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Reports suggesting that vitamin D may have extraskeletal roles have renewed interest in vitamin D research and stimulated publication 
of an increasing number of new studies each year. These studies typically assess vitamin D status by measuring the blood concentration 
of 25-hydroxyvitamin D [25(OH)D], the principal circulating metabolite of vitamin D. Unfortunately, variations in assay format, 
inconsistency in interpreting 25(OH)D concentrations, cohort bias (age, body mass index, race, season of measurements etc.) and 
failure to measure critical variables needed to interpret study results, makes interpreting results and comparing studies difficult. Further, 
variation in reporting results (reporting mean values vs. percent of the cohort that is deficient, no clear statement as to clinical relevance 
of effect size, etc.) further limits interstudy analyses. In this paper, we discuss many common pitfalls in vitamin D research. We also 
provide recommendations on avoiding these pitfalls and suggest guidelines to enhance consistency in reporting results.
Keywords: Vitamin D, 25-hydroxyvitamin D, deficiency

Introduction

Interest in nonconventional actions of vitamin D remains 
high many years after the first reports linking vitamin D to 
a variety of extraskeletal actions. According to a Pubmed.
gov search on the term “vitamin D” (December 2018) 
there were 4497 publications in 2018, and that does not 
include books, symposium proceedings or media articles 
on vitamin D. This interest naturally extends to pediatric 
orthopedic conditions, where studies have attempted 
to identify associations between vitamin D status and 
fracture risk, fracture severity, fracture healing, and skeletal 
disorders such as adolescent idiopathic scoliosis (AIS). 
Studies that assess vitamin D status do so by measuring the 
concentration of 25-hydroxyvitamin D [25(OH)D] in blood. 
This is because 25(OH)D is the principal circulating form 
of vitamin D, and is the precursor to the biologically active 
metabolite, 1,25-dihydroxyvitamin D [1,25(OH)D] (1,2). The 
concentration of 25(OH)D in blood reflects both the amount 
of parent vitamin D3 that is generated in the skin upon 

exposure to ultraviolet B radiation as well as the amounts 
of vitamin D2 and D3 that are obtained from the diet and 
vitamin supplements. Despite enormous interest in vitamin 
D research, there are many pitfalls that cloud interpretation 
of study results. This is due in part to the many variables 
that affect 25(OH)D concentration.

Our objective was to identify and discuss common design 
and data presentation problems in vitamin D study results. 
Reviews of the pediatric vitamin D literature, namely studies 
associating vitamin D status to fracture risk and studies 
assessing vitamin D status in AIS, are used as examples of 
the lack of clarity in presentation of study results. Finally, 
we will make recommendations about how these common 
pitfalls can be avoided.

Categories of Pitfalls

Common problems that confound vitamin D research studies 
can be divided into three categories: 1) design issues, 2) 

Pitfalls with Vitamin D Research in Musculoskeletal Disorders and 
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inconsistent presentation of results, and 3) failure to account 
for variables that are known to influence serum 25(OH)D 
concentrations. In addition, a lack of assay standardization 
further confuses the picture, particularly when reports do 
not provide adequate information about how 25(OH)D was 
assayed. When such problems are present, they can make 
it difficult to generate direct comparisons with other studies 
and can confound interpretation of results.

As an example, we reviewed all known papers reporting 
25(OH)D in patients with AIS (n=5) (3,4,5,6,7). Only two 
papers indicated the race/ethnic distributions in the cohort. 
All five papers reported the mean ± standard deviation 
(SD) for 25(OH)D but only two reported percent deficiency. 
Between these two reports, each used a different definition 
of deficiency. None of the papers accounted for use of 
vitamin supplements nor the use of sunscreen. Only two 
studies had the same inclusion criteria for the Cobb angle 
(thus, the severity of scoliosis varied). One paper did not 
report the type of assay used. Of the other four papers, 
three different assay systems were used. Individually, all the 
studies are interesting and make legitimate contributions, 
however, they are not directly comparable nor could they be 
used in a meta-analysis, in part because of the variability in 
study design and data presentation.

Design Problems

Research studies should be hypothesis driven and not 
simply reporting measurement results. Stating a priori 
whether vitamin D status is hypothesized as a causative 
factor in the condition being studied, is secondary to 
the condition itself (i.e., the condition impacts vitamin D 
status), or has no relation to the condition, would help frame 
interpretation of results. Also, it should be stated a priori 
what difference in the magnitude of percent deficiency or 
25(OH)D concentration between two comparative groups 
is considered to be clinically meaningful. For example, 
“We hypothesize that low 25(OH)D is a causative factor in 
spinal curve progression in AIS manifest by at least a 30% 
difference in 25(OH)D concentration compared to controls”. 
Such a statement would temper overinterpretation of 
clinically insignificant differences (despite statistically 
significant differences). 

The blood level of 25(OH)D can change substantially in a 
very short period of time (literally within minutes) after 
exposure to sunlight, or over a longer time period with the 
use of oral supplements (2,8,9). Therefore, studies must 
be designed so that measurement of 25(OH)D occurs at 
time points that are relevant to the development of the 
study endpoints. For example, if attempting to correlate 

fracture risk with vitamin D status, the 25(OH)D should 
be measured within a very short time period after the 
patient presents with the fracture. For studies in which an 
effect might take place over a protracted period of time 
such as bone mineral density or muscle mass changes, or 
the effect of a treatment or procedure that may last many 
months, it would be appropriate to verify chronic vitamin 
D status. This might require repetitive determination of 
25(OH)D levels over an interval of time that corresponds 
to the duration of time necessary for the outcome to be 
realized. This is because 25(OH)D levels over time are 
susceptible to the phenomenon of regression to the mean, 
whereby a patient may be deficient on one measurement, 
but insufficient or normal at a subsequent measurement 
(due perhaps as a consequence of season, lifestyle factors, 
assay variability, etc.). For example, if assessing the effect 
of vitamin D status on height over three years, it would be 
inappropriate to measure a single 25(OH)D concentration 
at the beginning of the study and then assume that this is 
a valid reflection of vitamin D status over the entire three 
year period of study.

Failure to measure all critical variables may confound 
interpretation of results (Table 1; variables affecting 25(OH)D 
concentration will be discussed further below). For example, 
if a study hypothesis states that vitamin D status impacts 
spinal curve progression in scoliosis or is a factor in fracture 
risk, then it is important to not only measure known variables 
that affect 25(OH)D concentration [such as body mass index 
(BMI), use of vitamin supplements, etc., see Table 1] but also 
known variables that affect curve progression (such as bone 
mineral density, growth stage, and menarchal status). A major 
problem with the concept that poor vitamin D status [i.e., low 
concentration of 25(OH)D] is clinically meaningful is that it 
is unusual to observe signs or symptoms that can be directly 
attributed to the “low” 25(OH)D concentrations. In fact, 
patients frequently have 25(OH)D levels in the deficient range 
without any obvious symptoms or abnormalities in standard 
serum chemistries. In addition to the well known detrimental 
effect of vitamin D deficiency on bone, vitamin D deficiency 
can also have a detrimental effect on skeletal muscle; these 
include type 2 muscle fiber atrophy and metabolic changes 
manifest as muscle weakness which has been associated with 
increased risk of falling (1,2,10,11). Thus, we suggest all studies 
should attempt to collect bone mineral density, and weight- 
and age-adjusted measures of muscle strength, which could 
include grip strength or proximal muscle strength (ability to 
rise from a sitting position, stair climbing or speed walking) 
(11). If such measures are normal in the presence of vitamin 
D insufficiency then that could argue against the clinical 
relevance of an observation of suboptimal vitamin D status. 
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A measurement of parathyroid hormone (PTH) may be useful 
in interpreting the 25(OH)D values (12,13,14,15). A feedback 
relationship between serum ionized calcium, PTH and vitamin 
D metabolism is well established [as blood calcium levels drop, 
PTH levels rise and among other effects, stimulate synthesis 
of 1,25(OH)D] (1,2). Hence, PTH will increase if 25(OH)D is 
low enough to impact calcium metabolism, although the set 
point for this may vary from patient to patient (12,13,14,15). 
Theoretically, if a compensatory increase in PTH is not 
observed in conjunction with a “low” 25(OH)D, then the 
clinical significance of the “low” 25(OH)D value may be 
questionable. While these relationships are well established 
in adults, a compensatory increase in PTH as 25(OH)D falls 
below a critical threshold may occur at different thresholds in 
children or elderly adults (14).

Investigators must carefully select the control group used 
to compare 25(OH)D concentrations or prevalence of 
deficiency. This is not easily accomplished but is often 
directly related to the study hypothesis. For example, if 
the study hypothesis is that low 25(OH)D is a risk factor 
for severe pediatric forearm fractures requiring surgical 
reduction, then a logical control group would be patients 

with less severe fractures that can be treated conservatively, 
who are matched for age, sex, BMI, activity level, sun 
exposure, multivitamin use, etc. It would not be appropriate, 
for example, to use hospitalized children who may have 
illnesses that could impact vitamin D status. 

Inconsistent Presentation of Results 

Most papers present serum concentrations of 25(OH)D as 
the group mean ± SD. However, perhaps more important 
is the distribution of values within the cohort (the percent 
that are deficient, insufficient and sufficient). Some papers 
do not report this distribution, so it is not possible to 
fully interpret the mean 25(OH)D value (see discussion of 
subgroup analyses below). Box and whisker plots would be 
an effective way to present these data.

One issue related to the presentation of a distribution of 
values is the definition of cutoffs defining deficiency. 
Unfortunately, these vary according to which guidelines 
are followed, but most are trending toward defining 
vitamin D deficiency as 25(OH)D <20 ng/mL (Table 2) 
(16,17,18,19,20,21).
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Table 1. Variables known to affect serum 25(OH)D concentration

Variable Impact on vitamin D metabolism

Age Limited evidence that 25(OH)D decreases going into teen years. Many reports of decreased levels in 
institutionalized frail elderly men and women (22,23,24)

BMI or age-adjusted 
classifications as overweight, 
obese

Well established that 25(OH)D is lower in obese subjects compared to normal weight subjects 
(25,26,27,28) 

Race Well established that nonwhite subjects (African Americans, Hispanics, Asians) have lower 25(OH)D 
compared to Caucasian subjects (22,29,30,31) 

Sun exposure 25(OH)D increases with increasing unprotected sun exposure (the response can very rapid). However, 
because of the difficulty in obtaining reliable estimates of sun exposure, investigators should evaluate 
data for possible impact of season of 25(OH)D measurement. With respect to study design in studies 
with multiple comparison groups, ensure that samples are collected equally by season [i.e., if a study 
has two groups of patients, and one group had most samples collected in summer and the other had 
most samples collected in winter, then there could be bias in the 25(OH)D concentrations] (2,8,9,32) 

Sunscreen use or skin 
protected by clothing

Well established that 25(OH)D decreases with excessive use of sunscreen or clothing protection 
(which may be cultural) (2,8,9,32) 

Dietary intake of vitamin D 25(OH)D decreased if diet is devoid of foods that contain vitamin D. But the effect of diet on 25(OH)
D can rarely be effectively isolated, and patient self-reporting of dietary intake is generally unreliable. 
However, study enrollment criteria can exclude those patients with complete avoidance of dairy 
products or fatty fish (1,2)

Use of vitamin supplement Higher 25(OH)D compared to subjects that do not use a vitamin D supplement (2,33) 

Use of medications known to 
affect vitamin D metabolism 

Various medications affect vitamin D metabolism directly or indirectly (via effects on calcium 
balance). For example, use of seizure drugs phenobarbital and phenytoin, and anti-tuberculosis drugs 
(isoniazid) result in decreased 25(OH)D synthesis in the liver. Study exclusion criteria should include 
current use of such medications (2,34) 

Hospitalization or medical 
conditions limiting sun exposure, 
associated with poor diet, 
leading to frailty, wasting etc.

Patients that are ill or frail with reduced exposure to sunlight and/or have vitamin D deficient diets 
will have decreased 25(OH)D compared to healthy subjects. This is especially true if there are 
impairments in liver of kidney function, which should be an exclusion criterion in a study (2,33,35) 

BMI: body mass index



Failure to Account for Variables Known to Affect the 
Serum Concentration of 25(OH)D

Interpretation of study results can be influenced by subgroup 
analysis, and failure to report subgroup results can distort 
the true findings in a study. It is critically important to 
carefully characterize the study cohort because many factors 
can affect the 25(OH)D level in blood (either increasing or 
decreasing the concentration) (Table 1). Lifestyle factors 
known to affect 25(OH)D include sun exposure practices 
such exuberant use of sunscreen, diets low in dairy products 
and various supplements and medications that influence 
vitamin D metabolism (multivitamins, calcium supplements 
with vitamin D, anticonvulsants, etc.). Perhaps the most 
important patient characteristic that affects 25(OH)D is race/
ethnicity. Studies consistently report that nonwhite cohorts 
(African Americans, Hispanics, Asians) have significantly 
lower 25(OH)D concentrations than Caucasians. However, 
the relative contributions of genetics (including skin 
pigmentation and body fat profiles), socioeconomic status 
and culture (including diet low in vitamin D, avoidance 
of sun exposure, etc.) on these findings remains unclear. 
Another important demographic variable is BMI, as 25(OH)
D is lower in obese subjects compared to normal weight 
subjects. Failure to carefully match controls, or failure 
to present subgroup analyses can lead to bias in results 
and misinterpretation. The implications are obvious. For 
example, if one cohort has a high percentage of patients 
who take multivitamins that contain a form of vitamin D 
and the comparative group does not, then the difference 
in 25(OH)D between them could be affected by the use 
multivitamins. 

Table 3 shows results of a study conducted to document 
vitamin D status in children with radius fractures (mean 
age, 9.8±3.4 years; 65% were boys). These previously 
unpublished data show the potential for misleading 
reporting of study findings. The total cohort mean is less 

than the cuttoff of 30 ng/mL that many labs and some 
guidelines define as vitamin D sufficiency. However, 
the subgroup of Caucasian subjects had a mean 25(OH)
D that was 25% higher (and in the “sufficient” range, 
>30 ng/mL), compared to all nonwhites [despite no 
significant difference in BMI, a variable that can affect 
25(OH)D concentration]. Thus, we suggest it would be 
misleading to report only the total group mean 25(OH)
D value given this significant subgroup difference. Table 
4 shows the covariable confounder of BMI on the risk 
for severe fracture, in which both a high BMI (classifying 
patients as obese or overweight) and 25(OH)D deficiency 
were independent risk factors for having a severe distal 
radius fractures requiring surgical management. Failure to 
report and discuss the impact of BMI would be misleading, 
possibly overweighting the impact of the vitamin D status 
as risk factor for severe fractures.

25(OH)D Assay Issues

Multiple assay systems are available for the measurement 
of 25(OH)D in blood. These assays can be grouped into two 
general categories: 1) immune based and 2) chromatography 
based (ultraviolet or mass spectrometric detection). The 
mass spectroscopy systems are currently favored as the 
standard. In fact, the liquid chromatography tandem mass 
spectroscopy method is used by the Center for Disease 
Control and Prevention as the reference measurement 
system. However, these systems require sophisticated 
equipment and technical expertise and are difficult to 
automate. Hence, immunoassays are more commonly 
available. 

Unfortunately, there are well described problems with 
variation and a lack of congruity between different assays 
systems, with considerable differences in the 25(OH)D 
concentration reported when the same sample is assayed 
by different systems (36,37,38,39,40,41,42). Further, there 
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Table 2. Variation in guidelines defining vitamin D status

Organization/Society Guidelines for 
Defining Vitamin D Status

Vitamin D status (values are ng/mL)

Severe 
deficiency

Deficiency Insufficiency Sufficiency No added 
benefit

Possible harm 
(toxicity)

Institute of Medicine, 2011 (16) <12 12-20 21-30 31-50 >50

Endocrine Society, 2011 (17) <20 20-29 30-100 >100

American Academy of Pediatrics (Pediatric 
Endocrine Society), 2008 (18,19)

<5 5-15 16-20 21-100 101-149 
(excess)

>150

Kidney Disease Outcomes Quality Initiative 
(20)

<5 5-15 16-30 >30

Mayo Medical Laboratories (21) <10 10-24 25-80 >80

Quest Diagnostics (commercial lab)   <20 20-29 >30    



are differences between assays with respect to their ability 
to measure both 25(OH)D2 and 25(OH)D3 and some assays 
may cross-react and measure other metabolites. There can 
be a clinically important difference if one assay system 
measures 25(OH)D 10-15% lower than another, as it could 
impact the number of patients reported as deficient. These 
assay differences may be problematic when attempting to 
compare studies or do meta-analyses. Thus, it is important to 
know in detail about the assay system used when evaluating 
the results of a study (some papers do not report the type of 
assays used). Efforts are in progress to standardize 25(OH)
D assays and to have lab certification of assay systems to 
mitigate the various issues associated with multiple assays 
types. However, at the time of writing, such a solution has 
not been implemented.

Solutions and Recommendations

Professional societies or journals that publish vitamin 
D-related studies could help standardize reporting of results 
by providing guidelines and checklists for ensuring some 
degree of study standardization. This especially applies to 
standardizing the presentation of cutoff values for defining 
deficiency.

Design

• Investigators should state a priori what difference 
between the main study cohort and the comparative group 
is hypothesized to be clinically relevant to frame later 
interpretation of obtained results. 

• Investigators should measure and report all variables 
known to affect 25(OH)D and make adjustments in data, 
or discuss the absence of such information in a paragraph 
regarding study limitations and the possible impact on 
interpretation. 

• Measurements of 25(OH)D should occur over the time 
interval during which an effect or outcome is expected, not 
merely at the beginning or end of a study. 

• While it is important for the sake of generalizability to 
have diversity in study cohorts (and institutional review 
boards may require it), it may be problematic for vitamin 
D studies. Study designs should either consider enrolling 
homogeneous patient groups or anticipate the need for 
subgroups analyses. The latter would require a randomized 
block design for prospective studies or matched patient 
selection in retrospective studies, with large enough sample 
size to allow for subgroup analyses. 

Presentation of Data

• The mean 25(OH)D alone does not provide enough 
information about the true vitamin D status in a cohort. All 
vitamin D studies should report not only the mean 25(OH)
D but also the percent deficiency (the range of values can be 
eloquently presented using box and whisker plots). However, 
guidelines defining deficiency are not consistent. We suggest 
that a solution for minimal standardization is for journals to 
require that results be presented for a sliding scale of cutoff 
points, reporting percent deficiency at <10, <20 and <30 
ng/mL (as simple bar graphs). Not only would that allow 
readers to judge for themselves what is true deficiency, but 
would be beneficial for comparing results between papers 
and documenting important detail in the literature in the 
likely event of future adjustments of cutoff values.
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Table 3. Subgroup effects on reported mean 25(OH)
D concentration in 100 children with radius fractures 
(previously unpublished data)

All 
patients

All African 
Americans 
and Hispanics 
(n=77)

Caucasian 
(n=23)

Body mass index 19.5±4.2 19.8±3.85 18.5±4.92

25(OH)D, ng/mL 27.5±8.28 26.0±7.17* 32.5±3.89

Data are mean ± standard deviation.

25(OH)D was assayed within 30 days of the forearm fracture using a blood-
spot card technique (ZRT Laboratory, Beaverton, OR). Samples were assayed 
using a liquid chromatography-mass spectrometry method. 

*Unpaired t-tests compared to Caucasian group, p<0.0001

Table 4. Body mass index as a significant confounder in 
study results (previously unpublished data)

No reduction or 
closed reduction 
(n=88)

Surgical 
reduction 
(n=12)

Age, years 9.52±3.2 12.07±1.91
p=0.008*

Body mass index 18.9±4.0 23.9±4.5
p=0.0001*

25(OH)D, ng/mL 28.1±8.08 23.3±8.83
NS, p=0.057*

Percent deficient
[25(OH)D <20 ng/mL]

17 50
p=0.0172**

Both body mass index (and status as overweight and obese) and vitamin D 
deficiency were significant independent risk factors for surgical reduction.

*Compared to non-operative management group, unpaired t-test.

**Compared to non-operative management group, Fisher’s exact test.

Data are mean ± standard deviation.

25(OH)D was assayed within 30 days of the forearm fracture using a blood-
spot card technique (ZRT Laboratory, Beaverton, OR). Samples were assayed 
using a liquid chromatography-mass spectrometry method)



25(OH)D Assay

• Details of the assay must be presented in publications, 
and if possible, whether the lab and assay have been certified 
per the National Institute of Standards and Technology (an 
agency of the U.S. Department of Commerce, Gaithersburg, 
MD), or the Vitamin D Standardization Program of the 
National Institutes of Health Office of Dietary Supplement. 

• If investigators plan to do long-term data collection or 
multiple vitamin D studies, they should consider preparing 
an internal standard that can be remeasured over time or in 
serial studies to account for assay drift. This can be done by 
collecting a large sample of blood and then freezing aliquots 
that can be serially measured. This would be particularly 
important in multisite studies if a central assay lab could 
not be used. Reference samples of 25(OH)D can also be 
purchased commercially. Alternatively, samples can be held 
until the end of the study and run together as a single batch 
to avoid issues with assay drift [serum 25(OH)D is generally 
stable when samples are frozen at -20 degrees centigrade 
and not affected by multiple freeze-thaw cycles].

Conclusion

We suggest that guidelines should be available to standardize 
studies of vitamin D and data presentation to allow for direct 
comparisons and for high-quality meta-analyses. The authors 
believe that the suggestions made here are relatively easy 
to implement. Professional societies and especially journal 
editorial boards should consider checklists to ensure critical 
data elements are presented in published vitamin D studies.
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Objective: Longitudinal data regarding random luteinizing hormone (LH) concentrations in patients with idiopathic central precocious 
puberty (ICPP) during treatment are limited. Therefore, we sought to evaluate random LH and estradiol concentrations during monthly 
leuprolide injection and their associations with pubertal progression and final adult height (FAH) in girls with ICPP.
Methods: Medical records of 27 girls with ICPP who had attained FAH were reviewed. Patients’ height, weight, Tanner stage, growth 
rate (GR), bone age, random LH measured by both immunoradiometric and immunochemiluminescent methods, follicular-stimulating 
hormone (FSH) and estradiol levels were monitored until FAH.
Results: Treatment was started at a mean (±standard deviation) age of 8.1±0.6 years with mean duration of 3.9±0.2 years. At six 
months of follow-up, random LH (p=0.048), FSH (p<0.001) and estradiol (p=0.023) concentrations were decreased compared with 
baseline. Thereafter, random LHs were well suppressed. GRs gradually decreased to prepubertal norm by month 12. Seventeen patients 
(63%) exhibited pubertal LH concentrations at least once during treatment visits. Furthermore, 43 of a total 116 (37%) LH measurements 
were found elevated. However, those patients with elevated random LH did not show signs of pubertal progression. After treatment, 
mean FAH was greater than predicted adult height (p<0.0001) and target height (p=0.03). At no time points of treatment did random 
LH, FSH and estradiol correlate with GRs or FAH. 
Conclusion: Elevated random LH is commonly found in ICPP girls during monthly leuprolide treatment. However, these elevations were 
not associated with clinical progression of puberty or decreased FAH, suggesting that it is not a reliable method for CPP monitoring. 
Keywords: Central precocious puberty, final adult height, leuprolide acetate, monitoring, pubertal progression, random luteinizing 
hormone

Elevated Random Luteinizing Hormone is an Unreliable Indicator 
for Pubertal Suppression in Girls Treated with Monthly Leuprolide 
for Idiopathic Central Precocious Puberty

Abstract
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What is already known on this topic?

What this study adds?

To date, there has been no consensus method for biochemical monitoring for idiopathic central precocious puberty (ICPP). Previous 
studies have shown that girls with CPP commonly have pubertal luteinizing hormone (LH) on random measurement, particularly in 
those treated with long-acting gonadotropin-releasing hormone analog implant. However, data in girls treated with monthly leuprolide 
acetate are limited. Moreover, there has been no study examining random LH or its association with growth rates  and final adult height 
(FAH) in a longitudinal fashion. 

This study demonstrated that random LH was elevated in ~60% of ICPP girls treated with monthly leuprolide with a magnitude of 
rising LH higher than previously reported. In respect to fact that elevated random LH was not associated with pubertal progression, or 
decreased FAH, it does not appear to be a reliable method for ICPP monitoring. 
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Introduction

Idiopathic central precocious puberty (ICPP) is one of the 
most common endocrine disorders in girls. Gonadotropin-
releasing hormone analog (GnRHa) is the mainstay of 
therapy for pubertal suppression. This treatment also 
improves final adult height (FAH) (1,2) and reduces negative 
psychosocial consequences (3,4). However, the biochemical 
monitoring for ICPP treatment remains challenging since 
there are no robust data demonstrating universal cut-off 
levels of random or stimulated LH for defining pubertal 
suppression (1,5,6,7). Moreover, the association between 
a lack of biochemical suppression with clinical progression 
and its influence on growth rates (GR) or FAH have not been 
evaluated. 

To date, suppressed stimulated LH has been widely used 
in several research projects to determine treatment efficacy 
in ICPP (5,8,9). Nevertheless, some hospitals, including 
ours, have employed random (basal/unstimulated) LH for 
treatment monitoring because this approach is less invasive, 
less time-consuming and more convenient for resource-
limited settings (7,10). The limited number of short-term 
studies (10,11) have shown that random LH was commonly 
found elevated during 3-monthly and annual regimens for 
GnRHa treatment. However, these data are limited when 
using a monthly preparation of leuprolide treatment (8). 
Further, longitudinal data from this monitoring are needed 
to better understand the changes of random LH over 
time. Therefore, we sought to longitudinally assess the 
serum concentrations of random LH, follicular-stimulating 
hormone (FSH) and estradiol in patients receiving monthly 
leuprolide injection and to assess associations with pubertal 
progression and FAH in girls with ICPP.

Methods
Patients

This study protocol was approved by the Khon Kaen 
University Ethical Committee (approval number; HE591411). 
Since this is a retrospective study and our patient data were 
anonymised, informed consent was not required by our 
Ethical Committee. During the period between January 2002 
and December 2016, 420 girls were referred for precocious 
puberty evaluation to our Pediatric Endocrine Clinic, Khon 
Kaen University Hospital. 

Inclusion criteria were: 1) breast development (Tanner stage 
≥2) under the age of 8 years; 2) advanced bone age (BA) 
≥1 year; 3) GnRHa-stimulated LH ≥6.9 IU/L (12,13,14); 4) 
normal brain and pituitary magnetic resonance imaging; 5) 
receiving monthly GnRHa treatment. 

There were 142 girls diagnosed as ICPP. One hundred and 
ten girls received monthly GnRHa treatment. Forty-seven 
girls reached FAH with complete medical records. Of these, 
20 girls were excluded due to markedly advanced BA (≥13 
years) at initial presentation, as this BA represents ~95% 
of FAH, and increased random LH concentrations may have 
less effect on the FAH compared to patients with lesser 
bone maturation. Therefore, there were 27 girls included in 
the analysis. 

Treatment

Treatment was started in patients with 1) rapid progression, 
2) BA advancement ≥2 years, or 3) differences in predicted 
adult height (PAH) and target height (TH) of ≥1.5 standard 
deviation (SD) score at initial or during follow-up. All patients 
received a monthly 3.75 mg depot leuprolide acetate 
injection until the chronological age (CA) of 12 years. During 
treatment, no patient showed any clinical characteristics 
of pubertal progression (a change in breast Tanner stage, 
increased GR or vaginal bleeding), therefore, none received 
treatment modification.

Follow up Examination and Hormonal Measurement

Height, weight and Tanner stage of breast and pubic hair 
were assessed every 3-6 months until the patients attained 
FAH. Height was measured to the nearest 0.1 cm using a 
stadiometer; and body weight to the nearest 0.1 kg. GR was 
calculated as a change in height during a 1-year interval. 
BA was assessed at the initial visit and before treatment 
discontinuation. Pre-treatment PAH was estimated using the 
accelerated table of the Bayley and Pinneau method (15). 
All clinical parameters were assessed by the same pediatric 
endocrinologist. FAH was defined as a GR ≤0.5 cm/year or 
a BA ≥16 years.

Morning blood samples for serum random (basal) LH, FSH 
and estradiol were collected at 7-8 am, before the regular 
scheduled leuprolide injection, every 3-6 months at the 
pediatric endocrine clinic in the first year of treatment, 
and then every 6 or 12 months if no clinical progression 
was evident. During 2002-2013, serum LH and FSH were 
measured using a sensitive IRMA (RIA-gnost®, monoclonal 
mouse antibodies, hLH and hFSH; CIS Bio International, Gif-
Sur-Yvette, France) with a lower detection limit of 0.1 and 
0.15 IU/L with inter-assay coefficient variations of 9.4% and 
8.7%, respectively. After 2011, LH and FSH were analyzed 
using a more sensitive immunocemiluminescent assay 
(ICMA) from Esoterix Laboratories (Calabasas Hills, CA, 
USA) with a detection limit of 0.02 IU/L for both hormones 
and inter-assay coefficients of variation were 10.7% for LH 
and were 9.0% for FSH. In summary, 27/27, 25/25, 25/25, 
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17/22 and 9/17 random LH levels were analyzed using IRMA 
at 6, 12, 24, 36 and 48 months of treatment time points, 
respectively, and the rest were analyzed on ICMA. Estradiol 
levels were measured by an ICMA (Immulite 2000, Siemens 
Medical Solutions Diagnostics, Los Angeles, CA, USA) with a 
detection limit of 5 pg/mL. Hormonal values falling below 
the lower detection levels were taken as the lower detection 
levels. The random pubertal LH concentrations were defined 
as ≥0.6 IU/L for IRMA (12,13) and ≥0.3 IU/L for ICMA (10).

Statistical Analysis

Statistical analysis was performed using SPSS v18 
(IBM Inc., Chicago, Ill., USA). Data were presented as 
number, percentages, mean ± SD and median (Q1, 
Q3). A t-test, paired t-test or chi-square test were used 
to test the differences between groups as appropriate. 
Repeated measures ANOVA was performed to compare 
two repeated measurements in the same individuals. 
Correlations were evaluated using Spearman correlation 
coefficients. Non-parametric tests were used for non-
normally distributed data. P value <0.05 was considered 
significant.

Results

Patient Characteristics

Baseline patient characteristics are shown in Table 1. 
Patients reported their mean ± SD age of breast onset at 
6.9±0.1 years, however, treatment was started at mean age 
of 8.1±0.2 years with a mean duration of 3.9±0.2 years. 
The reason for a delay in treatment initiation was mainly 
due to lack of knowledge about their disease. All patients 
reported good treatment compliance, and none had missed 
or delayed the scheduled leuprolide injection. As expected, 
the patients had typical features of ICPP including breast 
development, tall stature, advanced BA and elevated random 
or stimulated LH concentrations. 

GRs and FAH 

Mean GR±SD at pre-treatment and 6, 12, 24, 36 and 48 
months during treatment were 8.5±2.5, 6±1.2, 5.6±1.1, 
4.1±1.5, 4.1±1.3 and 2.6±1.4 cm/year, respectively. 
After treatment, mean FAH was greater than initial PAH 
(p<0.0001) and TH (p=0.03, Table 2). 

Serum LH, FSH and Estradiol Concentrations

Figure 1 shows random LH and estradiol concentrations 
during treatment. At six months of follow-up, the median 
serum LH [1.7 (0.3, 3.5) vs 0.46 (0.02, 1.14) IU/L; p=0.048], 
FSH [4.2 (2.6, 5.8) vs 1.6 (1.3, 2.1) IU/L; p<0.001) and 
estradiol [36 (11, 53) vs 9 (4, 12) pg/mL; p=0.023)] 

significantly declined from pre-treatment concentrations. 
Thereafter, the overall LH concentrations remained 
suppressed and tended to rise again at 36 and 48 months of 
follow-up. The median (Q1, Q3) random LH concentrations 
measured on IRMA were 0.4 (0.1, 1.02) at 6 months, 0.11 
(0.1, 0.64) at 12 months, 0.24 (0.1, 0.62) at 24 months, 
0.34 (0.07, 0.82) at 36 months and 0.6 (0.22, 0.85) at 48 
months of treatment. The LH concentrations measured on 
ICMA at 36 and 48 months of treatment were 0.2 (0.09, 
0.52) and 0.24 (0.23, 0.61), respectively. Median FSH values 
were 1.6 (0.82, 2.7), 1.8 (1.2, 2.6), 1.6 (1.2, 2.5), 1.4 (0.6, 
1.7) and 0.6 (0.54, 1.7) at 12, 24, 36 and 48 months of 
treatment, respectively.

During treatment, 37% of a total of 116 LH measurements 
were within the pubertal range (≥0.6 IU/L for IRMA and 
≥0.3 IU/L for ICMA). Among these, 10/27 (37%), 7/25 
(30%), 7/25 (28%), 9/22 (41%) and 10/17 (61%) of the 
patients had elevated random LH at month six (range, 
0.85-2.92 IU/L), month 12 (range, 0.6-1.8 IU/L), month 
24 (range, 0.61-1.8 IU/L), month 36 (range: 0.30-0.60 
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Table 1. Baseline patient clinical and hormonal 
characteristics

Characteristics Patients (n=27)

Age of onset, years 6.9±0.5

Age of start of treatment, 
years

8.1±0.5

BA, years 11±0.9

HT, cm 136.3±6.3

HT, SDS 2.3±1.3

WT, kg 35.8±7

WT, SDS 3.3±2

BMI, kg/m2 19.1±2.8

BMI, SDS 1.3±1.1

TH, cm 156.0±4.3

TH, SDS -0.2±0.9

PAH, cm 152.0±6

PAH, SDS -1±1.3

Breast Tanner stage 3 (3, 4)

Pubic Tanner stage 1 (1, 2)

Basal / post-stimulated LH 
(IU/L)

1.74 (0.33, 3.47) / 27 (13, 64)

Basal / post-stimulated FSH 
(IU/L)

4.2 (2.65, 5.5) / 15 (12.8, 18.7)

Estradiol (pg/mL) 36 (11, 53)

HT-SDS: height-standard deviation score, WT-SDS: weight-SDS, BMI: body 
mass index, TH-SDS: target height-SDS, PAH-SDS: Predicted adult height-
SDS, LH: luteinizing hormone, FSH: follicular stimulating hormone, BA: bone 
age

Data are presented as mean ± SD or median and interquartile range (Q1, 
Q3)



IU/L for ICMA and 0.60-2.5 IU/L for IRMA) and month 
48 (range: 0.3-0.83 for ICMA and 0.6-2 IU/L for IRMA), 
respectively. Moreover, 17 out of 27 individuals (63%) 
exhibited pubertal LH at least once at some point during 
treatment. However, these patients showed no signs of 
pubertal progression and thus none received treatment 
modification. Of a total of 112 estradiol measurements, 
29% were above the lower detection limit (5 pg/mL). 
However, all values were in the prepubertal range of <20 
pg/mL (16) throughout the treatment duration.

Correlation

Random LH did not correlate at any of the time points with 
GR (Table 3) or FAH (data not shown). Also, there was no 

correlation between random LH, FSH, estradiol and body 

mass index (BMI) during treatment (data not shown). 

Neither FSH nor estradiol correlated with BMI, GRs and 

FAHs at any time points during treatment (data not shown). 

Patients with Frequently Elevated Random LH 

Table 4 shows the clinical characteristics of three patients 

who presented with markedly advanced BA (BA-CA ~ 4.7-

5.6 years), compromised PAH and frequent elevations in 

random LH during treatment. However, they did not show 

any signs of pubertal advancement. They each attained FAH 

which was higher than their PAH without any therapeutic 

modification.
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Figure 1. Random LH (A) and estradiol (B) concentrations before and during treatment.

A) At month six, random LH concentrations were significantly lower than pre-treatment values (p=0.048). Thereafter, there 
were no statistical differences in random LH concentrations between each consecutive time point (6, 12, 24, 36 and 48).

B) At month six, serum estradiol concentrations were significantly lower than pre-treatment values (p=0.023). There were no 
statistical differences in serum estradiol concentrations between each consecutive time point (month 6, 12, 24, 36 and 48).

Data are presented as box and whisker plots. The center lines, lower edges and upper edges of the boxes indicate median, 
25th- and 75th percentiles, respectively. The whiskers indicate 5th-95th percentile.

LH: luteinizing hormone

Table 2. Final height outcome in 27 girls with idiopathic central precocious puberty

Pre-treatment Post-treatment

Height, cm (SDS) TH, cm (SDS) PAH, cm (SDS) FAH, cm (SDS) FAH-PAH, cm (SDS) FAH-TH, cm (SDS)

136.3±6.3
(2.3±1.3)

156.0±4.3
(-0.2±0.9)

152.0±6
(-1±1.3)

159.5±5.2a,b

(0.3±1)
5.9±6.2
(1.1±1.3)

3.9±0.9
(0.7±0.9)

SDS: standard deviation score, TH: target height, PAH: predicted adult height, FAH: final adult height.

Data are presented as mean ± SD, ap=0.03 (FAH vs TH), bp<0.0001 (FAH vs PAH)



Discussion

Monitoring patients with ICPP is a clinical challenge since 
there is no consensus in method for monitoring. Failure  
HPG-axis suppression can cause short FAH (1). In this 
study, we demonstrated longitudinal serum random LH 
concentrations during treatment and their relationship 
with pubertal progression and FAH. 

Our study demonstrated that random LH was elevated 
in 37% of total measurements in ICPP patients during 
monthly leuprolide treatment with the magnitude of 
increase as high as 2.9 IU/L for IRMA and 0.62 IU/L for 
ICMA. Moreover, two-thirds of our patients exhibited 
pubertal LH levels at least once at some time points 
during follow-up and 30-60% of patients had random LH 
concentrations in the pubertal range during each year of 
treatment. Yet, none had pubertal progression by clinical 
examination. There are only three studies evaluating 
random LH concentrations or prevalence of increased 
random LH in CPP patients during GnRHa treatment 
as the main outcome [one in patients with trimonthly 
GnRHa injection (7) and the others in patients receiving  
annual GnRHa implant (10,11)]. These studies showed 

similar proportions of patients with elevated random LH 
compared to our study results. Several findings in random 
LH concentrations in ICPP patients during various forms 
of GnRH treatment were reported (5,8,10,11,17). Neely 
et al (8) found that their subjects treated with a higher 
dose (7.5-15 mg) of monthly leuprolide had a satisfactory 
clinical and biochemical (random LH) suppression. Their 
patients’ maximal random LH concentrations in each 
follow-up visit were also lower than what was found in our 
patients (immunofluorometric assay, IFMA; 0.5-0.8 IU/L vs 
1.8-2.9 IU/L). However, our patients were treated with a 
relatively lower dose of leuprolide (3.75 mg, 90-140 μg/kg) 
which is a commonly used dose in most Asian countries 
(18,19). Elevated random LH was also reported in 50-60% 
of ICPP patients treated with histrelin implant, without   
pubertal progression (10,11). However, stimulated LH was 
well suppressed in these patients. Similar findings were 
also demonstrated in a study using monthly leuprolide 
(20) and another study using 3-monthly leuprolide (17). In 
contrast, Brito et al (5) reported that two out of 18 patients 
had pubertal breakthrough, although there was no specific 
report regarding “pubertal progression”, which was 
confirmed by a modest increase in random (0.9-1.1 IU/L, 
IFMA) and stimulated LH (4.3-5.7 IU/L). Therefore, these 
data indicated that elevated random LH is an unreliable 
marker for pubertal suppression.

