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Case Report 

Rare coexistence of hypopituitarism with osteogenesis imperfecta – A 
double-trouble for bone 
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A B S T R A C T   

Osteogenesis imperfecta (OI) commonly involving defects in COL1A1 and COL1A2 is a rare hereditary disease of 
bone fragility affecting 6–7 per 100,000 population. On the other hand, hypopituitarism is a separate entity that 
manifests with reduced levels of pituitary hormones. The cooccurrence of these two is seldom reported previ-
ously in literature as a deviation from Occam’s razor. Here, we reported a case of pathological fracture in a 31- 
year-old male who had blue sclera and secondary adrenal insufficiency, hypogonadotropic hypogonadism, and 
growth hormone deficiency along with primary autoimmune hypothyroidism. Diagnosis of OI was suggested by 
heterozygous missense variant in exon 40 of the COL1A2 gene (chr7: g.94423092G > A; Depth: 99×) that 
resulted in the amino acid substitution of Serine for Glycine at codon 847. Replacement of glucocorticoid, lev-
othyroxine, and testosterone was started along with antiresorptive therapy for better bone health outcomes.   

1. Introduction 

Osteogenesis imperfecta (OI) is a rare hereditary disease of connec-
tive tissue mostly due to mutation of COL1A1 and COL1A2 genes pre-
senting with pathological fracture and skeletal deformities like flat 
midface and triangular facies, scoliosis or kyphosis, and chest wall de-
formities including pectus excavatum, carinatum, and barrel chest and 
also may lead to secondary damages, such as deafness, dentinogenesis 
imperfecta, macrocephaly, hydrocephalus, syringomyelia, and basilar 
invagination, and may have short stature sometimes with a normal 
growth velocity (Forlino et al., 2011; Marini et al., 1993). 

Combined pituitary hormone deficiency is a condition either ac-
quired or due to transcription factor defects, in which the pituitary gland 
produces insufficient hormones, including adrenocorticotropic hormone 
(ACTH), follicle-stimulating hormone (FSH), luteinizing hormone (LH), 
growth hormone (GH), prolactin production (PRL), and/or thyroid 
stimulating hormone (TSH) (Fang et al., 2016). 

This report documented a rare coexistence of two different entities in 
an adult male presenting with pathological fracture. 

2. Case presentation 

A 31-year-old male patient presented with a history of fracture of the 

right femur shaft 1.5 years ago after a fall while running [Fig. 1] which 
had been managed by open reduction and internal fixation. The 
implanted nail broke off following a fall while cycling at the usual speed 
4 months ago and had to be fixed operatively. On further query, there 
were histories of poor height gain and poor development of sexual 
characteristics noticed from 15 years of age. He denies any symptoms of 
polydipsia or polyuria. The patient did not seek any medical attention 
for those symptoms earlier. He was born by assisted breech delivery 
without any perinatal complications. He achieved developmental mile-
stones as per his peer group. There was no other relevant history that 
could be contributory and no familial history of pathological fracture. 

On examination, mild pallor was present. His weight was 50 kg at the 
10th–25th percentile and the height was 148.5 cm, less than the 3rd 
percentile as per the Indian height chart at 18 years of age. The arm span 
was 160 cm and the upper and lower segment ratio was 0.94. Axillary 
and pubic hair was absent [Fig. 2A]. His voice was high-pitched. The 
testes were palpable at the scrotum with a volume of 3 mL for each, the 
stretched penile length was 8 cm, below − 2.5 standard deviation (SD) 
for his age [Fig. 2B]. His sexual maturity rating was prepubertal. He had 
barrel-shaped chest and also blue sclera in both eyes [Fig. 2C]. His 
dental and auditory examination findings were normal. Apart from 
these, no other remarkable clinical findings were there. 

The routine baseline investigations showed hemoglobin of 8.3 g% 
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with mean corpuscular volume (MCV) of 76, white blood count of 6700 
per millimeter3 with 49 % neutrophils, 42 % lymphocytes, 3 % eosin-
ophils, 5 % monocytes, and no basophils, platelet count was 3.9 lacs. 
Serum sodium was 133 mEq/L, and potassium was 5.6 mEq/L. Serum 
alkaline phosphatase (ALP) level was 279 IU/L, serum calcium was 9.2 
mg/dL, serum phosphate was 3.4 mg/dL, and serum 25-hydroxy 
Vitamin D levels was 34.7 ng/mL. His hormonal profile has been sum-
marized in Table 1. His bone age was between 12 and 14 years [Fig. 3]. 
In the Dual X-ray Absorptiometry (DXA) scan, the Z-score was (− 2.06) 
and bone mineral density (BMD) was 0.687 g/cm2 for the lumber, also 
the Z-score was (− 4.07) and BMD was 0.506 g/cm2 for the left femoral 
neck. 

