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Mustafa Yılmaz, MD; Nilay Penezoğlu, MD; Ufuk Sayıcı, MD; Cansu Altuntaş, MD;
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Abstract
Objectives and study: Failure to thrive (FTT) is an interruption in the normal pattern of growth. We aimed to evaluate the clinical
characteristics, underlying etiologies, diagnostic workup, and frequency of micronutrient deficiencies (MDs) in children with FTT.
Methods: This retrospective study was done with 729 children (319 male, mean age 6.8 ± 5.5 years) with FTT (weight for age <3rd
percentile) who had visited the Pediatric Gastroenterology outpatient clinic between 2011 and 2016. Children who had previously
known chronic diseases, inadequate intake, or inadequate absorption were excluded. Acute malnutrition was considered if weight-
for-age z-scores were below −2 and height-for-age z-scores were above −2, and chronic malnutrition was defined if height-for-age
z-scores were below−2.Results:Themalnutrition rate was 57.1% (acute: 37.8%, chronic: 19.3%). Of children, 98.7% had laboratory
evaluation. We found that 1.1% of laboratory tests, 0.4% of imaging studies, 27% of endoscopic findings, and biopsy results led to a
specific diagnosis, equating to a total of 1.3% of diagnostic workup leading to a diagnosis related to FTT. The causes of FTT were
inadequate nutrition (61.4%), psychiatric and behavioral disorders (17.2%), endocrinologic disorders (9%), recurrent infections
(6.4%), gastrointestinal diseases (1.9%), and cardiac disorders (0.1%). Vitamin A and D deficiencies were the most common MD.
Conclusion:We showed that the most common cause of FTT is “purely nutrition” FFT because of inadequate caloric intake, and
extensive diagnostic workup is rarely helpful to reveal the etiology. These results implicate the importance of clinical evaluation
and anthropometry to evaluate a child with FTT. (Nutr Clin Pract. 2019;34:581–588)
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Background

Failure to thrive (FTT) is an interruption in the normal
pattern of growth. However, consensus on the definition
of FTT is lacking. Traditionally, the diagnosis of FTT is
considered if a child’s weight is below the 3rd percentile or if
it drops down more than major percentile lines or if weight-
for-height is below the 90th percentile.1-4

FTT affects the development of the children through
various avenues. Therefore, early diagnosis and intervention
are critical. In the majority of children with FTT, there is
no organic disease. However, differentiation of organic from
nonorganic FTT is very important and should be based on
positive findings.5,6 Detailed medical history and physical
examination are mostly sufficient for the initial evaluation.
If needed, further investigations are indicated to identify the
etiology and complications, such as micronutrient deficien-
cies and developmental delay.4,6-8

Although there is no consensus on which tests for etiol-
ogy should be performed in children with FTT, in routine
clinical practice, basic tests, including blood, urine, stool,
and other advanced tests, are commonly used. Previous
studies reported the limited benefit of routine laboratory

investigations to identify the etiology of FTT.9-12 All of
these studies were performed in the United States in
small numbers of patients and may not reflect developing
countries.

The aim of this study was to evaluate the clinical
characteristics, underlying etiology, diagnostic workup, and
frequency of micronutrient deficiency in children with FTT
from a tertiary care outpatient pediatric gastrointestinal
(GI) clinic who had been known not to have chronic diseases
that cause poor growth at admission.

From the Ankara University, Pediatric Gastroenterology,
Hepatology, and Nutrition, Ankara, Turkey.

Financial disclosure: None declared.

Conflicts of interest: None declared.

This article was modified on June 11, 2019, after initial online
publication, to add three missing words to the Methods section of the
abstract.

This article originally appeared online on January 15, 2019.

Corresponding Author:
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Figure 1. Flow chart of children eligible for the study between 2011 and 2016. FTT, failure to thrive; GI, gastrointestinal.