Several studies have shown a correlation between random 
(basal) and stimulated LH concentrations, including Lee 
et al’s (7) study, which is the only work suggesting the 
random (basal) LH cut-off value. This study showed that 
basal LH (ICMA) ≥0.6 IU/L had an optimal sensitivity 
(80%) and  specificity (70%) for predicting stimulated LH 
levels of >4 IU/L. Again, this study did not demonstrate 
the relationship between increased basal LH or increased 
stimulated LH with clinical parameters, such as BA or 
clinical progression. 

Our data also demonstrated that elevated random LH was 
not associated with GR nor FAH. There has been only one 
study (21) showing a similar result of lacking relationship 
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Table 3. Correlation analysis between random luteinizing 
hormone and estradiol concentrations with growth rates 
at corresponding time points

Parameters
Spearman’s 
correlation (r) 
with GRs

p value

LH (month 12) 0.286 0.175

LH (month 24) -0.181 0.419

LH (month 36) -0.266 0.319

LH (month 48) -0.734 0.158

Estradiol (month 12) -0.102 0.801

Estradiol (month 24) -0.113 0.887

Estradiol (month 36) 0.323 0.280

LH: luteinizing hormone, GR: growth rate

Data are shown as Spearman’s correlation coefficient (r)

Table 4. Clinical, hormonal characteristics and final adult height in three idiopathic central precocious puberty patients 
with persistent elevation of random luteinizing hormone levels during treatment

No CA 
(yr)

BA 
(yr)

TH 
(cm)

PAH 
(cm)

FAH 
(cm)

Treatment
duration (yr)

Random LH levels (IU/L)

6 m 1 y 2 y 3 y 4 y

1 7.8 12.5 158.0 150.4 158 4.6 2.9 0.1 0.2 1.06 2.0

2 6.9 12.5 156.0 151.5 162 4.9 0.1 0.1 1.1 2.5 0.62

3 7 12 156.0 153.7 162 4.8 0.9 - 0.98 2.4 0.60*

CA: chronological age, BA: bone age, TH: target height, PAH: predicted adult height, FAH: final adult height, LH: luteinizing hormone, yr: year

Dash line (-) indicates missing data

*Indicates random luteinizing hormone from immuno chemiluminescent assay. Other values were measured using IRMA



between random LH and GR. That study also found that 
random LH had a negative association with the changes 
in PAH (r=-0.309; p<0.05), assessed by regular BA 
examination. To our knowledge, there have been no studies 
demonstrating the association between either random or 
stimulated LH and FAH. Our study showed that random 
LH was not correlated with FAH. Although two thirds of 
patients experienced pubertal LH, mean FAH was higher 
than PAH and at the upper range of TH. Further, the FAH 
and net height gain after GnRHa treatment in our patients 
with elevated random LH were similar to what have been 
previously reported in patients with suppressed stimulated 
LH (6,18,19,22,23). It is also worth mentioning that our 
three patients with frequently elevated random LH did not 
exhibit any signs of pubertal progression, and eventually 
attained FAH which was higher than their PAH and TH 
without treatment modification. Taken together, our results 
indicated that elevated random LH, in the context of no 
clinical progression being observed, may not have a negative 
effect on FAH. 

In animal study, random LH was elevated during a 
continuous buserelin infusion, yet the pulsatile fashion was 
abolished (24,25) that resulted in ineffective sex hormone 
production. This finding may explain why our patients did 
not exhibit clinical signs of pubertal progression in response 
to increased random LH. Moreover, an alteration in the ratio 
of immunoreactive to bioactive gonadotropins (26) has also 
been described in patients receiving GnRHa. However, these 
hypotheses have never been tested in ICPP patients. Further 
research is needed.

In addition to random LH, we examined the association 
between estradiol concentration and pubertal advancement. 
We found that ~30% of the patients had slightly elevated 
estradiol concentrations above the lower detection limit 
(5-20 pg/mL) which are, however, considered prepubertal 
concentrations. In correlation analysis, we did not find 
associations between estradiol and random LH, BMI, GR 
nor FAH. These findings are incongruent with previous 
reports (21,27,28,29). Other studies also demonstrated that 
estradiol did not relate to BA maturation (21,25).

Study Limitations

Our study has some weaknesses. First, we did not 
regularly assess BA, therefore, we could not evaluate the 
influence of increased random LH on skeletal maturation. 
Second, this is a retrospective study, in which we did 
not evaluate the stimulated LH concentrations at the 
time when elevated random LH was found. This led to 
an inability to assess the unknown effect of stimulated 
LH on GR and FAH. Our study also has a relatively small 

sample size. However, to our knowledge, this research is 
the first to demonstrate the longitudinal data of random 
LH concentrations throughout the treatment duration of 
ICPP, as well as the association with clinical markers of 
pubertal progression and FAH.

Conclusion

In conclusion, we reported the longitudinal evidence that 
elevated random LH is commonly found in ICPP girls during 
monthly leuprolide treatment. However, the increase in 
random LH is not associated with clinical progression 
of puberty nor with FAH, suggesting that this method is 
unreliable and may not be useful for ICPP monitoring. More 
studies are needed to evaluate the relationship between 
elevated basal or stimulated LH and BA maturation or FAH.
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Objective: To assess the association between age at menarche and adult height [and body mass index (BMI)] in young Korean females 
and also to investigate whether early menarche (<12 years) is a risk factor for short stature and obesity in young Korean females.
Methods: Data on 1148 females aged 18-30 years and 612 mother (612 pairs of mothers and daughters) from the 6th Korea National 
Health and Nutrition Examination Survey (2013-2015) were analyzed.
Results: Among 1148 females, 256 (22.3%) had early menarche. Their stature was approximately 0.445 cm shorter when menarche 
had occurred one year earlier. The prevalence of short stature (≤153 cm) and obesity (BMI ≥25) was higher in females with early 
menarche compared to those with later menarche (short stature: 10.5% vs 6.4%, obesity; 20.7% vs 13.1%, all p<0.001). In multivariate 
regression, the odds ratio (OR) for short stature was 2.62 [95% confidence interval (CI): 1.26-5.44] after adjusting for current age and 
mother’s height. OR for obesity was 1.74 (95% CI: 0.98-3.07) after adjusting for age and maternal BMI. 
Conclusion: Final height in girls is influenced by age of menarche. Early menarche increased the risk for adult short stature in young 
Korean females. 
Keywords: Early menarche, short stature, adult height, obesity, KNHANES 

Introduction 

Age of menarche is known to be influenced by several factors, 
such as genetics, ethnicity, geography, socioeconomic status 
and especially nutritional status (1,2,3,4). Several studies 
including this one have reported a relationship between 
early menarche age (<12 years) and the risk of obesity, 
insulin resistance, metabolic syndrome, nonalcoholic 
fatty liver disease, diabetes and cardiovascular disease in 
adulthood (5,6,7,8,9). Thus, management of risk factors for 
early menarche in the pediatric population may reduce the 
risk of adult metabolic disease.

Short stature is typically defined as an adult height that is 
more than two standard deviations (SD) below the mean 
for age and sex (10). In developed countries, this typically 
includes adult men who are shorter than 166 cm and adult 
women who are shorter than 153 cm. Several factors might 
cause short adult height. The main factors appear to be the 
effects of multiple familial genes and environment, and 
the complex interplay between these. In addition, short 
adult height can be caused by pathological states, including 
genetic disease such as Turner syndrome, prolonged 
chronic disease, malnutrition, prolonged treatment with 
certain drugs (steroids) and hormone deficiency states such 

Early Menarche is a Risk Factor for Short Stature in Young Korean 
Females: An Epidemiologic Study
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as growth hormone deficiency. Short adult height may also 
occur because of early fusion of growth plates as a result of 
precocious puberty (11).

In Europe and the USA, women with earlier menarche were 
reported to have reached shorter adult height compared 
to women who had menarche at a later age (12,13,14). 
Furthermore, in Asian countries including Korea, female 
age of menarche has recently shown a downward trend to 
younger age (5,15,16). 

The aim of this study was to investigate whether final 
adult height is associated with age at menarche in young 
Korean females. We also assessed whether an independent 
association exists between early menarche and short adult 
stature or obesity in Korean females. For this purpose, we 
investigated the data of 12,537 women who participated 
in the Korea National Health and Nutrition Examination 
Survey (KNHANES-VI).

Methods 

The data of the 6th KNHANES-VI (2013-2015) data were 
used in the study. KNHANES-VI is a cross-sectional survey 
with multi-staged, stratified sampling design and offers 
nationally representative data conducted by the Division 
of Chronic Disease Surveillance, Korea Centers for Disease 
Control and Prevention (17). Written informed consent was 
secured by all of the participants before the study had begun, 
and the KNHANES was conducted following ethical approval 
by the Institutional Review Board of the Korea Centre for 
Disease Control and Prevention (No: 2013-07CON-03-4C, 
2013-12EXP-03-5C).

Among the 12,537 females who participated in 
KNHANES-VI, we selected data on menarcheal age and 
anthropometric variables. There were 1148 young females 
aged 18 to 30 years and mothers’ height and weight data 
were available in 612 of the 1148 subjects. Weight was 
determined to the nearest 0.1 kg on a medical balance 
(GL-6000-20, CAS, Seoul, Korea) and height was measured 
to the nearest 0.1 cm with a wall-mounted stadiometer 
(Seca 220, Seca, Hamburg, Germany). Body mass index 
(BMI) was calculated by dividing the weight by the height 
squared (kg/m2). Height in Korean females reaches a 
near plateau at age 16 according to 2017 Korean National 
Growth Charts (18).

“Age of menarche” is defined as age of the first menstrual 
period and the data was collected using the questionnaire 
method. The question was open-ended: “At what age did 
you have your first menstrual period (menarche)?” Age of 
years represents age between 11.00-11.99 years. We defined 

early menarche as <12 years. Short stature was defined 
as a height less than ≤153 cm (≤5th percentile of a female 
Korean population) and obesity as a BMI ≥25, using Asian 
criteria (19). Household income as a surrogate marker 
of socioeconomic status was assessed according to the 
following categorical variables: low (1Q), lower middle (2Q), 
upper middle (3Q), and high (4Q) in KNHANES. 

Statistical Analysis 

Data related to anthropometric measurements and other 
covariates were stratified by early menarche and later 
menarche. The Student’s t-test and chi-square test were used 
in the comparison of early menarche and later menarche. 
Continuous variables are reported as means±SD, and 
categorical variables are reported as percentages (%). Linear 
regression analysis was used to evaluate the predictors of 
the subject’s height as a dependent variable using heights at 
menarche as predictive variables, controlling for current age. 
For the assessment of odds ratios (ORs) of short stature or 
obesity according to early menarche, multivariable logistic 
regression was used. The ORs including 95% confidence 
interval (CI), between early menarche and short stature 
(or obesity) were calculated before and after adjusting for 
age, and other confounders. In the final analysis, household 
income was excluded as there was no significant difference 
of prevalence of short stature from quartile to quartile. All 
statistical analyses were performed by using SPSS 17.0 for 
Windows (SPSS Inc., Chicago, IL, USA). P values <0.05 
were considered significant.

Results

The characteristics of the study subjects were divided 
according to early menarche or later menarche and 
are summarized in Table 1. At the time of the study, the 
mean±SD current age of all subjects was 23.5±3.5 years. 
Mean±SD age of menarche was 12.7±1.6 years. Mean±SD 
(range) height was 161.6±5.8 (138-179) cm and mean±SD 
(range) BMI was 21.6±3.7 (15-49) kg/m2. 

Among the 1148 female subjects, 256 (22.3%) had early 
menarche and 892 had later menarche. Mean±SD current 
age was significantly younger in the early menarche group 
(22.9±3.4 vs 23.7±3.5 years; p=0.001). This group was 
also significantly shorter (160.4±5.1 vs 161.9±6.0 cm; 
p<0.001) and had a higher BMI (22.4±3.8 vs 21.3±3.5; 
p<0.001) than the later menarche group, The early 
menarche group also had a higher prevalence of short 
stature (10.5% vs 6.4%) and obesity (20.7% vs 13.1%) (see 
Figure 1). However, there was no difference in prevalence 
affected by household income.
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In the subgroup of subjects with available maternal 
anthropometric data (n=612), the mean±SD age of the 
mothers was 50.3±4.6 years and maternal mean±SD age 
at menarche was 14.3±1.7 years. Differences in age, age at 
menarche, height and BMI between mother and daughter 
were 27.5±3.5 years, 1.5±2.0 (-4 to 8) years, 4.4±5.9 (-20 
to 23) cm and 2.5±3.9 kg/m2, respectively. 

There was no difference in mother’s age, height, weight 
and BMI values between the early menarche and later 
menarche groups. However, the mothers of subjects with 
early menarche had earlier menarche than mothers of 
subjects with later menarche (13.8±1.5 vs 14.4±1.7 years; 
p<0.001). There was also no difference in prevalence of 
short stature and obesity in the mothers. 

Height and BMI according to age at menarche are depicted 
in Figure 2. In linear regression, female grew approximately 
0.445 cm shorter when menarche occurred one year 
earlier calculated as: subject’s height (cm)=subject’s 
age at menarche (years) x 0.445 - subject’s age (years) x 
0.03+156.56 (R2=0.014; p<0.001). The ORs for short 
stature and obesity in females with early menarche 
compared to later menarche are summarized in Table 2. The 
crude OR for short stature in a female with early menarche 
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Table 1. Characteristics of the subjects stratified by age at 
menarche 

Age at menarche

Characteristics Early 
menarche 
(<12 
years)

Later 
menarche 
(≥12 years)

p value

Subjects

Number 256 892

Age of menarche (years) 10.7±0.6 13.2±1.2 <0.001

Age at time of survey 
(years)

22.9±3.4 23.7±3.5 0.001

Height (cm) 160.4±5.1 161.9±6.0 <0.001

Weight (kg) 57.6±10.5 56.0±9.9 0.026

Body mass index (kg/m2) 22.4±3.8 21.3±3.5 <0.001

Household income 

Low (1Q) 0.9% 8.7% 0.077 
(for all 
SES)

Lower middle (2Q) 22.6% 28.3%

Upper middle (3Q) 29.9% 32.0%

High (4Q) 38.9% 30.9%

Mothers

Number 131 481

Age of menarche (years) 13.8±1.5 14.4±1.7 <0.001

Age at time of survey 
(years)

50.0±3.4 50.3±3.5 0.479

Height (cm) 157.6±4.4 157.6±5.5 0.933

Weight (kg) 58.6±7.2 58.6±8.2 0.968

Body mass index (kg/m2) 23.6±2.7 23.6±3.2 0.921

Daughter-mother height 
difference (cm)

3.3±5.3 4.7±6.0 0.009

Differences between subjects with early menarche (<12 years) and later 
menarche (≥12 years) were compared using Student’s t-test for continuous 
variables and chi-square test for %.

SES: socioeconomic status

Table 2. Odds ratios for short stature and obesity between 
subjects with early menarche and the reference group 

Early 
menarche 
(<12 years)

Later 
menarche 
(≥12 years)

OR 95% CI

Short stature* 1.73 1.07-2.79 1.00

Model 1 age 1.71 1.06-2.78 1.00

Model 2 age+mother’s 
height

2.62 1.26-5.44 1.00

Obesityǂ 1.73 1.21-2.45 1.00

Model 1 age 1.79 1.25-2.58 1.00

Model 2 age+mother’s 
BMI

1.74 0.98-3.07 1.00

*Short stature is defined as below the 5th percentile of Korean females aged 
20-30 (16)
ǂObesity was defined as BMI ≥25 kg/m2

*Odds ratios of short stature and obesity of early menarche compared with 
later menarche, multivariate logistic regression was used.

BMI: body mass index, CI: confidence interval, OR: odds ratio, Model 1: 
Results were adjusted for current age (in years), Model 2: Results were 
adjusted for age (in years), mother’s height (or BMI)

Figure 1. Prevalence of short stature and obesity according to 
early and later menarche. Females with early menarche had 
higher prevalence of short stature (10.5 vs 6.4%) and obesity 
(20.7 vs 13.1%)



was 1.73. The OR decreased to 1.71 after adjusting for 
current age (Model 1) and increased to 2.62 after further 
adjusting for mother’s height (Model 2). Here, the Exp(B) of 
mother’s height was 0.799 (95% CI: 0.742-0.860). The OR 
for obesity in females with early menarche was 1.73. The 
OR increased to 1.79 after adjusting for current age (Model 
1) and subsequently decreased to 1.74 (95% CI: 0.98-3.07) 
after adjusting for age and mother’ BMI (Model 2). 

Discussion

In this study, we found that for each year earlier that 
menarche occurred in young Korean females final height 
was 0.445 cm less. We also found that females with early 
menarche had a 10.5% chance of having short adult stature, 
the rate of which was 2.62-fold higher than those with later 
menarche. In addition, the OR for obesity in females with 
early menarche was 1.73 compared to those with later 
menarche.

The prevalence of early menarche has increased dramatically 
in Korea based on our study (5). In this study, the percentage 
of subjects who experienced menarche before the age of 12 
years was 22.3%, while this percentage in the mothers of the 
subjects was 2.5%. The prevalence in the subjects was nine 
times higher than that of their mothers. Similar to many other 
countries, South Korea has shown rapid decrease of female 
age in menarche from mid-20th century to the present, and 
this is probably due to improvements in nutrition and living 
conditions (13,20). In our previous study, we reported the 
rapid decrease of mean age of menarche over time, from 
15.62±1.88 years for females born between 1950 and 
1954, to 13.11±1.52 years for those born between 1980 
and 1984, to 12.60±1.14 years for those born between 
1990 and 1994 (5). This trend might be due to changes in the 
socioeconomic environment, the most important of which 
is probably improvement in nutritional status (13). The 
nutritional status of South Korea rapidly improved after the 
Korean Civil War. South Koreans rapidly accepted western 
culture, especially in terms of dietary habits, after the 1988 
Olympic Games, while North Korean refugees still show an 
age of menarche around 16.0±2.1 years (20). Nutrition, in 
particular, appears to play an important role in the time of 
onset of menarche. There are great many reports indicating 
that girls with higher body weight, higher BMI and more 
body fat reach menarche at an earlier age (13,21,22). It 
has been suggested that a ‘critical weight’ is needed for 
menarche to occur (23,24). Furthermore, other factors such 
as birth weight, prenatal nutrition, type of diet and exposure 
to endocrine disruptors, have been suggested as likely 
contributory factors for earlier pubertal development and 
early menarche (25,26,27). Another suggested reason for 
the increasing prevalence of early menarche in Korean girls 
is a rapid increase in the prevalence of central precocious 
puberty (CPP). CPP can cause early menarche in girls and 
result in short adult stature due to early epiphyseal fusion 
(11). The annual incidence of CPP in girls has significantly 
increased from 3.3 to 50.4 per 100,000 girls during 2004 
to 2010 in Korea (28). The incidence of girls diagnosed 
with CPP has markedly increased in the 21st century. In 
Denmark for instance, it is much higher compared to 40 
years ago (29). 

In this study, 10.5% of females with early menarche had a 
short stature. The OR for short stature was 2.62-fold after 
adjusting for current age and mother’s height in females with 
early menarche compared to those with later menarche. In 
basic terms, for each year of delay in age at menarche, a 
Korean female will grow to be be approximately 0.445 cm 
taller in her final height. This finding agrees studies from 
other countries (12,21,30,31). According to the European 
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Figure 2. A, B) Height and body mass index according to 
age at menarche. Females were 0.445 cm shorter when 
menarche occurred 1 year earlier



Prospective Investigation into Cancer and Nutrition study, 
based on 286,205 women from nine European countries, 
women grew approximately 0.35 cm taller when menarche 
occurred one year later (range by country: 0.13-0.50 cm) 
(12). Furthermore, a 1-year increase in age of menarche 
caused an increase in standing height, leg length and trunk 
height of 0.76, 0.41 and 0.35 cm, respectively, in a USA 
birth cohort (31). 

The pathogenesis of this trend in age of menarche may be 
explained by the earlier closure of epiphyseal growth plates 
due to an increase in ovarian estrogens (32,33). A low dose 
of estrogen will induce stimulation of the growth hormone-
insulin-like growth factor 1 axis and a pubertal growth spurt 
in early puberty. However, increase in estrogen binding to 
its receptors in the growth plate cartilage might cause early 
epiphyseal fusion by advancing growth plate senescence 
(33). A delay in menarche allows continued growth of long 
bones before epiphyseal fusion, leading to an increase in 
adult height. Gonadotropin releasing hormone analog 
(GnRHa) treatment in girls with CPP could improve final 
adult height and increase the age of menarche close to that 
of the general population. The height gain achieved after 
GnRHa treatment in children with CPP, depends on the age 
of onset of puberty and onset of treatment (34). 

In this study, the OR for obesity in females with early 
menarche was 1.73. However, after adjusting for age and 
maternal BMI, we failed to find an association between early 
menarche and obesity (p=0.058). The most plausible reason 
for this might be the relatively small number of subjects 
analyzed. Additionally, socioeconomic factors assessed in 
our study failed to demonstrate an association with adult 
short height. This finding agrees with a previous Korean 
study and supports the hypothesis that socioeconomic 
status is not an independent predictor of age at menarche 
or final height in well-developed countries (35,36).

Study Limitations

The major strength of the present study is that it is based 
on a national representative study population. However, this 
study has some limitations. First, the cross-sectional nature 
of the study prohibits making conclusions regarding the 
existence of a causal relationship between age of menarche 
and adult height. Second, we could not adjust for other 
confounders such as the fathers’ height and birth weight, 
which might influence the subjects’ adult height. Recent 
studies showed an association between lower birth weight 
and early menarche (26). Finally, the age at menarche was 
self-reported. It is known that age at menarche based on 
recall data is not very accurate, especially when the time 
between menarche and current age is more than three years 

(37). However, other studies have shown high correlations 
(R=0.67 to 0.79) between age at menarche by recall during 
middle-age and the original childhood data (38).

Conclusion

In conclusion, we found that early menarche is a risk 
factor for shorter adult stature and obesity in young Korean 
females. To the best of our knowledge, this is the first study 
to show that early menarche is a risk factor of short adult 
stature in Korean females. Some girls, despite being of 
normal height during childhood and during the pubertal 
years might grow to short adult stature due to earlier fusion 
of the growth plates. In light of the rapidly increasing 
prevalence of early menarche, knowledge concerning 
onset of puberty, progression tempo and age at menarche 
is important in identifying females at risk. Further long 
term cohort investigations are needed to fully explain these 
causal relationships.
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Objective: The aim of this study was to evaluate cases referred from the congenital hypothyroidism (CH) newborn screening program.
Methods: Infants referred to Pediatric Endocrinology between 30.09.2015 - 01.04.2018 because of suspected CH identified by National 
Neonatal Screening Program were prospectively evaluated.
Results: Of the 109 newborns referred to our clinic, 60 (55%) were diagnosed with elevated neonatal thyroid stimulating hormone 
(TSH). The diagnosis of elevated neonatal TSH was made in 52 (47.7%) and eight (7.3%) infants at initial evaluation and after follow up, 
respectively of all referrals with 86.7% (52/60) diagnosed at initial visit. The median first and second heel prick times were 1.8 (0-7) and 
8.72 (4-30) days. The median age at starting treatment of the infants diagnosed as a result of initial evaluation was 22.13 (7-53) days. 
Clinical findings associated with CH were present in 19 (36%) of patients. Etiology in patients diagnosed with elevated neonatal TSH 
on admission was: agenesis in one (2.08%); ectopia in one (2.08%); hypoplasia in 14 (29.16%); normal gland in situ 16 (33.3%); and 
hyperplasia in 16 (33.3%). The median time to normalization of TSH and free thyroxine concentrations after treatment initiation was 
11.02 (4-30) and 9.03 (3-30) days, respectively.
Conclusion: The rate of diagnosis in the first month was found to be 87%. The etiological incidence of both dysgenesis and 
dyshormonogenesis was equal at 33.3%. The majority of cases with normal thyroid gland will be diagnosed with transient hypothyroidism 
but some of them may be diagnosed with thyroid dyshormonogenesis so the rate of dyshormonogenesis will increase later after final 
diagnosis.
Keywords: Congenital hypothyroidism, neonatal screening program, newborn, thyroid hormones

Introduction

Congenital hypothyroidism (CH) is the most commonly 

encountered endocrinological disorder of childhood 

worldwide. Its incidence was reported as approximately 

1/4000 in the 1970s when the screening program was first 

used. In the last 20 years, an increase in the prevalence of 

CH has been reported worldwide, possibly as a result of a 
gradual reduction in referral screening cut-off values (1).

In a study conducted in Turkey in 2003, the incidence of 
permanent CH was reported as 1/2512 (2). In an evaluation 
of data between the years 2008 and 2010, the incidence 
of CH was reported as 1/888 in 2008, 1/592 in 2009, and 
1/650 in 2010 (3).

Cases Referred from the Turkish National Screening Program: 
Frequency of Congenital Hypothyroidism and Etiological Distribution
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The absence of disease-specific clinical manifestation in CH 
at birth and the fact that complications can be prevented 
with early initiation of treatment within the first few weeks 
after delivery, plus the fact that treatment is effective and 
inexpensive, led to the establishment of national screening 
programs. A CH screening program was first implemented 
in 1974 in Quebec, Canada, and in Pittsburgh and 
Pennsylvania in the US (4,5). In Turkey, although local 
screening was conducted before, nationwide CH screening 
in conjunction with phenylketonuria screening was 
introduced for the first time on 25 December 2006 in 
Turkey (6,7).

In Turkey, a thyroid stimulating hormone (TSH) bloodspot 
threshold value of 20 mIU/L was used in the first years 
of screening and subsequently this value was decreased 
to 15 mIU/L in January 2009, upon detection of cases of 
missed diagnosis. However, in 2016, the screening cut-
off TSH threshold value was again increased to 20 mIU/L 
(3,8). According to the guidelines of the Turkish CH national 
screening program, an infant is considered to have passed 
the screening test when the blood spot TSH concentration 
is <5.5 mIU/L. Values between 5.5 mU/L and 20 mIU/L, are 
reported for a second evaluation. All cases with a capillary 
TSH concentration above 5.5 mIU/L in repeat blood samples 
or above 20 mIU/L in the first sample are referred to the 
appropriate center for evaluation by venous thyroid function 
testing, including thyroxine (T4) and TSH.

In this present study, we aimed to investigate the rate of 
diagnosis and the time of diagnosis in cases with elevated 
TSH referred from the screening program; to evaluate the 
clinical and laboratory findings in these cases; and also to 
determine the etiological distribution among these patients.

Materials and Methods

All infants referred to the Outpatient Clinic of Dr. Sami 
Ulus Obstetrics and Gynecology, Child Health and Disease 
Department of Ankara University, between the dates 
of September 30th 2015 and April 1st, 2018, because 
of suspected CH following newborn screening were 
prospectively evaluated. The study was approved by the 
Local Ethics Committee (no: 45/2015). Prior to inclusion in 
the study, informed consent was obtained from all parents. 

In our study, serum T4 and TSH levels were measured on 
the day of referral. The diagnosis and treatment plan was 
based on the Lawson Wilkins Pediatric Endocrine Society 
Guideliness for Congenital Hypothyroidism (9). Date of birth, 
date of admission, postnatal age, gender, gestational age in 
weeks, type of delivery and birth weight were recorded in 
all cases included in the study. Number, dates and results of 

heel prick tests were recorded. All cases were investigated 
for family and maternal history of thyroid disease, including 
a family history of CH. Consanguinity between parents, 
presence of iodine exposure in the mother and the baby 
and the iodine content of the salt used during pregnancy 
were recorded.

Body weight, height and head circumference were 
measured on admission. All patients were examined for 
clinical signs and symptoms associated with CH which 
included: lethargy, inactivity, hypotonia, difficulty in feeding, 
excessive sleepiness, constipation, abdominal distention, 
umbilical hernia, prolonged jaundice, galactorrhea, weak 
cry, hypothermia, cutis marmoratus, nasal congestion 
and dry and coarse skin. Physical examination was made 
for both additional congenital abnormalities and goiter. 
Serum thyroglobulin, TSH receptor binding antibody 
(TRB-Ab) and spot urinary iodine levels were measured 
in patients diagnosed with CH. The localization, volume 
and parenchymal echogenicity of the thyroid gland were 
evaluated by thyroid ultrasonography (USG). Thyroid 
gland localization and activity were evaluated by thyroid 
scintigraphy.

Serum TSH, free T4 (fT4), and free tri-iodothyronine (fT3) 
concentrations were measured by chemiluminometric 
method using an Advia Centaur XP (Siemens Healthcare 
limited-Oakville) device. Thyroglobulin concentration was 
measured by immunoassay method on the Siemens Immulite 
2000 analyzer device with the immulite 2000-thyroglobulin 
kit (Siemens Healthineers-United States). TRB-Ab level was 
measured on the Berthold 1B2111 device (Berthold, USA) 
by radioimmunassay with a Beckmann Coulter RRA Anti-R 
TSH kit (Beckman Coulter Company-Czech Republic). Spot 
urinary iodine level was measured on Agilent 7500 ICP-MS 
device (Agilent Technologies, USA) by using ICP-MS analysis 
technique.

Thyroid USG was performed by a radiologist using a 7.5-
MHz linear probe with a Toshiba Aplio 500 US device 
(Toshiba Medical Systems Co. Ltd, Otawara, Japan). Thyroid 
volume was calculated for each lobe using the following 
formula: (D1xD2xD3/1000) x 0.523 where D1 is the longest 
longitudinal, D2 is the anteroposterior and D3 is the largest 
transverse diameters, in cm, for each lobe and the total 
volume was calculated as the sum of two lobes in mL. 
Thyroid volumes for the neonatal period with a value of less 
than 0.64 mL (10th percentile) in patients were considered 
to constitute hypoplasia, those with a volume greater than 
the 95th percentile value of 1.15 mL were considered to 
constitute hyperplasia and total volumes between 0.64 
mL and 1.15 mL were considered normal (10). Thyroid 
scintigraphy was performed in the Nuclear Medicine 
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Department of our hospital using General Electric Millenium 
device (General Electric; Elgems, Tirat Carmel, Israel) and 
gamma camera with technetium 99 pertechnetate.

Statistical Analysis

In the presentation of descriptive statistics; the data obtained 
by measurement were expressed as mean±standard 
deviation and (minimum-maximum) and categorical data 
as number (percentage). Cross-table analyzes, Pearson and 
Fisher’s Exact chi-square tests were used to compare the 
qualitative characteristics of the groups. Compatibility to 
normal distribution of the numerical measurements in the 
groups was examined by independent groups for those with 
normal distribution in numerical measurements and with 
Mann-Whitney U test for those without normal distribution. 
IBM Statistical Package for the Social Science (SPSS; IBM 
Inc., Chicago, IL., USA) version 22 was used for all statistical 
analyzes. A p value of <0.05 was considered statistically 
significant.

Results

Of the 109 newborns referred from the neonatal screening 
program a total of 60 (55%) infants were diagnosed; 52 
(47.7%) at initial evaluation and eight (7.3%) at follow up. 
Twenty nine (48.3%) of patients with elevated neonatal TSH 
were female and female to male ratio was 1:1.07. Gender, 
gestational age, term/preterm rate, type of delivery and birth 
weight were similar in patients with elevated neonatal TSH 
compared to babies referred but who were not diagnosed 
with elevated neonatal TSH (non-CH group) (Table 1). Parental 
consanguinity rate was significantly higher (p=0.004) 
at 31.7% (19/52) in patients with elevated neonatal TSH 
compared to 8.16% (4/49) in the non-elevated neonatal TSH 
group. The family history of thyroid disease, family history of 
CH, the rate of iodized salt consumption and iodine exposure 
were similar in patients with elevated neonatal TSH compared 
to the non-elevated neonatal TSH group (Table 2).

One hundred patients (91.74%) required a second heel 
prick test. The mean number of heel prick test was 
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Table 1. Clinical features of all referrals

Total
(n=109)

 CH+
 (n=60)

CH-
(n=49)

CH+/CH-
p value

Gender
Female
Male

49 (45%)
60 (55%)

29 (48.3%)
31 (51.7%)

20 (40.8%)
29 (59.2%)

0.433

Birth week 38.07±2.30 38.3±1.65 37.6±2.88 0.215

Maturity
Term
Preterm

92 (84.4%)
17 (15.6%)

51 (85%)
9 (15%)

41 (83.7%)
8 (16.3%)

0.850

Type of delivery
Vaginal 
C/S

53 (48.6%)
56 (51.4%)

30 (50%)
30 (5%)

23 (46%)
26 (54%)

 
0.750

Birth weight (gram) 3042.06±593.2 3064.3±510.47 3014±685 0.751

Mean±standard deviation or %’s are given.

CH: congenital hypothyroidism, C/S: cesarean

Table 2. Demographic characteristics of congenital hypothyroidism (CH) group and non-CH group

CH+
(n=60)

CH-
(n=49)

CH+/CH-
p value

Consanguinity 19 (31.7%) 4 (8.16%) 0.004

Thyroid disease in family 26 (43.3%) 22 (44.8%) 0.870

CH in family 7 (11.22%) 5 (10.20%) 1.00

Iodized salt consumption in pregnancy 50 (83.3%) 34 (69.4%) 0.135

Iodine exposure
Umblical care
Other

11 (15.6%)
10 (90.9%)
1 (9.1%)

6 (12.2%)
5 (83.3%)
1 (16.7%)

0.544

Mean±standard deviation or %’s are given.

CH: congenital hypothyroidism



similar in patients with elevated neonatal TSH and the 
non-elevated neonatal TSH group. For all referrals the first 
heel prick time was 1.97±1.58 days, the second heel 
prick time was 8.5±4.62 days and the third heel prick 
time was 15.9±5.43 days. The mean age at diagnosis in 
the elevated neonatal TSH group was 30.2±24.8 days; 
22.13±10.35 days in 52 (86.7%) patients diagnosed as a 
result of initial evaluation and 82.62±28.53 days in eight 
(13.3%) patients diagnosed at follow up. Of the patients 
diagnosed on initial evaluation, two (4%) patients were 
diagnosed within the first seven days, three (6%) patients 
between eight and 14 days, 40 (76%) patients between 
15 and 28 days and seven (13%) patients later than 28 
days. Thus 87% of patients with elevated neonatal TSH 
were diagnosed and treatment initiated in the first month. 
Duration between the second heel prick time and the 
diagnosis was 13.98±9.97 days.

Clinical findings which are associated with hypothyroidism 
were detected in 19 (36%) of 52 infants diagnosed as a 
result of initial evaluation. There was lethargy in two (10.5%) 
patients, feeding difficulty in three (16.78%), constipation 
in six (31.5%), constipation and umblical hernia in one 
(5.26%), prolonged jaundice in six (31.5%) and weak cry 
in one (5.26%) patient. None of the patients diagnosed at 
follow up exhibited signs or symptoms associated with CH. 
Goiter was detected on physical examination in two patients 
diagnosed as a result of initial evaluation. There were 
concomitant abnormalities in 11 (18.2%) of all CH cases: 
four atrial septal defect (ASD), one PS, one hydrocephaly 
and meningomyelocele, two developmental dysplasia of hip 
and three patients had Down syndrome). The babies with 
Down syndrome all had cardiac abnormalities commonly 
associated with this condition; ASD, patent ductus arteriosus 
and ventricular septal defect.

Body weight, height and head circumference were similar 
on admission in patient diagnosed with elevated neonatal 
TSH and non-elevated neonatal TSH referrals. The mean 
TSH level was 79.5 (2-150) µIU/mL, mean fT4 level was 0.76 
(0.12-1.68) ng/dL and mean fT3 level was 3.36 (0.36-5.01) 
pg/mL in patients diagnosed with elevated neonatal TSH. 
The fT4 level was low in 33 (55%) patients (<0.9 ng/dL) and 
normal in 27 (45%) patients (>0.9 ng/dL) on admission 
(Table 3).

Urinary iodine levels were measured in 29 patients and 
thyroglobulin concentration in 35 patients diagnosed as a 
result of initial evaluation. Urinary iodine level was normal 
in nine (31%) patients and high in 20 (69%) patient; 
thyroglobulin level was normal in five (14.3%) patients and 
high in 30 (85.7%) patients. TRB-Ab level was measured 
in 36 patients and it was negative in 32 (88.8%) patients, 
borderline positive in two (5.6%) patients and positive in 
two (5.6%) patients. Only one of the two patients who 
were TRB-Ab positive had autoimmune thyroid disease in 
maternal history.

Thyroid USG was performed in 49 (81.7%) infants 
diagnosed with elevated neonatal TSH at initial evaluation. 
The mean thyroid gland volume was 1.06±0.95 (0-3.74) 
mL. In three (6.12%) cases, the thyroid gland was not 
visualized in the normal location. One of these patients 
found to have sublingual ectopic thyroid gland and one 
of these patients found to have agenesis on thyroid 
scintigraphy performed before replacement treatment. 
Thyroid scintigraphy was not performed in the third baby 
but the thyroglobulin value was normal (16 ng/mL) in this 
case, so it was thought that there might be an inactivating 
mutation at TSH receptor. There was hypoplasia in 14 
(29.16%) patients, normal gland in 16 (33.3%) patients 
and hyperplasia in 16 (33.3%) patients. Ectopic thyroid 
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Table 3. Postnatal age, anthropometric measurements and laboratory findings in all referrals at first assessment

Total
(n=109)

CH+ 
(n=60)

CH- 
(n=49)

CH+/CH-
p value

Postnatal age (day) 27.47±14.2 23.9±13.01 31.8±14.4 <0.001

Weight (gr) 3960±590 3850±800 4100±920 0.058

Height (cm) 52.1±2.42 51.5±1.99 52.9±2.68 0.052

Head circumference (cm) 36.3±1.87 35.9±1.66 36.9±1.99 0.053

TSH (µIU/mL)
42.2±54.3

71.05±59.2
79.5 (2-150)

6.95±4.49
6.34 (1.53-27.8)

<0.001

fT4 (ng/dL)
Low
Normal

1.04±0.37
33 (30.2%)
27 (69.8%)

0.83±0.35
33 (55%)
27 (45%)

1.30±0.17
-
49 (100%)

<0.001

fT3 (pg/mL) 3.79±0.93 3.44±1.03 4.2±0.56 0.001

Mean±standard deviation or %’s are given. Only for TSH median and range is given as well.

TSH: thyroid stimulating hormone, CH: congenital hypothyroidism, fT4: free thyroxine, fT3: free tri-iodothyronine



gland rate was found to be 2.08% (1/48), agenesis rate 
was 2.08% (1/48), hypoplasia rate was 29.1% (14/48) and 
total of thyroid dysgenesis rate was found to be 33.3% 
(16/48). Sixteen patients (33.3%) with hyperplastic 
thyroid gland were diagnosed as dyshormonogenesis, 
16 patients (33.3%) with normal thyroid gland were 
diagnosed as transient hypothyroidism and/or possible 
dyshormonogenesis. The time of diagnosis, consanguinity 
rate, TSH, fT4, thyroglobulin and spot urinary iodine levels 
were similar in these three groups (Table 4).