Pituitary MRI [Fig. 4] was suggestive of a partial empty sella with a 
very thin and flattened pituitary gland in the floor of the sella. The rest 
was filled with CSF signal intensity, the posterior pituitary bright spot 
was not well visualized, and the pituitary stalk was normal. 

The whole exome sequencing was suggestive of a heterozygous 
missense variant in exon 40 of the COL1A2 gene (chr7: g.94423092G >
A; Depth: 99×) that resulted in the amino acid substitution of Serine for 
Glycine at codon 847. 

3. Discussion 

The individual who was referred to the Endocrinology department 
for evaluation of pathological fracture was also found to have central 
hypogonadism as suggested by eunuchoid body habitus, and prepuber-
tal sexual maturation according to Tanner staging which was confirmed 
by LH and testosterone reports at the age of 31 years. This patient did not 
encounter any fracture earlier than the described one as per clinical 
details found, such late-onset fracture has also been described in a 
milder variety of OI and with other types of mutations (Stathopoulos 
et al., 2014; Muñoz-Miro et al., 2022; Selina et al., 2023). 

Along with that, he had secondary adrenal insufficiency and growth 
hormone deficiency evidenced by low IGF1 level. The bone age was 
significantly delayed as per his chronological age. Besides this, he had 
primary hypothyroidism of autoimmune etiology. Thus, with available 
hormonal profiles and pituitary imaging, poor bone health due to hy-
popituitarism was considered as the possible etiology of pathological 
fracture. Hence, he was started on glucocorticoid, levothyroxine 
replacement, and testosterone intramuscular injections (50 mg 4 
weekly) sequentially. 

Our patient had blue sclera which is rarely found in PROP-1 

Fig. 1. Skiagram of the right femur showing shaft fracture.  
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mutation-related hypopituitarism and commonly in osteogenesis 
imperfecta; a whole exome sequencing was therefore sent which pointed 
to the latter (Rosenbloom et al., 1999). 

Osteogenesis imperfecta is a heterogeneous group of inherited con-
nective tissue disorders mainly (90 %) caused by structural or quanti-
tative mutations in the collagen genes COL1A1 and COL1A2 (Marini and 
Blissett, 2013). Apart from these two, alterations in >13 genes have 
been detected in association with OI have been summarized in Table 2 
(Wang et al., 2019; Unger et al., 2023). 

On the other hand, hypopituitarism may be acquired or due to 
transcription factor defects like POU1F1, PROP1, HESX1, OTX2, LHX3, 
LHX4, and GLI2 (Fang et al., 2016). In our case, no transcription defect 
was found in the genetic study. 

Hypopituitarism can occur in association with breech presentation 
also which is highly prevalent in patients with OI (24–37 %) probably 
due to large head size and decreased intrauterine movement of the fetus 
(Cubert et al., 2001). As found in the literature, breech presentation at 
birth has been associated with pituitary stalk interruption syndrome 

Fig. 2. A – Image of the patient showing no secondary hair growth, B – Genitalia of the patient at prepubertal stage, C – Suggestive of blue sclera.  

Table 1 
Hormonal evaluation of the patient. ACTH – Adrenocorticotropic hormone, FSH 
– Follicular stimulating hormone, IGF1 – Insulin-like growth factor 1, LH – 
Luteinizing hormone, TPO – Thyroid peroxidase, TSH – Thyroid stimulating 
hormone, T4 – Thyroxine,  

Investigations (units) Patient’s value Reference range 

Morning serum cortisol (μg/dL) 2.2 5–25 
Plasma ACTH (pg/mL) 16.7 <120 
LH (mIU/mL) 0.16 0.8–7.6 
FSH (mIU/mL) 1.08 0.7–11.1 
Testosterone (ng/dL) 25 227–1030 
Prolactin (ng/mL) 19.87 1.5–14.7 
Free T4 (ng/dL) 0.82 0.89–1.8 
TSH (μIU/mL) 24.21 0.35–4.6 
IGF1 (ng/mL) 36.9 37–275 (age specific) 
Anti-TPO antibody (IU/mL) 271.0 <34  

Fig. 3. Skiagram of the left hand indicating delayed bone age in comparison 
with the patient’s chronological age. 
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(Wang et al., 2019), hypoplastic pituitary and its stalk (though there was 
an associated pituitary transcription factor defect) (Hemwong et al., 
2020) [Table 3], where Kitamura T et al. described pituitary stalk 
interruption syndrome in their case after vacuum extraction during 
delivery (Kitamura et al., 2023). Similarly, our case had history of 
assisted breech delivery, and partial empty sella was found in MRI. Thus, 
it can be hypothesized that assisted and difficult labor processes during 
the birth of fetuses carrying a genetic mutation of OI may result in hy-
popituitarism in the future. Familial inheritance is an important feature 
of OI, though there was no family history of pathological fracture or 
other characteristic features of OI in the family concerning the present 

case. Previously reported cases were associated with the history of 
fractures in parents and siblings without any evidence of pituitary hor-
mone deficit. 

