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Introduction

Type 1 diabetes mellitus (T1DM) is more commonly seen 
at childhood. Children with T1DM are classically lean or of 
normal weight at the time of diagnosis. In recent years, in 
parallel to increased incidence of obesity, increased body 
weight and development of insulin resistance have become 
striking findings in patients with T1DM, particularly in 
those with poor glycemic control (1). Both glucotoxicity and 
metabolic imbalance caused by poor glycemic control lead 
to more severe complication at earlier ages, implying a need 

for a novel and practicable criterion for early diagnosis and 
monitoring of complications. 

Hepatosteatosis is an important complication in children 
with T1DM as it indicates metabolic imbalance and 
development of peripheral insulin resistance. Lipoprotein is 
structurally impaired, and secondary to the hyperglycemia, 
glucose transporter 2-mediated glucose uptake from the 
circulation by the liver is increased. This results in increased 
fatty acid and lipoprotein synthesis, which is implied in 
the pathogenesis (2,3,4). Such hepatic disorders due to 
causes other than alcohol are termed as non-alcoholic fatty 
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liver disease (NAFLD). In addition, hyperglycemia can also 
cause endothelial injury and activation of the coagulation 
system (5,6). In this regard, carotid intima-media thickness 
(CIMT) that reflects premature atherosclerotic changes is an 
important marker (7). Thus, hepatosteatosis and increased 
CIMT are complications which may herald poor metabolic 
control and chronic influences in children with T1DM (8). 

Fetuin-A (Alpha-2 Heremans Schmid glycoprotein) is a 
negative acute phase reactant synthesized by the liver. This 
glycoprotein also causes insulin resistance by enhancing 
insulin receptor tyrosine kinase activity and insulin receptor 
auto-phosphorylation (9). The fact that fetuin-A production 
is increased by hyperlipidemia and hyperglycemia 
suggests that it can be a valuable parameter for predicting 
complications of T1DM as well as monitoring poor glycemic 
control (10). 

This study aimed to investigate fetuin-A levels in predicting 
complications in patients with T1DM and to assess its 
relationship with clinical, radiological, and biochemical 
parameters. It also aimed to identify a cut-off value for 
fetuin-A that may indicate poor metabolic control and to 
assess its reliability. 

Methods

The study was approved by the Erciyes University Local Ethics 
Committee (approval number: 2014/118) and informed 
consent was obtained from patients or relatives. The study 
included 80 patients (40 boys and 40 girls, mean age 13.5 
years) without any chronic complications or comorbid 
auto-immune disorders and who had been followed with 
the diagnosis of T1DM for at least 5 years at the Pediatric 
Endocrinology Department of Erciyes University, Faculty 
of Medicine. Patients with alcohol consumption, smokers, 
those with positive serology for hepatitis, those with an 
infectious or comorbid systemic disorder, and those on drug 
therapy were excluded. In all patients, weight (kg), height 
(cm), waist circumference (cm), and neck circumference 
were measured by the same observer. Body mass index 
(BMI) was calculated by using the following formula: BMI 
= weight (kg) / height2 (m2). Patients with a BMI >95th 
percentile according to age and gender were considered as 
obese (11). The waist circumference was measured at the 
narrowest level between the costal arch and the processus 
spina iliaca anterior superior at the end of expiration in 
the patient standing upright (12). The neck circumference 
was measured at the level of the superior margin of the 
cricothyroid membrane in the patient standing upright with 
shoulders relaxed (13). Two blood pressure measurements 
with 15 minutes interval were performed by the same 
observer and the mean value was recorded. 

Percentage of body fat (BF%) was analyzed by using Tanita 
BC480MA body composition analyzer. Blood samples were 
drawn after an 8-hour fast for determination of lipid profile 
[triglyceride, total cholesterol (TC), low-density lipoprotein 
(LDL), high-density lipoprotein], hepatic enzymes [alanine 
aminotransferase (ALT), aspartate aminotransferase (AST)], 
gamma-glutamyl transferase (GGT), glycated hemoglobin 
A1c (HbA1c), serological hepatitis markers, systemic 
infection markers, and complete blood count (CBC). In 
addition, microalbumin: creatinine ratio was measured in 
spot urine samples of first morning void. Microalbumin: 
creatinine ratio of 0-30 µg/mg was defined as normal, while 
30-300 µg/mg as micro-albuminuria and >300 µg/mg as 
proteinuria. Biochemical parameters were determined 
using Abbot Architect C8000 kits, while CBC was performed 
by using Siemens Advia 2120i hematology system. 

Fundus examination and electromyography were performed 
in all patients. Children with diabetic micro-vascular 
complications (microalbuminuria-neuropathy-retinopathy) 
or comorbid auto-immune disorders were excluded. 

Sonography was performed by the same observer in all 
patients. Internal carotid artery and the segment 1-2 cm 
proximal to the main carotid artery were screened and CIMT 
measurement was performed. To assess NAFLD, hepatic 
sonography was performed and rated as grade 1, 2, and 3 
according to degree of hepatic echogenicity and appearance 
of right hemi-diaphragm and intra-hepatic vessels. 

Blood samples (5 mL) were drawn into anticoagulant-free 
tubes for fetuin-A analysis. After allowing clotting over 
20-30 minutes at room temperature, the samples were 
centrifuged at 5000 rpm for 10 minutes at 4±2 °C in a 
refrigerated centrifuge. The sera were stored at -80 °C until 
time of assay. Fetuin-A was measured using the enzyme-
linked immunosorbent assay technique by taking the 
dilution factor into account. The detection limit was 0.35 
ng/mL. Intra-assay and inter-assay coefficients of variation 
were 3.5% and 5.5%, respectively (14). 

Statistical Analysis

The data were analyzed by using IBM SPSS Statistics 
version 22.0. Descriptive statistics were presented as 
count (n), percent (%), mean ± standard deviation, and 
median (minimum-maximum). In numeric variables, 
normal distribution was tested by Shapiro-Wilk normality 
test and Q-Q graphics. Comparisons between groups were 
performed by using the non-parametrical Mann-Whitney 
U test, while prevalence comparisons were performed by 
using chi-square test. A p-value <0.05 was considered as 
statistically significant. Receiver operating characteristics 
(ROC) analysis was used to determine cut-off value for 
fetuin-A and its reliability. The Youden index (represents the 
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maximum of sensitivity + specificity -1 for all cut points in 
the ROC curve) was used to determine the optimum cut-off 
value of fetuin-A for detection of hepatosteatosis.

Results 

The study included 80 patients with T1DM (40 boys and 
40 girls). Duration of DM ranged from 5 to 16 years. On 
sonography, grade 1 hepatosteatosis was detected in 8 
patients (10%). 

The patients were stratified into two groups based on 
presence or absence of hepatosteatosis, as NAFLD (+) 
and NAFLD (-). The groups were compared regarding 
age, gender, duration of DM, BMI, BF%, lean body mass 
(LBM), right and left CIMT, fetuin-A level, HbA1c level, lipid 
profile, and results of hepatic function tests. Mean blood 

pressure was assessed according to age- and sex-adjusted 
percentile curves. No patient had hypertension based on 
this assessment. 

Mean age was 14 years (9-17 years) in NAFLD (+) patients 
and 13.5 years (6-18 years) in NAFLD (-) patients. There 
were 5 boys and 3 girls in the NAFLD (+) group, 35 boys 
and 37 girls in the NAFLD (-) group. There was no significant 
difference in age and duration of DM between the groups 
(p=0.37 and p=0.089; Table 1). 

When groups were compared, BF% and right-left CIMT 
were found to be significantly higher in the NAFLD (+) 
group than in the NAFLD (-) group (p=0.037, p=0.003 
and p=0.014, respectively). No significant difference was 
detected in anthropometric measurements, BMI, and LBM 
between the two groups. 
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Table 1. Assessment of patients according to hepatosteatosis

NAFLD (-)
n=72

NAFLD (+)
n=8

p

Median Min-Max Median Min-Max

Age (years) 13.50 6.00-18.00 14.00 9.00-17.0 0.370

DOD (years) 6.00 5.00-14.00 6.50 5.00-16.00 0.089

BMI (kg/m2) 19.10 15.0-24.30 20.40 18.00-45.30 0.460

BF% 17.70 10.60-29.70 22.00 10.10-36.50 0.037

FFM (kg) 33.70 14.30-57.30 37.30 20.20-59.90 0.140

WC (cm) 66.00 54.0-83.00 69.00 54.00-88.00 0.195

NC (cm) 30.00 26.00-39.00 31.00 26.00-37.00 0.351

IMT-right (mm) 0.50 0.40-0.75 0.55 0.40-0.65 0.003

IMT-left (mm) 0.50 0.40-0.75 0.55 0.04-0.65 0.014

NAFLD: non-alcoholic fatty liver disease, DOD: the duration of diagnosis, BMI: body mass index, BF%: percentage of body fat, FFM: fat-free mass, WC: waist 
circumference, NC: neck circumference, IMT-right: intima-media thickness-right, IMT-left: intima-media thickness-left, Min: minimum, Max: maximum

Table 2. Biochemical parameters according to non-alcoholic fatty liver disease

NAFLD (-)
n=72

NAFLD (+)
n=8

p

Median Min-Max Median Min-Max

Fetuin (ng/mL) 377.12 133.24-577.16 434.20 102.64-586.88 0.024

HbA1c (%) 7.90 6.00-9.50 8.20 7.10-10.50 0.072

GGT (IU/L) 11.00 1.00-18.00 11.00 6.00-40.00 0.119

AST (IU/L) 19.00 10.00-88.00 17.00 9.00-62.00 0.847

ALT (IU/L) 13.00 7.00-52.00 17.00 10.00-83.00 <0.001

AST/ALT ratio 1.46 1.06-2.57 1.00 0.16-1.88 <0.001

Total cholesterol (mg/dL) 140.00 91.00-228.00 145.00 99.00-206.00 0.568

TG (mg/dL) 83.00 39.00-275.00 105.00 54.00-314.00 0.580

HDL (mg/dL) 58.00 28.00-98.00 61.00 28.00-92.00 0.233

LDL (mg/dL) 76.00 39.00-149.00 87.00 45.00-120.00 0.317

NAFLD: non-alcoholic fatty liver disease, HbA1c: hemoglobin A1c, GGT: gamma glutamyl transferase, AST: aspartate aminotransferase, ALT: alanine 
aminotransferase, TG: triglyceride, HDL: high-density lipoprotein, LDL: low-density lipoprotein, Min: minimum, max: maximum
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When biochemical parameters were compared between 
groups, fetuin-A and ALT levels were found to be 
significantly higher in the NAFLD (+) group (p=0.024 and 
p=0.072, respectively; Table 2, Figure 1). AST: ALT ratio 
was significantly lower in the NAFLD (+) group. There was 
no significant difference in HbA1c, GGT, and lipid levels 
between the two groups.

The ROC analysis was used to assess usefulness of fetuin-A 
as a marker for hepatosteatosis development. In the ROC 
analysis, area under curve was estimated to be 0.672 
[95% confidence interval (CI): 0.558-0.773; p=0.022], 
indicating that fetuin-A is a reliable parameter. Again, in 
the ROC analysis, cut-off value for presence or absence of 
hepatosteatosis was calculated as 514.28 ng/mL (sensitivity: 
47.34, 95% CI: 24.5-71.1 and specificity: 96.72, 95% CI: 
86.6.99.5). Youden index was calculated as 0.51. 

We also assessed the reliability of fetuin-A cut-off value 
as a marker for poor metabolic control. The statistical 
relationship between fetuin-A level above cut-off value and 
NAFLD positivity was assessed by chi-square test, revealing 
a significant difference (x2: 20.476, p<0.001).

When clinical findings between groups were analyzed by 
stratifying patients according to cut-off value, it was found 
that patients with a fetuin-A level above cut-off value 
had higher BF% value and increased right and left CIMT 
(p=0.001, p=0.001, and p<0.001, respectively; Table 3; 
Figure 2). However, there was no significant difference in 
age, duration of DM, BMI, LBM, waist circumference (WC), 
and neck circumference between the two groups. 

When biochemical parameters were analyzed by stratifying 
patients according to cut-off value, it was found that there 
were significant differences in HbA1c, GGT, and TC levels 
between patients with a fetuin-A level below and above cut-

Table 3. Anthropometric measurements according to fetuin-A cut-off levels

Fetuin-A (ng/mL) <514.28, n=68 Fetuin-A (ng/mL) ≥514.28, n=12 p

Median Min-Max Median Min-Max

Age (years) 14.00 6.00-18.00 13.00 9.0-17.9 0.516

DOD (years) 6.00 5.0-16.0 6.75 5.00-11.00 0.131

BMI (kg/m2) 19.20 15.00-27.60 20.55 16.20-45.30 0.159

BF% 17.60 10.10-29.70 23.80 16.00-36.50 0.001

FFM (kg) 34.55 14.30-57.30 37.20 24.60-59.90 0.403

WC (cm) 67.00 54.0-83.0 69.50 54.0-88.0 0.462

NC (cm) 30.00 26.00-39.00 30.50 26.00-37.00 0.621

IMT-right (mm) 0.50 0.40-0.75 0.60 0.45-0.65 0.001

IMT-left (mm) 0.50 0.40-0.75 0.60 0.50-0.65 <0.001

DOD: duration of diagnosis, BMI: Body mass index, BF%: percentage of body fat, FFM: fat-free mass, WC: waist circumference, NC: neck circumference,  
IMT-right: intima-media thickness-right, IMT-left: intima-media thickness-left, Min: minimum, Max: maximum 

Figure 1. Relationship between fetuin-A and non-alcoholic 
fatty liver disease

NAFLD: non-alcoholic fatty liver disease, CI: confidence interval

Figure 2. Relationship between fetuin-A and carotid intima-
media thickness

CIMT: carotid intima-media thickness, IMT-right: intima-media thickness-
right, IMT-left: intima-media thickness-left 
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off value (p=0.03, p=0.025, p=0.027, respectively), but 
there was no significant difference in ALT level nor in AST: 
ALT ratio (Table 4). 

HbA1c, AST, GGT, BF%, and WC were detected to positively 
correlate with fetuin-A (r=0.370, p=0.001 – r=0.274, 
p=0.015 - r=0.419, p<0.001 - r=0.485, p<0.001 - 
r=0.286, p=0.010, respectively).

Discussion

The prediction of complications which determine mortality 
and morbidity in T1DM before onset of clinical findings, 
at a time when they are reversible, will increase success in 
the follow-up (15). In the present study, fetuin-A levels were 
investigated as a parameter to determine risk prediction. 

In the literature, there is limited number of studies on 
association of NAFLD and poorly controlled T1DM. In a study 
from Egypt, NAFLD was detected in 4.5% of 692 children 
with T1DM (16). In a study on 202 patients with T1DM, 
Targher et al (8) detected hepatosteatosis in 44.4% of patients 
and reported higher HbA1c level, longer DM duration, and 
higher nephropathy rates in these patients. In that study, 
it was seen that mean age was higher in diabetic patients 
with NAFLD than in those without NAFLD (47±12 years 
vs. 37±12 years). In our study, there was NAFLD in 10% of 
80 patients with T1DM; however, no significant difference 
was detected between patients regarding duration of DM. In 
addition, no micro- or macro- vascular complications were 
detected in the patients. Lack of significant difference in age 
and duration of DM and absence of complications may be 
attributed to selection of younger patients. 

The most valuable marker of hepatic injury is elevated ALT 
levels and low AST: ALT ratio (17,18). In our study, it was 

found that ALT levels were higher, while AST: ALT ratio was 
significantly lower in patients with NAFLD. 

In a study from a pediatric diabetes centre in Germany, 93 
children and adolescents with T1DM were investigated for 
NAFLD using ultrasound, biochemical findings, and liver 
stiffness measurements (FibroScan® and acoustic radiation 
force imaging). Completely normal results were obtained 
in 88.1% of these patients, 1.1% fulfilled the criteria as 
potential NAFLD patients, and 10.8% showed some mild 
abnormality in at least one category (19). We obtained 
similar results in this present study, using a different 
technique to evaluate NAFLD. 

The CIMT is used as an early marker of subclinical 
atherosclerosis, and it is reported that CIMT is higher in 
diabetic patients than in the normal population (20,21). 
Gökşen et al (20) conducted a study on 55 children with 
T1DM and 30 healthy children and found that CIMT 
values were significantly higher in diabetic patients when 
compared to healthy controls. In our study, there was no 
control group; however, it was found that bilateral CIMT 
value and BF% were higher in diabetic patients with NAFLD 
despite comparable BMI values, as well as comparable 
duration of DM and HbA1c levels. 

Although it is unclear which factors regulate fetuin-A 
production, it was reported that free fat acids (FFAs) and 
hyperglycemia increase fetuin-A expression and induce 
insulin resistance (22). Ix et al (23) conducted a study to 
investigate the relationship between metabolic syndrome 
and fetuin-A on 711 patients with coronary artery disease 
having non-diabetic metabolic syndrome and found that the 
increase in fetuin-A level was associated to each component 
of metabolic syndrome. Authors suggested that this was due 
to increased lipolysis as a result of inhibition of tyrosine 

Table 4. Biochemical parameters according to fetuin-A cut-off levels

Fetuin-A (ng/mL) <514.28, n=68 Fetuin-A (ng/mL) ≥514.28, n=12 p

Median Min-Max Median Min-Max

Fetuin (ng/mL) 371.72 102.64-510.40 584.90 514.28-586.88 <0.001

HbA1c (%) 7.90 6.40-9.50 8.45 6.00-10.50 0.030

GGT (IU/L) 10.69 1.00-35.00 13.00 8.00-40.00 0.025

AST (IU/L) 18.50 9.00-88.00 25.50 11.00-62.00 0.080

ALT (IU/L) 14.00 7.00-83.00 16.00 10.00-60.00 0.099

AST/ALT 1.42 0.16-2.57 1.13 0.86-2.55 0.315

Total cholesterol (mg/dL) 140.00 91.00-228.00 167.00 99.00-198.00 0.027

TG (mg/dL) 83.00 39.00-275.00 106.00 57.00-314.00 0.609

HDL (mg/dL) 58.00 28.00-98.00 63.00 28.00-92.00 0.215

LDL (mg/dL) 76.00 39.00-149.00 84.50 45.00-115.00 0.370

HbA1c: Hemoglobin A1c, GGT: gama glutamil transferase, AST: aspartate aminotransferase, ALT: alanine aminotransferase, TG: triglyceride, HDL: high-density 
lipoprotein, LDL: low-density lipoprotein, Min: minimum, Max: maximum
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kinase receptor by fetuin-A, increased release of FFAs from 
adipose tissue, and increased production of apolipoprotein 
B containing very LDL (24). 

In a study on rats with induced T1DM, it was demonstrated 
that secondary insulin resistance developed immediately 
after deprivation of insulin reserve and that this was 
associated with fetuin-A levels (24). Although the number 
of clinical trials on this issue is limited, in the study by 
Gheissari et al (25), a significant decrease was observed 
in fetuin-A level after initiation of valsartan in T1DM 
patients with nephropathy. In another study in which 
patients with T1DM (n=62) were compared with healthy 
controls, fetuin-A level and CIMT were found to be higher 
in the patient group (26). These findings have raised the 
question as to whether increased fetuin-A levels can predict 
development of findings of metabolic syndrome, such as 
insulin resistance, hyperlipidemia, NAFLD and increased 
CIMT values are added over time, in T1DM patients with 
poor glycemic control. In our study, both fetuin-A and CIMT 
values were found to be higher in patients with NAFLD. In 
the second stage of our study, using ROC analysis, a cut-off 
value of fetuin-A for NAFLD risk was calculated to be 514.28 
ng/mL. The sensitivity and specificity were 47.34 (95% CI: 
24.5-71) and 96.72 (95% CI: 86.6-99.5), respectively. When 
patients were stratified according to this cut-off value, it 
was seen that patients with fetuin-A levels above the cut-
off value had poorer glycemic control and higher TC levels. 
However, there was no significant difference in ALT level 
and AST: ALT ratio between the two groups. These findings 
may indicate that fetuin-A levels may be a marker for 
hyperlipidemia, metabolic syndrome, and poor glycemic 
control before onset of hepatic injury in children with 
T1DM. Again, bilateral IMT values were significantly higher 
in patients with fetuin-A levels above the cut-off value; this 
finding supports the hypothesis that fetuin-A is a marker of 
early atherosclerotic changes. 

Study Limitations

We acknowledge that the small number of T1DM patients 
diagnosed as hepatosteatosis in our study is a limitation. 
Also, our reason for using sonography instead of fine-needle 
biopsy, which is the accepted gold standard in the diagnosis 
of hepatosteatosis, was due to its being a non-invasive 
method. 

Conclusion

In conclusion, our findings indicate that increased CIMT 
values and NAFLD can be accepted as markers of poor 
metabolic control in the follow-up of diabetic patients before 

detectible diabetic complications develop. The results also 
suggest that patients at risk can be identified by measuring 
fetuin-A level alone before onset of clinical and/or laboratory 
findings of chronic complications. Further comprehensive 
studies are needed in this area. 
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Introduction

Maternal obesity may lead to serious health complications 

for mother and fetus. It increases the incidence of maternal 

pregnancy complications such as gestational diabetes and 

preeclampsia (1,2,3,4). In addition to maternal health 

complications, there is also a considerable increase in the 

risk of fetal complications. These include stillbirth (3,5,6), 

spontaneous abortions (5) and fetal asphyxia (7), as well 

as increased risk of delivery of small for gestational age 

or large for gestational age babies (8,9,10). In the long-

term, the offspring of obese mothers have a higher risk of 

Objective: To explore the effects of maternal high-fat (HF) diet-induced obesity on fetal growth and the expression of placental nutrient 
transporters. 
Methods: Maternal obesity was established in rats by 8 weeks of pre-pregnancy fed HF diet, while rats in the control group were 
fed normal (CON) diet. Diet-induced obesity (DIO) rats and diet-induced obesity-resistant (DIR) rats were selected according to body 
weight gain over this period. After copulation, the CON rats were divided into two groups: switched to HF diet (CON-HF group) or 
maintained on the CON diet (CON-CON group). The DIO rats and DIR rats were maintained on the HF diet throughout pregnancy. 
Pregnant rats were euthanized at day 21 gestation, fetal and placental weights were recorded, and placental tissue was collected. Reverse 
transcription-polymerase chain reaction was used to determine mRNA expression of placental nutrient transporters. Protein expression 
was determined by Western blot.
Results: Average fetal weight of DIO dams was reduced by 6.9%, and the placentas of CON-HF and DIO dams were significantly heavier 
than the placentas of CON-CON and DIR dams at day 21 of gestation (p<0.05). The fetal/placental weight ratio of DIO dams was 
significantly reduced compared with the fetal/placental weight ratio of CON-CON dams (p<0.05). The mRNA expression of GLUT-1 and 
SNAT-2 were not significantly different between groups. The mRNA and protein expression levels of CD36, FATP-1, and FATP-4 in DIO 
dams were decreased significantly (p<0.05).
Conclusion: Maternal obesity induced by a HF diet led to intrauterine growth retardation and down-regulated the expression of placental 
fatty acid transporters. 
Keywords: Obesity, placenta, nutrient transport, high-fat diet, intrauterine growth 

Abstract

What is already known on this topic?

What this study adds?

One of the most fundamental questions arising from the study is how diet-induced obesity and diet-induced obesity-resistant dams and 
their offspring differ in terms of their respective metabolic response to a high-fat diet.

Previous studies have investigated the association between maternal obesity and placental nutrient transporters, but results have been 
inconsistent.
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obesity in adult life, and this is likely due to the combined 
effects of genetics and environment. Given these factors, 
understanding how maternal obesity might have an impact 
on offspring health is of major public health importance. 

Pregnancy is a critical period of physiological change for 
both the mother and the fetus. The placenta, the interface 
between the maternal and fetal blood circulations (11), is 
responsible for the maternal-to-fetal transfer of nutrients 
which are essential for fetal growth and development. 
Fetal growth is directly related to maternal nutrient 
availability and the placental ability to transport these 
nutrients from maternal circulation to the fetus. Glucose, 
amino acids, and fatty acids are essential macronutrients 
for adequate fetal growth. All of these traverse the 
placental syncytiotrophoblasts (SCTB) mediated by specific 
transporters. Placental glucose transport occurs by facilitated 
diffusion along a concentration gradient through members 
of the glucose transporter (GLUT) family (12,13). Amino acid 
transport across the human placenta is a complex process 
because more than 20 different amino acid transporters 
with overlapping specificities are expressed in the SCTB. 
For example, system A is a sodium-dependent accumulative 
transport system which mediates the uptake of neutral 
amino acids (both essential and nonessential) with short 
and unbranched side chains, mostly L-alanine, glycine, 
L-serine, L-methionine, and L-glutamine (14,15). In recent 
years, a gene family of sodium-coupled neutral amino 
acid transporters [(SNAT); (SCL38 gene family)] coding for 
proteins that possess the classically described system A 
transport activities (in terms of their functional properties 
and patterns of regulation) has been cloned (16). SNAT-2 is 
widely expressed in rat tissues, and its mRNA concentration 
increases in cultured cells during adaptive regulation or with 
the addition of cAMP (17). The proteins associated with fatty 
acid transport include fatty acid transport proteins (FATP), 
fatty acid translocase (FAT/CD36), plasma membrane fatty 
acid binding protein (FABPpm), and other FABP (18,19). 
FATPs, six members (FATPs1-6), are integral membrane 
proteins that are of importance for the uptake of long-chain 
fatty acids (18). Five members (FATPs1-4, and 6) have been 
identified in placental trophoblasts (18). FATP-1 and FATP-
4 have been frequently studied in placental tissue as their 
expression correlates with docosahexaenoic acid levels in 
maternal plasma, cord blood, and placental phospholipids, 
suggesting an important role in the transfer of long-chain 
polyunsaturated fatty acids (20). Of note, previous studies 
have investigated the association between maternal obesity 
and placental nutrient transporters, but results have been 
inconsistent. Reynolds et al (21) have reported that maternal 
high-fat (HF) consumption induces sex-specific nutrient 

transport in the rat placenta (21). In this study, maternal 
HF consumption was found to be associated with increased 
placental CD36 mRNA expression only in female placentas, 
and placental GLUT1, GLUT4, and SNAT2 mRNA expression 
significantly increased only in HF male placentas. This sex 
difference may be driven by sexually dimorphic placental 
alterations which occur as a result of maternal gestational 
diets. Farley et al (22) reported that maternal obesity was 
accompanied by decreased placental SNAT activity although 
the offspring grew normally. In a Canadian study in humans, 
it was found that maternal obesity was associated with 
increased placental CD36 mRNA and protein expression 
and decreased FATP-4 mRNA and protein and FABP3 
protein expression (23). However, Zhu et al (24), working 
with sheep, showed that maternal obesity enhanced the 
mRNA expression and protein content of FATPs in the 
placenta. These complex and conflicting results raise 
significant doubt as to whether placental nutrient transport 
is associated with maternal obesity. Therefore, in this study, 
we developed a model of maternal obesity in which rats 
are fed a HF diet and used this model to determine how 
maternal obesity influenced fetal growth, placental weight, 
as well as placental gene and protein expression of nutrient 
transporters. 

Methods

All animal procedures were approved by the Animal Ethics 
Committee of Anhui Medical University (approval number: 
20131188). Female Sprague-Dawley rats, 6 weeks old, were 
obtained from the Experimental Animal Center of Anhui 
Medical University. The rats were maintained in controlled 
temperature (23-25 °C), light (12-hr light - dark cycle), and 
humidity (55±5%) conditions with access to food and water 
ad libitum. Subsequent to a seven day adaptation period, 
animals were given ad libitum access to either a control 
(CON; n=40) diet of standard rodent chow (3.435 kcal/g; 
12% energy as fat, Jiangsu Xie Tong Biological Engineering 
Co., Ltd.) or a HF; (n=53) diet which contained 70% normal 
chow, 10% lard, 1% cholesterol, 3% casein, 10% egg yolk 
powder, and 6% whole-milk powder (4.487 kcal/g; 45% 
energy as fat, Jiangsu Xie Tong Biological Engineering Co., 
Ltd.). Body weight of each dam was monitored weekly. After 
7 weeks of feeding, rats fed the HF diet exhibited varying 
somatic weight change in response to the diet. According 
to the approach undertaken in previous studies (25,26), 18 
rats with the highest body weight gain were designated as 
diet-induced obesity (DIO) rats, while 18 rats with lowest 
body weight gain were designated as diet-induced obesity-
resistant (DIR) rats. During the 8th week, the food intakes of 
the CON, DIO, and DIR rats were measured. At the end of 
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the 8th week, the CON, DIO, and DIR rats were mated with 
age-matched Sprague-Dawley male rats fed the CON diet. 
Copulation was confirmed by the presence of sperm in a 
vaginal flush; the day of copulation was designated gestational 
day (GD) 0. After copulation, the CON rats were divided into 
two group: half were switched to the HF diet (CON-HF group, 
n=10), while half were maintained on the CON diet (CON-
CON group, n=10). The DIO (n=10) rats and DIR (n=10) 
rats were maintained on the HF diet throughout pregnancy. 
Food intakes during pregnancy were measured. Body 
weights were monitored weekly. At the end of GD21, all rats 
were fasted overnight prior to being euthanized with chloral 
hydrate which was also used in previous studies (27,28,29). 
Blood samples of rats were obtained from the common 
abdominal aorta for measurements of insulin levels. Fetuses 
in each litter were counted and weighed, and then crown-
rump length was measured. Fetal blood samples were also 
collected for measurements of insulin level. Maternal and 
fetal blood glucose levels were measured immediately using 
an Accu-Chek blood glucose monitor (Accu-Chek; Roche 
Diagnostics, Mannheim, Germany) (30,31). Serum insulin 
level was determined by radioimmunoassay (Beijing North 
Biotechnology Research Institute, Beijing, China). Placental 
weights were recorded, and placentas were snap frozen in 
liquid nitrogen and stored at -80 °C until further analysis.

Isolation of Total RNA and Real-time Polymerase Chain Reaction

Total RNA was extracted from placental tissues, and real-
time polymerase chain reaction (rt-PCR) performed as 
previously described (32). Total RNA was extracted using 
TRI reagent (Molecular Research Center). Ribonuclease-
free deoxyribonuclease-treated total RNA (1.0 μg) was 
reverse-transcribed with Aves myeloblast leukemia virus 
reverse transcriptase (Promega). RT-PCR was performed 
with a LightCycler 480 SYBR Green I kit (Roche Diagnostics 
GmbH) using gene-specific primers as listed in Table 1. 
Specific primers were synthesized by Shanghai Sangon 
Biological Engineering Technology (Shanghai, China). The 
amplification reactions were carried out on a LightCycler 
480 Instrument (Roche Diagnostics GmbH) with an initial 
hold step (95 °C for 5 minutes) and 50 cycles of a three-step 
PCR (95 °C for 15 seconds, 60 °C for 15 seconds, 72 °C for 
30 seconds). The comparative cycle threshold method was 
used to determine the amount of target, normalized to an 
endogenous reference (GAPDH) and relative to a calibrator 
using the LightCycler 480 software (version 1.5.0; Roche).

Western Blot 

Total lysate from rat placentas was prepared by homogenizing 
50 mg placenta tissue in 300 μL lysis buffer (50 mM Tris-HCl, 
pH 7.4, 1 mM EDTA, 150 mM NaCl, 0.1% sodium dodecyl 

sulfate, 1% Triton X-100, 1% sodium deoxycholate, 1 mM 
phenylmethylsulfonyl fluoride) supplemented with a cocktail 
of protease inhibitors (Roche). Protein concentrations were 
determined using bicinchoninic acid (BCA) protein assay 
reagents (Pierce, Rockford, IL) according to manufacturer’s 
instructions. The levels of CD36, FATP1, and FATP4 in 
placental tissue were quantified using Western blot, as 
previously described (32). Briefly, an amount of protein (40 
~ 80 μg) was separated electrophoretically by SDS-PAGE 
and transferred to a polyvinylidene fluoride membrane. 
Membranes were blocked in 5% non-fat milk in tris buffered 
saline (TBST) (137 mM NaCl, 2.7 mM KCl, 25 mM Tris-Cl, 
pH 8.0) supplemented with 0.1% Tween-20 overnight at 4 
°C. The membranes were incubated for 2 hours with the 
following antibodies: CD36 (1:500; Abcam Inc, Cambridge, 
MA), FATP1 (1:500; Abcam Inc, Cambridge, MA), and FATP4 
(1:1000; Abcam Inc, Cambridge, MA). β-actin (1:2000; Santa 
Cruz Biotechnologies, CA, USA) was used as a loading control. 
After being washed in TBST containing 0.05% Tween-20 four 
times for 10 min each, the membranes were incubated with 
secondary antibody (goat anti-rabbit IgG or goat anti-mouse 
IgG; both from Santa Cruz Biotechnologies, CA, USA) for 2 
hours. The membranes were then washed for four times in 
TBST containing 0.05% Tween-20 for 10 min each. Finally, 
enhanced chemiluminescence solution (ECL kit; Pierce 
Biotechnology, USA) was added, and Fine-do X6 visualizer 
was used for the photographing (Tanon, Shanghai, China).

Statistical Analysis

All statistical analysis was performed using the SPSS 13.0 
software (SPSS Inc, Chicago, IL). For animal experiments, 
the litter was considered the unit for statistical analysis 
among different groups. For fetal weight and crown-rump 
length, the means were calculated per litter. All values 
are expressed as the mean ± standard deviation (SD). 
Comparisons between CON and HF groups were compared 

Table 1. Oligonucleotide sequences and size of primers

Genes Sequences (5’ to 3’) Sizes (bp)

GAPDH
Forward: CTCAGTTGCTGAGGAGTCCC
Reverse: ATTCGAGAGAAGGGAGGGCT

120

CD36
Forward: CCTCGGATGGCTAGCTGATT
Reverse: AGAGCACTTGCTTCTTGCCA

189

FATP-1
Forward: CTTCTGGGACTTCCGTGGAC
Reverse: GTGTCGTCGTAGCTCTAGCC

159

FATP-4
Forward: CATGCGGCCTGATGACATTG
Reverse: CCGGGAGGCTGAAAACTTCT

130

GLUT-1
Forward: GCTGTGGCTGGCTTCTCTAA
Reverse: CCGGAAGCGATCTCATCGAA

185

SNAT-2
Forward: CTCCTCGCTGGTTCTTCTGG
Reverse: CCAAGGCTCGTGGTTTTTGG

123
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using two independent sample t-test. One-way ANOVA was 
used to determine differences among three or more groups 
and further comparison between two groups was assessed 
with least significant difference (LSD) post hoc test. A 
p-value <0.05 was considered statistically significant.

Results 

Effect of HF Diet on Body Weight, Food Intake, Energy Intake, 
Fasted Blood Glucose, and Serum Insulin of Dams

After two weeks, dams fed HF diet were significantly heavier 
than CON dams (t=2.254, p=0.029, Figure 1A). After 7 
weeks of feeding, there was a significant difference in body 
weight among CON rats, DIR rats, and DIO rats (F=39.864, 
p<0.001, Figure 1B); the weight of DIO rats was significantly 

higher than that of CON rats (21.2%, p<0.05). There was a 
significant difference in food intake and energy intake among 
the three groups (F=7.477, p=0.002, Figure 1C; F=28.412, 
p<0.001, Figure 1D). However, there was no difference in 
weight between CON and DIR rats at this time. There was no 
significant difference in fasted blood glucose or serum insulin 
among the three groups (Figure 1E and 1F).

