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Abstract
Introduction: Hypopituitarism is a chronic disease characterized by partial or complete absence of secretion of one or more pituitary 
hormones. Delayed diagnosis can have serious consequences during the neonatal period and adulthood.
Material and methods: A retrospective study was conducted on patients who had started treatment in the Children's Clinical Univer-
sity Hospital from 1 January 1995 to 31 December 2020. In total 243 patients were included; they were divided into 3 subgroups: 
isolated growth hormone deficiency, multiple pituitary hormone deficiency, and panhypopituitarism.
Results: The prevalence of hypopituitarism in Latvia is about 45 cases per 100,000 live births. The average detection age of abnor-
mal growth in Latvia is 8 years and 3 months. Most cases had isolated growth hormone deficiency, at 67.1% (n = 163), followed by 
cases of multiple pituitary hormone deficiency, at 26.3% (n = 64), and cases of panhypopituitarism, at 6.6% (n = 16). Abnormalities 
in MRI were found in 44.7% (n = 101) of patients. The most best therapeutic effect was achieved in the first year of treatment: with 
growth of an average of 9.3 cm (+0.1 SD) for isolated growth hormone deficiency, 9.0 cm (+0.6 SD) for multiple pituitary hormone 
deficiency, and 11.7 cm (+1SD) for patients with panhypopituitarism.
Conclusions: It is important to increase awareness and promote early diagnosis for hypopituitarism patients in Latvia and in Europe. 
More attention should be paid to education about growth restriction problems to parents, caregivers, and other specialists. The treat-
ment should be adjusted individually with the focus not only on physical and mental health but also on safety and treatment costs.
Key words:
pediatrics, endocrinology, pituitary insufficiency, panhypopituitarism.

Introduction 
Hypopituitarism is a chronic endocrine disorder character-

ized by impaired, partial or complete, secretion of one or more 
pituitary hormone/s [1–3]. Isolated growth hormone deficiency 
(IGHD) is the most common pituitary hormone deficiency in 
children [2, 4]. The incidence of IGHD is one in 4000 to one 
in 10,000 live births [5]. The incidence of multiple pituitary hor-
mone deficiency (MPHD) in the paediatric population is less 
than 3 cases per 1,000,000 population per year [6].

Hypopituitarism has congenital and acquired forms; there-
fore, it can manifest itself in different periods of life: neonatal, 
infancy, childhood, adolescence, and adulthood [6, 7]. Accord-
ing to the literature, 52% of newborns with congenital hypopitu-
itarism have their first signs of disease in the neonatal period, 
but less than 50% of patients are diagnosed at this age [8]. 
Delayed diagnosis of the disease can lead to serious short- 

and long-term complications [9], but optimal and approved di-
agnostic guidelines for children are still in being developed [7]. 
Timely initiation of adequate treatment in children at an early 
age can significantly improve their quality of life [2, 9, 10]. 

Aim of the study

The aim of this study is to analyse the epidemiological data, 
clinical manifestations, anthropometric data, changes in imag-
ing findings, and results of treatment in Latvian patients with hy-
popituitarism in a 25-year period. Also to compare these data 
with existing scientific literature and evaluate diagnostic and 
treatment efficiency, with the aim of promoting public under-
standing of growth disorders and facilitating both parents and 
caregivers with understandable and accessible information. No 
similar studies have been conducted in Latvia before 2020 for 
paediatric patients. 
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Material and methods
The retrospective cross-sectional study included all pa-

tients with a primary diagnosis of hypopituitarism, who started 
growth hormone (GH) therapy at the Children’s Clinical Univer-
sity Hospital in Riga, Latvia from 1 January 1995 to 31 Decem-
ber 2020 (every child in Latvia with this diagnosis is referred to 
this hospital). Patient medical records and hospital information 
systems were used for the data collection. Microsoft Excel soft-
ware was used for data gathering, and IBM SPSS Statistics 23 
program was used to convey statistical analysis. 