Levothroxine was started at a mean dose of 9.34 (2.10-15.0) 
µg/kg/d in patients diagnosed with elevated neonatal TSH as 
a result of initial evaluation. TSH level normalization time 
after the treatment was 11.02 (4-30) days which equates 
to a postnatal age of 33.83 (13-70) days. Normalization of 
fT4 in those patients with low fT4 at diagnosis was a little 
faster at 9.03 (3-30) days after treatment initiation and by 
the postanatal age of 31.4 (19-56) days.

Discussion

In our study, only 60 (55%) of 109 cases referred from the 
national screening program were diagnosed with elevated 
neonatal TSH. In a study conducted in our country, it was 
reported that 114 (44.5%) of 256 cases referred from 
national screening program were diagnosed with CH (11). 
In our study, female to male ratio was calculated as 1/1.07 
in patients with elevated neonatal TSH. While previous 
studies have shown that female preponderance in female 
to male ratio in patients with CH was 1.8/1, 1.4/1 (12), 
it has been pointed out that the dominance of gender in 
recent years has shifted to male direction as 1:1.14, 1/1.16 
(8,13). Dysgenesis is more common in female sex, whereas 
dyshormonogenesis is much lower in girls (13). In our study, 
low rate of cases diagnosed with dysgenesis and milder 
cases due to lowering TSH screening cut-offs may be the 
cause of variability in gender distribution.

On admission to hospital, the mean age of the cases 
was found 27.47±14.2 (7-70) days in our study and 
24.54±13.46 (4-168) days in the study of Kor and Kor 
(8). The mean age at diagnosis was 30.2±24.8 days in all 
CH cases; 22.13±10.35 in patients diagnosed as a result 
of initial evaluation and 82.62±28.53 days in patients 
diagnosed at follow up in our study. Kor and Kor (8) 
reported in their study that 223 (96%) of all 233 patients 
were diagnosed as a result of initial evaluation and the 
mean age of diagnosis was 19.87±7.63 (4-51); 10 (4%) of 
patients were diagnosed at follow up and the mean age of 
diagnosis was 43.71±14.02 (29-65) days. The mean age of 
diagnosis was found as 19.7±8.30 (5-60) days in the study 
of Peltek Kendirci et al (11), 38.1±58 (4-342) days in the 
study of Kuşdal et al (14) and 23±14 days in the study of 
Simsek et al (15). Early diagnosis is the most important aim 
of the screening program. In Turkey, in a study comparing 
the pre-screening and post-screening diagnosis time, prior 
to the introduction of screening diagnosis occurred at a 
mean of 292 days whereas it decreased to 35.2 days after 
screening was introduced (16). Bongers-Schokking et al (17) 
reported that there was no neurodevelopmental difference 
in the patients with CH whose treatment was initiated with 
appropriate dose in the first 13 days compared to a healthy 
group. In our country, despite the screening program having 
been implemented for 12 years, diagnosis is still occuring 
later than in other national programmes, although there is 
marked variability from center to center. This is still a major 
improvement over the diagnosis times reported prior to the 
introduction of screening in Turkey. However, there is the 
delay between second heel prick test and first clinic visit 
is nearly 19 days. Further analysis of the causes of delay 
between referral and initial diagnostics visits would enable 
some remedial organisation to be put in place.

The mean TSH level was 54.8 (7.81-150) µIU/mL in patients 
diagnosed as a result of initial evaluation and 11.23 (2.02-
12.9) µIU/mL in patients diagnosed at follow up in our study. 
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Table 4. Comparison of three groups with dysgenesis, dyshormonogenesis and transient hypothyroidism or possible 
dyshormonogenesis

Dysgenesis Normal
Possible dyshormonogenesis or 
transient hypothyroidism

Hiperplasia
Dyshormonogenesis

p 

The time of diagnosis (day) 18.88±10.33 25.25±12.54 22.75±8.1 0.103

Consanguinity rate %41 %25 %25 0.53

TSH (µIU/mL) 78.83±60.1 75.44±58.3 95.40±59.67 0.78

fT4 (ng/dL) 0.82±0.28 0.79±0.35 0.61±0.31 0.22

Thyroglobulin (ng/mL) 203.47±120 227.1±105 293±21 0.284

Spot urinary iodine (µg/L) 5034.6±47 4337±42 2121±2229 0.486

TSH: thyroid stimulating hormone, fT4: free thyroxine



The mean TSH level was found as 55.2±33.85 µIU/mL in 
the study of Peltek Kendirci et al (11), 15.8±28.69 µIU/mL 
in the study of Kor and Kor (8). Variability in individual TSH 
levels may be the cause.

In our study, the rate of presence of symptoms was 36.5% in 
patients with elevated neonatal TSH and the most common 
symptoms were constipation and prolonged jaundice. The 
rate of presence of concomitant congenital abnormality 
in patients with elevated neonatal TSH was found to be 
18.3% (11/60). The most common abnormalities were 
cardiac malformations detected in seven cases (11.7%). 
Three patients (5%) were diagnosed with Down syndrome 
(diagnosed with CH subsequently). In the study of Razavi et 
al (18), the rate of accompanying abnormality was found to 
be 19.1% (30/157) which is similar to the rate we report. 
Razavi et al (18) also reported 4.6% of abnormalities being 
cardiac malformations and the rate of Down syndrome was 
7.6% (12/157). 

In our study, 16 patients (33.3%) with elevated neonatal 
TSH were diagnosed as dysgenesis. Hyperplasia was 
detected in 16 (33.3%) patients who were assigned 
a diagnosis of dyshormonogenesis. The majority of 
cases with normal thyroid gland will be diagnosed with 
transient hypothyroidism but some of them may later 
be diagnosed with thyroid dyshormonogenesis, so that 
it was concluded that the exact ratio can only be given 
when the patients are old enough to undertake a trial 
off T4 replacement therapy. Kor and Kor (8) reported 
that the etiological distrubition of CH was evaluated by 
thyroid USG and thyroid dysgenesis rate was found to be 
28.6% of patients (24.5% hypoplasia, 4.1% agenesis), 
71% of patients were found to be normal thyroid gland 
and 0.4% of patients were found to have hyperplasia. 
In the study of Kuşdal et al (14), 28.2% of patients had 
thyroid dysgenesis (10.2% agenesis, 10.2% hypoplasia, 
5.2% ectopia, 2.6% hemiagenesis) and all the remaining 
cases had normal thyroid gland by USG evaluation (14). 
Özgelen et al (13) reported that the rate of dysgenesis 
was found to be 83.7% of the patients with CH (51.7% 
hypoplasia, 21.7% agenesis, 10.3% ectopia) and rate of 
dyshormonogenesis was found to be 10.3% in patients; 
etiological distribution in this study was made only 
among the cases with permanent CH and both USG and 
scintigraphy were used for etiological evaluation. Similarly, 
in the study of Bezen et al (19), etiological distribution 
was evaluated among the cases with permanent CH; rate 
of dysgenesis was found to be 52.2% (34.8% hypoplasia, 
17.4% ectopia) and rate of dyshormonogenesis was 
found to be 47.8% in patients. Although there are many 
studies which have reported that the rate of dysgenesis 

is high (20,21), there has been an increase in the rate of 
dyshormonegenesis in recent studies in accord with our 
findings (19,22). An Italian national study conducted by 
Olivieri et al (12) reported the rate of dysgenesis in CH 
cases was 82% between years 1987 and 1998 although it 
decreased significantly compared to the previous period 
with a rate of 58% between years 1999 and 2006 due 
to significant chnages in the screening protocols used in 
Italy and, the authors speculate, the increased survival of 
many more premature infants. In the second period of 
the study, it was stated that the rate of detection of normal 
and hyperplastic thyroid gland increased compared to the 
first period, which again may be due to the changes in 
the Italian screning system and the greater proportion 
of unwell premature infants. In addition, it was noted 
that the rate of dyshormonogenesis was significantly 
higher in patients who had parental consanguinity 
(23). The consanguinity rate in our study was higher in 
patients with elevated neonatal TSH but there was no 
difference in consanguinity rate according to the etiology 
of elevated neonatal TSH In the group with dysgenesis, 
while consanguinity rate was 41.2%, it was 50% in the 
non-dysgenesis group (25% of whom had normal thyroid 
gland and 25% with hyperplasia). However, we think 
that the exact effect of consangunity in the etiological 
distribution of elevated neonatal TSH may be resolved by 
the evaluation of patients with permanent CH at follow 
up.

Study Limitations

Thyroglobulin and urine iodine levels were not evaluated 
at diagnosis in all patients with elevated neonatal TSH. 
Imaging was not performed in all patients with elevated 
neonatal TSH.

Conclusion

The rate of elevated neonatal TSH in the first month was 
87%. The mean time of initiation of treatment was 22 (7-53) 
days. Dysgenesis rate was 33.3% and dyshormonogenesis 
rate was the same at 33.3%. The majority of cases with 
normal thyroid gland will be diagnosed with transient 
hypothyroidism but some of them may be diagnosed with 
thyroid dyshormonogenesis.
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Objective: The prevalence of overweight and obesity in childhood and adolescence are rapidly increasing and influenced by genetic, 
familial, environmental, socioeconomic and cultural factors. The aim of the study was to compare risk factors for childhood obesity in 
Ukraine (UA) and Germany (DE) using comparable investigative tools.
Methods: Two groups of children, aged 8 to 18 years, from DE (93 children) and UA (95 children) were divided into overweight and obese 
groups. Anthropometric data and detailed medical history were collected. 
Results: Risk factors in pregnancy (prematurity, weight gain >20 kg, early contractions) were equally frequent in both groups. Positive 
correlations of body mass index (BMI)-standard deviation score (SDS) between children and mothers were noted. The proportion of 
family members with diabetes mellitus was lower in the UA group. Obesity was more frequent at one year of age in DE children. The 
DE group also became overweight at an earlier age and remained overweight over a longer period of time compared to UA. The mean 
BMI-SDS of obese children was lower in the UA group. In both groups waist circumference to height ratio was >0.5, indicating presence 
of a cardiometabolic risk factor. About half of the patients in both groups had blood pressure values exceeding the 95th percentile. 
Conclusion: Similar risk factors for obesity were observed among two groups of children in UA and DE. Differences were observed 
regarding the prevalence of specific risk factors for childhood obesity. Population-specific distribution of risk factors needs to be 
considered in order to optimize prevention and treatment strategies.
Keywords: Obesity, risk factors, childhood, adolescent, overweight

Introduction

Obesity in children and adolescents has become an 
increasing and widespread health problem, especially in 
industrialized countries. According to the World Health 
Organization (WHO) more than 41 million children under 

the age of five suffered from overweight or obesity in 2016 

(1). In Germany (DE), according to two large national studies 

(KIGGS and Crescnet), 15-17% of children aged three to 

17 years were overweight and 6.2-7.6% were obese (2). 

In Ukraine (UA), the incidence of childhood obesity until 

Risk Factors for Childhood Overweight and Obesity in Ukraine and 
Germany
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recently was much lower but has shown a significant rise 
over the last decade, increasing from 0.083% among age 
groups 0-18 years in 2003, to 1.23% in 2009 and 1.34 in 
2016 (3,4). 

Numerous risk factors for childhood obesity have been 
discussed in the literature. Parental overweight is considered 
to be a particularly important indicator for overweight 
and obesity among their children (5). Further risk factors 
include characteristics of the maternal medical history 
during pregnancy and the perinatal period. Thus, excessive 
maternal weight gain during pregnancy and maternal 
smoking during pregnancy contribute to the development of 
obesity and its incidence (6). In addition, high birth weight 
constitutes a significant risk factor for the development of 
childhood obesity (7). Moreover, children with rapid weight 
gain during the first four to six months of life have been 
shown to have an increased risk of developing obesity by 
the age of seven years. Breastfeeding over a period of at 
least six months reduces the risk of obesity by 40% (8). 
Children who have become overweight by the age of six 
years often remain overweight at age 14 years (9). 

Since obviously both genetic and socioeconomic factors 
have an influence on the development of childhood obesity, 
we investigated similarities and differences regarding these 
risk factors in two cohorts from two different European 
countries (UA and DE). 

Methods

The study was conducted at two university children hospital 
outpatient centers, in Simferopol, UA (2010-2011) and in 
Heidelberg, DE (2012-2013). At both centers WHO standards 
were used for definition of overweight and obesity. Inclusion 
criteria were: age 8-18 years, BMI 85th-95th percentile 
(overweight) and >95th percentile (obesity), informed 
consent. Exclusion criteria were: age <8 years or >18 
years, chronic endocrinopathies (diabetes mellitus ect.), 
genetic disorders, disabled children, chronic inflammatory 
diseases (e.g. M. Crohn), lack of informed consent. 
Inclusion and exclusion criteria were identical. Comparable 
questionnaires for risk factors and for both patient and 
family medical history were used at both centers. 

The study population in the UA consisted of 95 (35 girls 
and 60 boys) otherwise healthy children aged 10 to 18 
[mean±standard deviation (SD)=13.5±0.4] years, divided 
into an overweight (36 children) and an obesity (59 children) 
group. The study population in DE consisted of 93 (46 girl, 
47 boys) otherwise healthy children aged 8 to 18 years 
(mean±SD=12.5±2.9) years divided into an overweight 
(24 children) and an obesity (69 children) group. 

The populations were comparable according to sex, 
Tanner stages and age and did not show any statistically 
significant difference. Physical examination in outpatient 
departments included measurement of height, weight (in 
underwear), waist and hip circumference, blood pressure 
and examination of the skin for acanthosis nigricans. 
BMI-SDS, waist/hip circumference ratio (WHR), and 
waist circumference/height ratio (WHtR) were calculated. 
Standardized patient history included pregnancy history 
(maternal obesity, weight gain of more than 20 kg, arterial 
hypertension, premature (before 37th gestational week) 
or postmature (after 42nd gestational week) delivery, 
perinatal asphyxia, duration of breastfeeding and family 
history (overweight or obesity, diabetes mellitus, arterial 
hypertension in first degree relatives). All risk factors 
were recorded with regard to their presence or absence. 
The children’s history of weight gain was also evaluated 
(reported by parents and according to medical reports).

The study was approved by the Ethics Committee of the 
Medical Faculty of the University of Heidelberg (approval 
number: S-337/2013, approval date: 22/07/2013). Written 
consent was taken from the parents at the beginning of the 
study in accordance with the Declaration of Helsinki. 

Statistical Analysis

Statistical analysis was performed using Statistical Package 
for the Social Sciences (SPSS), version 20.0.0 for Windows 
(SPSS Inc., Chicago, IL., USA). As part of the descriptive 
analysis, sample size, arithmetic mean, median, maximum 
(max) and minimum (min), and SD were determined. To 
test the variables for normality of the distribution, the 
Kolmogorov-Smirnov test with an error probability of 0.05 
was used. The t-test and the Mann-Whitney U test were 
used to test for significant differences between groups. 
Gender differences in categorical variables were tested with 
the chi-square test. A statistical parameter of p<0.05 was 
considered significant.

Results

The risk factors during pregnancy occurred with an 
approximately equal frequency among the DE and UA 
populations (Table 1). Premature birth was reported in 
8-12% of all children. In the DE population 21% of mothers 
of overweight children and 33% of mothers of obese 
children gained more than 20 kg during pregnancy. In the 
UA population the incidence of excessive weight gain during 
pregnancy among mothers of obese children was 25%. 
Early contractions were reported by 13-17% (DE) and 20-
28% (UA) of mothers, respectively (Table 1).
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The prevalence of obesity was significantly higher in first-

degree relatives of obese children compared to relatives 

of overweight children (p<0.05). A highly significant 

positive correlation was found between the children’s and 

the mothers’ BMI-SDS (1.03±1.26 for the overweight 
and 1.96±1.20 for the obese group) in the DE population 
(r=0.46, p<0.0001).

Birth weight (3295±474 g in UA population, 3352±517 
g in DE population) and birth length (50.6±2.4 cm in UA 
population, 51.1±2.1 in DE population) as well as their 
relation to BMI-SDS did not differ among the two groups. 
In both populations, obese children were more frequently 
obese at the age of one year (33.3% in UA population, 
27.3% in DE population) compared to overweight children 
(14.3% in UA population, 17.4% in DE population). On 
average, the children in the UA population were breastfed 
for a longer period of time (6.8±6.7 months in the obese, 
7.1±7.2 months in the overweight group) compared to 
the children in the DE population (4.6±6.2 months in the 
obese, 6.1±7.3 months in the overweight group). The DE 
population became overweight significantly earlier and 
therefore remained overweight over a significantly longer 
period. The mean duration of obesity in the DE population 
was 7.6±4.3 years (min 1.2, max 18.0), the mean duration 
of overweight 7.2±5.0 years (min 1.1, max 18.0) compared 
to 5.7±3.5 years (min 1.0, max 13.7) and 4.71±3.5 years 
(min 0.8, max 14.0), respectively in the UA population. In 
both populations, the duration of the overweight period 
significantly influenced the BMI-SDS. The mean BMI-SDS of 
obese children was lower in the UA population than in those 
in the DE population [BMI-SDS (UA) 2.31±0.49 vs BMI-
SDS (DE) 2.52±0.55 (p<0.05)]. There were no significant 
differences in BMI-SDS in overweight children. In both 
populations, the BMI-SDS was significantly influenced by 
the Tanner stage (p<0.05) (Table 2).

There were significant differences between the DE and 
UA populations regarding WHR and WHtR (p<0.05) 
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Table 1. Prenatal and familial risk factors in the overweight 
and obese groups

Risk factors

DE 
(ntotal=93)

UA 
(ntotal=95)

n % n %

Overweight group

During pregnancy

Maternal obesity 5 21% 1 3%

Arterial hypertension 2 8% 1 3%

Early contractions 4 17% 10 28%

Gestational age <37 weeks 2 8% 4 11%

Perinatal asphyxia 2 8% 1 3%

Family history

Diabetes mellitus 14 58% 6 17%

Arterial hypertension 12 50% 14 39%

Obesity 14 58% 14 39%

Obese group 

During pregnancy

Maternal obesity 22 33% 15 25%

Arterial hypertension 11 17% 4 7%

Early contractions 9 13% 12 20%

Gestational age <37 weeks 7 10% 7 12%

Perinatal asphyxia 5 8% 2 3%

Family history

Diabetes mellitus 47 68% 17 29%

Arterial hypertension 47 68% 28 47%

Obesity 55 80% 37 63%

Statistical analyses were not suitable in some parameter, due to small 
mumbers, and therefore this table is presented in a descriptive manner only.

DE: Germany, UA: Ukraine

Table 2. Anthropometric data

DE-Group UA-Group

Mean SD Mean SD

BMI-SDS Overweight 1.44 0.20 1.42 0.19

Obese 2.52* 0.55 2.35* 0.49

Tanner 1-2 Overweight 1.41 0.21 1.52 0.11

Obese 2.32** 0.27 2.51** 0.49

Tanner 3-5 Overweight 1.47 0.19 1.35 0.19

Obese 2.62** 0.63 2.19** 0.45

*p<0.05 between DE and UA.

**p<0.05 between Tanner stages.

DE: Germany, UA: Ukraine, BMI-SDS: body mass index-standard deviation 
score, SD: standard deviation

Table 3. Risk factors for metabolic syndrome

Prevalence

DE-Group UA-Group

Mean SD Mean SD

Waist/hip 
circumference 
ratio

Overweight 1.09* ±0.13 0.86* ±0.09

Obese 1.11* ±0.10 0.84* ±0.08

Waist 
circumference/
height ratio

Overweight 0.51 ±0.04 0.48 ±0.03

Obese 0.58 ±0.07 0.55 ±0.05

n % n %

Blood pressure 
>95th 
percentile

Obese 37 54% 26 22%

Overweight 8 33% 12 33%

Acanthosis 
nigricans

Obese 36 52% 13 22%

Overweight 2 8% 5 14%

*p<0.05 between DE and UA.

DE: Germany, UA: Ukraine, SD: standard deviation



(Table 3). The children in the UA population showed no 
significant differences in the WHR according to sex or age 
compared to the DE population. In the DE population the 
WHtR was significantly influenced by gender (p<0.05). 
In both populations children showed central trunk obesity 
(predominantly the girls in the UA population). In obese 
children the WHtR exceeded 0.5. In the DE population 
54% of obese patients had blood pressure values above 
the 95th percentile compared to 22% in the UA population 
(Table 3). Acanthosis nigricans was observed twice as often 
among patients in the DE population. In both populations, 
acanthosis nigricans was observed significantly more 
frequently in obese patients compared to the overweight 
patients (Table 3).

Discussion

The greater the frequency of risk factors identified in 
mothers during pregnancy, the greater was the likelihood 
that the child’s BMI-SDS would be increased (10). Mothers 
with a normal BMI usually gain 11 to 16 kg during pregnancy 
(11). In the present study we found in both countries that 
an excessive weight gain of mothers during pregnancy was 
associated with the risk for childhood obesity (12,13). 

The prevalence of birth before 37 or after 42 gestational 
weeks in the DE study population was within the expected 
range (14). These figures showed a somewhat higher 
prevalence in the UA group. Gestational hypertension was 
found to occur in 5-10% of all pregnancies (15). The same 
prevalence was observed in the mothers of overweight 
children in our study. By contrast, the mothers of children 
with obesity were twice as likely to have developed 
gestational hypertension (17%). However, this finding was 
limited to the DE population. There are no exact data on 
the prevalence of early contractions with estimates ranging 
from 5% up to 35% of pregnancies (16). If early contractions 
are considered as a potential threat of premature birth, 
the increased incidence may be considered as a relevant 
risk factor for childhood overweight and obesity. Perinatal 
asphyxia may be equally considered a risk factor. In our 
patients, the prevalence of perinatal asphyxia both in the UA 
and in the DE populations exceeded the prevalence of 0.5-
1% (5-10:1000 births) observed in the general population 
(17).

Several studies have shown that the BMI-SDS of the parents 
plays an important role influencing the BMI-SDS of a child 
(18). In the current study, maternal BMI-SDS was significantly 
higher in obese children as compared to the values of 
mothers of overweight children. A highly significant positive 
correlation was found between the BMI-SDS of the children 

and the BMI-SDS of their parents. There was a significant 
positive correlation between the number of familial risk 
factors (diabetes mellitus and arterial hypertension) and the 
BMI-SDS values of the children . 

The prevalence of arterial hypertension ranges from 
32.3% in developed to 40.8% in developing countries 
(19). The present study indicates that first degree relatives 
of obese children have a higher prevalence of arterial 
hypertension and furthermore have a significantly higher 
prevalence of diabetes mellitus. According to the atlas of 
the International Diabetes Federation, the prevalence of 
diabetes in DE was 10.6% in 2015, with a proportion of 
undetected diabetes of 38.2%. In UA during the same 
year, the respective numbers were 8% and 43.2% 
(20). We suspect that in the UA population there may 
be a greater deficit in the diagnosis of DM and arterial 
hypertension in adults, and that the actual frequency is 
most likely significantly higher. This suspicion is supported 
by the increased incidence of obesity in families in the UA 
population. 

Currently there are no studies showing the prevalence of 
obesity in one-year-old children. In the US, the prevalence 
among children aged 0-2 years was reported as high as 8.1% 
(21). In our study, the prevalence of overweight and obesity 
at the age of one year was much higher with 17-27% in the 
DE population and 14-44% for children in UA. The results 
support the potential importance of BMI in children under 
two years of age to identify an increased risk of later obesity 
(22). Furthermore, breastfeeding plays an important role in 
the prevention of obesity. Studies have shown that formula-
fed infants have a higher chance of becoming obese later in 
life compared to breastfed infants (23). 

So far only a small number of studies have investigated 
the onset of obesity. Most of these studies have identified 
the preschool age of 5-7 years as a risk period (24). In our 
study, children and parents reported significant weight gain 
starting from the age of 5-6 years in the DE population and 
7-10 years in the UA population. This information might 
be important to identify the right timing for intervention, 
investigation and prevention. The increase in BMI-SDS is 
influenced by the duration of overweight and/or obesity 
in childhood. Therefore, initiating intervention and 
therapy as early as possible is important. The children of 
the UA population had lower BMI-SDS compared to the 
DE population. To our knowledge this is the first study 
comparing these two countries. 

The data on which parameter is the better one to describe 
abdominal fat distribution in children is controversial. While 
American sources showed that BMI and WHtR did not differ 
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in identifying children with cardiovascular risk factors, 
other studies found that waist circumference and WHtR 
were better predictors of cardiovascular risks compared to 
BMI (25). Recent research has shown that WHR may not be 
an informative parameter for cardiometabolic risk. On the 
other hand, WHtR is associated with cardiometabolic risk 
compared to BMI-SDS in both adults and children. In both 
populations children showed trunkal obesity. In German 
children aged 12-18 years WHR was reported as 0.83±0.05 
in boys and as 0.78±0.06 in girls (26). 

The normal value for WHtR has been reported to be below 0.5 
(27). In our study, WHtR was >0.5 in children with obesity 
from the UA population and in children with overweight and 
with obesity from the DE population which may indirectly 
be interpreted as a cardiometabolic risk factor. 

The prevalence of high blood pressure in obesity varies: 
from 21-35%, up to 46% in children and 40% in adults (28). 
According to other studies the prevalence of hypertension 
in overweight children increased from 6.6% in boys aged 
2-5 years to 13.3% in adolescents 16-19 years; and in girls 
4.4% and 16.3% respectively (29). In our study, we found 
a prevalence of 44.1% in the UA obese group while in the 
DE group the prevalence of hypertension was even higher, 
at 56.1%.

Acanthosis nigricans is associated with diabetes mellitus 
type 2 and insulin resistance and correlates strongly with 
obesity, although it has been reported to be present in 17% 
of healthy children (30). Acanthosis nigricans was observed 
twice as often in the DE patients compared to the UA 
population with a moderately higher prevalence compared 
to healthy children. In both populations, acanthosis nigricans 
was significantly more common in obese patients than in 
patients who were overweight.

Study Limitations 

The main limitation of our study is that we relied on self-
reports of the parents for pregnancy history and history of 
weight gain of their children.

Conclusion

The anamnestic risk factors for overweight and obesity 
in children were very similar in the DE and UA subjects, 
except for the number of familial risk factors which did not 
correlate with the BMI-SDS values in the UA population. We 
assume that in the UA population there is a greater deficit in 
the diagnosis of diabetes mellitus and arterial hypertension 
in adults and that a substantial fraction of adult cases of 
diabetes and arterial hypertension remain undiagnosed 
in the UA. The actual prevalence of these conditions is 

likely to be significantly higher. Relevant risk factors for 
the development of obesity include family and pregnancy 
history, as well as neonatal and infant medical history. 
Further important risk factors include anthropometric 
parameters. Since BMI normal values are age-dependend 
and increase during adolescents, BMI-SDS should be used 
for the evaluation of the degree of childhood obesity. WHtR, 
blood pressure and presence of acanthosis nigricans are 
important prognostic indicators for the risk of obesity 
related diseases, and should be determined in children and 
adolescents with overweight/obesity. The children from 
the DE population became overweight significantly earlier 
compared to the UA population. DE patients with obesity 
also had higher BMI SDS.
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Objective: IGF1 concentration is the most widely used parameter for the monitoring and therapeutic adaptation of recombinant human 
growth hormone (rGH) treatment. However, more than half the variation of the therapeutic response is accounted for by variability in the 
serum concentrations of IGF1 and IGFBP3. We therefore compared the use of IGF1/IGFBP3 molar ratio with that of IGF1 concentration 
alone.
Methods: We selected 92 children on rGH for this study and assigned them to three groups on the basis of growth deficiency etiology: 
small for gestational age (SGA), GH deficiency (GHD) and Prader-Willi syndrome (PWS). Plasma IGF1 and IGFBP3 concentrations and 
their molar ratio were determined. 
Results: Before rGH treatment, mean IGF1/IGFBP3 molar ratio in the SGA, GHD and PWS groups was 0.14±0.04, 0.07±0.01 and 
0.12±0.02, respectively. After the initiation of rGH treatment, these averages were 0.19±0.07, 0.20±0.08 and 0.19±0.09, within the 
normal range for most children, even at puberty and despite some significant increases in serum IGF1 levels.
Conclusion: We consider IGF1/IGFBP3 molar ratio to be a useful additional parameter for assessing therapeutic safety in patients on 
rGH, and for maintaning the values within the normal range for age and pubertal stage.
Keywords: GH therapy, IGF1/IGFBP3 molar ratio, growth hormone deficiency, small for gestational age, Prader-Willi syndrome

Introduction

IGF1 serum concentration remains the most widely 

used parameter for the monitoring and adjustment of 

recombinant human growth hormone (rGH) treatment (1). 

However, more than 58% of the variation in the therapeutic 

response to rGH over the first year of treatment in children 
can be explained by the variability of serum concentrations 
of IGF1 and IGFBP3 (2).

In current practice, due to technical difficulties,total IGF1 
concentration is usually measured without determination 
of free IGF1 levels (2). Free IGF1 can be assumed as the 

Evaluation of IGF1/IGFBP3 Molar Ratio as an Effective Tool for 
Assessing the Safety of Growth Hormone Therapy in Small-for-
gestational-age, Growth Hormone-Deficient and Prader-Willi 
Children
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ORI GI NAL AR TIC LE

What is already known on this topic?

What this study adds?

Growth hormone (GH) therapy is widely used, but concerns have been raised that it might increase cancer and cardiovascular risks. 

This study provides support for the use of IGF1/IGFBP3 molar ratio as a tool for assessing the safety of the therapeutic adaptation of GH 
therapy in children.
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bioactive form, but it is in equilibrium with bound IGF1 
engaged in large and small complexes, according to the 
mass action law; almost 99% of the serum IGF1 is engaged 
in such large and small complexes (1).

It is therefore impossible to determine tissue bioavailability 
and, thus, therapeutic efficacy or safety of IGF1 from IGF1 
or IGFBP3 assays alone. Furthermore, a lack of correlation 
between daily GH secretion and total IGF1 concentration 
has been reported in some cases (1). This situation may 
be due to the presence of various polymorphisms affecting 
sensitivity to GH, which may differ for IGF1 and IGFBP3. 
It should also be noted that IGF1 concentrations vary 
considerably among individuals (3,4).

Finally, the dynamics of serum concentrations of IGF1 and 
its carrier protein, IGFBP3, remain unclear in patients on 
rGH treatment, and conflicting results have often been 
obtained (5). Moreover, high IGF1 concentrations have been 
implicated in cancer, whereas IGFBP3 has a protective effect 
(6). We therefore believe that determining the bioavailability 
of IGF1 by calculating the IGF1/IGFBP3 molar ratio would 
provide more information about the safety of rGH treatment 
than the use of total IGF1 assays alone.

Methods 

This retrospective study was performed at the Hormonology 
and Functional Endocrine Explorations Laboratory of 
Armand Trousseau Hospital in Paris. We selected, from 
our database, 92 children on rGH treatment followed at 
our outpatient clinics. These children were assigned to 
three groups on the basis of the etiology of their growth 
deficiency: 20 children who were small for gestational age 
(SGA group), 61 children with GH deficiency (GHD group), 
and 11 children with Prader-Willi syndrome (PWS group) 
(see Table 1A). Retrospective study of the patients’ files 
covered the period 2011-2017 and the clinical and biological 
data under treatment corresponded to the period March 
2016-March 2017. The duration of the treatments and the 
follow-up of the patients varied from two to seven years.

The doses of rGH administered were as follows: 34.96±14.35 
µg/kg/day for the SGA group, 25.56±10.01 µg/kg/day for the 
GHD group and 21.67±8.45 µg/kg/day for the PWS group. 
No adverse events attributable to rGH were reported in 
these children during follow-up.

Clinical [etiological diagnosis, height, weight, body mass 
index (BMI), rGH dose] and biological (IGF1, IGFBP3, insulin, 
fasting glycemia, lipid status, HbA1c) data were collected by 
consulting the patient’s medical records. Clinical parameters 
(height, weight and BMI) were standardized relative to the 

corresponding national reference ranges (7). IGF1 and 
IGFBP3 are expressed as Z-standard deviation (SD) scores 
(SDS) adjusted for age, sex and pubertal stage. Baseline 
clinical and biological characteristics were obtained for 
each of the etiological groups (Table 1A). National ethics and 
confidentiality rules were respected, in accordance with the 
legislation in force for retrospective studies of cohort files.

The IGF1 and IGFBP3 assays were performed with the 
IDS-Isys system (Immunodiagnostic Systems, 153 Avenue 
d’Italie, 75013 Paris, France), in an automated procedure 
based on ELISA with detection by chemiluminescence. The 
IDS-Isys device was calibrated according to the new World 
Health Organization international standard for IGF1 NIBSC 
02/254, in accordance with the recommendations of the 
Growth Hormone Research Society and the International 
IGF Research Society (8,9,10,11).

Serum IGF1 and IGFBP3 concentrations were interpreted 
by comparison with the reference intervals established 
specifically for this iSYS device by Bidlingmaier et al (10) for 
IGF1 and by Friedrich et al (11) for IGFBP3.

The IGF1/IGFBP3 molar ratio was calculated according to 
the formula as previously described (11,12): [IGF1 (ng/mL) x 
0.13] / [IGFBP-3 (ng/mL) x 0.035]

The reference values used for the interpretation of IGF1/
IGFBP3 molar ratios were based on the data collected in our 
pediatric functional endocrine exploration department at 
Trousseau Hospital (see Table 1B). These data come from a 
control population made up of children who came to consult 
for follow-up of unrelated pathologies: moderate well-
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Table 1. A) Clinical and hormonal characteristics of the 
children

SGA group GHD group PWS group

Clinical data 

Number of 
children 

20 61 11

Age (years) 12.27±3.50 
(5.9-18.9)

12.02±4.09 
(1.4-18.9)

10.88±5.23 
(1.4-16.4)

Boys/girls 15/5 41/20 6/5

Weight (SDS) -0.71±2.52 0.83±2.46 7.97±3.20

Height (SDS) -1.46±0.87 -0.97±1.16 -0.76±1.53

BMI (SDS) 0.57±2.44 0.58±1.88 9.44±2.87

Biological data

IGF1/IGFBP3 ratio 
before rGH 

0.14±0.04 0.07±0.01 0.12±0.02

IGF1/IGFBP3 ratio 
after rGH

0.19±0.07 0.20±0.08 0.19±0.09

SDS: standard deviation scores, rGH: recombinant human growth hormone, 
SGA: small for gestational age, GHD: growth hormone deficiency, PWS: 
Prader-Willi syndrome, BMI: body mass index



balanced asthma follow-up under inhaled corticosteroid, 
isolated hypospadias or testicular ectopy, moderate growth 
retardation of around -1 SDS and treated hypothyroid 
children stably euthyroid. These data were obtained from 
control children of different ages and pubertal stages and 
were comparable, as described by Friedrich et al (11), for 
IGF1/IGFBP3 molar ratio determinations.

The study design (retrospective analysis of the data) was 
approved by the Ethical Committee of Trousseau Hospital 
without an approval number. Informed consent has been 
obtained from the parents after full explanation of the 
purpose and nature of all procedures used.

Statistical Analysis

Prism 6 Software (GraphPad Software, La Jolla, CA, USA) 
was used for all statistical analyses. ANOVA was performed 
to compare quantitative and qualitative variables between 
groups. A paired t-test was performed to compare qualitative 
variables between groups. Differences were considered 
significant if the p value was <0.05. A correlation analysis 
(Spearman) was carried out between the individual values 
of the three ratios and those of quantitative parameters.

Results 

Before rGH treatment, the mean±SD molar ratio was 
0.14±0.04 (range: 0.09-0.23) in the SGA group, 0.07±0.01 
(range: 0.06-0.08) in the GHD group and 0.12±0.02 (range: 
0.10-0.14) in the PWS group (Figure 1A). 

The IGF1/IGFBP3 molar ratio values of the various groups 
in this study improved on rGH treatment, reaching values 
in the normal range for healthy children of the same age 
(Table 1A, 1B). Mean±SD IGF1/IGFBP3 molar ratio on rGH 
treatment was 0.19±0.07 (range: 0.12-0.35) for the SGA 
group, 0.20±0.08 (range 0.04-0.36) for the GHD group and 
0.19±0.09 (range: 0.04-0.32) for the PWS group (Figure 
1B). There was a positive correlation between the individual 
dose values of rGH and the individual values of the whole 
ratio (p=0.03). However the correlation between low-
normal and high ratio groups and growth increments was 
not significant (p=0.15), probably due to the heterogeneity 
of age and duration of treatment.

In the SGA group (Figure 2), two children with high serum 
IGF1 concentrations (>+2 SDS) had normal IGF1/IGFBP3 
molar ratios, because their IGFBP3 levels were also high 
(>+2 SDS). 
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Table 1. B) Change in IGF1/IGFBP3 molar ratio in control children by age and pubertal stage

Samples, n 23 18 15 16 18

Puberty stage P1 P2-P5

Age (years) 0-4 >4-8 >8-10 9-13 11-17

Mean IGF1/IGFBP3 molar ratio 0.10 0.12 0.14 0.16 0.27

Standard deviation 0.05 0.03 0.03 0.05 0.06

Range 0.03-0.24 0.08-0.18 0.10-0.21 0.10-0.20 0.19-0.39

Figure 1. Distribution of IGF1/IGFBP3 ratio in the three groups before (A) and after (B) recombinant human growth hormone 
treatment. Rectangles represent values between +1 and -1 standard deviation scores (SDS) and bars represent SDS values

SGA: small for gestational age, GHD: growth hormone deficiency, PWS: Prader-Willi syndrome



In the GHD group, an analysis of IGF1 concentration 
according to age and pubertal stage after treatment revealed 
that 13% of children had IGF1 concentrations >+2 SDS, 
particularly during the pubertal period. However, when 
IGFBP3 levels were also taken into account, the IGF1/
IGFBP3 molar ratios of these children were found to be in 
the normal range for age and pubertal stage (Figure 3, Table 

1B). We also found one five-year-old child with a normal 
IGF1 concentration but a very high molar ratio (>+2 SDS), 
because of a very low IGFBP3 concentration (<-2 SDS), 
requiring therapeutic adaptation (Figure 3). 

In the group of treated children with PWS, we identified 
one case in which serum IGF1 concentration was normal 
but the IGF1/IGFBP3 molar ratio was low due to a high 
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Figure 2. Distribution of IGF1 concentration (A) and IGF1/IGFBP3 molar ratio (B), in small for gestational age (SGA) children 
during growth hormone treatment. The IGF1 values have been distributed according to the standard deviation scores (SDS) 
intervals established by Bidlingmaier et al (10). In the SGA group, two children had IGF1 concentrations >+2 SDS, but IGF1/
IGFBP3 molar ratios in the normal range (arrows)

Figure 3. Distribution of IGF1 (A) and IGF1/IGFBP3 molar ratio (B), in children with growth hormone deficiency (GHD) during 
GH treatment. In the GHD group, eight children had IGF1 concentrations >+2 SDS (circled cases), but IGF1/IGFBP3 molar 
ratios in the reference range. Conversely, one five-year-old child had an IGF1 concentrations in the reference range but a very 
high molar ratio due to a very low IGFBP3 concentration (<-2 SDS; arrow)



IGFBP3 concentration (+2 SDS), one case in which serum 

IGF1 concentration was normal but the molar ratio was 

high due to a very low IGFBP3 concentration (<-2 SDS) 

and one case in which serum IGF1 concentration was 

high but the molar ratio was low, due to a high IGFBP3 
concentration (Figure 4).