Weight Gain, Food Intake, and Energy Intake During Pregnancy, 
Fasted Blood Glucose and Serum Insulin of Dams at GD21

There was no significant difference in weight gain during 
pregnancy among the four groups (CON-CON: 116.78±17.58 
g, CON-HF: 114.21±18.93 g, DIR: 109.77±15.93 g, 
DIO: 125.69±20.24 g; F=1.353, p=0.273; Figure 2A). 
However, fasting blood glucose and serum insulin levels 
at GD21 were not significantly different (Figure 2B, 2C). 
There were significant differences in food intake and energy 
intake during pregnancy among the four groups (F=3.547, 
p=0.028, Figure 2D; F=9.848, p<0.001, Figure 2E). The 
food intake of DIR rats was less than that of CON-CON rats 
and DIO rats during pregnancy (Figure 2D). The energy 
intake during pregnancy was more in DIO rats and CON-HF 
rats than in CON-CON rats and DIR rats (Figure 2E).	  

Effect of Maternal Obesity on Fetal Growth, Placental Weight, and 
Fetal to Placental Weight Ratio

Average fetal weight of DIO dams was reduced by 6.9% (DIO: 
4.88±0.17 g, CON-CON: 5.23±0.31 g, p<0.05; Figure 3A), 
while the average fetal weight of DIR dams and CON-HF dams 
was similar to those of CON-CON dams. Mean fetal weight 

Figure 1. Body weight, food intake, energy intake, fasted 
blood glucose, and serum insulin analysis in rats. A) body 
weight in rats that were fed either a control or high-fat diet, 
B) body weight at 8 weeks, C) food intake during the 8th week, 
D) energy intake during the 8th week, E) fasting blood glucose 
at 8 weeks, F) serum insulin after 8 weeks feeding

Data are mean + standard deviation

*Indicates p<0.05

FBG: fasting blood glucose, DIR: diet-induced obesity-resistant, DIO: diet-
induced obesity, HF: high-fat

Figure 2. Weight gain, food intake, energy intake during 
pregnancy, and fasting blood glucose and serum insulin at 
gestational day 21. A) weight gain, B) fasting blood glucose, 
C) serum insulin, D) food intake, E) energy intake during 
pregnancy (n=10 per group)

Data are mean ± standard deviation

*Indicates p<0.05

FBG: fasting blood glucose, DIR: diet-induced obesity-resistant, DIO: diet-
induced obesity, HF: high-fat  
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was significantly lower in DIO offspring compared with DIR 
offspring. However, there was no significant difference in 
offspring crown-rump length between the four groups (Figure 
3B). At GD21, the placentas of CON-HF and DIO dams were 
heavier than those of CON-CON and DIR dams (Figure 3C). 
Figure 3D shows that the fetal to placental weight ratio of 
DIO dams was significantly lower compared with the fetal to 
placental weight ratio of CON-CON and DIR dams.

Effect of Maternal Obesity on Placental mRNA and Protein 
Expression of Nutrient Transporter 

The mRNA expression of GLUT-1 and SNAT-2 was not 
significantly different between the groups (Figure 4A 
and 4B). The mRNA expression of placental fatty acid 
transporters CD36, FATP-1, and FATP-4 in DIO dams was 

decreased by 35.7%, 62.9%, and 45.0%, respectively 
(Figure 4C, 4D, 4E). FATP-4 mRNA expression in DIO dams 
was significantly reduced compared with that in DIR dams. 
The mRNA expression of CD36, FATP-1, and FATP-4 in the 
CON-HF group was not significantly reduced compared with 
that in CON-CON group. As shown in Figure 5, placental 
fatty acid transporter protein expression in DIO dams was 
significantly decreased compared with that in CON-CON 
dams. Protein expression of CD36, FATP-1, and FATP-4 in 
DIO dams was decreased by 48.7%, 57.2%, and 50.4%, 
respectively (Figure 5A, 5B, 5C). Protein expression of 
CD36, FATP-1, and FATP-4 was not significantly reduced in 
CON-HF group compared with the CON-CON dams.

Discussion

We report the effect of maternal HF, DIO on fetal growth and 
placental nutrient transport. We found correlation between 
maternal HF, DIO and reduced fetal growth. However, in 
animals resistant to induced obesity, no reduction in fetal 
weight was observed. Meanwhile, maternal HF, DIO down-
regulated the expression of placental fatty acid transporters 
(CD36, FATP-1 and FATP-4).

Obesity results from complex interactions of environmental 
and genetic components which facilitate the development 
of an obese phenotype (33). Diet is the most important 
environmental factor leading to obesity, and models of HF 
DIO are commonly used in studies. After feeding with a high 
fat diet, rats exhibited different phenotypes in response 
to the diet. Therefore, we selected the DIO and DIR rats 
according to weight gain after 7 weeks of HF feeding. We 
found that food intake and energy intake of DIR rats were 
lower than those of DIO rats, consistent with previous 
reports (34). Liu et al (35) reported that DIR rat has the 
ability to sense and respond to energy imbalance accurately, 
while the ability in DIO is blunted. Despite having the same 
feeding conditions as the DIO group, DIR rats are sensitive 

Figure 3. Effect of maternal obesity on fetal growth, placental 
weight, and fetal to placental weight ratio. A) average fetal 
weight, B) crown-rump length, C) placental weight, D) fetal to 
placental weight ratio. n=10 per group

Data are mean ± standard deviation 

*Indicates p<0.05

DIR: diet-induced obesity-resistant, DIO: diet-induced obesity, HF: high-fat

Figure 4. Effect of maternal obesity on placental mRNA 
expression of nutrient transporters. A) GLUT-1, B) SNAT-2, C) 
CD36, D) FATP-1, E) FATP-4, n=6 per group. 
Data are mean ± standard deviation 

*Indicates p<0.05.

DIR: diet-induced obesity-resistant, DIO: diet-induced obesity, HF: high-fat

Figure 5. Effect of maternal obesity on placental fatty  
acid transporters protein expression. A) CD36, B) FATP-1, C) 
FATP-4. n=6 per group

Data are mean + standard deviation

*Indicates p<0.05

DIR: diet-induced obesity-resistant, DIO: diet-induced obesity, HF: high-fat
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to the energy balance system and can adjust their energy 
expenditure to maintain a normal weight depending on the 
level of energy intake.

Previous studies have investigated the association between 
maternal obesity and fetal growth, but results have been 
contradictory. Increased risks for both fetal macrosomia and 
intrauterine growth restriction (IUGR) have been reported 
(8,9,10,36,37). In the current study, fetal weight of DIO dams 
was significantly reduced, and a clear association between 
maternal obesity and an increased the risk for IUGR were 
shown. Furthermore, DIO dams had normal blood glucose 
and serum insulin levels in our study, suggesting the absence 
of gestational diabetes mellitus despite the obese phenotype. 
In previous studies, obese mothers often developed 
abnormal glucose homeostasis (10,38). Thus, reports show 
inconsistencies which may be due to study design (contents 
of HF diet, time of HF diet feeding), degree of obesity in 
subjects, or species difference. Our results also demonstrate 
that fetal growth is different in DIO and DIR dams. Despite 
having the same feeding conditions as the DIO group, the 
offspring of DIR rats seem to be healthier compared with DIO 
offspring, consistent with previous reports (34). In a future 
study, the focus will be on the issue of how the DIR rats are 
protected from the deleterious effects of a HF diet.

The fetal to placental weight ratio has been considered to 
be a marker of placental nutrient transporter efficiency 
(39,40). A lower fetal to placental weight ratio may indicate 
below average placental nutrient transport efficiency. In our 
study, fetal to placental weight ratio was lower in DIO dams 
indicating that placental nutrient transport efficiency in DIO 
dams was decreased.

Fetal growth is mainly dependent on fetal nutrient 
availability, which is determined by the capacity of the 
placenta to transport nutrients. The transport of placental 
fatty acids is critical for fetal growth, particularly in late 
gestation (41). A previous study found that maternal obesity 
was associated with decreased FATP-4 mRNA and protein 
expression, whereas CD36 expression was increased (23). 
We found that the fatty acid transporters (CD36, FATP-1, and 
FATP-4) mRNA and protein expression were down-regulated 
in the DIO placenta. Thus, maternal obesity was associated 
with decreased placental fatty acid transporter mRNA 
and protein expression. It has been reported that several 
placental transport functions are altered in pregnancies 
complicated by IUGR (42). Placental fatty acid transporters 
may have an important role to play in the process of IUGR 
induced by maternal obesity. Our results are inconsistent 
with previously reported results (21,22,23,24), which may 
be due to species difference (rat, sheep, human, etc.), 
degree of obesity in subjects, study design, or gestational 
age studied (mid-gestation, late pregnancy, delivery, etc.).

Study Limitations

There are several limitations of the current study. Due to the 
nature of our obesity model, we are limited by the number of 
rats in our study, which left us underpowered to thoroughly 
assess differences between male and female fetuses. Thus, 
though we did not detect any trends, we cannot conclusively 
rule out the effect of fetal sex on these relationships. In 
addition, some metabolic factors (i.e. leptin, inflammation, 
lipids and fatty acids levels) in maternal circulation were 
not measured in current study. We are currently unable to 
ascertain how maternal obesity affected placental fatty acid 
transport. Further studies will be designed to explore the 
mechanism.

Conclusion

In summary, the current study indicates that maternal HF, 
DIO led to fetal growth retardation. Moreover, maternal 
obesity inhibits placental nutrient transport efficiency. In 
particular down-regulation of the fatty acid transporters 
(CD36, FATP-1, and FATP-4) mRNA and protein expression 
may have an important role in the development of IUGR 
in the offspring of obese mothers. One of the most 
fundamental questions arising from the study is how DIO 
and DIR dams and their offspring differ in terms of their 
respective metabolic response to a HF diet. In further 
studies, the metabolic difference between the DIO and DIR 
dams should be investigated comprehensively. Growth and 
development differences in their offspring should be also 
explored. These differences may be fundamental to future 
understanding of the effect of diet on obesity and health.
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Abstract

What is already known on this topic?

What this study adds?

Objective: In studies on the relationship between amino-terminal propeptide of C-type natriuretic peptide (NT-proCNP) concentration 
and height velocity in children, CNP has been implicated as an emerging new growth marker during childhood. It has been reported 
that besides its well-studied role in growth, plasma CNP levels are reduced in overweight and/or obese adolescents, suggesting CNP as a 
potential biomarker in childhood obesity. The primary goal of this study was to test this hypothesis in a Turkish population. 
Methods: Consent was taken from 317 children [ages 0-18 (158 girls, 159 boys)] and their parents. All subjects were physically examined; 
anthropometric measurements were obtained. Body mass index was calculated. During routine blood work, 1 mL extra blood was taken. 
Plasma NT-proCNP concentration was measured by enzyme-linked immunosorbent assay.
Results: Results confirmed the previously described relationship between plasma NT-proCNP concentration and growth velocity. Plasma 
NT-proCNP concentration showed a negative correlation with age, weight, and height in children. Gender was not a factor that alters the 
age-dependent plasma NT-proCNP concentration until puberty.
Conclusion: Unlike previous reports, plasma NT-proCNP concentration of overweight/obese children was not significantly lower than 
that of children with normal weight in age groups analyzed in a Turkish population. Thus, it is too early to conclude that CNP is a potential 
biomarker in childhood obesity. Further studies are necessary to address this question.
Keywords: C-type natriuretic peptide, amino-terminal propeptide of C-type natriuretic peptide, obesity, overweight, growth, biomarker

In contrast to what has been suggested before, plasma NT-proCNP concentration of children with overweight/obesity was not significantly 
lower than that of children with normal weight in age groups analyzed in a Turkish population. Thus, it is too early to conclude that CNP 
is a potential biomarker in childhood obesity. Further studies are necessary to address this question.

Results confirmed the previously described relationship between plasma amino-terminal propeptide of C-type natriuretic peptide (NT-
proCNP) concentration and growth velocity. Plasma NT-proCNP concentration showed a negative correlation with age, weight, and 
height in children. Gender was not a factor that alters the age-dependent plasma NT-proCNP concentration until puberty.
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Introduction

The amino-terminal propeptide of C-type natriuretic 
peptide (NT-proCNP) has mainly been implicated as 
a paracrine/endocrine factor involved in regulation of 
endochondral growth (1,2,3,4,5,6,7,8,9,10,11,12,13,14,
15). The relationship between plasma CNP concentration 
and height velocity in children has been demonstrated, 
and CNP has been implicated as an emerging new growth 
marker during childhood (5,12,13). Besides its well-studied 
role in growth, recent investigations also relate CNP and 
the signaling pathway induced by this peptide with obesity 
(16,17,18,19). These studies have shown that plasma CNP 
levels are reduced in adolescents with overweight and/
or obesity, suggesting CNP as a potential biomarker in 
childhood obesity.

The identification of CNP was based on its structural 
similarity to atrial natriuretic peptide (ANP) and brain 
natriuretic peptide (BNP) (20). Despite their structural 
similarity, natriuretic peptides are functionally distinct 
hormones (8). The first two, ANP and BNP, are produced 
by the atrium and the ventricle, respectively. They act 
mainly as cardiac hormones (6). CNP, on the other hand, 
is detected in tissues of a wide variety of systems in the 
body including the skeletal, central nervous, cardiovascular, 
urogenital, and immune systems (21). Recent investigations 
are focusing on the fact that CNP may be used as a potential 
biomarker related to disease conditions of at least some of 
these tissues and systems in the body (21). In this context, 
two recent studies which were performed by the same 
group analyzed plasma CNP concentration of adolescents 
with normal weight versus overweight and/or obesity in an 
Italian population (18,19). They observed lower plasma CNP 
levels in children with overweight/obesity, suggesting “a 
defective natriuretic peptide system in these patients” (18).

Childhood obesity is a continuously growing health problem, 
being considered as a major risk factor for dyslipidemia, 
hypertension, and damaged glucose metabolism, early 
onset of endothelial dysfunction, atherosclerosis, and 
cardiovascular diseases (22,23,24). Based on this knowledge 
and previous reports (18,19), it was considered important to 
evaluate CNP as a potential biomarker in early detection 
of obesity-related disease conditions during child growth. 
However, the half-life of CNP in the circulation is very short, 
approximately 2 minutes (21). It has been shown that 
the proCNP is also secreted from the cell in equal molar 
concentrations as CNP (25,26). In addition, proCNP is more 
stable in the circulation, allowing accurate measurement 
and estimation of CNP concentration (12). It is also known 
that degradation of proCNP in the circulation starts from 

the carboxyl terminal of the peptide (12) and N-terminal-
directed antibodies against proCNP increase specificity for 
the propeptide (21). Thus, NT-proCNP is considered as an 
accurate target for the measurement of circulating CNP 
concentration and as a potential biomarker in growth and/
or human diseases (12,21,27). 

The first two studies relating the plasma CNP concentration 
with obesity have been performed on early adolescents 
(18,19). Almost all studies relating CNP with growth, on the 
other hand, have been performed on a variety of age groups 
of children (5,12,13,28,29). The primary goal of the present 
study was to analyze plasma NT-proCNP concentration 
in healthy Turkish normal-weight and overweight/obese 
children in a broad spectrum of age groups and evaluate the 
value of NT-proCNP as a potential biomarker in childhood 
obesity.

Reports within the last decade indicate that weight gain is 
an important and growing childhood problem also in Turkey 
(30,31,32,33). Since previous studies have demonstrated 
the importance of use of population-specific data for the 
evaluation of age-related changes in growth parameters 
during childhood (34,35,36), the existence of recently 
updated Turkish population-specific growth charts was an 
important advantage for this study (30,31,32,33).

Methods

Subjects

Subjects were children of ages between 0 and 18 years 
(158 girls and 159 boys) recruited from those attending 
the Outpatient Clinic of the Pamukkale University Hospital 
Pediatric Endocrinology Unit in Denizli, Turkey and the 
Outpatient Clinics of Ankara University Children’s Hospital 
Social Pediatrics and Pediatric Endocrinology and Adolescent 
Departments in Ankara, Turkey. The study was approved by 
the Institutional Clinical Ethics Review Board of Pamukkale 
University Faculty of Medicine, Denizli, Turkey (decision 
dated 27.05.2014 and numbered 2014/08, approval 
number: 1). Written consent was taken from all participants 
and/or parents/legal guardians of the participating children.

Establishment of the Age Groups Studied

Since previous studies have correlated plasma CNP/NT-
proCNP concentration primarily with height velocity, the 
age groups in this study were established according to 
the general knowledge on height velocity changes during 
childhood (34,35,36,37). In addition, Turkish population-
specific age-dependent height velocity changes were also 
analyzed from the existing growth charts of Turkish children 
(31,32,33). Age groups established on the basis of these 
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sources were: 1) 0-1 month (newborns), 2) 1-12 months, 3) 
1-4 years, 4) 4-10 years, 5) 10-12.5 years, 6) 12.5-14.5 years, 
and 7) 14.5-18 years. The study model established by these 
age groups well represented the age-dependent change in 
height velocity in Turkish children.

All age groups except newborns were further divided into 
subgroups according to body mass index (BMI) percentiles 
(38,39,40,41). The statistical percentiles were used to 
identify overweight (≥95th percentile) up to 2 years of age 
and obesity (≥95th percentile), overweight (85th to 95th 
percentile), and normal-weight (5th to 85th percentile) groups 
in the 2-18 years age range (38,39,40,41). The statistical 
percentiles of Turkish children published previously were 
used in all these procedures as the population-specific 
guidelines (30,31,32). Inclusion criteria of healthy children 
for this study were as described previously (12,13).

Study Procedures

All children were seen in the participating outpatient clinics; 
family and medical histories were obtained. A physical 
examination was performed in all subjects. Anthropometric 
measurements including length/height (length by recumbent 
stadiometer for subjects younger than 2 years old, height 
by Harpenden stadiometer) and weight (by electronic 
scale) were obtained (12) in all subjects. BMI (kg/m2) was 
calculated. Percentiles and standard deviation scores were 
determined according to the Turkish population-specific 
growth charts (32).

Analysis of Plasma Amino-Terminal Propeptide of C-Type 
Natriuretic Peptide Concentration

Venous blood (1 mL) was drawn into tubes containing 
ethylenediaminetetraacetic acid and processed within two 
hours. Plasma was isolated by centrifugation of the blood 
for 10 min at 2000 g. Plasma samples in which hemolysis 
was observed were excluded from the study. The plasma 
samples were stored at -80 oC in aliquots until assayed. 
Each sample was assayed at least twice, and mean value 
was calculated for each sample. New aliquots were used for 
each assay. Commercially available “Enzyme Immunoassay 
for the Quantitative Determination of Human NT-proCNP 
in Plasma and Serum” (Biomedica Medizinprodukte GmbH 
& Co KG, Vienna, Austria, Cat. No. BI-20872) was used 
according to the manufacturers protocol and as reported 
previously (12).

The normal-weight group (abbreviated as NW-group for 
the rest of this report) consisted of 146 children (76 girls 
and 70 boys) in the established 7 different groups. The 
data on this group were used to analyze the age-dependent 
changes in plasma NT-proCNP concentration (Figure 1), 

and comparison of plasma NT-proCNP concentration based 
on gender in each age group (Table 1). Plasma NT-proCNP 
concentrations in the NW-group [136 children (71 girls 
and 65 boys)] were compared with those of children with 
overweight/obesity [abbreviated as the OW/O-group for the 
rest of this report; 171 children (82 girls and 89 boys)] in all 
groups except for the newborns [10 children (5 girls and 5 
boys)] (Table 2).

Table 1. Amino-terminal propeptide of C-type natriuretic 
peptide concentration in children of normal weight 
based on gender in each age group

Age groups Female Male p

0-1 month 62.93±7.76 63.02±11.32 0.69

1-12 months 23.82±5.67 22.05±6.17 0.265

1-4 years 15.57±5.85 12.54±3.04 0.25

4-10 years 9.51±2.71 11.33±5.70 0.396

10-12.5 years 9.25±1.91 8.08±1.81 0.313

12.5-14.5 years 6.77±0.56 8.92±1.85 0.065

14.5-18 years 6.26±0.62 8.11±2.26 0.04*

*Statistically significant at p<0.05

Figure 1. Age-dependent changes in plasma amino-terminal 
propeptide of C-type natriuretic peptide (NT-proCNP) 
concentration. Children of normal weight [146 children (76 
girls, and 70 boys)] in the 7 different age groups were used 
to analyze the age-dependent changes in plasma NT-proCNP 
concentration
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Statistical Analysis

Shapiro-Wilk test was used to analyze the distribution pattern 
of the continuous variables in this study. No assumptions of 
normal distribution of the data were made. Comparison of 
NT-proCNP concentration within each age group of NW-group 
based on gender was performed by either Mann-Whitney U test 
or t-test, based on the distribution of NT-proCNP concentration 
in age groups. For the correlations of NT-proCNP concentration 
of NW-group with age, weight, and height, Spearman rho 
correlation coefficients were calculated. Comparison of NT-
proCNP concentration within each age group based on BMI, 
i.e., NW-group vs. OW/O-group, was performed by Mann-
Whitney U test. All these analyses were carried out using IBM 
SPSS Statistics 21.0 software (IBM Corp. Released 2012. IBM 
SPSS Statistics for Windows, Version 21.0. Armonk, NY: IBM 
Corp.). Statistical significance level was taken as p<0.05.

Results

Comparison of Amino-Terminal Propeptide of C-Type Natriuretic 
Peptide Concentration within Each Age Group of NW-Group Based 
on Gender

Analysis of plasma NT-proCNP concentrations in the 
different age groups of healthy girls and boys in the NW-
group showed that gender was not a factor that alters the 
age-dependent plasma NT-proCNP concentration until 
puberty in this group (Figure 1; Table 1). In subjects older 
than 12.5 years, plasma NT-proCNP concentrations were 
higher in boys than in girls, and in the 14.5-18-year-old 
group, this difference was statistically significant (p<0.05).

Correlations within the NW-Group of Children

Plasma NT-proCNP concentration was negatively correlated 
with age (n=146; r=-0.878; p<0.001), weight (n=146; 

r=-0.863; p<0.001), and height (n=146; r=-0.866; 
p<0.001) in the NW-group.

Comparison of Amino-Terminal Propeptide of C-Type Natriuretic 
Peptide Concentration within Each Age Group Based on Body 
Mass Index

Plasma NT-proCNP concentrations in the NW-group and the 
OW/O-group were compared in each age group. The results 
revealed that the plasma NT-proCNP concentrations of girls 
and boys in the OW/O-group did not differ from that of their 
peers in the NW-group at any age group studied (Table 2).

Since two previous studies analyzed plasma CNP 
concentration of adolescents with overweight/obesity at a 
very narrow age interval, i.e., 11.8±0.4 years for the first 
study (18) and 12.8±2.4 years for the second study (19), 
a similar analysis was also performed in this study in a 
group of 109 children [31 children with normal weight (19 
girls and 12 boys) and 78 children with overweight/obesity 
(34 girls and 44 boys)] at age 12.64±1.58 years. The 
results revealed once again that mean plasma NT-proCNP 
concentration in children of normal weight (8.22±1.85 
pmol/L) was comparable to that of children with overweight/
obesity (8.76±2.72 pmol/L). 

Discussion

The primary goal of the present study was to analyze and 
compare, in a Turkish population of different age groups, 
plasma NT-proCNP concentrations in a NW-group and an 
OW/O-group and to evaluate NT-proCNP as a biomarker in 
childhood obesity.

To test the reliability of plasma NT-proCNP concentrations 
obtained in this study, a confirmatory first experiment 
was designed, during which the plasma NT-proCNP 

Table 2. Comparison of amino-terminal propeptide of C-type natriuretic peptide concentration by body weight 
classification within each age group of children 

Total (mean ± SD) Females (mean ± SD) Males (mean ± SD)

NW OW/O p NW OW/O p NW OW/O p

0-1 month* - - - 62.93±7.76 - - 63.02±11.32 - -

1-12 monthsa 22.70±5.98 21.15±3.73 0.63 23.82±5.67 21.76±2.98 0.519 22.05 ±6.17 20.40±4.73 0.696

1-4 yearsa 14.56±5.21 13.38±1.84 0.550 15.57±5.85 13.26±1.21 0.328 12.54±3.04 13.48±2.35 0.699

4-10 years 10.26±4.23 9.86±2.38 0.597 9.51±2.71 9.66±2.39 0.519 11.33±5.70 10.08±2.39 0.846

10-12.5 years 8.81±1.91 8.83±2.11 0.805 9.25±1.91 9.60±2.68 0.731 8.08±1.81 8.47±1.74 0.556

12.5-14.5 years 7.85±1.72 8.46±3.37 0.909 6.77±0.56 7.51±3.35 0.971 8.92±1.85 9.35±3.23 0.812

14.5-18 years 7.12±1.82 7.80±2.15 0.176 6.26±0.62 7.09±2.04 0.214 8.11±2.26 8.83±1.95 0.479

*Newborns were not further divided into subgroups according to the body mass index percentiles
aBody mass index percentiles were used to identify overweight (≥95th percentile), not obesity, in groups younger than 2 years of age

SD: sandard deviation, NW: normal weight, OW/O: overweight/obesity
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concentration of healthy children of normal weight was 
analyzed through an age-dependent group model (Figure 
1, and Table 1). The goal was to demonstrate, in a Turkish 
population, the previously published relationship between 
plasma CNP concentration and height velocity during child 
growth (5,12,13,28,29,42). In the second experiment, on 
the other hand, according to the above-mentioned primary 
goal of this study, an age- and gender-matched comparison 
was made between the NW-group and the OW/O-group in 
terms of plasma NT-proCNP concentrations. 

The technique used to analyze plasma CNP and/or NT-proCNP 
concentration has been one of the most variable part of 
the studies published previously in this field. Two generally 
accepted applications include radioimmunoassay (RIA) 
(5,12,13) and enzyme-linked immunosorbent assay (ELISA) 
(12). A previously evaluated (12) commercially available ELISA 
kit was used in this present study for the analysis of plasma 
NT-proCNP concentration. It was reported that the correlation 
between the RIA for NT-proCNP and this commercially 
available ELISA kit for NT-proCNP was significant (r=0.748, 
p<0.0005) (12). However, “the commercial ELISA” revealed 
values that were, on the average, 21% of the RIA values 
(range, 11-52%) (12). When evaluated in this context, plasma 
NT-proCNP concentrations obtained in girls and boys in the 
NW-group at different age groups (Figure 1; Table 1) were 
comparable to data reported by Olney et al (12). In addition, 
as reported previously (5,12,13,28,29,42), our results also 
showed that in children, plasma NT-proCNP concentration was 
negatively correlated with age, weight, and height. Gender was 
not a factor that alters the age-dependent plasma NT-proCNP 
concentration until puberty in the NW-group. After 12.5 
years of age, plasma NT-proCNP concentration was higher in 
boys than in girls. All these results were in agreement with 
the literature (5,12,13,28,29,42), a finding supporting the 
appropriate design and also the reliability of the measurement 
of plasma NT-proCNP concentrations in this study.

To evaluate NT-proCNP as a potential biomarker in early 
detection of obesity-related disease conditions during child 
growth, a sex- and age-matched comparison was performed 
between the plasma NT-proCNP concentration of the OW/
O-group and that of the NW-group. Plasma NT-proCNP 
concentration of girls, boys, and of children overall (girls + 
boys) in the OW/O-group did not differ from that of NW-
group at any age group studied.

Since two previous studies, which suggested a lower plasma 
CNP concentration in adolescents with overweight/obesity, 
analyzed plasma CNP concentration at a very narrow age 
interval, i.e., 11.8±0.4 years for the first study (18) and 
12.8±2.4 years for the second study (19), a similar analysis 
was also performed in this study in a group of 109 children 
aged 12.64±1.58 years. This age interval was important in 

terms of reflecting the period at which growth velocity peaks 
during puberty both in girls and boys. Results revealed once 
again that mean plasma NT-proCNP concentration in the 
NW-group (8.22±1.85 pmol/L) was comparable to that of 
the OW/O-group (8.76±2.72 pmol/L).

Based on these results, it was concluded that plasma 
NT-proCNP concentration may be an important growth 
marker during childhood as suggested in the literature 
(5,12,13,28,29,42). However, unlike previous statements 
(18,19), in our subjects, plasma NT-proCNP concentration of 
the NW-group and the OW/O-group did not differ from one 
another at any age group studied, including adolescents. 

The literature is very limited in terms of CNP and its relation 
to obesity. Other than two studies that suggested lower 
plasma CNP levels in adolescents with overweight/obesity 
(18,19), there are some studies which suggest melanocortin 
receptors as targets in the treatment of obesity (16), and 
CNP as a melanocortin receptor analog in mice (17). 
Yamada-Goto et al (17) reported that intracerebroventricular 
administration of CNP suppresses food intake via activation 
of the melanocortin system in mice. There are also some 
studies that investigated the relation between CNP and 
hypercholesterolemia (43), for which obesity is considered 
as a major risk factor. However, it has been shown that 
systemic BNP and CNP levels are not altered in patients 
affected by hypercholesterolemia (43).

Study Limitations

In terms of study limitations, this study was performed only 
on Turkish children. Additionally, a previously evaluated (12) 
commercially available ELISA kit was used in this present 
study for the analysis of plasma NT-proCNP concentration. 
It has been reported that “the commercial ELISA” revealed 
values that were, on the average, 21% of the RIA values 
(range, 11-52%) (12).

On the other hand, the technique used to analyze plasma 
CNP and/or NT-proCNP concentration has been one of the 
most variable part of the studies published previously in 
this field. Two generally accepted applications include RIA 
(5,12,13) and ELISA (12). It was reported that the correlation 
between the RIA for NT-proCNP and the commercially 
available ELISA kit for NT-proCNP was significant (r=0.748, 
p<0.0005) (12).  

Our findings show that unlike previous reports, plasma NT-
proCNP concentration of overweight/obese children was not 
significantly lower than that of children with normal weight 
in age groups analyzed in a Turkish population. However, 
the conclusion established in our study should be confirmed 
in subsequent studies.
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Conclusion

At this stage, it is clear that CNP signaling may somehow be 
related to obesity and/or its treatment strategies. However, 
it is too early to conclude that it is a potential biomarker in 
the early detection of obesity and/or obesity-related disease 
conditions during child growth. Future studies are necessary 
to address this question.
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Abstract

What this study adds?

What is already known on this topic?

Objective: This study aimed to call attention to hypercalcemia, a rare finding in children which carries the potential of leading to serious 
complications without proper intervention. 
Methods: Diagnosis, treatment, and clinical course of children with sustained hypercalcemia admitted between the years 2006-2016 
were reviewed. Group 1 [parathyroid hormone (PTH)-dependent] consisted of patients with high/unsuppressed PTH levels and group 2 
(PTH-independent) included cases with normal/suppressed PTH levels.
Results: Twenty patients (11 male, 9 female) with a median age of 6.25 (0.03-17.88) years were evaluated. Symptoms were mostly 
related with the gastrointestinal system, while six patients (30%) were asymptomatic. Physical examination findings were diverse, 
non-specific, and normal in four patients (20%). Median time of diagnosis was 45 (2-720) days. Patients were divided into group 1 
(n=7) and group 2 (n=13). Most frequent etiologies were primary hyperparathyroidism (n=5), idiopathic infantile hypercalcemia 
(IIH) (n=5), and malignancy (n=4). A moderate positive correlation was noted between serum calcium and creatinine levels (r=0.53, 
p=0.02). Nephrocalcinosis was the most common complication (n=9) (45%). Treatment was not implemented in 2 patients with mild 
hypercalcemia, while other patients received medical treatment ± surgery. Treatment-resistant patients were cases of malignancies and 
neonatal severe hyperparathyroidism. Long-term follow-up displayed resistant hypercalciuria in three infants diagnosed as IIH. 
Conclusion: Many patients with childhood hypercalcemia are asymptomatic or exhibit a non-specific and heterogeneous clinical 
presentation, resulting in delayed diagnosis. Mild cases may not be recognized, while symptoms may be missed in the presence of 
accompanying illnesses. Nevertheless, serious complications may only be avoided with prompt diagnosis and intervention. 
Keywords: Hypercalcemia, hyperparathyroidism, idiopathic infantile hypercalcemia, malignancy-related hypercalcemia, pediatrics

Suspicion of hypercalcemia and measurement of serum calcium level in children with clinical findings not attributable to any other 
clinical condition is essential. In case of hypercalcemia, young infants are more vulnerable to development of nephrolithiasis and should 
be evaluated as soon as possible.

Hypercalcemia is a rare finding in children which may be due to a wide variety of factors and possibly left undiagnosed in mild 
elevations, while carrying the potential to lead to serious complications if proper intervention is not achieved.
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Introduction

Hypercalcemia is defined as a state of total serum calcium 
level consistently higher than 11 mg/dL (2.75 mmol/L) 
or an ionized calcium concentration exceeding 5.4 mg/
dL (1.35 mmol/L) (1). Measurement of ionized calcium is 
recommended for correct interpretation of hypercalcemia 

as it represents the physiologically active fraction. If not 

available, total calcium levels may be taken into account, 

while “corrected calcium” levels should be calculated in 

cases of hypoalbuminemia (2).

Hypercalcemia is a commonly encountered problem 

in adults, with most cases due to hyperparathyroidism 
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and malignancy. In children, although not frequent, 
hypercalcemia may be observed in a wide range of 
diseases. Its clinical features tend to be diverse, non-
specific, and sometimes insignificant. Some patients may 
be asymptomatic, while hypercalcemia can cause serious 
end-organ damage such as neurological complications and 
kidney failure if not diagnosed and treated promptly (3,4,5). 

Understanding the physiology of calcium balance is 
mandatory for correct diagnosis and treatment. Calcium 
balance is maintained by complex interplay between the 
parathyroid gland, bones, the intestine, and the kidneys (6). 
The principle regulators of this process are considered to 
be parathyroid hormone (PTH) and 1,25-dihyroxyvitamin 
D [1,25-(OH)2-D3] (3). The calcium-sensing receptor (CaSR), 
which is expressed mainly in the parathyroid gland and 
kidneys, plays a critical role in the sustainment of plasma 
calcium levels. Increased ionized calcium levels activate 
CaSR which in turn acts to reduce PTH secretion (3,4). PTH 
is secreted at a rate inversely proportional to the circulating 
level of ionized calcium (7). It functions to mobilise calcium 
from bones through stimulation of osteoclastic activity. 
PTH also endorses reabsorption of calcium while inhibiting 
renal phosphate reabsorption at the distal renal tubule 
and enhances 1-α hydroxylation of 25-hydroxyvitamin 
D3 (25-OH-D3) to 1,25-(OH)2-D3 (calcitriol). Calcitriol 
promotes calcium and phosphate absorption from the 
intestine, increases bone mineralization and renal calcium 
reabsorption. 

Identification of the underlying pathology of hypercalcemia 
is essential as treatment modality should be targeted on the 
specific cause. It is practical to recognize circulating levels of 
PTH initially and decide whether the cause of hypercalcemia 
is PTH-dependent or PTH-independent (4). 

This study aimed to call attention to hypercalcemia, a rare 
finding in children, which may be due to a wide variety of 
factors and possibly left undiagnosed in mild elevations, 
while carrying the potential to lead to serious complications 
if proper intervention is not achieved.

Methods

This retrospective cohort study was conducted in Ankara 
University Faculty of Medicine Department of Pediatric 
Endocrinology. The study protocol was approved by the 
Clinical Research Ethics Committee of our university 
(approval number: 10-428-16; May 2016).

We identified a total of 20 children who were diagnosed to 
have “sustained” hypercalcemia in the time period between 
2006 and 2016. Sustained hypercalcemia is defined as 

persisting hypercalcemia detected in at least two consecutive 
days of measurement (8). Exclusion criteria were outlined 
as incomplete data and “transient” hypercalcemia, which 
is characterized as normal serum calcium measurement 
following a single high value. 

