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the normal population and/or a subnormal growth 
velocity. In all of the subjects, we studied the GH 
response to oral clonidine, arginine, and/or GH re-
leasing hormone (GHRH) + arginine tests.

GHD diagnosis was carried out based on auxo-
logical criteria (height and/or growth velocity 2 SD 
below the mean for the normal population) and a 
GH peak below 10 μg/L (below 20 μg/L after GHRH 
+ arginine test) after two provocative tests on two 
separate occasions.5 Anthropometric data were col-
lected periodically (approximately every 6 months 
to 1 year). Near- and/or Final Height (FH) was 
commonly defined, recognising that children may 
continue to grow after achieving this definition, for 
patients in whom both chronological age (CA) and 
bone age (BA) were at least 14 yr. for females and 
16 yr. for males and with a HV <1 cm/year for two 
consecutive years.6 Intracranial imaging was obtained 
by magnetic resonance imaging (MRI) using precon-
trast coronal spin echo T1-weighted images followed 
by postgadolinium T1-weighted imaging.

Height, height velocity (HV), and weight were 
measured, and body mass index (BMI; weight in 
kilograms/height in square meters) was calculated 
in all patients. Height, HV, and BMI values were 
converted to standard deviation scores (SDS). SDS 

was calculated according to the following formula: 
(patient value − mean of age-related reference value)/
standard deviation of the age-related reference value.6 
Height, height velocity, and weight were evaluated 
according to Italian growth references.7 Pubertal 
stage was assessed according to Marshall and Tan-
ner8 and testicular volume was determined with the 
Prader orchidometer.

BA was evaluated through radiographs of the left 
hand and wrist and then calculated according to the 
Greulich and Pyle method.9 TH was estimated ac-
cording to the method of Hermanussen and Cole.10 
Mid-parent height was calculated as an SDS and 
correcting this by a factor corresponding to the in-
fluence of assortative mating and parent-offspring 
correlations.6

The GH stimulation tests (clonidine, arginine, 
insulin) were started between 08.00 and 08.30 after 
an overnight fast (only water was allowed). A plastic 
cannula was placed in a large vein and kept open by 
saline solution for serial blood sampling.

Results

The main auxological features of the patients are 
summarised in Table 1.

Table 1. Patients with vernal keratoconjunctivitis (VKC) and growth hormone deficiency (GHD): main characteristics 

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

Sex (M:F) Male Male Male Male Male Male

Gestational age (weeks) 39.3 40.1 38.6 37.5 39.2 41.3

Birth-weight (SDS) - 0.52 0.84 0.49 -0.63 -1.21 1.35

Birth-length (SDS) -0.23 1.21 1.02 -0.65 -0.93 0.76

Familial occurrence of short stature (Y/N) N Y N N Y N

Target height (SDS) 1.23 1.05 2.01 0.65 1.30 1.35

Type of vernal keratoconjunctivitis Tarsal Limbal Limbal Tarsal Tarsal Tarsal

Age at VKC diagnosis (yr) 6.43 7.36 9.84 8.21 7.19 8.96

Height (SDS) at VKC diagnosis -1.62 -1.43 -1.84 -1.71 -1.42 -1.23 

Weight (SDS) at VKC diagnosis -0.90 -1.04 -1.65 0.29 -1.51 -0.74

Age of GHD diagnosis 10.16 9.54 11.35 10.86 8.99 11.95

Height (SDS) at GHD diagnosis -2.05 -2.13 -2.59 -2.78 -2.11 -2.46

Weight (SDS) at VKC diagnosis -1.26 -1.68 -1.89 -2.10 -1.34 -1.92

GH peaks (two stimulation tests) 7.69 – 5.57 7.11 – 3.89 2.78 – 6.17 4.45 – 7.87 3.79 – 9.01 4.99 – 6.82

Puberty onset (yrs) - 13.10 12.90 12.85 13.29 -

Final Height (SDS) - 1.13 1.98 - 1.46 -

SDS: standard deviation score