We then assessed the clinical, biochemical and metabolic 
characteristics of children on rGH with IGF1/IGFBP3 molar 
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Table 2. Clinical and metabolic characteristics of children on recombinant human growth hormone with molar ratios 
higher or lower than the normal range

Low ratio 
(n=41) 

Normal ratio 
(n=33) 

High ratio 
(n=18) 

ANOVA Post-hoc ANOVA p values 

F-value p value 
Low vs 
normal 

Low vs 
high 

Normal 
vs high 

Ratio (post rGH) 0.12±0.02 0.24±0.03 0.32±0.02 467.56 <0.0001 <0.0001 <0.0001 <0.0001

Age (years) 9.92±4.77 12.61±2.85 14.19±2.01 10.00 0.0001 0.0051 0.0004 0.0379 

BMI (SDS) 0.41±1.63 0.31±1.01 0.18±1.30 0.16 0.84 0.7661 0.6139 0.7267 

Height (SDS) -0.85±1.10 -0.95±1.41 -1.38±0.99 1.19 0.30 0.7228 0.0933 0.2828 

rGH dose (µg/kg/day) 24.99±9.46 28.33±9.82 39.67±17.20 8.82 0.0003 0.1989 0.0002 0.0153 

Insulin (mIU/L) 5.47±3.30 5.85±3.15 9.77±4.17 7.25 0.0017 0.7450 0.0011 0.0125 

HbA1c (%) 5.33±0.36 5.07±0.28 5.40±0.34 1.87 0.17 0.0976 0.7801 0.1334 

Fasting glycemia (mmol/L) 4.72±1.30 4.77±0.25 4.80±0.29 0.03 0.96 0.8974 0.8152 0.7744 

Total cholesterol (mmol/L) 4.00±0.64 4.18±1.13 3.60±0.59 1.57 0.22 0.6327 0.1188 0.1296 

HDL-cholesterol (mmol/L) 1.63±0.38 1.66±0.56 1.46±0.17 0.65 0.52 0.9131 0.2256 0.3279 

LDL-cholesterol (mmol/L) 1.96±0.49 2.06±0.75 1.9±0.47 0.19 0.82 0.6973 0.7734 0.5844 

Triglycerides (mmol/L) 0.61±0.29 0.73±0.38 0.77±0.30 0.92 0.40 0.3828 0.1715 0.7808 

SDS: standard deviation scores, rGH: recombinant human growth hormone, BMI: body mass index, HDL: high-density lipoprotein, LDL: low-density lipoprotein

Figure 4. Distribution of IGF1 (A) and IGF1/IGFBP3 molar ratio (B), in children with Prader-Willi syndrome (PWS) during 
growth hormone (GH) treatment. In the PWS group, three children had discrepancies between serum IGF1 levels [expressed 
in standard deviation scores (SDS)] and IGF1/IGFBP3 molar ratio. 1st case (arrow 1): 1.4-year-old child with PWS and an IGF1 
concentration in the normal range (expressed in SDS) but a low molar ratio (due to very high IGFBP3 concentration >+2 
SDS). 2nd case (arrow 2): 5.4-year-old child with PWS and an IGF1 concentration in the normal range (expressed in SDS) but 
a high IGF1/IGFBP3 molar ratio (due to low IGFBP3 concentration). 3rd case (arrow 3): 11.4-year-old child with a high IGF1 
concentration (expressed in SDS) and an IGF1/IGFBP3 molar ratio in the reference range (IGFBP3 concentration towards the 
upper end of the reference range)



ratios inappropriate for age, either higher (>+2SDS) or 
lower (<-2 SDS) than the normal range (Table 2). 

The three study groups were heterogeneous, differing 
significantly in terms of age and IGF/IGFBP3 molar ratio 
increases with age. We also noted that both the doses of rGH 
administered and insulinemia were significantly higher in 
children with a high molar ratio than in those with a low or 
normal molar ratio (Table 2). Moreover there was a positive 
correlation between individual values of insulinemia and 
the individual values of the whole ratio (p=0.01).

For the other metabolic parameters considered (fasting 
glycemia, lipid status, HbA1c), we found no significant 
differences between children with low, normal and high 
IGF1/IGFBP3 molar ratios (Table 2). 

Discussion

During rGH treatment, increases in the serum concentrations 
of IGF1 and IGFBP3 are expected because these factors are 
known to be GH-dependent and to have low basal levels in 
patients with GHD (13,14). 

rGH modifies the distribution of circulating IGF1 between 
ternary complexes (IGF1/IGFBP3/ALS), binary complexes 
(IGF1/IGFBP3) and free forms (13). It simultaneously 
stimulates the production of all three forms, but this effect 
is stronger for ternary and binary complexes than for 
free forms (13). The concentration of the bioactive free 
form of IGF1 does not increase on treatment, even if the 
total amount of IGF1 increases (13). Thus, rGH increases 
the levels of IGF1 and IGFBP3 in a heterogeneous, dose-
dependent (5,15) manner that differs between individuals 
(12,13).

In this context, IGFBP3 has been reported to be less 
sensitive to rGH than IGF1 in adults, with the increase in 
the concentrations of the former responding less quickly 
than the latter following rGH therapy (15). This difference 
results from the hepatic synthesis of IGFBP3s being 
under the control not only of GH, but also of IGF1s (15). 
Ranke et al (5) showed that, on rGH treatment, the IGF1-
dependent increase in IGFBP3 concentration occurs in two 
phases: an initial linear phase, followed by a saturation 
phase in which IGFBP3 concentrations reach a plateau, 
despite further increases in IGF1 concentration. This would 
account for the increase in IGF1/IGFBP3 ratio at high doses 
of rGH. This phenomenon also highlights inequalities in 
the ability of the liver to synthesize IGF1 (synthesized by 
hepatocytes) and IGFBP3 (synthesized by Kupffer cells) 
(16). Thus, at high doses of rGH, serum IGF1 concentration 
may increase more strongly and more rapidly than IGFBP3 

concentration, resulting in an increase in tissue-bioavailable 
IGF1 concentration (15).

Serum IGF1 and IGFBP3 disorders are known to be associated 
with a shorter lifespan in humans (17) due to the associated 
high risk of cardiovascular (18,19,20) and neoplastic 
comorbidity (21). Indeed, high concentrations of IGF1, a 
mitogen and anti-apoptotic hormone, have been implicated 
in the occurrence of various types of cancer (22,23), 
particularly when associated with low levels of IGFBP3 
(24,25,26). In contrast, high serum IGFBP3 concentrations 
appear to have protective effects against cancer (6) but have 
been shown to be associated with diabetes, high triglyceride 
levels and hypertension, whereas low IGFBP3 levels are 
associated with a large waist circumference and low levels 
of HDL cholesterol (27).

These findings reflect the U-shaped correlation curve 
obtained for the relationship between serum IGF1 and IGFBP3 
concentrations initially described by the histograms of Juul 
et al (28) and subsequently confirmed by the “quartiles” of 
Park and Cohen (29). Indeed, these representations of the 
risk of cardiovascular ischemia reported by Juul et al (28) 
and of cardiovascular and neoplastic risks reported by Park 
and Cohen (29), highlight the need to take both IGF1 and 
IGFBP3 into account, because these two parameters have 
“opposite” biological actions (28) and a dynamic “yin-yang” 
relationship (29). 

We investigated the potential utility of the IGF1/IGFBP3 
molar ratio for use in the adaptation of rGH treatment in 
three different etiological groups (children SGA, or with 
GHD or PWS). Indeed, SGA children are characterized by 
“GH resistance”, resulting in a need for higher rGH doses 
than are used in other children matched for age, sex and 
puberty stage (5,30). In children, rGH dose is generally 
adjusted progressively, on a case-by-case basis (31). There 
are currently no clear guidelines on the mode of therapeutic 
adaptation according to the results obtained (12,29). 
This complicates therapeutic management, because it is 
considered important to keep IGF1 concentration below 
+2 SDS, because of the increased risk of cardiovascular 
diseases and neoplasm (31).

By contrast, almost all PWS children have a somatotropic 
deficit (32,33), justifying the systematic (34) early initiation 
of rGH treatment, within the first year of life (32,33,35). 
Unlike SGA children, children with PWS are particularly “rGH-
sensitive” and have very high serum IGF1 concentrations 
(towards and above the upper limit of the normal range) 
(33,34,36). 

For the three pathological entities studied (GHD, SGA and 
PWS), we found that the determination of IGF1/IGFBP3 
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molar ratio was a useful additional tool for the adaptation of 
rGH treatment with a view to improving safety. 

The safety of rGH treatment is generally ensured by 
monitoring to keep serum IGF1 concentration at values 
below the +2 SDS threshold for age and pubertal stage 
(12). Our results indicate that there may be discrepancies 
between total IGF1 concentration and IGF1/IGFBP3 molar 
ratio with a potential impact on the safety of rGH treatment. 
The use of this ratio made it possible to optimize rGH 
administration so as to minimize the risk of adverse effects, 
particular those of a metabolic, cardiovascular or neoplastic 
nature (17,28,37).

Calculation of the IGF1/IGFBP3 molar ratio is, thus, a 
potentially useful additional tool because this ratio does not 
necessarily vary with increases in IGF1 concentration and it 
takes into account the variation of serum IGFBP3 levels (12).

We were able to determine approximate values for IGF1/
IGFBP3 molar ratio before and after the initiation of rGH 
treatment in children SGA or with GHD or PWS. We found 
that the mean ratio increased after the initiation of rGH 
treatment in all groups, but that it remained within the 
reference range for age and pubertal stage in most children. 
Our values were consistent with those reported in previous 
studies. Romer et al (38) reported a low ratio in patients 
with GHD (0.13±0.07) before rGH, with a sharp increase 
to more than 0.32±0.07 after treatment initiation. Our 
results are also consistent with those of Cabrol et al (12), 
who reported a mean molar ratio before treatment of 0.14 
(range: 0.10 to 0.27) in children SGA, increasing to 0.19 
(range: 0.15 to 0.23) after treatment.

Finally, on rGH treatment at the doses currently 
recommended, the IGF1/IGFBP3 molar ratio remained 
within the normal range for age and sex, even during 
puberty. We also found that, in children treated with rGH, 
significant increases in serum IGF1 levels were sometimes 
associated with IGF1/IGFBP3 molar ratios within the normal 
range for age and pubertal stage. This suggests that, even 
in cases of high IGF1 concentration, the action of this 
molecule is counteracted by an adaptation of IGFBP3 levels, 
decreasing IGF1 bioavailability.

Study Limitations

This study included a small number of subjects and our 
results therefore require confirmation in a larger cohort.

Conclusion

We consider IGF1/IGFBP3 molar ratio to be a useful 
additional parameter for assessments of treatment safety 

and for the adjustment of rGH treatment. The goal would be 
to maintain this ratio within the normal reference range for 
age and pubertal stage.
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Objective: The aim of this study was to assess the association between serum uric acid concentration (SUAC) and the parameters of the 
metabolic syndrome (MetS) and insulin resistance (IR). The secondary aim was to evaluate whether hyperuricemia is associated with 
renal injury and cardiovascular risk in obese (OB) and overweight (OW) children.
Methods: The subjects of this study consisted of OB/OW children and adolescents (ages: 8-18 years). Sex and age specific serum uric 
acid (SUA) olarak değiştirilecek percentiles were used and a SUA >75th percentile was accepted as hyperuricemia. Anthropometric 
data, blood pressure (BP) measurements and biochemical parameters, including fasting blood glucose, insulin, total cholesterol, high-
density lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol, triglycerides (TG), aspartate aminotransferase, alanine 
aminotransferase, homeostatic model assessments of IR (HOMA-IR) and SUAC were recorded. Oral glucose tolerance tests (OGTT) were 
performed in all patients. MetS was defined according to the International Diabetes Federation criteria. Total cholesterol/HDL-c ratio >4 
and TG/HDL-c ratio >2.2 were used as the atherogenic index (AI) indicating cardiovascular risk. Urinary albumin excretion in a 24-hour 
and also in a first-morning urine sample were measured. Renal injury was assessed by microalbuminuria according to the National 
Kidney Foundation criteria.
Results: There were 128 participants; 52 (40%) had elevated (SUA >75th percentile) and 76 had (60%) normal SUAC. The mean±SD 
age was 13.1±2.6 years and 87 (67.4%) were female. The mean±SD weight was 73±18.97 kg and mean±SD height was 155.4±12.11 
cm. There was no statistical difference between the groups with and without hyperuricemia in terms of age, sex, puberty stage and 
degree of obesity. Increased SUAC were significantly associated with higher waist-to-hip ratio (WHR), fasting insulin levels and insulin 
at 30 and 60 minutes during OGTT, HOMA-IR, lower HDL-c and presence of hypertriglyceridemia as well as with decreased HDL-c, 
increased AI, presence of IR and MetS. BP and microalbuminuria were not associated with SUAC. SUAC showed significant positive 
correlations with waist circumference, WHR, post-challenge glucose level at 60 minutes, with fasting insulin, post-challenge insulin levels 
at 30, 60, 90 and 120 minutes and also with HOMA-IR, total cholesterol/HDL-c ratio, TG/HDL-c ratio and a number of other criteria 
related to MetS. Also, an inverse correlation with HDL-c was noted.
Conclusion: In OB/OW children frequency of MetS, IR and dislipidemia increases with increased SUAC, a finding independent of age, 
puberty, gender and body mass index. Patients meeting all of the MetS criteria had the highest SUAC. These results demonstrate that 
the association between UA and metabolic and cardiovascular risk factors can be detected early in childhood. Thus, we recommend 
monitoring SUAC in OB children and we believe that prevention of SUAC elevation in early life has a potential protective effect on 
metabolic impairment and subsequent comorbidities.
Keywords: Serum uric acid concentration, obesity, metabolic syndrome, insulin resistance, renal injury, cardiovascular risk, child

Associations Between Serum Uric Acid Concentrations and 
Cardiometabolic Risk and Renal Injury in Obese and Overweight 
Children

Abstract

262

J Clin Res Pediatr Endocrinol 2019;11(3):262-269

DO I: 10.4274/jcrpe.galenos.2018.2019.0241

 Deniz Özalp Kızılay1,  Semra Şen2,  Betül Ersoy3

1Çiğli State Training Hospital, Clinic of Pediatrics, Division of Pediatric Endocrinology, İzmir, Turkey 
2Manisa Celal Bayar University Faculty of Medicine, Department of Pediatrics, Division of Pediatric Infectious Disease, Manisa, Turkey
3Manisa Celal Bayar University Faculty of Medicine, Department of Pediatrics, Division of Pediatric Endocrinology and Metabolism, Manisa, Turkey

ORI GI NAL AR TIC LE

What is already known on this topic?

What this study adds?

In obese (OB) adults and adolescents, higher uric acid (UA) concentrations are associated with the risk factors characterizing the 
metabolic syndrome (MetS) and also with fasting insulin level and insulin resistance (IR). All these factors are predictive for both 
cardiovascular diseases and type 2 diabetes. Despite the knowledge that UA is associated with obesity-related comorbidities such as 
MetS, cardiovascular risk factors and kidney diseases, studies in overweight (OW) and OB children are rare and the results are still 
controversial.

This study confirms associations of elevated serum UA with greater waist-to-hip ratio, lower HDL-cholesterol and hypertriglyceridemia, 
as well as with the presence of MetS and IR in OB and OW children. Moreover, the number of criteria related to MetS is significantly 
associated with the elevation of UA.
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Introduction

Uric acid (UA) is the end-product of purine metabolism, 
produced by the liver and excreted by the kidneys (1). 
Serum UA concentration (SUAC) increases progressively 
with body growth from early childhood until the ages of 
15-17 years (2). Obese (OB) individuals have higher SUAC 
than in normal-weight peers. Hyperuricemia and obesity 
probably influence one another in many ways, depending 
on multiple mechanisms. Hyperuricemia may contribute 
to development of obesity by accelerating hepatic and 
peripheral lipogenesis (3). On the other hand, obesity may 
lead to serum UA (SUA) elevation due to several factors, such 
as OB subjects having reduced renal clearance of UA and 
obesity being associated with elevated activity of xanthine 
oxidase and increased production of UA by adipose tissue 
(4).

The increase in SUAC is an independent risk factor for 
lifestyle related diseases such as hypertension, renal 
diseases, cardiovascular diseases and also has a potential 
role in the development of the metabolic syndrome (MetS),  
hyperinsulinemia and IR measured by the homeostatic 
model assessment of insulin resistance (HOMA-IR) (5). 
However, the relationship between obesity-related metabolic 
risk factors and SUAC in childhood is still controversial. 
While some studies report a strong association between 
these variables (6,7), others did not confirm an independent 
association (8,9). 

In this study we aimed to investigate, whether increased 
SUAC is related to MetS risk factors, using standard 
methodology (10). We also aimed to evaluate the association 
between hyperuricemia with renal injury or cardiovascular 
risk factors in OB and overweight (OW) children. 

Methods
Study Population

Children who visited the Pediatric Endocrinology Outpatient 
Clinic for general obesity screening were enrolled in the 
study. Ethics committee approval was obtained from 
Manisa Celal Bayar University (20.478.486). A total of 128 
OB and OW children of ages 8 to 18, with a body mass 
index (BMI) greater than the 85th percentile for age and 
gender according to the Center for Disease Control and 
Prevention (CDC-2000) data (11), were included in the study. 
The patients were divided into two groups according to their 
SUAC.

Children with type 1 or type 2 diabetes or whose obesity was 
related to a syndrome (Prader-Willi syndrome, Laurence-
Moon Biedl syndrome, etc.) or to an endocrinologic condition 

such as Cushing’s syndrome or hypothyroidism were 
excluded. Subjects referred to our clinic for conditions related 
to obesity (e.g. alterations in bloodglucose levels, arterial 
hypertension, dyslipidemia, liver steatosis, hyperuricemia 
etc.), children who have received or are currently receiving 
treatments such as glucose or lipid-lowering drugs and/or 
anti-hypertensive medication, children with liver, kidney or 
other systemic diseases and family history of symptomatic 
hyperuricemia were also excluded from the study.

Procedures

Physical examination and laboratory results of all subjects 
were recorded. All of the evaluations were conducted by 
specially trained clinical research staff.

Anthropometric and Clinical Measurements

Height and weight were measured by a wall-mounted 
stadiometer for height and a calibrated scale for weight. The 
weight of each subject was measured with all clothing and 
shoes removed except undergarments. Waist circumference 
(WC) was measured with a non-stretchable tape to the nearest 
0.1 cm midway between the lowest rib and the highest 
point of the iliac crest parallel to the floor, in a standing and 
relaxed position and during expiration. Hip circumference 
was measured at the widest portion of the  buttocks. Waist-
to hip ratio (WHR) was calculated. Pubertal development 
stage was recorded according to Tanner classification. 
Blood pressure (BP) was measured with the right arm in 
the supine position after a five-minute rest, using a mercury 
sphygmomanometer with an appropriately sized cuff, and 
a stethoscope placed over the brachial artery pulse; three 
systolic and diastolic BP (SBP, DBP) measurements were 
taken two minutes apart and the mean of the two last values 
was used in data analyses.

Laboratory Tests

Results of assessment of biochemical analytes including 
serum glucose, urea, creatinine, aspartate aminotransferase, 
alanine aminotransferase, total cholesterol, low-density 
lipoprotein cholesterol (LDL-c), high-density lipoprotein 
cholesterol (HDL-c), triglycerides (TG) and SUA were recorded. 
Each child underwent an oral glucose tolerance test (OGTT) 
following an overnight fasting of 12-14 hours. After subjects 
ingested a glucose solution containing 1.75 g/kg glucose 
(maximum 75 g), blood samples were obtained every 30 
min for 120 min, for measurement of plasma glucose and 
insulin. In all subjects, the first-morning urine specimen was 
analyzed for albumin and creatinine. Urine was collected 
for 24 hours, and urinary albumin was measured. Samples 
showing pyuria and hematuria were excluded.
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Total body obesity was estimated by BMI, central obesity 
measured by WHR or WC, atherogenic dyslipidemia by 
increased TG, decreased HDL-c and increased ratio of total 
cholesterol/HDL-c and TG/HDL-c. Presence of systolic and 
diastolic hypertension and hyperglycemia including fasting 
blood glucose level and/or abnormal glucose responses 
on OGTT, hyperinsulinemia and IR measured by the 
homeostatic model assessments of IR (HOMA-IR) were 
estimated in all subjects (10).

BMI was calculated by the standard formula (weight in kg 
divided by the square of height in metres). BMI standard 
deviation score (BMI SDS) and BMI percentiles were 
calculated using age and gender specific norms published by 
the CDC (11). Obesity was defined as BMI ≥95th percentile 
and OW as BMI ≥85th percentile for age and sex. The extent 
of obesity was quantified using Cole’s LMS method which 
stratifies obesity on the basis of a threshold BMI Z-score 
of 2.0 or more, namely, moderate obesity as a Z-score of 
2.0-2.5, and severe obesity as a Z-score above 2.5 (12). 
WC percentiles were stratified according to sex and age, 
identifying abdominal obesity as a WC ≥90th percentile as 
previously described (13). WHR was used as an index of 
fat distribution. A testicular volume of ≥4 mL in males, and 
breast development of Tanner stage 2 and over in females, 
were considered as findings of puberty (14). 

IR was evaluated with the aid of HOMA-IR index using a 
standard formula: fasting insulin (μU/mL) x fasting glucose 
(mmol/L) divided by 22.5. IR criteria were HOMA-IR >2.5 
for prepubertal children and HOMA-IR >4.0 for adolescents 
(15). Impaired fasting glucose was defined as a fasting 
plasma glucose level between 100 and 125 mg/dL without a 
history of diabetes mellitus (16). Impaired glucose tolerance 
was defined according to World Health Organization 
criteria, a condition in which fasting blood glucose levels in 
venous plasma drop to <140 mg/dL and the 120 minute 
post challenge blood glucose is between 140 and 200 mg/
dL (16).

Hyperinsulinemia was defined as a fasting insulin ≥15 μU/
mL, or  an insulin level during the OGTT test of ≥150 μU/mL 
and/or ≥75 μU/mL at 120 minutes following the start of the 
OGTT (17).

MetS was defined according to the International Diabetes 
Federation criteria (17). MetS can be diagnosed in children 
10 to 16 years old when the following criteria are fulfilled: 
a WC ≥90th percentile (sex and age specific), together with 
two or more risk factors. These risk factors are: 1) fasting 
blood glucose levels ≥100 mg/dL (5.6 mmol/L); 2) serum 
TG concentration ≥150 mg/dL (1.7 mmol/L) or treatment 
for elevated TG; 3) a low HDL-c <40 mg/dL (1.03 mmol/L) 

or treatment for low HDL-c; 4) either SBP ≥130 mmHg or 
DBP ≥85 mmHg, or treatment for hypertension, or a SBP 
level of at least 95th percentile for sex, age and height 
(18).

For children 16 years and older, the adult criteria can be 
used (19). MetS can not be diagnosed in children younger 
than 10 years of age, but vigilance is recommended if the 
WC is ≥90th percentile (20). Total cholesterol/HDL-c ratio is 
defined as the atherogenic index (AI), according to which a 
ratio of >4 (normal=2.5) is considered as a cardiovascular 
risk (20). The TG to HDL-ratio >2.2 was also considered 
as a marker of atherogenic risk (21). Hypertension was 
defined as a value above the 95th percentile for age and 
height according to the National Health and Nutrition 
Examination Survey (22). Microalbuminuria in children and 
adolescents was defined as a urinary albumin excretion rate 
of 30-300 mg/24 hours and 3-30 mg/mmoL creatinine (30-
300 mg/g creatinine) in a first-morning urine sample (23). 
Hyperuricemia was defined as SUA value ≥75th percentile, 
adjusted for age and sex (24).

Statistical Analysis

Continuous variables were expressed as mean±standard 
deviation (SD) and categorical variables as numbers and 
percentages. Normal distribution was tested using the 
Kolmogorov-Smirnov test. Between-group comparison for 
categorical variables was performed by using the χ2 test 
or Fisher’s exact tests. Student’s t-tests and Mann-Whitney 
U test were used for comparison of continuous variables.
Correlations were investigated using Pearson’s correlation 
test. Statistical analyses were performed using the Statistical 
Package for Social Sciences 15.0 program (SPSS 15.0; IBM 
Inc., Chicago, Ill., USA). P values <0.05 were considered 
statistically significant.

Results

In this study, 128 OB and OW children/adolescents were 
evaluated. Of these 52 (40%) had elevated SUA defined 
as SUAC ≥75th percentile, adjusted for age and sex and 76 
(60%) had normal SUAC. The mean age of the participants 
was 13.1±2.6 (range 8-18) years and 87 (67.4%) were 
female. Clinical and laboratory variables were compared in 
children with and without hyperuricemia and the results are 
presented in Table 1. The group with hyperuricemia was not 
statistically different from the group without hyperuricemia 
in terms of age, sex, puberty stage and degree of obesity. 
Subjects with hyperuricemia had higher WHR and lower 
HDL-c compared with those with normal SUAC. Moreover, 
subjects with hyperuricemia who showed higher insulin 
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levels either at fasting or as responses to OGTT at 30 and 
60 minutes and also tended to have higher IR values than 
those without hyperuricemia but this latter parameter did 
not reach significance. 

Increased SUAC was significantly associated with the 
criteria related to MetS. Table 2 shows that elevated SUAC 
were significantly associated with hypertriglyceridemia, 
decreased HDL-c, increased AI, presence of IR and MetS. 

Table 3 shows the results of the correlation analysis 

between the variables with SUAC in all subjects. SUAC 

showed a significant positive correlation with WC, WHR, 

post-challenge glucose level at 60 minutes, fasting insulin, 

post-challenge insulin levels at 30, 60, 90 and 120 minutes, 

HOMA-IR, total cholesterol to HDL-c ratio, TG to HDL-c ratio, 

criteria related to MetS and an inverse correlation with 

HDL-c.
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Table 1. Clinical and laboratory characteristics of the study groups

Variables

Serum uric acid concentration 

p
≥75th percentile 
(n=52)

<75th percentile 
(n=76)

Age (years) 13.2±2.7 13±2.6 0.66

Gender (% female) 69.2 67.1 0.80

Puberty stage (% pubertal) 92.3 93.4 0.82

Weight (kg) 74.1±18.6 72.4±19.2 0.61

Height (cm) 155.9±12.8 155.1±11.6 0.72

BMI (kg/m2) 29.9±4.4 29.5±5 0.60

BMI SDS (kg/m2) 2.03±0.36 1.98±0.35 0.44

Waist circumference (cm) 97.8±11.6 94.5±11.6 0.12

Hip circumference (cm) 105.6±13.6 105.1±11.9 0.83

Waist/Hip circumference ratio 0.93±0.08 0.90±0.06 0.01

SBP (mmHg) 116.6±11.9 115.3±13 0.58

DBP (mmHg) 73.1±10.6 75.3±11.6 0.29

GlcT0ı (mg/dL) 85.1±7.5 86.0±8.3 0.56

GlcT30ı (mg/dL) 136.3±20.3 134.5±21.9 0.64

GlcT60ı (mg/dL) 136±29.8 132.6±28.3 0.52

GlcT90ı (mg/dL) 126.2±26.3 125.2±33.1 0.85

GlcT120ı (mg/dL) 120.3±22.1 122.1±23.3 0.67

InsT0ı (μU/mL) 27.8±12.8 23.4±11.4 0.045

InsT30ı (μU/mL) 142.6±77.5 117.8±62.1 0.049

InsT60ı (μU/mL) 148.7±91.6 113.3±73.3 0.017

InsT90ı (μU/mL) 134.8±91.3 117.8±73.2 0.25

InsT120ı (μU/mL) 119.5±89 105.7±69.3 0.33

HOMA-IR 6.06±3.1 5.04±2.6 0.083

AST (IU/L) 27.5±10.4 29.7±21.2 0.49

ALT (IU/L) 31.7±21.5 31±28.1 0.87

Total cholesterol (mg/dL) 164.4±28.3 158.3±31.8 0.27

HDL-c (mg/dL) 45.2±8.7 48.9±10.1 0.028

LDL-c (mg/dL) 91.2±21.3 83.8±30.8 0.14

Triglycerides (mg/dL) 140.1±66.5 124.7±105.3 0.35

Urinary albumin excretion in a 24-hour urine collection 10.1±9 10.2±11.7 0.98

Protein/Creatinine ratio in a first-morning urine sample 0.62±0.64 0.52±0.61 0.41

Number of criteria related to MetS (26) 2.01±0.9 1.60±0.7 0.009a

ALT: alanine aminotransferase, AST: aspartate aminotransferase, BMI: body mass index, DBP: diastolic blood pressure, GlcT0ı: fasting glucose, GlcT30ı: GlcT60ı, 
GlcT90ı, GlcT120ı: post-challenge glucose, HDL-c: high density lipoprotein cholesterol, HOMA-IR: homeostatic model assessment of insulin resistance, InsT0ı: 
fasting insulin, InsT30ı: InsT60ı, InsT90ı, InsT120ı: post-challenge insulin, LDL-c: low density lipoprotein cholesterol, SBP: systolic blood pressure, SDS: standard 
deviation score, aMann-Whitney U test



Discussion

Physiological UA concentrations have antioxidant 

and endothelial protective effects in the extracellular 

environment. However, increased SUAC has been reported 
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Table 2. Anthropometric, clinical and metabolic variables 
of the study population according to their uric acid levels

Variables

 Serum uric acid 
concentration 

p≥75th 
percentile 
(n=52)
n (%)

<75th 
percentile 
(n=76)
n (%)

Male
Female

16 (30.8)
36 (69.2)

25 (32.9)
51 (67.1)

0.8

Extent of obesity 
Overweight
Moderate 
Severe 

11 (21.2)
25 (48.1)
16 (30.8)

16 (21.1)
44 (57.9)
16 (21.1)

0.4

Puberty 
Prepubertal
Pubertal 

4 (7.7)
48 (92.3)

5 (6.6)
71 (93.4)

0.8

Waist circumference 
Increased (≥90 p)
Normal (<90 p)

52 (100)
-

76 (100)
-

-

SBP
Increased (≥95 p)
Normal 

12 (23.1)
40 (76.9)

14 (18.4)
62 (81.6)

0.52

DBP
Increased (≥95 p)
Normal 

7 (13.5)
45 (86.5)

12 (15.7)
64 (84.3)

0.84

Glycemia
Altered
Normal

13 (25)
39 (75)

21 (27.6)
55 (724)

0.74

Triglycerides
Altered (≥150 mg/dL)
Normal

18 (34.6)
34 (65.4)

13 (17.1)
63 (82.9)

0.023

HDL-c
Altered (<40 mg/dL) 
Normal

19 (36.5)
33 (63.5)

11 (17.8)
65 (85.5)

0.004

Atherogenic risk 1
Total cholesterol/HDL-c
Present (>4)
Absent

20 (38.5)
32 (61.5)

16 (21.1)
60 (78.9)

0.03

Atherogenic risk 2
TG/HDL-c 
Present (>2.2)
Absent

20 (38.5)
32 (61.5)

33 (43.4)
43 (56.6)

0.044

IR
Present
Absent

40 (76.9)
12 (23.1)

41 (53.9)
35 (46.1)

0.008

Metabolic syndrome
Present
Absent

15 (28.8)
37 (42.3)

9 (11.8)
67 (88.2)

0.015

DBP: diastolic blood pressure, HDL-c: high density lipoprotein cholesterol, IR: 
insulin resistance, SBP: systolic blood pressure, TG: triglycerides

Table 3. Correlations between serum uric acid levels and  
risk factors for metabolic syndrome, cardiovascular risk 
and renal injury

Variables

Uric acid level 
(n=128)

r p

BMI (kg/m2) 0.13 0.14

BMI SDS (kg/m2) 0.05 0.57

BMI percentile 0.019 0.83

Waist circumference (cm) 0.32 <0.0001

Waist/Hip circumference ratio 0.20 0.017

SBP (mmHg) 0.07 0.42

DBP (mmHg) -0.04 0.61

GlcT0ı (mg/dL) -0.07 0.37

GlcT30ı (mg/dL) 0.09 0.27

GlcT60ı (mg/dL) 0.21 0.013

GlcT90ı (mg/dL) 0.11 0.21

GlcT120ı (mg/dL) 0.10 0.25

InsT0ı (μU/mL) 0.28 0.001

InsT30ı (μU/mL) 0.30 0.001

InsT60ı (μU/mL) 0.27 0.002

InsT90ı (μU/mL) 0.19 0.03

InsT120ı (μU/mL) 0.18 0.03

HOMA-IR 0.29 0.001

AST (IU/L) -0.002 0.98

ALT (IU/L) 0.14 0.11

Total cholesterol (mg/dL) 0.06 0.45

HDL-c (mg/dL) -0.26 0.002

LDL-c (mg/dL) 0.03 0.72

Triglycerides (mg/dL) 0.12 0.18

Total cholesterol/HDL-c ratio 0.27 0.002

TG/HDL-c ratio 0.24 0.008

The number of criteria related to 
metabolic syndrome 0.30 <0.0001

Urinary albumin excretion in a 24-hour 
urine collection

-0.06 0.46

Protein/creatinine ratio in a first-morning 
urine sample

0.03 0.71

ALT: alanine aminotransferase, AST: aspartat aminotransferase, BMI: body 
mass index, DBP: diastolic blood pressure, GlcT0ı: fasting glucose, GlcT30ı, 
GlcT60ı, GlcT90ı, GlcT120ı: post-challenge glucose, HDL-c: high density 
lipoprotein cholesterol, HOMA-IR: homeostatic model assessmensst of insulin 
resistance, InsT0ı: fasting insulin, InsT30ı, InsT60ı, InsT90ı, InsT120ı: post-
challenge insulin, LDL-c: low density lipoprotein cholesterol, SBP: systolic 
blood pressure, SDS: standard deviation score, TG: triglycerides



to play a pro-oxidant role and might promote several 
harmful effects (25). A relationship between increased 
SUAC and obesity-related comorbidities such as MetS, IR, 
cardiovascular risk factors and kidney diseases has been 
reported in OB adults and children (26,27). However, the 
results of these studies are still controversial.

Epidemiological studies on large populations have shown 
that the prevalence of MetS shows a gradual increase with 
increased SUAC (28). Despite the apparent role of SUA in 
contributing to MetS related metabolic impairment, studies 
in OW/OB children are rare. In the study of Ford et al. (7) 
which included 1370 adolescents aged between 12-17 years, 
patients meeting all the MetS criteria were found to have 
the highest SUAC. In the STYJOBS/EDECTA cohort study of 
299 OW/OB Japanese children aged between 8-18 years, 
SUA was shown as the best predictor of unhealthy obesity. 
Patients in the highest quartile of the SUAC were found to 
be heavier, with worse lipid and insulin metabolism. The 
authors suggested that hyperuricemia should be considered 
as a cardiometabolic risk factor in early childhood (29). Our 
study confirms that the presence of MetS and the criteria 
related to MetS are significantly associated with elevated 
SUAC in OB/OW children. A growing number of studies 
suggest that UA should be added to the list of criteria used 
to diagnose MetS (30,31). Thus SUA requires more attention 
in the evaluation of the metabolic risk profile of OB children 
and adolescents. The pattern of fat distribution, rather 
than BMI, is important for metabolic and cardiovascular 
diseases (32). Our results showed that increased SUAC was 
significantly associated with greater WHR and correlated 
with higher WC. The strong association found by us and 
others with WC confirms the strong link between UA and 
visceral adiposity (7,24). The association of UA with regional 
distribution of abdominal adipose tissue in children is 
poorly understood. Increased dietary fructose consumption 
leads to hepatic lipogenesis, thus contributing to increased 
visceral fat accumulation and ultimately worsening of IR 
(33). In addition, dietary fructose activates the fructokinase 
metabolic system and upregulates de novo purine nucleotide 
synthesis in hepatocytes, thereby causing an increase SUA 
production and hyperuricemia (34). High SUAC-associated 
dyslipidemia has been shown to be a result of low serum 
HDL-c levels, not increased LDL or VLDL levels (15). This 
study confirmed associations of elevated SUA with lower 
HDL-c and hypertriglyceridemia. Recent evidence suggests 
that UA induces vascular inflammation and artery damage, 
leading to increased risk of atherosclerosis. Findings of the 
present study confirmed an association between SUA and 
increased atherogenic risk calculated with the ratio of TG to 
HDL-c and total cholesterol to HDL-c.

Recent prospective studies demonstrate that hyperuricemia 
is a predictor of IR (5). It was observed that, for every increase 
of 1 mg/dL in SUAC, there would be a 91% increase in risk 
of IR. However, the pathophysiological mechanism of the 
association between hyperuricemia and hyperinsulinemia/
IR is not yet clearly established. A double correlation has 
been proposed; in general, IR and hyperinsulinemia are 
thought to increase SUAC by reducing renal excretion and 
increasing production through the hexosemonophosphate 
shunt (1). Another possible link between hyperuricemia 
and IR could be hyperuricemia-mediated endothelial 
dysfunction which may lead to lower insulin uptake by 
reduced blood flow in peripheral tissues and may worsen 
the IR (35). Consistent with these pathogenic findings, 
hyperuricemic patients in our study had significantly 
higher insulin levels at 0, 30 and 60 minutes. SUAC showed 
a significantly positive correlation with insulin levels both at 
fasting and at all estimations following oral glucose loading. 
We also found that SUA is significantly associated with 
the HOMA-IR. Cardoso et al. (9) showed the association 
between MetS and SUAC by IR and they reported that 
while glycemia was not different, HOMA-IR significantly 
varied among quartiles of SUAC. In our study, we found a 
significant correlation between UA and glucose levels only 
at post challenge 60 minutes. Similarly Ricotti et al. (36) 
showed that hyperuricemic patients were at increased risk 
of having a 1-hour post-OGTT glycemia which was also 
associated with increased metabolic risk.

The association of higher SUAC with higher BP has been 
reported in adults and children in a number of studies 
(26,37). The lack of an association between SUA and BP in our 
sample may be related to the fact that duration of exposure 
to increased SUAC and related inflammation and oxidative 
stress was not evaluated in our study. In adults, in addition 
to microalbuminuria, hyperuricemia is a well-established 
risk factor for chronic kidney disease (26). However, data 
concerning the relationship between hyperuricemia and 
renal injury in OB children are still lacking. We did not find 
a significant association in our study group. Long-term 
prospective studies are needed on this subject.