Each patient’s age, presenting symptoms, vital signs (with 
particular attention on pulse rate and blood pressure), and 
physical examination findings related with hypercalcemia 
were recorded.

Laboratory Evaluation of Patients

Laboratory evaluations performed to establish the 
underlying diagnosis were noted for each patient. Corrected 
total serum calcium, phosphate, alkaline phosphatase, PTH, 
electrolytes, renal function tests, 25-OHD, and urinary 
calcium/creatinine ratio results at the time of diagnosis and 
prior to treatment were recorded. Further investigations 
[parathormone-related peptide (PTHrP), genetic analysis, 
parathyroid gland ultrasonography, Tc-99m sestamibi 
scanning of the parathyroid gland, and examination of 
parents for abnormalities of calcium homeostasis] were 
likewise documented in selected patients.

Grouping of Patients

Definite diagnosis indicating the underlying etiology of 
hypercalcemia for each patient was listed. Finally, patients 
were categorized into two groups based on PTH level. 
Group 1, the PTH-dependent group, consisted of patients 
with high/unsuppressed PTH levels. Group 2 included cases 
with normal/suppressed PTH levels and was called the 
PTH-independent group. We defined PTH suppression as a 
PTH level of <14 pg/mL (normal range: 14-72 pg/mL) (9). 
Hypercalcemia was defined as mild, moderate, or severe 
according to corrected total serum calcium levels. We 
considered total serum calcium levels between 11-12 mg/dL 
as mild, >12 and ≤14 mg/dL as moderate, and levels higher 
than 14 mg/dL as severe hypercalcemia (10).

Evaluation of Complications

Urinary tract ultrasonography was performed to detect 
possible nephrolithiasis and/or nephrocalcinosis resulting 
from hypercalciuria. Skeletal survey findings were recorded 
in patients who had undergone the evaluation. Hypertension, 
band keratopathy, and acute pancreatitis were reported as 
well. 

Treatment and Long-term Follow-up of Patients

Treatment modalities received by each patient for 
hypercalcemia, as well as the period of time required 
to normalize serum calcium levels and the course of the 
hypercalcemia in long-term monitoring were recorded.

Çullas İlarslan NE et al. 
Childhood Sustained Hypercalcemia 
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Statistical Analysis 

Statistical analysis was performed using the SPSS statistical 
package (v.21.0). Counts and percentages for categorical 
variables, median values and ranges for continuous 
variables were recorded. Count comparisons were analyzed 
using non-parametric methods due to the small size of 
the study group. Contingency tables (2x2) were analyzed 
using Fisher’s exact test, while higher dimensional tables 
were analyzed using the chi-square test. Mann-Whitney U 
and Kruskal-Wallis tests were conducted for comparisons 
involving continuous variables. Degree of association 
between variables was evaluated by Spearman’s correlation 
coefficient. A p-value of less than 0.05 was considered 
statistically significant.

Results	

A total of 20 patients (9 female, 11 male) with a median 
age of 6.25 (0.03-17.88) years were evaluated. The most 
frequent presenting symptoms were related with the 
gastrointestinal system (nausea, vomiting, anorexia, 
abdominal pain, constipation), while 30% (n=6) of patients 
did not show any symptoms related with hypercalcemia. 
Of these, 4 cases were asymptomatic and were diagnosed 
incidentally, while two patients had malignancy and 
displayed symptoms associated with the primary diagnosis. 
In addition, we observed a wide range of symptoms such 
as polyuria, polydipsia, change in behavior, weight loss, 
muscle weakness, bone pain, and restlessness (Table 1). 
The median time elapsed from the onset of symptoms until 
diagnosis was 45 (2-720) days in symptomatic patients. 
With exception of a history of nephrolithiasis in first-degree 
relatives in two patients, family histories did not reveal 

presence of hypercalcemia, parathyroid gland disease and/
or surgery. 

We encountered diverse and non-specific physical 
examination findings such as signs of dehydration, 
hypertension, syndromic features, short stature, 
proximal myopathy, acute pancreatitis, and findings 
suggestive of malignancy such as lymphadenopathy and 
hepatosplenomegaly. Physical examination was recorded as 
normal in four patients (20%).

Median corrected total serum calcium level of the study 
group at the time of diagnosis was 12.6 (11-16.5) mg/dL. 
Excluding the patient with chronic renal insufficiency, a 
moderate positive correlation was noted between corrected 
total serum calcium and creatinine levels (r=0.53, p=0.02) 
although serum creatinine level was within the normal 
range in all patients. 

Based on PTH level, group 1 (n=7) consisted of patients with 
elevated or unexpectantly unsuppressed PTH measurement 
(Figure 1). Group 2 (n=13) comprised patients with normal 
or suppressed PTH level. The most frequent etiologies were 
primary hyperparathyroidism (PHPT) (n=5), idiopathic 
infantile hypercalcemia (IIH) (n=5), and malignancy-related 
hypercalcemia (n=4).

Median PTH level in group 1 patients was 282.6 (10-764) pg/
mL. Median age was 16.32 (10.02-17.25) years. Six patients 
in this group had high PTH levels. One adolescent patient 
with bone cysts exhibited a normal PTH level. Parathyroid 
gland ultrasonography in this patient revealed a parathyroid 
adenoma. Parathyroid ultrasonography revealed hypoechoic, 

Table 1. Frequency of symptoms related with 
hypercalcemia on admission

Symptoms Number of 
patients (n)

Percentage 
(%)

Anorexia 7 35

Weight loss 6 30

Nausea-vomiting 4 20

Restlessness 4 20

Abdominal pain 3 15

Polyuria 3 15

Polydipsia 2 10

Constipation 2 10

Proximal muscle weakness 2 10

Change in behavior 2 10

Bone pain 1 5

Asymptomatic 6 30

Figure 1. Etiology of hypercalcemia 

PHPT: primary hyperparathyroidism, NSHPT: neonatal severe 
hyperparathyroidism, PTHrP: parathormone-related peptide, FHH: familial 
hypocalciuric hypercalcemia
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lobulated extrathyroidal masses with well-defined margins 
in 6 patients.  Possible diagnosis was parathyroid adenoma. 
Five of these patients were diagnosed as PHPT. One 
patient with chronic renal insufficiency was considered 
to develop tertiary hyperparathyroidism following renal 
transplantation. Only one patient, who was a neonate, 
displayed a high PTH level and normal ultrasonographic 
findings. Magnetic resonance imaging of the neck was 
likewise normal in this patient. This same patient was 
found to have a de novo homozygote CaSR gene mutation 
(PI1e81Lys point mutation) and was diagnosed as neonatal 
severe hyperparathyroidism (NSHPT) (11). His parents were 
heterozygote for the same mutation. Tc-99m sestamibi 
scanning of the parathyroid gland was conducted in five 
patients reporting focal increased activity compatible with 
parathyroid adenoma in three. Operative and pathologic 
findings revealed a single adenoma in six patients, while 
two parathyroid glands were reported to be hyperplastic in 
the patient with NSHPT. 

In group 2, five infants of ages ranging between 15 days to 8 
months had presented with mild hypercalcemia, low serum 
PTH, normal serum 25OHD, and increased urinary calcium/
creatinine ratio. These patients were accepted as cases of 
IIH. Mutational screening of CYP24A1 gene accomplished in 
one patient revealed a normal configuration.    

Three patients with malignancies (chronic myeloid 
leukemia, hepatoblastoma, and rhabdomyosarcoma) in 
this group had elevated PTHrP (13.3-55.1 pg/mL) and low 
PTH levels. One patient with acute lymphoblastic leukemia 
displayed moderate hypercalcemia, low serum PTH (10 pg/
mL), normal serum 25OHD, PTHrP, and renal function tests. 

One female patient who exhibited mild hypercalcemia, 
low PTH (8.6 pg/mL), normal 25OHD, and hypocalciuria 
was found to carry a de novo heterozygote mutation of the 
CaSR gene (p.994delK (C.2981del AGA) and was diagnosed 
as a case of familial hypocalciuric hypercalcemia (FHH). 
Her mother was heterozygote for the same mutation, 
was normocalcemic, and had a normal urinary calcium/
creatinine ratio. 

An eighteen-month-old infant with moderate hypercalcemia 
and distinctive facial features together with supravalvular 
aortic stenosis was noted to have an elastin gene mutation 
on chromosome 7q.11.23 in fluorescent in situ hybridization 
analysis. This patient was diagnosed as Williams syndrome. 

One child recently diagnosed as hyperthyroidism was 
found to have mild hypercalcemia which was detected 
incidentally. This four-month-old baby was referred because 
of restlessness, anorexia, and vomiting. She had severe 
hypercalcemia (16.4 mg/dL). She was admitted 10 days 
following the last dose of oral vitamin D (300,000 IU/dose) 
which she had received for 3 consecutive months. Serum 
25OHD was high (291.4 mcg/L), serum PTH was low (5.2 
pg/mL) in this patient and she was hypercalciuric. Vitamin 
D intoxication was the final diagnosis.

Bone mineral densitometry of two patients revealed results 
close to lower limits of normal (Z score: -1.75 and -1.8). 
One patient with parathyroid adenoma was found to have 
osteitis fibrosa cystica, detected by both skeletal survey 
and computed tomography. Band keratopathy was not 
recognized in any patient. All patients were evaluated with 
ultrasonography for renal stones. Medullary nephrocalcinosis 
and/or nephrolithiasis were identified at the time of 
diagnosis in seven patients, while two patients developed 
renal stones during follow-up, reaching a frequency of 45% 
in the total study group. The median age of patients with 
renal stones was younger compared to patients without 
renal stones (p=0.03), while no relationship was detected 
between serum total calcium, serum PTH level, urinary 
calcium/creatinine level, and presence of nephrocalcinosis 
and/or nephrolithiasis (Table 2). 

Hypertension was detected in two patients. Two patients 
(PHPT) were diagnosed as acute pancreatitis with 
hypercalcemia. One of these patients had been priorly 
diagnosed as Familial Mediterranean fever (FMF) with no 
response to colchicine treatment. 

Therapeutic Interventions and Clinical Course 

Two patients with PHPT and mild hypercalcemia did not 
receive medical therapy before surgery. Intravenous hydration 

Table 2. Comparison of different parameters based on presence of nephrocalcinosis and/or nephrolithiasis

Parameters Nephrocalcinosis and/or nephrolithiasis

Yes No p 

Decimal age (years) 0.38 (0.03-17.25) 10.42 (0.04-17.88) 0.03

Serum Ca+2 (mg/dL) 12.0 (11.3-16.5) 12.76 (11-14.5) 0.97

Serum PTH (pg/mL) 10 (1-764) 11.9 (2.9-352) 0.70

Urinary calcium/creatinine ratio 1.04 (0.05-6.06) 0.52 (0.19-1.23) 0.12

Ca: calcium, PTH: parathormone 
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and bisphosphonates were applied to the remaining patients 
in group 1. Normocalcemia was achieved in two patients 
before surgery and on the postoperative day one in the 
remaining patients, with no recurrence. Although the neonate 
diagnosed as NSHPT with severe hyperalcemia received 
intensive treatment modalities including cinacalcet, only 
partial response was accomplished before surgery. When 
surgery took place at seven months, three parathyroid glands 
were resected and total thyroidectomy was performed 
because of inability to locate the fourth parathyroid gland. 
Normocalcemia was maintained on the first postoperative 
day, but serum calcium level reached 17.5 mg/dL in one week. 

Two patients (IIH and FHH) resembling mild hypercalcemia 
were not given any treatment and spontaneous resolution 
was observed in both. The remaining patients with IIH 
were treated with glucocorticoids ± intravenous hydration. 
Resolution of hypercalcemia took 4-14 days. Repeated 
mild hypercalcemia was identified in 2 patients. Four 
infants with IIH were followed for 4-6.5 years and transient 
hypercalciuria was achieved in three of them. 

Intravenous hydration and bisphosphonates were 
administered to patients with malignancy. Hypercalcemia 
resolved in 7-22 days but reappeared in all. Intravenous 
hydration, furosemide, glucocorticoids, and bisphosphonates 
were administered to the infant with vitamin D intoxication. 
Normocalcemia was achieved in 15 days with no recurrence. 
The patient with Williams syndrome was treated with 
intravenous hydration, furosemide, and glucocorticoids. 
Hypercalcemia ameliorated within two days. The patient 
diagnosed as Graves’ disease was treated with antithyroid 
drugs with achievement of normocalcemia in four days. He 
was subsequently operated. 

Discussion

Hypercalcemia is an infrequent finding in children but may 
be observed in a diverse range of clinical conditions with 
non-specific signs and symptoms in many cases. Moreover, 
determination of serum calcium is not included in many 
routine biochemistry profiles in children. Consequently, 
recognition of hypercalcemia can be a challenge in many 
occasions. Our study attempted to call an attention to this 
electrolyte imbalance. 

Previous reviews mention diverse, sometimes non-specific, 
and occasionally absent clinical presentation in childhood 
hypercalcemia (3,5). We encountered similar results in our 
study, indicating the importance of suspecting hypercalcemia 
in patients with clinical findings non-attributable to other 
clinical conditions. 

We found the median time of diagnosis as 45 days from the 
initiation of symptom. This period was even longer in some 
cases. For instance, two patients previously diagnosed as 
FMF and bone cysts were subsequently diagnosed as PHPT 
36 and 72 months later, respectively. We suppose the main 
reason for delayed diagnosis was presence of non-specific 
and diverse clinical findings and symptoms. Moreover, 
a study of patients with PHPT reported the median time 
of diagnosis as 24 months (range: 1-60 months) which 
signified even later detection than in our cohort (12).

We noted a moderate positive correlation between total 
serum calcium and creatinine levels. We argue that normal 
but close to upper limits of serum creatinine levels might 
serve as an early indicator of renal damage in hypercalcemia. 

A practical approach to hypercalcemia in children requires 
measurement of accompanying levels of PTH to determine 
whether the cause is PTH-dependent or PTH-independent 
(4). Unlike adults, PHPT accounts for only a small portion 
of childhood hypercalcemia and represents 1% of all cases 
(12,13). On the other hand, we defined 7 cases of PTH-
dependent hypercalcemia, constituting 35% of our series. 
We think that this high ratio resulted from our institution 
serving as a reference tertiary center for complex cases 
necessitating multidisciplinary approach including surgery. 
Consistent with previously published reports, the majority of 
this group were adolescents (5,13). The hallmark laboratory 
findings of PHPT are hypercalcemia in the setting of 
elevated or inappropriately normal serum PTH level (14). 
One study including 52 children with PHPT reported that 
85% of patients displayed elevated and 15% normal PTH 
(13). We had one patient with a normal PTH level. As in 
our case, we suggest further evaluation (e.g. parathyroid 
gland imaging) of children, especially adolescents, with 
unexplained hypercalcemia despite a normal PTH level.        

Imaging to define the source of hyperparathyroidism 
comprise renal and neck ultrasonography and Tc-99m 
sestamibi scanning of the parathyroid gland. These imaging 
modalities achieve to localize adenomas in 80-90% of older 
children but their diagnostic success is lower in multigland 
hyperplasia (3). We observed positive findings in three of five 
patients who had undergone parathyroid gland scanning. 
Ultrasonographic evaluation indicated parathyroid adenoma 
in six patients, while it failed to detect any abnormality in 
one neonate. This is compatible with the literature informing 
the efficacy of ultrasonography in detection of parathyroid 
gland abnormality in only a third of cases with NSHPT (2). 

IIH is a rare cause of childhood hypercalcemia, mostly 
appearing in the first year of life (15,16). Serum PTH level 
is suppressed with normal or elevated 25OHD and calcitriol 
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levels. It was first identified in the 1950s in the UK when 
nearly 200 infants with hypercalcemia of unknown origin 
were reported in a short period of time (17). Excluding 
infants carrying dismorphic features and supravalvular 
aortic stenosis who were soon diagnosed as Williams-Beuren 
syndrome, most infants were regarded as “idiopathic”. 
Henceforth, IIH was considered as a diagnosis of exclusion 
in infants with hypercalcemia (1). In 2011, Schlingmann 
et al (18) were the first researchers who defined loss-of-
function mutations in the cytochrome P450 24A1 gene 
(CYP24A1), which encodes vitamin D hydroxylase in 
patients with IIH. Mutations of this metabolising enzyme of 
calcitriol causes increased sensitivity to vitamin D. Another 
gene defect involving SLC34A1 gene which encodes renal 
sodium-phosphate co-transporter was identified later 
in patients with IIH (19). Five infants of our study group 
without dismorphic features displayed mild hypercalcemia, 
hypercalciuria, low serum PTH, normal serum 25OHD, and 
were diagnosed as IIH. We performed mutational screening 
of CYP24A1 gene in only one of our patients which reflected 
a negative result. The rest of our patients were diagnosed 
before description of this gene.

Unlike adults, hypercalcemia of malignancy is rare in 
children with an overall incidence of 0.4-1.3% (20). We 
had four patients with malignancy. Three of them were 
considered to develop humoral hypercalcemia (high PTHrP 
level), whereas one patient resembling normal PTHrP 
was believed to have hypercalcemia related with tumor 
synthesis of osteoclast-activating factors [interleukin (IL)-1, 
IL-6, tumor necrosis factor-α, and prostaglandins] (3,21).

Vitamin D intoxication is another cause of childhood 
hypercalcemia. Although the specific vitamin D intake 
that causes excess or intoxication is not clearly defined 
in pediatrics, current recommendations address 4000 
IU as the upper tolerable daily intake (22). Furthermore, 
polymorphisms in genes that function in regulation 
of vitamin D synthesis have been implicated to affect 
circulating vitamin D levels (23). The Endocrine Society 
defines serum concentrations of 25OHD exceeding 150 ng/
dL as intoxication for both children and adults and this cut-off 
is accepted by the Pediatric Endocrinology Society (24,25). 
One patient of our study group presenting with severe 
hypercalcemia was diagnosed as vitamin D intoxication.  

FHH is an autosomal dominant disorder and typically 
carries good prognosis not necessitating treatment and 
close monitoring (2). Most patients carry a heterozygous 
inactivating mutation in the CASR gene, leading to an 
elevation of the set point for maintaining normal plasma 
calcium levels (26). Although it is characterised by a 
positive family history, hypercalcemia and hypocalciuria 

accompanied by normal or marginally elevated PTH, some 
patients may not demonstrate all these features (27). In such 
instances, biochemical profiles may hardly be distinguished 
from that of PHTP (3). Thus, molecular screening for CASR 
mutations should be performed when FHH is considered in 
the differential diagnosis of hypercalcemia, especially in the 
absence of one or more cardinal features (9). One of our 
patients demonstrated the aforementioned characteristics 
with the exception of a normal PTH level and a family 
history of hypercalcemia. Finally, both the patient and her 
mother were found to carry the same heterozygote CASR 
mutation. 

Williams syndrome (Online Mendelian Inheritance in 
Man 194050) is caused by a deletion in chromosome 7 
presenting with typical facial features and congenital heart 
disease, most commonly supravalvular aortic stenosis and 
peripheral pulmonary stenosis. Approximately 15% of cases 
are associated with hypercalcemia during infancy which 
is believed to result from increased sensitivity to vitamin 
D (7,28). One of our patients exhibited typical features of 
Williams syndrome along with severe hypercalcemia and 
this diagnosis was verified by genetic analysis. 

It is known that mild hypercalcemia resulting from 
stimulation of osteoclastic bone resorption by high plasma 
levels of T3 may occur in hyperthyroidism (3). We had a 
similar patient who showed resolution of hypercalcemia 
after restoring normal thyroid gland functions. 

We observed that nephrocalcinosis and/or nephrolithiasis 
was mostly present at younger ages, especially occurring in 
the first year of life. We believe this finding may indicate that 
younger children with hypercalcemia are more vulnerable 
to occurrence of nephrolithiasis and should be evaluated for 
this complication as early as possible. 

In our series, resolution of hypercalcemia was achieved in 
all patients with PHPT and one patient with tertiary HPT 
following surgery without recurrence. A study consisting 
of 52 study subjects reported repeated operations in 17% 
(n=9) of patients with PHPT (12). Although our data indicate 
better surgical success and less recurrence of adenomas, we 
recognize that the follow-up period of our patients [median 
11 (6-54) months vs. 13 (3-23] years) was relatively short as 
compared to the study cited above. 

We had one neonate who presented with a severe course of 
hypercalcemia consistent with previous reports of NSHPT 
and repeated hypercalcemia occurring shortly after surgery, 
suggesting an ectopic fifth parathyroid gland (29,30). 

One out of five patients diagnosed as IIH did not 
require treatment, while repeated hypercalcemia was 
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observed in two cases. Studies suggest that although 
hypercalcemia usually resolves spontaneously in months 
in IIH, hypercalciuria may persist for years. A clinical study 
investigating long-term follow-up of infants diagnosed as IIH 
reported 63% resolution of hypercalcemia by 2 years of age, 
while persistent or recurrent hypercalciuria was identified 
in 5 out of 11 patients (15). Our experience reflected even 
higher rates of persistent hypercalciuria (3 of 4 patients 
with long-term follow-up), suggesting the need of ongoing 
monitoring in IIH. 

Our patients with malignancy-related hypercalcemia (n=4) 
demonstrated a treatment-resistant and repeated course. 
This was an expected finding as primary disease control 
was not achieved in these patients. Mild hypercalcemia not 
necessitating treatment with spontaneous resolution in the 
patient with FHH was compatible with the classically known 
clinical course of FHH (2). 

Study Limitations

This study has a few limitations. The most noteworthy 
limitation seems to be the small size of the study group, 
creating difficulty in comparisons between groups. Secondly, 
molecular analysis of CYP24A1 mutations, if performed, 
would have reinforced diagnosis of IIH. Thirdly, a longer 
follow-up period would have provided more detailed 
information about natural course of both hypercalcemia 
and hypercalciuria, recurrences, and complications such as 
nephrolithiasis.

Conclusion

In conclusion, this study shows once again that childhood 
hypercalcemia may be due to a variety of factors. A 
considerable fraction of the patients remain asymptomatic, 
while many cases exhibit a non-specific and heterogeneous 
clinical presentation, resulting in delayed diagnosis. Mild 
cases may not be recognized. Moreover, symptoms may be 
missed in the cases with coexistence of a serious illness such 
as malignancy. On the other hand, serious complications 
may only be avoided with correct diagnosis and prompt 
intervention. Suspicion of hypercalcemia and measurement 
of serum calcium level in children with clinical findings non-
attributable to any other clinical condition is essential. 
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Abstract

What is already known on this topic?

What this study adds?

Objective: The aim of this study was to show the reliability and validity of a Turkish version of Diabetes Eating Problem Survey-Revised 
(DEPS-R) in children and adolescents with type 1 diabetes mellitus.
Methods: A total of 200 children and adolescents with type 1 diabetes, ages 9-18 years, completed the DEPS-R Turkish version. In 
addition to tests of validity, confirmatory factor analysis was conducted to investigate the factor structure of the 16-item Turkish version 
of DEPS-R.
Results: The Turkish version of DEPS-R demonstrated satisfactory Cronbach’s ∝ (0.847) and was significantly correlated with age 
(r=0.194; p<0.01), hemoglobin A1c levels (r=0.303; p<0.01), and body mass index-standard deviation score (r=0.412; p<0.01) 
indicating criterion validity. Median DEPS-R scores of Turkish version for the total samples, females, and males were 11.0, 11.5, and 10.5, 
respectively.
Conclusion: Disturbed eating behaviors and insulin restriction were associated with poor metabolic control. A short, self-administered 
diabetes-specific screening tool for disordered eating behavior can be used routinely in the clinical care of adolescents with type 1 
diabetes. The Turkish version of DEPS-R is a valid screening tool for disordered eating behaviors in type 1 diabetes and it is potentially 
important to early detect disordered eating behaviors.
Keywords: Diabetes eating problem survey-revised, distributed eating behaviors, type 1 diabetes mellitus, children and adolescent

No validated disease-specific short screening tool for children and adolescents with type 1 diabetes in Turkey has so far been established. 
The Turkish version of Diabetes Eating Problem Survey-Revised can be used as a valid screening tool for disordered eating behaviors in 
type 1 diabetes. This short, self-administered diabetes-specific screening tool for disordered eating behavior can be used in the clinical 
care of children and adolescents with type 1 diabetes.

Noticing and treating eating disorders in children and adolescents with type 1 diabetes is important because of their potentially severe 
consequences. Using a screening tool designed specifically for individuals with type 1 diabetes when assessing disturbed eating behaviors 
in this population is important.
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Introduction 

Adolescence is a developmental period with characteristic 
properties such as physiological changes (including weight 
gain, increase of adipose tissue) and psychological changes. 
These changes may lead to body image dissatisfaction and 
to an increase in prevalence of eating disorders, especially 
in females (1). The term “disturbed eating behaviors (DEB)”, 
encompasses mild as well as more extreme dieting behavior, 
binge eating attacks, and compensatory behavior for weight 
control. Studies indicate that type 1 diabetes mellitus (T1D) 
is a risk factor for the development of DEB (2,3). Although 
most of the studies focus on females, some researchers 
suggest that adolescent males with T1D also may have an 
increased risk of development of DEB (4).

Etiology of DEB is complex and multifactorial (5,6). 
Individual, familial, and sociocultural factors can contribute 
to the development of DEB (5). A lot of mechanisms have 
been proposed to explain the relationship between DEB and 
T1D. The mechanisms proossed are the effects of a chronic 
medical condition on body image satisfaction and low self-
esteem as well as the effects of treatment of hypoglycemia 
and insulin use, given the focus on diet and carbohydrate 
intake and weight gain associated with these treatment 
modules (7,8). Additionally, omitting or giving less insulin 
than required (i.e. insulin purging) is a unique tool to reduce 
weight in T1D. 

Early detection and treatment of eating disorders in children 
and adolescents with T1D is important because of their 
potentially severe consequences. Early  detection is critical 
in this population in order to maintain optimum health 
status and decrease the chances of complications such as 
retinopathy, neuropathy, and diabetic ketoacidosis. The 
complexity of diabetes management in combination with 
eating disorder treatment, it is necessary to detect those 
most at risk as early as possible. A number of screening 
questionnaires and structured clinical interviews help 
to identify and diagnose eating disorders in children and 
young people with diabetes (9). It is important to use a 
screening measure designed specifically for individuals with 
T1D when establishing DEB in this population. To date, no 
validated disease-specific short screening tool for children 
and adolescents with T1D is in use in Turkey.

The Diabetes Eating Problem Survey-Revised (DEPS-R) 
developed by Markowitz et al (10) is a diabetes-specific self-
report instrument to screen eating disorders for individuals 
with T1D. This present study aims to establish the reliability 
and validity of a Turkish version of DEPS-R in a representative 
sample of Turkish children and adolescents with T1D. 

Methods 

In this cross-sectional study, the children and adolescents 
were asked to answer a questionnaire during a regularly 
scheduled medical visit after written informed consent 
had been obtained from the subjects and their parents. 
All subjects were T1D patients who were being treated 
with multiple daily insulin injections or with insulin pump 
therapy. Patient records were reviewed for the following 
eligibility criteria: 

- Duration of type 1 diabetes ≥1 year,

- A regular follow-up for at least 1 year, 

- No major medical problems (celiac disease, cystic fibrosis, 
psychiatric disorders, or communication difficulties). 

Two hundred adolescents with T1D-90 (45%) males, 110 
(55%) females-aged 9–18 years were included in the study.

DEPS-R is a 16-item diabetes-specific self-report 
questionnaire to test for diabetes-specific eating disorders. 
Answers are scored on a six-point Likert scale, with higher 
scores indicating more DEB and a total score of ≥20 
indicating a high risk for eating disorders (range 0-80). The 
original DEPS-R has been shown to have a good internal 
consistency (Cronbach’s alpha=0.86) and construct validity 
in a sample of pediatric population with T1D (10). Back-
translation techniques were employed to develop Turkish 
versions of the DEPS-R. The translation techniques followed 
standardized procedure suggested by Brislin (11) in which 
the inventory items and scale were translated from English 
into Turkish by a professional translator. 

This study was approved by the Ege University Faculty of 
Medicine Clinical Research Ethics Committee (approval 
number: 14-12.1/9). The purpose of the study was explained 
to each participant and written informed consent was 
obtained. The study procedures were in accordance with 
the Declaration of Helsinki. 

All subjects were asked to complete the DEPS-R.

In all subjects, height was measured to the nearest 
centimeter using a rigid stadiometer. Weight was measured 
unclothed to the nearest 0.1 kg using a calibrated balance 
scale. Body mass index (BMI) was calculated by the weight 
(kg)/height (m²) equation. Standard deviation scores (SDS) 
for weight, height, and BMI were calculated according to age 
and gender using reference values for Turkish children and 
the participants were categorized into four different groups 
as underweight (BMI-SDS <-1), of normal weight (BMI-SDS 
≥-1 - <+1), overweight (BMI-SDS ≥+1 - +2< BMI-SDS), 
and obese (BMI-SDS ≥+2) (12). 

Atik Altınok Y et al. 
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Hemoglobin A1c (HbA1c) measurements were performed 
with capillary method using the NycoCard II Reader (Axis-
Shield Diagnostics Ltd, Dundee, UK) device. 

Statistical Analysis

All data are presented as median for skewed data (age, 
HbA1c (%), duration of T1D, and DEPS-R score), mean ± SD 
for BMI-SDS, or percent as indicated. Normal distribution 
was tested for continuous data. Group differences were 
investigated using the t-test for normally distributed data 
and the Mann-Whitney U test for data not showing a normal 
distribution. Correlations using Pearson’s and Spearman’s 
correlation coefficients were calculated to explore 
relationships of DEPS-R score with age, HbA1c (%), duration 
of T1D, and BMI-SDS. Correlation values of 0.10-0.29 were 
interpreted as small, 0.30-0.49 as medium, and 0.50-1.0 
as large (13). The factorial structure of the Turkish version 
of DEPS-R was examined by confirmatory factor analysis 
and the internal consistency was tested using Cronbach’s 
coefficient. Chi square tests were used for categorical 
variables. Level of significance was defined as p<0.05. 
Statistical analyses were conducted using Statistical Package 
for the Social Sciences (IBM SPSS Statistics) version 22.0 
(SPSS Inc., Chicago, Illinois, USA) and SPSS Amos.

Results

Table 1 shows the sample characteristics. Median age of the 
200 patients was 14.0 years (9.0-18.0). Median diabetes 
duration, HbA1c, and mean BMI-SDS values were 64.5 
months (12-210), 8.05% (5.5-15.0), and 0.64±1.24 SD, 
respectively. There were no significant differences in age, 
diabetes duration, HbA1c (%) levels, and BMI-SDS values 
between females and males (Table 1). Seventy-one percent 

of the patients were on multiple daily injections (MDI) 
(≥4 daily injections), while 28.5 % were on insulin pump 
therapy. The median total daily insulin dose was 0.83 (0.46-
2.09) U/for patients on MDI and 0.93 (0.23-1.53) U/kg for 
patients on insulin pump therapy. There was no significant 
difference in total daily insulin dose between MDI and 
insulin pump therapy groups. 

Internal consistency: The Cronbach coefficients for the 
DEPS-R Turkish version were 0.847, 0.857, and 0.830 for 
the entire sample, females, and males, respectively. 

Confirmatory factor analysis: After the suitability of 
data for factor analysis was assessed, confirmatory factor 
analysis was performed on the 16 items of the DEPS-R 
Turkish version. Among the main factors and sub-factors, 
the established model was statistically significant (Table 2). 

Prevalence of disturbed eating behaviors risk: The median 
scores obtained with the Turkish version of DEPS-R for the 
total sample, for females, and males were 11.0 (0-55), 11.5 
(0-55), and 10.5 (0-55), respectively. There was no significant 
difference between females and males (p=0.122). The 
median scores of the DEPS-R for the MDI group was 11.0 
(0-47) and 11.0 (0-55) for the insulin pump group. There 
was no significant difference between MDI and insulin 
pump therapy groups (p=0.813). A recommended cut-off 
score of ≥20 has been empirically established as a threshold 
indicating the need for further clinical assessment of eating 
pathology (10). A total of 29.1% of the females and 17.8% 
of the males scored above this cut-off value on the DEPS-R 
Turkish version and there was no significant difference 
between females and males. 

Among females, the prevalence of DEPS-R scores increased 
steadily and significantly from 7 among underweight 
patients to 10 for normal weight, 21 for overweight, and 

Table 1. Characteristics of the study participant

All Females Males p

n 200 110 90  

Age (years) 14.0 (9.0-18.0) 14.0 (9.0-18.0) 14.0 (9.0-18.0) ∮NS

HbA1c (%) 8.05 (5.5-15.0) 8.10 (5.5-15.0) 7.75 (5.9-13.3) ∮NS

BMI-SDS, mean ± SD 0.64±1.24 0.16±1.25 -0.57±1.23 ∮∮NS

Diabetes duration (months) 64.5 (12-210) 67.5 (12-188) 60 (12-210) ∮NS

Insulin pump therapy, % 28.5 26.4 31.1 *NS

Multiple daily injections ≥4, % 71.5 73.6 68.9 *NS

Data are medians (minimum-maximum), unless otherwise indicated

The p-values refer to the significance of the difference between females and males
∮Mann-Whitney U test, ∮∮Independent-sample t-test, *Chi-square test

BMI: body mass index, SDS: standard deviation score, HbA1c: hemoglobin A1c
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26.5 for the obese patients. Among males, the median score 
was 6 for underweight, 12 for normal weight and 16/15 
for overweight/obese patients. There was no significant 
difference between overweight and obese groups in both 
females and males (Table 3). 

Correlations with Diabetes Eating Problem Survey-Revised 
Turkish Version 

There were significant positive correlations of DEPS-R 
Turkish version scores with age (r=0.194; p<0.01), HbA1c 
levels (r=0.343; p<0.01), and BMI-SDS (r=0.455; p<0.01) 
among females. There was a positive small correlation 
between DEPS-R Turkish version scores and HbA1c levels 
(r=0.258; p<0.05) and there was positive medium 
correlation with BMI-SDS (r=0.351; p<0.01) among males 
(Table 4).

Discussion

This study examined the psychometric properties of 
the Turkish version of DEPS-R and its clinical utility. The 
DEPS-R is a 16-item instrument designed to screen for DEB 
in T1D. Markowitz et al (10) first used the English version 
of DEPS-R and showed that this screening tool had good 
internal consistency (Cronbach’s ∝=0.86) and validity 
in a representative sample of young people with T1D. As 
the original version, Norwegian (Cronbach’s ∝=0.89) and 
German versions (Cronbach’s ∝=0.84) of DEPS-R also 
showed that DEPS-R has a good internal consistency and 
validity (14,15). The Turkish version of DEPS-R showed a very 
good internal consistency in children and adolescents with 
T1D with a Cronbach’s ∝ of 0.847 (in females Cronbach’s 
∝=0.85, in males Cronbach’s ∝=0.83) consistent with the 
previous validation studies.