Methods

In this retrospective observational cross-sectional study,
we reviewed the medical records of all children admitted
or referred to the Pediatric Gastroenterology outpatient
clinic of our hospital in Turkey during the period from
January 2011 to January 2016 for evaluation of FTT. Data
were collected from the database of our university children
hospital’s electronic medical record system (AviCenna).
ICD-10 codes including E44 (moderate protein-calorie
malnutrition) and/or E45 (retarded development following
protein-calorie malnutrition) were used to identify
the patients with FTT. Growth data of children born
prematurely (<37 weeks) were corrected for the gestational
age until 2 years of age. Weight and length/height according
to age and gender were plotted on the national growth
charts for each child.13 Patients with weight-for-age
<3rd percentile were eligible to participate. All records were
reviewed 3 times by 2 pediatric gastroenterologists. Children
who had a previously known overt cause of FTT, such
as chronic illnesses (eg, cardiovascular disease, cerebral
palsy, chronic pulmonary disease, malignancy, congenital
anomaly), inadequate intake secondary to anatomic defects
(eg, cleft lip or palate), or inadequate caloric absorption
(eg, malabsorption, chronic diarrhea) identified by history
and/or physical examination at the time of admission were
excluded from the study.

In this period, 61,476 patients were evaluated, and of
these, 8512 (13.8%) had a diagnosis of FTT. After repeat
visits were removed, 1552 unique children with FTT were
identified, and of these patients, 729 (47%) met inclusion
criteria (Figure 1).

Outpatients were divided into age groups as follows:
infants (1–24 months), preschool children (2–6 years),

school children (6-12 years), and adolescents (12–18 years).
Based on gestational age, the patients were classified as
preterm (<37 weeks gestational age) and term (�37 weeks
gestational age).14 Children were classified as small for
the gestational age (SGA; birth weight <10th percentile
for gestational age), large for gestational age (birth weight
>90th percentile for gestational age), and appropriate for
gestational age (birth weight 10th–90th percentile for ges-
tational age).15 Puberty status was determined based on
Tanner staging.16,17

Age-specific and sex-specific height and weight z-scores
were calculated with the use of the national reference data.13

Degrees of malnutrition based on weight-for-age z-scores
(WAZs) and height-for-age z-scores (HAZs) are defined
as follows: -2.0 to 2.9 is moderate malnutrition, and ←3
is severe malnutrition. Acute malnutrition was considered
if WAZ was below -2 and HAZ was above -2. Chronic
malnutrition was defined if HAZwas below -2. Age-specific
and sex-specific height and weight standard deviation scores
(z-scores) were calculated with the use of national reference
data.13

The following data were recorded for each patient
at the first admission: age, gender, medical and dietary
history, 24-hour recall dietary, height (cm), weight (kg),
physical examination findings, laboratory tests, chest X-
ray, left hand X-ray, echocardiography, sweat test, upper
GI endoscopy (UGIE) and biopsy results, and results
of consultations. Each of these tests was counted as 1
test. Laboratory tests that were included are as follows:
complete blood count, biochemical panel (blood glucose
level, liver and kidney function tests, and electrolytes), acute
phase reactants, urinary and stool examinations, thyroid
functions, celiac screening tests, vitamins (vitamin A,
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E, D, B12, and folic acid), trace elements and minerals
(zinc, magnesium, and iron), and parameters related to
growth hormone (GH) deficiency. All blood samples were
taken after at least 8 hours of fasting for vitamin, trace
element, and mineral evaluation. The laboratory test results
were interpreted according to our hospital laboratory’s
reference intervals (Supplementary Table S1). Deficiency
was defined as a concentration below the reference
interval.

Celiac disease was tested with immunoglobulin A (IgA),
antitissue transglutaminase (IgA-tTG) or anti-endomysial
IgA antibodies, and with IgG-tTG or anti-endomysial IgG
in subjects with IgA deficiency. Small-intestinal biopsy
results of seropositive subjects were also noted.