Study Limitations

Our study has some limitations. We used percentages of 
the UA according to age and sex but SUAC may be affected 
by pubertal stage. We did not encounter any UA reference 
values which took into account sex and pubertal stages in 
the literature. Comprehensive studies are needed on this 
issue. The major limitation of our study is the relatively 
small size of the sample. 
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Conclusion

In conclusion, we believe that SUAC is a good alternative to 
assess cardiometabolic risk, even at a young age. Chronic 
hyperuricemia appears to be involved in the pathogenesis 
of metabolic impairment leading to MetS and subsequent 
comorbidities. The prevention of SUA elevation at an early 
age by  SUA lowering agents may have a potential protective 
effect on hyperglycemia, hyperinsulinemia, IR, dislipidemia 
and hypertension (38). It is feasable to include assessment 
of UA in routine tests in primary care since its estimation 
is widely available, very cheap and reliable. We therefore 
suggest that measurement of SUAC should be included in the 
assessment protocols of OB/OW children and adolescents. 
We would also like to add that there is a need for prospective 
clinical studies to evaluate the clinical significance and to 
assess the cost effectiveness of measuring routinely SUAC 
in childhood obesity. 
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Objective: Studies have reported inconsistent results on the associations between lipids and insulin resistance (IR) and asthma. The 
purpose of this study was to examine the associations between abnormal serum lipid levels and homeostatic model assessment-IR 
(HOMA-IR) and the presence of current asthma in children and adolescents.
Methods: The United States National Health and Nutrition Examination Survey database from 1999 to 2012 was randomly searched for 
children (aged 3-11 years) and adolescents (aged 12-19 years) with and without asthma and with complete demographic and clinical data 
of interest. Logistic regression analyses were performed to examine associations between abnormal serum lipids, glucose and HOMA-IR 
and the current presence of asthma.
Results: The data of 11,662 children (3 to 11 years of age) and 12,179 adolescents (12 to 19 years of age) were included in the analysis. 
The study group included 3,703 participants with asthma and 20,138 participants without asthma. The prevalence of self-reported 
current asthma was higher among participants aged between 3-11 years (52.9%) than among those aged between 12-19 years (50.7%). 
Multivariate analyses, after adjusting for sex, race, income-to-poverty ratio, low birth weight, prenatal maternal smoking, tobacco 
exposure, C-reactive protein level and body mass index Z-score, revealed no associations between elevated fasting plasma glucose, 
reduced high-density lipoprotein cholesterol, elevated low-density lipoprotein cholesterol, total cholesterol, triglycerides and HOMA-IR 
and the presence of current asthma in children or adolescents. 
Conclusion: In this cross-sectional study, no association was found between abnormal serum lipids or HOMA-IR and the presence of 
current asthma in children or adolescents. 
Keywords: Asthma, cholesterol, insulin resistance, lipid, lipoprotein, NHANES, obesity, wheezing

No Associations Between Serum Lipid Levels or HOMA-IR and 
Asthma in Children and Adolescents: A NHANES Analysis
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Introduction

Asthma is primarily a disease of childhood and its increasing 
prevalence, beginning in the 1980s, has been referred to 
as an asthma epidemic (1). It has been estimated that the 
prevalence of asthma in 1980 was 3.6%, increased to 7.5% 
in 1995 and further increased to 9.3% in 2010. Since 2010, 
the overall prevalence of childhood asthma has remained 
unchanged or has decreased slightly (2).

While a number of risk factors are associated with the 
development of childhood asthma, the condition has been 
linked especially to obesity and metabolic syndrome (3,4,5). 
Being overweight in childhood has also been associated 
with an increased risk of the development of allergic disease 
(6). In addition, increasing attention has been given to the 
association between hypercholesterolemia and obesity, as 
well as that between hypercholesterolemia and obesity with 
airway hyper-responsiveness, suggesting a potential role of 
cholesterol and lipid homeostasis in lung physiology and 
asthma (7,8,9,10,11,12,13,14). Rastogi et al (15) have also 
suggested that hyperglycemia and hyperinsulinemia may 
result in airway hyper-responsiveness. 

Results of a number of studies have also linked elevated 
lipid levels with the development of asthma/wheezing in 
children and adults (1,2,3,4,5,16). However, the results 
are inconsistent with those of other studies that show no 
association (12,13,17), or even a negative association, 
between elevated lipids and asthma/wheezing (11). The 
reported associations between asthma and lipid levels 
and insulin resistance (IR) appear to be independent of 
body mass index (BMI) (3). As such, dyslipidemia and 
hyperinsulinemia, precursors to cardiovascular disease and 
diabetes, may also be associated with the development 
of asthma and confound its epidemiologic link to obesity 
(3,5,18). The results of most studies, however, have been 
limited by a cross-sectional study design and a wide range 
of subjects studied.

Thus, the purpose of the current study was to use a national 
population-based database to examine the associations 
between lipid levels and IR and the presence of current 
asthma in children and adolescents.

Methods
Data Source

The United States National Health and Nutrition Examination 
Survey (NHANES) is an ongoing cross-sectional health survey 
that represents the non-institutionalized population of the 
United States. The program uses a complex, multistage 
design to collect and analyze data representative of different 

geographic regions. The NHANES data are collected through 
a combination of interviews and physical examinations 
of participants by highly trained personnel. The survey is 
administered by the National Center for Health Statistics 
(NCHS) of the Centers for Disease Control and Prevention 
(CDC). Further information about the NHANES program 
is available at the NHANES website: https://www.cdc.gov/
Nchs/Nhanes/about_nhanes.htm

Detailed information about NHANES data collection 
methods is available at https://wwwn.cdc.gov/Nchs/
Nhanes/2003-2004/L13_C.htm and https://wwwn.cdc.gov/
Nchs/Nhanes/2003-2004/L13AM_C.htm

The survey protocol and data collection methods for this 
present study were approved by the NHANES Institutional 
Review Board (IRB), and the NCHS Research Ethics Review 
Board (ERB) (Protocol#98-12, Protocol#2005-06, and 
Protocol #2011-17). All of the NHANES data were de-identified 
and analysis of the data by independent researchers does 
not require IRB approval or subject informed consent.

Study Population 

Data from seven cycles of the NHANES, conducted during 
the period 1999-2012 were used. The data of children 
(aged 3-11 years) and adolescents (aged 12-19 years) with 
complete demographic and laboratory data, as well as that 
of other variables of interest, were included in the analysis. 
Exclusion criteria were: 1) diagnosis of diabetes mellitus 
(defined as a self-report of having been told by a doctor or 
health professional that the subject had diabetes or sugar 
diabetes, or currently taking diabetic pills or insulin); 2) 
pregnancy; 3) being underweight, defined as a BMI <5th 
percentile for age and sex (19,20). 

Dependent Variables (Y)

The primary outcome of the analysis was the presence 
of current asthma or wheezing (21). Current asthma was 
defined as those who reported ever being told that they 
had asthma and who had an asthma attack in the past year 
(https://wwwn.cdc.gov/Nchs/Nhanes/2007-2008/MCQ_E.
htm). Wheezing was defined as wheezing or whistling in 
the chest in the course of the past year (https://wwwn.cdc.
gov/Nchs/Nhanes/2003-2004/RDQ_C.htm).

Independent Variables (X)

The NHANES dataset provided laboratory results of total 
cholesterol (TC), triglycerides (TG), high-density lipoprotein 
(HDL) cholesterol, low-density lipoprotein (LDL) cholesterol 
and fasting plasma glucose (FPG) levels. Of these, TG, LDL 
cholesterol and FPG were measured only in subsamples 
(adolescents), while TC and HDL cholesterol were measured 
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in all participants. Homeostatic model assessment-IR 
(HOMA-IR) was calculated using the equation: fasting glucose 
(mg/dL) × fasting insulin (pmol/L) /405 /6 (22,23,24) only in 
subsamples. The cutoff values for abnormal lipid and FPG 
levels, and HOMA-IR were: ≥170 mg/dL for elevated TC; ≤45 
mg/dL for low HDL cholesterol; ≥110 mg/dL for elevated 
LDL cholesterol; ≥75 and ≥90 mg/dL for elevated TG for 
participants ≤9 years old and >10 years old, respectively; 
≥100 mg/dL for abnormal FPG; ≥3.0 for abnormal HOMA-
IR, as reported by the expert panel of the United States 
National Heart, Lung, and Blood Institute (25) and used in 
prior investigations (15,26). 

Covariates (Potential Confounders)

Demographic data examined as potential confounders 
included age, sex, family income-to-poverty ratio, prenatal 
maternal smoking, birth weight (low birth weight or not), 
and C-reactive protein (CRP) level. Age- and sex-specific BMI 
percentiles and BMI Z-scores were determined according 
to the 2000 CDC growth charts using a CDC SAS program 
www.cdc.gov/nccdphp/dnpao/growthcharts/resources/sas.
htm (6).

Tobacco exposure was defined by a “yes” response to the 
questions: “Have you ever tried cigarette smoking, even 1 or 
2 puffs?” or “Does anyone who lives here smoke cigarettes, 
cigars, or pipes anywhere inside this home?”

To estimate physical activity before the year 2007, we 
summed the product of weekly time spent in each activity 
reported by the participant multiplied by the metabolic 
equivalent of task (MET) value for that activity yielding a 
MET-h index. One MET is the energy expenditure of 1 kcal/
kg body weight per hour. For cycles after 2007, the physical 
activity questionnaire was changed. We estimated weekly 
MET-h for moderate and vigorous activities from questions 
asking participants about their participation in moderate and 
vigorous activities, the number of days per week engaged 
in these activities, and the number of minutes engaged in 
these activities on a typical day (27). 

Statistical Analysis

Differences in categorical variables between participants 
with and without asthma were determined using the Rao-
Scott chi-square test and differences of continuous variables 
between groups were examined using the Complex 
Samples General Linear Model. Demographic data and 
baseline characteristics are expressed as mean±standard 
error for continuous variables, and unweighted counts 
(weighted %) for categorical variables. Univariate logistic 
regression analyses were performed to determine the 
association between serum lipids, glucose, HOMA-IR and 

current asthma. Extended-model approaches were used 
for covariate adjustment: Model 1 = gender, race, poverty 
income ratio, low birth weight (children only), prenatal 
maternal smoking (children only), tobacco exposure, and 
physical activity (adolescents only); Model 2 = Model 1 
+ CRP; Model 3 = Model 2 + BMI-Z-score. Participants 
with missing data of any covariates were not included in 
the regression analyses. All analyses included NHANES 
Medical Examination Center (MEC) sample weight or 
fasting subsample weight, stratum and primary sampling 
units per recommendations from the NCHS, to address 
oversampling, non-response, non-coverage and to 
provide nationally representative estimates. All statistical 
assessments were 2-sided and evaluated at the 0.05 level of 
significance. Statistical analyses were performed using the 
statistical software package SPSS complex sample module 
version 22.0 (IBM Corp, Armonk, NY, USA)

Results

A total of 26,158 participants aged between 3 and 19 years 
were identified in the NHANES 1999-2012 cycle. Participants 
with diabetes (n=87), who were pregnant (n=115), or who 
had a BMI Z-score less than the 5th percentile (n=2,115) 
were excluded from the analysis, leaving 23,841 participants 
as the final sample. 

This final eligible population included 20,138 participants 
without asthma and 3,703 participants with asthma, as 
shown in Table 1. The majority of participants were male 
(50.3% vs 55.1%, respectively), white (58.3% vs 58.6%, 
respectively), with a median income-to-poverty ratio (76.1% 
vs 75.2%, respectively), of normal birth weight (89.4% vs 
87.3%, respectively), and with no tobacco exposure (69.7% 
vs 65.5%, respectively). The prevalence of current asthma 
was greater among participants aged between 3-11 years 
(52.9%) than among those aged between 12-19 years 
(50.7%). Using NHANES MEC sample weights, the analytic 
sample size (n=23,841) was equivalent to a population-
based sample size of 65,644,773 participants (55,246,119 
without asthma and 10,398,654 with asthma). Significant 
differences were found in sex, race, low birth weight, 
prenatal maternal smoking, tobacco exposure, CRP level, 
and BMI Z-score between groups (p<0.05). 

As shown in Table 2, TC, HDL and non-HDL lipids were not 
associated with current asthma among children aged 3-11. In 
all multivariate analyses, no association was found between 
serum lipids and asthma after adjustment for demographic 
characteristics and smoking (Model 1). Addition of CRP level 
(Model 2), and of BMI Z-score to the analysis (Model 3) did 
not change the outcome (Table 3).
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Univariate logistic regression showed that lower HDL [odds 
ratio (OR)=1.229, 95% confidence interval (CI): 1.063 to 
1.421], elevated TG (OR=1.246, 95% CI: 1.013 to 1.533) and 
abnormal HOMA-IR (OR=1.370, 95% CI: 1.077 to 1.742) 
were significantly associated with higher risk of asthma in 
adolescents. However, after adjusting for sex, race, poverty 
income ratio, tobacco exposure, and physical activity, the 
association between asthma and HDL (OR=1.189, 95% CI: 
0.992 to 1.424), TG (OR=1.161, 95% CI: 0.908 to 1.484), 
and HOMA-IR (OR=1.243, 95% CI: 0.950 to 1.628) became 
non-significant (Table 4). Again, no significant associations 
between serum lipid, glucose, HOMA-IR and asthma were 
found (Model 2 and Model 3).

Discussion

This study was based on the NHANES database to examine 
the relationships between lipids and IR with the presence 
of current asthma in children and adolescents. Although 
some associations were found in univariate analysis, after 
controlling for confounders, multivariate analysis found 
no associations between lipid levels or IR and asthma in 
children or adolescents. Consistent with the findings of the 
present cross-sectional study, two case-control studies had 
reported no associations of asthma with lipids and IR in 
adults (12,13). 

The potential link between obesity, diabetes and asthma has 
been referred to as “metabolic asthma” (3). One hypothesis 

273

Lu M et al. 
Lipids and Asthma in Children

J Clin Res Pediatr Endocrinol
2019;11(3):270-277

Table 1. Demographic and basic characteristics of participants aged 3 to 19 years with and without asthma from NHANES 
1999-2012 (unweighted n=23,841; weighted n=65,644,773a)

Without asthma (n=20,138) With asthma (n=3,703) p value

Sex

Male 10048 (50.3) 2033 (55.1) <0.0001*

Female 10090 (49.7) 1670 (44.9)

Race

Mexican American 6412 (14.1) 764 (9.0) <0.0001*

Other Hispanic 1364 (6.5) 302 (7.1)

White 5425 (58.3) 1051 (58.6)

Black 5836 (14.0) 1347 (18.3)

Other 1301 (7.1) 239 (7.1)

Income-to-poverty ratio†

Not poor 12263 (76.1) 2267 (75.2) 0.452

Poor 6301 (23.9) 1189 (24.8)

Low birth weight†

No 13380 (89.4) 2326 (87.3) 0.014*

Yes 1776 (10.6) 409 (12.7)

Prenatal maternal smoking†

No 12955 (83.6) 2222 (80.6) 0.003*

Yes 2015 (16.4) 478 (19.4)

Tobacco exposure†

No 13668 (69.7) 2338 (65.5) 0.001*

Yes 6345 (30.3) 1354 (34.5)

Age group

Children 9868 (52.9) 1794 (50.7) 0.061

Adolescents 10270 (47.1) 1909 (49.3)

CRP† 0.16±0.005 0.19±0.014 0.004*

BMI Z-score 0.53±0.013 0.74±0.025 <0.0001*

Physical activity MET score† 3574.7±109.8 3701.6±199.1 0.607

Data are reported as mean±standard error, or number (weighted %).
aMEC sample weighting.
†There were missing data in the specific variables.

BMI: body mass index, CRP: C-reactive protein, MET: metabolic equivalent of task



is that the dysfunction of metabolic pathways that are 
present in obesity and diabetes exerts a direct and negative 
influence on the immune system, thereby affecting both 

adaptive and innate immunity and subsequently increasing 
the risk of asthma (3). Furthermore, an in vitro study implied 
that dysregulation of cholesterol transport in human airway 
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Table 3. Multivariate logistic regression of the association between serum lipids and asthma in children (n=11,662)

Model 1a Model 2b Model 3c

aOR (95% CI) aOR (95% CI) aOR (95% CI)

TC

≥170 mg/dL vs <170 mg/dL 1.145 (0.938, 1.396) 1.130 (0.884, 1.445) 1.109 (0.871, 1.412)

HDL

≤45 mg/dL vs >45 mg/dL 1.196 (0.988, 1.447) 1.112 (0.882, 1.402) 1.051 (0.821, 1.347)

Non-HDL

≥120 mg/dL vs <120 mg/dL 1.224 (0.986, 1.520) 1.149 (0.873, 1.513) 1.100 (0.839, 1.443)
aAdjusted for sex, race, income-to-poverty ratio, low birth weight, prenatal maternal smoking and tobacco exposure. 
bAdjusted for sex, race, income-to-poverty ratio, low birth weight, prenatal maternal smoking, tobacco exposure and CRP. 
cAdjusted for sex, race, income-to-poverty ratio, low birth weight, prenatal maternal smoking, tobacco exposure, CRP and BMI Z-score. 

MEC sample weighting.
aOR: adjusted odds ratio, CRP: C-reactive protein, BMI: body mass index, CI: confidence interval, TC: total cholesterol, HDL: high-density lipoprotein

Table 2. Univariate logistic regression analysis of associations between current asthma and serum lipids, glucose, and 
homeostatic model assessment-insulin resistance

Children, 3-11 years (n=11,662) Adolescents, 12-19 years (n=12,179)

Proportion 
(%)

Prevalence of 
asthma (%)

Crude OR (95% CI) Proportion 
(%)

Prevalence of 
asthma (%)

Crude OR (95%CI)

TC†

<170 mg/dL 61.7 14.6 Reference 66.9 16.9 Reference

≥170 mg/dL 38.3 16.4 1.153 (0.960, 1.384) 33.1 16.5 0.970 (0.827, 1.138)

HDL†

>45 mg/dL 71.4 14.8 Reference 63.8 15.7 Reference

≤45 mg/dL 28.6 16.4 1.128 (0.946, 1.315) 36.2 18.6 1.229 (1.063, 1.421)

Non-HDL†

<120 mg/dL 66.7 14.5 Reference 68.1 16.5 Reference

≥120 mg/dL 33.3 16.8 1.188 (0.966, 1.461) 31.9 17.3 1.052 (0.885, 1.251)

TG*

<90 mg/dL 60.7 16.6 Reference

≥90 mg/dL 39.3 17.1 1.246 (1.013, 1.533)

LDL*

<110 mg/dL 78.9 16.9 Reference

≥110 mg/dL 21.1 19.6 1.200 (0.933, 1.544)

FPG*

<100 mg/dL 84.2 17.5 Reference

≥100 mg/dL 15.8 17.0 0.967 (0.726, 1.287)

HOMA-IR*

≤3 66.4 15.9 Reference

>3 33.6 20.5 1.370 (1.077, 1.742)

†MEC sample weighting. *Fasting subsample weighting (there were around 27% of total participants with weighting data). Numbers in bold indicated 
statistical significance (p<0.05).

FPG: fasting plasma glucose, HDL: high-density lipoprotein, HOMA-IR: homeostatic model assessment-insulin resistance, LDL: low-density lipoprotein, TC: total 
cholesterol, TG: triglycerides



smooth muscle cells may be important in the pathogenesis 
of asthma (14). 

Yiallouros et al (16,18) have performed a series of studies 
examining the relationship between lipids and asthma in 
children and adolescents. In a cohort of 3,982 children 
from Cyprus, the authors found that low HDL cholesterol 
in childhood (11-12 years of age) was associated with the 
development of asthma in adolescence (age 15-17 years) 
(18). Utilizing a case-control design, these same authors 
found that adolescent asthma was associated with low 
serum HDL cholesterol levels independent of HDL levels 
in childhood (16). Furthermore, in a cohort of children 
from Cyprus, Yiallouros et al (28) found that two single 
nucleotide polymorphisms (SNPs) in different genetic loci 
were associated with both wheezing and HDL cholesterol 
levels, while the association between these two SNPs and 
asthma remains to be investigated. 

Unlike most studies that did not distinguish lipid particles of 
different sizes, Scichilone et al (29) examined the associations 
between asthma and LDL subclasses in adults in a case-
control study, and they found that asthma was associated 
with smaller LDL particles with a proinflammatory property. 
In addition, Barochia et al (30), in a case-control study, found 

that serum levels of large HDLNMR particles are positively 
correlated with forced expiratory volume in 1 second (FEV1) 
in adult patients with atopic asthma. 

Two cross-sectional studies examined associations between 
obesity and lipids, respectively, with asthma based on the 
NHANES database (11,21). Visness et al (21) evaluated 
the association between obesity and atopic and non-
atopic asthma in children and adolescents (aged 2-19) 
using the NHANES database (1999-2006). They found that 
obesity was significantly associated with current asthma 
among children and adolescents (OR=1.68), and that the 
association was stronger in non-atopic (OR=2.6) than 
atopic (OR=1.34) children and adolescents (21). Moreover, 
Fessler et al (11) examined 7005 participants ≥6 years of 
age who participated in the NHANES 2005 to 2006 survey, 
and found that serum TC and non-HDL cholesterol were 
negatively associated with asthma. However, the authors 
noted that the association was chiefly due to the strong 
relationship with lipid metabolism previously found in 
Mexican American individuals (11). 

The discussion of this topic would not be complete 
without drawing attention to studies that did not find an 
association between lipids and asthma. Recently, Fang 
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Table 4. Multivariate logistic regression of the association between serum lipids, glucose and homeostatic model 
assessment-insulin resistance and asthma in adolescents (n=12,179)

Model 1a Model 2b Model 3c

aOR (95% CI) aOR (95% CI) aOR (95% CI)

TC†

≥170 mg/dL vs <170 mg/dL 0.957 (0.801, 1.144) 1.048 (0.864, 1.271) 1.002 (0.830, 1.210)

HDL†

≤45 mg/dL vs >45 mg/dL 1.189 (0.992,1.424) 1.179 (0.981, 1.417) 1.065 (0.874, 1.298)

Non-HDL†

≥120 mg/dL vs <120 mg/dL 1.018 (0.828, 1.252) 1.097 (0.889, 1.355) 1.009 (0.812, 1.253)

TG*

≥90 mg/dL vs <90 mg/dL 1.161 (0.908, 1.484) 1.055 (0.818, 1.362) 0.933 (0.710, 1.226)

LDL*

≥110 mg/dL vs <120 mg/dL 1.152 (0.860, 1.542) 1.130 (0.828, 1.540) 1.049 (0.765, 1.438)

FPG*

≥100 mg/dL vs <100 mg/dL 0.976 (0.683, 1.393) 1.023 (0.711, 1.473) 0.964 (0.676,1.374)

HOMA-IR*

>3 vs ≤3 1.243 (0.950,1.628) 1.140 (0.861, 1.508) 0.891 (0.662, 1.198)
aAdjusted for sex, race, income-to-poverty ratio, low birth weight, prenatal maternal smoking and tobacco exposure. 
bAdjusted for sex, race, income-to-poverty ratio, low birth weight, prenatal maternal smoking, tobacco exposure and CRP. 
cAdjusted for sex, race, income-to-poverty ratio, low birth weight, prenatal maternal smoking, tobacco exposure, CRP and BMI Z-score. 
†MEC sample weighting.

*Fasting subsample weighting. (there were around 27% of total participants with weighting data).
aOR: adjusted odds ratio, FPG: fasting plasma glucose, HDL: high-density lipoprotein, HOMA-IR: homeostatic model assessment-insulin resistance, LDL: low-
density lipoprotein, TC: total cholesterol, TG: triglycerides, CI: confidence interval



et al (17) compared the lipid profiles of obese asthmatic 
children with those of non-obese asthmatic children. The 
results showed that none of the asthmatic children had 
hypercholesterolemia and hypertriglyceridemia and that 
there were no differences in apo-A1 and apo-B between any 
of the BMI groups, nor were there differences in LDL levels 
(17). In a longitudinal study that followed children from 
birth to eight years of age, Murray et al (6) reported that 
although being overweight was associated with increased 
risk of allergic disease and wheezing, the strength of the 
association varied with sex, age and atopic phenotype. 

Study Limitations

There are a number of limitations to this study that 
potentially may have affected the results. Like most studies 
examining this topic, this was a cross-sectional study and 
therefore temporal relations and causation cannot be 
determined. Body composition changes during growth 
and hormonal expression after puberty may influence the 
association between adiposity and asthma, particularly 
among girls. The study population is restricted to a non-
institutionalized population in the NHANES database, 
which would likely cause under-representation of severe 
asthma patients who were hospitalized. Data on puberty 
were not available in the NHANES database. Due to the lack 
of certain other data, we were not able to control for other 
potential confounding factors such as poor asthma control, 
lung function and diet. Inaccurate reporting or recall bias 
may have occurred, because NHANES surveys are based 
on individual or parent interviews and questionnaires. On 
the other hand, data from NHANES are comprehensive 
and nationally representative, drawing from a large and 
diverse sample of participants of the population of the 
United States. Therefore, the findings are likely to reflect 
the overall United States population. 

Conclusion

The results of this population-based cross-sectional study 
did not show an association between lipids or IR and the 
presence of childhood asthma. Further studies are necessary 
to fully understand the associations between lipids and IR 
and asthma. 
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Objective: The aim of the study was to develop an Insulin Treatment Self-management Scale; both Child Form and Parent Form for 
children ages 8-18 with type 1 diabetes. 
Methods: Children with type 1 diabetes and their parents participated in the study. Development of a methodologically designed scale 
was conducted to investigate insulin treatment self-management of children with type 1 diabetes.
Results: A total of 331 children and their parents were recruited. Children and parents completed the data collection tools by themselves. 
The final scale had two subscales; one was related to cognitive and behavioural expressions regarding insulin treatment (self-efficacy) 
and the other to emotional aspects of self-maagement of insulin treatment (emotional impacts). The scale was shown to be valid and 
reliable.
Conclusion: This study was a valid and reliable scale for measuring insulin treatment self-management in children with type 1 diabetes. 
Thus can be used to assess insulin treatment self-management in children with type 1 diabetes and their parents as well as a tool for 
effective nursing care.
Keywords: Insulin treatment, self-management, scale development, type 1 diabetes

Introduction

Type 1 diabetes is a chronic metabolic disease caused by an 
autoimmune reaction to pancreatic beta cells which excrete 
insulin. It is characterized by absolute insulin deficiency. Type 
1 diabetes usually begins during childhood or adolescence 
(1), mostly between the ages of 7 and 15 years. Type 1 
diabetes constitutes 5-10% of all diabetic cases (2). Recently, 

type 1 diabetes incidence has shown a gradual increase. 

Worldwide, it is estimated that approximately 1,106,500 

children between the ages of 0-19 (3) and 96,000 children 

under the age of 15 (4) live with type 1 diabetes, and that 

type 1 diabetes develops in 132,600 children every year (3). 

The main aim of type 1 diabetes treatment is to ensure the 

stability of plasma insulin levels (5,6). Currently, there is no 
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universally accepted insulin treatment for type 1 diabetes. 
Insulin treatment needs to be arranged for each child in an 
individualised way to provide optimal metabolic control 
while minimising interference with their psychosocial 
development (6,7).

Effective diabetes management depends on the harmony 
of several factors, such as insulin treatment, eating habits, 
exercise and personal control. Personal management of 
insulin treatment is crucial for its success. Patients with 
type 1 diabetes should have certain skills and attitudes, 
such as being aware of insulin types and treatment 
options; correct injection techniques; and the importance 
of giving the right dose at the right time. They should 
have sufficient information on insulin injection areas, 
absorption rates, factors affecting insulin absorption 
and insulin prevention conditions; understanding and 
overcoming the complications of insulin treatment; and 
arranging insulin doses according to food intake (8,9). 

Teaching insulin management, which is an essential part 
of diabetes management, to children with type 1 diabetes 
and their caregivers is a fundamental part of a diabetes 
treatment plan. This also helps children and their parents to 
avoid diabetes-related complications such as hypoglycaemia 
or hyperglycaemia or, if such complications occur, to know 
how to treat them properly (8,10,11). Providing education 
and support to the child and parents is crucial for effective 
management of type 1 diabetes (11).

There do not yet exist, as far as we know, in the literature 
any tools to measure insulin treatment self-management 
levels of children with type 1 diabetes. Similarly, no tools 
are available for parents to evaluate their children’s insulin 
management levels. Thus, the necessity to evaluate self-
management skills regarding insulin treatment has emerged 
for both children and their parents. The present study 
was conducted in order to develop the Insulin Treatment 
Self-management Scale: Child Form and Parent Form for 
children of ages 8-18 with type 1 diabetes. 

Methods
Participants 

It has been suggested that, when developing a new 
scale or questionaire, the sample size should be 5-10 
times greater than the total number of items in the scale 
(12,13,14). Concordantly, because the scale developed 
for this study included 50 items, the planned sample size 
was 250-500 participants. The study was thus conducted 
on 331 children with type 1 diabetes and their parents, 
as volunteer participants. The inclusion criteria for the 
children participants were: being followed-up on an 

outpatient basis; being between 8-18 years of age; having 
been diagnosed for a minimum of one year; using insulin; 
not having any other illnesses apart from diabetes; and 
not being hospitalised during the data collection phase. 
The inclusion criteria for their parents was not being under 
psychiatric treatment. 

Procedure

Formation of an Item Pool: The item pool was primarily 
formed during the development of the Insulin Treatment 
Self-management Scale: Child Form and Parent Form. For 
both forms, 44 items were generated by the researchers in 
accordance with the literature (1,2,3,4,5,7,8,11). Items on 
the parent form were designed for them to evaluate their 
children. For instance, the item “I apply my injection as it 
was taught” on the child form was modified to “My child 
applies his/her injection as it was taught” for the parent 
form. Each of the items was prepared using a 5-point Likert-
type scale ranging from 1 to 5, where 1 denotes “strongly 
disagree” and 5 “strongly agree”. Scales were filled by 
scoring them one by one.

Content Validity: One of the logical methods to test the 
content validity of a study is to obtain expert opinions 
(15). The opinions of 14 experts were requested to assess 
the comprehensibility of the scale. This expert team 
consisted of clinicians and academic nurses focusing 
on diabetes. Furthermore, the content validity index 
(CVI) was utilised in order to prove both cultural and 
language equivalence and content validity in numeric 
values as well as a broad assessment of expert opinions 
(13). Experts assessed each of the items according to 
the Davis method (1992) (16), scoring them between 1 
and 4, where 1=not appropriate, 2=the item should be 
reviewed, 3=appropriate, but little changes needed and 
4=definitely appropriate. Following the assessment of 
scores by each of the experts, the items that received 
a 1 or 2 assessment were removed from the scale and 
redesigned. The CVI score is defined as 0.80 when 80% 
of the items score between 3 and 4. Having a score 
of 0.80 or above suggests appropriate content validity 
for the study (13). For this questionnaire, none of the 
items received a score of 1 or 2. Minor changes were 
made to the items that received a score of 3 in line 
with the experts’ opinions. In addition, six more items 
recommended by experts were added to the scale, and 
their content validity was again tested as described.

Face Validity: Regarding scale development studies, the 
literature suggests that the outline of the scale should be 
tested with a similar sample group (17,18). Following the 
language and content validity, 15 children and their parents 
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were given the pre-application form by researchers in order to 
ensure necessary arrangements like complicated sentences 
or grammer mistakes in data collection tools to assess the 
face validity of the scale. Finally, the implementation phase 
was begun using the 50-item form. 

Data Analysis

The data were analysed by Number Cruncher Statistical 
System 2007 (Kaysville, Utah, USA). Expert views were 
evaluated by CVI. The construct validity was assessed by 
a factor analysis. The reliability analysis of the scale was 
analysed as follows. Internal consistency was assessed using 
Cronbach’s alpha coefficient and item total correlation, 
parallel form reliability was checked by Spearman’s 
correlation analysis and split-half reliability was calculated. 
Socio-demographic data was analysed by descriptive 
statistical analysis [mean, standard deviation (SD) and 
percentage]. 

Data Collection

The study was carried out in İzmir and İstanbul, Turkey, 
in hospitals with pediatric diabetes centres, between 
June 2016 and December 2017. These hospitals 
were selected because they have high populations of 
paediatric diabetes. Children and parents filled out the 
data collection tools by themselves. Duration of data 
collection was recorded as minutes by researchers for 
each of participants separately. 

Ethical Considerations

Ethical permission was obtained from the Medical Faculty 
Clinical Researches Ethic Committee of Marmara University 
(IRB no: 15.07.2016 09.2016.432). In addition, written 
permission was received from the participating hospitals. 
Participants were informed about the study, and written 
consent was obtained from them. 

Results
Patients with Type 1 Diabetes

A total of 171 (51.7%) of the participating children were girls, 
and 160 (48.3%) were boys, making a total of 331 patients. 
For the whole group the mean±SD chronological age was 
14.25±2.84 (range: 7-18) and mean±SD age at diagnosis 
was 6.08±4.00 (range: 1-17) years. The mean±SD HbA1c 
value of the subjects was 8.92±2.14. Of the parents who 
participated, 81.0% (n=268) were mothers, 17.5% (n=58) 
were fathers and 1.5% (n=5) were other guardians. Data 
collection tools were filled out by participants in minimum 
15 minutes and maximum 20 minutes.

Content Validity

The adjustments were proved for expert views on 
Insulin Treatment Self-management Scale Child Form 
and Parent Form according to Kendall’s W adjustment 
analysis realised to ensure content validity (Kendall’s  
WaChild Form=0.109, df=41, p=0.170; Kendall’s  
WaParent Form=0.009, df=43, p=0.420). The CVI, analysed 
via the opinions of experts according to the Davis method 
(1992) (16), was 0.93 for the child form and 0.94 for the 
parent form. Fifteen children and their parents were given 
the pre-application form by researchers and Cronbach’s 
alpha coefficient for child form was 0.87 and parent form 
was 0.88.

Construct Validity

An exploratory factor analysis (EFA) was conducted in order 
to identify the structure of the scale. In addition, the Kaiser-
Meyer-Olkin (KMO) test and Bartlett’s test of sphericity were 
applied in order to determine the appropriateness of the 
data to the factor analysis. The KMO value was 0.889 for 
the child form and 0.901 for the parent form. The sphericity 
was statistically significant for both of the forms (child 
form: χ2=4417.66, p<0.001; parent form: χ2=4511.27, 
p<0.001).

For the EFA, the varimax vertical rotation technique was 
applied. As a result of the analysis, 10 items with an item 
load below 0.30 and nine items with loads from multiple 
factors were removed from the child and parent forms. The 
variant analysis showed that both of the forms had a two-
factor structure. The two-factor structure explained 40.79% 
of the total variance for the child form and 40.82% for the 
parent form. For the child form, the first factor explained 
26.78% of the variance, and the second one explained 
14.00%. For the parent form, the first factor explained 
28.73% of the variance, and the second one explained 
12.09%. Scree plots present the factorial structure of the 
scale (Figures 1A, 1B). 

Factor 1: Items 1-10, 13-17, 21, 22, 24 and 27-31 were 
gathered under this factor. These items include cognitive 
and behavioural expressions regarding insulin treatment. 
Thus, the factor was named self-efficacy.

Factor 2: Items 11, 12, 18-20, 23, 25 and 26 were gathered 
under this factor. These items include negative emotional 
expressions. Thus, the factor was named emotional 
impacts.

The item loads ranged from 0.42 to 0.83 for the child form 
and from 0.40 to 0.80 for the parent form. The findings 
obtained from the EFA are presented in Table 1. 
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Reliability

Item total correlation, inner consistency reliability, split-

half test and parallel test techniques were utilised in order 

to test the reliability of the scale. The item total correlation 

for the Insulin Treatment Self-management Scale ranged 

from 0.21 to 0.58 for the child form and from 0.25 to 

0.64 for the parent form (Table 1). In order to determine 

the inner consistency reliability of the scale, Cronbach’s 

alpha was used. To determine two halves reliability,  

Spearman-Brown and Guttman split-half coefficients 

were calculated. These values are presented in Table 2. 

The correlation between the child and parent forms was 

examined for parallel test reliability, and the results are 

presented in Table 3. 

Scoring the Insulin Self-management Scale 

The 5-point Likert-type scale includes 31 items and two sub-
groups. The first factor consists of 23 items. The minimum 
score for this factor was 23 and the maximum was 115. Higher 
scores imply a higher level of self-efficacy. The second factor 
consists of eight items with a minimum score of eight and a 
maximum score of 40. The items for this factor have a reverse 
scoring. After reverse scoring, higher scores indicate the 
respondent’s positive feelings towards insulin management. 

The overall score of the scale ranged from 31 (minimum) to 
155 (maximum). Higher scores indicated a higher level of 
self-management regarding insulin treatment. 

Discussion

Development of the scale began by searching for similar 
studies in the literature. However, no specific scales for 
measuring the self-management skills of children with 
type 1 diabetes were found in either our country or in 
others. This scale is important for identifying insulin 
treatment self-management skills as well as nursing care 
and self-management needs and to attain a desired level 
by the diabetes nurses. It is also important for developing 
individualised education programmes.

This methodologically designed scale was created to identify 
insulin treatment self-management for children with type 1 
diabetes. A newly-developed scale should meet two important 
criteria: validity and reliability. Validity refers to how well a 
scientific test or a scale actually measures what it sets out 
to or how well it reflects the reality it claims to represent. 
Thus, if a scale correctly measures what it sets out to without 
interfering with other factors, then that scale can be accepted 
as valid (16). A valid scale should be reliable. Reliability is 
defined as the consistency between participants’ responses 
to the scale’s items (15). Content and construct validity were 
utilised in our study to test the reliability. 

Content Validity

Content validity is the indicator of how sufficiently the 
items qualitatively and quantitatively measure the intended 
behaviour (15,19). According to the results of Kendall’s 
W adjustment analysis, no significant differences were 
detected between the experts’ opinions of the scale. Such a 
result shows that the items were understood similarly by the 
experts. Thus, the scale to measure insulin self-management 
skills was comprehensible.

Construct Validity

Construct validity refers to the degree to which a test 
measures a discrete concept in terms of desired behaviours. 
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Table 1. Characteristics of subscales of the Insulin Treatment Self-management Scale: Child Form and Parent Form 
(n=331)

Child Form Parent Form Child Form Parent Form

Factor 
load

Item to total 
correlations 

Factor 
load

Item to total 
correlations 

Factor 1: Self-efficacy

1. I apply my insulin injection at the 
recommended time

My child applies his/her insulin injection at 
the recommended time

0.64 0.53 0.66 0.52

2. I apply my insulin injection as I was 
taught

My child applies his/her insulin injection 
as he/she was taught

0.70 0.51 0.69 0.51

3. Diabetes education is important for 
insulin treatment

Diabetes education is important for my 
child’s insulin treatment 0.58 0.35 0.60 0.44

4. Keeping insulin under suitable 
conditions is important

Keeping insulin under suitable conditions 
is important for my child

0.52 0.33 0.59 0.43

5. Insulin treatment keeps blood 
glucose at normal levels

My child knows that insulin treatment 
keeps blood glucose at normal levels

0.64 0.40 0.70 0.54

6. I preserve insulin by storing it in the 
fridge

My child preserves insulin by storing it in 
the fridge

0.42 0.27 0.70 0.53

7. I can adjust my insulin dose 
according to my blood-glucose result

My child can adjust the insulin dose 
according to his/her blood-glucose result

0.66 0.44 0.66 0.44

8. I increase or reduce my insulin dose 
when I do sports

My child increases or reduces the insulin 
dose when he/she does sports

0.42 0.42 0.41 0.32

9. Being able to adjust the insulin dose 
according to my blood-glucose result is 
important

Being able to adjust the insulin dose 
according to blood-glucose results is 
important for my child

0.62 0.36 0.79 0.64

10. I am aware of what could possibly 
happen if I apply my insulin dose 
incorrectly

My child is aware of what can happen if 
he/she applies the insulin dose incorrectly

0.55 0.41 0.73 0.57

13. I know the problems that result 
from insulin injection (hypoglycaemia, 
swelling of injection areas, etc.)

My child knows the problems that result 
from insulin injection (hypoglycaemia, 
swelling of injection areas, etc.)

