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INTRODUCTION

 Short stature is defined as height less than or 
equal to 2 SD below the mean for the age and 

sex or height below 3rd centile.1 Causes of short 
stature can either be normal variants of growth like 
familial short stature and constitutional delay of 
growth and puberty(CDGP)2,3 or it can be a result 
of chronic systemic diseases (renal, pulmonary 
and cardiac diseases, coeliac disease)4,5 endocrine 
disorders (hypopituitarism, isolated growth 
hormone deficiency, isolated hypothyroidism, 
endogenous & exogenous Cushing syndrome, 
adrenal insufficiency, osteomalacia or rickets),6-9 
genetic (cystic fibrosis),10 chromosomal disorders 
(Turners syndrome)11 and skeletal dysplasias.12 
Malnutrition, chemotherapy, radiotherapy13 and 
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ABSTRACT
Background and Objective: Short stature is defined as height below 3rd centile. Causes of short stature 
can range from familial, endocrine disorders, chronic diseases to chromosomal disorders. Most common 
cause in literature being idiopathic short stature. Early detection and management of remedial disorders 
like malnutrition and vitamin D deficiency, Endocrine disorders like growth hormone deficiency & 
hypothyroidism can lead to attainment of expected height. Pakistani data shows idiopathic short stature as 
the most common cause of short stature. Our study aimed at detecting causes of short stature in children/
adolescents at an Endocrine referral center.
Methods: A retrospective study was conducted at WILCARE Center for Diabetes, Endocrinology & 
Metabolism, Lahore on 70 well-nourished children/adolescents. The patients had been evaluated clinically, 
biochemically and radiologically as needed. Biochemical testing included hormonal testing as well to detect 
endocrine causes. Data was entered and analyzed in SPSS 20.0.
Results: Leading cause of short stature in our population was Growth Hormone (GH) deficiency seen 
in 48 out of 70 (69%) patients. Second most common endocrine abnormality seen in these patients was 
Vitamin D deficiency [44 out of 70 patients (63%)]. Primary hypothyroidism; pan-hypopituitarism & adrenal 
insufficiency were other endocrine causes. The weight for age was below 3rd percentile in 57 (81%) patients, 
with no association with other major causes. 
Conclusion: Growth hormone and Vitamin D deficiency constitute one of the major causes of short stature 
among well-nourished children with short stature in Pakistan.
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surgery are also contributory to short stature. The 
most common causes of short stature reported in 
literature are CDGP and familial short stature14-17 
collectively called ‘Idiopathic short stature’ and is 
primarily a diagnosis of exclusion.
 Final adult height is determined by a child’s 
genetics. In familial short stature the child reaches 
within the height range of the parents/family.18 In 
CDGP there are subtle changes within the pituitary-
gonad axis as well as the growth hormone-IGF-1 
axis which results in delayed skeletal maturation 
and puberty spurt. This results in height shorter 
than the predicted adult height.19 However it is 
seen that children with CDGP also have familial 
short stature in up to 40% of patients.20 Remediable 
causes like coelic disease or malnutrition when 
detected early can allow for attainment of normal 
projected height. Endocrine causes like idiopathic 
growth hormone deficiency and hypothyroidism 
when detected early and treated can lead to 
height within normal range.21,22 Pakistan is a 
developing country and nutritional deficiency is 
prevalent in the children.23 33% of children under 
5 years of age are underweight, while 53% are 
stunted.24 Vitamin D deficiency is a present in up 
to 94% of our children, which can reduce skeletal 
mineralization and bone growth rate.25 Data from 
Pakistan on etiology of short stature in children is 
sparse however existing data shows Constitutional 
delay and Familial short stature (normal variants 
of growth) as the major causes.14-16 The current 
local data is from tertiary health care institutions 
however our study aims at detecting causes of 
short stature in children/adolescents presenting to 
WILCARE Center for Diabetes, Endocrinology & 
Metabolism, Lahore which is a Endocrine referral 
center. In our study we expected to find a more 
broader range of endocrine causes with emphasis 
on growth hormone deficiency.