The confirmatory factor analysis is a kind of structural 
equation model which is used to determine the relationship 
between observable and latent variables and has a significant 
value in scale adaptation studies. After the suitability of 
data for factor analysis was assessed, confirmatory factor 
analysis was performed and confirmatory factor loadings 
of the subscales were shown to be at an acceptable level 

Table 2. Results of confirmatory factor analysis

Goodness of fit index Acceptable fit Model

X2/df (CMIN/df) <3 good, <5 sometimes permissible 1.824

RMSEA ≤0.05 good, 0.05-0.10 moderate, >0.10 bad 0.064

PCLOSE ≤0.05 good fit 0.057

CFI ≥0.95 great, ≥0.90 traditional, ≥0.80 sometimes permissible 0.907

GFI ≥0.90 good fit 0.90

AGFI ≥0.80 good fit 0.855

NFI ≥0.90 good fit 0.819

Df: degrees of freedom, CMIN: minimum discrepancy function, RMSEA: root mean square error of approximation, CFI: comparative fit index, AGFI: adjusted 
goodness of fit index, GFI: goodness of fit index, NFI: normed fit index

Table 3. Median scores of Diabetes Eating Problem 
Survey-Revised according to categories of body mass 
index-standard deviation score

All Female Male p

Underweight 7.0 (0-43) 7.0 (0-43) 6.0 (1-25) NS

Normal weight 10.5 (0-46) 10.0 (0-46) 12 (0-45) NS

Overweight 19.0 (4-55) 21.0 (6-55) 16 (4-55) NS

Obese 22.0 (7-47) 26.5 (7-41) 15 (10-47) NS

The data reflect the median values of the Diabetes Eating Problem Survey-
Revised Turkish version total score for participants categorized in four 
different groups of body mass index-standard deviation score (BMI-SDS) 
(adjusted for age and sex): underweight (BMI-SDS <-1), normal weight (BMI-
SDS ≥-1 - <+1), overweight (BMI-SDS ≥+1- +2< BMI-SDS), and obese 
(BMI-SDS ≥+2). The p-values refer to the significance of the difference 
between males and females

Table 4. Correlations of Diabetes Eating Problem Survey-
Revised Turkish version scores with age, body mass 
index-standard deviation score, hemoglobin A1c, and 
diabetes duration

All Female Male

Age 0.194** 0.322** 0.054

Onset of diabetes 0.131 0.121 0.144

Diabetes duration 0.055 0.146 -0.074

HbA1C (%) 0.303** 0.343** 0.258*

BMI-SDS 0.412** 0.455** 0.351**

Spearman correlation

*Differences were significant at p<0.05, differences were significant at 
**p<0.01

BMI-SDS: body mass index-standard deviation score, HbA1c: hemoglobin A1c
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[goodness of fit index (GFI) 0.90, adjusted GFI 0.855, 
comparative fit index 0.91, k2/degrees of freedom 1.82, and 
root mean square error of approximation 0.064]. 

In this sample, DEPS-R scores were similar to those 
reported in previous studies (9.8, 11.0, 12.0, 8.0, vs. 11.0) 
(10,14,15,16). In addition, despite the fact that there were 
no significant differences in median DEPS-R scores 11.0 
(0-55) between females and males in these studies, in our 
sample, DEPS-R scores of males were slightly higher than in 
previous studies (9.3, 7.7, 9.4, 5.0, vs. 10.5). 

Previous studies defined a score of DEPS-R ≥20 as an 
indicator of high risk for DEB (10,15,16). Twenty-five 
percent of our participants scored DEPS-R ≥20. Of these 
67% were females and 33% were males. Thirty-one 
percent of the patients who scored ≥20 were not receiving 
enough insulin to cover the food when they overate, and 
23% skipped the following insulin dose after overeating. 
While a greater proportion of the females scored above cut-
off, surprisingly, more males reported insulin restriction 
and insulin omission in this group. Among females, 
insulin restriction and insulin omission rates were 28 and 
22 % and among males these rates were 37.5 and 25 %, 
respectively. When insulin is omitted,  with the catabolism 
of lipids andthe induced glycosuria results in excretion of 
calories with urine and contributes to weight loss (17,18). 
Insulin omission is associated with  frequent events of 
diabetic ketoacidosis, and DEB is  linked with recurrent 
episodes of severe hyperglycemia and about one-third of 
individuals with T1D intentionally omit insulin (8,19). 
Considering the social pressure about thinness and/or to be 
fit, young people with T1D are particularly at risk of weight 
loss practices such as insulin restriction or omission. Most 
studies focus on females but some researchers suggest that 
adolescent males with T1D also may have an increased risk 
of development of DEB (4). In our sample, as stated above, 
especially males appeared to be at risk for omission of 
insulin and insulin restriction. The use of a diabetes-specific 
screening instrument such as DEPS-R may be important 
for detection of the risk in both genders with T1D. Weight 
issue and external appearance may be the main problems 
in females but depressed mood, low self-esteem maybe a 
problem in boys. In order to further understand the increase 
in omission and restriction rate of insulin as well as other 
problems encountered in boys, these participants are under 
further psychiatric evaluation.

Consistent with the literature, in our series also, patients 
with scores above the cut-off on DEPS-R had significantly 
higher HbA1c levels (p=0.002) in both genders (10,15,20). 
No significant differences between females and males in 
relation to HbA1c was found. Participants with higher scores 

on the DEPS-R had a higher BMI-SDS, a finding which is 
in accordance with previous studies (10,14,15,20). In our 
study, median score of DEPS-R increased significantly from 
7 in the underweight group to 10 in the normal weight group 
and to 22 in the obese group (p=0.012). Participants who 
were overweight (p≤0.0001) or obese (p≤0.0001) had higher 
scores on DEPS-R than those who were of normal weight. 
Females scored higher scores in all groups, but there was no 
significant difference between females and males. Olmsted 
et al (21) performed a longitudinal study on a sample of 126 
T1D females  age ranging from 9-13 years and reported that 
a higher BMI value predicted the onset of DEB. Wisting et al 
(14) in 770 children and adolescent with T1D (9-11 years old) 
reported that the prevalence of DEB increased considerably 
with increasing weight, especially for females. Markowitz et 
al (16), in their study on a sample of 43 patients of ages 10-
17 years who were on insulin pump therapy, reported that 
participants who were overweight or obese scored higher 
on DEPS-R than those who were of normal weight. Thus, 
more weight and shape concerns, more negative feelings 
about one’s physical appearance, and more unhealthy 
weight control behaviors like insulin omission and insulin 
restricting can explain the relationship between BMI and 
DEB. As an exploratory analysis, we examined the stability 
of the DEPS-R scores by age groups. We found that median 
DEPS-R scores were 1.5 times and significantly higher in 
90 adolescents aged 14-18 years than in 110 adolescents 
aged 9-13 years (p≤0.0001). Our results are similar to 
those reported in a previous DEPS-R validation study and a 
Norwegian sample study (10,14). 

First DEPS-R validation study showed positive correlations 
of DEPS-R scores with age, age- and gender-adjusted BMI 
and HbA1c levels (10).

Criterion validity of the Turkish version of the DEPS-R was 
shown through significant positive medium correlations 
with BMI-SDS (r=0.412, p<0.01) and HbA1c levels 
(r=0.303, p<0.01) and a small but positive correlation with 
age (r=0.194, p<0.01) that may have been influenced by 
the presence of DEB in children and adolescents with T1D. 
Therefore, in clinical settings, we recommend assessment of 
DEPS-R score in relation to BMI-SDS and age in T1D patients. 
Higher BMI-SDS, higher HbA1c, and older age appear to be 
risk factors for the development of DEBs among children 
and adolescents with T1D. 

Study Limitations

A major limitation of this study is its inability to validate 
the Turkish version of DEPS-R with a structured clinical 
diagnostic interview by a pediatric psychiatrist. This may 
have led to overestimation of DEB. 



328

Atik Altınok Y et al. 
Diabetes Eating Problem Survey-Revised in Type 1 Diabetes Mellitus

J Clin Res Pediatr Endocrinol
2017;9(4):323-328

Conclusion

Our data has shown that children and adolescents with 
T1D who have higher BMI values and higher HbA1c levels 
appear to exhibit more DEBs. DEB and insulin restriction 
were associated with poor metabolic control. Diabetes 
health care professionals should be aware of comorbid 
eating disorders in children and adolescent with T1D. A 
short, self-administered diabetes-specific screening tool for 
DEB can be used routinely in the clinical care of children 
and adolescents with T1D. The Turkish version of DEPS-R 
is a valid screening tool for DEB in T1D and it is potentially 
important to detect DEB at an early stage. We propose that 
future research should focus on the validity of the DEPS-R 
as compared with a structured clinical diagnostic interview. 
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Introduction

Health professionals frequently use direct anthropometric 
measurements and indices derived from these measurements as 
tools to determine cardiometabolic risks and obesity. Definition 
of nutritional status, assessment of growth and development 
status, evaluation of differences in body proportions between 

populations, as well as contribution to diagnosis and treatment 
are some of these uses (1,2). Although waist circumference 
(WC) is the most frequently used index to assess nutritional, 
metabolic, and cardiovascular disorders, mid-upper arm, wrist, 
and neck circumferences may also be used (3,4).

Wrist circumference (WrC) is a new and possibly promising 
measurement to assess body frame size. A recent cross-

Objective: The aim of the current study was to provide wrist circumference (WrC) and body frame size (height/WrC) percentile values in 
Turkish children and adolescents aged 6-17 years. 
Methods: In this cross-sectional study, the data of “Determination of Anthropometric Measures of Turkish Children and Adolescents” 
(DAMTCA II) study in Kayseri/Turkey were used. A total of 4330 observations were recorded (1931 boys, 2399 girls). The WrC and frame 
size reference values were produced with generalized additive models for location, scale and shape.
Results: The WrC percentiles (3rd-97th) were calculated. The frame size (height/WrC) was estimated as small, medium, and large (<15th, 
15-85th, and ≥85th percentiles, respectively). For both genders, WrC linearly increased with age (13.0-16.8 cm for boys and 12.5-15.5 
cm for girls). In boys and girls, the mean ± standard deviation of WrC is 13.00±0.89 cm and 12.48±0.93 cm (6 years) and increases 
to 16.83±1.16 and 15.58±0.86 cm (17 years), respectively. The WrC values in all age groups were higher in boys compared with girls. 
The increment in frame size from 6 to 17 years were 1.25 cm in boys and 0.85 cm in girls. 
Conclusion: WrC is a simple, easy-to-detect anthropometric index which is not subject to measurement errors. Additionally, WrC can be 
used both to decide about frame size and to determine metabolic risks related to obesity. We consider that this easy-to-get anthropometric 
index can be used both in screening procedures and clinical assessment procedure for obesity-related metabolic consequences.
Keywords: Adolescents, anthropometry, children, frame size, growth percentiles, wrist circumferences 

Abstract

What is already known on this topic?

What this study adds?

This is the first study on wrist circumference in Turkish children and adolescents and was conducted on a quite large sample. The study 
also included estimation of frame size based on wrist circumference.

Studies on reference values for wrist circumference and their use in assessing cardio-metabolic risks are limited.
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sectional study suggests that WrC may also be associated 
with insulin resistance in obese children and adolescents 
(5). Most recently, in an 8.8-year follow-up study in a sample 
of 9330 adult Iranians, WrC was reported to be a significant 
predictor of diabetes in both genders (6). Although there 
is no established consensus on the routine use of WrC for 
clinical purposes as yet, there are studies suggesting that 
WrC may be a promising measurement. 

The aim of this current study was to provide reference 
values for WrC and height/wrist ratio to assess body frame 
size in Turkish children and adolescents. To our knowledge, 
this will be the first study in the Turkish population on this 
issue. Additionally, producing frame size percentiles in this 
study would provide the assessment of WrC adjusted for 
height. 

Methods

Study Design and Sampling

We used the data of the “Determination of Anthropometric 
Measures of Turkish Children and Adolescents (DAMTCA 
II)” study, which was conducted during October 2007 and 
April 2008. The DAMTCA II study was performed in Kayseri 
province which has more than 1,200,000 inhabitants and 
which is a leading industrial and trade center in Turkey. A 
total of 4330 observations were recorded (1931 boys, 2399 
girls). The sampling design of the study was cross-sectional 
in which multi-stage probability sampling was performed 
(4).

Of the 708 schools in Kayseri, 17 primary, secondary, 
and high schools were randomly selected to recruit 
children and adolescents aged 6-17 years. Chronological 
age was calculated as the decimal age by subtracting the 
observation date from the birth date. Each year elapsed 
from their birthdates was noted as one age (e.g. 7.00-7.99 
is accepted as 7 years old). The study protocol was approved 
by the Ethics Committee of Erciyes University and by the 
administration of the local educational authority (approval 
number: 2008/28, date: 08.01.2008). Parents’ written 
consent was obtained prior to the study, and the procedures 
were in accordance with those outlined by the Declaration 
of Helsinki.

Data Collection and Questionnaire

Anthropometric indices: All measurements were 
performed twice by well-trained health professionals and 
the arithmetic mean was recorded for evaluation.

Wrist circumference: WrC was measured with children/
adolescents in a seated position using a tension-gated tape 

measure positioned over the Lister tubercle of the distal 
radius and over the distal ulna. The Lister tubercle, a dorsal 
tubercle of the radius, can be easily palpated at the dorsal 
aspect of the radius around the level of the ulna head, about 
1 cm proximal to the radiocarpal joint space. A tension-
gated tape measure was used to ensure equivalent tape 
pressure between subjects (5).

Height: Height was measured with a portable Seca 
stadiometer sensitive to changes up to 1 cm. Daily 
calibration was performed to the portable devices. 
Measurements were done with subjects barefoot, the 
heels, hips, and shoulders touching the stadiometer, and 
the head in neutral position with eyes gazing forward.  
Grant index: Height (cm)/WrC (cm) (skeletal value) (1,7).

Questionnaire: The survey was based on a questionnaire sent 
home prior to evaluation and collection of anthropometric 
data from participating children/parents and adolescents. 

Statistical Analysis

Outliers were examined first by checking the discontinuities 
in age-related WrC z scores plot, also z<-10 standard 
deviation scores (SDS), and z>6 SDS liberal cut-off values 
were applied for automatic outlier detection (8). The 
remaining 4330 observations (1931 boys, 2399 girls) were 
randomly split into training and test sets (70%, 30%). The 
training set was used to fit the models (for each distribution 
and each gender), and the test set was applied to avoid 
overfitting, validate models, and to choose the convenient 
distribution.

Generalized additive models for location scale and shape 
(GAMLSS) were used to fit the age-related WrC model (9). 
Maximum penalized likelihood estimation was used to fit 
the model using Rigby and Stasinopoulos algorithm and 
Fisher scoring procedure. Box-Cox power exponential 
(BCPE), Box-Cox t (BCT), and Box-Cox Cole and Green 
(BCCG) distributions (distributions of LMS, LMST, and LMSP 
methods, respectively) were used to fit models, and cubic 
splines were used as smoothing functions. Each gender was 
modelled separately. The GAMLSS package (version 4.1-1) 
of R 2.14.0 program (www.r-project.org) was employed to 
fit our data.

For BCPE distribution modeling of boys, we followed 
the three-step optimization procedure of Rigby and 
Stasinopoulos (10) and the Generalized Akaike Information 
Criterion (GAIC#3) for model selection. In the first step, 
identity link functions for μ and ν, log link functions for σ 
and τ were chosen. An initial age transformation was chosen 
as x=ageλ=2.5 after a grid search of λ between -3 to 3 in 
steps of 0.5. In the second step, initial degrees of freedom 
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of all four parameters were set to 1, and values of df (μ), λ, 
and df (σ) were optimized, respectively. For df (μ) and df 
(σ), we made a search between 1 to 20 in steps of 1 and 
for λ between 2 to 3 in steps of 0.01. Starting model led to 
BCPE [3,1, df (ν), df (τ), 2.53] and fitted to all combinations 
of df (ν) and df (τ) ranging between 0 to 9 and 0 to 4 in 
steps of 1, respectively. In the last step of the procedure, 
fine tuning was used for the model BCPE (3, 1, 1, 0, 2.53) 
with changing values of df (σ), df (μ), df (ν), df (τ), and λ. We 
obtained BCPE (2.9, 1.0, 0.9, 0.2, 2.51) as the final model.

The same procedure was performed for girls and for BCT 
distribution models. For BCCG distribution, similar but a 
little different procedure was performed because of the 
absence of τ parameter. The difference is that values of df 
(μ) and λ were optimized first and combinations of df (σ) 
and df (ν) were searched next in a second step for same 
link functions (for μ, σ and ν). Finally, BCPE (2.9, 1.0, 0.9, 
0.2, 2.51), BCT (2.8, 1.0, 0.9, 0.0, 2.20), and BCCG (2.9, 
1.0, 1.0, 2.30) models for boys and BCPE (3.6, 1.1, 1.0, 
0.6, 1.55), BCT (8.4, 1.0, 1.0, 0.1, 0.80), and BCCG (9.1, 
0.8, 1.8, 1.20) for girls were obtained as optimum models 
for LMSP, LMST, and LMS methods, respectively. Based on 
the minimum GAIC#3 values, we decided to fit the LMSP 
method to construct percentile curves for both boys and 
girls.

A similar procedure was applied to model age-related 
frame size percentiles. Optimum models were obtained as 
BCPE (1.40, 4, 1, 1) for boys and BCCG (-0.75, 7, 1, 1) for 

girls. Differences between both genders in each age were 
assessed by independent samples t-test. Two-tailed p-values 
of <0.05 were considered statistically significant.

Results

Table 1 shows the mean and percentile values for WrC in 
6-17-year-old Turkish boys and girls. For both genders, WrC 
linearly increases with age (13.0 to 16.8 cm for boys and 
12.5 to15.5 cm for girls, respectively for 6 and 17 years). 
In boys and girls, the mean ± standard deviation of WrC 
is 13.00±0.89 cm and 12.48±0.93 cm (6 years) and 
increases to 16.83±1.16 and 15.58± 0.86 cm (17 years), 
respectively. The WrC values in all age groups were higher in 
boys when compared with girls. In boys, the 50th percentile 
ranged from 12.92 cm (at age 6) to 16.85 cm (at age 17) and 
in girls, the 50th percentile ranged from 12.41 cm (at age 6) 
to 15.54 cm at age 17. 

Figure 1 shows the fitted percentile curves of frame size 
(height/WrC) and WrC (3rd, 5th, 10th, 15th, 25th, 50th, 75th, 85th, 
90th, 95th, 97th) of related models for 6-17-year-old boys and 
girls. WrC steadily increases until 17 years in boys, while it 
makes plateau after age 14 years in girls.

Table 2 shows the percentile values for frame size (height/
WrC) of 6-17-year-old Turkish boys and girls. In Table 3, the 
age- and gender-related frame size is shown according to its 
small, medium, and large percentiles. The three-frame size 

Figure 1. The distribution of wrist circumference and frame size in boys and girls aged 6-17 years with fitted percentile curves
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categories are determined according to certain percentiles: 
small ≤15th percentile, medium >15th percentile and <85th 
percentile, and large ≥85th percentile) (1). The increment in 
mean frame size from 6 years to 17 years was 1.26 cm in 
boys and 0.85 cm in girls. The change in WrC distribution 
through 6 to 17 years for each gender is shown in Figure 2 to 
demonstrate the difference between each gender and age-
related increment. In Figures 3A and 3B, we compared the 
50th WrC percentiles in the available three different studies 
to reveal geographic differences (2,11). 

Discussion

Body circumferences are recommended for use in the clinical 
evaluation of nutritional and cardiometabolic disorders as 
a measure of compartmental body fat content or as an 
index of body fat distribution. As a novel clinical measure, 
we aimed to design a frame to calculate percentiles of WrC 

and also indices in which WrC is an important determinant 
to assess body frame. We found that WrC was higher in 
boys than in girls aged 6-17 years. The gender difference is 
observed to be about 0.5-1.0 cm from 6 to 12 years. Later, 
through 12 to 18 years, the gender difference gradually 
increases to 1.0-2.0 cm in favor of boys. (Table 1, Figure 2). 
Collinearity of WrC and WC is the most promising character 
of WrC, since it can be measured very easily. Additionally, 
WrC measurement is free from distracting factors, such 
as respiration and abdominal distension that can alter the 
reproducibility of WC.

In obese Italian children, hyperinsulinemia-related increase 
in free insulin-like growth factor-1 (IGF-1) levels was 
considered to enhance bone development and consequently 
lead to increase in WrC (5). Thus, WrC measurements 
were suggested to contribute to the assessment of 

Table 1. Age-related wrist circumference (cm) percentiles of 6-17-year-old Turkish boys and girls

Age (years) Percentiles

3rd 5th 10th 15th 25th 50th 75th 85th 90th 95th 97th

Boys n

6 127 11.47 11.60 11.82 11.99 12.27 12.92 13.65 14.01 14.23 14.56 14.75

7 174 11.70 11.84 12.06 12.23 12.52 13.18 13.91 14.27 14.50 14.82 15.02

8
185

11.99 12.12 12.36 12.53 12.83 13.50 14.23 14.59 14.82 15.14 15.34

9 156 12.31 12.46 12.70 12.88 13.19 13.86 14.59 14.95 15.18 15.51 15.71

10 179 12.67 12.83 13.08 13.27 13.58 14.27 15.00 15.36 15.59 15.92 16.12

11 168 13.05 13.21 13.48 13.68 14.00 14.69 15.42 15.78 16.01 16.34 16.55

12 126 13.42 13.59 13.88 14.08 14.41 15.11 15.83 16.19 16.43 16.76 16.97

13 139 13.79 13.98 14.28 14.50 14.84 15.54 16.26 16.62 16.86 17.20 17.42

14 153 14.19 14.39 14.71 14.94 15.29 15.99 16.70 17.08 17.32 17.68 17.91

15 223 14.55 14.76 15.10 15.34 15.69 16.39 17.11 17.50 17.76 18.15 18.40

16 217 14.80 15.03 15.38 15.63 15.99 16.69 17.41 17.82 18.11 18.54 18.83

17 84 14.92 15.16 15.54 15.79 16.16 16.85 17.58 18.02 18.33 18.83 19.17

Girls n

6 135 10.70 10.87 11.16 11.37 11.70 12.41 13.08 13.37 13.55 13.78 13.91

7 175 11.09 11.26 11.55 11.76 12.09 12.80 13.48 13.78 13.96 14.21 14.35

8 191 11.51 11.68 11.97 12.17 12.51 13.21 13.89 14.21 14.40 14.66 14.81

9 162 11.92 12.09 12.38 12.58 12.91 13.60 14.29 14.62 14.82 15.10 15.27

10 193 12.35 12.52 12.80 13.01 13.33 14.02 14.72 15.05 15.26 15.56 15.74

11 136 12.81 12.98 13.26 13.46 13.78 14.46 15.15 15.50 15.72 16.04 16.23

12 165 13.21 13.38 13.65 13.84 14.16 14.82 15.51 15.86 16.09 16.42 16.62

13 167 13.53 13.69 13.96 14.15 14.45 15.10 15.78 16.13 16.36 16.69 16.90

14 150 13.80 13.95 14.21 14.39 14.69 15.32 15.99 16.33 16.56 16.88 17.09

15 379 13.97 14.12 14.36 14.54 14.83 15.44 16.09 16.43 16.64 16.96 17.15

16 413 14.04 14.18 14.43 14.60 14.89 15.49 16.12 16.43 16.64 16.96 17.15

17 133 14.09 14.24 14.49 14.67 14.95 15.54 16.15 16.46 16.65 16.96 17.15

Age indicates whole age group (e.g. 7.00-7.99 years, etc.) 
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hyperinsulinemic obesity, in addition to calculating frame 
size (frame size=height/WrC). The initial recommendation 
for WrC as a risk factor for metabolic disorders in adult 
population depends on a recent prospective study (6), 
although the first study in adolescents for WrC references 
was conducted in Bolivian 12-18-year-old adolescents (2). 
This present study is the third study on WrC and has been 
conducted on a large sample size with a broad age spectrum. 

According to an adult study in the USA and Canada, there 
is a statistically significant positive association between 
WrC and diabetes (odds ratio=1.3, p=0.006). In this 
study, diabetic women also had larger neck, bust, and wrist 
circumferences, when adjusted for age and body mass index 
(12). In another pilot study, non-diabetic Italian adolescent 
athletes with a positive family history demonstrated 
statistically significant higher WrC values when compared 
to athletes with a negative family history and the difference 

was more significant in males (13). We consider that our 
WrC data can be used to investigate the possibility of a 
similar association of cardiometabolic risk in our children 
and adolescents.

As mentioned above, WrC measurement can be applied 
easily and has relatively low measurement errors. It is a 
simple, easy-to-detect anthropometric index, and it is not 
subject to measurement problems due to estimation of 
precise anatomic definition or to effects such as respiratory 
movements in WC measurements (14). 

Another contribution of this present study is producing 
frame size as well as WrC references. Frame size classifies 
the skeletal structure as small, medium, and large, a 
characteristic that provides information in assessment of 
body composition. Fat mass, fat-free mass, and bone mass 
compositions are used in assessment of cardiometabolic 
risk. Frame size may contribute significantly to assess the 

Table 2. Age-related frame size [height (cm)/wrist circumference (cm)] percentiles of 6-17-year-old Turkish boys and 
girls

Age
(years)

Percentiles

3rd 5th 10th 15th 25th 50th 75th 85th 90th 95th 97th

Boys

6 7.95 8.05 8.23 8.35 8.57 9.03 9.51 9.74 9.89 10.10 10.23

7 8.11 8.22 8.40 8.53 8.74 9.19 9.65 9.89 10.04 10.25 10.38

8 8.28 8.40 8.58 8.71 8.91 9.34 9.79 10.02 10.17 10.40 10.54

9 8.44 8.55 8.74 8.87 9.08 9.49 9.91 10.14 10.30 10.52 10.67

10 8.55 8.67 8.87 9.00 9.20 9.59 10.00 10.22 10.38 10.61 10.76

11 8.63 8.76 8.96 9.09 9.29 9.67 10.06 10.28 10.43 10.66 10.82

12 8.73 8.86 9.07 9.21 9.41 9.78 10.16 10.38 10.53 10.76 10.92

13 8.86 9.00 9.22 9.36 9.57 9.94 10.32 10.54 10.69 10.92 11.08

14 9.00 9.15 9.37 9.52 9.73 10.12 10.51 10.73 10.89 11.12 11.28

15 9.12 9.27 9.51 9.67 9.89 10.30 10.71 10.94 11.09 11.33 11.49

16 9.14 9.30 9.55 9.72 9.96 10.39 10.82 11.06 11.22 11.45 11.61

17 9.10 9.27 9.54 9.72 9.98 10.43 10.88 11.12 11.29 11.53 11.69

Girls

6 7.99 8.15 8.41 8.59 8.84 9.32 9.81 10.07 10.24 10.50 10.67

7 8.22 8.36 8.59 8.74 8.98 9.43 9.89 10.15 10.33 10.60 10.78

8 8.30 8.43 8.63 8.78 8.99 9.42 9.86 10.12 10.29 10.56 10.73

9 8.58 8.71 8.91 9.05 9.27 9.69 10.13 10.38 10.55 10.82 10.99

10 8.77 8.90 9.11 9.25 9.46 9.88 10.31 10.56 10.73 10.99 11.16

11 8.82 8.95 9.15 9.29 9.51 9.91 10.34 10.57 10.73 10.98 11.14

12 8.99 9.12 9.33 9.47 9.68 10.08 10.50 10.73 10.89 11.13 11.29

13 9.14 9.27 9.48 9.62 9.83 10.23 10.65 10.87 11.03 11.26 11.42

14 9.22 9.35 9.56 9.70 9.91 10.31 10.72 10.94 11.09 11.32 11.47

15 9.28 9.42 9.62 9.77 9.98 10.37 10.78 11.00 11.15 11.37 11.52

16 9.31 9.45 9.65 9.79 10.00 10.40 10.80 11.01 11.16 11.38 11.53

17 9.30 9.43 9.63 9.77 9.98 10.37 10.76 10.97 11.12 11.33 11.47
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Figure 3A. Comparison of 50th percentiles of boys Wrist 
circumferences in Determination of Anthropometric 
Measures of Turkish Children and Adolescents-II, childhood 
and adolescence surveillance and prevention of adult 
non-communicable disease-IV, and Multi-Ethnic Study of 
Atherosclerosis studies

DAMTCAII: Determination of Anthropometric Measures of Turkish Children 
and Adolescents, CASPIAN-IV: childhood and adolescence surveillance and 
prevention of adult non-communicable disease, MESA: Multi-Ethnic Study 
of Atherosclerosi

Figure 2. The change in wrist circumference between each 
gender through 6-17 years (mean ± 2 standard deviation)
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level cardiometabolic risk since individuals with similar 
body fat content or body fat distribution may have different 
risk levels according to their frame size (15). The calculated 
cut-offs for frame size in the current study may then be 
used in assessment of cardiometabolic risk or obesity for 
both genders in children and adolescents. WrC is defined as 
an inexpensive, non-invasive, safe, inner-, inter-observable 
valid measure (16). Additionally, WrC is a measurement to 
predict insulin resistance (16). Finally, to the best of our 
knowledge, our study has been conducted on the largest 
sample size to date.

Study Limitations

On the other hand, the cross sectional study design and 
relatively underrepresenting total country population may 
be the limitations of this present study.

Conclusion

In conclusion, we may consider that WrC is a well-known 
anthropometric, however a novel clinical measure which 
can also be used to assess body frame size that may reflect 

cardiometabolic risk factors. This is the first comprehensive 
study, providing both WrC and frame size percentiles 
in Turkish children and adolescents. In short, WrC 
measurement is an easy to apply method with a relatively 
low risk of faulty measurement. However, studies on its use 
and applicability as a reference or risk factor are limited. 
Finally, WrC measurements and estimation of frame size 
have also the potential to be used in ergonomics for product 
design, human-machine harmony, and for analysis of 
physical environment for health.

Ethics

Ethics Committee Approval: The study protocol was 
approved by the Ethics Committee of Erciyes University 
and by the administration of the local educational authority 
(approval number: 2008/28, date: 08.01.2008).

Informed Consent: Parents’ written consent was obtained 
prior to the study, and the procedures were in accordance 
with those outlined by the Declaration of Helsinki.

Peer-review: Externally peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: Selim Kurtoğlu, Concept: 
Selim Kurtoğlu, Ahmet Öztürk, Gökmen Zararsız, Design: 
Ahmet Öztürk, M. Mümtaz Mazıcıoğlu, Data Collection or 
Processing: Betül Çiçek, Ahmet Öztürk, Gökmen Zararsız, 
Analysis or Interpretation: Ahmet Öztürk, Gökmen Zararsız, 
Literature Search: Selim Kurtoğlu, Ahmet Öztürk, M. Mümtaz 
Mazıcıoğlu, Writing: Ahmet Öztürk, M. Mümtaz Mazıcıoğlu, 
Gökmen Zararsız.

Financial Disclosure: The authors declared that this study 
received no financial support.

References

1.	 Bowers LJ. Assessment of nutritional status. In: Mootz RD, Vernon HT, 
(eds). Best Practices in Clinical Chiropractic. ASPEN Publication, USA, 
1999:70. 

2.	 Baya Botti A, Pėrez-Cueto FJ, Vasquez Monllor PA, Kolsteren PW. 
Anthropometry of height, weight, arm, wrist, abdominal circumference 
and body mass index, for Bolivian adolescents 12 to 18 years-
Bolivian adolescent percentile values from the MESA study. Nutr Hosp 
2009;24:304-311.

3.	 Mazıcıoğlu MM, Hatipoğlu N, Oztürk A, Ciçek B, Ustünbaş HB, Kurtoğlu 
S. Waist circumference and mid-upper arm circumference in evaluation 
of obesity in children aged between 6 and 17 years. J Clin Res Pediatr 
Endocrinol 2010;2:144-150. Epub 2010 Dec 10

4.	 Mazicioglu MM, Kurtoglu S, Ozturk A, Hatipoglu N, Cicek B, Ustunbas 
HB. Percentiles and mean values for neck circumference in Turkish 
children aged 6-18 years. Acta Paediatrica 2010;99:1847-1853.

5.	 Capizzi M, Leto G, Petrone A, Zampetti S, Papa RE, Osimani M, Spoletini 
M, Lenzi A, Osborn J, Mastantuono M, Vania A, Buzzetti R. Wrist 
circumference is a clinical marker of insulin resistance in overweight 
and obese children and adolescents. Circulation 2011;123:1757-1762. 
Epub 2011 Apr 11

Figure 3B. Comparison of 50th percentiles of girls Wrist 
circumferences in Determination of Anthropometric 
Measures of Turkish Children and Adolescents-II, childhood 
and adolescence surveillance and prevention of adult 
non-communicable disease-IV, and Multi-Ethnic Study of 
Atherosclerosis studies

DAMTCAII: Determination of Anthropometric Measures of Turkish Children 
and Adolescents, CASPIAN-IV: childhood and adolescence surveillance and 
prevention of adult non-communicable disease, MESA: Multi-Ethnic Study of 
Atherosclerosis



336

Öztürk A et al. 
Wrist Circumference and Frame Size Percentiles in Turkish Children

J Clin Res Pediatr Endocrinol
2017;9(4):329-336

6.	 Jahangiri Noudeh Y, Hadaegh F, Vatankhah N, Momenan AA, Saadat 
N, Khalili D, Azizi F. Wrist circumference as a novel predictor of 
diabetes and prediabetes: results of cross-sectional and 8.8-year 
follow-up studies. J Clin Endocrinol Metab 2013;98:777-784. Epub 
2013 Jan 22

7.	 Lagua RT, Claudio VS. Nutrition and Diet Therapy Reference Dictionary. 
4th ed. New-York, Chapman & Hall, USA, Appendix, 1996;21:415.

8.	 van Buuren S, Hayes DJ, Stasinopoulos DM, Rigby RA, ter Kuile FO, 
Terlouw DJ. Estimating regional centile curves from mixed data sources 
and countries. Stat Med 2009;28:2891-2911.

9.	 Rigby RA, Stasinopoulos DM. Generalized additive models for location, 
scale and shape. Appl Statis 2005;54:507-554.

10.	 Rigby RA, Stasinopoulos DM. Smooth centile curves for skew 
and kurtotic data modelled using the Box-Cox power exponential 
distribution. Stat Med 2004;23:3053-3076. 

11.	 Kelishadi R, Qorbani M, Hosseini M, Bahreynian M, Djalalinia S, 
Motlagh ME, Ardalan G, Khoramdad M, Mansourian M, Asayesh H, 
Heshmat R. Percentiles for anthropometric measures in Iranian 

children and adolescents: the CASPIAN-IV study. J Pediatr Endocrinol 
Metab 2016;29:1069-1076.

12.	Freedman DS, Rimm AA. The relation of body fat distribution, as 
assessed by six girth measurements, to diabetes mellitus in women. 
Am J Public Health 1989;79:715-720.

13.	Pomara F, Grosso F, Basile D, Polizzi V, Marcianό C, Adamo V, De Vita 
A, Petrucci M. A pilot study on adolescents of both sexes. Correlation 
between phenotype, athletic performances and family history to type 
2 diabetes. Minerva Pediatr 2010;62:425-430.

14.	 Wills SD, Bhopal RS. The challenges of accurate waist and hip measurement 
over clothing: Pilot data. Obes Res Clin Pract 2010;4:163-246.

15.	Chumlea WC, Wisemandle W, Guo SS, Siervogel RM. Relations between 
frame size and body composition and bone mineral status. Am J Clin 
Nutr 2002;75:1012-1016.

16.	Campagna G, Zampetti S, Gallozzi A, Giansanti S, Chiesa C, Pacifico L, 
Buzzetti R. Excellent Intra and Inter-Observer Reproducibility of Wrist 
Circumference Measurements in Obese Children and Adolescents. 
PLoS One 2016;11:e0156646.



337

ORIGINAL ARTICLE

Introduction

Overt hypothyroidism may be associated with changes in 

energy expenditure and gain in body weight. Most patients 

stop gaining or lose weight after beginning treatment with 

levothyroxine and restoration of a biochemically euthyroid 
state. Weight gain in hypothyroid patients is related partly to 
myxedema, but this fluid frequently disappears after one to 
four weeks of treatment with levothyroxine (1,2).