Androgen deficiency hampers the process of bone mineralization, 
while GH deficiency also deteriorates bone density (Finkelstein et al., 
1987; Holmes et al., 1994). Thus, appropriate replacement of deficient 
hormones is necessary for bone health in hypopituitarism. Though the 
patient was aware of his delayed growth and pubertal development, his 
reluctance to seek medical attention earlier due to lack of knowledge 
and shamefulness of disclosing symptoms of hypogonadism became a 
double trouble for his bone health on the background of OI and resulted 
in a serious fracture. Along with glucocorticoid (at physiological dose), 
levothyroxine, and testosterone replacement, the patient was started on 
annual zoledronic acid infusion to reduce his risk of fracture (Land et al., 
2007). 

Another thing to note is that the patient had significantly lower BMD 
in the femoral neck (0.506 g/cm2) than the spine (0.687 g/cm2). In the 
case of hypogonadism, the spine is more severely affected due to more 
trabecular bone mass (Brandi, 2009), that altered bone loss could be due 
to the presence of OI (associated with COL1A2 mutation) along with 
hypogonadism where long bones are affected more (Kocijan et al., 
2013). 

The major limitations of our report were that correlation with pri-
mary autoimmune hypothyroidism was not found, genetic screening of 
OI in the family could not be done, and GH replacement in adult age was 
not possible due to our limited resources in the hospital setting and the 
patient’s low economic background. Interestingly, the reason behind the 
male preponderance of all the documented cases (including the present 
one) is still unrevealed. 

This is the tenth reported case globally and the first one from India 
with such rare coexistence. Very little data are available for the first two 
cases of OI associated with hypopituitarism, one had vertebral fractures 
and deformity and another had right femur fractures (Scott et al., 1971). 
Though there are hypotheses regarding the causation of hypopituitarism 
in OI, no definite explanation has been developed. Moreover, apart from 

Fig. 4. T2 (upper panel) and T1 (lower panel) weighted magnetic resonance imaging reflecting partial empty sella and absence of pituitary bright spot.  

Table 2 
Genetic associations of osteogenesis imperfecta other than collagen type I chain. 
BMP1 – Bone morphogenetic protein 1, CCD134 – Coiled-Coil Domain Con-
taining 134, CREB3L1 – cAMP responsive element binding protein 3 like 1, CRTAP – 
Cartilage-associated protein, FKBP10 – FKBP prolyl isomerase 10, IFITM5 – 
Interferon-induced transmembrane protein 5, KDELP2 – KDEL endoplasmic re-
ticulum protein retention receptor 2, LEPRE1/P3H1 – Leprecan/Prolyl 3-hy-
droxylase 1, MBTPS2 – Membrane-bound transcription factor peptidase, site 2, 
MESD – Mesoderm development LRP chaperone, PLOD2 – Procollagen-lysine,2- 
oxoglutarate 5-dioxygenase 2, PPIB – Peptidylprolyl isomerase B, SERPINF1 – 
Serpin family F member 1, SERPINH1 – Serpin family H member 1, SP7 – Sp7 
transcription factor, SPARC – Secreted protein acidic and cysteine-rich, TENT5 A – 
Terminal nucleotidyl transferase 5 A, TMEM38B – Transmembrane protein 38B, 
WNT1 – Wnt Family Member 1.  

Processes Genes 

Collagen processing BMP1, CCD134, KDELP2 
Collagen modification CRTAP, LEPRE1/P3H1, PPIB, 

TMEM38B, KDELP2 
Collagen folding and cross-linking SERPINH1, FKBP10, PLOD2 
Bone mineralization IFITM5, SERPINF1, TENT5A 
Osteoblast development with collagen 

insufficiency 
SP7, WNT1, CREB3L1, SPARC, MESD 

Regulated Intramembrane Proteolysis MBTPS2  
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one case with a pituitary transcription factor defect and the collagen 
mutation, others did not have any. Except for the three cases found in 
the online database, all were of Asian origin and surprisingly all reported 
cases were male [Table 3], thus whether demography and gender play a 
role in the association should be sought. More research is necessary to 
determine the exact mechanism of such association with variable hor-
mone deficiency and to address the gender predisposition. Missed-out 
diagnosis, and thus delay in proper management may invite hazards. 
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