METHODS

 The study was conducted at WILCARE Center 
for Diabetes, Endocrinology & Metabolism, 
Lahore. WILCARE center is a referral center 
for endocrine and metabolic disorders. Data for 
seventy (70) children/adolescents who presented 
with short stature to WILCARE Center for 
Diabetes, Endocrinology & Metabolism, Lahore 
was extracted from the electronic database and 
retrospective descriptive study was conducted. 
Consent for use of the data for this study was taken 
telephonically from the parents/guardians of the 
children/adolescents. Patients were included who 

had been labeled as having short stature based on 
height less than -2 SD or less than 3rd centile for 
age and gender plotted on 2000 CDC growth charts 
(developed by the American National Center for 
Health Statistics in collaboration with the National 
Center for Chronic Disease Prevention and Health 
Promotion).26 The patients mostly belonged to 
middle to upper socioeconomic strata of the society. 
These patients had been evaluated clinically, 
biochemically and with imaging as was needed. 
Clinical evaluation had been done by taking a 
detailed history (including antenatal, perinatal, 
postnatal history) and performing thorough 
physical examination. Based on clinical evaluation, 
relevant biochemical profile which included 
complete blood count, urine and stool examination 
and blood glucose, blood urea, serum creatinine, 
liver function tests, electrolytes, fasting serum 
calcium, phosphorus and alkaline phosphatase 
and urinary pH were obtained. Hormonal testing 
including Serum TSH and free T4 assay, IGF-1 
levels, 8 am serum cortisol, and vitamin D levels 
were performed on Architect instrument employing 
chemiluminescent microparticle immunoassay 
(CMIA). Growth Hormone deficiency had been 
diagnosed with serum IGF-1 levels less than the 
normal range for age and sex. Hypothyroidism 
had been diagnosed on basis of TSH and/or FT4 
values. Additional tests like Insulin tolerance 
test for Growth hormone deficiency, anti-Tissue 
Transglutaminase antibodies, iron studies, FSH 
and karyotyping had been performed in selected 
cases and MRI pituitary with and without contrast 
performed when biochemical evidence of pituitary 
hormone disorders was evident.
 In all cases, X-ray hand was done to assess the 
bone age using Greulich and Pyle’s Standards.27 
The collected data was entered and analyzed in 
SPSS version 20. Descriptive statistics were used to 
calculate frequencies of the various causes of short 
stature. Categorical variables were compared using 
Chi-square and Fisher exact tests. A p value < 0.05 
was considered to be statistically significant.
Ethical approval: All procedures performed 
in studies involving human participants were 
in accordance with the ethical standards of the 
institutional and/or national research committee 
and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards.

RESULTS

 A total of 70 patients with short stature were 
included in the analysis. The median age at the time 



   Pak J Med Sci   2016   Vol. 32   No. 6      www.pjms.com.pk   1323

of evaluation was 11 years (range 2 to 18 years) and 
38 (54%) were male. The weight for age was below 
3rd percentile in 57 (81%) patients. 
 The leading cause of short stature in our 
population was Growth Hormone (GH) deficiency 
seen in 48 out of 70 (69%) patients.(Table-I) Second 
most common endocrine abnormality seen in these 
patients was Vitamin D deficiency [44 out of 70 
patients (63%)]. Isolated Vitamin D deficiency was 
seen in only 4 (6%) cases; it was most commonly 
seen in combination with other endocrine 
abnormalities. GH deficiency was associated with 
Vitamin D deficiency, though the association 
was insignificant. Primary hypothyroidism was 
found in 6 (9%) patients. Panhypopituitarism was 
the cause of short stature in 4 (6%) cases. Growth 
hormone deficiency and Vitamin D deficiency were 
equally distributed across both genders. 
 History of intrauterine growth retardation 
(IUGR) was documented in 3 (4%) patients. three 
(4%) patients had history of asthma and steroid 
associated stunting of growth. Iron deficiency 
anemia as evidenced by microcytic anemia, low 
serum ferritin and high TIBC was seen in 2 (3%) 
patients. Rare causes of short stature seen in one 
patient each (1%) included Turner Syndrome, 
premature ovarian failure, achondroplasia, primary 
adrenal insufficiency, central adrenal insufficiency, 
central hypothyroidism and lipid storage disease. 
Weight below 3rd centile was cross tabulated 
against Growth hormone deficiency, Primary 
Hypothyroidism, Pan-hypopituitarism and 
Vitamin D deficiency and no significant association 
was found.

