferritinemia at diagnosis was present in 225/
350(64.3%) patients, resolving in 193/225(85.8%) of
them (Table 2). No significant associations were found
between gender, age group or TTG levels at diagnosis
and time to ferritin normalization. During follow-up, hy-
poferritinemia occurred in 133(38%) patients (Table 3).
Patients with hypoferritinemia at diagnosis experienced
a faster reoccurrence compared to those with normal
ferritin (3.2+0.5 vs. 12.9+3.5 years, p<0.001). No
significant associations were found between gender,
age groups at diagnosis or adherence to GFD and time
to hypoferritinemia reoccurrence. A second event of
hypoferritinemia was observed after a mean(+SD)
4.4(+2.2) years from the diagnosis in 79/345(22.9%)
patients with available ferritin at diagnosis. Patients from
age-group 4 had shorter time to second event of hypo-
ferritinemia mean(+SD) 4(+0.7) years compared to
other age groups, p =0.05. No significant associations
were found between adherence to GFD or gender
and second event of hypoferritinemia.

Hypoalbuminemia at diagnosis was observed in 15/
382(3.9%) patients, resolving in all of them. (Table 2).
Hypoalbuminemia occurred in only three cases during
follow-up.

First occurrence

Reoccurrence during Mean = SD time

niTotal at during follow-up follow-up® from diagnosis,

diagnosis (%) niN (%) n/N (%) years
Anemia 120 (26.8) 74/323 (22.9) 46/125 (36.8) 28+2.1
Hypoferritinemia 133 (38) 40/125 (32) 93/225 (41.3) 3.1+£23
Vitamin D deficiency 30 (25.9) 19/77 (24.7) 11/39 (28.2) 34x24
Zinc deficiency 10 (11.5) 7/61 (11.5) 3/26 (11.5) 2+2
Elevated ALT 21 (5.1) 18/392 (4.6) 3/22 (13.6) 31+27
Folic acid deficiency 48 (29.4) 40/139 (28.8) 8/24 (33.3) 3.9+26
Vitamin B12 4 (2.1) 4/187 (2.1) 0 NA
deficiency
Elevated TSH 14 (5) 14/280 (5) 0 22+1.6

Abbreviations: ALT, alanine aminotransferase; SD, standard deviation; TSH, thyroid stimulating hormone.
#Reoccurrence among patients with abnormal value at diagnosis.
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p=0.023

Age group at diagnosis
M group 1: 0-3 years
I group 2: 3-6 years
M group 3: 6-12 years
group 4: 12-18 years
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FIGURE 1

Vitamin D deficiency affected 39/116(33.6%) pa-
tients at diagnosis and resolved in 33/39(84.6%),
Table 2. No significant associations were found between
gender, age group or TTG levels at diagnosis and time
to vitamin D normalization. During follow-up, vitamin D
deficiency occurred in 30/116(25.9%) patients (Table 3).
Patients with vitamin D deficiency at diagnosis showed a
nonsignificant trend toward faster reoccurrence com-
pared to those with normal levels. No significant asso-
ciations were found between gender or age group at
diagnosis and time to vitamin D deficiency reoccurrence.

Zinc deficiency at diagnosis was observed in 26/
87(29.9%) patients and resolved in 22/26(84.6%),
Table 2. Males normalized zinc faster than females,
mean(+SD) 0.6(+0.2) vs 1.4(+0.5) years, p=0.05.
No significant associations were found between age
group or TTG levels at diagnosis and time to zinc
normalization. During follow-up, zinc deficiency oc-
curred in 10/87(11.5%) patients (Table 3). No signifi-
cant associations were found between gender, age
group at diagnosis or adherence to GFD and time to
zinc deficiency reoccurrence.