In descriptive statistics, Shapiro-Wilk tests and visual his-
togram evaluation were used to analyse the consistency of the 
quantitative data and normal distribution. Data that did not cor-
respond to the normal distribution were expressed as median, 
interquartile norm (Q1–Q3), minimum and maximum values, 
and analysed by non-parametric Kruskal-Wallis test. The per-
mission of the Ethics Committee of Riga Stradins University 
was obtained for this research.

Results

General and birth data of the patients included in the study
The study included 243 patients with a diagnosis of hypo-

pituitarism, of whom 78.2% (n = 190) were male and 21.8% 
(n  =  53) were female. All patients were divided into 3 sub-
groups: isolated growth hormone deficiency (IGHD) 67.1% 
(n = 163), multiple pituitary hormone deficiency (MPHD) 26.3% 
(n = 64), and panhypopituitarism (PH) 6.6% (n = 16).

The median birth weight (Q1–Q3) for all patients was 
3275 g (2952–3600), and the median birth height was 51 cm 
(50–53 cm). The median gestational age was 39 weeks 
(36–40 weeks). The median birth weight of men was 3280 g 
(2982–3650 g)   (–0.18 SD), the median height was 52 cm  
(50–53 cm) (+0.77 SD), and the median gestational age was 
39 weeks (37–40). The median birth weight of women was 
3230 g (2800–3500) (+0.37 SD), the median height was 51 cm 
(50–52 cm) (+1 SD), and the median gestational age was 
38 weeks (36–39 weeks).

First signs and complaints of the disease
First signs and complaints of hypopituitarism predominant-

ly were observed by the patients themselves or the parents; as 
a result, they went to an endocrinologist or were hospitalized. 
The first signs and complaints were divided into the 12 most 
common categories, and the frequency of them in each of the 
three subgroups are described in Table I. The median age of 
the first signs and complaints for patients was 7 years and 
6 months (4.3–11.8), with a range from 1 month to 17.5 years.

Age of diagnosis of the disease
The median age of the patients for the final diagnosis was 

8 years and 3 months. The median age at the time of diagnosis 
in the IGHD group was 7 years and 11 months, in the MPHD 
group it was 11 years and 6 months, and in the PH group it 
was 3 years and 4 months. At the time of diagnosis, anthropo-

metric parameters of patients were determined: height (cm), 
weight  (kg), and how these readings deviate from paediatric 
standard deviations (SD), and body mass index (kg/m2). These 
data are listed in Table II.

Bone age
Bone age (BA) was determined using X-ray (according to 

the standardized RUS method) in 83.5% (n = 203) of all study 
patients. The median BA was 8 years and 5 months (4.5–11.8). 
In patients who underwent X-ray BA analysis, for 3% of patients 
(n = 6) the BA was equal to the chronological age (CA) at the 
moment of diagnosis, and for 81.8% (n = 166) of patients the 
BA was less than the CA. In these patients, the median differ-
ence between CA and BA was 16 months. The age difference 
between the 3 subgroups was 14 (7–22) months in the IGHD 
group, 19 (12–26.5) months in the MPHD group, and 25.5 
(22.5–27.5) months in the PH group.

Growth hormone stimulation tests and other laboratory  
evaluations 
Two GH stimulation tests (with clonidine and insulin) were 

performed in 48.6% (n = 118) of patients. Only one test with 
either clonidine or insulin was performed in 32.9% (n = 80) and 
14.4% (n=35) of patients, respectively. None of the tests were 
performed in 4.1% (n = 10) of the patients. Less than a half 
(44.4%) of the patients with idiopathic GHD, i.e. without patho-
logical changes in the pituitary gland in MRI, had only one GH 
stimulation test performed. 