DISCUSSION

 About 3% of children have short stature and 
further evaluation is warranted in these patients. 
There is abundance of research on short stature in 
children/adolescents globally. In contrast there are 
far fewer studies conducted in Pakistan. Growth 
Hormone (GH) deficiency was by far the most 
common cause of short stature in our study, in 48 
out of 70 patients (69%). This is a trend different 
from what has been reported in studies globally 
and other studies regionally where normal variants 
of growth (constitutional delay of growth and 
puberty and familial short stature) have been 
reported as predominant cause either separately 
or in combination. Knoop et al. from Germany 
reported that 68% cases of short stature were of 
CDGP or familial short stature.9 Other studies have 
also reported similar results where normal variants 
of growth constituted 52-85% of cases of short 
stature.16,28-30 The likely explanation of this disparity 
is that firstly, these studies were population based 
compared to our specialist referral center based 
study and secondly, in most of the studies patients 
were recruited in tertiary health care centers with 
patients mostly from lower socio-economic strata. 
In contrast, our study included patients mostly 
from upper/middle socioeconomic status.
 Prior studies have shown that GH deficiency is the 
second leading cause of short stature. A prevalence 
of 8% to 23% has been reported in various studies 
on short stature.28,29,31 Vitamin D has an established 
role in bone health and growth in children32 and 
its deficiency has been reported world over.33,34 In 

Table-I: Causes of Short Stature.
Condition Number of patients (Total N = 70) Percentage

GH deficiency 48 69
Vitamin D deficiency* 44 63
Primary hypothyroidism 06 09
Panhypopituitarism 04 06
IUGR 03 04
Steroid related stunting of growth 03 04
Iron deficiency anemia 02 03
Turner Syndrome 01 01
Premature ovarian failure 01 01
Achondroplasia 01 01
Primary adrenal insufficiency 01 01
Central adrenal insufficiency 01 01
Central hypothyroidism 01 01
Lipid storage disease 01 01

* Vitamin D deficiency was seen in most patients along with other endocrine abnormalities, 
therefore the sum of all these conditions does not correspond to total number of patients.
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Pakistani population, vitamin D deficiency has been 
reported in up to 94% of individuals.25 In our study, 
the second most common endocrine abnormality 
seen in patients with short stature was Vitamin D 
deficiency (63%). Vitamin D deficiency was found 
occurring mostly with other endocrine causes of 
short stature and isolated deficiency was seen in 
only 6% of cases (n=4). This possibly is a reflection 
of the Vitamin D deficiency in general Pakistani 
population.35

 Thyroid hormone has an important role in bone 
development and linear growth in children and 
deficiency of thyroid hormone can lead to stunted 
growth and/or maturation arrest.36 Primary 
hypothyroidism was seen in 9% (n=6) cases, while 
central hypothyroidism was present in only 1% in 
our study. Sultan et al. in a Pakistani study reported 
hypothyroidism as a cause of short stature in 5.6% 
of their study population,14 while another local 
study by Rabbani et al. reported it as 17%.15 Pan-
hypopituitarism which is known to stunt growth 
was present in 6% of the patients, an Iranian study 
reported it as 3.5%.31 The weight below 3rd centile in 
81% of our study population is of special interest as 
no etiological factors were identified and especially 
when our children/adolescent population belonged 
to the upper/middle socio-economic class. Low 
weight for age has not been specifically elaborated 
in previous studies, in which its utility has been to 
categorize patients into disorders of malabsorption. 
Further research is required to identify possible 
causative factors.

Limitations of the Study: This study was conducted 
at an Endocrine Clinical referral center and may 
not actually represent the true frequency of causes 
of short stature in our population. Large scale 
population based studies will give a better estimate 
of causes of short stature.

CONCLUSION

 Growth hormone and Vitamin D deficiency 
constitute one of the major causes of short stature 
among well-nourished children with short stature 
in Pakistan. Early recognition of these pathologies 
can not only help attain normal stature but also 
improve their quality of life and social standing. 
General Physicians need to be cognizant of and 
refer patients promptly to endocrinologist for 
timely treatment.

Funding details: Study was not funded by any 
organization or body.

Declaration of interest: None.

Informed consent: Informed consent was obtained 
from all individual participants included in the study.

Grant Support & Financial Disclosures: Nothing to 
disclose.

REFERENCES
1. Rogol AD, Snyder PJ, Geffner M, Hoppin AG. Causes of 

short stature.
2. Lam WF, Hau WL, Lam TS. Evaluation of referrals for 

genetic investigation of short stature in Hong Kong. Chinese 
Med J. 2002;115(4):607-611.

3. Karlberg J. A biological oriented mathematical model 
(ICP) for human growth. Acta Paediatrica Scandinavica. 
1989;350:70-94.

4. Mahan J, Warady B. Assessment and treatment of short 
stature in pediatric patients with chronic kidney disease: a 
consensus statement. Pediatr Nephrol. 2006;21(7):917-930.