Recurrent respiratory infections are defined as >6 respi-
ratory infections in 1 year.18 Patients with an HAZ below
-2 were referred to the pediatric endocrinology outpatient
clinic for GH deficiency. GH deficiency was diagnosed
based on insulin-like growth factor-I (IGF-I) and IGF bind-
ing protein-3 levels, provocation tests, and neuroimaging
evaluation.19

The primary etiology of FTT was determined after a
comprehensive review of medical records. Purely nutrition
FTT was diagnosed based on dietary history, 24-hour recall
dietary diary, and exclusion of organic, psychiatric, and
behavioral disorders. The diagnosis of short stature due to
SGA was based on birth history, low HAZ, and exclusion
of other etiologies that may cause stature.

Ethics Approval

The ethics committee of our university approved the study
protocol with the number 11-741-18.

Statistical Analysis

Statistical analysis was performed with SPSS software ver-
sion 23 (SPSS, Chicago, IL), and statistical significance was
set at a P-value of <0.05. Descriptive tests, t-test, Mann-
Whitney U test, and χ2 test were used. The interquartile
range (IQR) was used to define the age range.

Results

Demographic Characteristics

A total of 729 children with FTT were enrolled. The mean
age was 6.8 years (IQR: 10.3 years, 17 months–11.8 years).
Of the patients, 51.7% (377/729) were younger than 6 years
of age. The demographic characteristics of the patients are
shown in Table 1.

Only 4.8% of the patients (n = 35) presented with
pathological physical examination findings: pallor (n = 15),
dermatitis (n = 10), large fontanel (n = 6), hepatomegaly

Table 1. Characteristics of the Study Population (n = 729).

Characteristics Number %

Male gender 319 43.8
Age groups
0–2 years 247 33.9
2–6 years 130 17.8
6–12 years 183 25.1
>12 years 169 23.2

Birth characteristics
Term 449 61.6
Preterm 115 15.8
Unknown 165
Appropriate for gestational age 501 68.7
Small for gestational age 62 8.5
Unknown 166 22.8

Puberty
Pre-pubertal (P1) 530 72.7

Table 2. Grading of Malnutrition.

Malnutrition Type Malnutrition Degree P

Moderate Severe
n (%) n (%) 0.014

Acute 252 (91.6) 23 (8.4)
Chronic 118 (83.7) 23 (16.3)

(n = 4), and splenomegaly (n = 2). None of the patients
presented edema.

The mean WAZs and HAZs were −2.1 ± 0.6 and
−0.9 ± 1.2, respectively. The prevalence of acute and
chronic malnutrition was 37.7% (n = 275) and 19.3% (n =
141), respectively. The patients with acute malnutrition
(mean age 6.9 ± 6.3 years) were younger than the patients
with chronic malnutrition (mean age 8.8 ± 4.8 years) (P =
0.001). Although acute malnutrition was more frequent in
children younger than 6 years old (n = 154, 56%), chronic
malnutrition was more frequent in children older than
6 years old (n = 97, 68.8%) (P < 0.0001) . There was no
difference in gender between the malnutrition types (P >

0.05). Grading of malnutrition is shown in Table 2.

Diagnostic Workup

Of 729 children with FTT, 720 (98.7%) had at least 1
laboratory evaluation. A total of 5387 tests were performed
with a median of 7 tests (range 1–15) per patient. The
diagnostic workup is summarized in Table 3. In 9% of
patients, many abnormalities were noted in blood, urine,
and stool tests and imaging studies; however, most of the
results were nonspecific and did not lead to any specific
diagnosis. Intestinal parasites were observed in 23 patients,
including Blastocystis hominis trophozoites (n = 12),
Balantidium coli (n = 6), Giardia Lamblia’s trophozoites
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Table 3. Diagnostic Evaluation and Results of 720 Patients
with Failure to Thrive.