During the clonidine test, severe (a peak GH level < 3 ng/ml)  
growth hormone deficiency (GHD) was observed in 21.7% 
(n = 43), moderate (3.01–7 ng/ml) in 42.9% (n = 85), and mild 
(mild > 7.01 ng/ml) in 35.4% (n = 70) of patients. 

Insulin-like growth factor 1 (IGF-1) was tested for 87.3% 
(213) of patients.

Imaging of the brain
Brain-imaging was performed in 93% (n = 226) of patients, 

of whom 96% (n = 217) underwent MRI and 4% (n = 9) CT. 
Abnormalities were found in 44.7% (n = 101) of patients. Ab-
normalities in MRI findings were detected in 38.7% (n = 58) of 
patients in the IGHD group, in 46.7% (n = 28) in the MPHD 
group, and in 93.8% (n  =  15) in the PH group. Hypoplastic 
adenohypophysis with ectopic neurohypophysis and structural 
changes in the pituitary stalk were found in 6.6% (n = 16) of 
patients, 3 in the IGHD, 4 in the MPHD, and 9 in the PH group. 
More detailed changes in the MRI finding and frequency of 
them in each of the 3 subgroups are described in Table III. 

Characteristics of the underlying disease
Patients in the MPHD group were diagnosed with GHD 

and deficiency of various other pituitary hormones in 4 differ-
ent combinations. 51.6% (n = 33) were diagnosed with GHD 
and secondary hypothyroidism, 32.9% (n = 21) with GHD and 
secondary hypogonadism, 10.9% (n = 7) with GHD, second-
ary hypothyroidism, and secondary hypogonadism, and 4.7% 
(n = 3) with GHD and secondary hypocorticism. 
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Table I. First signs and complaints of the disease

All patients (%) IGHD (%) MPHD (%) PH (%)

Slow growth from birth 23 25.2 17.2 25

Slow growth in recent years 49.4 45.4 59.4 50

Reduced appetite 24.3 26.4 20.3 18.8

Short stature 36.2 39.9 34.4 6.3

Constipation 5.3 6.7 3.1 0

Headache, weakness, fatigue, dizziness 9.9 9.2 12.5 6.3

Stomach-ache 3.7 3.7 4.7 0

Excessive weight gain, increased appetite 6.2 4.3 12.5 0

Hypoglycaemia, prolonged conjugated hyperbilirubinaemia 3.7 0.6 3.1 37.5

Difficulty to concentrate at school 4.5 12.9 14.1 18.8

Abnormalities of external genitalia 10.7 6.7 12.5 43.8

Table II. Patients’ anthropometric measurements at final diagnosis

Parameter IGHD MPHD PH

Height, cm (min-max) 116.5 (97–134) 
(–2.5 SDS)

132 (104.7–145) 
(–2.4 SDS)

87 (66.3–101.8) 
(–2.7 SDS)

Weight, kg (min-max) 20 (14–30) 
(–1.9 SDS)

30 (17.5–39) 
(–1.6 SDS)

12.9 (7.3–17.9) 
(–1.2 SDS)

BMI, kg/m2 (min-max) 15.7 (14.4–17.3)
(–0,71 SDS)

17 (15.6–19.5)
(–0,18 SDS)

16.4 (15.8–17.2)
(1,01 SDS)

Table III. MRI findings of the brain

MRI findings All patients (%) IGHD (%) MPHD (%) PH (%)

Without abnormalities 58.4 61.3 53.3 6.3

Hypoplastic anterior pituitary 29.6 24.7 35 87.5

Ectopic posterior pituitary 11.1 5.3 10 81.3

Abnormal pituitary infundibulum 8.6 3.3 11.7 56.3

Chiari I malformation 2.9 4 1.7 0

Optic nerve hypoplasia 0.8 0.7 0 6.3

Septo-optic dysplasia 0.8 0 0 12.5

Other structure anomalies in the pituitary gland (not specified) 7.8 7.3 11.7 6.3

Other brain structure anomalies (not specified) 6.6 5.3 6.7 25
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In the PH group secondary hypothyroidism and secondary 
hypocorticism were diagnosed in all cases (n = 16), and sec-
ondary hypogonadism was diagnosed in 50% of cases (n = 8). 
One patient in this group also had diabetes mellitus.