On the other hand, serum thyroid-stimulating hormone 

Objective: To determine the association, if any, between thyroid-stimulating hormone (TSH) levels and body mass index (BMI) percentiles 
in children with primary hypothyroidism who are chemically euthyroid and on treatment with levothyroxine.
Methods: This retrospective cross-sectional study consisted of a review of medical records from RUSH Medical Center and Stroger 
Hospital, Chicago, USA of children with primary hypothyroidism who were seen in the clinic from 2008 to 2014 and who were chemically 
euthyroid and on treatment with levothyroxine for at least 6 months. The patients were divided into two groups based on their TSH levels 
(0.34-<2.5 mIU/L and ≥2.5-5.6 mIU/L). The data were analyzed by Spearman rank correlation, linear regression, cross tabulation and 
chi-square, Mann-Whitney U test, and Kruskal-Wallis test.
Results: One hundred and forty-six children were included, of which 26% were obese (BMI ≥95%), 21.9% overweight (BMI ≥85-<95%), 
and 52.1% of a healthy weight (BMI ≥5-<85%). There was a significant positive correlation between TSH and BMI percentiles (r=0.274, 
p=0.001) and a significant negative correlation between TSH and serum free T4 (r=-0.259, p=0.002). In the lower TSH group, 68.4% 
of the children had a healthy weight, while the percentage of obese children was 60.5% in the upper TSH group (p=0.012).
Conclusion: In children diagnosed with primary hypothyroidism who are chemically euthyroid on treatment with levothyroxine, there 
is a positive association between higher TSH levels and higher BMI percentiles. However, it is difficult to establish if the higher TSH levels 
are a direct cause or a consequence of the obesity. Further studies are needed to establish causation beyond significant association.
Keywords: Thyroid-stimulating hormone, hypothyroidism, pediatric, children, obesity, body mass index, euthyroid

Abstract

What is already known on this topic?

What this study adds?

It raises the question on whether we should treat pediatric patients with hypothyroidism aiming to keep TSH in the lower end of normal 
in an effort to improve their BMI.

There have been studies in adults that show that higher thyroid-stimulating hormone (TSH) levels are associated with higher body mass 
index (BMIs). No studies done in children.
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(TSH)  levels are often elevated in obese children and adults 
(3,4,5,6,7,8,9,10,11). The mechanism underlying this finding 
is not yet fully understood. The hyperthyrotropinemia appears 
to be a result rather than the root of the obesity, but the 
question as to whether high TSH levels contribute to difficulties 
with weight loss in obese patients remains unanswered.

TSH has wide normal ranges, but most laboratories use 
values of about 4.5 to 5.0 mIU/L as the upper limit of what 
is considered normal range. Approximately 95% of healthy 
Americans have serum TSH levels between 0.45 and 4.12 
mIU/L. According to the Third National Health and Nutrition 
Examination Survey, for individuals who do not suffer from 
thyroid disease, the upper normal limit of serum TSH levels 
is 4.5 mIU/L (12).

Recent attention has focused on the potential relationship 
between minor abnormalities of thyroid function and 
changes in body weight in euthyroid subjects. To investigate 
whether there is a relationship between serum TSH levels 
and body mass index (BMI) percentiles in children with 
primary hypothyroidism who are chemically euthyroid and 
on treatment with levothyroxine, we retrospectively studied 
the charts of 146 children. 

Methods

We conducted a retrospective, cross-sectional study that 
consisted of chart reviews of all cases from 2008 to 2014 
of children aged between 6 months and 21 years with 
a diagnosis of primary hypothyroidism who were on 
treatment with levothyroxine for at least 6 months and 
chemically euthyroid. The study population consisted of 
patients of RUSH University Medical Center (RUMC) and 
Stroger Hospital (SH) Pediatric Endocrinology Outpatient 
Clinics (Chicago, IL, USA). One patient who was on nature-
thyroid therapy (animal extract thyroid preparation) was 
also included. Subjects were identified using International 
Classification of Disease-9 codes. We analyzed the 
correlation between serum TSH levels and BMI percentiles.

Children with other endocrinopathies or other medical 
conditions that may affect weight, such as diabetes mellitus, 
celiac disease and pregnancy, those with abnormal TSH 
levels, and those who were on any medication that may alter 
serum TSH levels were excluded. We also excluded eight 
patients whose BMI and weight for length (W/L) percentiles 
were less than the 5%.

We enrolled 146 patients with primary hypothyroidism who 
were chemically euthyroid and met the inclusion criteria. 
Our study was approved by the Institutional Review Board 
of the RUMC and SH (approval number: 14062603-IRB01). 

Anthropometric Measurements

Growth and thyroid function were assessed at each clinic visit 
every three months or bi-annually. Weight was measured with 
the subject wearing light clothing with his or her shoes off. 
Height was measured using a wall-mounted, fixed Harpender 
stadiometer. Recumbent length was measured using an 
infantometer in children who were two years of age or 
younger. BMI was calculated by dividing weight (kg) by height 
square (meter square) and plotted on the age- and gender-
specific Centers for Disease Control (CDC) and National 
Center for Health Statistics BMI growth charts to obtain a 
percentile ranking. Weight, height, BMI, and W/L percentiles 
were calculated using CDC charts for girls and boys aged 2 
to 20 years and <36 months. In children aged 2 to 18 years, 
obesity was defined as a BMI ≥95th percentile for age and 
gender. For this age group, overweight was defined as a BMI 
percentile of ≥85%-<95%, and healthy weight as a BMI 
percentile of ≥5%-<85% (13,14). In children aged less than 
2 years, it is appropriate to use weight for recumbent length 
(W/L) percentile to evaluate their weight relative to linear 
growth (15,16). The term “overweight”, rather than “obese” 
is used to describe these young children. For this population, 
overweight is defined as a W/L percentile of ≥95th. 

Euthyroid status was defined as having a TSH level of 0.35-
4.94 mIU/L at RUMC and 0.34-5.60 mIU/L at SH regardless 
of free T4 levels. The normal range of free T4 is 0.7-1.5 ng/
dL at RUMC and 0.58-1.64 ng/dL at SH. Serum TSH and free 
T4 at RUMC were determined by two-site chemiluminescent 
enzyme micro particle immune assay (Architect, Abbott 
Diagnostics, U.S.). They were also determined at SH by 
two-site chemiluminescent enzyme microparticle immune 
assay (DXI, Beckman Coulter, U.S.).

To estimate the proportions of healthy weight, overweight, 
and obese patients within each TSH group, subjects were 
divided into two groups: those with a lower TSH (<2.5 
mIU/L) and those with a higher TSH group (≥2.5 mIU/L). In 
addition, the subjects were divided according to category 
of BMI or W/L into healthy weight, overweight, and obese 
groups. Measurement obtained at the most recent visit were 
used in these calculations. Demographic (age, gender, and 
ethnicity) and clinical details were collected during routine, 
out-patient care.

Statistical Analysis

Data were recorded in Microsoft Excel 2010 and analyzed 
using SPSS version 18.0 software (SPSS Inc., U.S.). The 
correlations between various variables were assessed by 
the nonparametric Spearman rank correlation. The Mann-
Whitney test was used for comparison between two groups, 
and the Kruskal-Wallis test was used for comparison among 
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larger groups. All reported p-values are two sided. A p-value 
≤0.05 was considered as statistically significant.

Results

Anthropometric characteristics of the subjects are shown 
in Table 1. After exclusion of subjects who did not meet 
the inclusion criteria, a total of 327 participants were 
investigated, and 146 were eligible for these analyses. 
Forty-six boys (32%) and 100 girls (68%) with primary 
hypothyroidism who were chemically euthyroid were 
enrolled. Patients were divided according to their BMI or 
W/L percentiles (%). Thus 26% of the study group consisted 
of obese patients (≥95%), 21.9% of overweight patients 
(BMI ≥85 but less than 95%) and 52.1% of healthy weight 
patients (BMI ≥5%-<85%).

The median [interquartile range (IQR)] of BMI and W/L 
percentiles were 82.25% (41.45%), while the median (IQR) 
of TSH levels was 2.11 mIU/L (2.15 mIU/L) (Table 1). The 
median TSH was 1.73 mIU/L for boys, while it was 2.35 
mIU/L for girls, and the median BMI and W/L percentile 
values were 71.06 % in boys and 87.08 % in girls (Table 
2). The correlation between serum TSH and BMI percentiles 
was strongly significant in girls (r=0.330, p=0.001), while 
in boys, this correlation was only marginally significant 
(r=0.250, p=0.094).

There was a significant positive correlation between serum 
TSH and BMI or W/L percentiles (r=0.274, p=0.001) and 
a significant negative correlation between BMI or W/L 
percentiles and free T4 (r=-0.259, p=0.002). 

A multivariate linear regression analysis for the association 
between serum TSH levels and different variables is shown 
in Table 3. In this analysis, we used BMI or W/L expressed in 

standard deviation scores (SDS) instead of percentiles. This 
analysis revealed that only BMI contributed significantly 
to the variance of TSH. This association was slightly 
attenuated after additional adjustments for age, gender, 
dose of levothyroxine, ethnicity, and body surface area (BSA) 
[p=0.013, 95% confidence interval (CI)=0.079-0.642]. A 
multivariate linear regression analysis for the association 
between serum free T4 and variables revealed that BMI, age, 
and ethnicity contributed significantly to the variance of 
serum free T4. In addition, the association between serum 
free T4 and BMI was slightly attenuated after adjustments 
for age, gender, dose of levothyroxine, ethnicity, and BSA 
(p=0.005, 95% CI=-0.0.122- -0.022). 

When subjects were divided according to category of TSH 
into two TSH groups (< than 2.5 mIU/L and ≥ than 2.5 
mIU/L), the percentage of healthy weight subjects in the 
lower TSH group was 68.4%, while the percentage of obese 
subjects in the upper TSH group was 60.5% (p=0.012) 
(Figure 1). 

Table 1. Anthropometric and hormonal parameters in the study subjects

Mean ± SD Median (IQR) Minimum Maximum

Age (years) 13.09±6.64 15.27 (11.17) 0.56 20.89

Weight (kg) 55.80±33.24 56.10 (48.31) 5.53 175.45

Weight percentile (%) 65.60±33.10 75.49 (56.28) 0.14 100

Height or length (cm) 141.63±33.88 156.25 (46.47) 61.50 193.00

Height percentile (%) 48.36±33.58 45.82 (60.93) 0.10 100.00

BMI or weight/length percentiles (%) 71.28±28.62 82.25 (41.45) 6.18 99.90

Serum free T4 (ng/dL) 1.09±0.26 1.10 (0.30) 0.54 1.79

TSH (mIU/L) 2.39±1.37 2.11 (2.15) 0.36 5.59

Dose of levothyroxine (mcg/kg/day) 1.82±1.52 1.4040 (1.40) 0.19 15.09

Duration of therapy with LT4 (years) 3.89±4.52 2.00 (3.88) 0.50 18.55

SD: standard deviation, IQR: interquartile range, BMI: body mass index, TSH: thyroid-stimulating hormone, T4: thyroxine, LT4: levothyroxine

Figure 1. Body mass index percentiles according to thyroid-
stimulating hormone (TSH) levels, TSH ≥ than 2.5 mIU/L and 
< than 2.5 mIU/L

BMI: body mass index, TSH: thyroid-stimulating hormone
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Furthermore, when the subjects were divided according 
to category of BMI or W/L percentiles into healthy weight, 
overweight, and obese groups, there was a significant 
difference in the median serum TSH levels between these 
groups, which were 1.8 mIU/L in the healthy weight 
group, 2.3 mIU/L in the overweight group, and 3.2 mIU/L 
in the obese group (p=0.006) (Figure 2). We also found a 
significant statistical difference in the median serum free 
T4 in these groups. It was 1.10 ng/dL in the heathy weight 
group, 1.10 ng/dL in the overweight group, and 0.96 ng/dL 
in the obese group (p=0.027) (Figure 3).

Figure 2. Serum thyroid-stimulating hormone (illustrated as 
median ± interquartile range) in 146 hypothyroid children 
divided into healthy weight body mass index (BMI) percentile 
≥5-<85%, overweight BMI percentile ≥85-<95%, and obese 
BMI percentile ≥95%

BMI: body mass index, TSH: thyroid-stimulating hormone

Figure 3. Serum free T4 (illustrated as median ± interquartile 
range) in 146 hypothyroid children divided into healthy weight 
body mass index (BMI) percentile ≥5-<85%, overweight BMI 
percentile ≥85-<95%, and obese BMI percentile ≥95

BMI: body mass index, fT4: free thyroxine

Table 2. Comparison of median age, serum thyroid-
stimulating hormone, serum fT4 levels, body mass index 
percentiles, and dose of LT4 between boys and girls

Median values Boys Girls p

Age (years) 13.28 16.67 0.009

TSH (mIU/L) 1.73 2.35 0.090

Serum fT4 (ng/dL) 1.16 1.06 0.076

BMI or weight/length percentile % 71.06 87.08 0.464

LT4 dose (mcg/kg/day) 1.56 1.37 0.295

TSH: thyroid-stimulating hormone, BMI: body mass index, fT4: free 
thyroxine

Table 3. Simple and multivariate linear regression analysis with serum thyroid-stimulating hormone as dependent 
variable

Module 1
(F, p)=(11.255, 0.001)

Independent variable Beta p 95% CI

BMI or W/L SDS 0.269 0.001 (0.135-0.520)

Module 2
(F, p)=(5.059, 0.002)

BMI or W/L SDS 0.254 0.003 (0.110-0.507)

Age (years) 0.042 0.616 (-0.026-0.043)

Gender 0.124 0.082 (-0.053-0.891)

Module 3
(F, p)=(2.563, 0.022)

BMI or W/L SDS 0.295 0.013 (0.079-0.642)

Age (years) 0.146 0.474 (-0.053-0.113)

Gender 0.129 0.138 (-0.123-0.882)

Dose of LT4 (mcg/kg/day) -0.030 0.753 (-0.200-0.145)

Ethnicity 0.015 0.855 (-0.518-0.624)

BSA -0.150 0.507 (-1.39-0.690)

CI: confidence interval, BMI: body mass index, W/L: weight/length, SDS: standard deviation score, BSA: body surface area, fT4: free thyroxine, LT4: levothyroxine
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Discussion

In the present study of 146 children with primary 
hypothyroidism who were chemically euthyroid and on 
treatment with levothyroxine, we found an association 
between TSH, free T4, and BMI percentiles when we 
considered them as continuous variables. This association 
was also significant when we divided TSH into 2 categories. 
There was a significant difference in the proportion of healthy 
weight (BMI percentile ≥5-<85%) and obese subjects (BMI 
percentile ≥95%) within the two TSH groups (p=0.012). Linear 
regression revealed that BMI (expressed as SDS) contributed 
significantly to the variance of TSH. The high proportion of 
healthy weight patients within the lower TSH group as well as 
the patients with low serum TSH levels had low BMI values. 
Thus we venture to suggest that adjusting TSH to the lower 
end of normal range may be of benefit for weight reduction.

The association between serum TSH and BMI has been 
addressed by some researchers in both pediatric and adult 
patients, but the results are controversial. Most studies have 
been conducted in populations without thyroid disease, but 
several studies of these studies have reported a positive 
association between TSH and BMI, (3,4,5,6,7,8,9,10,11) and 
showed that even small changes in serum TSH levels can 
affect BMI. Some studies have shown a positive association 
between higher BMI and serum TSH level in euthyroid 
adults (17,18,19). Higher TSH levels may contribute to the 
difficulty of weight loss (5,20). Our patients with higher 
BMIs had higher TSH levels, although these were within the 
euthyroid range.

The mechanisms of the association between serum TSH and 
BMI have been proposed in an effort to explain the processes 
leading to high TSH levels in individuals with high BMI, 
including variation in the activity of peripheral deiodinases 
leading to possible changes in thyroid hormone action at 
the cellular level (21). Some studies have shown that thyroid 
function may vary during overfeeding or starvation. This 
may represent a physiologic adaptation, causing changes 
in metabolism and energy expenditure that may affect the 
ability to control weight gain during overfeeding and weight 
loss during starvation (1,13,20,22,23,24,25,26). Leptin 
has been proposed as a possible factor that causes higher 
TSH levels. Leptin regulates both prothyrotropin-releasing 
hormone (pro-TRH) synthesis and TRH expression (27). 
TSH can directly stimulate leptin secretion by adipocytes 
(28). Furthermore, the presence of TSH receptors in adipose 
tissue (29,30) causes proliferation of adipose tissue and 
differentiation of preadipocytes into adipocytes (31,32). 
Higher levels of leptin are proportional to overall fat 
percentage (33), and some studies have shown a positive 
correlation with TSH levels (34,35,36).

The high serum TSH levels in individuals with high BMI could 
be due to the decreased expression and down regulation of 
the TSH receptor gene, which is less expressed in obesity. 
Consequently, the plasma TSH increases to deal with 
peripheral hormone resistance (37). Furthermore, thyroxine 
controls the metabolic rate, and small changes in the LT4 
dose in patients with long-term LT4 treatment have been 
shown to modify resting energy expenditure and weight 
changes (38). Our patients had been on levothyroxine 
replacement for at least 6 months, and this could also 
explain the association between TSH levels and BMI.

Study Limitations

A limitation of our study is that it was retrospective. The 
association between TSH and BMI and W/L percentiles could 
be affected by the presence of other modifying factors, such 
as different weight scales, diet, activity, emotional state, 
duration of treatment with levothyroxine, and compliance 
with medication. 

Conclusion 

A significant positive association was observed between 
the serum TSH concentration and BMI percentiles in 
hypothyroid children who are chemically euthyroid while on 
thyroid hormone replacement. In this population, whether 
variations in TSH and free T4 levels within the normal range 
can influence body weight or whether obesity per se can 
alter thyroid function cannot be stated at this time. We could 
speculate that in hypothyroid children who are on treatment 
with levothyroxine, aiming to keep the TSH in the lower half 
of the normal range will help them lose or maintain their 
weight. However, it is impossible to determine whether the 
higher TSH levels are the cause of the increased BMI or vice 
versa. Further studies are needed to assess the link between 
thyroid function and body weight.

We could associate the BMI and TSH levels with other 
parameters such as abdominal fat deposit measured by 
ultrasound scan, skin fold thickness, and waist and hip 
circumference, but since this study was retrospective, we 
did not have the data available.
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Objective: The precise mechanisms behind the development of hypertension in overweight or obese children are not yet completely 
understood. Alterations in hypothalamic-pituitary-adrenal axis activity may play a role. We aimed to investigate the association between 
cortisol parameters and hypertension in overweight or obese children. 
Methods: Random urine (n=180) and early-morning saliva samples (n=126) for assessment of cortisol and cortisone were collected 
from 1) hypertensive overweight children (n=50), 2) normotensive overweight children (n=145), and 3) normotensive non-overweight 
children (n=75). 
Results: The age of participants was 10.4±3.3 years and 53% were boys. The urinary cortisol-to-cortisone ratio [β 1.11, 95% confidence 
interval (CI) 1.05-1.19] as well as urinary cortisol/creatinine (β 1.38, 95% CI 1.09-1.54), and cortisone/creatinine ratios (β 1.26, 95% CI 
1.17-1.36) were significantly higher in overweight or obese than in non-overweight children. After adjusting for body mass index-standard 
deviation score and urinary cortisone/creatinine ratio, but not cortisol/creatinine ratio, was significantly associated with presence of 
hypertension (β 1.12, 95% CI 1.02-1.23). Salivary cortisol and cortisone levels were significantly lower in overweight or obese than in 
non-overweight children (β -4.67, 95% CI -8.19- -1.15, and β 0.89, 95% CI 0.80-0.97 respectively). There were no significant differences 
in cortisol parameters between hypertensive and normotensive overweight or obese children. 
Conclusion: This study provided further evidence for an increased cortisol production rate with decreased renal 11β-hydroxysteroid 
dehydrogenase 2 activity and flattening of early-morning peak cortisol and cortisone in overweight or obese children. However, there 
were no significant differences in cortisol parameters between hypertensive and normotensive overweight and obese children.
Keywords: Hypertension, obesity, children, cortisol, pathophysiology 

Abstract

What is already known on this topic?

What this study adds?

It is known that obesity can lead to hypertension. However, the precise mechanisms behind the development of hypertension in 
overweight or obese children are not yet completely understood. 

There is evidence for an increased cortisol production rate with decreased renal 11β-hydroxysteroid dehydrogenase 2 activity and 
flattening of early-morning peak cortisol and cortisone in overweight or obese children. There is no evidence for a role for cortisol in 
hypertension-induced obesity.  
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Introduction

As a result of the growing overweight and obesity epidemic, 
hypertension is increasingly common, even in childhood; 
4–14% of overweight children and 11–33% of obese 
children are diagnosed with hypertension (1,2,3). Since 
both overweight and hypertension have a tendency to track 
from childhood into adulthood, these findings are of great 
concern (4,5). 

Establishing the cause of hypertension in obese children is 
of utmost importance for the development of therapeutic 
strategies. However, the pathophysiology of hypertension 
in obesity is complex and not fully understood (6). Several 
studies suggest that alterations in the production and/
or metabolism of glucocorticoids could play a role in the 
pathophysiology of the metabolic syndrome (7,8), given 
its phenotypic similarities with Cushing’s syndrome (9,10). 
Glucocorticoids stimulate hepatic glucose production, 
lipolysis, vascular reactivity, and sodium reabsorption (11). 

The tissue effects of glucocorticoids are for an important part 
regulated by 11β-hydroxysteroid dehydrogenase (11β-HSD) 
isozymes, which interconvert cortisol with its inert metabolite 
cortisone. There are two isozymes. Type 1 generates cortisol 
from cortisone and is expressed mainly in liver and adipose 
tissue, and type 2 catalyses the reverse reaction primarily 
in the kidney. Pharmacological inhibition of renal 11β-HSD2 
activity, e.g. by heavy use of liquorice, leads to hypertension 
by exposure of renal mineralocorticoid receptors to excess 
cortisol concentrations. The role of 11β-HSD type 1 in blood 
pressure regulation and hypertension is less well understood 
(7,8,12). 

There are few studies in children on 11β-HSD activity in 
obesity-induced hypertension (12,13,14). One case study 
of four 10-to-15-year-old hypertensive obese boys found 
excess urinary adrenal androgen and cortisol metabolites 
(13). Another study in children aged 14 to 15 years, that 
made comparisons between obese children with (n=15) and 
without hypertension (n=11), and normotensive normal-
weight children (n=15), found that the cortisol-to-cortisone 
ratio was higher in the hypertensive obese group than in 
the other two groups. Systolic blood pressure was positively 
associated with urinary tetrahydrocortisol (THF) +5α-THF/
THE (allo-THF/tetrahydrocortisone) ratio, indicative of a 
cortisol/cortisone shuttle that favours cortisol (12). Another 
study found that serum adrenocorticotropic hormone (ACTH) 
and cortisol levels were positively associated with blood 
pressure in obese children aged 4 to 18 years, yet there was 
no control group. These results suggest that the hypothalamic-
pituitary-adrenal (HPA) axis is involved in the development of 
obesity-induced hypertension in children (14). 

With the present study, we aimed to investigate if there is an 
association between cortisol parameters, including cortisol 
and cortisone in early-morning saliva and in random urine 
collections, and hypertension in overweight and obese 
children. To disentangle the contributions of hypertension 
and being overweight, we included two control groups, 
namely normotensive overweight and obese children and 
normotensive non-overweight children. 

Methods 

Population and Design

Non-fasting urine and early-morning fasting saliva samples 
were collected from a convenience sample of Dutch children 
aged 5 to 17 years, in the period between September 2013 
and June 2015, consisting of: 1) n=50 overweight and 
obese children with hypertension, 2) n=145 overweight 
and obese children without hypertension, and 3) n=75 
non-overweight children without hypertension. In total, 
36 children provided both urine and saliva samples, 141 
children provided only urine samples, and 90 children only 
saliva samples. 

Overweight and obese children with and without 
hypertension were recruited at a pediatric outpatient 
obesity clinic and through their participation in our study 
on the prevalence of hypertension in overweight and obese 
children (15). The control group of healthy non-overweight 
children was recruited at a general pediatric outpatient 
clinic, which they visited for various reasons, and at two 
schools. Children with conditions that might affect blood 
pressure, for example a history of urinary tract infections, 
were not eligible for inclusion.  

The study protocol has been approved by the VU University 
Medical Center Ethics Committee (approval nuber: A2015,121). 
Informed consent was obtained from at least one of their 
parents and from all children above the age of 12 years. 

Anthropometry and Blood Pressure Measurements 

Height was measured to the nearest 0.1 centimetre using 
a stadiometer. Body weight was measured to the nearest 
0.1 kilogram using a digital balance scale with children 
barefooted and wearing light clothing. Body mass index 
(BMI) was calculated as weight in kilograms divided by the 
square of body height in meters and categorized according 
to the International Obesity Task Force (16). 

Blood pressure was measured three consecutive times 
at the right arm after 5 minutes of rest in sitting position 
using an electronic oscillometric blood pressure device. An 
appropriate-sized cuff was used according to the guidelines 
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of the National High Blood Pressure Education Program 
(NHBPEP) Working Group on Children and Adolescents 
(17). Based on the lowest of three consecutive blood 
pressure measurements, hypertension was defined as ≥95th 
percentile for age, gender, and height (17). 

Urine and Saliva Sample Analyses 

Urine samples were collected on site. Early morning saliva 
samples were obtained using a Salivette® (Sarstedt AG & Co. 
Nümbrecht, Germany) swap which was provided during 
the visit together with a return envelope. Participants were 
requested to obtain saliva immediately after awakening, 
between 06.00 and 09.00 a.m. and prior to having breakfast 
and to return the sample by postal mailing. 

Urine and saliva were stored at -80 °C. Both samples 
were analysed for cortisol and cortisone. 0.1 mL of 
urine or 0.1 mL of saliva was used to assess cortisol and 
cortisone concentrations, using an isotope dilution liquid 
chromatography-tandem mass spectrometry (LC-MS/
MS) method. Internal standards (13C3 labeled cortisol and 
cortisone) were added to the samples. Samples were 
extracted using supported liquid extraction (Isolute, Biotage, 
Uppsala, Sweden) and analysed by LC-MS/MS [Quattro 
Premier XE tandem mass spectrometer (Waters Corp., 
Milford, Massachusetts, USA)]. Lower limit of quantitation 
was 1.0 nmol/L for cortisol and 0.5 nmol/L for cortisone. 
The intra-coefficients of variation (CV%) for cortisol were 7 
and 4% at a level of 3 and >5 nmol/L, respectively, and for 
cortisone <5% at all levels >2.8 nmol/L. The inter-CV% 
was <11% for both cortisol and cortisone. 

Outcome Measures

Cortisol/creatinine ratio in spot urine is a measure of 
cortisol production (18). The urinary cortisol-to-cortisone 
ratio reflects renal 11β-HSD2 activity (12,19). Cortisol and 
cortisone in early-morning saliva are indicators of the 
morning peak in HPA axis activity (20). The salivary cortisol-
to-cortisone ratio is only a rough estimate of the systemic 
interconversion between 11β-HSDs. 

Statistical Analysis 

BMI and height standard deviation scores (SDSs) were 
calculated using the LMS method (16), based on reference 
values from the World Health Organization (21) and Centers 
for Disease Control, respectively (22). Blood pressure 
SDSs were calculated using the equations provided by the 
NHBPEP Working Group (17). Differences in characteristics 
between hypertensive overweight and obese children, 
normotensive overweight and obese children, and 
normotensive non-overweight children were tested with 
ANOVA and post-hoc t-tests. Linear regression analysis was 

used to test associations with cortisol parameters between 
children with and without hypertension, adjusted for BMI-
SDS, and between overweight and non-overweight children, 
adjusted for blood pressure SDS. Results are expressed as 
beta coefficients with 95% confidence intervals (95% CI). 
A p-value <0.05 was considered statistically significant. 
The statistical analyses were performed with SPSS software 
version 22.0 (SPSS Inc., Chicago, Illinois).     

Results

A total of 270 children and adolescents were included 
in the study. Urine samples were collected from 180 
children (38 hypertensive overweight and obese children, 
86 normotensive overweight and obese children, and 
56 normotensive non-overweight children), and saliva 
samples from 126 children (17 hypertensive overweight 
and obese children, 64 normotensive overweight and obese 
children, and 45 normotensive non-overweight children). 
Demographic, anthropometric, and blood pressure data are 
presented in Table 1.

Salivary and urinary cortisol and cortisone, and cortisol-to-
cortisone ratios are displayed in Table 2.  

Salivary cortisol and cortisone levels, but not the salivary 
cortisol-to-cortisone ratio, were significantly lower in 
overweight or obese children than in non-overweight children 
(β 0.89, 95% CI 0.80-0.97, and β -4.67, 95% CI -8.19- -1.15, 
respectively). There were no significant differences in these 
parameters between hypertensive and normotensive children. 
Salivary cortisol levels were not significantly associated with 
systolic (β 0.61, 95% CI 0.31-1.21) or diastolic (β 1.20, 95% 
CI 0.74-1.97) blood pressure SDS. 

Urinary cortisol/creatinine (β 1.38, 95% CI 1.09-1.54) and 
cortisone/creatinine ratios (β 1.26, 95% CI 1.17-1.36), and 
the cortisol-to-cortisone ratio (β 1.11, 95% CI 1.05-1.19) 
were significantly higher in overweight or obese than in non-
overweight children. Urinary cortisol/creatinine (β 1.20, 95% 
CI 1.06-1.36) and cortisone/creatinine ratios (β 1.19, 95% CI 
1.08-1.30), but not the urinary cortisol-to-cortisone ratio (β 
1.02, 95% CI 0.95-1.09), were higher in hypertensive children 
than in normotensive children. After adjustment for BMI-
SDS, the association between urinary cortisol/creatinine ratio 
and hypertension was no longer significant (β 1.11, 95% CI 
0.97-1.25), but the association between cortisone/creatinine 
ratio and hypertension remained significant (β 1.12, 95% CI 
1.02-1.23). After adjustment for BMI-SDS, urinary cortisol/
creatinine ratio was not significantly associated with systolic 
(β 1.42, 95% CI 0.91-2.21) or diastolic (β 1.30, 95% CI 0.94-
1.81) blood pressure SDS.
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Table 1. Characteristics of the study sample divided into hypertensive overweight, normotensiveoverweight, and 
normotensive non-overweight categories

 Hypertensive overweight  
children (n=50)

Normotensive overweight  
children (n=145) 

Normotensive non-overweight 
children (n=75)

Boys (%) 24 (48) 73 (50) 47 (63)

Age (yrs) 10.0±3.5 10.6±3.3 10.4±3.0

Weight

    BMI (kg/m²) 27.1±7.0a 26.6±5.2b 17.0±2.2

    BMI (SDS)  2.7±0.7a 2.6±0.8b -0.3±0.9

    Overweight n (%) 14 (28) 50 (35) -

    Obese n (%) 18 (36) 53 (37) -

    Morbidly obese n (%) 18 (36) 42 (29) -

Blood pressure  

    Mean systolic BP (SDS) 1.98±0.44a,c 0.50±0.84b 0.11±0.89

    Mean diastolic BP (SDS) 1.03±0.85a,c 0.23±0.62b -0.09±0.68

Values are shown as n (%) or as mean ± standard deviation
aA significant difference between hypertensive overweight and normotensive non-overweight children (p<0.001)
bA significant difference between normotensive overweight and non-overweight children (p<0.001)
cA significant difference between hypertensive overweight and normotensive overweight children (p<0.001)

Weight is categorised according to the definition of the International Obesity Task Force (24)

BMI: body mass index, BP: blood pressure, SDS: standard deviation score

Table 2. Salivary and urinary levels of cortisol and cortisone and cortisol/cortisone ratios in the subjects classified as 
hypertensive overweight, normotensive overweight, and normotensive non-overweight

Hypertensive  
overweight children 

Normotensive  
overweight children  

Normotensive  
non-overweight children  

Saliva samples n=17 n=64 n=45

    sCortisol (nmol/L) 5.0 (3.7-9.5) 5.9 (3.9-7.7)a 7.4 (5.0-10.7)

    sCortisone (nmol/L) 22.0 (18.3-29.0) 23.5 (17.3-30.0)a 28.0 (23.0-34.0)

    sCCR 0.24 (0.17-0.32) 0.26 (0.20-0.31) 0.27 (0.20-0.32)

Urine samples n=38 n=84 n=56

    uCortisol/cr (nmol/mmol) 10.9 (6.7-31.7)b 11.0 (7.2-17.3)c 5.1 (3.4-9.3)

    uCortisone/cr (nmol/mmol) 31.2 (22.5-43.0)b 27.7 (19.1-35.1)c 13.6 (11.6-20.6)

    uCCR 0.40 (0.23-0.55) 0.42 (0.34-0.52)c 0.32 (0.25-0.51)
Values are shown as median (interquartile range)
aA significant difference between normotensive overweight and non-overweight children (p<0.05)
bA significant difference between hypertensive overweight and normotensive non-overweight children (p<0.001)
cA significant difference between normotensive overweight and non-overweight children (p<0.001)

CCR: cortisol/cortisone ratio, cr=creatinine
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Discussion

This study provided evidence for an increased renal excretion 
of free cortisol and cortisone, with higher excretion of 
cortisol relative to cortisone, in overweight or obese children. 
It also showed that early morning salivary levels of cortisol 
and cortisone were lower in overweight or obese children. 
However, there were no differences in cortisol parameters 
between hypertensive and normotensive overweight or 
obese children.  

The findings from this study confirm previous observations 
(20,23) that childhood obesity is associated with an increased 
cortisol production rate, decreased renal 11β-HSD2 activity, 
and flattening of early-morning peak cortisol and cortisone. 
We found no significant differences in cortisol parameters 
between hypertensive and normotensive overweight or 
obese children. This is in contrast to previous studies in 
obese children which showed a positive association of 
systolic blood pressure, as part of metabolic syndrome, with 
increased serum levels of cortisol and ACTH (14,24), and 
in free cortisol in 24-hr urine (25). An explanation for the 
lack of an association with hypertension in our study is that 
the groups of hypertensive and normotensive overweight 
or obese children might have been too similar regarding 
presence of features of metabolic syndrome, as an index 
of glucose tolerance was not tested, to be able to detect 
differences in cortisol parameters.

In the total sample of overweight and non-overweight 
children, we found significant associations between ratios of 
urinary cortisol or cortisone to creatinine and the presence 
of hypertension. However, after adjustment for BMI-SDS, 
both associations became weaker, and only the association 
with urinary cortisone/creatinine ratio remained significant. 

Future studies should elucidate whether hypertensive and 
normotensive overweight or obese children differ in the 
metabolism of cortisol. Cortisol is metabolized reversibly by 
11β-HSDs and irreversibly by A-ring reductases and CYP3A4. 
In adults, impaired metabolic clearance of cortisol has been 
implicated to play a role in metabolic disease susceptibility 
(26). 

A major strength of our study is inclusion of three study 
groups consisting of hypertensive overweight and obese 
children, normotensive overweight and obese children, 
and normotensive non-overweight children. This approach 
enabled us to study the relative contributions in overweight 
or obesity and hypertension. Another strength is the method 
we used to measure cortisol and cortisone concentrations. 
LC-MS/MS is known to be a very accurate, specific and 
sensitive method to measure steroid hormones (27,28).