Patients with
Abnormal Test

Results

Patients with
Abnormal Tests
That Led to
Recognize the
Etiology of
Failure to
Thrive

Number (%) Number (%)

Laboratory tests 324 (7.6) 50 (1.1)
(n = 4250)
Complete blood count 83 (11.7) 0 (0)
(n = 712)

Biochemistry 74 (11.4) 0 (0)
(n = 649)

Acute phase reactants 49 (10.3) 0 (0)
(n = 474)

Stool analysis 46 (10.3) 4 (0.9)
(n = 444)

Growth hormone tests 32 (17.5) 32 (17.5)
(n = 183)

Urine analysis 23 (3.3) 0 (0)
(n = 701)

Thyroid function tests 11 (2.4) 9 (1.9)
(n = 458)

Celiac screening test 6 (1.6) 5 (0.81)
(n = 613)

Sweat test 0 (0) 0 (0)
(n = 16)

Imaging tests 31 (7.3) 2 (0.4)
(n = 422)
Echocardiogram 10 (16.6) 1 (1.6)
(n = 60)

Wrist x-ray 20 (7.6) 0 (0)
(n = 263)

Chest x- ray 1 (1) 1 (1)
(n = 99)

Upper gastrointestinal
endoscopy

31 (83.8) (10) (27)

(n = 37)

(n = 4), and Enterobious vermucularis (n = 1). Aside from
patients with Giardia Lamblia, the others did not have any
obvious digestive symptoms that could contribute to the
development of FTT. Lactose intolerance based on stool ex-
amination and the history of flatulence and abdominal pain
was diagnosed in 4 patients. Fecal fat (qualitative) in stool
analysis was positive in 19 patients, but it was nonspecific.

Of the children, 422 (57.8%) had imaging studies such
as chest x-ray, left hand and wrist x-ray, or echocardiogra-
phy. Only 1 patient had an increased cardiothoracic ratio
on the chest x-ray. A delayed bone age was observed in
20 patients (7.6%) who were diagnosed as GH deficient
on follow up. The echocardiography revealed minor heart
anomalies (mitral valve prolapsus, patent foramen ovale,

Table 4. Etiology of Failure to Thrive.

Children with
Failure to
Thrive

(n = 729)

Number %

Purely nutrition failure to thrive 448 61.4
Psychiatric and behavioral disorders 126 17.2
Feeding and eating disorders 92 12.6
Attention Deficit Hyperactivity Disorders 26 3.5
Depression 8 1.1

Endocrinologic disorders 66 9
Short stature due to small for gestational age 25 3.4
Growth hormone deficiency 32 4.3
Thyroid function disorders 9 1.2

Gastrointestinal disorders 14 1.9
Gastroesophageal reflux disease ±
Helicobacter pylori gastritis

5 0.7

Intestinal parasites 4 0.5
Celiac disease 5 0.7

Recurrent infections 47 6.4
Cardiac disorders 1 0.1

patent ductus arteriosus, small atrial septal defect) that
were not associated with FTT in 9 patients, and a major
cardiac anomaly (anomalous origin of the left coronary
artery arising from the pulmonary artery) was determined
in only 1 patient.

Of 37 patients (5.1%) who underwent UGIE, 32 pa-
tients presented with persistent vomiting and/or severe
epigastric pain, and 5 patients had a positive celiac screen-
ing. Six patients had a normal endoscopic appearance
and histopathology. Among the patients with abnormal
histopathological findings, 5 patients had diagnosed celiac
disease. The others (n = 26) had gastroesophageal reflux
disease (GERD) and/or Helicobacter pylori (H. pylori)-
positive gastritis; however, FTT improved in only 5 patients
with treatment of H. pylori or reflux.

Of the 1.1% of laboratory tests, 0.4% of imaging studies
and 27% of UGIE and histopathological evaluation led
to a specific diagnosis. This equates to a total of 1.3% of
laboratory tests leading to a diagnostic etiology of FTT in
this selected population.

Etiology of FTT

The causes of FTT in this selected population are shown in
Table 4. Themost common etiology for FTTwas inadequate
nutrition (448 out of 729 patients, or 61.4%), and it was
followed by psychiatric and behavioral disorders (n = 126;
17.2%) based on history and psychiatric evaluation.