Growth hormone therapy
The median age at initiation of growth hormone therapy 

was 9 years and 2 months, ranging from 3 months to 18 years 
and 3 months. In the IGHD group, the median age of onset of 
treatment was 8 years and 4 months, in the MPHD group it was 
11 years and 11 months, and in the PH group it was 3 years 
and 6 months.

At the beginning of treatment with growth hormone (GH), 
patients’ height (cm) and weight (kg), compliance with stan-
dard deviation appropriate for the child’s age (SD), and body 
mass index (kg/m2) were determined. These data are listed in 
Table IV. Patient anthropometric measurements were assessed 
12 months after initiation of GH therapy. These data are listed 
in Table V.

The median growth rate and weight difference in the first 
year of treatment were determined: 9.2 cm (7.8–11.5) and 4.0 kg 
(2.7–6.0) for men, for women – 9.5 cm (7.4–11.8) and 4.6 kg 
(2.9–5.8), IGHD patients – 9.3 cm (8–11.4) and 4.0 kg (2.8–6.0), 
MPHD patients – 9.0 cm (7.4–11.4) and 4.8 kg (2.9–6.3), and 
PH patients – 11.7 cm (6.6–16.2) and 2.95 kg (2.4–4.32).

By 31 December 2020, 30.5% (n = 74) of the study partici-
pants had completed treatment, 8.6% (n = 21) had promptly 
interrupted or discontinued treatment, and 44.4% (n  =  108) 
were still receiving treatment. There are no data available for 
16.5% (n = 40) of the patients. Of the patients who continued 
treatment (n = 108), the numerical distribution was as follows: 
82.4% (n = 89) of men and 17.6% (n = 19) of women, 60.2% 
(n  =  65) in the IGHD group, 25.9% (n  =  28) in the MPHD 

group, and 3.9% (n = 15) in the PH group. Of the patients who 
completed GH therapy, the median duration of treatment was 
7 years and 1 month for men, for women 5 years and 8 months, 
in the IGHD group it was 5 years and 9 months, and in the 
MPHD group it was 5 years.

Discussion 

This research is in line with previous results – the most com-
mon hormone deficiency in the paediatric population is IGHD 
[2, 4, 9]; the majority of patients in this study (67.1%) were diag-
nosed with IGHD. This research also confirms previous findings 
that pituitary hormone deficiency most frequently begins with 
impaired GH secretion, followed by other pituitary hormone de-
ficiencies [11]. 

Evaluation of anthropometric measurements from the par-
ticipants’ birth shows that GHD does not affect intrauterine 
growth, but there is a significant effect to the postnatal period, 
when a  delay in the children’s physical development is ob-
served [3, 12–14].

It is stated that early representation of the disease corre-
sponds to severity of symptoms and the increased likelihood 
of inherited hypopituitarism, which was also confirmed by the 
results of this study [4, 15]. Although growth failure or other 
initial signs and complaints in patients were registered around 
7 years and 6 months, the average age of final diagnosis was 
8 years and 3 months. It is plausible that the first signs and 
symptoms were missed or underestimated due to insufficient 
knowledge and/or understanding of growth restriction disor-
ders and their incidence. The median age of diagnosis is the 
lowest in the PH group compared to the other groups (3 years 
and 4 months), which could be explained by the fact that these 
children suffer from severe congenital hypopituitarism, and 

Table IV. Patients’ anthropometric measurements at the beginning of treatment with GH therapy

Parameter IGHD MPHD PH

Height, cm (min-max) 118.2 (98.8–135) 
(–2.3 SDS)

133.6 (112.5–146.2)  
(–3 SDS)