5. Bhadada S, Bhansali A, RaviKumar P, Kochhar R, Nain C, 
Dutta P, et al. Changing Scenario in Aetiological Profile 
of Short Stature in India-Growing Importance of Celiac 
Disease: A Study from Tertiary Care Centre. Indian J 
Pediatr. 2011;78(1):41-44.

6. Zargar AH LB, Masoodi SR, Wani AI, Salahuddin M. 
An aetiological profile of short stature in the Indian 
subcontinent. J Paediatr Child Health. 1998;34(6):571-576.

7. Paragliola RM, Locantore P, Pontecorvi A, Corsello SM. 
Pediatric Cushing’s disease and pituitary incidentaloma: 
Is this a real challenge? Case Reports Endocrinol. 
2014;2014:5.

8. Grant DB, Barnes ND, Moncrieff MW, Savage MO. Clinical 
presentation, growth, and pubertal development in 
Addison’s disease. Arch Dis Child. 1985;60(10):925-928.

9. Knoop U, Weltersbach W. The causes of short stature in 
children in ambulatory care. Monatsschrift Kinderheilkunde: 
Organ der Deutschen Gesellschaft fur Kinderheilkunde. 
1989;137(1):37-41.

10. Landon C, Rosenfeld RG. Short stature and pubertal delay 
in cystic fibrosis. Pediatrician. 1987;14(4):253-260.

11. Lyon AJ, Preece MA, Grant DB. Growth curve for girls with 
Turner syndrome. Arch Dis Child. 1985;60(10):932-935.

12. Correll J. Surgical correction of short stature in skeletal 
dysplasias. Acta Paediatr Scand Suppl. 1991;377:143-148.

13. Davies HA, Didcock E, Didi M, Ogilvy-Stuart A, Wales 
JK, Shalet SM. Disproportionate short stature after cranial 
irradiation and combination chemotherapy for leukaemia. 
Arch Dis Child. 1994;70(6):472-475.

14. Sultan M, Afzal M, Qureshi SM, Aziz S, Lutfullah M, 
Khan SA, et al. Etiology of short stature in children. J Coll 
Physicians Surg Pak. 2008;18(8):493-497.

15. Waqar Rabbani M, Imran Khan W, Bilal Afzal A, Rabbani 
W. Causes of short stature identified in children presenting 
at a tertiary care hospital in Multan Pakistan. Pak J Med Sci. 
2013;29(1):53-57.

16. Lashari SK, Korejo HB, Memon YM. To determine frequency 
of etiological factors in short statured patients presenting at 
an endocrine clinic of a tertiary care hospital. Pak J Med Sci. 
2014;30(4):858-861.

17. Bhadada SK AN, Singh SK, Agrawal JK. Etiological profile 
of short stature. Indian J Pediatr. 2003;70(7):545-547.

18. Ranke MB, Grauer ML, Kistner K, Blum WF, Wollmann 
HA. Spontaneous adult height in idiopathic short stature. 
Hormone Res. 1995;44(4):152-157.

Syed Hunain Riaz et al.



19. Soliman AT, Sanctis VD. An approach to constitutional 
delay of growth and puberty. Indian J Endocrinol Metabol. 
2012;16(5):698-705.

20. Lindsay R, Feldkamp M, Harris D, Robertson J, Rallison M. 
Utah Growth Study: Growth standards and the prevalence 
of growth hormone deficiency. J Pediatr. 1994;125(1):29-35.

21. Blethen SL, Baptista J, Kuntze J, Foley T, LaFranchi S, 
Johanson A. Adult Height in Growth Hormone (GH)-
Deficient Children Treated with Biosynthetic GH. J Clin 
Endocrinol Metabol. 1997;82(2):418-420.

22. Virmani A MP, Karmarkar MG, Kochupillai N, Seth V, Ghai 
OP, Gopinath PG. Evaluation of thyroid function in children 
with undiagnosed short stature in north India. Ann Trop 
Paediatr. 1987;7(3):205-209.

23. Nuruddin R, Lim MK, Hadden WC, Azam I. Comparison of 
estimates of under-nutrition for pre-school rural Pakistani 
children based on the WHO standard and the National 
Center for Health Statistics (NCHS) reference. Public Health 
Nutr. 2009;12(05):716-722.

24. Finlay JE, Ozaltin E, Canning D. The association of maternal 
age with infant mortality, child anthropometric failure, 
diarrhoea and anaemia for first births: evidence from 55 low- 
and middle-income countries. BMJ Open. 2011;1(2):e000226.