0.69 0.54 0.60 0.52

14. I know what I have to do in order to 
prevent hypoglycaemia from occurring 
as a result of insulin injection

My child knows what she/he has to do 
in order to prevent hypoglycaemia from 
occurring as a result of insulin injection

0.72 0.48 0.80 0.63

15. I know what I have to do to prevent 
lipohypertrophy/lipoatrophy (swelling/
sinking in the injection area)

My child knows what she/he has to do 
to prevent lipohypertrophy/lipoatrophy 
(swelling/sinking in the injection area)

0.51 0.46 0.68 0.60

16. I know how much additional 
insulin I need to use in a state of severe 
hyperglycaemia

My child knows how much additional 
insulin he/she has to use in a state of 
severe hyperglycaemia

0.59 0.35 0.54 0.31

17. I know how much additional insulin 
I need to use when ketone is seen in 
my urine

My child knows how much additional 
insulin he/she has to use when ketone is 
seen in his/her urine

0.49 0.36 0.42 0.30

21. It is important to apply the insulin 
injection in a different area every time

It is important for my child to apply the 
insulin injection in a different area every time

0.70 0.50 0.60 0.44

22. I use my insulin injection needle 
tips only once

My child uses his/her insulin injection 
needle tips only once

0.57 0.45 0.54 0.43

24. Insulin injection areas must be 
controlled regularly

My child knows that insulin injection areas 
must be controlled regularly 0.58 0.49 0.58 0.49

27. I know that insulin absorption 
differs in different areas (arm, leg, hips 
and around the belly)

My child knows that insulin absorption 
differs in different areas (arm, leg, hips 
and around the belly)

0.59 0.42 0.61 0.50

28. I pay special attention to applying 
insulin around the belly since it is 
absorbed faster there

My child pays special attention to applying 
insulin around the belly since it is 
absorbed faster there

0.54 0.43 0.40 0.28



One of the techniques to test construct validity is factor 
analysis (15). The EFA is a technique to determine the 
number of sub-groups of items in a scale as well as the 
relation between them (17,20). The EFA was used to test 
the construct validity of the scale. However, prior to the 
EFA, the KMO test and Bartlett’s test of sphericity were 
utilised in order to determine whether the number of 

samples was sufficient and if there was a desired level of 
relation between the variables. The KMO test is an index 
comparing observed correlation coefficients with partial 
correlation coefficients. The KMO values range between 
0 and 1, and a value >0.80 is expected for a successful 
factor analysis. In Bartlett’s test of sphericity, having a 
p<0.05 indicates an appropriate level of relation among 
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Table 1. Characteristics of subscales of the Insulin Treatment Self-management Scale: Child Form and Parent Form 
(n=331) (Continued)

Child Form Parent Form Child Form Parent Form

Factor 
load

Item to total 
correlations 

Factor 
load

Item to total 
correlations 

Factor 1: Self-efficacy

29. I know the onset, peak and duration 
of action differ depending on the type 
of insulin (short-acting insulin, fast-
acting insulin, mid-acting insulin, long-
acting insulin and ready-made insulin 
mixtures)

My child knows the onset, peak and 
duration of action differ depending on 
the type of insulin (short-acting insulin, 
fast-acting insulin, mid-acting insulin, 
long-acting insulin and ready-made insulin 
mixtures)

0.48 0.41 0.43 0.40

30. I know it is necessary to keep 
glucagon handy at home in case of 
severe hypoglycaemia

My child knows it is necessary to keep 
glucagon handy at home in case of severe 
hypoglycaemia.

0.76 0.58 0.64 0.56

31. I know it is necessary to keep 
glucagon handy at school in case of 
severe hypoglycaemia

My child knows it is necessary to keep 
glucagon handy at school in case of severe 
hypoglycaemia

0.59 0.52 0.41 0.40

Factor 2: Emotional Impacts

11. I want to be alone while injecting 
insulin

My child wants to be alone while injecting 
insulin

0.43 0.21 0.48 0.25

12. Injecting insulin causes pain To my child, injecting insulin causes pain 0.67 0.31 0.70 0.44

18. Insulin causes weight gain My child believes that insulin causes 
weight gain

0.70 0.33 0.63 0.43

19. Insulin injection interferes with my 
fun activities

Insulin injection interferes with his/her fun 
activities

0.83 0.36 0.78 0.41

20. I am unhappy that I must use 
insulin. 

My child is unhappy that he/she must use 
insulin

0.56 0.29 0.64 0.27

23. Insulin injection ruins the shape of 
my body

My child thinks that insulin injection ruins 
the shape of his/her body 0.79 0.36 0.71 0.47

25. Insulin injection makes the 
fulfilment of my responsibilities both at 
home and at school more difficult

Insulin injection makes the fulfilment of 
his/her responsibilities both at home and 
at school more difficult 

0.81 0.30 0.75 0.35

26. It is difficult for me to inject insulin 
at the right time or place every day

It is difficult for my child to inject insulin 
at the right time or place every day

0.71 0.30 0.67 0.27

Table 2. Cronbach’s alpha and Split-Half Test Reliability Results for the Insulin Treatment Self-Management Scale: Child 
Form and Parent Form

Subscales Items Child Form Parent Form

Cronbach’s 
alpha 
coefficient

Split-half test reliability Cronbach’s 
alpha 
coefficient

Split-half test reliability

Spearman-
Brown coefficient 

Guttman Split-
half coefficient 

Spearman-
Brown coefficient

Guttman Split-
half coefficient

Factor 1 23 0.91 0.83 0.83 0.91 0.84 0.84

Factor 2 8 0.85 0.85 0.85 0.83 0.81 0.81

Total Scale 31 0.86 0.70 0.70 0.88 0.75 0.75



variables for a factor analysis (21). It has been reported 
that a KMO value >0.50 is enough to realize a factor 
analysis (13,15). In the present study, the KMO value for 
the Insulin Treatment Self-management Scale was 0.88 for 
the child form and 0.90 for the parent form, indicating its 
suitability for factor analysis. Furthermore, for Bartlett’s 
test of sphericity, the p value was significant for both the 
child (p<0.001) and parent (p<0.001) forms, indicating 
that the correlation matrix for the items in the scale is 
suitable for the factor analysis. 

The eigenvalue of items in the factor analysis should be at least 
1.00, and the item factor load value should be at least 0.30 with 
a difference of at least 0.20 between items to have enough 
factor load between two different factors (20). The result of the 
factor analysis was 2.00. The scree plots present the factorial 
structure of the scale (Figures 1A, 1B). According to the scree 
plot, the distance between two points is accepted one factor 
and following the second factor the distance between two 
points was both little and similar (20) so that the scale was 
accepted as possessing two-factors. It is not recommended 
to have a factor load below 0.30 (21). Regarding the factor 
load, 0.71 and above is accepted as perfect, 0.63 is very good, 
0.55 is good, 0.45 is acceptable and 0.32 is weak (22). In our 
study, the factor loads were high (Table 1), which confirmed 
the structure of the scale was appropriate. 

Reliability

Reliability is the extent to which a scale measures what it 
sets out to measure (15,18,23,24). Reliability emphasises 
consistency (a factor affecting the validity) that does not 
change with time. Although a valid test is always reliable, a 
reliable test is not always valid (15,18). 

The reliability of the Insulin Treatment Self-management 
Scale was tested through internal consistency, the split-half 
test and item total score correlation techniques. Internal 
consistency refers to the extent to which characteristics 
and mean behaviours are similar to each other (15). One of 
the most common methods to test reliability is Cronbach’s 
alpha. A Cronbach’s alpha coefficient of 0.00<α<0.40 

shows that the scale is not reliable, 0.40<α<0.60 indicates 
low reliability, 0.60<α<0.80 indicates reliability and 
0.80<α<1.00 shows high reliability (25,26). For our scale, 
the Cronbach’s alpha was 0.86 for the child form and 0.88 
for the parent form, indicating high reliability. 

Item total correlation explains the relation between the 
scores obtained from each of the test items and the total 
score. A higher item total score correlation indicates a 
higher level of internal consistency and similar sampling 
behaviours. It has been suggested that items with a score 
of 0.30 and greater differentiate the participants quite 
well and should be kept, 0.20-0.30 might be removed and 
below 0.20 should be removed from the scale (15). For 
Items 6, 11 and 20 on the child form and 11, 20, 26 and 
28 on the parent form, the total score correlations were 
between 0.20 and 0.30. However, the factor loads for these 
items were between 0.40 and 0.64, so they were retained 
in the scale. 

One of the most common ways to test the reliability of a 
scale is to use the split-half test technique. Split-half test 
reliability refers to the correlation coefficient calculated 
for the overall scale in that test items’ being separated 
into two halves and by using the correlations of these two 
halves with Spearman-Brown formulas and Guttman split-
half formulas (15). Having a reliability coefficient of 0.70 
or higher indicates a reliable measurement for the scale 
(17,20). In our study, the Spearman-Brown split-half test 
correlation was 0.70 for the child form and 0.75 for the 
parent form. The Guttman split-half coefficient was 0.70 for 
the child form and 0.75 for the parent form (Table 2). These 
reliability coefficients show that both forms have reliable 
measurements. 

In order to ensure the reliability of the parallel forms, 
the correlation between the child form and parent form 
was examined. The correlation coefficients used were 
the Pearson correlation coefficient and Spearman’s 
correlation coefficient (27). Both the Pearson correlation 
coefficient and Spearman’s correlation coefficient (r) 
measure the strength of the linear association between 
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Table 3. Intercorrelation (Parallel Form reliability) between the Parent and Child Forms for the Insulin Treatment Self-
management Scale (n=331)

Parent Form

Factor 1 Factor 2 Scale total score

r p r p r p

Child Form Factor 1 0.51 0.000 -0.60 0.275 0.30 0.000

Factor 2 0.17 0.001 0.76 0.000 0.65 0.000

Scale total score 0.50 0.000 0.54 0.000 0.71 0.000

 r: Spearman’s correlation coefficient, p<0.01



variables. The value of a correlation ranges between -1 
and +1. Negative values indicate a negative linear relation 
and positive values indicate a positive linear relation. 
Both the Pearson correlation coefficient and Spearman’s 
correlation coefficient are interpreted as follows: 
0.00=no correlation, 0.01-0.29=lower-level correlation, 
0.30-0.70=mid-level correlation, 0.71-0.99=high-level 
correlation and 1.00=perfect correlation (28). For this 
measurement, a high-level positive correlation was found 
between the two scales (r=0.71, p<0.001) (Table 3). 

Study Limitations

In this study, we were unable to determine the test-retest 
reliability due to time limitations.

Conclusion

There is strong evidence that the psychometric characteristics 
of the scale are valid and reliable. In this study, a valid and 
reliable scale was developed in order to measure insulin 
treatment self-management of children with type 1 diabetes 
and their parents In addition, since there is no similar scale 
in the literature, it could be used in future studies on this 
issue.
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Objective: Antimüllerian hormone (AMH) concentrations in mini puberty are higher than those reported for the prepubertal period. 
In this study we investigated AMH concentrations in infants with premature thelarche (PT). A healthy control group was used for 
comparison.
Methods: Forty five female infants with PT, aged between one and three years and a control group consisting of 37 healthy girls in 
the same age range were included in the study. Bone age, pelvic ultrasonography, and concentrations of luteinizing hormone, follicle-
stimulating hormone (FSH), estradiol and AMH of the patient group were evaluated. Only serum AMH concentration of the control group 
was evaluated.
Results: Median (range) serum AMH concentrations in the subjects were 1.66 ng/mL (11.85 pmol/L) [0.15-6.32 ng/mL (1.07-45.12 
pmol/L)] and were significantly lower (p=0.025) than for the control group; 1.96 ng/mL (13.99 pmol/L) [0.60-8.49 ng/mL (4.28-60.64 
pmol/L)]. AMH and FSH were negatively correlated (r=-0.360, p=0.015) in infants with PT. There was no correlation between AMH and 
uterine size, uterine volume, endometrial thickness, fundocervical ratio, ovarian size or volume, follicle size and follicle number.
Conclusion: This is the first study that investigates AMH concentrations in infants with PT. The low AMH levels in these infants and the 
negative correlation between AMH and FSH suggests that AMH may play a role in suppressing pubertal findings during infancy and that 
decreased AMH may cause PT in infancy. 
Keywords: AMH, premature thelarche, infancy, mini-puberty

Introduction

Mini-puberty of infancy refers to the transient activation of 

the hypothalamic-pituitary-gonadal (HPG) axis during the 

first few months of life. The follicle-stimulating hormone 

(FSH) concentration in girls decreases at delivery and 

increases again with activation of the HPG axis. Activation 

of the HPG axis reaches a peak at six to eight weeks after 
delivery. In this period, the mini-puberty, the levels of sex 
steroids are similar to early-middle pubertal levels but their 
peripheral effects are not evident. Increased FSH in girls 
continues until the age of between two and four years, 
although estradiol is elevated from the second to the fourth 
month after delivery (1).

Antimüllerian Hormone Levels of Infants with Premature Thelarche
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Premature thelarche (PT) refers to the precocious appearance 
of breast development in girls with no other signs of sexual 
maturation. It is mostly encountered during the first two 
years of life. PT has been postulated to result from transient, 
partial activation of the HPG axis with excessive secretion 
of FSH. The physiologic baseline event in PT is the increase 
in FSH level (2).

In females, antimüllerian hormone (AMH) is produced by 
the granulosa cells of primary, preantral and early antral 
follicles (3). AMH has at least two functions during follicular 
development. First, AMH plays an inhibitory role during initial 
recruitment, when resting primordial follicles are initiated 
to grow, and second, it may modify preantral and small 
antral follicle growth by decreasing the FSH responsiveness 
of the follicle. The second effect is important during cyclic 
recruitment, when some large preantral and small antral 
follicles are recruited to grow on to the preovulatory follicle 
stage (4,5,6). 

AMH levels increase during infancy, but remain stable from 
childhood to early adulthood (7,8). In a recent study, it 
was reported that, after mini-puberty, AMH concentrations 
decreased by 30% during the first two years of life (9). 
It has also been reported that AMH concentrations in 
patients with central precocious puberty (CPP) were lower 
than those in the PT group and that there was a negative 
correlation between AMH and basal gonadotropin levels 
(10). These findings support the view that AMH may play 
a role in suppressing puberty. High concentrations of AMH 
in the mini-puberty period, when the peripheral effects of 
hormones are not usually observed despite the presence of 
hormonal values similar to those found during the pubertal 
period, supports the view that AMH may have a suppressive 
effect. 

The aim of this study was to investigate AMH levels in 
infants with PT who are presumed to have a prolonged 
mini-puberty due to inadequate and/or late suppression 
of pubertal activation. We hypothesized that, the AMH 
mediated ovarian response which may prevent FSH-induced 
follicle growth is deficient in infants with PT. 

Methods

Forty five consecutive girls, aged between one and three 
years, who had been admitted to our hospital between 
July 2015 and September 2016 and who had PT, defined 
as breast development with no other signs of sexual 
maturation or bone age (BA) advancement, were included in 
the study. All parents received oral and written information 
before signing a consent form. The study was approved by 
the Local Ethical Committee (Zekai Tahir Burak Training and 

Research Hospital, no: 44/2015). Exclusion criteria were: 
central and peripheral precocious puberty; thyroid disorder; 
intake of any medication; acute or chronic disease; and 
small for gestational age. 

Pubertal staging was performed according to the method 
of Marshall and Tanner (11) by the same pediatric 
endocrinologist in all subjects. If breast stages differed 
between the two breasts, the more advanced stage was 
assumed to represent breast development stage. All patients 
presented with breast budding as the only sign of puberty. 
Standard deviation (SD) scores (SDS) for height, weight and 
relative weight were calculated using national reference data 
(12). BA was evaluated using the Greulich and Pyle method 
by the same endocrinologist (13). 

In all subjects, blood sampling was performed at 8:00 am, 
via an intravenous cannula inserted into an antecubital 
vein. The blood samples were drawn into standard vacuum 
tubes. For the AMH assay, samples were centrifuged (3000 
× g for 10 min) within 30 minutes of drawing and serum 
was analysed immediately. AMH was measured by an 
enzyme immunoassay method (Anshlab AMH/MIS ELISA 
kit, Webster, Texas, USA). Luteinizing hormone (LH), FSH 
and estradiol were measured using a chemiluminescence 
method (Advia Centaur XP, Siemens AG, Munich, Germany). 

All patients were prospectively examined by pelvic 
ultrasonography (US) performed by the same experienced 
pediatric radiologist, who was blinded to their clinical and 
laboratory findings. US was performed using a Logiq 6 US 
scanner (General Electric Co. Milwaukee, WI, USA) and a 
7.5-MHz linear-array small parts transducer. Patients and 
controls were scanned several times until images with a full 
bladder could be captured. Foley catheterization was not 
performed in any of the participants. The three dimensions of 
the uterus, endometrial thickness, and the three dimensions 
of each ovary were measured. The fundocervical ratio was 
assessed as >1 or ≤1 as a simple and fast expression of 
uterine maturation. Endometrial echogenicity was checked 
with the uterus scanned in the sagittal plane. Ovarian 
volume, as cubic centimeters, was calculated using the 
ellipsoid formula (longitudinal dimension × AP dimension 
× transverse dimension × 0.52).

As the control group, 37 healthy, age-matched Tanner stage 
1 infants were included in the study. SDS for height, weight 
and relative weight were calculated and AMH concentrations 
were measured in the control group.

Statistical Analysis

The results of tests were expressed as the number of 
observations (n), mean ± SD, median and range or median 
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and interquartile range as appropriate. The results of the 
homogeneity (Levene’s test) and normality tests (Shapiro-
Wilk) were used to decide which statistical methods to apply 
in the comparison of the study groups. According to these 
test results, parametric test assumptions were not suitable 
for variables, so the comparisons of two independent groups 
were performed by using Mann-Whitney U test. A statistical 
significance level of p<0.05 was considered significant. 
Pearson’s correlation coefficient test was used for data with 
parametric test preconditions to determine the relationship 
between two continuous variables. In parametric test for 
variables that do not meet the pre-conditions, the Spearman 
correlation coefficient was used. All statistical analyses were 
performed using the Statistical Package for Social Sciences 
(SPSS) software, version 17 (IBM Inc., Chicago, IL, USA). 

Results

The anthropometric data of the patient and the control 
groups are given in Table 1. The mean±SD chronologic age 
(CA) of the patients was 1.76±0.54 (median 1.70; range 1-3) 
years. The mean±SD age of onset of breast development 
was 8.19±6.76 (median 8; range 0.8-22) months. The 
mean±SD duration of breast budding was 12.39±10.29 
(median 10; range 1-34) months and the patient’s breast 
stages ranged from stage 2 to stage 3. The mean±SD CA 
and BA difference was 0.1±0.34 years (median 0.15; 

range -0.6 to+0.7). In the follow-up period (median 9 
months; range 6-18 months), no pubertal progression was 
found in any patient. Serum AMH concentrations of PT 
subjects [median 1.66 ng/mL (11.85 pmol/L); range 0.15-
6.32 ng/mL (1.07-45.12 pmol/L)] were significantly lower 
(p=0.025) than those of the control group [median 1.96 
ng/mL (13.99 pmol/L); range 0.60-8.49 ng/mL (4.28-60.64 
pmol/L)] (Table 1). When the patients were grouped by 
breast stage, there was no significant difference between 
their AMH levels (p=0.585). AMH was not correlated with 
CA and BA. There was no relationship between AMH and 
CA-BA difference. 

Laboratory and pelvic US findings of the infants with PT are 
given in Table 2. AMH and FSH were negatively correlated 
(r=-0.360; p=0.015) in infants with PT (Figure 1). The 
correlation between FSH and AMH levels was significant 
after controlling for the effect of age (r=-0.366; p=0.014). 
No correlation was found between AMH and LH and only 
four (7.3%) patients had a baseline LH concentration above 
the measurement limit, as expected. No correlation was 
found between AMH and estradiol concentration because 
estradiol concentrations were above the measurement 
limit in only 16 (35.5%) patients. No correlation was found 
between AMH and LH concentrations. Uterine length was 
greater than 34 mm in only two patients and uterine 
volume was above 2 mL in five patients. Endometrial echo 
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Table 1. Anthropometric properties of infants with premature thelarche and the control group 

Premature thelarche (n=45) Controls (n=37)

Median IQR 25-75p Median IQR 25-75p p

Chronological age (years) 1.70 0.75 1.35 - 2.1 1.90 1.05 1.35 - 2.5 0.127

Height (cm) 83.20 7.6 80.40 - 88.05 84.60 10.5 79.25 - 89.75 0.621

Height SDS 0.16 1.34 -0.56 - +0.79 -0.40 1.18 -1.13 - +0.05 0.012

Weight (kg) 11.50 1.92 10.65 - 12.58 11.10 3.05 9.90 - 12.95 0.518

Weight SDS 0.21 1.47 -0.46 - +1.02 -0.34 1.49 -1.19 - +0.30 0.021

Relative weight (%) 103 15.5 96 - 111.5 99 12.5 94 - 106.5 0.08

AMH (ng/mL) 1.66 1.65 1.03 - 2.67 1.96 2.21 1.54 - 3.76 0.025

Mann-Whitney U test

AMH: antimüllerian hormone, IQR: interquartile range, SDS: standard deviation scores

Table 2. Laboratory and ultrasound findings of infants with premature thelarche

Median IQR 25-75p

Follicle-stimulating hormone (IU/L) 3.39 2.86 2.54 - 5.37

Luteinizing hormone (IU/L) 0.07 0.001 0.07 - 0.07

Estradiol (pg/mL) 11.80 4.98 11.8 - 15.56

Uterine length (mm) 27.0 6.5 22.5 - 29.5

Uterine volume (mL) 1.17 0.61 0.79 - 1.54

Total ovarian volume (mL) 1.40 1.21 0.66 - 1.87

IQR: interquartile range



was detected in four patients. There were six patients with 
a fundocervical ratio above one. There was no correlation 
between AMH levels and uterine size, uterine volume, 
endometrial thickness, fundocervical ratio, ovarian size or 
volume, follicle size and follicle number.

Discussion

This is the first study investigating AMH concentrations in 
infants with PT. In this study, serum AMH levels in infants 
with PT were significantly lower than those of healthy 
girls and a negative correlation between FSH and AMH 
was detected. Evidence in the literature suggests that 
AMH concentrations increase gradually from three years 
before pubertal onset to the beginning of puberty and then 
decrease by approximately 30% during the following two 
years (9,14,15). In a recent study, it was reported that the 
AMH levels of patients with CPP were lower than AMH 
concentrations in PT patients, aged between 4.5-8 years 
and that a negative correlation existed between AMH and 
basal and stimulated gonadotropin levels (10). AMH plays 
an inhibitory role during initial recruitment, when resting 
primordial follicles are initiated to grow and at the same 
time AMH decreases the sensitivity of primordial follicles 
to FSH and inhibits granulosa cell aromatase, which results 
in a decreased chance of the follicle moving towards 
cyclic recruitment and estrogen biosynthesis (4,5,6). The 
decrease in AMH concentration during the activation of 
the hypothalamus-pituitary-ovarian axis causes cyclic 
follicle recruitment. Partial activation of the hypothalamus-
pituitary-ovarian axis, during so-called mini puberty, in 
the first months of life in girls has been demonstrated. An 

increase in AMH concentrations from birth to three months 
of age has also been reported (7). As AMH inhibits both 
initial follicle recruitment (primordial to primary follicles) 
and FSH-dependent follicular growth (preantral and antral 
follicles), these authors suggested that rising levels of AMH 
during mini puberty may be an ovarian response to prevent 
FSH-induced follicular growth at a time of life when further 
differentiation of follicles would be inappropriate. Elevated 
AMH concentrations might prevent the progress of puberty.

PT is a condition seen during the period of mini-puberty 
and it has been postulated to result from prolonged mini-
puberty due to inadequate and/or late suppression of 
pubertal activation (1,2). In this present study, detection 
of somewhat lower AMH concentrations in infants with 
PT and a negative correlation between FSH and AMH are 
findings which support the hypothesis that an AMH-related 
ovarian response which inhibits FSH-induced follicular 
growth is deficient in infants with PT (power of test=45%). 
However, the role of AMH in the pathogenesis of PT is not 
well clarified. It is known that many factors have complex 
interactions during the mini-puberty period. The findings of 
this present study support our proposition that AMH may 
play a role in this complex interaction. 

Results reported from five other studies investigating AMH 
in early pubertal development are controversial (Table 3) 
(10,16,17,18,19). In one study, the number of subjects was 
very limited and no comparison was made with healthy 
controls (16). In a second study, the groups consisted of girls 
of ages 4-8 years and the AMH concentrations in patients 
with CPP were found to be lower than those of the PT group; 
results consistent with the results of this present study 
(10). In another study, compared with slowly progressive 
CPP, girls with more rapidly progressive CPP were reported 
to have lower AMH concentrations (18). This result also 
supports the proposition that pubertal progression is 
associated with decreased AMH concentrations. In another 
study, however, no difference in AMH concentrations was 
reported between CPP patients and the control group. 
However, in this study the patients were older, with more 
advanced pubertal stages (17). Thus, it was not possible to 
determine if the decrease in AMH reported at the onset of 
puberty was due to advanced pubertal stage. In another 
recent study, serum AMH concentrations in girls with PT 
were found to be higher than those of prepubertal girls. 
However, in this study the age of the control group was 
significantly different to that of the PT group, making a 
comparison inappropriate (19).

Pelvic ultrasound might be useful for diagnosis of precocious 
puberty. However no significant differences in uterine and 
ovarian ultrasound measurements were detected between 
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Figure 1. Correlation between antimüllerian hormone and 
follicle-stimulating hormone levels

AMH: antimüllerian hormone, FSH: follicle-stimulating hormone



children with PT and controls (2). In a recent 
study, AMH was reported to be proportional to 
the number of small (2-3 mm) and medium 
(4-6 mm) follicles. Thus, in early puberty 
(Tanner breast stage 1-3), the number of 
AMH-producing follicles (2-6 mm) correlated 
positively with pubertal stages, whereas AMH 
levels were unaffected (20). In our study, 
ultrasound findings being prepubertal in the 
great majority of our patients, as expected, 
we were not able to determine a correlation 
between AMH and pelvic ultrasound findings. 

Study Limitations

The study and control groups were composed 
of infants. Thus, due to ethical reasons, only 
AMH concentrations were measured in the 
control group. Although a negative correlation 
between AMH and FSH was found in the PT 
group, the relationship between FSH and AMH 
in the controls would have allowed comparison 
with the PT group if FSH concentrations had 
also been available from the control group. 

Conclusion

In conclusion, AMH may play a role in 
suppressing pubertal findings during infancy. 
This effect of AMH might be due to the decrease 
in the sensitivity of primordial follicles to FSH 
and inhibition of granulosa cell aromatase 
which results in a decreased chance for the 
follicle to move toward cyclic recruitment 
and estrogen biosynthesis. Decreased AMH 
may cause PT in infants. In this present 
study, AMH concentrations in infants with PT 
were significantly lower than those found in 
healthy controls of the same age. A negative 
correlation was also found between AMH 
and FSH. Although our findings support this 
hypothesis, the opposite hypothesis, namely, 
that an excessive activation of the ovary 
results in lower AMH production cannot be 
completely excluded and the influence of 
other factors involved in mini-puberty cannot 
be ruled out. The cause of somewhat lower 
AMH concentrations and the role of AMH in 
the etiopathogenesis of PT should be clarified 
by further studies evaluating AMH levels in 
mini-puberty and related disorders in infancy. 
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Objective: Insulin like growth factors-1 (IGF-1) is essential for normal in utero and postnatal human growth. It mediates its effects 
through the IGF-1 receptor (IGF1R), a widely expressed cell surface tyrosine kinase receptor. The aim of the study was to analyze pre- and 
post-natal growth, clinical features and laboratory findings in a small for gestational age (SGA) girl in whom discordant postnatal growth 
persisted and her appropriate for gestational age (AGA) brother.
Methods: A girl born with a low weight and length [-2.3 and -2.4 standard deviation (SD) score (SDS), respectively] but borderline low 
head circumference (-1.6 SD) presented with a height of -1.7 SDS, in contrast to a normal height twin brother (0.0 SDS). IGF-1 resistance 
was suspected because of elevated serum IGF-1 levels.
Results: Sequencing revealed the presence of a previously described pathogenic heterozygous mutation (p.Glu1050Lys) in the SGA girl 
which was not present in the parents nor in the AGA twin brother.
Conclusion: The pathogenic IGF1R mutation in this girl led to intrauterine growth retardation followed by partial postnatal catch-up 
growth. Height in mid-childhood was in the lower half of the reference range, but still 1.7 SD shorter than her twin brother.
Keywords: Insulin-like growth factor type-1, insulin-like growth factor type-1 receptor, small for gestational age, postnatal growth, 
intrauterine discordancy

Intrauterine Twin Discordancy and Partial Postnatal Catch-up 
Growth in a Girl with a Pathogenic IGF1R Mutation 

Abstract

293

J Clin Res Pediatr Endocrinol 2019;11(3):293-300

DO I: 10.4274/jcrpe.galenos.2019.2018.0236

 Paula Ocaranza1,  Monique Losekoot2,  Marie J. E. Walenkamp3,  Christiaan De Bruin4,  Jan M. Wit4,  Veronica Mericq1

1University of Chile Faculty of Medicine, Institute of Maternal and Child Research, Santiago, Chile
2Leiden University Medical Center, Department of Clinical Genetics, Leiden, The Netherlands
3Emma Children’s Hospital, Amsterdam University Medical Center, Vrije Universiteit Amsterdam, Department of Pediatric Endocrinology, 
Amsterdam, The Netherlands
4Leiden University Medical Center, Department of Pediatrics, Leiden, The Netherlands

ORI GI NAL AR TIC LE

What is already known on this topic?

What this study adds?
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fibroblasts which showed a decrease in phosphorylation of STAT5, a protein that, when activated, acts as a transcription factor in the 
nucleus. 
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Introduction

Insulin like growth factors (IGFs) are essential for intrauterine 
and postnatal growth and development (1). The mitogenic 
effects of IGF-1 are mediated through the IGF-1 receptor 
(IGF1R), a cell surface tyrosine kinase receptor encoded by 
IGF1R (15q26.3) (2). Synthesized as a single polypeptide 
precursor, the IGF1R undergoes proteolytic cleavage into 
α- and β-chains and forms a tetramer (α2β2), with the 
extracellular α2-subunits involved in ligand binding and 
the β2-subunits carrying intrinsic tyrosine kinase activities 
(2). Ligand association leads to IGF1R autophosphorylation 
and activation of multiple downstream signaling pathways 
(3). This signaling results in fetal somatic growth, whereas 
postnatal somatic growth is achieved through the synergistic 
interaction of growth hormone (GH) and IGFs, among other 
factors (4). 

The role of IGFs and their receptors in growth and 
development was first studied in animal models in which 
the invalidation of the Igf1 and Igf1r genes in mice causes 
pre- and post-natal growth retardation (5). Later, genetic 
studies in short children showed that absent or decreased 
expression of IGF-1 leads to severe pre- and post-natal 
growth failure, and microcephaly (6,7,8), while heterozygous 
(or compound heterozygous hypomorphic) mutations or 
deletions of IGF1R lead to a variable degree of pre- and post-
natal growth failure and microcephaly (9,10,11). 

Intrauterine growth retardation (IUGR) is not a rare condition 
and can lead to a small body size for gestational age (SGA) 
(12). It can be caused by maternal, placental or fetal factors. 
Approximately 90% of children born SGA show catch-up 
growth in the first years of life (13,14). In these children no 
further diagnostic tests are carried out. In children born SGA 
with persistent short stature multiple genetic causes have 
been detected (15).

We report a twin girl born SGA with partial catch-up 
growth, but still 1.7 standard deviation (SD) shorter than 
her appropriate for gestational age (AGA) born twin brother. 
Her serum IGF-1 level was unexpectedly elevated, due 
to a previously described pathogenic mutation in IGF1R 
(c.3148G>A, p.Glu1050Lys). 

Methods
Subjects

Informed consent was obtained from the family to 
participate and provide samples (DNA, whole blood), in 
compliance with the Institutional Ethics Committee at San 
Borja-Arriarán’s Hospital (Santiago, Chile). 

Sample Procurement

Genomic DNA was isolated from peripheral blood from 
the patient, her sibling and from both parents. The 
samples were sent to the Laboratory for Diagnostic 
Genome Analysis, Department of Clinical Genetics at 
the Leiden University Medical Center (LUMC) for routine 
genetic testing of IGF1R. Targeted Sanger sequencing of 
the complete coding region exon 1-21 including intron/
exon boundaries (NM_000875.3) was performed as 
previously reported (10,16). Multiplex ligation-dependent 
probe amplification (MLPA) assay (MRC Holland kit 
P217-B2) containing probes for IGF1R exon 1-21 was 
performed for the detection of deletions or duplications 
(16).

Statistical Analysis 

Comparisons between groups were not performed in this 
study. 

Results
Clinical Presentation of the Index Patient

The Chilean female index patient was part of a bichorial 
biamniotic twin, born after a pregnancy interrupted due 
to premature membrane rupture and metrorrhagia. The 
patient showed in utero growth discordancy at week 21 and 
was born SGA at 33 weeks of gestational age, with a birth 
weight of 1.48 kg [-2.4 SD score (SDS)] (17), a birth length 
of 39 cm (-2.4 SDS) and a head circumference of 29.5 cm 
(-1.6 SDS) (Figure 1A). During her first days of life, she was 
hospitalized for gastric distress. Several episodes of gastro-
oesophageal reflux with and without cyanosis were reported 
after hospitalization. 

The parents were not consanguineous. Paternal and 
maternal heights were 176.9 cm (-0.1 SDS) and 157.9 cm 
(-1.0 SDS), respectively, with a target height of -0.45 SDS 
(18). The father reported normally timed puberty and 
the mother’s pubertal development was slightly delayed 
(menarche 14 years). Paternal grandfather and -mother had 
a height of 170 cm (-0.9 SDS) and 165 cm (0.4 SDS), and 
maternal grandparental heights were 162 cm (-2.1 SDS) and 
157 cm (-1.0 SDS), respectively (Figure 2). 

The patient was referred to the pediatric endocrine unit 
for evaluation of short stature at age 1.25 years, because 
of postnatal growth discordancy with her twin brother 
(Table 1). Height to arm span ratio was abnormal (≥1.0), 
weight 6.87 kg (-2.8 SDS for age), weight for height -2.2 
SDS (19), and head circumference 44.8 cm (-1.3 SDS). 
Physical examination revealed normal body proportions 
and a small midface, mild frontal bossing, a thin upper lip, 
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and mild hypertelorism. Bone age was delayed by three 
months. A normal female karyotype (46 XX) was found. 
Serum IGF-1 concentration was high (194 ng/mL; reference 
range (RR) <131 ng/mL) and IGFBP-3 levels in the upper 
normal range (3.1 mg/L; RR=1.1-3.6 mg/L). Independent 
walking was achieved at 1.25 years. Her appetite was poor 
and selective. 

Over the subsequent eight years she visited the clinic 
several times (Table 1). Psychomotor development was 
normal. Height remained below -2 SDS up to three years 
of age and then increased (Figure 1B). Bone age at 3.75 
years was delayed but identical to chronological age by 
6.33 years. At age 8.92 years she was prepubertal and a 
small diffuse goiter was noted, confirmed by the finding 
of a small thyroid cyst at ultrasound. Thyroid function was 
normal during follow-up. Over the years, her circulating 
IGF-1 levels and IGFBP-3 concentrations remained high 
(Table 1).

The Patient’s Twin Brother

The male twin brother of the index patient was born at 33 
weeks of gestational age with a weight of 2.0 kg and length 
of 44 cm. Growth data are shown in Table 1. At 1.75 years 
of age, his height was 83 cm and weight was 13.3 kg (Figure 
1C). Thereafter his height SDS increased to close to the 
reference mean (Table 1) and was slightly above conditional 
target height SDS, and remained stable afterwards (Figure 
1D). He has no associated morbidities nor dysmorphic 
features (Figure 3). 

Genetic Studies

Since the clinical and biochemical characteristics of the 
index patient were consistent with IGF-1 resistance which 
could be caused by a deletion or an inactivating mutation 
in the gene encoding IGF1R, targeted sequencing and MLPA 
was performed for IGF1R on genomic DNA from whole 
blood from the index patient. Sequence analysis showed 
a heterozygous nucleotide substitution at position 3148 
(c.3148G>A), changing glutamic acid to lysine at position 
1050 of the mature IGF1R protein (p.Glu1050Lys). This 
heterozygous mutation was not encountered in the twin 
brother nor in either parent. It was confirmed by PP16 
analysis that the index patient was the daughter of this 
couple.

Discussion 

In this study, we report a patient who presented with pre- 
and post-natal growth retardation resulting from a de novo 
heterozygous IGF1R mutation in exon 16 (c.3148G>A, 
p.Glu1050Lys). Substitution of this highly conserved amino 
acid residue, located in the intracellular tyrosine kinase 
domain, is associated with a change in charge of the amino 
acid and in silico analysis predicts inactivation of the IGF1R 
leading to a partial resistance to IGF-1. This mutation was 
not identified in the patient´s twin AGA born normal-
statured brother nor in other family members. 