88 (71.7–102.6) 
(–2.8 SDS)

Weight, kg (min-max) 20.75 (14.9–31) 
(–2.1 SDS)

31.3 (20–40.7) 
(–1.5 SDS)

13.6 (7.9–17.9) 
(–1.0 SDS)

Table V. Patients’ anthropometric measurements 12 months after initiation of GH therapy

Parameter IGHD MPHD PH

Height, cm (min-max) 124.2 (106.5–140.6) (–2.2 
SDS)

135 (106.6–150.7) 
(–2.4 SDS)

99.2 (83.1–108.7) 
(–1.8 SDS)

Weight, kg (min-max) 23.6 (17–34.4) 
(–1.9 SDS)

30.2 (20.1–44.8) 
(–1.3 SDS)

15.2 (11.7–20.7) 
(–1.2 SDS)
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therefore symptoms are more severe in nature and present 
themselves early [7]. 

The median age at the diagnosis in the IGHD patient group 
was 7 years and 11 months. Child et al. in 2019 reported that 
the median age of diagnosis of IGHD patients in their study was 
11 years and 1 month [16]. Boros et al. in 2019 proposed that 
patients diagnosed with the disease after the age of 10 years 
should considered as very late for the diagnosis of the disease; 
therefore, 40% of our study population could be classified as 
very late for final diagnosis [17]. Nevertheless, current avail-
able scientific literature regarding the average age of diagnosis 
is heterogenous, but the key fact about diagnostic process is 
clear: the sooner the diagnosis is made, the sooner effective 
treatment can be started and a positive outcome achieved. 

In our study, 81.8% (n = 166) of patients were found to have 
negative deviance from the patients’ CA when compared to BA, 
which is also described in the literature as one of the major 
diagnostic methods for hypopituitarism [14, 18]. The median 
BA and CA differences for all patients were 16 months. In the 
PH group the difference was the greatest (25.5 months) com-
pared to the other 2 subgroups of the disease, which can be 
explained by the consequences of complete hormone deficien-
cy in PH patients [9].

The discussion on what constitutes an optimal diagnostic 
process for GHD continues. Because of the issues with pulsa-
tile GH secretion and complicated GH stimulation test proce-
dures, the diagnosis of GHD is made including other assess-
ments and tests, e.g. IGF-1, IGFBP-3, and others. Testing IGF-1 
has some advantages (IGF-system peptides are stable during 
the day, and it is used as a  long-term biomarker during GH 
replacement therapy), but its level in blood is also dependent 
on many other factors, for instance, nutritional status, other dis-
eases (diabetes, hypothyroidism, renal failure), and other con-
ditions could be the reason for low IGF-1. We emphasize that 
interpretation of all diagnostic methods is valuable for a correct 
final diagnosis, as well as IGF-1 [7, 14–19].

Two independent GH stimulation tests are recommended 
to confirm GHD [9, 20], but in our study, we observed that less 
than half of all patients (48.6%) had 2 GH stimulation tests 
done. A possible explanation for this is that diagnostic tactics 
have changed and have improved for the last 25 years in Lat-
via. It could be argued that the possible reasoning for doing 
only one test is that if the first test result showed persuasively 
insufficient levels of GH, then the second test was not done. 
Moreover, we cannot deny the fact that a single GH stimulation 
test could have led to some misdiagnosis or delayed treatment. 