AST and ALT elevations at diagnosis were
observed in 51/401(12.7%) and 22/414(5.3%) patients,
respectively, resolving in all them, Table 2. No signifi-
cant associations were found between gender, age
group or TTG levels at diagnosis and time to both AST

Kaplan-Meier (KM) curve of time to first anemia reoccurrence, by age groups at diagnosis.

and ALT normalization. During follow-up, ALT elevation
occurred in 21/414(5.1%) patients (Table 3). No sig-
nificant associations were found between gender or
age group at diagnosis and time to elevated AST and
ALT reoccurrence. Patients with elevated AST and ALT
at diagnosis had shorter mean (+SD) time to
reoccurrence of AST and ALT elevation (9.2( = 0.5) and
9.2( = 0.8) years, respectively), compared to those with
normal AST and ALT at diagnosis, (13.9(+0.3) and
14.1(+ 0.3) years, respectively) p =0.02 for each. Pa-
tients with poor adherence to GFD had faster time to
ALT elevation, mean(+SD) 6.2(+ 1) years, p =0.05.
Folic acid deficiency at diagnosis was observed in
24/163(14.7%) patients, normalizing in 21/24(87.5%),
Table 2. No significant associations were found between
gender, age group or TTG levels at diagnosis and time to
folic acid normalization. During follow-up, folic acid defi-
ciency occurred in 48/163(29.4%) patients (Table 3).
Patients from the oldest age group (group 4) had shortest
time to reoccurrence of folic acid deficiency, compared
to other age groups, mean(+SD) 3.8(+0.4) years,
p<0.0001. No significant associations were found
between gender, TTG levels at diagnosis or adherence to
GFD and time to folic acid deficiency reoccurrence.
Vitamin B12 deficiency at diagnosis was rare,
affecting 2/189(1.1%) patients and appeared in 4/
187(2.1%) during follow-up (Tables 2 and 3).
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Elevated TSH at diagnosis was observed in 2/
282(0.7%) of patients and was observed during follow-
up in 14/280(5%) patients (Table 3). No significant
associations were found between gender or adherence
to GFD and time to elevated TSH reoccurrence.

Tables 2 and 3 provide additional details on labo-
ratory abnormalities at diagnosis and during follow-up,
respectively.

4 | DISCUSSION

In this large-scale retrospective study of 500 pediatric
patients with CeD, we found that nutritional deficiencies
and laboratory abnormalities are common at the time of
diagnosis and may persist throughout long-term follow-
up even on a GFD. Moreover, some abnormalities that
not present initially, may emerge later during follow-up.
Despite overall good reported adherence to GFD,
some nutritional deficiencies were common, including
iron deficiency in about a third of the cohort and vitamin
D deficiency in a quarter of the cohort.

The most prevalent laboratory abnormalities
observed were anemia and hypoferritinemia, both at
diagnosis and during follow-up (including new-onset
abnormalities). The rates of anemia at diagnosis in our
cohort align with previous studies,”?? however the rates
of new onset of anemia post-diagnosis were higher in our
cohort compared to those reported by Wessels et al. in
children and Burger et al in adults.’#® While hypoferri-
tinemia rates were similar to prior pediatric studies,?*2°
the rate of new-onset hypoferritinemia during follow-up
was higher than previously reported in children'’ and
adults.?® This discrepancy may be explained by different
cutoff values, which were lower in other studies com-
pared to ours (defined by WHO'®). Patients diagnosed in
the oldest age group showed the shortest time to
reoccurrence of hypoferritinemia, that may suggest
increased iron requirements during periods of acceler-
ated growth, hormonal changes, or menstrual blood loss
in adolescents. Alternatively, it could indicate lower
adherence to a GFD, which is more common in ado-
lescents and adults®®%” and might be under-reported.

The shorter period to occurrence of anemia or hy-
poferritinemia in patients with low ferritin at diagnosis,
suggests increased vulnerability to iron deficiency in
certain patients.?® In addition, the long average time
(3 years) to occurrence of anemia or hypoferritinemia
during follow-up suggests that iron status monitoring
should be a long-term consideration.

The rates of vitamin D, folic acid and zinc defi-
ciencies at diagnosis were comparable to those re-
ported in other studies.'#?>2° The variability in vitamin
D deficiency rates during follow-up described in the
literature,?>2° may be influenced by factors such as
sun exposure and the use of UV protection across
different populations.*°

The appearance of folic acid deficiency during
follow-up was more common in our cohort, compared
to lower rates in other studies.'’#2?° This could be
attributed to a longer follow up period in our study and
the high rates of reported adherence to GFD, which in
previous studies was shown to be associated with risk
of low-folate intake.®' Zinc levels were not frequently
measured in this real-life data set, and hence the rel-
atively high rates of deficiency could possibly be at-
tributed to selective testing in high-risk patients.