Endocrine disorders were noted in 66 patients (9%) as fol-
lows: GH deficiency (4.3%), short stature due to being small
for gestational age (3.2%), and hypothyroidism (1.2%).
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Table 5. Frequency of Micronutrient Deficiency in Children with Failure to Thrive.

Number of Patients with Abnormal Test/Patients with
Malnutrition (%)

Number of Patients with
Abnormal Test/Patients

with Test (%)

Acute
malnutrition
(n = 275)

Chronic
malnutrition
(n = 141) Pa

Mineral deficiency
Magnesium 5/170 (2.9) 3/68 (4.4) 1/36 (2.7) N.S.
Calcium 11/347 (3.2) 5/132 (3.8) 3/99 (3,0) N.S.
Phosphate 9/327 (2.7) 2/128 (1.6) 3/97 (3.1) N.S.

Trace element deficiency
Iron 71/405 (17.5) 30/168 (17.9) 12/74 (16.2) N.S.
Zinc 15/63 (23.8) 7/28 (25.0) 3/14 (21.4) N.S.

Vitamin deficiency
Vitamin B12 16/113 (14.2) 9/55 (16.4) 3/26 (11.5) N.S.
Folic acid 5/86 (5.8) 3/46 (6.5) 1/20 (5,0) N.S.
Vitamin A 5/15 (33.3) 3/8 (37.5) 1/3 (33.3) N.S.
Vitamin D 69/164 (42.1) 29/68 (42.6) 15/39 (38.5) N.S.
Vitamin E 1/15 (7.1) 1/8 (12.5) 0/3 (0) N.S.

N.S., nonsignificant.
aComparison of micronutrient deficiency among children with acute and chronic malnutrition.

The diagnosis of GERD and/or gastritis was based on
biopsy findings in 26 patients. On follow up, FTT improved
in only 5 patients with treatment. Functional GI disorders
(FGIDs) based on Rome IV criteria17 were also observed
in 126 (17.2%) patients with FTT, including functional
constipation (n = 115), functional dyspepsia (n = 6), and
irritable bowel syndrome (n = 5).

47 (6.4%) children with FTT had a history of recurrent
infections (RI). Thirty-nine (83%) had recurrent respiratory
tract infections, and 8 (13%) had recurrent urinary tract
infections. Extensive immunological investigations were
performed in children with RI, but it did not reveal any
primary immune deficiency.

Micronutrient Deficiency in Children with FTT

An evaluation of micronutrient deficiency in children with
FTT revealed that zinc, vitaminA, and vitaminD deficiency
were most commonly observed (23.8%, 33.3%, and 42.1%,
respectively) (Table 5). Zinc deficiency was detected in
40% of the patients with anemia and in 20.4% of the
patients without anemia (P = 0.18). Rickets was diagnosed
in 3 (1.1%) children with malnutrition. No difference was
observed in micronutrient deficiency among children with
acute and chronic malnutrition (Table 5).

Discussion

Purely nutrition FTT due to inadequate caloric intake is the
most common etiology in our study. We also confirmed that
frequently performed laboratory, imaging, and endoscopic
evaluations had diagnostic yield in only 1.3% of the affected

children. To the best of our knowledge, this study is the
largest study and is different from previous studies,11,12,20

as the patients with obvious diseases leading to FTT at
admission were excluded.

FTT usually refers to a child below the 3rd percentile
for weight-for-age, but it does not distinguish the sever-
ity of growth faltering. Anthropometric assessment is es-
sential to determine chronicity and severity of nutrition
deprivation.1,2 In our study, the overall malnutrition rate
in children with FTT whose weight-for-age was below the
3rd percentile was 57%. Majority of our patients had acute
moderate malnutrition.