Study Limitations

Our study has several limitations. First, hypertension was 
based upon blood pressure measurements obtained on only 
one occasion, although three times consecutively. No 24-
hour ambulatory blood pressure monitoring was performed 
to confirm the diagnosis of hypertension. Second, for 
practical reasons, only random daytime urine samples (with 
unspecified sampling times) were collected instead of 24-
hr urine, although cortisol/creatinine ratio in spot urine has 
proven to be a reliable tool for the assessment of cortisol 
production (18). Third, only early-morning saliva samples 
were collected, so that association with diurnal rhythmicity 
in HPA axis activity could not be tested. Cortisol in scalp hair 
- as an index of long-term glucocorticoid exposure - was not 
tested in our sample, although recent studies have shown 
strong associations with indices of obesity (29). Yet another 
limitation is the cross-sectional study design of our study. A 
longitudinal study is necessary to gain insight into temporal 
relations. Ideally, the role of cortisol in the development 
of obesity-induced hypertension should be studied in a 
prospective cohort study with participants being sampled 
prior to developing overweight.

Conclusion   

We found that overweight and obese children had an 
increased cortisol production rate. Furthermore, overweight 
and obesity were associated with a higher urinary cortisol-to-
cortisone ratio, reflecting decreased renal 11β-HSD2 activity, 
as well as with lower levels of early-morning cortisol and 
cortisone. However, there were no significant differences in 
cortisol parameters between hypertensive and normotensive 
overweight and obese children. More research is needed to 
elucidate whether cortisol metabolism is involved in the 
pathogenesis of obesity-induced hypertension in children.   
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Hyperprolactinemia in Children with Subclinical Hypothyroidism	
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Prevalence of hyperprolactinemia in children with subclinical hypothyroidism (ScH) is not known. This study aimed to determine the 
occurrence and predictors of hyperprolactinemia in euthyroid children and in children with ScH and overt primary hypothyroidism 
(OPH). Serum prolactin levels were estimated in consecutive children <18 years of age undergoing thyroid function evaluation and 
diagnosed to have normal thyroid function, ScH, or OPH. Children with pituitary adenomas, secondary hypothyroidism, multiple 
pituitary hormone deficiency, comorbid states, and drug-induced hyperprolactinemia were excluded. From the initially screened 791 
children, hormonal data from 602 children who fulfilled all criteria were analyzed. Seventy-one (11.79%) of these had ScH, and 33 
(5.48%) had OPH. Occurrence of hyperprolactinemia was highest in the OPH group (51.51%), followed by ScH (30.98%) and euthyroid 
children (4.41%) (p<0.001). Median (25th–75th percentiles) levels for prolactin in euthyroid, ScH, and OPH children were 13.3 (9.4-
17.95), 19.15 (15.97-30.12), and 28.86 (17.05-51.9) ng/mL, respectively (p<0.001). In children, prolactin levels were comparable in 
males and females. An age-related increase in serum prolactin was noted in euthyroid children, which was statistically significant in post-
pubertal (16-18 years) children. Area under the curve for thyroid stimulating hormone (TSH) in predicting hyperprolactinemia in children 
was 0.758 (95% confidence interval: 0.673–0.829; p<0.001). TSH ≥4.00 mIU/L had a sensitivity of 69.4% and specificity of 77.6% in 
detecting hyperprolactinemia. Hyperprolactinemia is common in children with ScH and OPH. TSH ≥4.00 mIU/L has a good sensitivity 
and specificity in predicting hyperprolactinemia in children. More studies are needed to establish if hyperprolactinemia should be an 
indication for treating ScH in children.
Keywords: Subclinical hypothyroidism, hyperprolactinemia, prolactin, thyroid stimulating hormone

Abstract

What is already known on this topic?

What this study adds?

Hyperprolactinemia is common in adults with subclinical and overt primary hypothyroidism. Hyperprolactinemia in children has been 
linked to adverse metabolic outcomes. Prevalence of hyperprolactinemia in children with thyroid dysfunction, especially subclinical 
hypothyroidism, is not known. 

Hyperprolactinemia is common in children with hypothyroidism, observed in a third of children with subclinical hypothyroidism and 
more than half of children with overt hypothyroidism. Receiver operating characteristics analysis showed that thyroid-stimulating 
hormone ≥4.00 mIU/L has a good sensitivity and specificity in predicting hyperprolactinemia in children. Hyperprolactinemia may be 
an indication for treating subclinical hypothyroidism in children.
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Introduction

Hyperprolactinemia is a common endocrinopathy 
encountered in clinical practice with a prevalence ranging 
from 0.4% to 5% (1). We recently reported that in a cohort 
of 2848 individuals, hyperprolactinemia was common in 
patients with subclinical hypothyroidism (ScH), especially in 
those with thyroid stimulating hormone (TSH) >7.5 mIU/L 
(2). TSH ≥7.51 mIU/L (females) and ≥8.33 mIU/L (males) 
had a sensitivity of ≈50% with a high specificity of >90% 
in detecting hyperprolactinemia (2). Overt hypothyroidism in 
children has been linked with pituitary enlargement, pituitary 
hyperplasia, and in rare cases, even with feedback pituitary 
adenoma and multiple pituitary hormone deficiency (3,4). 
This enlargement of the pituitary is primarily believed to be 
due to increase in the number and size of thyrotrophs and 
lactotrophs in the pituitary gland (3). Primary hypothyroidism 
leads to increased thyrotropin-releasing hormone (TRH) 
release from hypothalamus, which has a physiologic trophic 
effect on thyrotrophs and lactotrophs resulting in increased 
TSH and prolactin levels, respectively (3,5). Reduced 
prolactin clearance as well as reduced sensitivity to the 
inhibitory actions of dopamine and its agonists on prolactin 
release also contribute to hyperprolactinemia (6). However, 
prolactin levels have rarely been investigated in children 
with hypothyroidism, especially in those with ScH. Also, the 
prevalence of hyperprolactinemia in children with ScH is 
not known. Hence, the aim of this study was to determine 
the occurrence and predictors of hyperprolactinemia in 
children with a spectrum of thyroid dysfunction ranging from 
euthyroidism to ScH and overt primary hypothyroidism.

Methods

Consecutive children younger than 18 years undergoing 
thyroid function evaluation at the department of 
biochemistry were selected for investigation. Children 
diagnosed to have pituitary adenomas, secondary 
hypothyroidism, multiple pituitary hormone deficiency, 
subclinical hyperthyroidism, and overt hyperthyroidism 
were excluded. Also, children with associated comorbidities 
such as chronic liver disease, renal disease, syndromes, 
and those taking medications such as anti-epileptics, 
neuroleptics, and anti-psychotics were excluded. The study 
protocol was explained, and only those children or their 
parents/guardians who gave informed written consent were 
included in the study. Serum prolactin was assayed from 
samples of children undergoing thyroid function evaluation 
who fulfilled the above criteria and who were diagnosed 
to have either ScH, overt primary hypothyroidism, or 
normal thyroid function. The reference range of free tri-

iodothyronine (FT3), free tetra-iodothyronine (FT4), and 
TSH in our laboratory is 2–4.4 pg/mL, 0.6–2.2 ng/dL, and 
0.5–5 mIU/L, respectively. ScH was defined as normal FT4 
levels with TSH levels above the normal range (7). Overt 
primary hypothyroidism was defined as TSH levels above 
the normal range accompanied by low FT4 levels (7). Serum 
was separated from samples collected and stored at −80 
°C. Patients with drug-induced hyperprolactinemia were 
excluded. The study duration was from August 2014 to 
December 2016. The Institutional Ethics Committee of Dr. 
Ram Manohar Lohia Hospital and Post Graduate Institute 
of Medical Education and Research approved the study 
[approval number: 89 (13/2014/IEC/PGIMER/RML/1645) 
dated 11th June 2014]. Serum prolactin was measured using 
chemiluminescence microparticle immunoassay (CLIA) 
(VITROS® ECiQ Immunodiagnostic System, Johnson & 
Johnson, USA), a methodology which has been elaborated 
elsewhere (2). The normal ranges of serum prolactin in 
adults are 2.8–27 ng/mL in females and 2.1–17 ng/mL in 
males (2). We used the age- and sex-specific normal ranges 
of serum prolactin in children developed by Aitkenhead 
and Heales (8) for defining hyperprolactinemia in our 
study. There is no sex difference in serum prolactin among 
children till 1 year of age. All children 16 years old or 
younger, with serum prolactin levels higher than the upper 
limit (97th percentile) for their age and sex were defined to 
have hyperprolactinemia (Table 1). For children between 
16 and 18 years of age, the adult reference range was 
used in the analysis. Hence, hyperprolactinemia among 
children in the 16-18 years old group was defined as a 
serum prolactin level >27 ng/mL in females and >17 ng/
mL in males (2). 

Sharma N et al. 
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Table 1. Normal levels (ranging from 2.5th and 97.5th 
percentiles) for serum prolactin in children of different 
age groups

Age group Serum prolactin levels (ng/mL) (mean 
values and ranges)

Males Females

0-30 days 31.35–236.50 31.35–236.50

31-60 days 24.0–147.40 24.0–147.40

61-90 days 5.08–98.70 5.08–98.70

3-5 months 3.76–98.50 3.76–98.50

6-8 month 4.04–77.41 4.04–77.41

9-12 months 4.98–38.54 4.98–38.54

1-2 years 3.05–37.08 3.15–40.65 

2-4 years 2.67–33.69 2.63–30.08

5-8 years 2.20–20.58 2.11–21.90

9-11 years 1.88–26.08 2.06–25.75

12-16 years 2.06–22.51 2.72–28.30
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The VITROS® ECiQ Immunodiagnostic System, Johnson & 
Johnson, USA was also used for estimation of FT3, FT4, 
and TSH. The methodology has been elaborated elsewhere 
(9). Samples from children having elevated prolactin 
levels with normal thyroid function were evaluated for 
macroprolactinemia using polyethylene glycol (PEG) 
precipitation test (treatment of equal parts of serum with 
PEG followed by centrifugation) to remove macroprolactin. 
Macroprolactinemia was diagnosed if post-PEG prolactin 
level was <40% of pre-PEG levels (10).

Statistical Analysis

Normality of the distribution of variables was assessed using the 
Kolmogorov-Smirnov test, and accordingly parametric or non-
parametric tests were used for statistical analysis. The receiver 
operating characteristics (ROC) curves were plotted, and areas 
under the curves (AUCs) with 95% confidence interval (CI) were 
calculated to explore the diagnostic efficacy and determine cut-
offs of serum TSH in predicting hyperprolactinemia in children. 
The Youden index, defined as (sensitivity + specificity) −1 
was used to determine the optimal cut-off points. A p-value 
<0.05 was considered statistically significant. SPSS version 20 
was used for the analyses.

Results

Of a total of 791 children younger than 18 years of 
age who underwent thyroid function evaluation, 649 
(males:females=200:402) who fulfilled all inclusion 
and exclusion criteria had their serum prolactin levels 
determined. Drug-induced hyperprolactinemia was 
diagnosed in 47 children who were excluded. Other 
reasons for exclusion were secondary hypothyroidism 
(n=23), multiple pituitary hormone deficiency (n=16), 
associated pituitary adenoma (n=12), comorbid disease 
states (n=85), and refusal to consent (n=6). Hence, 602 
children were evaluated in the study. Of these, 71 children 
(11.79%) were diagnosed to have ScH and 33 (5.48%) had 
overt primary hypothyroidism. The remaining 498 children 
were euthyroid. The occurrence of hyperprolactinemia in 
subclinically hypothyroid and overt hypothyroid children 
was 22 (30.98%) and 17 (51.51%), respectively, figures 
which were significantly higher as compared to euthyroid 
children (4.41%) (p<0.001). Among the 71 children with 
ScH, the occurrence of hyperprolactinemia in children with 
TSH levels of 5-7.5, 7.5-10, and >10 mIU/L was 23.80% 
(15/63), 80% (4/5), and 100% (3/3), respectively (p<0.001). 
Median (25th–75th percentile) values for serum prolactin 
levels in euthyroid children, children with ScH, and those 
with overt primary hypothyroidism were 13.3 (9.4-17.95) 
ng/mL, 19.15 (15.97-30.12) ng/mL, and 28.86 (17.05-51.9) 
ng/mL, respectively (p<0.001). 

Among the 602 children evaluated in this study, 33 were 
in age group 0-5 years, 54 in age group 6-10 years, 211 in 
age group 11-15 years, and 304 in age group 16-18 years 
(Table 2). Median prolactin levels among children in the 
different age groups (euthyroid vs. hypothyroidism) are 
shown in Table 3. As shown in Table 3, serum prolactin 
levels increased with age in euthyroid children, an increase 
which was significantly higher in the post-pubertal (16-18 
years) age group (p<0.001). A similar trend was not seen 
in children with hypothyroidism (Table 3). Median prolactin 
levels of children in the different age groups were not 
significantly different based on the sex of the child (Table 
4). The areas under the ROC curves were constructed to 
evaluate the predictive values of serum TSH in predicting 
hyperprolactinemia in children. The AUC for TSH in 
predicting hyperprolactinemia in children was 0.758 (95% 
CI: 0.673–0.829; p<0.001). A serum TSH ≥4.00 mIU/L had 
a sensitivity of 69.4% and specificity of 77.6% in detecting 
hyperprolactinemia (Figure 1).

Discussion

Undiagnosed and untreated hyperprolactinemia 
has been linked with poor bone mineral health, 
osteomalacia, hypogonadotropic hypogonadism, menstrual 
abnormalities, and ovulatory dysfunction in adults (11,12). 

Figure 1. Receiver operating characteristics curve (blue line) 
showing the sensitivity and specificity of serum thyroid 
stimulating hormone in predicting hyperprolactinemia in 
children

ROC: receiver operating characteristics
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Hyperprolactinemia is believed to be rare in children 
(13). Drug-induced hyperprolactinemia secondary to 
anti-epileptics, antipsychotics, and hyperprolactinemia 
secondary to pituitary tumors are believed to be the most 
common causes of hyperprolactinemia in children (14,15). 
Hyperprolactinemia in children has also been linked with 
impaired bone health, puberty problems, galactorrhea in 
females, and gynecomastia in males (16,17).

Our study highlighted for the first time that 
hyperprolactinemia is common in children with ScH 
(30.98%). The occurrence of hyperprolactinemia in children 
with overt hypothyroidism in this study was 51.51% and its 
occurrence in euthyroid children was 4.41%. These trends 
are similar to those observed in adults. We have previously 
reported the occurrence of hyperprolactinemia in adults with 
euthyroidism, ScH, and overt hypothyroidism to be 2.02-
2.32%, 31.61-35.65%, and 39.53-42.95%, respectively (2).

An important observation of this study was that in contrast 
to adults (females have higher prolactin levels than males), 
no difference in prolactin levels was noted between male 
and female children. Prolactin levels in post-pubertal children 
(16-18 years of age) were significantly higher compared to 

prepubertal (0-5 years, 6-10 years) and peri-pubertal children 
(11-15 years). Increased sex steroid levels in the post-pubertal 
state, especially estrogen, may explain this finding. The trophic 
effect of estrogen on TRH-mediated prolactin secretion from 
lactotrophs has been reported in various studies (18).

A serum TSH level ≥4.00 mIU/L had a sensitivity and 
specificity of 69.4% and 77.6%, respectively in detecting 
hyperprolactinemia in children. We have previously 
demonstrated that TSH levels of ≥7.51 mIU/L in females 
and ≥8.33 mIU/L in males can be used as cut-off levels in 
detecting hyperprolactinemia in adults (2). There is often 
a lack of clarity among doctors with regard to indications 
for levothyroxine therapy in ScH (19). Hyperprolactinemia 
may be accepted as one of the indications for levothyroxine 
therapy in adults with ScH (2). 

This study highlighted that the TSH thresholds for detecting 
hyperprolactinemia is much lower in children as compared to 
adults (4 mIU/L vs. 7.5 mIU/L). This statement is also supported 
by the observation that in our study, all children with ScH 
who had TSH levels ≥7.51 mIU/L had hyperprolactinemia as 
compared to only 49-61% of adults reported in a previous 
study (2). The limitations of this study include the lack of 

Table 2. Occurrence of subclinical and overt primary hypothyroidism in children of different age groups in this study

Age group Euthyroid Subclinical hypothyroidism Overt primary hypothyroidism

0-5 years (n=33) 21 6 6

6-10 years (n=54) 46 6 2

11-15 years (n=211) 184 17 10

16-18 years (n=304) 247 42 15

Table 3. Serum prolactin levels in euthyroid children as compared to those with subclinical or overt hypothyroidism in 
different age groups (median and 25th–75th percentile values)

Age group
        Serum prolactin levels (ng/mL) p

Euthyroid Hypothyroid (subclinical or overt)

0-5 years (n=33) 10.05 [5.87-13.98] (n=21) 26.5 [19.17- 43.30] (n=12) <0.001

6-10 years (n=54) 10.45 [8.22-14.95] (n=46) 18.35 [15.98- 33.75] (n=8) <0.001

11-15 years (n=211) 10.75 [7.45- 16.25] (n=184) 17.5 [15.1-43.0] (n=27) <0.001

16-18 years (n=304) 15.0 [11.1-20.2] (n=247) 23 [16-30] (n=57) <0.001

p<0.05 considered statistically significant

Table 4. Median prolactin levels in male and female children of different age groups (median and 25th–75th percentile 
values)

Age group       Serum prolactin levels (ng/mL) p

Males Females

0-5 years (n=33) 16.33 [14.17-36.75] 14.4 [9.6-19.5] 0.995

6-10 years (n=54) 12.0 [8.37-15.99] 15.1 [10.4-19.50] 0.273

11-15 years (n=211) 9.5 [6.82-14.17] 15.1 [10.4-19.5] 0.134

16-18 years (n=304) 13.4 [9.9-16.2] 16.7 [12.5-23.9] 0.286

p<0.05 considered statistically significant
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assessment of gonadotropins and sex steroids in children in 
different age groups and their relationship with prolactin and 
thyroid hormone levels. Obesity was also not assessed among 
children in our study cohort and serum prolactin levels were 
not adjusted for childhood obesity. There is a report suggesting 
that serum prolactin may be lower in children with obesity 
(20). However, it must be highlighted that our institute is a 
government medical college and hospital, providing free 
medical treatment to the population. The majority of our 
patients are the off spring of parents of low socio-economic 
status, and obesity is rare in these children. Being a cross-
sectional study, the impact of levothyroxine supplementation 
on prolactin levels in ScH and overt primary hypothyroidism 
was not evaluated, and is a limitation.

To conclude, it may be said that hyperprolactinemia is 
common in children with hypothyroidism, observed in a 
third of children with ScH and in more than half of children 
with overt hypothyroidism. ROC analysis confirmed that 
a TSH ≥4.00 mIU/L has a good sensitivity and specificity 
in predicting hyperprolactinemia in children. Further 
longitudinal studies are warranted to evaluate the impact 
of this hyperprolactinemia on clinical outcomes in children 
and to establish if hyperprolactinemia should be considered 
as an indication for treating ScH in children.
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CASE REPORT

What this study adds?

What is already known on this topic?

We describe the case of a 7-year-old girl referred to our diabetes unit for hyperglycemia associated with facial dysmorphic features, 
intellectual disability, and cerebral cavernomas. Based on presence of anti islet antigen-2 (IA2) antibodies and a human leukocyte antigen 
of DR3/DR4/DQ2, the patient was initially diagnosed to be a case of type 1 diabetes mellitus. At follow-up, the very good metabolic control 
on a low insulin dose and negative IA2 antibodies led to a suspicion of glucokinase (GCK)-related maturity-onset diabetes of the young 
(MODY 2). This suspicion was substantiated in multiplex ligation-dependent probe amplification (MLPA) which showed a heterozygous 
GCK deletion (exons 1 to 12). However, the patient’s parents did not have such a deletion and were clinically euglycemic. Given the 
clinical picture and the MLPA findings, array based comparative genomic hybridization was performed showing a monoallelic deletion 
of 7.23 Mb in the short arm of chromosome 7 (7p13-p12.1). The deleted intervals contain 39 genes listed in the Online Mendelian 
Inheritance in Man list, including GCK associated with MODY 2, CCM2 associated with type 2 cerebral cavernous malformations, IGFBP-3 
associated with decrease in postnatal growth, and OGD associated with alpha-ketoglutarate dehydrogenase deficiency, with cognitive 
impairment and movement abnormalities. This previously unreported deletion was considered to explain the clinical picture of the 
patient. Also, the findings suggest that 7p13-p12.1 contains genes involved in intellectual disability and craniofacial development.
Keywords: Glucokinase, cerebral cavernous malformation, maturity-onset diabetes, oxoglutarate dehydrogenase, hyperglycemia, 
intellectual disability

Our patient with hyperglycemia and dysmorphic features had a deletion of 7.23 Mb comprising the region 7p13-p12.1, with involvement 
of 39 Online Mendelian Inheritance in Man genes, including glucokinase associated with maturity-onset diabetes of the young, CCM2 
associated with type 2 cerebral cavernous malformations, insulin-like growth factors binding protein-3 associated with decreased 
postnatal growth, and oxoglutarate dehydrogenase associated with alpha-ketoglutarate dehydrogenase deficiency (short stature, 
hypotonia, cognitive impairment, and movement abnormalities). This previously unreported deletion explains the clinical picture of the 
patient and suggests that 7p13-p12.1 contains genes involved in intellectual disability and craniofacial development.

Most glucokinase mutations are single nucleotide mutations. Glucokinase deletion mutations are very rare. Until now, a whole glucokinase 
deletion in non-syndromic patients has only been reported once. In syndromic patients, whole glucokinase gene deletions have been 
reported in combination with multiple gene deletions.

Conflict of interest: None declared
Received: 02.02.2017
Accepted: 06.04.2017

Address for Correspondence: Gilberto Pérez López MD, PhD,
Ramón y Cajal University Hospital, Department of Pediatrics, Pediatric Endocrinology and Diabetes Unit, Madrid, Spain
Phone: +90 386 280 38 08 E-mail: beto_med@hotmail.com ORCID ID: orcid.org/0000-0002-6831-6226
©Copyright 2017 by Turkish Pediatric Endocrinology and Diabetes Society
The Journal of Clinical Research in Pediatric Endocrinology published by Galenos Publishing House.

1Ramón y Cajal University Hospital, Department of Pediatrics, Pediatric Endocrinology and Diabetes Unit, Madrid, Spain
2Ramón y Cajal University Hospital, Department of Clinical Genetics, Madrid, Spain
3Cruces University Hospital, Research Unit, Bilbao, Spain

Gilberto Pérez López1, Beatriz Villafuerte Quispe1, María José Cabrejas Núñez2, Luis Castaño3, Raquel Barrio1

Dysmorphic Features, Frontal Cerebral Cavernoma, and
Hyperglycemia in a Girl with a De Novo Deletion of 7.23 Mb in Region 
7p13-p12.1

J Clin Res Pediatr Endocrinol 2017;9(4):355-359

DOI: 10.4274/jcrpe.4324



 

356

J Clin Res Pediatr Endocrinol
2017;9(4):355-359

Pérez-López G et al. 
De Novo Deletion of 7.23 Mb in Region 7p13-p12.1

Introduction

Hyperglycemia is a frequent cause for presentation at 
pediatric endocrinology clinics. Autoimmune diabetes 
and insulin resistance associated with obesity or with 
monogenic diabetes (mainly maturity-onset diabetes of the 
young) are among the major causes of hyperglycemia. In 
Spain, mutations in GCK and HNF-1α explain most cases 
clinically diagnosed maturity-onset diabetes of the young 
(MODY) (1). Pedigrees with monogenic MODY-type diabetes 
typically show a dominant pattern of inheritance.

We describe the case of a 7-year-old girl referred to our 
diabetes unit for hyperglycemia associated with dysmorphic 
features, intellectual disability, frontal cerebral cavernoma, 
and no familial antecedents of diabetes. In the genetic study, 
we identified a deletion of 7.23 Mb in the 7p13-p12.1 region 
(genomic coordinates Chr7: 42807167 to 50040279).

Case Report

A 7-year-old girl presented to our diabetes unit with 
hyperglycemia. In the previous 4 years, her fasting blood 
glucose levels were reported to vary between 103-135 
mg/dL. There was no history of polyuria, polydipsia, or 
polyphagia. Likewise, there was no history of weight loss or 
of any episode of ketosis.

Due to detection of bradycardia, the patient was delivered 
by caesarean section at a gestational age of 40 weeks. Her 
Apgar score was 6/9 and type 3 reanimation was needed. 
Birth weight was 2530 g [-2 standard deviation (SD)], birth 
length 47 cm (-1.7 SD), and head circumference was 35 cm 
(0.5 SD). No hypoglycemia or hyperbilirubinemia were noted 
in her neonatal life. However, she received early stimulation, 
starting at age 22 months, for language delay and hypotonia. 
She was reported to have three febrile seizure episodes and 
also tics. She showed poor school performance and poor 
social interaction. For these reasons, she was referred to the 
pediatric neurology clinic where she was diagnosed to have 
a frontal-cerebral cavernoma accompanied by intellectual 
disability and dysmorphic features (Figure 1). 

Family history: She had healthy non-consanguineous 
parents [mother’s height and father’s height were 162 
cm (0.13 SD) and 165.5 cm (-1.6 SD), respectively] and 
a healthy sister. There was no family history of diabetes, 
neurological or hereditary metabolic disorders.

Physical examination: Her weight and height were 20.5 
kg (-0.96 SD) and 115.4 cm (-1.6 SD), respectively, with a 
body mass index of 15.4 kg/m2 (-0.4 SD). Her target height 
was 157.3 cm (-1.1 SD). She had dysmorphic features with 

a triangular face, short forehead, depressed nasal bridge, 
low hair implantation, bushy eyebrows, synophridia, and 
microretrognathia (Figure 2). The rest of the examination 
was normal.

Initial genetic studies: In the initial study of the dysmorphic 
features and mental retardation, we determined the 
karyotype (46XX), investigated the subtelomeric regions 
and the FMR1 gene, which were normal. Other laboratory 
tests were also ordered.

Biochemical analyses: Hemoglobin A1c (HbA1c) level was 
6.0%. Oral glucose tolerance test (OGTT) (with 1.75 g/kg) 

Figure 1. Cerebral magnetic resonance: Shows a frontal 
cerebral cavernoma (7x6 mm)

Figure 2. Facial dysmorphic features: Triangular face, short 
front, depressed nasal bridge, low hair implantation, bushy 
eyebrows, synophridia, and microretrognathia
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revealed a basal glycemia of 129 mg/dL, a serum glucose 
level of 191 mg/dL after 1 hour and 150 mg/dL after 2 hours, 
a sign of impaired glucose tolerance. She had preserved her 
pancreatic reserves. In the course of the OGTT, c-peptide 
levels at 0, 60, 120 minutes were 0.8, 3.7 and 2.1 ng/
mL, respectively. Thyroid, liver and kidney functions were 
normal.

Autoimmunity: The patient’s anti-IA2 (anti-tyrosine 
phosphatase) level was 78.8 U/mL (positive >7.5 U/ mL), and 
she did not have any anti-glutamic acid decarboxylase (GAD-
0.0 U/mL). Human leukocyte antigen (HLA) determination 
revealed HLA-DR3/DR4 and HLA-DQ2.

Diagnosis: Given the presence of fasting hyperglycemia (129 
mg/dL), the positivity for a pancreatic autoantibody (anti-
IA2), and a HLA trait with increased risk for development of 
autoimmune diabetes (HLA DR3/DR4), a diagnosis of type 
1 diabetes mellitus (T1DM) was made and treatment with 
insulin at 0.3 U/kg/day was started.

Follow-up: Nine months after T1DM diagnosis, the patient 
presented with a very good metabolic control while on a 
low insulin dose (0.15 U/kg/day). Her weight was 20.8 kg 
(-1.9 SD) and her height was 118.9 cm (-1.7 SD), with a 
linear growth velocity (LGV) of 4.38 cm/year (-1.5 SD). Her 
laboratory results were negative for anti-IA2 and anti-GAD 
antibodies (samples analyzed in two different laboratories). 
HbA1c was 5.8%. Insulin-like growth factors (IGF)-1 and IGF 
binding protein-3 (IGFBP-3) levels, adjusted for age and sex, 
were 104.2 ng/mL (-0.6 SD) and 2947 ng/mL (-1 SD). The 
above findings suggested the need to further investigate an 
alternative diagnosis for her hyperglycemia. 

GCK-related MODY 2 was suspected by persistent mild 
hyperglycemia in the fasting state. We requested a multiplex 
ligation-dependent probe amplification (MLPA) that showed 
a heterozygous GCK deletion (exons 1 to 12). However, 

the patient’s parents did not have such a deletion and 
were clinically euglycemic. Previously, we had performed 
karyotype analysis to the parents of the patient and 
both were found to be normal, discarding chromosome 
translocations. These results increased the likelihood that 
the patient’s deletion would be de novo.

Results of Array Based Comparative Genomic 
Hybridization (International System for Human 
Cytogenetic Nomenclature 2013): Given the clinical 
picture and the MLPA findings, an array based comparative 
genomic hybridization (CGH) (KaryoNIM® Postnatal 60k) 
was performed. This array-CGH platform is primarily used 
for intellectual disabilities and syndromes with multiple 
malformations. This method simultaneously detects the 
presence or absence of genetic and chromosomal variations 
(duplications or deletions) responsible for 160 genetic 
syndromes with a minimum resolution of approximately 
275 kilobases between probes. The results revealed a pattern 
of arr[hg19] 7p13p12.1(42,807,167-50,040,279)x1 (female 
genomic pattern). This result shows a deletion of 7.23Mb 
in the 7p13-p12.1 region (genomic coordinates Chr7: 
42807167 to 50040279). This region (Figure 3) contains 
39 genes included in Online Mendelian Inheritance in Man 
(OMIM) (2) database. GCK associated with MODY 2, CCM2 
associated with type 2 cerebral cavernous malformations, 
OGDH associated with alpha-ketoglutarate dehydrogenase 
deficiency (short stature, cognitive impairment, and 
movement abnormalities), and IGFBP-3 whose deletion has 
been associated with a 20% decrease in postnatal growth 
are among these genes (3). Deletion of these genes may 
explain patient’s clinical signs. With these findings, the 
decision was taken to discontinue insulin therapy. 

At 8 years and 10 months old, the patient continued to have 
good metabolic control (HbA1c <6.0%) without insulin, 
although with a slowing in growth [height 122.2 cm (-1.9 

Figure 3. Region 7p13-p12.1 (genomic coordinates Chr7: 42807167 to 50040279): copy number variation 7.23 Mb contains 
39 genes included in Online Mendelian Inheritance in Man list



358

Pérez-López G et al. 
De Novo Deletion of 7.23 Mb in Region 7p13-p12.1

J Clin Res Pediatr Endocrinol
2017;9(4):355-359

SD) with a LGV of 3.5 cm/year (-2.3 SD)]. For this reason, 
IGFBP-3 deficit is being reevaluated again.

Discussion

Our patient had hyperglycemia with positive anti-IA2 
antibodies. These findings and presence of HLA findings 
associated with risk for development of autoimmune 
diabetes (HLA DR3/DR4) were initially interpreted as signs 
of T1DM. At follow-up, and after nine months of insulin 
treatment, she presented in a state of very good metabolic 
control on a low insulin dose, with anti-IA2 antibodies 
which had become negative. These findings led us to 
further investigate for presence of other underlying causes 
of hyperglycemia.

Monogenic diabetes MODY 2 was suspected (mutations in 
GCK explains most cases of monogenic causes of diabetes 
in Spain) and MLPA was performed in the patient and her 
parents, showing an heterozygous GCK gene deletion and 
wild type results, respectively.

The presence of dysmorphic features and of a frontal 
cavernoma increased the suspicion of a genetic syndrome. 
Given the clinical picture and the finding in MLPA, array-
CGH (KaryoNIM® Postnatal 60k) was performed, finding the 
real size of the deletion being 7.23 Mb long in the region 
7p13-p12.1.

According to the “Database of Chromosomal Imbalance 
and Phenotype in Humans Using Ensembl Resources” 
(DECIPHER) (4), the 7p13-p12.1 deleted interval contains 
five genes (GCK, IGFBP-3, OGDH, PPIA, and PSMA2) 
associated with low haploinsufficiency (HI) score (HI index 
<10%) (5) and/or high loss intolerance score (pLI ≥0.9) (6) 
and one intermediate (CMM2: HI 28.18% and pLI 0.48). 
Four of these genes described (Table 1) are consistently 
linked to clinical features observed in our patient, namely, 
mild hyperglycemia in the fasting state, cerebral cavernous 
malformations, decrease in postnatal growth, cognitive 

impairment, movement disorders (tics), and hypotonia. 
The clinical impact of deletion in this region is unknown, so 
close clinical monitoring is needed.

Most GCK mutations are single nucleotide mutations (7). 
GCK deletion mutations are very rare (8). Until now, a whole 
GCK deletion in non-syndromic patients have only been 
reported once (9). In syndromic patients, whole GCK gene 
deletions have been reported in combination with multiple 
gene deletions (10). The low birth weight (-2 SD) in this 
patient can be explained by the mother not having the GCK 
mutation and the fetus having the GCK mutation, which 
indirectly decreases fetal insulin secretion and thereby fetal 
growth (11,12). 

At follow-up, the patient was found to have an altered 
postnatal growth (height -1.9 SD and LGV -2.3 SD) that could 
be explained in part by the HI of IGFBP-3 and OGHD. IGFBP-3 
possesses both growth-inhibitory and potentiating effects on 
cells that are independent of IGF action and are mediated 
through specific IGFBP-3-binding proteins/receptors located 
at the cell membrane, cytosol, or nuclear compartments 
and in the extracellular matrix. IGFBP-3 deletion has been 
associated with a 20% decrease in postnatal growth (3).

The patient received early stimulation, starting at age 22 
months, for hypotonia and language delay. OGDH HI is 
associated, according to the Human Phenotype Ontology 
(13), with short stature, hypotonia, cognitive impairment, 
and movement abnormalities, among others features. 
For this reason, the patient was referred to the hereditary 
metabolic diseases unit for further assessment.

After a search in DECIPHER, we have not found another case 
with the same deletion. But we found a boy (DECIPHER ID 
277032) with a more extensive deletion (9.26 Mb genomic 
coordinates Chr 7: 44085112-53341792) that includes the 
region 7p13-p12.1. This copy number variation contains 
36 genes included in OMIM list. PPIA, IGFBP-3, GCK, 
GRB10, and H2AFV have HI <10% and that patient’s 
phenotype includes global developmental delay, tall stature, 

Table 1. Genes in deleted region (7p13-p12.1) and predicted phenotypic effects

Gene OMIM
number

Description HI% pLI Phenotype

GCK 138079 Glucokinase 8.07 0.20 MODY type 2

CCM2 607929 CCM2 scaffolding protein 28.18 0.48 Cerebral cavernomatous malformations

IGFBP-3 146732 Insulin-like growth factor-binding protein 3 6.39 0.36 Decrease in postnatal growth

OGDH 613022 Oxoglutarate dehydrogenase 17.23 0.99 Short stature, hypotonia, cognitive 
impairment, and movement 
abnormalities

OMIM: Online Mendelian Inheritance in Man, MODY: maturity-onset diabetes of the young, HI: haploinsufficiency index - protein coding genes have been 
scored according to their predicted probability of exhibiting haploinsufficiency (5), pLI: lost intolerance score. Indicates probability that a gene is intolerant to a 
loss-of-function mutation (6)
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macrocephaly, depressed nasal bridge, pectus excavatum, 
and hypospadias. Surprisingly, the patient had euglycemia 
and tall stature.