In our study 44.7% of the patients had established changes 
in their MRI findings, which corresponds with the previously 
reported incidence in the literature, in which 40–60% GHD pa-
tients were diagnosed with abnormalities in the hypothalamic-
pituitary axis [2]. The results of MRI in our study correspond 
to the literature, i.e. in IGHD patients the abnormalities were 
observed the least, and the most abnormalities were detected 
in the PH group [9, 21, 22]. Adenohypophyseal hypoplasia 
was the most common finding in all 3 patient subgroups. It has 
been reported that adenohypophyseal hypoplasia with ectopic 

neurohypophysis and structural changes in the pituitary stalk 
is more common in patients with MPHD than in IGHD [22, 23]. 
This is also confirmed in our study: out of 16 patients with this 
MRI finding, 13 of them were in the MPHD and PH groups. The 
diameter and volume of the pituitary gland vary in children of 
different ages and genders. Therefore, pituitary radiological 
examinations are often subjective due to the lack of united as-
sessment criteria in Latvia. Moreover, it is hard to compare the 
results of our study with previously published studies [24]. Even 
though normal MRI findings were found in several patients 
(55.3%), it is necessary to also exclude genetic mutations that 
can cause hormone insufficiency while leaving the MRI findings 
within the norm. It is unlikely that MRI is the best method of 
analysis for every patient.

In contrast with previously published findings that 50% of 
patients with IGHD have another pituitary hormone deficien-
cy [21], we confirmed that only 26.3% of patients had MPHD 
and 6.6% had PH. Deficiency of various hormones develops 
gradually, and perhaps some patients at the time of this study 
were not yet diagnosed but could be diagnosed later in life. 
Differences between geographical regions and ethnicities have 
not been compared before, and this could be an interesting 
new field of research in the future.

According to the National Institute for Health and Care Ex-
cellence, patients with IGHD who received growth hormone 
therapy grew by an average of 8–11 cm in the first year of treat-
ment [25]. As we described in the results section, the data from 
this study are similar. Based on the data obtained in this study, 
it can be concluded that the effectiveness of treatment after 
the first year does not differ significantly between the sexes, 
but there is a difference between the 3 subgroups of the dis-
ease. The more severe the pituitary hormone deficiency, the 
earlier the final diagnosis is made and the earlier the treatment 
is initiated, consequently the better the efficacy of GH on the 
patients’ height during the first year of treatment, which corre-
sponds with the research results of Ranke et al. [10]

Ranke et  al. (2015) reported that patients with idiopathic 
IGHD, who have started growth hormone replacement therapy 
between the ages of 0 and 3 years (mean 1.9 years), had an 
increase of height +1.7 SD (8.2 cm/year) in the first year of 
treatment, and patients who started treatment from 7 to 8 years 
(mean 7.5 years) had a height increase of +0.6 SD (4.6 cm/
year) [10]. Huet et al. reported that the mean age of diagnosis of 
hypopituitarism (both IGHD and MPHD) in patients is 5.7 years, 
and height increased by +1.7 SD in the first year of treatment. 
Both studies uphold the importance of initiating treatment as 
early as possible [26]. These values correlate with the results of 
this study because in all 3 subgroups the median growth rate in 
the first year of treatment was from 9 cm to 11.7 cm. 

We are aware that our research may have limitations. Firstly, 
it is possible that some patients’ records were not preserved or 
were lost in the hospital’s physical and electronic systems. The 
second limitation to fully evaluate the effectiveness of therapy 
is that almost 10% of patients interrupted or discontinued treat-
ment and 44.4% of patients were still undergoing treatment. 
Finally, regardless of the increase in the number of hypopituita-
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rism patients in recent years, a considerable number of cases 
in Latvia are diagnosed late, if at all. This could be related to 
difficult access to paediatric endocrinology specialists in previ-
ous decades and the lack of awareness of the need to monitor 
children’s physical development on a regular basis not only the 
first year of life but also until adulthood. In future research the 
correlation between patients’ socioeconomic status or parents’ 
education level and the age of diagnosis could be analysed; 
therefore, more targeted awareness campaigns could be de-
signed for the risk groups.