Fetal growth and development are influenced by maternal, 
placental and fetal factors (1). A variety of maternal and 
utero-placental factors may constrain the growth of the 
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Table 1. Clinical and biochemical characteristics of the index patient and her twin brother

Index patient Sibling

Age 
(years)

Height
cm (SDS)

Weight
kg (SDS) 

BMI 
(SDS)

HC
cm (SDS)

Bone 
age

IGF-1
ng/mL (RR)

IGFBP-3 
mg/L (RR)

Height
cm (SDS)

Weight
kg (SDS)

BMI 
(SDS)

HC 
cm (SDS)

Birth 
data

39
(-2.5)

1.48
(-2.4)

29.5
(-1.6)

NA NA NA 44
(0.0)

2.0
(-0.6)

NA

1.25 69.4
(-3.0)

6.87
(-2.8)

14.3
(-1.3)

44.8
(-1.3)

1 year 194 (<131) 3.1
(1.1-3.6)

NA 10.7 
(0.2)

NA 48
(0.9)

3.08 86.2
(-2.1)

10
(-3.5)

13.5
(-2.3)

NA NA 269 (<289) 4.3
(<4.3)

NA NA NA NA

3.75 NA NA NA NA 3 year NA NA NA NA NA NA

4.25 95.5
(-1.6)

13.1
(-1.9)

14.4
(-0.8)

NA NA 330 (<289) 4.5
(<4.3)

104.8
(0.2)

20.9
(1.6)

19.0
(2.4)

NA

4.75 NA NA NA NA 4 year NA NA NA NA NA NA

6.33 109 
(-1.6)

17 
(-1.7)

14.3
(-0.7)

49
(-1.7)

6.5 year 417 (<286) NA 118.3
(0.2)

22 (0.1) 15.7
(0.2)

53.5
(1.0)

8.92 122.0 
(-1.8)

21
(-2.1)

14.1
(-1.3)

NA NA NA NA 132.2 
(-0.1)

37.7 
(1.4)

21.6
(1.7)

NA

BMI: body mass index, HC: head circumference, NA: not available, RR: reference range, SDS: standard deviation score, IGF-1: insulin like growth factors-1
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Figure 1. Growth chart of the patient (A) and her twin brother (B). Growth charts of the patient carrying the mutation (C) and 
(D) growth charts of the normal statured brother



fetus. In this interesting experiment of nature the role 
of maternal and placental factors are well controlled and 
separated from the role of fetal factors. A series of elegant 
investigations in mice, complemented by case studies 
in humans, have convincingly demonstrated the critical 
role of the IGF system in pre- and post-natal growth (5). 
Targeted disruption of the gene encoding Igf-2 in mice 
resulted in a 40 percent reduction in fetal growth with 
normal postnatal growth, demonstrating the important 
role of IGF-2 in intrauterine growth. Disruption of the gene 
for Igf-1 led to a similar decrease in birth weight but also 
led to persistent postnatal growth failure. Furthermore, 
deletion of the gene encoding Igf1r, which mediates 
the growth-promoting actions of both Igfs, resulted in 
birth weights that were only 45 percent of normal and 
these mice generally died within hours after birth from 
respiratory insufficiency due to muscular hypoplasia (5). 
The relevance of these findings for human growth was 
supported by reports on humans. Homozygous mutations 
of IGF-1 were found in a few patients presenting with 
severe pre- and post-natal growth failure, microcephaly 
and deafness (6,7). Several reports have been published of 
patients with IGF-1 resistance due to molecular defects in 
the IGF1R who present with a variable degree of pre-and 
post-natal growth retardation (9). 

Short stature is a common problem confronting pediatric 
endocrinologists. After exclusion of systemic or skeletal 
diseases or overt hormonal deficiencies, clinicians are often 
unable to provide a definitive diagnosis for the etiology 
of an individual patient’s short stature. An important 
clue for the cause of short stature is to register whether 
prenatal growth was normal or reduced. We suspected a 
mutation within the IGF-1 signaling cascade because of 
the persistent short stature in our patient and the high 
IGF-1 levels. Our hypothesis led us to the detection of a de 
novo heterozygous mutation of IGF1R in exon 16, resulting 
in the replacement of a Glu residue at position 1050 by 
a Lys residue. So far, mutations in IGF1R were almost 
always reported to result in IUGR, and postnatal catch-
up growth had not been documented. Aberrant IGF1R 
expression is described to lead to IGF1R haploinsufficiency 
(20,21), disturbed processing of the proreceptor (22,23), 
decreased ligand binding (24), abrogated IGF1R tyrosine 
kinase activity and reduced receptor autophosphorylation 
(10,25,26). 

In line with the previously reported adult patient (with a 
birth weight and length of -2.1 and -0.3 SDS, respectively, 
and a height SDS of -3.3 at presentation, and an adult head 
circumference SDS of -3.0), the mutation led to a clinically 
significant prenatal and postnatal growth failure, though 
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Figure 2. Pedigree of the index patient with the IGFIR 
mutation. Height standard deviation score is indicated 
in brackets and persons who were checked for the IGFIR 
mutations are indicated (*)

SDS: standard deviation score

Figure 3. Picture of the twins taken in July 2014



postnatal growth of our patient is less affected compared to 
almost all cases with IGF1R haploinsufficiency described to 
date. This mutation was also associated with microcephaly, 
but it did not affect intellectual development. Our patient 
was reported to have feeding problems during the first 
year of life and poor appetite, which previously has been 
associated with the same and other IGF1R mutations (10). 
This mutation was not present in her twin brother and 
parents, who all have normal stature. Our results provide 
strong evidence that this variant is likely to be the underlying 
cause of the IUGR and mild postnatal short stature observed 
in this patient. 

Most of the IGF1R mutations have been described in children 
born SGA. The first human IGF1R defects were described 
by Abuzzahab et al (9) in 2003 and only a few compound 
heterozygous cases have been described thereafter (9,27). 
Most of the described cases are heterozygous carriers of 
IGF1R mutations (10,20,21,22,23,25,26,28,29,30,31,32,33,
34). To date only two single patients carrying a homozygous 
mutation have been described (35,36). The phenotype is 
variable, presumably depending on the impact of the 
mutation on the function of the IGF1R. The most common 
feature described in the reported patients included 
IUGR (11,37), postnatal growth failure and microcephaly 
(11,37,38). 

Study Limitations

The affected Glu residue at position 1050, is located in the 
strongly conserved serine-threonine/tyrosine-protein kinase 
catalytic domain. A study limitation was the absence of 
functional studies, as fibroblasts from skin biopsies were 
not available. However, functional analysis of fibroblasts 
from a previously described patient with the same mutation 
showed a marked reduction of autophosphorylation of the 
IGF1R and of activation of PKB/Akt upon a challenge with 
IGF-1. Furthermore, [3H]thymidine incorporation in that 
patient’s cells after a challenge with a dose range of IGF-1 
in comparison with a panel of fibroblast cultures of eight 
non-growth-retarded individuals (controls) showed a 50% 
reduction (10).

Conclusion

In conclusion, we describe a discordant pair of twins in 
whom the effect of this IGF1R mutation in the context of a 
similar intrauterine environment is unmasked. This clinical 
observation shows that while it is assumed that most patients 
carrying IGF1R mutations remain short postnatally, partial 
catch-up growth can occur, possibly related to increased GH 
and IGF-1 secretion.
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Cleidocranial dysplasia (CCD) is a rare congenital autosomal dominant skeletal disorder that is characterized by hypoplasia or aplasia 
of clavicles, failure of cranial suture closure, dental anomalies, short stature and other changes in skeletal patterning and growth. The 
gene responsible for pathogenesis has been mapped to the short arm of chromosome 6p21, core binding factor alpha-1 (CBFA1) or runt 
related transcription factor-2 (RUNX2). Here we describe a CCD patient with a novel mutation in the RUNX2 gene. A five-and-a-half year 
old girl presented with severe short stature, dysmorphic facial appearance (hypertelorism, prominent forehead, high palate, midfacial 
hypoplasia), macrocephaly, large anterior fontanelle, increased anteroposterior chest diameter. Her shoulders were close to each other 
and her bilateral clavicles appeared short on physical examination. Bilateral hypoplastic clavicles, coxa valga, hypoplasia of iliac bones, 
wide symphysis pubis and phalangeal dysplastic features were detected on her skeletal X-ray examination. She was diagnosed as having 
CCD. Molecular analysis detected a novel heterozygous mutation ‘NM_001024630.3p.T155P(c.463A>C)’ in the RUNX2 gene. At age 
seven years and two months old, because of her severe short stature, growth hormone (GH) treatment was started and she responded 
well to GH therapy with no adverse effects. In conclusion, hypoplasia or aplasia of the clavicles, failure of cranial suture closure, dental 
anomalies and short stature should bring CCD to mind. We present a novel mutation in the RUNX2 gene for CCD. We obtained growth 
velocity gain with GH treatment in our patient.
Keywords: Cleidocranial dysplasia, RUNX2, severe short stature

Introduction

Cleidocranial dysplasia (CCD) (CCD; OMIM:119600) is a 
skeletal dysplasia characterized by hypoplasia or aplasia 
of the clavicles permitting abnormal facility in apposing 
the shoulders, by persistently open skull sutures with 
bulging calvaria and by dental anomalies including delayed 
exfoliation of primary teeth, delayed eruption of permanent 
teeth and multiple impacted supernumerary teeth. Short 

stature, generalized bone dysplasia, vertebral malformations, 

a depressed nasal bridge and a wide pubic symphysis can 

also be seen (1). The estimated prevalence of CCD is one 

per million births, which is most likely underdiagnosis, and 

there is no sex predilection (2).

CCD is caused by heterozygous loss-of-function mutation 

in the runt related transcription factor-2 (RUNX2) gene, 

encoding the transcription factor core binding factor 

A Case of Cleidocranial Dysplasia with a Novel Mutation and Growth 
Velocity Gain with Growth Hormone Treatment
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alpha-1 (CBFA1) on chromosome 6p21 (1,3). The human 
RUNX2 (CBFA1) gene consists of eight exons and it controls 
differentiation of precursor cells into osteoblasts and 
is essential for membraneous and endochondral bone 
formation (3,4). It is a master regulatory gene for skeletal 
development and morphogenesis. The majority of RUNX2 
mutations in classic CCD patients are missense or nonsense 
mutations. Frame shift and exon skipping mutations (4), 
insertions and deletions have also been described (3). The 
disease is commonly autosomal dominantly inherited but 
can be sporadic.

Here we present a CCD patient with significant short stature 
with typical characteristics of CCD and a novel RUNX2 
mutation. She had growth hormone (GH) therapy with 
growth velocity gain.

Case Report

A five-and-a-half year old girl was admitted to our hospital 
due to her short stature and dysmorphic features. Her 
anthropometric measurements and standard deviation (SD) 
scores (SDS), according to Turkish standards (5), were as 
follows: height was 94.3 cm (-3.69 SD); weight was 13.7 
kg (-2.45 SD); body mass index (BMI) was 15.4 (-0.05 
SD); head circumference was 52 cm (0.77 SD); upper/
lower segment ratio of 1.25 (>+2 SD); and mid parental 
target height was 161.15 cm (-0.31 SD). The parents had 
no history of constitutional delay of puberty and growth. 
The patient had a dysmorphic face with hypertelorism, a 
prominent forehead, high palate, midfacial hypoplasia 
and down-slanting palpebral fissures. In addition she 
had macrocephaly, large anterior fontanelle, increased 
anteroposterior chest diameter, laxity in her distal joints and 
pes planus. Her shoulders were close to one another and her 
clavicles appeared too short (Figure 1). Exfoliation of her 
primary teeth was delayed. She had normal developmental 
milestones and intelligence, except for a mild speech delay. 
Her neurological examination was normal.

Bone age was 3-3.5 years according to the method 
of Greulich and Pyle. Skeletal X-rays showed bilateral 
hypoplastic clavicles, a wide and open anterior fontanelle, 
coxa valga, hypoplasia of iliac bones and a wide symphysis 
pubis (see Figures 2, 3). Her hand X-ray examination 
revealed cone shaped epiphyses, a pseudo-epiphysis of the 
second metacarpal, tapering of distal phalanges, severe 
dysplasia of the middle phalanx in the fifth finger and a 
wide phalangeal epiphysis. These findings were compatible 
with the diagnosis of CCD. She had no scoliosis. 

In laboratory studies her blood count, biochemical tests, 
thyroid function tests and urine examination results 
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Figure 1. Hypoplasia of the clavicles permitting abnormal 
facility in apposing the shoulders

Figure 2. Skull X-ray of patient shows wide and open anterior 
fontanelle



were normal. Tissue transglutaminase antibodies were 
negative. Insulin like growth factor-1 (IGF1) and IGF binding 
protein-3 (IGFBP3) concentrations were 74 ng/mL (-1.15 
SD) and 2860 ng/mL (-0.12 SD) respectively. Her peak GH 
concentration following L-DOPA stimulation was 13.4 ng/
mL (non-deficient). Karyotype was 46,XX. 

After genetic consultation, next generation sequencing 
(NGS) detected a novel heterozygous mutation 
‘NM_001024630.3p.T155P(c.463A>C)’ in the RUNX2 gene 
(Figure 4). RUNX2 gene sequence analysis was performed 
by using MiSeq NGS platform, an FDA approved diagnostic 
system (Illumina Inc., San Diego, CA, USA). Genomic DNA 
was extracted according to the manufacturer’s standard 
procedure using the QIAamp DNA Blood Midi Kit (Qiagen, 
Hilden, Germany). All coding exons of the RUNX2 gene and 
their flanking splice site junctions were amplified using 
polymerase chain reaction (PCR) primers, designed with 
PRIMER©-Primer Designer v.2.0 (Scientific and Educational 
Software programme) software. PCRs were validated by 
using agarose gel electrophoresis. After PCR amplification, 
the libraries were prepared with the Nextera XT kit (Illumina 
Inc., San Diego, CA, USA), according to the manufacturer’s 
instructions. Next-gene sequencing was carried on MiSeq 
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Figure 3. X-ray of her trunk shows bilateral hypoplastic 
clavicles, hypoplasia of iliac bones, wide symphysis pubis

Figure 4. MISEQ sequence image of the mutation in RUNX2 
gene



(Illumina Inc., San Diego, CA, USA). Sequences were aligned 
to the hg19 genome within MiSeq Reporter software 
(Illumina Inc., San Diego, CA, USA). Visualisation of the data 
was performed with IGV 2.3 (Broad Institute, Cambridge, 
MA, USA) software. 

This mutation has not been reported previously and it is 
highly likely to be pathogenic according to the PolyPhen-2 
(score=1.00, sensitivity: 0.00, specificity: 1.00) (http://
genetics.bwh.harvard.edu/pph2), SIFT (score=0.0001 
converted rank score=0.912), Provean (score=-5.46 
-5.53 converted rankscore=0.86) and Mutation Taster 
(score=0.99) software analysis. Her mother’s genotype was 
normal for this mutation. It was not possible to perform the 
father’s genetic analysis. 

At age seven years and two months old, the patient’s 
anthropometric characteristics were: height 104.1 cm; 
height SDS -3.8 SD; body weight 17.1 kg (-2.3 SD); and upper/
lower segment ratio 1.28. Her bone age was estimated as 
five years.

An IGF generation test was performed with 0.1 mg/kg/day 
GH for four days because of her severe short stature. The 
test revealed a 200% increase in IGF1. Subcutaneous GH 
treatment was started at a dose of 30 mcg/kg/day. After 
one year of treatment (at age 8 years and three months) 
her growth velocity was found to have increased to 8.2 
cm/year from 5.28 cm/year before treatment. Height SDS 
had increased to -3.15 SD. She was still prepubertal and 
her bone age was 6.5-7 years. Her IGF1 concentration was 
123 ng/mL (-0.03 SD) and IGFBP3 concentration was 5460 
ng/mL (1.08 SD) after GH treatment. She was followed-
up every three months and no adverse side effects were 
observed which could be associated with GH treatment. She 
was also followed by an orthopedist for pes planus and a 
pediatric dentist for delayed exfoliation of primary teeth. 
She continues to receive GH therapy. After 21 months of 
GH therapy, at age 9 years, she was prepubertal and her 
anthropometric measures were as follows: height 119.2 
cm (-2.28 SD); weight 22.6 kg (-1.48); BMI 15.9 (-0.26 SD); 
upper/lower segment ratio 1.16 (>+2 SD) (+2 SD=1.08); 
and arm span 115 cm. Her body disproportion had not 
worsened.

A written informed consent was obtained from the patient’s 
family regarding the scientific publication of the patient’s 
photographs and her medical data.

Discussion

CCD is generally diagnosed clinically and the diagnosis is 
supported by radiography. Genetic analysis reveals a RUNX2 

mutation in almost 70% of patients. Our patient was 
diagnosed due to her classical phenotypic and radiological 
features.

Short stature can be a feature of CCD due to generalized 
bone dysplasia. Reports of gender differences and severity 
of short stature are controversial (2,6,7). Short stature is 
usually mildly disproportional but it also can be proportional 
(2,7). Studies which include younger CCD patients indicate 
that birth lengths are normal, but heights decrease to around 
-2 SD at ages of 4-8 years (6). 

Jensen (6) investigated somatic development in 17 Danish 
CCD patients, aged 5-46 years. Stature was documented 
in six males and eight females and compared with Danish 
reference data. The report noted growth retardation, 
especially in females. Heights of CCD males were clustered 
between the 5th and 50th percentiles, but heights in all CCD 
females were below the 5th percentile (between -1.81 SD 
and -3.56 SD). Due to the small number of patients, having 
no data about parental heights and noting that four females 
belonged to the same family, the authors concluded that 
the observed severity of short stature in females may have 
occurred by chance. It was also noted that the females had 
smaller head circumference values than the boys (-0.77 SD 
versus +0.27 SD, respectively). 

Our female patient had a significant short stature and her 
height SDS was significantly lower than her mid-parental 
height SDS. Her head circumference was relatively 
macrocephalic (head circumference +0.77 SD).

In the study of Cooper et al (2), 21 female and 21 male 
CCD patients aged >18 years were evaluated for height. 
The authors observed that their patients had shorter 
statures than their healthy relatives. The mean height 
percentiles of girls and boys were 10th percentile (38% 
were <5th percentile) and <5th percentile (62% were 
<5th percentile), respectively. Unlike Jensen’s (6) report, 
short stature in this study was more prominent in males 
and severe short stature was not observed among the 
cases. Most prevalent skeletal deformities of the cases 
were genu valga and pes planus.

Dinçsoy Bir et al (7) reported 15 CCD cases in 11 independent 
families. Short stature was observed in three males (height 
SDS were -4.2, -2.9 and -2.24) and a female (height SDS 
was -2.55) and all were proportional. Three of these short 
patients had low IGF1 levels (<-2 SD). The female patient 
showed partial GH deficiency on GH stimulation tests and 
had normal hypophyseal magnetic resonance imaging. She 
had not received GH therapy at the time of the report. The 
male patient with a height SDS of -4.2 did not have low IGF1 
and no GH deficiency was found. He did not respond to one 
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year of GH therapy at the age of 15 years, but his bone age 
was not reported in the study.

Short stature of different frequency and severity, 
reported in CCD patients, can be explained with the 
variety in the effects of the known mutations. There are 
studies investigating genotype-phenotype correlations 
for RUNX2 mutations (4,8). Yoshida et al (8), studied 
genotype-phenotype correlations in 17 Japanese CCD 
patients and they reported that RUNX2 mutations which 
affect the Runt domain (responsible for binding to 
DNA) are correlated with short stature and its severity. 
They showed that patients had normal stature when 
they had mutations with an intact Runt domain. The 
mutation detected in our patient [‘NM_001024630.3p.
T155P(c.463A>C)’] was a missense mutation leading to a 
change in 155th amino acid in Exon 4 and located within 
the Runt domain. It was likely to be pathogenic in the  
in silico analysis. This situation can explain our patient’s 
severe short stature.

Yoshida et al (8), found that short stature and the number of 
supernumerary teeth were correlated significantly. Different 
studies have shown mutations which affect the Runt 
domain of the RUNX2 gene also cause the classical CCD 
phenotype and are associated with severe dental anomalies 
(4). Genotype-phenotype correlation studies also showed 
that mutations of the RUNX2 gene could lead to various 
phenotypic features even in the same family (4). 

Data on GH treatment for CCD patients are very limited. In 
the study of Dinçsoy Bir et al (7), one patient with CCD who 
was treated with GH for one year did not benefit from this 
treatment but the patient was 15 years old and his bone age 
data were missing. Our patient’s height increased by 8.2 
cm/year (prepubertal), an increase of 3 cm/year more than 
in the year prior to GH treatment. This corresponded to an 
increase in height SDS of 0.65 SD/year. The initiation of GH 
therapy at an early age could have been the reason for the 
better outcome observed in this patient. However, in terms 
of efficacy and safety of GH therapy, there is a need for 
randomized controlled trials involving more patients.

It has been suggested that there can be increased bone 
fragility in CCD patients. Cooper et al (2) reported two 
patients with multiple bone fractures, but they found similar 
fracture and osteoporosis rates in 90 CCD patients and in 
the control group. Dinçsoy Bir et al (7) reported that more 
than 50% of their patients had osteoporosis and they also 
reported no relationship between osteoporosis in their 
patients and vitamin D deficiency. Our patient had no bone 
fractures and the radiology of her vertebrae showed no 
fractures or scoliosis.

In conclusion, we report a patient who presented with 
severe short stature, failure of cranial suture closure and 
hypoplasia of clavicles, who was diagnosed as having CCD. 
A novel mutation in the RUNX2 gene for CCD was detected. 
We obtained a growth velocity gain with GH treatment 
for severe short stature, with no side effects. Randomized 
controlled trials are necessary however, for evaluating the 
effectiveness and safety of GH therapy for this population.
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Hypophosphatasia (HPP) is a rare disease caused by mutations in the ALPL gene encoding tissue-non-specific isoenzyme of alkaline 
phosphatase (TNSALP). Duplications of the ALPL gene account for fewer than 1% of the mutations causing HPP. It has been shown that 
asfotase alfa enzyme replacement treatment (ERT) mineralizes the skeleton and improves respiratory function and survival in severe 
forms of HPP. Our patient was a newborn infant evaluated for respiratory failure and generalized hypotonia after birth. Diagnosis of 
HPP was based on low-serum ALP activity, high concentrations of substrates of the TNSALP and radiologic findings. On day 21 after 
birth, ERT using asfotase alfa (2 mg/kg three times per week, subcutaneous injection) was started. His respiratory support was gradually 
reduced and skeletal mineralization improved during treatment. We were able to discharge the patient when he was seven months 
old. No mutation was detected in the ALPL gene by all exon sequencing, and additional analysis was done by quantitative polymerase 
chain reaction (qPCR). As a result, a novel homozygote duplication encompassing exons 2 to 6 was detected. Early diagnosis and rapid 
intervention with ERT is life-saving in the severe form of HPP. qPCR can detect duplications if a mutation cannot be detected by sequence 
analysis in these patients.
Keywords: Hypophosphatasia, perinatal form, ALPL gene, duplication, enzyme replacement therapy

Introduction

Hypophosphatasia (HPP) is a rare disease caused by 
mutations in the gene encoding tissue-non-specific 
isoenzyme of alkaline phosphatase (TNSALP) (1). It is 
estimated that the incidence of severe forms of the disease 

is approximately 1 in 300,000 in Europe and approximately 
1 in 435,517 in Turkey (2,3). Patients have been classified 
traditionally as having perinatal, infantile, childhood, or 
adult HPP based on symptom severity and presentation 
age. Currently, specific bone-targeted recombinant enzyme 
replacement therapy (ERT) (asfotase alfa; STRENSIQ®, 

A Case of the Perinatal Form Hypophosphatasia Caused by a Novel 
Large Duplication of the ALPL Gene and Report of One Year Follow-
up with Enzyme Replacement Therapy
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Alexion Pharmaceuticals, Inc. NASDAQ: ALXN, Boston, 
Massachusetts, U.S.) is available for HPP patients, and it is 
suggested for patients with pediatric-onset HPP (1,4). 

ALPs are membrane-bound ectoenzymes that hydrolyze 
monophosphate esters. Human ALP is classified into 
four types: TNSALP, intestinal, placental-like ALP (PLAP) 
and germ cell. The expression of TNSALP is widespread, 
especially in the liver, bone, kidney, neuronal cells and 
neutrophils. It is expressed on the cell membrane of 
hypertrophic chondrocytes, osteoblasts and odontoblasts 
and is also concentrated on the membranes of budding 
matrix vesicles in these cells. TNSALP is essential for tissue 
biomineralization (5,6,7). 

TNSALP is encoded by an ALP-liver (ALPL) gene on 
chromosome 1p36.12. To date, over 300 different mutations 
in ALPL gene have been identified. Missense mutations are 
the most common type of mutation. Duplications in this 
gene have been reported very rarely. Herein, we report a 
novel duplication in the ALPL gene in a patient with the 
perinatal form of HPP, as well as the patient’s clinical 
characteristics and a brief report of the results of 12-months 
follow-up with ERT.

Case Report 

The patient was evaluated at birth for respiratory failure and 
generalized hypotonia. He was born from second cousin 
consanguineous parents at full-term weighing 3,440 g. The 
birth length was 50 cm and the head circumference was 
35 cm. Diagnosis of HPP was based on low-serum ALP 
activity, high levels of substrates of TNSALP (see Table 1) 
and radiologic findings (see Figure 1). The parents were of 
Turkish origin and healthy. At the time of the assessment, 
when father’s age was 37 years and mother’s age was 32 
years, neither parent had clinical symptoms of HPP. 

No mutation was detected in the ALPL gene by full gene 
sequencing, and thus, we decided to do an additional 
analysis by quantitative polymerase chain reaction (qPCR). 
Blood samples were collected from the patient and parents. 
DNA isolation was performed by a salt precipitation 
method. The qPCR analysis was performed by LightCycler 

480 Software (Roche, Basel, Switzerland), and a relative 
quantification analysis was performed that compared the 
target DNA sequence (that of the patient) with a reference 
DNA sequence (used for normalization of the ratio). Primers 
were designed for the coding exons 2 to 12 of the gene of 
interest; 0.5 μL primer forward, 0.5 μL primer reverse, 10 μL 
SYBR Green I Master (Roche, Basel, Switzerland) and 2 μL 
DNA were used for reaction mix in a total volume of 20 μL. 
As a result, a novel homozygous duplication encompassing 
exons 2 to 6 was detected (Figure 2). This mutation was 
classified as likely pathogenic (class 2) according to 
the American College of Medical Genetics (ACMG) and 
Centogene’s guidelines. Genetic analysis of the parents 
demonstrated that both were carriers of the same mutation 
(Figure 3). 

Asfotase alfa was kindly provided by Alexion Pharmaceuticals 
as part of the compassionate use program. On day 21 after 
birth, ERT using asfotase alfa (2 mg/kg three times per week, 
subcutaneous injection) was started.

After birth, the patient was intubated and ventilated by 
Synchronized Intermittent Mandatory Ventilation mode. 
The inspiratory requirement was gradually reduced during 
treatment. Due to an ongoing requirement for mechanical 
ventilation, tracheostomy was performed at the age of six 
months. The patient was discharged from the hospital at 
seven months of age. At 12 months he needed ventilation 
via tracheostomy only during sleep, equivalent to eight 
hours a day. 

Improved mineralization was observed during the treatment 
(Figure 1). There was no significant hypercalcemia before 
the treatment and hypocalcemia was not observed during 
the same period. At age one year, the patient was able to sit 
up with support, with full head control, but he was not yet 
able to stand. No objective test, such as the Bayley Scales 
of Infant and Toddler Development, was performed during 
the first 12 months to evaluate neurocognitive functions. 
However we noted some signs of neuromotor development, 
for example placing a spoon in a cup. We could not evaluate 
speech function due to the tracheostomy. Seizures were not 
observed before or during treatment, and there was no sign 
of craniosynostosis at age 12 months. At this time his weight 
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Table 1. Biochemical findings in the patient and his parents  

Patient Mother Father

ALP (IU/L) 8 (100-380) 52.00 (25-94) 27.0 (33-107)

Pyridoxal 5’-phosphate (PLP) (μg/L) 14104.0 (5-30) 7.8 (5-50) 20.2 (5-50)

PEA (μmoL/g creatinine) 2767.5 (15-341) 41.6 (0-48) 21.8 (0-48)

PPi NA NA NA

ALP: alkaline phosphatase, PLP: pyridoxal phosphate, PEA: phosphoethanolamine, PPi: inorganic pyrophosphate
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Figure 1. X-ray of the patient; (A) before treatment, (B and C) at 12 months of treatment. Note the general improvement of 
mineralization and of rachitic changes with asfotase alfa enzyme replacement therapy

Figure 2. Quantitative polymerase chain reaction (qPCR) assay by using 11 gene-specific amplicons encompassing the coding 
exons 2 to 12 of the ALPL gene. Normalized qPCR ratios are WT (0.70-1.35) and homozygous duplication (4n) (1.75 -2.35)

qPCR: quantitative polymerase chain reaction



was 8.0 kg [standard deviation score (SDS) -1.87], his height 
was 75.0 cm (SDS -0.59), and his head circumference was 
46.0 cm (SDS -0.75). He continued to eat normally. Kidney 
function and renal ultrasound findings were normal. No 
side effects were observed during the first 12 months of 
treatment. The patient is currently still on treatment with 
asfotase alfa, and we hope to share long-term follow-up 
results in the future.

Written informed consent was obtained from the parents of 
the patients.

Discussion

To our knowledge large duplications on the ALPL gene 
have not been reported to date, but minor duplications are 

not rare (8,9). Herein, we report a novel large homozygote 
duplication encompassing exons 2 to 6 of the ALPL gene. 
Missense mutations are the most commonly reported type 
of mutation in this gene (9). This case highlights that, in 
a patient clinically diagnosed with HPP, duplication or 
deletion analysis should be performed if a mutation cannot 
be detected by sequencing. 

Recently, it has been shown that ERT with asfotase alfa 
mineralizes the skeleton and improves respiratory function 
and survival in the life-threatening perinatal form of HPP 
(9,10). For patients with a perinatal form of HPP who 
receive ERT, many of whom had previously died in infancy, 
survival is the main goal, but not the only goal. Other 
goals of the treatment are improvement of respiratory 
status, skeletal mineralization, improvement of growth and 
physical development, promotion of normal developmental 
milestones, treatment of craniosynostosis, seizure control 
and reduced hospitalization requirement (11). We were 
able to discharge our patient when he was seven months 
old. His respiratory support was gradually reduced and 
skeletal mineralization improved during treatment. Asfotase 
alfa treatment has a good safety profile for children. 
Common adverse reactions are hypersensitivity reactions, 
localized lipodystrophy, ectopic calcification of the eye 
and nephrocalcinosis. Severe hypocalcemia has also been 
reported (11,12). We monitored our patient according to the 
current guidelines, and no adverse reactions were observed 
during the first 12 months (11). 

In conclusion, this report describes a child diagnosed with 
the perinatal form of HPP with a novel large duplication in 
the ALPL gene. Although we were unable to perform cDNA 
studies/mRNA, this large duplication is very likely to be 
pathogenic based on ACMG guidelines. Early diagnosis and 
rapid intervention with ERT is life-saving in the severe form 
HPP. In patients with HPP duplications can be detected 
by qPCR, if a mutation cannot be detected by sequence 
analysis. 
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Figure 3. Mother and father heterozygous carriers of the 
same mutation

qPCR: quantitative polymerase chain reaction
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Generalized arterial calcification of infancy (GACI) is a rare autosomal-recessive disorder, characterized by calcification of the internal 
elastic lamina, fibrotic myointimal proliferation of muscular arteries and resultant arterial stenosis. Treatment with bisphosphonates 
has been proposed as a means of reducing arterial calcifications in GACI patients, although there is no formalized treatment approach. 
The case reported here was a patient with severe GACI diagnosed at three months of age who had no response to bisphosphonate 
treatment, but clinically improved after the initiation of magnesium and anti-phosphate (using calcium carbonate) treatments. In patients 
unresponsive to bisphosphonate, magnesium and anti-phosphate treatment may be attempted.
Keywords: Generalized arterial calcification, infant, treatment, magnesium, etidronate

Introduction 

Generalized arterial calcification of infancy (GACI) is a rare 
autosomal-recessive disorder, characterized by calcification 
of the internal elastic lamina, fibrotic myointimal proliferation 
of muscular arteries and resultant arterial stenosis (1,2). An 
extravascular feature is that foci of periarticular calcification 
occur in many of the affected subjects. Depending on the 

severity and the local distribution of the calcific stenoses, 
affected patients can present with neonatal heart failure, 
arterial hypertension and death within the first six months 
of life (3,4). 

GACI is linked to mutations in the ectonucleotide 
pyrophosphatase/phosphodiesterase 1 (ENPP1) gene, 
which encodes for ectonucleotide pyrophosphatase/
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What is already known on this topic?

What this study adds?

Generalized arterial calcification of infancy (GACI) is a rare disease that is associated with a high mortality rate owing to the development 
of severe hypertension and cardiovascular complications. GACI may begin in utero during the third trimester and 50% of children with 
GACI present with well-developed large arterial calcifications within the first week of life. Although there is no definitive treatment, it is 
claimed that patients treated with bisphosphonates have better survival rates. In contrast, children not treated with bisphosphonates 
were also reported to have spontaneous regression of large arterial calcifications. Furthermore, magnesium treatment has been reported 
to be beneficial in some experimental animal models. 

To date, only a few experimental treatment modes, other than bisphosphonates, have been proposed for GACI patients. This is a report 
of a patient who did not respond to bisphosphonates alone, but who subsequently improved clinically after treatment with magnesium 
and anti-phosphate therapy (calcium carbonate) along with continued bisphosphonates therapy. 
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phosphodiesterase 1 (ENPP1). This enzyme facilitates 
hydrolysis of adenosine triphosphate to adenosine 
5’-phosphate and inorganic pyrophosphate (PPi). PPi is a 
potent inhibitor of hydroxyapatite crystal deposition, while 
inorganic phosphate (Pi) serves as a pro-mineralization 
factor. Thus an appropriate ratio of PPi/Pi is required to 
prevent spontaneous calcium phosphate precipitation. 
In patients with GACI, deficiency of the ENPP1 enzyme 
leads to reduced PPi/Pi and ectopic mineralization (5,6,7). 
In addition, ENNP1 gene mutations have been identified 
in some patients with pseudoxanthoma elasticum (PXE), 
another hereditary ectopic mineralization disorder. Most 
cases with PXE also harbor mutations in the ABCC6 gene (8). 
Recent studies have demonstrated a considerable genotypic 
and phenotypic overlap between PXE and GACI (9).

There is no effective and formalized treatment approach 
for patients affected by GACI (6). After the original report 
by Meradji et al (10), first-generation bisphosphonates, 
which are synthetic analogues of PPi, have been widely 
used in an attempt to treat GACI patients. First-generation 
bisphosphanates have a stronger effect in inhibiting 
formation and further growth of hydroxyapatite crystals 
compared to newer generation bisphosphonates (5,11). 
However, a potential complication of bisphosphonates is 
severe skeletal toxicity associated with prolonged use in 
patients with GACI (6). In addition to the skeletal toxicity, 
bisphosphonate treated children were also reported to 
experience persistent calcifications, which is an unwanted 
side effect of the treatment. Furthermore, some children 
not treated with bisphosphonates were reported to have 
spontaneous regression of large arterial calcifications 
(12,13,14). The lack of consistency and limited data 
concerning the efficacy of these compounds has created 
difficulties in reaching a consensus on the safety and 
efficacy of bisphosphonate treatment for GACI. 

Li et al (15) investigated the dual effects of bisphosphonates 
on ectopic skin and vascular soft tissue mineralization versus 
bone microarchitecture in a mouse model of GACI. Their 
results suggested that bisphosphonate treatment may be 
beneficial for preventing ectopic soft tissue mineralization 
while correcting decreased bone mineralization. Effects 
of etidronate and alendronate on ectopic calcifications 
in the ENPP1asj mice were assessed at three different 
concentrations; doses the same as or five or 12 times 
greater than those used for treatment of osteoporosis. It 
was found that five times and 12 times greater doses of 
etidronate provided some benefit for reducing calcifications 
of the kidney, heart, descending thoracic aorta, or the eye.

Albright et al (16) used the identical animal model to 
evaluate the efficacy of ENPP1 enzyme replacement 

therapy in GACI. In this study, the breeding pairs were 
placed on the ‘acceleration diet’ to mimic the in utero 
calcification induced by ENPP1 deficiency and death was 
used as a preclinical endpoint. The results using ENPP1-
enzyme replacement in this more severe preclinical study 
was a complete suppression of all ectopic calcification, as 
well as elimination of mortality. This study suggested that 
the efficacy of bisphosphonates was quite limited compared 
with what can be achieved with other more rational 
therapeutic interventions. 

In a recent clinical trial of patients with PXE, the possibility 
of supplementing the diet with magnesium as a way of 
preventing mineralization was investigated (17). Kingman 
et al (8) showed the effects of dietary magnesium 
supplementation on ectopic mineralization in the vascular 
tissues in mice, a model for GACI, which shares genotypic 
and phenotypic overlap with PXE. Furthermore Rutsch et al 
(4) reported that application of a phosphate poor diet or a 
phosphate binding agent would be of interest with respect 
to early intervention in GACI. However, because this was 
a retrospective, small sized study with 55 subjects, it was 
difficult to draw any definite conclusion that patients with 
GACI may benefit from anti-phosphate treatment consisting 
of calcium carbonate supplementation. 

In this case report, we report a case of a 3-month-old boy 
diagnosed with severe GACI who was unresponsive to 
bisphosphonate therapy but recovered after magnesium 
and calcium carbonate treatment in conjunction with 
continued bisphosphonate therapy. 

Case Report

A three month old male infant with para-articular calcification 
was referred to the paediatric endocrinology department of 
our hospital. The patient’s history revealed referral to the 
neonatology clinic at age 17 days because of arthritis in 
the right hip which had been noted in the first week of life. 
The infant was the second child of a 39-year old healthy 
mother and a 37-year old healthy father who were first 
degree cousins. He also had a three year-old healthy brother. 
The patient had been delivered by caesarean section at the 
gestational age of 38 weeks. Birthweight was 3680 g. 

Septic arthritis was suspected, but acute phase reactants 
and cultures were negative. Histopathologic investigation of 
a biopsy specimen obtained from the right hip joint revealed 
severe calcification in the arterial walls with no evidence of 
inflammation.

At presentation, the patient’s weight was 4900 g [-1.72 
standard deviation (SD) score (SDS)] and his length was 58 
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cm (-1.22 SDS). He had prominent ears. Systemic physical 
examination was normal except for a swollen, painful and 
restricted right hip joint. Arterial blood pressure was measured 
at 121/84 mmHg, which was high (>95th percentile) for a 
three month old boy. Echocardiography showed a normal 
left ventricle wall and coronary artery thickness. Audiologic 
and ophthalmologic assessments were normal. Routine 
biochemical tests were normal while plasma renin activity 
and aldosterone levels were above normal reference ranges 
(Table 1). Non-contrast abdominal computed tomography 
(CT) was performed. Diffuse narrowing of the abdominal 
aorta, bilateral renal arteries and iliac arteries was observed 
(Figure 1A). Soft tissue calcifications were observed in the 
paratracheal region at the laryngeal level and around the 
hyoid bone (Figure 1B). There were linear hyperdensities, 
consistent with calcification, in the mesenteric artery and 
its branches (Figure 1C). Periarticular calcifications in the 
right shoulder and right hip were observed (Figure 1D). 
Baseline radiographic images revealed arterial calcifications 
in the brachial and radial arteries on the left side and intra- 
and peri-articular calcifications in the left elbow and wrist 
joints (Figure 1E). There was no evidence of calcification 
in the cerebral arterial vessels on cranial CT. Due to the 
severe arterial calcification noted in the histopathologic 
investigation, a diagnosis of GACI was considered and 
ENPP1 gene analysis was performed. A previously identified 
homozygote (c.2677G>T p.E893*) (p.Glu893*) mutation 

was detected in the ENPP1 gene. The genetic analyses of 
the parents was not performed since the mutation was 
a previously reported one; however they have received 
genetic counselling.