To summarize, our patient with hyperglycemia and 
dysmorphic features had a deletion of 7.23 Mb comprising 
the region 7p13-p12.1, with involvement of 39 OMIM 
genes, including: GCK associated with MODY 2, CCM2 
associated with type 2 cerebral cavernous malformations, 
IGFBP-3 associated with decreased postnatal growth, and 
OGDH associated with alpha-ketoglutarate dehydrogenase 
deficiency. This previously unreported deletion is thought to 
explain the clinical picture of the patient and suggests that 
7p13-p12.1 contains genes involved in intellectual disability 
and craniofacial development.
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CASE REPORT

What is already known on this topic?

What this study adds?

Abstract
Acrodysostosis is a very rare congenital multisystem condition characterized by skeletal dysplasia with severe brachydactyly, midfacial 
hypoplasia, and short stature, varying degrees of intellectual disability, and possible resistance to multiple G protein-coupled receptor 
signalling hormones. Two distinct subtypes are differentiated: acrodysostosis type 1 resulting from defects in protein kinase type 1-α 
regulatory subunit and acrodysostosis type 2 caused by mutations in phosphodiesterase 4D (PDE4D). Most cases are sporadic. We report 
on a rare multigenerational familial case of acrodysostosis type 2 due to a novel autosomal dominantly inherited PDE4D mutation. 
A 3.5-year-old boy presented with short stature, midfacial hypoplasia, severe brachydactyly, developmental delay, and behavioural 
problems. Laboratory investigations revealed mild thyrotropin resistance. His mother shared some characteristic features, such as 
midfacial hypoplasia and severe brachydactyly, but did not show short stature, intellectual disability or hormonal resistance. Genetic 
analysis identified the identical, novel heterozygous missense mutation of the PDE4D gene c.569C>T (p.Ser190Phe) in both patients. 
This case illustrates the significant phenotypic variability of acrodysostosis even within one family with identical mutations. Hence, a 
specific clinical diagnosis of acrodysostosis remains challenging because of great interindividual variability and a substantial overlap of 
the two subtypes as well as with other related Gsα-cAMP-signalling-linked disorders.
Keywords: Acrodysostosis, skeletal dysplasia, brachydactyly, inactivating parathyroid hormone/parathyroid hormone related protein 
signalling disorder, phosphodiesterase 4D 

Identification of a novel heterozygous missense mutation of the PDE4D gene c.569C>T (p.Ser190Phe) in a familial case of acrodysostosis 
type 2 affecting the serine target of protein kinase-A phosphorylation within the motif RRESF.
Evidence for a significant phenotypic variability of acrodysostosis in patients carrying the same mutation.

Acrodysostosis is a rare congenital multisystem condition characterized by skeletal dysplasia, varying degrees of intellectual disability, 
and possible resistance to multiple G protein-coupled receptor signalling hormones. Acrodysostosis type 2 is caused by mutations in 
cAMP-specific phosphodiesterase 4D (PDE4D). To date, 26 different PDE4D gene mutations have been reported in humans.
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Introduction

Acrodysostosis is a very rare congenital multisystem 
condition characterized by (1) skeletal dysplasia with severe 
brachydactyly, midfacial hypoplasia, and short stature, (2) 
varying degrees of intellectual disability, and (3) possible 
resistance to multiple G protein-coupled receptor (GPCR) 
signalling hormones, including parathyroid hormone (PTH) 
and thyrotropin (TSH) (1,2). The syndrome was first described 
by Robinow et al (3) in 1971. Recently, genetic defects in 
cAMP-dependent protein kinase type 1-α regulatory subunit 
(PRKAR1A) and cAMP-specific phosphodiesterase 4D (PDE4D) 
were identified in patients with acrodysostosis by candidate 
gene analysis (4) and exome sequencing (2,5) respectively. 

Since then, two distinct genetic and phenotypic subtypes of 
acrodysostosis have been differentiated: acrodysostosis type 
1 resulting from defects in PRKAR1A, and acrodysostosis 
type 2 caused by mutations in PDE4D. PRKAR1A as well as 
PDE4D play a crucial role in the GPCR-Gsα-cAMP-protein 
kinase A-signalling pathway (cAMP/PKA-pathway), which 
is present in almost all cell types and mediates a wide 
spectrum of biological functions, i.e. the physiological 
effects of several hormones (6). 

In acrodysostosis type 1, the mutations in the regulatory 
subunit of PRKAR1A impair signalling through GPCR that 
use Gsα/adenyl cyclase/cAMP/PKA as a major signalling 
pathway, including PTH related protein (PTHrP), known to 
play an important role in endochondral bone development 
(7). In the case of acrodysostosis type 2, the presence of 
skeletal abnormalities whose characteristics and severity 
are indistinguishable from those seen in acrodysostosis 
type 1 supports the idea that during development, signalling 
by PTHrP through the PTHR-cAMP-PKA pathway is also 
attenuated and suggests that the mutations in PDE4D 
observed in this disease ultimately result in inappropriately 
increased PDE activity. The finding that injection into 
zebrafish of human PDE4D carrying mutations causing 
acrodysostosis type 2, but not wild-type PDE4D, produces 
developmental abnormalities is consistent with this idea 
(1). Many splice variants of PDE4D require PKA-induced 
phosphorylation to achieve maximal enzymatic activity 
(8,9,10). Based on the location of PDE4D mutations occurring 
in acrodysostosis type 2, it has been suggested that they may 
influence regulation by PKA (11). In contrast, mutations that 
would inactivate PDE4D (e.g. nonsense mutations, deletions, 
or mutations disrupting the catalytic site) cause a different 
phenotype, which is, in certain respects, a mirror-image of 
abnormalities seen in acrodysostosis type 2 (1). Another 
group, however, reported that PDE4D mutations causing 
acrodysostosis type 2 resulted in impaired enzyme activity, 

and that the observed phenotype resulted from an over-
compensatory increased expression of other PDE4 isoforms 
(12,13). Thus, although the precise nature of the effect of 
PDE4 mutations in this disease remains controversial, all 
currently available evidence favours the conclusion that 
global PDE activity is inappropriately increased.

The vast majority of the cases of acrodysostosis occur 
sporadically, most probably due to de novo point mutations 
with evidence of a paternal age effect (5,14,15). Only very 
few families with an autosomal dominant inheritance of 
acrodysostosis type 2 have been reported so far (15,16). 

Here, we report on a novel autosomal dominantly inherited 
heterozygous PDE4D mutation in a multigenerational family 
with acrodysostosis that illustrates the clinical variability of 
this syndrome even within one family. In doing so, we aim 
to raise awareness for this rare and clinically heterogeneous 
disease.

Case Reports 

Patient 1

Patient 1 was born at 38 weeks’ gestation by caesarean 
section because of oligohydramnion and pathological 
cardiotocography. At birth, he was small for gestational age 
with a weight of 2530 g [4.5th percentile, standard deviation 
score (SDS) -1.68] and a length of 48 cm (7th percentile, -1.47 
SDS). During the neonatal period, the patient had feeding 
problems and several episodes of hypoglycemia occurred. 
Initial psychomotor milestones were reached rather late, 
but still within the normal range (walking at 1.6 years of 
age, speaking single words at 1.5 years of age). However, 
subsequently, he displayed a delay in motor development 
and regression of verbal development, and ergotherapy and 
speech therapy were started. Adenoidectomy and insertion 
of tympanic ventilation tubes were performed at the age of 
3 years. 

At the age of 3.5 years, he was referred to our clinic for 
further clinical evaluation. On examination, he had light-
coloured blue eyes and red-coloured hair, a round face with 
widely spaced eyes and midfacial hypoplasia with flattening 
of the nasal bridge (Figure 1A). Moreover, he had small 
broad hands and feet with stubby digits with relative sparing 
of the first toe. Furthermore, pigmented skin lesions were 
noticed on the upper arms and legs. Neuropsychological 
examination showed behavioural problems and a delay of 
gross and fine motor skills and speech development with 
severely impaired speech comprehension and dyslalia. He 
had grown below the 3rd percentile since the age of 2 years 
with a height of 90.7 cm (0.9th percentile, SDS -2.38) at the 
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time of presentation. His weight was 12.8 kg (5.4th percentile, 
SDS -1.61) with a body mass index of 15.6 kg/m2 (51.6th 
percentile, SDS +0.04). Radiographic examination showed 
severe brachydactyly with shortening of metacarpals, 
metatarsals and phalanges, except for the big toe, cone-
shaped epiphyses, and a significantly advanced bone age 
(Figure 2A). Laboratory investigations showed normal 
results, except for a mildly elevated TSH of 7.98 mU/L, while 
thyroid hormone levels were normal.

Patient 2 

Patient 2 is the mother of patient 1 (17). She presented at 
the age of 8.8 years. At presentation, she had macrocephaly 
with frontal bossing, midfacial hypoplasia, and small broad 
hands and feet with brittle nails (Figure 1B). The big toe of 
both feet appeared hyperplastic. The patient had a height 
between the 3rd and 10th percentiles, a body weight at the 
50th percentile, and a head circumference above the 97th 
percentile. Radiographs showed severe brachydactyly with 
short metacarpals II-V, metatarsals II-IV and phalanges, first 
ray hyperplasia of the foot, cone-shaped epiphyses, and early 
epiphyseal fusion (Figure 2B). Bone age was accelerated by 
3 years. Magnetic resonance imaging of the head showed 
a thickened calvarium, as well as a 2 cm supracerebellar 
arachnoid cyst and a lipoma at the corpus callosum as 
incidental findings. Furthermore, a heart defect with septal 
aneurysm and atrioventricular valve defect was diagnosed. 
At initial presentation, laboratory investigations showed 
normal thyroid function tests, a normal PTH, and adequate 
calcium and phosphate levels. In the further course, she 
developed autoimmune thyroiditis as well as vitamin D 
deficiency. According to the medical history, she had started 
speaking at the age of 4 years. However, her further mental 
development was normal. She graduated from high school 
and momentarily studies law at the university. 

Clinical, radiological and laboratory characteristics of patient 
1 and 2 are summarized in Table 1.

Similar dysmorphic clinical findings and radiological 
features of the hands and feet were reported in the mother 
of patient 2 (grandmother of patient 1). She had died from 
leukemia. Other family members have not been affected.

Molecular analysis in patient 1 and patient 2 identified a 
novel heterozygous missense mutation of the PDE4D gene 
(NM-001104631): c.569C>T (p.Ser190Phe) in exon 2 and 
thereby confirmed the clinical diagnosis of acrodysostosis 
type 2. Interestingly, this mutation affects the serine target 
of PKA phosphorylation within the motif RRESF.

Informed consent was obtained from the patient’s family.

Discussion

In this article, we reported a very rare case of autosomal 
dominantly inherited acrodysostosis type 2 in a three-
generational family caused by a novel mutation in the 
PDE4D gene illustrating the significant phenotypic variability 
of acrodysostosis and discuss differential diagnosis. Here 
by, we aim to increase the general awareness of this rare 
condition.

Figure 2. X-rays of the hands of patient 1 (A) and patient 
2 (B). Note the severe brachydactyly with shortening of 
metacarpals and phalanges and cone-shaped epiphyses 
[Figure 2B reproduced with permission of Springer (17)]

Figure 1. Photographs of the face, hands, and feet of patient 1 
at the age of 3 years (A) and patient 2 at the age of 8 years (B). 
Note the facial dysostosis with flattening of the nasal bridge 
and the small broad hands and feet with relative sparing 
of the first toe [Figure 1B reproduced with permission of 
Springer (17)]
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To our knowledge, this is the first report on a family with 
three generations to be affected by acrodysostosis type 2 
due to a heterozygous missense mutation of the PDE4D 
gene c.569C>T (p.Ser190Phe) affecting the upstream 
conserved region 1 of the PDE4D. It is the second mutation 
affecting the serine target of PKA phosphorylation within 
the motif RRESF. To date, 26 missense mutations in 
PDE4D gene associated with acrodysostosis type 2 have 
been identified (including the novel mutation in the family 
discussed in this case report). All mutations described so 
far were sporadic, heterozygous de novo mutations, except 
for very few families with a genetically proven autosomal 
dominant inheritance of PDE4D mutations (15,16). 

Second, in the present case, the phenotypic variability of 
affected family members sharing the identical mutation 
is striking. Interestingly, patient 1 was born small for 
gestational age and has short stature, whereas his mother 
(patient 2) who carried the same mutation has a normal 
height. Light-coloured blue eyes and red-coloured hair, 
originally described by Niikawa et al (18) in patients with 
acrodysostosis, were striking on clinical examination of 
patient 1 (15). In contrast, his mother presented with brown 
hair colour. Furthermore, patient 1 displayed behavioural 
problems and a delay of motor and speech development 
with severely impaired speech comprehension and dyslalia, 

whereas his mother graduated from high school and attends 
university. Patient 1 had mild TSH resistance, whereas his 
mother had normal thyroid functions tests at presentation. 
Clinical heterogeneity for acrodysostosis was also described 
by Lynch et al (15) in a family with three affected siblings 
whose father was found to have only subtle features of 
acrodysostosis but also carried the same mutation. Lynch 
et al (15) also found a high variability of intellectual abilities 
in this family. As possible explanations for the lack of full 
clinical expression, variable expressivity, mosaicism, and 
tissue specific imprinting of the gene are discussed (15). 

Third, given the very low number of familial cases reported 
so far and the significant phenotypic variability of affected 
family members, it is most likely that some affected 
individuals are not considered for diagnosis because of 
subtle phenotypic features. Hence, familial cases might be 
underestimated. Therefore, careful clinical evaluation of the 
parents of affected patients for features of acrodysostosis is 
crucial to detect possible mutation carriers, to reveal new 
familial cases, and to gain information about the genotype-
phenotype correlation in the future.

Fourth, considering the great clinical overlap between the 
subtypes of acrodysostosis and also with other Gsα-cAMP-
signalling-linked disorders, a specific clinical diagnosis still 
remains difficult and challenging, if not even impossible. 

In the past, the two subtypes of acrodysostosis were mainly 
differentiated by the presence or absence of hormonal 
resistance that was exclusively attributed to PRKAR1A 
mutations (19). However, Lindstrand et al (1) recently found 
that PDE4D mutations as well may lead to clinically significant 
endocrine abnormalities like PTH or TSH resistance in 
a small subset of patients (16). Moreover, the present 
case shows that even family members with the identical 
mutation in PDE4D might differ in the presence of hormonal 
resistance, illustrating the phenotypic variability. Therefore, 
endocrine follow-up remains important for all patients, 
regardless of the subtype of acrodysostosis. However, Elli 
et al (16) described different frequencies of phenotypic 
characteristics according to the mutated gene. Short stature 
and cone-shaped epiphyses were more often described in 
acrodysostosis type 1, whereas a more characteristic facial 
dysostosis, mental or behavioural defects, cryptorchidism 
and/or lack of pubertal spurt were found more often in 
acrodysostosis type 2 (16). Several non-mutually exclusive 
explanations for the phenotypic differences have been 
advanced, but further work is required to validate their 
importance (13,16,19,20). However, since the number of 
published cases of acrodysostosis, in particular type 2, is still 
low and single cases had a high impact on this comparative 
analysis, future alterations of observed clinical features are 

Table 1. Clinical, radiological, and biochemical features 
in the patients with acrodysostosis

Features Patient 1 Patient 2

Clinical features

Facial dysostosis

- Broad face with widely spaced eyes Yes Yes 

- Maxillonasal hypoplasia Yes Yes 

Peripheral dysostosis

- Intrauterine growth retardation Yes -

- Short stature Yes No

- Small and broad hands and feet Yes Yes

- Enlargement of first toe Yes Yes

Intellectual disability Yes No

Radiological findings

- Thickened calvarium - Yes

- Severe brachydactyly Yes Yes

- Cone-shaped epiphyses Yes Yes

- Advanced bone age Yes Yes

Laboratory findings

- Hormonal resistance Yes No
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likely. A single distinctive feature that allows clear clinical 
differentiation of both subtypes has not been revealed yet. 

Differential diagnosis should not only include the different 
subtypes of acrodysostosis but also other entities of the 
“inactivating PTH/PTHrP signalling disorders” that clinically 
present with Albright hereditary osteodystrophy (AHO) 
(21,22). AHO was first described by Albright et al (23) in 
1942 and comprises heterogeneous clinical features such as 
brachydactyly, rounded face, short stature, stocky build and 
subcutaneous ossifications. In pseudohypoparathyroidism 
type 1A and type 1C, AHO is associated with hormonal 
resistance as well as obesity and varying degrees of 
intellectual disability. They are caused by maternal loss-of-
function mutations or imprinting defects in the GNAS gene 
encoding Gsα. AHO without any evidence of hormonal 
resistance, called pseudopseudohypoparathyroidism, is due 
to paternal loss-of-function mutations in GNAS. Because 
of substantial clinical overlap of acrodysostosis with other 
related Gsα-cAMP-signalling-linked disorders, a clear clinical 
diagnosis without genetic analysis remains difficult.

In summary, we identified a novel heterozygous PDE4D 
mutation in a family with acrodysostosis type 2. This case 
illustrates the phenotypic variability of acrodysostosis even 
within one family with identical mutations. We conclude 
that a specific clinical diagnosis of acrodysostosis remains 
challenging because of great interindividual variability and a 
substantial overlap of the two subtypes as well as with other 
related Gsα-cAMP-signalling-linked disorders.
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CASE REPORT

Introduction

The clinical features of Cornelia de Lange syndrome (CdLS) 
(synonym Brachmann-de Lange syndrome, de Lange 
syndrome; Online Mendelian Inheritance in Man #122470, 
#300590, #610759, #614701, #300882) were first described 
by de Lange (1) in 1933, although Brachmann (2) is believed 
to have reported a case in 1916. CdLS is known as a rare 
and genetically and clinically heterogeneous disorder. 
The reported prevalence of 0.5-10:100,000 may be an 
underestimation due to underdiagnosis of mild cases (3).

Mutations in the NIPBL, SMC1A, SMC3, RAD21, and HDAC8 
genes have been identified to cause CdLS (4). These genes 
code for subunits and regulatory proteins in the cohesin 
pathway. Most cases of CdLS are sporadic although 
autosomal and X-linked inheritance patterns have been 
described in some families (4). 

CdLS is a disorder affecting multiple organ systems. 
Characteristic craniofacial features include well-defined 
arched eyebrows with synophrys, long and curly eyelashes, 
ptosis and low-set, posteriorly rotated ears. In addition, a 

Abstract

What is already known on this topic?

What this study adds?

Cornelia de Lange syndrome (CdLS) is a both clinically and genetically heterogeneous syndrome. In its classical form, it is characterised 
by distinctive facial features, intra-uterine growth retardation, short stature, developmental delay, and anomalies in multiple organ 
systems. NIPBL, SMC1A, SMC3, RAD21 and HDAC8, all involved in the cohesin pathway, have been identified to cause CdLS. Growth 
hormone (GH) secretion has been reported as normal, and to our knowledge, there are no reports on the effect of recombinant human 
GH treatment in CdLS patients. We present a patient born small for gestational age with persistent severe growth retardation [height 
-3.4 standard deviation score (SDS)] and mild dysmorphic features, who was treated with GH from 4.3 years of age onward and was 
diagnosed 6 years later with CdLS using whole-exome sequencing. Treatment led to a height gain of 1.6 SDS over 8 years. Treatment 
was interrupted shortly due to high serum insulin-like growth factor-1 serum values. In conclusion, GH therapy may be effective and safe 
for short children with CdLS. 
Keywords: Cornelia de Lange syndrome, growth hormone, small for gestational age, NIPBL, whole-exome sequencing 

This case report will contribute to more knowledge about treatment with growth hormone in Cornelia de Lange syndrome and also 
help fellow pediatricians and pediatric endocrinologists in their decision-making when considering the treatment in this patient group.

This manuscript describes a patient with Cornelia de Lange syndrome who was successfully treated with growth hormone because she 
was born small for gestational age and showed no catch up growth. The diagnosis of Cornelia de Lange syndrome was made years after 
the growth hormone treatment. To our knowledge, there is no published work about the effect of growth hormone therapy in Cornelia 
de Lange syndrome.
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variety of additional features such as craniofacial deviations 
and cardiovascular, gastrointestinal, genitourinary, and 
neurosensory abnormalities have been reported. Skeletal 
deformations usually affect the upper extremity. Linear 
growth is in general impaired, and affected patients show both 
pre- and postnatal growth retardation. CdLS specific growth 
charts are available showing a mean adult height of 155.8 
cm for males and 131.1 cm for females (5). Cognitive and 
psychomotor abilities vary from mild learning disabilities, in 
which speech and language disorders are more distinct, to 
severe intellectual disability (4). With regard to the severity 
of clinical features, there is a trend of a genotype-phenotype 
association, depending on the causative gene and type of 
mutation. However, an identical mutation can be associated 
with quite different phenotypes, suggestive of a role of other 
modifying genetic or environmental factors (6).

Only few reports have commented on endocrine 
abnormalities in CdLS. Kline et al (7) reported a mildly 
delayed puberty in a group of 49 patients with CdLS, with 
a mean age of onset of 15 years for boys and 13 years for 
girls. In several reports, growth hormone (GH) secretion 
was assessed and found normal. We found no reports on 
the effect of recombinant human GH (r-hGH) treatment in 
children with CdLS.

We present a female patient born small for gestational age 
(SGA) with severe postnatal growth retardation and mild 
dysmorphic features. She was treated with GH from 4.3 
years of age and was diagnosed 6 years later with CdLS 
using whole-exome sequencing (WES), thereby being the 
first reported CdLS patient to be treated with GH.

Case Report

This female patient is the third child of healthy non-
consanguineous parents with normal heights (father 173 
cm, mother 166 cm) and no known familiar diseases or 
genetic defects. Conditional target height (cTH) was 166 cm 
[-0.7 standard deviation score (SDS)] (8). Both her siblings 
had normal birth weight and postnatal growth. At the age 
of 10 months, she was referred to our centre for evaluation 
of short stature. After being carefully monitored in the 
prenatal period for intra-uterine growth retardation, she was 
born at a gestational age of 37 weeks and 5 days, after an 
uncomplicated delivery. At birth, her weight was 2340 grams 
(-1.7 SDS) (9), but subsequent measurements of weight in the 
first year of life were between -3.4 SDS and -4.0 SDS. Head 
circumference at birth was 32 cm (-2.4 SDS). Length was not 
measured at birth, but at 3 months of age length was 51.5 
cm (-3.4 SDS), and all subsequent height measurements were 
below -3.0 SDS (Figure 1). Based on these data, we estimated 

the likelihood of a low birth length sufficient to diagnose the 
child as SGA with failure of catch-up growth (10).

At the age of 10 months, length was 63 cm (-3.7 SDS), 
weight 6.2 kg (-3.4 SDS), weight for length was normal (0.2 
SDS), head circumference was 42.5 cm (-2.0 SD), and the 
ratio between crown-rump length and total length was 0.68 
(2.1 SDS) (11). Arm span/height ratio was 0.92 (0.1 SDS) 
(12). Physical examination showed no abnormalities except 
for two dysmorphic features. First, the patient had well-
defined and arched eyebrows with synophrys. Second, she 
had short digits of both hands, in particular the phalanges of 
both fifth digits (Figure 2). 

Serum insulin-like growth factor-1 (IGF-1) was 8.0 nmol/L 
(-0.1 SDS), IGF-binding protein 3 1.8 mg/L (-1.1 SDS), and 
GH stimulation tests with clonidine and arginine showed 
serum GH of peaks of 4.4 μg/L and 12.1 μg/L, respectively. 
This made GH deficiency or insensitivity unlikely. 

A skeletal survey performed in the first year of life and at 
the age of two years showed no signs of skeletal dysplasia. 
A 46,XX karyotype was determined at amniocentesis, 
and genetic evaluation of SHOX, FGFR3, IGF-1, and IGF1R 
revealed no mutations or copy number variants, and 
uniparental disomy of chromosome 7 and hypomethylation 
of the 11p15 imprinting region tested negative. At the age of 
5 years, a single nucleotide polymorphism array (GeneChip 
Human Mapping 250K Nsp Array) was performed showing 
no abnormalities. 

de Graaf M et al. 
Growth Hormone and Cornelia de Lange Syndrome

Figure 1. Growth curve of the patient plotted on the growth 
reference chart for female Dutch children (-2.5, -2.0, -1.0, 0, 
+1.0, +20 and +2.5 standard deviation lines are shown). 
Red lines indicate bone age, horizontal lines indicate 
recombinant human growth hormone treatment (8)

SDS: standard deviation score
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At the age of 10 years, WES was performed in the index 
patient and her parents. Genomic DNA was isolated 
from peripheral blood samples using the Autopure LS 
Instrument (Gentra Systems). Cytogenetic microarray 
analysis was performed using the Affymetrix CytoScan HD 
Array according to the manufacturer’s procedures. Copy 
number was assessed in the patient using ChAS software 
(Chromosome Analysis Suite). WES was performed as 
previously described by Hannema et al (13), using the 
Nimblegen SEqCap EZ V2 capture kit (Roche, Nimblegen, 
Inc, Madison, Wisconsin). Filtering for de novo variants 
in the index patient with a home-made variant filtering 
algorithm (Santen et al) (14) showed a heterozygous, de novo 
splice mutation (c.771+1G>A), chr5:36971139 build 37, in 
NIPBL gene. Although this mutation has not been described 

previously, it has been found in another patient with CdLS 
(15). The result was confirmed by Sanger sequencing. cDNA 
analysis was performed to investigate the effect of the splice 
mutation. An aberrant transcript besides the expected 
wild type PCR product was observed. Sequencing of the 
aberrantly spliced product revealed a loss of the last 21 bp 
of exon 7, which is expected to lead to an in-frame deletion 
of 7 amino acids in the protein, p.(Val251_Asp257del). 

Following the diagnosis of CdLS, an extensive medical 
screening was performed. Echocardiography revealed a 
structurally and functionally normal heart. An ultrasound 
of the urogenital tract showed normal structures. 
Otorhinolaryngologic and ophthalmologic evaluations 
showed no abnormalities except a mild nervus IV paresis of 
the left eye, but without resulting in a negative effect on the 
visual performance of the child.

Treatment with r-hGH in a dosage of 0.86 mg/m2/day 

subcutaneously was started at 4.3 years of age at a height 
of 91.7 cm (-3.5 SDS) based on the indication of SGA with 
failure of catch-up growth. Bone age, assessed according to 
the Greulich and Pyle (16) method, was then 3.3 years. After 
the initiation of GH treatment regular outpatient clinic visits 
were scheduled. Every three months, anthropometric values 
were evaluated. Bone age and laboratory tests including 
IGF-1 were performed yearly. The growth response was 
appropriate (Figure 1) and at 8.5 years of age, height was 
125.5 cm (-1.4 SDS). Following a series of increased serum 
IGF-1 values, as high as 5.3 SDS (Figure 3), therapy was 
interrupted for nine months, which led to deceleration of 
growth (height -1.7 SDS). At 9.3 years, r-hGH therapy was 
restarted at a lower dose of 0.7 mg/m2. At present, at the 
age of 12.3 years, her height is 142.6 cm (-1.8 SDS) and 
IGF-1 is 2.2 SDS. The last measured bone age was 11.0 years 
at an age of 11.6 years. Predicted adult height at that point 

Figure 2b. Images of the hands showing short digits, especially 
of the thumbs and fifth digits. Published with permission of 
the patient’s parents

Figure 3. Patient’s serum insulin-like growth factor-1 standard 
deviation score

IGF-1: insulin-like growth factor-1, SDS: standard deviation score

Figure 2a. Images of the hands a showing short digits. 
Published with permission of the patient’s parents. No 
permission was given to publish photographs of facial features
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according to Bayley and Pinneau (17) was 154.4 cm, 1.8 
SD below cTH-SDS. No side effects or health complaints 
occurred during therapy. Due to a speech and language 
disorder, she followed an adjusted educational programme. 
Her intellectual abilities were tested within the normal 
range with a nonverbal intelligence quotient of 98. Motor 
development was normal. 

The patient’s parents gave their consent for inclusion of the 
patient’s pictures in this publication. 

Discussion

In this case report, we present a female patient with extreme 
short stature and very mild clinical features of CdLS. She 
showed a substantial increase in height SDS of 1.8 SDS 
following treatment with r-hGH. To our knowledge, this is 
the first report on r-hGH treatment in a patient with CdLS. 
SGA without adequate catch-up growth is an established 
indication for GH therapy in most parts of the world 
including Europe and for this reason, GH was started in 
our patient. The described effect of r-hGH treatment in our 
patient resembles the increase in height previously reported 
in SGA patients treated with a similar GH dose (18,19). The 
initial extreme increase in IGF-1 SDS score on the 0.86 mg/
m2 GH dose is considerably higher than that reported for 
GH-treated children with SGA (18,20). 

In approximately 70% of CdLS patients, a genetic cause is 
detected (4). A NIPBL mutation is found in 80% of these cases 
and results in more severe clinical problems in comparison 
to the other genes. However, missense mutations in this 
gene tend to give rise to a milder phenotype than splice 
site mutations, or nonsense and frameshift mutations (4). 
Our patient has a splice site mutation in the NIPBL gene, 
demonstrated by both DNA and RNA analysis, causing an in-

frame deletion which resulted in mild clinical features. The 
most prominent clinical feature in this patient was growth 
retardation. Facial features of CdLS were not distinctive. 
Although she needed a special educational program for 
her speech language disorder, intelligence was within the 
normal range.

Although both prenatal and postnatal growth retardation 
is a hallmark of CdLS, little is known about CdLS and GH 
function. Schwartz et al (21), McArthur and Edwards (22), 
and Abraham and Russell (23) published data on GH 
concentration in 16 CdLS patients (see Table 1). Two patients 
reported by Schwartz et al (21) were diagnosed with classic 
GH deficiency. One of these well-nourished patient had low 
serum IGF-1 values and discordant results on stimulation 
tests, resulting in the conclusion that there was some degree 
of end-organ resistance to GH. McArthur and Edwards (22) 
and Abraham and Russell (23) measured GH concentration 
in 11 patients using multiple methods. GH concentrations of 
all patients were ≥14 μg/L.

In a more recent case series of 49 CdLS patients, 98 
percent of the patients had heights below the 5th percentile 
compared to standard growth curves, but no tests for GH 
were conducted (7). Our patient had both normal GH 
concentrations after stimulation tests with arginine and 
clonidine as well as normal IGF-1 serum values, thereby 
excluding GH deficiency or insensitivity. The very high 
serum IGF-1 concentrations on a regular GH dosage suggest 
a form of IGF-1 insensitivity. 

Although this case report suggests an appropriate growth 
response to r-hGH in this patient, we acknowledge that she 
has not achieved adult height yet. Still, our observation 
suggests that short children with CdLS (mildly affected) may 
be considered as candidates for r-hGH treatment.

Table 1. Overview of growth hormone test results in Cornelia de Lange syndrome patient 

Author Year n Study method Results

McArthur and 
Edwards (22) 1967 2 Fasting GH concentration GH concentration of 10 μg/L and 4.5 μg/L

Abraham and 
Russell (23) 1968 2 Insulin-induced hypoglycemia All patient had GH concentration ≥14 μg/L

7 Glucose tolerance test

Schwartz et al (21) 1990 5 GH stimulation tests with insulin and clonidine Two patients with classic GH deficiency, 
peak GH 2.4 and 4.5 μg/L

One patient with both low IGF-1 and 
discordant stimulation results

GH: growth hormone, IGF-1: insulin-like growth factor-1
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Introduction

The human insulin receptor (IR) consists of two extracellular 
α subunits and two transmembrane intracellular β 
subunits. Insulin binds to α subunit and activates β subunit 
autophosphorylation and kinase activity, which is essential 
for transmembrane signaling of glucose transport. The α 
and β subunits of the IR are encoded by a single gene (INSR) 
which is mapped on the short arm of chromosome 19 (1).

Mutations of INSR lead to a wide spectrum of inherited 
insulin resistance syndromes ranging from leprechaunism 
(Donohue syndrome, autosomal recessive), which occurs in 

infancy and results in death, to type A insulin resistance 
(autosomal dominant), which leads to mild clinical symptoms 
after puberty. The severity of Rabson-Mendenhall syndrome 
(RMS) (autosomal recessive) is intermediate between the 
two aforementioned types (2). In RMS, the function of IR is 
less severely reduced, while little or no residual IR function 
is found in leprechaunism (3).

The loss of IR function results in various metabolic and 
growth defects. Metabolic defects in RMS are characterized 
by fasting hypoglycemia, postprandial hyperglycemia, later 
refractory hyperglycemia, extreme hyperinsulinemia, and 
late ketoacidosis. Affected patients also have postnatal 

Abstract

What this study adds?

Rabson-Mendenhall syndrome (RMS) is an autosomal recessive disorder due to mutations in the insulin receptor gene (INSR) which 
is mapped to 19p13.2. RMS is characterized by acanthosis nigricans, generalized lanugo, tooth and nail dysplasia, high nasal bridge, 
and growth retardation. A 5-year-old female patient was referred due to acanthosis nigricans and generalized lanugo. On her physical 
examination, severe acanthosis nigricans of the neck, axillae, the external genitalia and antecubital regions, generalized lanugo, mildly 
decreased subcutaneous fat, dysmorphic facial features, and polydactyly on her left hand were noted. Insulin resistance and impaired 
glucose tolerance were found. Sequence analysis of the INSR in the patient revealed c.3529+5G>A mutation in homozygous state. RMS 
should be suspected in a patient with characteristic physical features and insulin resistance.
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To the best of our knowledge, we report the first case with RMS from Turkey diagnosed at molecular level. Sequencing of INRS revealed 
a novel homozygous mutation.
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What is already known on this topic?

Mutations in INSR lead to a wide spectrum of insulin resistance syndromes ranging from leprechaunism to type A insulin resistance. 
Rabson-Mendenhall syndrome (RMS) is an intermediate form of insulin resistance syndrome since the function of insulin receptor is 
only moderately reduced.
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growth restriction as well as impaired muscle and adipose 
tissue development due to the defective mitogenic action 
of insulin (3). Clinical findings of RMS include acanthosis 
nigricans, generalized lanugo, tooth and nail dysplasia, high 
nasal bridge, growth retardation, and hyperextensible joints 
(4). It is a rare genetic disorder, and in our country, no case 
with RMS diagnosed at molecular level has been reported 
to date.

Case Report

A 5-year-old female patient was referred due to acanthosis 
nigricans and generalized lanugo which developed in the 
last two years. According to the past medical history, she 
was born by cesarean section after an uneventful pregnancy 
with a birth weight of 3500 g and length of 49 cm. She was 
the first child of first-degree consanguineous parents. Her 
developmental milestones were normal. There is no family 
history of any remarkable medical problems. She had a 
healthy sibling who did not have any dysmorphic features.

Her weight was 18.7 kg [standard deviation (SD) score -0.08], 
height 98.7 cm (SD score -2.6), and body mass index 19.2 
kg/m2 (SD score 1.94). Severe acanthosis nigricans of the 
neck, axillae, the external genitalia and antecubital regions, 
generalized lanugo, mildly decreased subcutaneous fat, coarse 
face, large ears, high nasal bridge, upturned nose, abnormalities 
of the teeth, gingival hyperplasia, and polydactyly in her left 
hand were noted (Figure 1). Complete blood count, liver and 
renal function tests, electrolytes, lipid profile, fasting and 
postprandial glucose levels, glycosylated hemoglobin (HbA1c), 
thyroid function tests, insulin-like growth factor (IGF) 1, and 
serum IGF binding protein-3 levels were normal, while fasting 
insulin was extremely high (Table 1). After an overnight fast, an 
oral glucose tolerance test (OGTT) (1.75 g/kg) was performed 
and impaired glucose tolerance was detected. Bone age was 
consistent with 4 years according to the Greulich-Pyle atlas. 
Healthy eating and lifestyle changes were recommended to 
the patient for impaired glucose tolerance. Clinical features 
and metabolic status were found to be unchanged after one 
year of follow-up. 