The most common cause of FTT is nonorganic.1-3 How-
ever, FTT may be the first sign of occult organic disease in
asymptomatic children. This fact commonly causes severe
stress on both health professionals and families. In clinical
practice, “baseline” tests are frequently performed both to
screen the underlying pathology of FTT and to convince
the family that occult organic causes are not being neglected.
The lack of profit of ‘’routine" laboratory studies to identify
children with organic FTT had been reported in many
studies.10-12 It was reported that approximately 14–40 tests
per patient were performed in the evaluation of FTT;
however, 0.8%–1.4% of these tests serve in the diagnosis of
FTT.10-12 In our study, diagnostic tests were performed in
98.7% of patients to evaluate FTT. We found that 1.1% of
laboratory tests, 0.4% of imaging studies, and 27% of UGIE
and histopathological evaluation of biopsies were positive
in the process of diagnostic workup for children with FTT,
equating to a total of 1.3% of laboratory tests leading to
a diagnostic etiology of FTT in this selected population.
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This is similar to previous results.10,11 Our results indicated
that clinical and anthropometric evaluations are the most
important tool for the diagnosis of FTT.

In our population, the most common cause of FTT is
“purely nutritional” and is due to inadequate caloric intake.
Inadequate intake without known organic disease is a mul-
tidimensional and complex problem.21 It ordinarily stems
from the negative interaction between child and caregiver.7

In evaluating these children, physicians should focus on be-
havioral, developmental, psychosocial, and environmental
risk factors for the development of nonorganic FTT. In
addition to episodes of vomiting, the child’s eating habits,
contents of meals and caloric intake, feeding techniques,
interaction between the caregiver and the child, number
of caregivers, and any financial difficulties of the family
should be reviewed.12,21,22 Feeding problems are frequently
reported by mothers of children with FTT.22 Moreover, the
cognitive and neurobehavioral disorders are predisposing
risk factors for the nutrition and feeding problem.23 It was
reported that the prevalence of being underweight was 6.7%
in patients with attention deficit hyperactivity disorder, and
in those patients, the risk of FTT was 1.6 times higher.24

In our study, psychiatric and behavioral disorders were
observed in 17.2% of the patients with FTT.

As in previous studies,11,20 GERD is one of the organic
causes of FTT in our cohort. Weight loss and FTT are very
important findings in the differential diagnosis of patho-
logical and physiological GERD. Patients with GERD
may present persistent regurgitation with secondary poor
weight gain and FTT. However, poor weight gain is only
occasionally caused byGERD, so for a diagnosis of GERD,
a detailed examination is necessary. In our study, patients
with GERD presented persistent vomiting and/or epigastric
pain, and the other causes of FTT had been excluded. The
impact of H. Pylori infection on the growth of children
is still controversial; some studies have mentioned that
it influences growth,25 and others have disagreed.26 It is
probable that symptomatic gastric infection with H. Pylori
may induce suboptimal nutrition in our study population.
The impact of giardiasis on growth is well defined, especially
in young children.27 In spite of being rare, giardiasis should
be kept in mind in the differential diagnosis of FTT,
particularly in developing and undeveloped countries.

As it is known, FTT is one of the major presentations
of celiac disease in these children.28,29 The North American
Society for Pediatric Gastroenterology, Hepatology and
Nutrition and the World Gastroenterology Organization
recommend that physicians consider celiac disease in chil-
dren with FTT.30,31 The prevalence of celiac disease in
children with unexplained FTT ranges from 8% to 24%.28,29

Although celiac screening was extensively performed in our
study population, the prevalence of the disease was very low
(0.8%) compared with previous reports. Furthermore, the
celiac disease prevalence in these patients is not higher than

in the Turkish population (1%–1.74%).32,33 More research
is needed to determine if screening for celiac disease is
beneficial in children exhibiting only FTT.

Additionally, almost 1 in 5 of our patients presented
FGIDs. Deceleration of linear growth or involuntary
weight loss are ‘‘red flag symptoms’’ suggestive of organic
diseases.34 However, FGIDs are prevalent among these chil-
dren, and this associationmay be considered as coincidental
when organic etiologies are excluded.