25. Mansoor S, Habib A, Ghani F, Fatmi Z, Badruddin S, 
Mansoor S, et al. Prevalence and significance of vitamin 
D deficiency and insufficiency among apparently healthy 
adults. Clin Biochem. 2010;43(18):1431-1435.

26. CDC. National Centre for Health Statistics 2000 CDC growth 
chart [cited 2015 3rd August]. Available from: http://www.
cdc.gov/growthcharts/cdc_charts.htm.

27. Greulich WW PS. Radiographic atlas of skeletal 
development of the hand and wrist. 2nd ed. Stanford, CA: 
Stanford University Press; 1959.

28. Shu SG, Chen YD, Chi CS. Clinical evaluation of short 
children referred by school screening: an analysis of 655 
children. Acta Paediatrica Taiwanica. 2002;43(6):340-344.

29. Nasir A. Al-Jurayyan N SHM, Hessah M. Al Otaibi, Sharifah 
T. Al Issa, Hala G. Omer. Short stature in children: Pattern 
and frequency in a pediatric clinic, Riyadh, Saudi Arabia. 
Sudanese Journal of Pediatrics. 2012;12(1):79-83.

30. Shiva S, Behbahan A. Short Stature in Iran. In: Preedy VR, 
editor. Handbook of Growth and Growth Monitoring in 
Health and Disease: Springer New York; 2012. p. 1635-1646.

31. Moayeri H, Aghighi Y. A prospective study of etiology of 
short stature in 426 short children and adolescents. Arch 
Iranian Med. 2004;7(1):23-7.

32. Molgaard C, Michaelsen KF. Vitamin D and bone health 
in early life. The Proceedings of the Nutrition Society. 
2003;62(4):823-828.

33. Forrest KY, Stuhldreher WL. Prevalence and correlates 
of vitamin D deficiency in US adults. Nutrition research. 
2011;31(1):48-54.

34. Holick MF. High Prevalence of Vitamin D Inadequacy 
and Implications for Health. Mayo Clinic Proceedings. 
81(3):353-373.

35. Wei S, Tanaka H, Kubo T, Ono T, Kanzaki S, Seino Y. Growth 
hormone increases serum 1,25-dihydroxyvitamin D levels 
and decreases 24,25-dihydroxyvitamin D levels in children 
with growth hormone deficiency. Euro J Endocrinol. 
1997;136(1):45-51.

36. Williams GR, Robson H, Shalet SM. Thyroid hormone 
actions on cartilage and bone: interactions with other 
hormones at the epiphyseal plate and effects on linear 
growth. J Endocrinol. 1998;157(3):391-403.

Authors Contributions:

AJ, SHR and MZKR worked on the concept and 
design of the study.
BA and AR collected the data.
MZKR analyzed the data.
AJ and SHR worked on the manuscript.
AK, SHR, MZKA and JA drafted the manuscript.
All authors have read and approved the final draft 
of the manuscript.

   Pak J Med Sci   2016   Vol. 32   No. 6      www.pjms.com.pk   1325

 Authors:

1. Prof. Ali Jawa, MD, MPH, DABIM, FACE.
2. Syed Hunain Riaz, FCPS (MED).
3. Muhammad Zaman Khan Assir, FCPS (MED).
4. Bahjat Afreen, FCPS (MED).
5. Amna Riaz, FCPS (MED), FCPS (ENDO).
6. Prof. Javed Akram, MD, MRCP, FRCP (GLASG), FACP, FACC, FASIM.
1-5: Wilshire Cardiovascular and Endocrine Center
 of Excellence (WILCARE),
 Lahore, Pakistan.
1, 6: Shaheed Zulfiqar Ali Bhutto Medical University,
 PIMS, Islamabad, Pakistan.


	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK6
	OLE_LINK7
	OLE_LINK1
	OLE_LINK2
	OLE_LINK3
	_GoBack
	_GoBack
	d5484e198
	d5484e202
	d5484e206
	d5484e210
	_GoBack
	_Ref461027794
	_Ref461027817
	_Ref461027833
	_Ref461027859
	_Ref461027881
	_Ref461028193
	_Ref461027933
	_Ref461027955
	_Ref461027987
	_Ref461028064
	_Ref461028106
	_Ref461028130
	_Ref461028151
	_Ref461028176
	_Ref461028221
	_Ref461028250
	_Ref461028285
	_Ref461028305
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK18
	_GoBack
	_GoBack
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_GoBack
	_GoBack