Molecular Studies

After getting informed consent from the parents, DNA 
was extracted from peripheral leukocytes using standard 
methods. All exons and flanking intron regions of the 
INSR (NM_000208.3) were sequenced and a homozygous 
mutation was found: c.3529+5G>A (IVS19+5G>A) (Figure 
2). This impact of variant was analyzed by using Human 
Splicing Finder V3 and Mutation Taster and both predicted 
this variant to be damaging. Our literature search yielded 
a heterozygote variant in a case with Donohue syndrome 
with compound heterozygote genotype (p.Arg1027* in exon 
17 and c.3529+5G>A) that was recently reported in a 
congress session (5). There is no functional analysis data 
in the literature. Frequency of this variant was 4 in 121408 
in EXAC database. This variant was also present in dbSNP 
database with rs764083259 code. DANN score is 0.8688.

Screening for the relevant mutation was performed in 
family members. The parents and the 3-year-old sibling 
were heterozygous for the same mutation (Figure 2).

Tuhan H et al. 
An INSR Mutation and Acanthosis Nigricans

Table 1. Laboratory findings of the patient

Result Normal 
range

Fasting glucose (mg/dL) 78 60-100

Post-prandial glucose (mg/dL) 102 100-140

Triglyceride (mg/dL) 59 <150

Total cholesterol (mg/dL) 126 <170

LDL-cholesterol (mg/dL) 54 <130

HDL-cholesterol (mg/dL) 60 >45

Fasting insulin (µIU/mL) 129 <15

Free thyroxine (ng/dL) 0.82 0.7-1.56

TSH (µIU/mL) 1.98 0.56-5.4 

HbA1c (%) 5.1 4-6

IGF-1 (ng/mL) 72 52-297

IGFBP-3 (ng/mL) 2440 1300-5600

OGTT 
Glucose level
  0 min (mg/dL)
  120 min (mg/dL)
Insulin levels
  0 min (µIU/mL)
  Insulin peak (µIU/mL)

77
144

158
 >300

60-100
100-140

<15
<100

LDL: low-density lipoprotein, HDL: high-density lipoprotein, TSH: thyroid-
stimulating hormone, HbA1c: glycosylated hemoglobin, IGF-1: insulin-like 
growth factor-1, IGFBP-3: insulin-like growth factor binding protein-3, OGTT: 
oral glucose tolerance test

Figure 1. Dysmorphic features of the patient and acanthosis 
nigricans on her neck
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Discussion

RMS was first described in 1956 by Rabson and Mendenhall. 
Acanthosis nigricans, hypertrichosis, skin and dental 
abnormalities, phallic enlargement, prognathism, abdominal 
distension, pineal hyperplasia, coarse facies, insulin-resistant 
diabetes, growth retardation, lack of subcutaneous fat, 
lichenified skin, and fissuring of the tongue were reported 
to be the clinical symptoms of RMS (6,7). In our patient, 
since the age of 3 years, several symptoms of this condition 
(acanthosis nigricans, hypertrichosis, teeth abnormalities, 
gingival hyperplasia, and dysmorphic face) were present. 
Analysis of the INSR yielded a novel homozygous mutation.

Variant distributions given in UniProt database in both RMS 
and leprechaunism do not present a clear cut domain related 
distribution. Clinical variations seem mostly related with 
severity of functional effect of the mutation. The present 
mutation was first reported as a component of a compound 
heterozygous mutation found in a case with leprechaunism. 
The severe clinical picture was most probably due to the 
frame-shift mutation of the second allele of that patient (5). 
It is not possible to reach a similar conclusion for our patient 
without a functional analysis in such a splice site mutation 
at +5 position. However, in silico analyses indicate that the 
variant is damaging and that there was no other alteration 
in INSR. 

Patients with RMS can develop fasting hypoglycemia, 
postprandial hyperglycemia, and ketoacidosis (8). In our 
patient, according to the OGTT, impaired glucose tolerance 
was detected. Since serum glucose level was not too high at 
2-h OGTT, only diet and lifestyle changes were recommended 
as treatment. 

Thakker (2) have reported 11 patients with RMS and type 
A insulin resistance who were diagnosed with diabetes 
at presentation and treated with high-dose insulin and 
insulin-sensitizing drugs. However, it has been also reported 
that, despite use of high doses of insulin or oral drugs like 
metformin and glitazones, poor glycemic control persisted 
in most patients with RMS (2). There is still no adequate 
treatment for RMS. In some studies, recombinant human IGF-
1 has been shown to reduce fasting glucose, fasting insulin, 
C-peptide, and proinsulin levels and to improve glycemic 
control (9). However, these were short-term studies. 

Another treatment approach for RMS is recombinant 
methionyl human leptin therapy (metreleptin). The 
beneficial effects of metreleptin on severe insulin resistance 
due to lipodystrophy syndromes and leptin deficiency 
are well known. Cochran et al (10) have demonstrated a 
significant reduction in blood glucose over 10 months in 
two patients with RMS. Brown et al (11) also demonstrated a 
1.7% reduction in HbA1c with metreleptin treatment for 12 
months in five patients with RMS. These authors stated that 
metreleptin could be an option for the treatment of RMS, but 
that additional therapies were needed to improve glycemic 
control (11). As another recent approach, vildagliptin, an 
oral anti-diabetic agent of the new dipeptidyl peptidase-4 
inhibitor class of drugs, was reported by Moreira et al 
(12) to be an option for treatment of insulin resistance in 
cases with RMS. In their patient, vildagliptin was used as 
part of combination therapy which included metformin, 
pioglitazone, and acarbose (12). It is clear that long-term 
studies are needed to fully assess the effect of vildagliptin 
on insulin resistance syndromes. Since our patient did 
not need any medication in the follow-up, we have no 
experience with the above compounds.

In conclusion, this report describes a homozygous INSR 
mutation resulting in a clinical picture of insulin resistance 
and dysmorphic features of RMS and emphasizes the 
importance of screening the INSR in patients with insulin 
resistance and dysmorphic features. At the moment, there 
is no definitive treatment for RMS and new treatment 
approaches are needed.

Ethics 

Informed Consent: Consent form was filled out by the 
patient’s parents.

Figure 2. Homozygous (A, patient) and heterozygous (B, 
sibling; C, father; D, mother) INSR mutations identified in the 
family members
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Multiple endocrine neoplasia (MEN1) is a rare autosomal dominant disorder characterized by primary hyperparathyroidism, 
enteropancreatic neuroendocrine tumors, and anterior pituitary adenomas. A 16-year-old male presented to the emergency outpatient 
clinic with tonic convulsions. Physical examination in the postconvulsive period was unremarkable and revealed a muscular, postpubertal 
adolescent. Biochemical tests at admission were consistent with hyperinsulinemic hypoglycemia and remarkable for elevated levels of 
liver transaminases and creatine kinase. Work-up for a potential inborn error of metabolism and Doppler ultrasound for congenital 
portal-hepatic shunt were negative. When the patient was questioned, he reported using the anabolic steroid stanozolol to strengthen 
his muscles. His enzyme levels normalized after cessation of stanozolol. Hypoglycemia did not recur on diazoxide therapy. Magnetic 
resonance imaging showed two discrete lesions in the pancreas. Distal pancreatectomy revealed two masses 1.1 and 1.4 cm in diameter: 
a solid pseudopapillary tumor and an insulinoma. The patient also had asymptomatic primary hyperparathyroidism. DNA sequence 
analysis of the MEN1 gene in the index patient and his father and brother revealed a previously reported “pW183S” heterozygous 
mutation. This case further adds to the “pancreatic tumor” phenotype of MEN1 with the presence of a solid pseudopapillary tumor. This 
case report also confirms the need to meticulously question drug abuse in adolescents presenting to clinics with diagnostic challenges. 
Keywords: Hypoglycemia, hyperinsulinism, adolescent, multiple endocrine neoplasia 1, insulinoma, solid pseudopapillary tumor

Abstract

This is the first report of a case of MEN1 with a solid pseudopapillary tumor. This case report confirms the obligation to persistently 
question drug abuse in adolescents presenting with diagnostic challenges. 

Multiple endocrine neoplasia (MEN1) is a rare autosomal dominant disorder characterized by primary hyperparathyroidism, 
enteropancreatic neuroendocrine tumors, and anterior pituitary adenomas. Insulinoma is a reported cause of hypoglycemia in an 
adolescent MEN1 patient.

Introduction

Multiple endocrine neoplasia (MEN1) is a rare 
autosomal dominant disorder characterized by primary 
hyperparathyroidism, enteropancreatic neuroendocrine 

tumors, and anterior pituitary adenomas (1). The MEN1 gene 
is located on chromosome 11q13 and encodes the 610-amino 
acid menin protein that belongs to the class of tumor 
suppressors (1). Because of the high degree of penetrance 
of the MEN1 gene, the majority of the patients develop 
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clinical manifestations of the disorder by the fifth decade. 

Age-related penetrance has been studied, and the mutation 
seems to be non-penetrant in those younger than 5 years. It 
is more than 50% penetrant by 20 years of age and greater 
than 95% by 40 years (2). Primary hyperparathyroidism 
and insulinoma have been reported to occur as early as 8 
and 5 years (3,4). Pancreatic involvement in asymptomatic 
individuals has been detected by abdominal imaging and 
by measurement of fasting concentrations of hormones and 
biomarkers such as gastrin, pancreatic polypeptide, and 
chromogranin A (1). Nonfunctioning pancreatic endocrine 
tumors have also been reported in children with MEN1 
mutations (5). Herein, we describe an adolescent with 
MEN1 presenting with diagnostic dilemmas and the first 
case of a solid pseudopapillary tumor of the pancreas in a 
MEN1 patient.

Case Report

A 16-year-old male adolescent with a diagnosis of primary 
epilepsy was referred to our center due to tonic convulsions. 
Family history was significant for maternal death owing to 
metastatic lung adenocarcinoma and a paternal history 
of low-grade liposarcomas and recurrent nephrolithiasis. 
Physical examination was unremarkable and revealed a well-
built, muscular adolescent. Biochemical tests at admission 
were consistent with hyperinsulinemic hypoglycemia as 
follows: venous blood glucose, 24 mg/dL; cortisol, 18 µg/
dL; growth hormone, 13 ng/mL; insulin, 8 µU/mL; and 
C-peptide, 1.34 ng/mL. Anti-insulin antibodies were negative. 
Serum liver transaminase and creatine kinase levels were 
elevated. Alanine amino transferase was 349 U/L; aspartate 
aminotransferase, 158 U/L; and creatine kinase 834 U/L. 
The metabolic work-up for inborn errors of metabolism was 
negative; tandem mass spectrometry findings and urinary 
amino acid and organic acid levels were normal. Hepatic 
ultrasonography for a congenital portal-hepatic shunt was 
negative. Thin-slice pancreas computed tomography and 
pancreas magnetic resonance imaging (MRI) findings 
were normal. On further questioning, the patient admitted 
taking stanazolol (Winstrol) to strengthen his muscles. 
Liver transaminase and creatine kinase levels normalized 
within 3 weeks of stanozolol cessation. Hypoglycemia did 
not recur on diazoxide (200 mg/day) therapy. Endoscopic 
ultrasound to search for an insulinoma was scheduled, but 
the patient refused to undergo endoscopic ultrasound for 7 
months. Biochemical evaluation also revealed asymptomatic 
primary hyperparathyroidism. Serum calcium level was 11.5 
mg/dL; phosphorus, 2.6 mg/dL; alkaline phosphatase, 520 
IU/L; parathyroid hormone, 320 pg/mL; 25-hydroxyvitamin 
D, 33 ng/mL; and 24-h urinary calcium, 4.2 mg/kg/day. 

Parathyroid scintigraphy revealed an adenoma in the 

inferior right parathyroid gland. The constellation of primary 
hyperparathyroidism and hyperinsulinemic hypoglycemia 
due to a possible insulinoma prompted us to search for a 
mutation in the menin gene. DNA sequence analysis of the 
menin gene revealed a previously reported heterozygous 
“pW183S” mutation at codon 183 on exon 3 of the menin 
gene located at chromosome 11 q13 (6). Plasma fasting gastrin 
and glucagon levels were within normal ranges. Screening 
of the father and the 14-year-old brother of the proband 
revealed the same mutation. The brother had asymptomatic 
hyperparathyroidism. Endoscopic ultrasound of the patient 

Uçar A et al. 
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Figure 1. Endoscopic ultrasound images of the index patient 
showing the two pancreatic lesions (yellow arrows)

Figure 2. Non-contrast, T1-weighted axial pancreas magnetic 
resonance imaging (MRI) showing hypointense lesions (black 
arrows) in the tail and body of the pancreas (A). T2-weighted 
axial MRI revealing a hyperintense lesion (black arrow) in the 
body of the pancreas (B)
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revealed two masses: one in the body (1.4 cm) and the other 
in the tail of the pancreas (1.1 cm) (Figure 1). Repeat pancreas 
MRI prior to surgery confirmed the presence of these masses 
(Figure 2). Histopathologic evaluation of the mass in the tail 
of the pancreas revealed tumor cells with round/oval nuclei 
and eosinophilic granular cytoplasm. The tumor nests were 
arranged in trabecular, insular, or sheet-like patterns (Figure 
3A). Immunocytochemical evaluation of the mass in the tail 
of the pancreas was consistent with a grade 1 neuroendocrine 
tumor according to World Health Organization classification 
and stained positive for chromogranin, synaptophysin, 
protein gene product 9.5, and insulin (Figure 3B, 3C, 3D, 
3E). Ki-67 index was less than 1%. Thus, the distal mass was 
diagnosed as an insulinoma. The proximal region mass was 
composed of small- and medium-sized tumor cells with no 
apparent atypia. Pseudopapillary structures were observed 
in most of the areas (Figure 4A). The tumor was positive for 
β-catenin, CD56, progesterone receptor, chromogranin, and 
synaptophysin (Figure 4). The proximal mass was diagnosed 
as a solid pseudopapillary tumor. Ki-67 index was 6% to 
7%. Staining of both tumors was negative for menin (images 
are unavailable since they were processed at another center 
which did not share the slides).

Postoperatively, hypoglycemia did not recur when diazoxide 
was discontinued. Conversely, the patient developed 

diabetes and normoglycemia was restored with insulin 
glargine at a mean dose of 0.45 U/kg/day. His requirement 
for insulin diminished 8 months postoperatively. Informed 
consent was taken from the father of the patient, and assent 
was also taken from the patient.

Discussion

The present case has unique aspects regarding the 
biochemical evaluation for hypoglycemia and the puzzling 
histopathologic findings of a solid pseudopapillary tumor 
and an insulinoma following distal pancreatectomy and 
splenectomy. 

The etiology of hypoglycemia in the adolescent includes a 
variety of disorders reviewed elsewhere (7). Insulinoma is 
not an infrequent cause of hypoglycemia in adolescents and 
its presence should always prompt consideration of MEN1. 
The use of stanazolol in the current case further complicated 
the evaluation owing to elevated liver transaminase and 
creatine kinase levels, which prompted us to search for 
inborn errors of metabolism and congenital portosystemic 
shunts (Abernethy malformation), which have recently 
been reported as a cause of hyperinsulinemic hypoglycemia 
(8). In the current case, repeated interviews uncovered 
drug abuse as the cause of the discordant biochemical 

Uçar A et al. 
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Figure 3. Histopathology of the patient’s distal pancreatic tumor. Hematoxylin and eosin (H&E) (A) and immunostaining (B-E) 
are shown. Green and blue arrows represent tumor and normal tissue, respectively. H&E revealed tumor cells with round or 
oval nuclei, “salt and pepper chromatin”, and an eosinophilic granular cytoplasm. The tumor nests are arranged in trabecular, 
insular, or sheet-like patterns. Chromogranin A, synaptophysin, protein gene product 9.5, and insulin positivity confirm the 
diagnosis of insulinoma

H&E: hematoxylin and eosin, PGP: protein gene product

A) H&E 100x              			   B) Chromogranin 100x    			  C) Synaptophysin 100x

   D) PGP 9.5 200x	    		  E) Insulin 200x
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anomalies. Adolescence is a particularly vulnerable period 
for drug abuse that should always be considered as a reason 
for unusual clinical and/or biochemical findings that present 
diagnostic challenges. 

To the best of our knowledge, this is the first report of a solid 
pseudopapillary tumor of the pancreas in a MEN1 patient. 
Moreover, this is also the first description of a synchronous 
nonfunctional tumor and insulinoma in a pediatric MEN1 
patient. In the literature, there are two adult case reports of 
solid pseudopapillary tumor of the pancreas and functioning 
adenomas of the pancreas (9,10). However, these cases 
were not clinically or genetically diagnosed as having 
MEN1. Solid pseudopapillary tumor of the pancreas is very 
rare constituting less than 1% of all pancreatic masses 
(11). The cellular origin of the tumor is uncertain. Some 
theories suggest that these tumors originate from small 
duct epithelium, acinar or pluripotent stem cells capable 
of exocrine and endocrine differentiation (11). They are of 
benign nature or have a low-grade malignancy potential 
that typically occurs in young women. These tumors are 
very unusual in males. The tumor can be located throughout 
the pancreas. Although it is generally benign or has low-
grade malignant potential, it may invade surrounding soft 
tissues and can even metastasize to the liver or peritoneum 
in rare cases. The tumor is a combination of solid growth 

pattern and cystic areas of loosely cohesive epithelioid 
cells that can become hemorrhagic. Microscopically, the 
tumors are positive for β-catenin, CD56, synaptophysin, 
and progesterone receptors (12). Nonfunctional pancreatic 
tumors have been associated with increased mortality in 
MEN1 patients. 

Genetically confirming a clinical diagnosis of MEN1 
in the proband is mandatory to assess other family 
members for the presence of the mutation so that they 
can be followed for potential endocrine problems and for 
avoiding unnecessary work-up due to “phenocopy.” In the 
present case, the 14-year-old brother of the proband had 
asymptomatic hyperparathyroidism. The presence of the 
mutation indicates that he also needs lifetime surveillance 
for occurrence of MEN1-related tumors. 

Drug abuse should be considered in adolescents presenting 
to clinics, particularly when the diagnosis is unclear. This 
case report adds to the “pancreatic tumor” phenotype of 
MEN1 with a solid pseudopapillary tumor.

Ethics 

Informed Consent: Consent was taken from the father of 
the patient, and assent was taken from the patient. 

Peer-review: Externally peer-reviewed.

Figure 4. Histopathology of the patient’s tumor in the body of the pancreas. Hematoxylin and eosin (H&E) (A) and 
immunostaining (B-F) are shown. Green and blue arrows represent tumor and normal tissue, respectively. H&E revealed 
small- and medium-sized tumor cells with no atypia. Pseudopapillary structures were observed in most areas. The tumor 
stained positive for synaptophysin (B), chromogranin A (C), β-catenin (D), and progesterone receptor (E) but was negative for 
insulin (F); these findings confirm a solid pseudopapillary tumor of the pancreas

H&E: hematoxylin and eosin

 A) H&E 200x       		  B) Synaptophysin 100x  		   C) Chromogranin A 200x

D) β-catenin 200x   		    E) Progesterone receptor 200x  		      F) Insulin 100x
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CASE REPORT

Introduction

Fetal growth is dependent on maternal, placental, fetal, and 
environmental factors. The mechanisms of human fetal 
growth remain unknown in many cases. Insulin-like growth 
factor 1 (IGF-1) has a crucial role in the regulation of pre- and 
postnatal growth. It promotes growth during embryogenesis 
and postnatal life via DNA synthesis stimulation, cell 
proliferation, cellular differentiation, and also by increasing 
glucose uptake in adipose tissue and muscle cells (1). The 
role of IGF-1 is not limited to growth promotion and weight 
gain but is also important in promoting brain and inner ear 
development (2,3).

IGFs are produced primarily in the liver in response to growth 
hormone (GH), while their metabolic effects are mainly due 
to their binding of GH with its receptors on target cells.

The gene coding the IGF1 receptor (IGF1R), located 
on the long arm of chromosome 15, is involved in 
somatic development and glucose metabolism. Terminal 
microdeletion of the long arm of chromosome 15 is a rare 
cause of short stature. Most cases have been associated with 
pre- and postnatal growth restriction, microcephaly, and 
developmental delay (4,5).

Herein, we report a six-year-old male who presented with 
developmental delay and short stature with a terminal 

We report a six-year-old boy who presented with short stature, microcephaly, dysmorphic features, and developmental delay and who 
was identified with a terminal deletion of 15q26.2q26.3 containing the insulin-like growth factor receptor (IGF1R) gene in addition to a 
terminal duplication of the 4q35.1q35.2 region. We compare our case with other reports of deletions and mutations affecting the IGF1R 
gene associated with pre-and postnatal growth restriction. We report the dramatic response to growth hormone therapy in this patient 
which highlights the importance of identifying patients with IGF1R deletion and treating them early.
Keywords: Growth hormone therapy, growth hormone receptor, short stature, 15q deletion, duplication 4q

Abstract

What is already known on this topic?

What this study adds?

We report the dramatic response to growth hormone therapy in this patient which highlights the importance of identifying patients with 
IGF1R deletion and treating them early.

Insulin-like growth factor receptor (IGF1R) mutations are suspected in patients born small for gestational age with normal endocrine 
and metabolic workup. Single nucleotide polymorphism microarray may help to identify those patients with deletions that include the 
IGF1R gene. Early initiation of growth hormone (GH) treatment with higher dosing than used in growth hormone deficiency may lead to 
significant improvement in growth parameters. Reports in the literature reveal variable rates of response to GH treatment.
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deletion of 15q26.2q26.3. This region includes the IGF1R 
gene and a terminal duplication of the 4q35.1q35.2 
identified by single nucleotide polymorphism (SNP) 
microarray analysis. This report emphasizes the important 
role of SNP microarrays in investigating short stature where 
significant cognitive impairment or marked dysmorphism 
are not prominent features. It also elucidates the benefit of 
GH therapy in patients with IGF1R deletions and highlights 
the importance of early diagnosis and treatment of these 
patients.

Case Report

We report a male born at full term by cesarean section 
following a pregnancy complicated by oligohydramnios 
and severe intrauterine growth retardation (IUGR). At 
birth, his length was 43.18 cm (Z score -3.2) and weight 
was 2102 grams (Z score-3). His history was significant for 
gastroesophageal reflux during the first three months of life 
treated by ranitidine. On review of his milestones, he was 
smiling by six months, sitting at six months, standing at 20 
months, and walking at 21 months. He had his first teeth 
at one year of age. He said his first words at 20 months. 
He initially presented to the genetics clinic at the age of 
30 months for short stature. On physical examination, his 
height was 60.2 cm (Z score -9.3), weight was 8.49 kg (Z 
score -4.7), and head circumference was 45 cm (Z score -3). 
Dysmorphic features including mild frontal bossing, low-
set ears, and marked clinodactyly of his fifth digits (Figure 
1) were suggestive of Russell-Silver syndrome. However, 
his proportionate head size and developmental delay were 
inconsistent with this diagnosis. His chest, abdomen, 
genitourinary system examination, and neurologic findings 
were unremarkable. Initial laboratory evaluation showed 
normal thyroid function studies, IGF binding protein 3 
(IGFBP3) was 2.4 mcg/mL (normal range 1.1-5.2), and IGF1 
25 ng/mL (normal range 30-174). His biochemical workup 
results were within normal ranges. Bone age radiograph 
revealed the presence of normally shaped phalangeal 
epiphyses with a significantly delayed bone age 2 standard 
deviation below his chronological age. Abdominal ultrasound, 
echocardiography, and cerebral magnetic resonance imaging 
findings were normal. Developmental evaluation was done 
at the age of three years using the Wechsler Preschool and 
Primary Scales of Intelligence 4th edition and Vineland 
Adaptive Behavior Scales 2nd edition. His general cognitive 
ability was in the low range of intellectual functioning as 
measured by the Full Scale Intelligence Quotient=72, 3rd 
percentile. His Verbal Comprehension Index was 84, in 
the below average range. His speech was normal for rate, 
rhythm, and prosody but with multiple articulation errors. 

Vineland Adaptive Behavior Composite Score was 61 (<1 
percentile). He was observed to be easily distracted and was 
slightly hyperactive.

SNP microarray analysis was performed using the 
Affymetrix Cytoscan HD platform. 250 ng of total genomic 
DNA extract was digested with NspI and then ligated to NspI 
adaptors, respectively, and amplified using Titanium Taq 
with a GeneAmp PCR System 9700 (Applied Biosystems, 
Foster City, California). Polymerase chain reaction products 
were purified using AM Pure beads (Agencourt Biosciences, 
Beverly, Massachusetts) and quantified using NanoDrop 
8000 (Thermo Fisher, Wilmington, Delaware). Purified 
DNA was fragmented and biotin labeled and hybridized 
to the Affymetrix Cytoscan HD Gene Chip. The data were 
analyzed using Chromosome Analysis Suite. The analysis 
was based on the GRCh37/hg19 assembly. SNP microarray 
identified a 4.09 Mb terminal deletion of 15q26.2q26.3 
[arr[hg19] 15q26.2q26.3(98,434,315-99,459,796)x1] and 
included the IGF1R gene. Microarray also showed a 6.41 
Mb terminal duplication of the 4q35.1q35.2 [arr[hg19] 4q3
5.1q35.2(184,738,819-190,957,473)x3] (Figure 2). The 
duplicated region comprised numerous genes of uncertain 
clinical significance, this region being flanked by ENPP6 and 
DBET genes.

Daily subcutaneous GH therapy was started at the age of 
41 months with a mean dose of 35 ug/kg/day. His follow-up 
growth parameters 6 months later revealed improvement; 
his weight was 11.4 kg (Z score -3) and his height was 87.4 
cm (Z score -3.7). The dose was increased to 40 ug/kg/day. 
His growth velocity just prior to GH treatment was 1.84 cm/

Mahmoud R et al. 
Growth Hormone Therapy in a Patient with IGF1R Deletion

Figure 1. Photograph showing frontal bossing, low-set ears 
(a), and marked clinodactyly of both fifth digits (b). Height 
for age curve of the patient showing that the patient’s height 
was below 3rd percentile for age until growth hormone (GH) 
treatment was started at the age of 41 months. Following 
institution of GH therapy, catch up growth was noted (c)

CDC: Center for Disease Control and Prevention
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year. His follow-up after one year shows improvement in 
his growth parameters. His weight was 14.9 kg (Z score -2), 
height was 99.8 cm (Z score -1.89), and head circumference 
was 46.5 cm (Z score -2). Over the past 15 months, he has 
received consistent treatment which is reflected in his post-
treatment growth velocity of 8.47 cm/year. His height and 
weight is now at the 10th percentile for age. Additionally, 
there is an improved IGF1 level of 312 ng/mL and improved 
IGFBP3 level of 3.4 mg/L (normal range 1.5-3.4 mg/L).

The family history was significant for learning problems 
in the mother. Maternal height was 175 cm and paternal 
height was 180 cm, yielding a mid-parental target height of 
184 cm. There was no consanguinity reported and no other 
significant medical history. Fluorescence in situ hybridization 
testing of the father was negative and permission for 
maternal testing could not be obtained. Informed consent 
was obtained from the family.

Discussion

In this report, we describe a patient with IUGR, short 
stature, microcephaly, developmental delay, and mild facial 
dysmorphism. SNP microarray demonstrated a terminal 
deletion of 15q26.2q26.3 containing the IGF1R gene and 

terminal duplication of the 4q35.1q35.2.

Although similar cases have been previously reported, 
clinical features in patients with IGF1R abnormalities 
have not been well-defined. Based on our report and 
previous studies, they all share the common features of 
growth retardation and microcephaly. However, mental 
performance is not essentially affected (6,7). Cardiac, lung, 
gastrointestinal, and renal anomalies have been reported 
in some patients (8,9). Choi et al (10) have reported a 
case with IGF1R haploinsufficiency due to deletion of the 
chromosome 15q26.2 in association with short stature, 
coarctation of the aorta, right cryptorchidism, left multicystic 
dysplastic kidney disease, and dysmorphic features 
including microcephaly, bilateral ptosis, strabismus, long 
palpebral fissure, and clinodactyly. These additional clinical 
features were mostly linked to other genes in the same 
region affected by the deletion (11,12).

As previously reported, multiple family members may show 
similar features of growth retardation and microcephaly, 
and molecular analysis of the affected family members 
has revealed similar IGF1R mutations (13,14,15). Several 
mutations have been so far described affecting 15q 
locus leading to IGF1R dysfunction. The first case of an 
interstitial deletion of chromosome 15 was reported by 
Fryns et al (16). Terminal deletions of 15q26 have been 
described by others (5,10). Clinical features and underlying 
mutations of reported cases are summarized in Table 1 
(5,6,10,12,13,15,17,18,19).

In addition to 15q26.2q26.3 deletion, our patient was 
shown to have a terminal duplication of the 4q35.1q35.2. 
It is known that individuals with 4q duplication may exhibit 
variable phenotypes such as microcephaly, brachycephaly, 
slanting eyes, low-set ears, retromicrognathia, small 
or missing thumb, and congenital cardiac defects, the 
variability attributable to the specific band duplication (20). 
Our patient appears to have a milder phenotype than the 
reported case with a duplication of 4q24qter (21) and the 
siblings with duplication of 4q31-35 (22). It is possible that 
his phenotype is modified by the deletion of chromosomal 
15q26.2q26.3 region or other unknown genetic/epigenetic 
factors. 

Growth retardation caused by IGF1R haploinsufficiency was 
successfully treated with GH in some of the earlier reports 
(5,17). However, full catch-up was not achieved. Although 
the response to GH in patients with IGF1R mutations was 
inconsistent in some of the available reports (18,19), our 
patient has shown a promising initial response with an 
annual height velocity of 12.4 cm/year after 1.5 years of GH 
treatment. Similarly, Walenkamp et al (5) reported a 15-year-

Figure 2. PSingle nucleotide polymorphism microarray 
showing the 4.09 Mb terminal deletion of 15q26.2->15qter 
arr [hg19] 15q26.2q26.3 (98,434,315-99,459,796) x1 (a) and 
the 6.41 Mb terminal duplication of 4q35.1->4qter arr[hg19] 
4q35.1q35.2 (184,738,819-190,957,473) x3 (b)
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old girl with IGF1R deletion who responded dramatically 
to GH therapy started at the age of five years. A normal 
adult height was eventually achieved in this patient (5). In 
contrast, no height gain was observed in a 13.5-year-old girl 
reported by Inagaki et al (15) who received recombinant 
human GH for 6 months. Abuzzahab et al (6) reported a 
4.5-year-old female whose growth rate increased to 7.2 
cm per year during the first year of GH therapy and which 
slowed down after GH therapy discontinuation. Her height 
velocity increased to 6.5 cm per year when treatment was 
resumed (6).

The positive effect of GH treatment may be explained by 
its direct stimulatory effect or marked elevation of IGF1 
levels that could stimulate partially insensitive receptors. It 
is recommended to start treatment with a small dose and 
titrate the dose up based on treatment response. Choi et 
al (10) proposed that higher doses of GH 0.217 mg to 0.7 
mg/kg were needed to achieve optimal response. Variable 
response to GH may be explained by variable responsiveness 
of abnormal IGF1R resulting from the different underlying 
mutations. Variable mutation extent may also explain 
variability of the mutant receptor response to GH therapy.

Given the detrimental consequences of IGF1 
unresponsiveness on both somatic growth and psychomotor 
development, the diagnosis of IGF1R mutation/deletion 
should be considered in a child with growth retardation 
and otherwise negative laboratory studies. Although rare, 
delay in treatment could seriously impact the growth and 
development pattern (15). 

In conclusion, IGF1R mutations must be suspected in 
patients born small for gestational age with normal 
endocrine and metabolic workup results. SNP microarray 
may help to identify those patients with deletions that 
include the IGF1R gene. Early initiation of GH treatment 
with higher dosing than used in GH deficiency may lead to 
significant improvements in growth parameters and catch 
up growth.
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LETTER TO THE EDITOR

To the Editor,

Limbic encephalitis (LE) is an autoimmune, neurological 
disorder characterized by confusion, memory disturbance, 
and seizures. An association between type 1 diabetes mellitus 
(T1D) and other autoimmune disorders is well-known. 
However, the co-occurrence of T1D and LE is very rare. 

A 16-year-old boy was admitted to our emergency department 
with confusion and headache. Electroencephalography 
revealed temporal slowing, cerebral magnetic resonance 
imaging demonstrated hyperintense signal of the right 
mesiotemporal lobe, and positron emission tomography 
demonstrated increased activity in the right temporal lobe. 
Blood glutamic acid decarboxylase antibody (anti-GAD) 
level was 2114 IU/mL (0–10) and the cerebrospinal fluid 
anti-GAD level was 4.07 nmol/L (<0.02). These findings 
led to a consideration of autoimmune LE as a possible 
diagnosis. Pulse methylprednisolone was administered over 
five days. After steroid treatment, symptoms improved, 
but hyperglycemia occurred on the third day of treatment. 
Glycemia level reached 502 mg/dL. Concurrent insulin level 
was 42 µIU/mL. Hyperglycemia improved after cessation 
of steroid treatment. Glycated hemoglobin was 5.6%. 
The possibility of a steroid-induced hyperglycemia was 
considered. Six months later, the patient was readmitted 
with dyspnea and abdominal pain. The family reported 
occurrence of polyuria and polydipsia during the previous 
two months. Blood anti-GAD level was >2000 IU/mL. The 
patient was diagnosed to have T1D. With treatment, the 

ketoacidosis improved in 10 h. After being educated for 
diabetes, the patient was discharged. Two months later, he 
presented with a headache and confusion again. Intravenous 
immunoglobulin (IVIG) 1 g/kg/d for two days every month 
was administered. Neurological symptoms improved and 
the daily insulin dose was decreased.

GAD catalyzes the production of γ-aminobutyric acid which 
is the most important inhibitory neurotransmitter. Especially 
GAD65 is highly expressed in the central nervous system 
(1). It is also a target antigen in T1D (2). It was reported that 
the patients with high values of anti-GAD (>2000 IU/mL) 
encountered neurological disorders (3). A few cases have 
been reported in which T1D and LE were associated with a 
high titer of anti-GAD (4). In all these cases, the patients were 
diagnosed with T1D prior to development of encephalitis 
symptoms. In contrast, our patient was diagnosed with 
T1D six months after LE. The diabetes developed during 
steroid therapy for encephalitis and the patient was initially 
considered as having a steroid-induced diabetes. The effect 
of glucocorticoids on glucose metabolism is the result of 
both beta cell dysfunction and insulin resistance (5). The 
findings in our patient (42 µIU/mL insulin concurrent 
with 502 mg/dL glycemia) can be considered as a relative 
insulinopenia. It can be speculated that in this patient, the 
pathogenesis of the diabetic state could be a combination 
of steroid impact and impairment of beta cells due to anti-
GAD antibodies during the beginning stages of T1D. We also 
observed that IVIG administration decreased the need for 
the average insulin dose. However, it is difficult to distinguish 
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whether the decrease was due to the impact of IVIG or to a 
honeymoon phase.

In conclusion, there is a possible association between T1D 
and autoimmune neurologic disorders due to anti-GAD. 
Close follow-up is important for diabetic patients with 
anti-GAD to detect neurological deterioration. In addition, 
patients encountering GAD65-related neurological disorders 
should be followed carefully for T1D.

Keywords: Limbic encephalitis, diabetes, anti-glutamic acid 
decarboxylase
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