In contrast with other studies, endocrinopathies were
investigated extensively in our study.11,12,20 GH deficiency
and hypothyroidism were found in 4.3% and 1.2% of our
patients, respectively. Intrauterine growth retardation and
prematurity are important risk factors for FTT.35,36 In our
study, 3.4% of patients with FTT were found to have short
stature because of SGA. Most likely, SGA and poor intake
may have acted together for the development of FTT in
these patients.

Unlike previous studies, RIs were found to be another
contributing factor to the poor nutrition status of our
patients. We suggest that RIs may cause decreased nutrition
intake, nutrient malabsorption, or increased energy con-
sumption, thus leading to FTT.

Although there are some contradictory results in the
literature, consumption of micronutrients,37 such as iron,
zinc, and folic acid, may be suboptimal in children with
FTT. Micronutrient deficiencies are common contributors
to poor growth, intellectual impairments, and increased
morbidity.38,39 Therefore, children with FTT are evaluated
for these nutrient deficiencies, and it should be supple-
mented when needed. Although it is difficult to make a
definite comment because of the lack of a control group,
the prevalence of micronutrient deficiency, including iron,
zinc, folic acid, vitamin B12, and vitamin D, was not
higher than in our general population. In Turkey, 25% of
children have zinc deficiency,40 15.6–64.8% have vitamin D
insufficiency,41,42 2.2% have vitamin B12 deficiency,43 and
23.3% have folic acid deficiency.44 Some studies have shown
that micronutrient deficiencies are correlated with the sever-
ity and chronicity of nutrition deprivation.45 In contrast,
in our cohort, the frequency of micronutrient deficiencies,
such as vitamin D, zinc, vitamin B12, iron, and folate, was
similar to that of the general population.

Globally, 1 or more micronutrient deficiencies is ob-
served in 50% of children aged from 6 months to 5 years.46

There are no current global figures for iron deficiency. It
is estimated that iron deficiency occurs in most preschool
children in nonindustrialized countries and nearly half of
the children in industrialized countries.47 In our study, the
prevalence of iron deficiency (20%) was lower compared
with World Health Organization (WHO) estimates.47 The
estimated global prevalence of zinc deficiency is 31% and
ranges from 4% to 73%.48 In our study, nearly 25% of
children with FTT suffer from zinc deficiency, which was
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lower than the estimated global prevalence. Prevalence of
vitamin D deficiency worldwide is still uncertain. Moreover,
the frequency of low vitaminD status in children worldwide
is quite variable, with ranges from 1% to 78%.49 However,
our rate is similar to those from the Middle East.49 Vitamin
A deficiency (VAD) is a major nutrition concern in children.
WHO global estimates of VAD indicate that 33% of the
preschool-age population are at risk of VAD.50 In the case
of VAD, prevalence (33%) was similar to that reported in
WHO estimates.50

The strength of the present study is the size of the
patient population. This study also has some limitations,
such as the retrospective design, lack of maternal nutrition
status, follow-up data, limited number of micronutrient
evaluations, and socioeconomic data. The other limitation
was that the diagnosis of chronic malnutrition was based
on a single z-score. It may have caused an overdiagnosis
of chronic malnutrition in patients with idiopathic short
stature or constitutional growth delay. Also, because of the
lack of longitudinal data, a significant portion of patients
who have had malnutrition for >3 months but have not
dropped their HAZ below −2 may be missed. The inability
to identify mixed etiologies of FTT is another limitation of
our study.

In conclusion, we showed that the most common etiol-
ogy of FTT is purely nutrition FFT. Extensive diagnostic
workup is rarely helpful to reveal the etiology if there is
no clinical suspicion. However, a combination of detailed
medical history, complete physical examination, and an-
thropometric criteria help to narrow the etiology of FTT.
No difference was observed in micronutrient deficiency,
such as iron, zinc, and vitamin B12, among children with
FTT, also due to the type of malnutrition.
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to the acquisition and analysis of the data; S. Selbuz, C. T.
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