Currently, the main focus of researchers is to improve the 
administration of medication and its regimen in order to achieve 
the best physiological daily rhythm of hormones and to improve 
patients’ quality of life while at the same time improving pa-
tients’ compliance [3, 27]. In the meantime, several studies are 
exploring the potential genetic alterations that may be predis-
posing factors for the development of hypopituitarism; there 

are currently more than 60 different gene mutations described 
that are associated with the development of hypopituitarism. 
Further advancements in genetic analysis could prevent un-
necessary invasive diagnostic testing [28].

Conclusions 

Our work has led us to conclude that it is very important 
to increase awareness and promote early diagnosis of hypo-
pituitarism patients. More attention should be paid to raising 
awareness about growth restriction problems to parents, care-
givers, teachers, and general practitioners. A widely targeted 
awareness campaign would be indicated in Latvia to improve 
the diagnostic age of hypopituitarism. The tools for appropri-
ately adjusting treatment need to be further individualized and 
optimized with a focus on physical and mental health, and like-
wise in terms of safety and costs.

References

1. Stieg MR, Renner U, Stalla GK, Kopczak A. Advances in under-
standing hypopituitarism. F1000Res 2017; 6: 178. doi: 10.12688/
f1000research.9436.1.

2. Webb EA. Understanding hypopituitarism. Paediatr Child Health 
2015; 25: 295–301. doi: http://dx.doi.org/10.1016/j.paed.2015.03.007

3. Yeliosof O, Gangat M. Diagnosis and management of hypo-
pituitarism. Curr Opin Pediatr 2019; 31: 531–536. doi: 10.1097/
MOP.0000000000000779.

4. Geffner ME. Hypopituitarism in childhood. Cancer Control 2002; 9: 
212–222. doi: 10.1177/107327480200900304.

5. Parks JS. Congenital Hypopituitarism. Clin Perinatol [Internet] 
2018; 45: 75–91. doi: https://doi.org/10.1016/j.clp.2017.11.001.

6. Khardori R. Pediatric Hypopituitarism [Internet] 2018. Available at: 
https://emedicine.medscape.com/article/922410-overview#a5.

7. Ranke MB. Short and Long-Term Effects of Growth Hormone in 
Children and Adolescents With GH Deficiency. Front Endocrinol 
(Lausanne) 2021; 12: 1–15.  doi: 10.3389/fendo.2021.720419.

8. Mehta A, Hindmarsh PC, Dattani MT. An update on the biochemical 
diagnosis of congenital ACTH insufficiency. Clin Endocrinol (Oxf) 
2005; 62: 307–314.  doi: 10.1111/j.1365-2265.2005.02215.x.

9. Ranke MB, Price DA, Reiter EO (eds.). Growth Hormone Therapy 
in Pediatrics – 20 Years of KIGS. Karger, Basel, Switzerland 2007.

10. Ranke MB, Lindberg A, Albertsson-Wikland K, et  al. Increased 
response, but lower responsiveness, to growth hormone (GH) in 
very young children (aged 0-3 years) with idiopathic GH Deficien-
cy: analysis of data from KIGS. J Clin Endocrinol Metab 2005; 90: 
1966–1971. doi: 10.1210/jc.2004-1051. 

11. Fleseriu M, Hashim IA, Karavitaki N, et al. Hormonal replacement 
in hypopituitarism in adults: An endocrine society clinical practice 
guideline. J Clin Endocrinol Metab 2016; 101: 3888–3921. doi: 
10.1210/jc.2016-2118.

12. Cerbone M, Dattani MT. Progression from isolated growth hormone 
deficiency to combined pituitary hormone deficiency. Growth Horm 
IGF Res 2017; 37: 19–25. doi: 10.1016/j.ghir.2017.10.005.  

13. Kurtoğlu S, Özdemir A, Hatipoğlu N. Neonatal hypopituitarism: Ap-
proaches to diagnosis and treatment. JCRPE J Clin Res Pediatr 
Endocrinol 2019; 11: 4–12. doi: 10.4274/jcrpe.galenos.2018.2018. 
0036.