Vitamin B12 deficiency was rare (1-2%) at both
diagnosis and follow-up, consistent with previous
reports,'2%32 suggesting a low vyield in routinely
monitoring of this vitamin level in CeD patients. As
previously reported by our group, hypoalbuminemia is
more common in patient with CeD diagnosed at a
young age.” Given that the occurrence of low albumin
levels during follow-up was extremely rare, routine
monitoring of this parameter may be also unnecessary.

In our cohort, good adherence to GFD was high
(>80%), based both on patients' reports and normal-
ization of celiac serology. However, assessment of
micronutrient intake was not routinely performed, thus
limiting the ability to determine whether the observed
deficiencies were due to low intake or due to ongoing
intestinal damage and malabsorption. A low intake is
consistent with previously described deficiencies of
iron, folic acid, and zinc in GFD.""®" The average time
to the emergence of micronutrient deficiencies during
long-term follow-up is poorly described in the literature
and ranged between 2 and 4 years in our cohort,
indicating that continuous monitoring may be benefi-
cial. At diagnosis, the rates of elevated TSH levels were
very low (0.7%), in contrast to higher rates (12—13%)
reported by others.?>33 Although patients with pre-
existing endocrinological diseases were excluded from
our study, we did monitor thyroid function during follow-
up. Rates of TSH elevation during follow-up were
similar to previously reported ranges of 5-19%.'":33:34

Elevations of liver enzymes are known to be asso-
ciated with CeD and were reported in 5% of our pa-
tients at diagnosis. These abnormalities, as in other
studies, resolved within 1 year of GFD.**"3” However,
data regarding liver enzymes elevation during long-
term follow-up is scarce.'®33® Current guidelines do
not advocate for routine TSH assessment during
follow-up and ALT should be monitored only if abnor-
mal at diagnosis.’® Some studies described high risk of
autoimmune thyroid diseases in CeD, while other
showed no added benefit of TSH testing in asympto-
matic patients due to similar rates of autoimmune thy-
roiditis between those on a GFD and controls.'"#2:34:38
The incidence of autoimmune hepatitis(AlH) in patients
with CeD is relatively high and ranges between 2.3%
and 6.4%.%%% In our cohort, both TSH and ALT ele-
vation were observed during follow-up in patients with
normal values at diagnosis (5% for both), although
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there were no reported cases with confirmed auto-
immune hepatitis, and patients with TSH elevation
mainly continued follow-up by the endocrine unit. Given
the high known prevalence of autoimmune conditions
in patients with CeD, and the observed prevalence of
these laboratory abnormalities in our study, we suggest
routine monitoring of TSH and ALT levels, even in
asymptomatic individuals, during long-term follow-up.

This study has several limitations. The retrospective
study design hindered uniform data collection and
scheduled follow-up, leading to missing data for some
laboratory variables, and some patients being lost to
follow-up. Dietary assessment including micronutrient
intakes, were not routinely performed. Adherence to
GFD was assessed in clinical practice through patient/
proxy's reports, with no standardized questionaries or
structured interviews, which might overestimate com-
pliance. Although we did analyzed correlations
between reported adherence to GFD and laboratory
abnormalities, the retrospective nature of the study
hindered our ability to determine correlations between
TTG normalization and laboratory abnormalities, as
these measurements were not always taken simulta-
neously. In addition, we couldn't include clinical out-
comes including patients' persistent symptoms, or
association with growth trajectories, in this retrospec-
tive study. Despite these limitations, the major strength
of our study lies in its large scale and long-term follow-
up, providing a comprehensive overview of laboratory
parameters over an extended period. With the limitation
acknowledged, the results contribute valuable insights
into long-term laboratory abnormalities and nutritional
deficiencies in pediatric patients with CeD. They also
provide data on the emergence of certain abnormalities
during follow-up, that are not mentioned in the recom-
mended monitoring routine in recent guidelines.’®

In conclusion, this study highlights elevated rates of
laboratory abnormalities and nutritional deficiencies in
pediatric patients with CeD, many of which do not
present initially but emerge during follow-up. While
variables like albumin and vitamin B12 are rarely
abnormal in the long-term, routine laboratory follow-up
of hemoglobin, ferritin, vitamin D, zinc, folic acid, liver
enzymes, and TSH is essential, even in patients re-
porting good adherence to a GFD.
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