Intravenous disodium pamidronate was administered 
as three doses on days 0, 7 and 10. On the fifth day of 
pamidronate treatment, oral etidronate was initiated at 
a dose of 10 mg/kg/day which was increased to 20 mg/
kg/day after three days. After six months of etidronate 
treatment, calcifications on direct radiographs and CT 
persisted (Figure 2A, 2B, 2C) as well as intermittent swelling 
and restriction of joints. This suggested an inadequate 
response to biphosphonate treatment. Calcium carbonate 
treatment at a dose of 250 mg twice a day and magnesium 
oxide treatment 150 mg twice a day were started with a 
simultaneous reduction in Etidronate to a dose of 10 mg/
kg/day. While calcium, phosphorus and other laboratory 
parameters were normal at baseline (Table 1), serum 
phosphorus concentration decreased following the anti-
phosphate treatment, as expected. After the initiation of 
calcium carbonate and magnesium treatment, restriction 
and swelling of the joints gradually improved. No adverse 
effects were experienced in the follow-up period. A marked 
decrease of calcifications was seen in the radiographs which 
were taken during the sixth month of treatment. Calcium 
carbonate and magnesium treatments were continued while 
etidronate was further reduced to a dose of 5 mg/kg/day. 
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Figure 1. At age three months, coronal non-contrast computed tomography of abdomen and chest, A) Diffuse narrowing is 
seen in bilateral renal arteries, abdominal aorta and bilateral iliac arteries, B) At the level of the larynx, soft tissue calcifications 
are observed in the paratracheal region and around the hyoid bone, C) There are linear hyperdensities consistent with 
calcification in the mesenteric artery and branches, D) Periarticular calcification in the right shoulder joint and in the right 
hip joint, E) At age three months, on baseline radiograph; the left wrist shows arterial calcification of the brachial and radial 
arteries (thin arrow) and intra- and peri-articular calcifications in left elbow and wrist joints (thick arrow)



CT and CT angiography were performed at the end of the 
first year of calcium carbonate and magnesium treatments. 
The calcifications previously observed in the abdominal 
and mesenteric arteries had disappeared, there was no 
longer any narrowing of renal arteries evident and there 
was a significant reduction in calcifications in hip and 
shoulder joints (Figure 3A, 3B, 3C, 3D). In addition there 

was a significant clinical improvement in joint functions and 
motor development. At the most recent examination of the 
patient, at the age of 23 months, his weight was 10 kg (-1.93 
SD), height was 85 cm (-0.7 SD), arterial blood pressure 
measurements were normal, joint movements were 
comfortable and neuromotor development was improving. 
The etidronate treatment was stopped and magnesium 
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Table 1. Laboratory and auxological findings of the patient under treatment

Age (months) 3 months (diagnosis) 6 months 9 months 12 months 18 months 23 months

Weight (SDS) -1.72 -2 -1.8 -1.66 -1.75 -1.93

Height (SDS) - -0.95 -0.66 -0.53 -0.45 -0.7

Etidronate dose (mg/kg/day) 20 20 10 5 5 -

Mg dose (mg/day) - - 300 300 300 300

Anti-phosphate dose (mg/day) - - 375 375 - -

Ca (mg/dL)
(NR: 9-11.5)

11.4 10.5 10.4 9.6 9.4 9.6

P (mg/dL)
(NR: 4-6.5)

5.5 5.9 4.5 3.2 3 3.2

Mg (mg/dL)
(NR: 1.7-2.3)

1.9 1.8 2.2 2.3 2.6 2.5

ALP (U/L)
(NR: <455)

226 185 261 255 231 156

PTH (pg/mL)
(NR: 11-67)

49 18.1 25.3 51.6 50 51

25(OH)D3 (ng/mL)
(NR: >20)

38.9 31.1 33.9 - 20.8 17

Renin (ng/mL/h)
(NR: 0.3-1.9)

18.5 15.8 3.6 - 2.05 -

Aldosterone (pg/mL)
(NR: 10-160)

1243 489 133 207 21.6 -

SDS: standard deviation score, Mg: magnesium, Ca: calcium, P: phosphate, ALP: alkaline phosphatase, PTH: parathyroid hormone, 25(OH)D3: 25-hydroxy 
vitamin D3, NR: normal range

Figure 2. At age nine months, radiograph before magnesium and anti-phosphate treatment, A) Radiograph shows progression 
of periarticular calcification in the right shoulder, elbow and wrist joint, B) Coronal non-contrast computed tomography of 
abdomen demonstrates periarticular calcification in the right shoulder joint, and C) shows periarticular calcification in right 
hip joint



treatment was continued. The course of treatment is shown 
in Figure 4. 

Informed consent was obtained from the parents of the 
patient for publication of this case.

Discussion

Our patient presented with arthritis at the age of three 
months. He was diagnosed as GACI and treated with 
etidronate, magnesium and anti-phosphate. Approximately 
50% of children with GACI present within the first week of 
life with large arterial calcifications which are reported to 
develop as early as the third trimester of pregnancy. The 
course of these children may be less favorable than children 
who present later (4). Although our patient was diagnosed 
with GACI at three months old, clinical findings consistent 

with GACI were reported to have been present during the 
first week of life.

Respiratory distress is one of the presenting features in 
more than 50% of cases, followed by feeding intolerance, 
poor weight gain, tachypnea, tachycardia and cyanosis 
(4,18,19). The disease usually results in death in infancy 
due to progressive ischemic heart failure associated with 
coronary calcification. Survivors of GACI frequently present 
with periarticular calcifications rather than coronary 
calcification (4). 

Treatment options in GACI are limited to the use of 
bisphosphonates, such as etidronate and pamidronate 
(18). Bisphosphonates are synthetic analogs of inorganic 
pyrophosphate, which block the conversion of calcium 
phosphate to hydroxyapatite and thus may reduce 
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Figure 3. Computed tomography (CT) angiography images and non-contrast CT of abdomen and chest after treatment with 
magnesium demonstrates: A) Normal appearance of abdominal aorta, bilateral internal and external iliac arteries, femoral 
artery, renal and mesenteric arteries, B) At the level of the larynx, soft tissue calcifications are reduced in the paratracheal 
region and around the hyoid bone. C) Mesenteric artery wall calcifications are not observed. D) Periarticular calcification in 
the right shoulder joint and in the right hip joint are reduced

Figure 4. Time line chart of treatments received by the patient 

Mg: magnesium, ETD: etidronate, anti-P: anti-phosphate



ectopic calcification (19). Etidronate, as a first-generation 
bisphosphonate, has been used most frequently at a dose 
of 5-35 mg/kg/per day orally (5). Etidronate has a stronger 
effect in inhibiting mineralization compared to the newer 
aminobisphosphonates and shows no adverse effect on 
growth (19). However, high-dose etidronate injections have 
been shown to induce vitamin D-resistant rickets in rats 
(20). Other nitrogen-containing bisphosphonates, which 
have been used in earlier case series reports of GACI, include 
intravenous pamidronate and oral risedronate (5,21). In 
vitro studies have shown that bisphosphonates accumulate 
within vessel walls suggesting that these drugs may have a 
direct effect on calcification (6). As the starting treatment, 
we administered three intravenous doses of pamidronate 
infusion, in accordance with previous reports (6). 
Subsequently, oral etidronate was added to the treatment.

It is difficult to evaluate whether recovery occurs 
spontaneously or with the effect of bisphosphonates. Long-
term survival has been reported in GACI patients with 
no specific therapy, thus the possibility of spontaneous 
resolution of calcification should be considered (12,14). In 
a retrospective study it was reported that 17 of 55 patients 
affected by GACI were treated with bisphosphonates, namely 
etidronate, pamidronate, clodronate or risedronate. Survival 
rate of these treated patients was found to be 65%, while 
69% of patients who were not treated with bisphosphonates 
had died in infancy (4). These authors have also claimed 
that children treated with bisphosphonates have a survival 
advantage, but this claim was based on observations in a 
retrospective study with a small sample size rather than 
a blinded clinical trial. Indeed, the survival advantage 
suggested by these authors was not statistically significant. 
More favorable outcomes in some children could be related 
to disease severity. Patients with less severe disease may 
survive long enough to be transported to a medical center, 
evaluated and treated with bisphosphonates. The persistence 
of calcifications, especially in periarticular regions leading 
to severe restriction and contractures, indicated a need for 
exploration of alternative therapeutic options. Magnesium 
treatment was reported to be effective in ENPP1 knockout 
mice. In a recent study, Kingman et al (8) showed that 
elevated dietary magnesium during pregnancy and 
postnatal life prevents ectopic mineralization in ENPP1asj 

mice, a model for GACI. Based on this experimental report, 
oral magnesium oxide treatment at a dose of 150 mg twice 
a day was commenced in our patient. 

The mechanism for the inhibition of ectopic mineralization 
by magnesium may involve direct interactions between 
magnesium and calcium ions in the mineralization process. 
Magnesium competes with calcium, reduces calcium-

phosphate binding and forms magnesium phosphate 
complexes. These complexes, which are soluble, prevent 
mineral deposition (8).

Phosphate levels are high in healthy newborns, probably 
due to low glomerular filtration rate and retention of 
phosphate (22). These higher levels may lead to an increased 
risk of arterial calcification in young patients with ENPP1 
deficiency during the first few months of life, which may 
decline with age (6). PPi and Pi seem to have mutually 
antagonistic roles in tissue mineralization. Significantly, 
a phosphate-poor diet induces hypophosphatemia with 
markedly decreased artery calcification and periarticular 
calcifications. Furthermore, several mutations in the 
ENPP1 gene result in the phenotype of autosomal 
recessive hypophosphatemic rickets (ARHR2) without 
any arterial calcifications (5,23). Furthermore in some 
patients with generalised arterial calcification due to 
ENPP1 mutations in infancy, hypophosphatemic rickets 
developed in the following years. Treating these patients 
with calcitriol and phosphorus led to the recurrence of 
calcifications. It has been reported that hypophosphatemia 
is a protective factor against vascular calcification (24). 
Rutsch et al (4) found that both hypophosphatemia and 
hyperphosphaturia are associated with GACI survival. 
Both the hypophosphatemia and hyperphosphaturia were 
linked to increased fibroblast growth factor 23 (FGF23) 
concentrations. FGF23 is a hormone which induces 
phosphate wasting in the urine. GACI patients with elevated 
FGF23 and low phosphate are expected to have reduced 
vascular calcifications. Therefore, phosphate wasting 
via increased FGF23 production may be an adaptive 
mechanism in GACI to accommodate the low plasma 
PPi by reducing plasma Pi in an attempt to preserve the 
Pi/PPi ratio. A consequence of the hyperphosphaturia 
is osteomalacia and rickets, seen in ARHR2. This may 
indicate an association between ARHR2 and GACI (25). 
Since arterial calcifications could be lethal in infancy, 
thesepreviously reported observations encouraged the 
hypothesis that creating a controlled hypophosphatemia 
could decrease mortality. A careful and closely monitored 
balance between bone demineralisation and arterial 
calcifications should be sought. In our patient, treatment 
with both magnesium and calcium carbonate was started 
with the aim of lowering phosphate levels and keeping 
the magnesium levels within the upper limit. As shown 
in Table 1, there was a significant clinical improvement 
after the initiation of concurrent magnesium and calcium 
carbonate treatment. Joint mobility improved and 
hypertension recovered. Marked reduction in calcifications 
was detected on direct radiographs and CT performed at 
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the after 12 months of this combined therapy. No adverse 
effects were observed during the treatment process.

The limitation of this study include a lack of adequate 
experience in treating patients with GACI and, since 
recovery of calcifications in GACI occur spontaneously in 
some of the survivors in the absence of any therapeutic 
intervention, it is difficult to conclude that the improvement 
was due to the treatment protocols. Due to inadequate 
knowledge of the natural history of GACI, we hesitated to 
cease the bisphosphonate treatment at the beginning of 
the magnesium and calcium carbonate treatment. Between 
the sixth and twelfth month of this additional therapy, 
the patient also received etidronate at gradually reduced 
doses, together with other treatments. Thus, in this case 
it is impossible to ascertain the relative benefits of the 
treatments given, including the effects of varying doses of 
etidronate, although the outcome at nearly two years of age 
appears clinically good. 

In the current case, a sufficient clinical response was 
not obtained after six months of etidronate treatment. 
Bisphosphonate treatment had not made a significant 
impact on the regression of calcifications. Although there 
was insufficient information in the literature concerning 
magnesium and calcium carbonate treatment, there 
are animal data showing that these could be effective. A 
significant reduction in calcifications after the initiation of 
magnesium and calcium carbonate treatment was observed 
in our patient. Thus we believe that this treatment option 
should be considered in GACI patients, especially in those 
in whom bisphosphonates appear clinically ineffective. 
Further case reports and, ideally, carefully designed studies 
would help to resolve this matter in the future.
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Primary polyneuropathy in the context of Seip-Berardinelli type 1 seipinopathy, or congenital generalized lipodystrophy type 1 (CGL1) 
has not been previously reported. We report the case history of a 27 year old female CGL1 patient presenting with an unusual additional 
development of non-diabetic peripheral neuropathy and learning disabilities in early adolescence. Whole exome sequencing (WES) of 
the patient genome identified a novel variant, homozygous for a 52 bp intronic deletion in the AGPAT2 locus, coding for 1-acylglycerol-
3-phosphate O-acyltransferase 2, which is uniquely associated with CGL1 seipinopathies, with no molecular evidence for dual diagnosis. 
Functional studies using RNA isolated from patient peripheral blood leucocytes showed abnormal RNA splicing resulting in the loss 
of 25 amino acids from the patient AGPAT2 protein coding sequence. Stability and transcription levels for the misspliced AGPAT2 
mRNA in our patient nonetheless remained normal. Any AGPAT2 protein produced in our patient is therefore likely to be dysfunctional. 
However, formal linkage of this deletion to the neuropathy observed remains to be shown. The classical clinical presentation of a 
patient with AGPAT2-associated lipodystrophy shows normal cognition and no development of polyneuropathy. Cognitive disabilities and 
polyneuropathy are features associated exclusively with clinical CGL type 2 arising from seipin (BSCL2) gene mutations. This case study 
suggests that in some genetic contexts, AGPAT2 mutations can also produce phenotypes with primary polyneuropathy.
Keywords: Berardinelli-Seip syndrome, seipinopathy, congenital generalized lipodystrophy, polyneuropathy, AGPAT2, fat biology

A Patient with Berardinelli-Seip Syndrome, Novel AGPAT2 
Splicesite Mutation and Concomitant Development of Non-diabetic 
Polyneuropathy
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CASE REPORT

What is already known on this topic?

What this study adds?

Within Berardinelli-Seip syndrome (congenital lipodystrophy disorders characterized by total absence of both metabolic and mechanical 
fat tissue) patients, only congenital generalized lipodystrophy type 1 (CGL1) retains mechanical fat and is exclusively associated with 
1-acylglycerol-3-phosphate O-acyltransferase 2 (AGPAT2) gene mutations. Polyneuropathies and learning deficiencies are currently 
unknown in the context of classical CGL1 disease and AGPAT2 lesions.

The case history of a patient with classical CGL1 followed for 27 years is presented. The patient, in addition to mechanical fat retention, 
developed polyneuropathy and learning deficiencies. A new AGPAT2 intronic deletion was detected in this patient. Our results describe 
a phenotype expansion for CGL1 and suggest that certain AGPAT2 gene lesions cause neuropathy which blurs clinical presentation 
boundaries for CGL and other fat biology disorders.
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Introduction

Berardinelli-Seip syndrome, also known as congenital 
generalized lipodystrophy (CGL), occurs in approximately 1 
in 10 million of the world population and can result from 
mutation in four genes, giving rise to four clinically similar 
but distinguishable subsyndromes affecting fat biology (1). 
CGL type 1 (OMIM#608594) is autosomal, recessive and 
uniquely associated with mutation in the AGPAT2 gene 
encoding 1-acylglycerol-3-phosphate O-acyltransferase 2 
(2). This enzyme is integral to phospholipid biosynthesis, 
triglygeride/fat formation and storage, adipocyte formation 
and fat metabolism pathways and has multiple molecular 
interaction partners (1).

Clinical symptoms associated with CGL1 described to 
date involve both metabolic malfunctions and physical 
malformations present in all forms of CGL. Complete lack 
of all metabolic body fat (adipose tissue that stores energy) 
from birth is the central clinical characteristic for all forms. 
CGL1 patients alone, however, retain mechanical fat (adipose 
tissue that provides protective padding for joints and points 
of impact, i.e. palms, soles of feet, joints, scalp facial 
bones). This fat distribution is specific and differentially 
diagnostic for CGL1 (1). Clinical neuropathy and cognitive 
deficits are associated with CGL2 and mutations in seipin 
(BSCL2), and are rare but not unknown for CGL3 and CGL4 
syndromes [associated with caveolin-1 (CAV1) and cavin 
(RNA polymerase 1 and transcript release factor: PTRF) 
gene mutations, respectively] (1,2). Primary neuropathy 
and cognitive deficit in the context of CGL1, in the absence 
of diabetic or other secondary disease complications, are 
previously unreported traits.

We present the natural history of a female CGL1 patient, 
continuously recorded from infancy to adulthood. We further 
demonstrate that this patient carries a previously unknown 
homozygous intronic deletion variant g.12562_12613del 
p.(Val197Glufs*32) in the AGPAT2 gene. Our functional 
studies show that the deletion disrupts normal AGPAT2 
transcriptional processing and mRNA coding content 
consistent with a dysfunctional and therefore potentially 
pathogenic effect for this deletion.

Case Report

Table 1 lists the clinical symptoms from infancy (three 
months) to current age (27 years) in chronological order of 
emergence in this female patient.

Family history disclosed distant parental consanguinity; 
identity by descent is corroborated by extensive absence 
of heterozygosity (AOH) totalling 46 Mbp, in the patient 

genome, with an average AOH region size of 321 Kbp. The 
AOH block encompassing the patient AGPAT2 gene is 1.1 
Mbp (see Methods). Direct ancestors on both sides lived in 
the same village for many generations. Both parents are 
clinically asymptomatic for CGL1. One grandfather however, 
presented with lipodystrophy and diabetes mellitus (DM) 
(Column 4, Table 1).

The patient was born to a 34 year old multigravida mother by 
spontaneous vaginal delivery. The father was 39 years old. 
Parents reported an unremarkable prenatal history. Clinical 
evaluation of the patient at age three months revealed 
the presence of numerous dysmorphic and metabolic 
features associated with CGL (Table 1) including seven 
clinical features diagnostic for CGL (1-7, Table 1). Physical 
examination revealed generalized lipodystophy, large hands 
and feet, and enlarged tongue (8-10, Table 1), a low anterior 
hairline and low set ears (11-12, Table 1), hepatomegaly and 
an umbilical hernia (13, Table 1).

Imaging techniques revealed that the patient had 
cardiovascular system abnormalities including concentric 
hypertrophic cardiomyopathy, left ventricle enlargement 
and thickened intraventricular septum (5, Table 1). Heart 
muscle contractility was good. Abdominal ultrasound 
imaging showed a hyperechogenic liver (3, Table 1). 
Pathological evaluation of a liver biopsy specimen showed 
microvesicular steatosis and intertrabecular fibrosis (3, 
Table 1).

Metabolic abnormalities present from birth included 
elevated serum triglycerides (4.01 mmol/L; normal range 
0.4-1.8 mmol/L) and low high-density lipoprotein-cholesterol 
(HDL-C) (0.58 mmol/L; normal range 0.9-2.0 mmol/L).

Oral glucose tolerance test (OGTT) was normal; both fasting 
glucose and 120 minute glucose were 4.7 mmol/L and 
glycated hemoglobin (HbA1c) was 4.82% (normal range 
4.5-6.5%). Other abnormal laboratory studies included 
mildly elevated serum alanine aminotransferase (50.2 U/L; 
normal range 0-41 U/L) and high alkaline phosphatase (ALP) 
(351 U/L; normal range 20-150 U/L). All of these metabolic 
imbalance findings, with the exception of elevated ALP, 
were progressive conditions (1-6, Table 1).

At age seven years the patient displayed acanthosis 
nigricans on the nape of the neck, in the axillary and 
popliteal regions and had prominent musculature, due to 
general absence of metabolic fat tissue and abnormal fat 
deposition in muscles, (14-17, Table 1). At this age it was 
noted that despite absence of metabolic fat, mechanical 
fat tissue was maintained. Accelerated linear growth 
velocity was evident, concomitant with an accelerated 
skeletal maturation of two years. Serum growth hormone 
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concentration was low [0.83 ng/mL (result below 1 ng/mL 
excludes acromegaly)] and a magnetic resonance imaging 
(MRI) scan of the hypophysis was normal. Gigantism was 
not observed, despite the appearance of acromegaloid 
features.

At age 14, neurological symptoms (18-22, Table 1) began to 
emerge. Learning disability (IQ score 88) (18, Table 1) was 
first noted at this age. We also noted acroparaesthaesiae in 
both hands (19, Table 1). In addition we found changes in 
electromyogram (EMG) tracings, a mildly reduced neurogenic 
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Table 1. Developmental timeline for clinical emergence of Seip-Berardinelli syndrome and neuropathology features in 
our patient

Features HPO no. Age at emergence Familial 
features
(grandfather)

1 Congenital generalized lipodystrophy x HP:0009059 +++ 3 m ● +++ ▲

2 Hypertriglyceridemia HP:0002155 +++ 3 m ● Nd

3 Hepatomegaly x HP:0002240 ++ 3 m ● Nd

4 Hepatic steatosis x HP:0001397 ++ 3 m ● Nd

5 Concentric hypertrophic cardiomiopathy x HP:0005157 ++ 3 m ● Nd

6 Elevated hepatic transaminases (alanine 
aminotransferase)

HP:0002910 + 3 m ● Nd

7 Elevated alkaline phosphatase HP:0003155 + 3 m Nd

8 Large hands x HP:0001176 + 3 m Nd

9 Large feet x HP:0001833 + 3 m Nd

10 Increased tongue size HP:0000158 + 3 m Nd

11 Low anterior hairline HP:0000294 + 3 m Nd

12 Low set ears HP:0000369 + 3 m Nd

13 Umbilical hernia x HP:0001537 + 3 m Nd

14 Acanthosis nigricans x HP:0000956 +++ 7 y ● +++ ▲

15 Accelerated skeletal maturation x HP:0005616 + 7 y Nd

16 Accelerated linear growth x HP:0000098 + 7 y Nd

17 Abnormality of the musculature x HP:0003011 + 7 y Nd

18 Intellectual disability HP:0001256 + 14 y Nd

19 Acroparesthesia (hands) HP:0031006 + 14 y Nd

20 EMG: neuropathic changes HP:0003445 + 14 y Nd

21 Decreased motor NCV HP:0003431 + 14 y (median nerve and 
peroneal nerves)

Nd

22 Decreased sensory NCV HP:0003448 + 14 y (median and sural 
nerves)

Nd

23 Amenorrhea x HP:0000141 +++ 16 y Na

24 Polycystic ovarian syndrome x HP:0000147 +++ 16 y Na

25 Hypoplasia of the ovary HP:0008724 +++16 y Na

26 Hyperinsulinemia x HP:0000842 +++ 16 y Nd

27 Noninsulin-dependent diabetes mellitus x HP:0005978 ++ 16 y ● ++ ▲

28 Increased circulating androgen level HP:0030348 ++ 16 y Nd

29 Labial hypertrophy HP:0000065 ++ 16 y Na

30 Clitoromegaly x HP:0008665 ++ 16 y Na

31 Weakness of the intrinsic hand muscles (asymmetric) HP:0009005 + 16 y Nd

32 Hirsutism x HP:0001007 + 16 y Nd

Seip-Berardinelli symptoms are shown on white background, primary neuropathologies are shaded grey; HPO no.: Human Phenotype Ontology database 
identification number for phenotypic abnormality, EMG: electromyogram, NCV: nerve conduction velocity. 

+++: strong presentation, ++: medium presentation, +: mild presentation, Nd: no data, Na: not applicable, y: years, m: months, ●: progressive condition, 
▲: age at emergence unknown, x: diagnostic for CGL1



pattern and decreased motor fibre nerve conduction 
velocity (NCV) in median, sural and peroneal nerves which 
was also present in the sensory fibres of the median and 
sural nerves (20-22, Table 1). MRI scans however showed 
no sign of median nerve compression. Normal serum 
calcium, phosphorus, magnesium and parathyroid hormone 
concentrations further excluded hypoparathyroidism.

At age 16, the patient presented with multiple endocrine 
abnormalities. At this time a number of clinical features 
emerged relating to hormonal disturbances (23-30, 32 Table 
1). She presented with primary amenorrhoea with clinical 
and laboratory findings of hyperandrogenism including 
clitoral enlargement, elevated free testosterone 11.33 pg/mL 
(normal range 1.1-6.3 pg/mL) and elevated androstenedione 
3.60 ng/mL (normal range 0.8-2.4 ng/mL) (28,30 Table 
1). Sonographic evaluation showed atrophic ovaries with 
no ovarian follicles (28, Table 1). Hirsutism was also first 
noted at this age (32, Table 1). Hormonal function of the 
hypophysis was normal.

The patient also developed DM (27, Table 1) identified on 
the basis of an OGTT (0 min - 3.7 mmol/L; 120 min - 11.9 
mmol/L) with a high homeostasis model assessment of 
insulin resistance value [10.39 (normal <2.5)]. HbA1c was 
4.6%.

Current status: At 27 years, our patient has graduated from 
college and is employed as a clerk in an office. Paraesthesiae 
of the hands has not worsened since its first appearance. 
Diabetes is well-controlled (HbA1c - 5.1%), but dyslipidemia 
persists despite aggressive therapy (serum triglycerides - 3.8 
mmol/L; HDL-C - 0.29 mmol/L). Current medications include 
metformin (3 g/day), fenofibrate (267 mg/day), rosuvastatin 
(10 mg/day) and insulin (1.5 UI/kg/day).

Molecular Analyses

WES analysis revealed a homozygous 52 bp intronic 
deletion, g.12562_12613del p.(Val197Glufs*32), affecting 
the 5’splice site for exon 5 of the AGPAT2 gene. Bioinformatic 
prediction software (MutationTaster) indicates the deletion 
(g.12562_12613del) is of unknown pathogenicity. This 
variant is absent from the ExAC and 1000 G databases. 
No rare variant alleles in other known disease associated 
genes were found which could potentially explain the 
lipodystrophy phenotype or the neuropathy observed in our 
patient (3).

Sanger sequencing confirmed the AGPAT2 deletion variant 
and cosegregation with the disease trait according to 
Mendelian expectations (Figure 1A) and also showed 
the expected reference sequence around the deletion at 
the nucleotide level (Figure 1B). This shows the patient is 

homozygous for the g.12562_12613del p.(Val197Glufs*32) 
allele. Also, each clinically asymptomatic parent is 
heterozygous for the identical variant allele (Figure 1C, 1D).

Standard polymerase chain reaction (PCR) (PCR; see Figure 
1E, upper image) on genomic template DNA from both 
patient and parents generated a PCR product shorter (red 
arrowhead) than the wildtype (grey arrowhead), consistent 
with a 52 bp genomic deletion. Standard PCR on cDNA 
templates (lower image) revealed a PCR product shorter 
by 75 bp for the patient AGPAT2 mRNA (red arrow) relative 
to the wildtype control individual mRNA (grey arrowhead). 
Direct Sanger sequence of the cDNA PCR products showed 
complete deletion of exon 5 (75 bp), leaving exon 4 joined 
to exon 6 with a frameshifted coding sequence downstream 
of the join, creating a premature translation stop signal. The 
parents are each heterozygous for the deletion and generate 
both forms of mRNA, and therefore show both mutated and 
wildtype PCR products (Figure 1E, mother, father).

To assess mutant AGPAT2 mRNA expression levels and/
or stability we used real time-PCR (RT-PCR) to quantify 
mutant and WT AGPAT2 mRNA. Expression levels of 
AGPAT2 mRNA generated from patient (homozygous for 
deletion allele) and both parent (heterozygous for deletion 
allelle) mRNA samples are comparable to those of a healthy 
control individual (homozygous for wiltdtype allele) (Figure 
1F). Stability and/or transcription levels therefore appear 
unaffected for the mutant mRNA. We concluded that 
AGPAT2 mRNA expression levels and stability in our patient 
remain unaffected by this deletion.

Methods Used in the Genetic Analysis

Genomic DNA samples were isolated from blood leucocytes 
from each individual using automatic magnetic bead-based 
method (MagnaPure, Roche). Copy number variations were 
identified using array Comparative Genomic Hybridization 
(aCGH: CytoSure Constitutional v3 8x60K, Oxford Gene 
Technology) and bioinformatic analyses using XHMM (4) and 
HMZDelFinder (5) algorithms; single nucleotide variation 
was determined by WES analysis (6), and confirmed by 
Sanger sequencing. Chromosomal regions demonstrating 
AOH were detected by analyzing B-allele frequency data 
obtained from WES (6) by running BafCalculator accessible 
from https://github.com/BCM-Lupskilab/BafCalculator (7). 
AGPAT2 expression was measured by quantitative RT-PCR 
(TaqMan Gene Expression Assay for AGPAT2 gene, Life 
Technologies, Grand Island, NY, USA), on blood lymphocyte 
mRNA isolated using High-Capacity cDNA Reverse 
Transcription Kit (Life Technologies, Grand Island, NY, USA). 
Level of AGPAT2 expression was corrected to the mRNA level 
of the housekeeping genes GAPDH and TBN. Expression 

322

Oswiecimska J et al. 
New AGPAT2 Splicesite Mutation with Polyneuropathy

J Clin Res Pediatr Endocrinol
 2019;11(3):319-326



323

Oswiecimska J et al. 
New AGPAT2 Splicesite Mutation with Polyneuropathy

J Clin Res Pediatr Endocrinol
2019;11(3):319-326

Figure 1. A) Patient pedigree for homozygous AGPAT2 deletion mutation c.589-55_589-4del p.(Val197Glufs*32). B) Sanger 
sequence confirmation of biparental inheritance for the mutation. Black arrow shows point of deletion. C) Genomic context 
of AGPAT2 mutation. Cartoon shows Chromosome 9 organization. Grey blocks denote regions with absence of heterozygosity 
(AOH). Scattered dots indicate single nucleotide variation (SNV) for proband along chromosome 9. Absence of SNV 
in centromere-adjacent areas reflects lack of reference sequence for these region. D) Detail for AOH region surrounding 
the AGPAT2 mutation (vertical red line at around 13 958 000 base pair). E) PCR products for AGPAT2 in patient (mutation 
homozygous), each parent (mutation heterozygous) and control individual (wildtype homozygous). Red arrowhead, reduced 
AGPAT2 product size reflecting deletion mutation. Grey arrowhead, normal size wildtype AGPAT2 product. Genomic gDNA 
template, upper image; complementary cDNA template lower image. F) Real time-polymerase chain reaction products for 
AGPAT2 mRNA expression levels in patient, parents and control are comparable

NS: non-significant



data reflected the means of three independent experiments 
each performed in triplicate.

Primers and probes:

gDNA PCR

F: CTCACTGGCTTCCTGAGATGG; R: GGTCCATCCGTGTGAAGTCT

cDNA PCR

F: GGGAGAACCTCAAAGTGTGG; R: GGTCTTGGAGATGTGGAGGA

RT-PCR

TaqMan Gene Expression Assay, Thermofisher labelled 
probes cat. no. HS00944961.

The study was approved by the Bioethics Committee of the 
Institute of Mother and Child, Warsaw. Informed consent 
was obtained from the patient and her parents.

Discussion

The detailed, lifelong clinical case history revealed findings 
diagnostic for Berardinelli-Seip syndrome from infancy. 
Childhood mechanical fat distribution was diagnostic 
for CGL1. This patient also showed development of 
polyneuropathy and cognitive disability in early adolescence, 
symptoms not previously reported in CGL1 patients.

Intellectual disability is typical of CGL2 and rare in other 
forms of CGL. Primary neuropathy in the absence of 
DM complications leading to neural pathology, has 
been associated with CGL2 but has not been reported 
for CGL1. Polyneuropathy has been associated with a 
range of lipodystrophic disorders, but in CGL1 patients, 
the neuropathy reported to date arises from diabetic 
complications or other secondary conditions. In our patient, 
laboratory evidence of diabetes was only found two years 
after initial development of neuropathy. We suggest that 
the polyneuropathy observed was therefore unlikely to 
be a diabetic complication. EMG/NCV results (see 20-21,  
Table 1) suggest demyelinating neuropathy, similar to that 
caused by duplications in the PMP22 gene, responsible for 
Charcot-Marie Tooth (CMT) type 1A syndrome. However, no 
PMP22 duplication was detected, nor were any recessive 
CMT genes found to map within AOH intervals. The 
possibility that elevated patient triglyceride levels contribute 
to the clinical manifestation of peripheral neuropathy 
however, cannot be excluded.

All forms of CGL involve complete lack of metabolic 
fat (body fat) from birth and the majority show early 
development of severe hypertriglyceridemia, hepatic 
steatosis, hepatosplenomegaly, acanthosis nigricans and 
insulin resistance, generally leading to diabetes in early 

adolescence. Enlargement of liver tissue and slightly enlarged 
hands and feet are also typical. Myocardiopathies arise in 
approximately 25% of individuals. In the case described 
here the emergence at age 16 of multiple symptoms related 
to hormonal disturbances after puberty (eg. polycystic 
ovarian syndrome and hyperinsulinemia) is also typical 
for all Berardinelli-Seip syndromes including CGL1. Our 
patient presented with all these CGL-associated symptoms 
by early-mid adolescence, with concomitant emergence of 
neuropathological symptoms and learning disability in early 
adolescence (8). In addition, umbilical hernia, present in our 
patient at three months, was reported to be associated only 
with BSCL2 mutations in one patient (9). The clinical picture 
therefore suggests CGL2, despite the normal mechanical fat 
distribution differentially diagnostic for CGL1 (1).

Our genomic investigation nonetheless confirms a 
previously unknown, single exon, homozygous 52bp 
deletion in AGPAT2; a gene uniquely associated with CGL1 
seipinopathy. Given the inability to identify any other known 
disease genes that might explain the unusual phenotypic 
features (i.e. polyneuropathy, cognitive deficiency) 
associated with known bona fide AGPAT2-related CGL1 
clinical manifestations in this patient, we suggest a potential 
phenotypic expansion. Whether this new mutation causes 
the neuropathology observed however, remains unresolved. 
Our molecular analyses show the intronic 5’splice site 
deletion eliminates 25 codons of protein coding sequence 
and generates a frameshift resulting in a premature 
translation stop codon. There is no evidence for mutant 
AGPAT2 mRNA instability in the blood cell studies. Structure 
and function of any AGPAT2 protein in our patient however 
would likely be impaired.

Precisely how this would affect physiological pathways 
involving AGPAT2 is unknown. The AGPAT2 protein is 
located in the membrane of the endoplasmic reticulum 
and is primarily involved in triglyceride and phospholipid 
biosynthesis, with multiple interaction partners involved in 
lipid biosynthesis/degradation and related pathways. These 
include acyl chain remodelling of phosphatidylethanolamine 
(10), adipose droplet formation, lipid signalling and ER 
and mitochondrial membrane transport pathways (11,12). 
Many CMT neuropathy genes involve this transport biology, 
hinting at possible overlapping molecular bases for the 
polyneuropathy observed in this patient. Disruption of 
post-translational protein-protein interactions central to 
lipid homeostasis and of related pathway function, such as 
cholesterol metabolism, are highly probable and likely to 
have fundamental physiological effects. Other mutations 
leading to similar disequilibrium of lipid homeostasis, 
phospholipid degradation and remodelling in ER and 
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mitochondrial membranes for example, have been linked 
to neural degeneration and epileptic seizures in other 
species including flies and worms, with similar phenotypes 
for mutations in human gene counterparts (13). Disruption 
of phospholipid homeostasis has been reported to be 
associated with α-synuclein protein aggregation, implicated 
in the pathology of Parkinson’s disease (11,14). Disrupted 
cholesterol metabolism has also been linked to protein 
aggregation leading to mitochondrial distribution defects 
and neurodegenerative disease (15,16).

It is notable that known AGPAT2 regulatory circular RNA 
(circRNA) (circRNAs; non-coding post-transcriptional 
splicing products) expression levels are high in normal 
foetal tissues, including adrenal tissue which regulates 
circulating hormonal levels in the developing foetus (17,18). 
Recent elucidation of fundamental functions for circRNA in 
eukaryotic gene expression programs (19) has highlighted 
the potential for future investigations into defective 
RNA processing during foetal development as a possible 
contributor to genetic disorders.

Finally, we would add an epidemiological note. AGPAT2 
mutations predominate in American CGL cases of African 
descent. The vast majority of European seipinopathies arise 
from mutations in BSCL2 (20). The newly identified AGPAT2 
deletion in our patient was located within a large block 
(approximately 1.1 Mb) of a chromosome sequence with 
both alleles identical at nucleotide sequence level (Figure 
1C, 1D). Blocks of AOH arise when parentage is related, as 
was the case for this patient. The rare deletion in AGPAT2 
identified appears to have arisen in an individual from a 
small European village and accumulated in the relatively 
static local population over generations.

This case is the first report of primary polyneuropathy within 
the classical clinical CGL1 syndrome exhibiting differentially 
diagnostic mechanical fat retention, establishing a potential 
phenotypic expansion for CGL1 disease. We further 
identified a new, recessive intronic splice site deletion in the 
CGL1-associated AGPAT2 locus, resulting in an apparently 
translatable truncated mRNA species with missense coding. 
Precisely how the splicing defect identified affects AGPAT2 
protein physiology or noncoding transcriptional regulatory 
RNA functions remains undefined. This however, is the case 
for all AGPAT2 mutations linked to a CGL1 phenotype and 
the mechanism of action has not been defined for any thus 
far (12).
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Dear Editor,

We read the article of Hocaoğlu-Emre et al (1) entitled 
‘Vitamin D Deficiency and Insufficiency According to the 
Current Criteria for Children: Vitamin D Status of Elementary 
School Children in Turkey’ in the Journal of Clinical Research 
in Pediatric Endocrinology with great interest. In this study, 
the researchers investigated serum vitamin D levels in 640 
healthy children between the ages of 6 and 9 years. It was 
stated that serum vitamin D levels of the subjects were 
obtained from the hospital records. They explained further 
that vitamin D levels were checked in healthy children by an 
“annual check-up for vitamin D status” at the hospital. The 
authors conclude that close follow-up of vitamin D status 
especially in the winter and post-winter period is necessary 
and that vitamin D supplementation be given for a strong 
bone structure and healthy growth (1).

Vitamin D deficiency screening should aim to identify 
people with low vitamin D levels who theoretically could 
benefit from vitamin D supplementation. Only after 
this theoretical screening program, we would expect 
improvement in particular health outcomes e.g improved 
bone mineral density, reduced risk of falls etc. Furthermore 
in any screening programme, the intervention and 
subsequent treatment should be harmless (2). However, 
there is no firm evidence showing benefits of vitamin D 
deficiency screening for healthy children (3,4). Recent 
global consensus recommendations caution strongly 
against population-based screening for vitamin D deficiency 
in healthy children (3). According to this consensus, serum 
25(OH)D measurement would be reasonable for patients 

with high risk of vitamin D deficiency, such as patients 
having rickets, chronic kidney disease, hepatic failure, 
malabsorption, hyperparathyroidism or granuloma-forming 
disorders (3). Similarly, the American Academy of Pediatrics 
advises screening only in patients who have disorders 
associated with low bone mass such as rickets and/or a 
history of recurrent, low-trauma fractures (4). In addition, 
there has been a significant increase in health costs related 
to vitamin D tests and prescriptions for children in primary 
care over the past decade (5).

In conclusion, current evidence is not sufficient to suggest 
that screening for vitamin D deficiency in a healthy 
population produces health benefits, is necessary, safe or 
cost-effective.
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