14. Richmond EJ, Rogol AD. Diagnosis of growth hormone deficiency 
in childhood. Curr Opin Endocrinol Diabetes Obes 2020; 19: 47–
52. doi: 10.1097/med.0b013e32834ec952.

15. Alatzoglou KS, Dattani MT. Genetic forms of hypopituitarism and 
their manifestation in the neonatal period. Early Hum Dev 2009; 85: 
705–712.  doi: 10.1016/j.earlhumdev.2009.08.057.

16. Child CJ, Quigley CA, Cutler GB, et al. Height Gain and Safety Out-
comes in Growth Hormone-Treated Children with Idiopathic Short 
Stature: Experience from a Prospective Observational Study. Horm 
Res Paediatr 2019; 91: 241–251. doi: 10.1159/000500087. 

17. Boros E, Casimir M, Heinrichs C, Brachet C. Delayed diagnosis 
of congenital hypopituitarism associated with low socio-economic 
status and/or migration. Eur J Pediatr 2020; 179: 151–155. doi: 
10.1007/s00431-019-03489-3.

18. Creo AL, Schwenk WF. Bone age: A handy tool for pediatric provid-
ers. Pediatrics 2017; 140: e20171486. doi: 10.1542/peds.2017-1486.

19. Johannsson G, Bidlingmaier M, Biller BMK, et al. Growth hormone 
research society perspective on biomarkers of gh action in children 
and adults. Endocr Connect 2018; 7: R126–R134. doi: 10.1530/EC-
18-0047.

20. Chesover AD, Dattani MT. Evaluation of growth hormone stimula-
tion testing in children. Clin Endocrinol (Oxf) 2016; 84: 708–714. 
doi: 10.1111/cen.13035.

21. Li G, Shao P, Sun X, et al. Magnetic resonance imaging and pitui-
tary function in children with panhypopituitarism. Horm Res Paedi-
atr 2010; 73: 205–209. doi: 10.1159/000284363.

22. Maghnie M, Lindberg A, Koltowska-Häggström M, Ranke MB. 
Magnetic resonance imaging of CNS in 15,043 children with GH 
deficiency in KIGS (Pfizer International Growth Database). Eur 
J Endocrinol 2013; 168: 211–217. doi: 10.1530/EJE-12-0801.

23. Collett-Solberg PF, Ambler G, Backeljauw PF, et al. Diagnosis, Ge-
netics, and Therapy of Short Stature in Children: A Growth Hormone 



Characteristics of a hypopituitarism patients in Latvia
Charakterystyka pacjentów z niedoczynnością przysadki na Łotwie

Pediatr Endocrinol Diabetes Metab 2022

293© Copyright by PTEiDD 2022

Research Society International Perspective. Horm Res Paediatr 
2019; 92: 1–14. doi: 10.1159/000502231.

24. Zhang S, Cheng Y, Wang G, Feng Y. Physical development of pi-
tuitary and pituitary hypoplasia in children from neonate to adoles-
cent: MRI assessment and comparison. Int J Clin Exp Med 2017; 
10: 6360–6368. 

25. Adler A, Abram K, Armstrong R, et  al. Human growth hormone 
(somatropin) for the treatment of growth failure in children. NICE 
Technol Apprais Guid 2013; (May 2010): 1–46. 

26. Huet F, Carel JC, Nivelon JL, Chaussain JL. Long-term results of 
GH therapy in GH-deficient children treated before 1 year of age. 
Eur J Endocrinol 1999; 140: 29–34.  doi: 10.1530/eje.0.1400029.

27. Alexandraki KI, Grossman AB. Management of Hypopituitarism. 
J Clin Med 2019; 5: 2153. doi: 10.3390/jcm8122153.

28. Prodam F, Caputo M, Mele C, et al. Insights into non-classic and 
emerging causes of hypopituitarism. Nat Rev Endocrinol 2021; 17: 
114–129. doi: 10.1038/s41574-020-00437-2.


