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Abstract

Background:  Referrals to paediatric endocrine clinics for short stature are common. Height velocity 
(HV) is an essential component of the evaluation of short stature as growth deceleration often reflects 
an underlying paediatric endocrine diagnosis (PED). Access to previous measurements facilitates 
prompt calculation of HV.
Objective:  To determine the availability of previous measurements at time of referral for short stature 
and to determine predictors of a PED.
Methods:  A retrospective chart review was performed on all referrals for short stature to a single 
paediatric endocrinologist between January 2008 and December 2014. Standard practice following 
receipt of a referral for short stature included repeated requests to the referring physician for previous 
measurements.
Results:  A total of 324 charts of patients aged 11 months to 18 years were reviewed and 286 were 
eligible for inclusion. Previous measurements were available in 72.4%, and 44.8% of these were found 
to have a PED. There was a significant relation between HV<25th percentile and a PED (P<0.0001) 
and between height deficit (HD) and a PED (P<0.0001). Logistic regression analysis showed that a 
HV<25th percentile and a HD>2 standard deviations, increased the odds of PED by a factor of 5.12 
(P<0.001) and 1.39 (P<0.005), respectively.
Conclusion:  HV is a significant predictor of a PED. Our higher rate of previous measurement avail-
ability is likely due to our effective referral screening protocol. The availability of these measurements, 
which are essential for HV calculation, are likely to reduce delays in diagnosis and management.
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Growth is an important indicator of health, and a growth chart 
(GC) is a fundamental element of evaluation of overall health. 
Monitoring of growth with serial measurements has been rec-
ommended in routine healthcare visits from infancy to adoles-
cence (1). Referrals to paediatric endocrine clinics for short 
stature are common. Short stature is defined as either a height 
that is two standard deviations (SDs) below the mean height 
for age and sex (less than third percentile), or two SDs below 
the mid-parental height (MPH). The MPH is calculated by 

addition of the mother’s and father’s height, and then addition 
of either 13 cm for boys, or subtraction of 13 cm for girls, all of 
which is then divided by two (Table 1). Height deficit (HD) is 
calculated as the difference in the mid-parental height z-score 
and the patient’s height z-score (Table 1).

In our study, a paediatric endocrine diagnosis (PED) was 
defined as an underlying endocrine disorder causing short stat-
ure including growth hormone deficiency (GHD), idiopathic 
short stature (identified by Health Canada criteria), small for 
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gestational age and syndromic -Turner, Noonan, Prader-Willi. 
‘No PED’ included the diagnoses of familial short stature, 
constitutional growth delay or children who were not short as 
defined above.

Height velocity (HV) is an essential component of the eval-
uation of short stature as growth deceleration often reflects an 
underlying PED (2). HV is calculated by (a) subtracting the 
current measured height from a previously measured height, 
(b) then dividing by the time period (months) between mea-
surements and (c) multiplying by 12 months to give a result in 
cm/year (Table 1). Access to previous measurements facilitates 
prompt calculation of HV and prevents delay in investigation as 
well as any required treatment. A consensus statement on GHD 
concluded that ‘the single most useful parameter in the assess-
ment of the child with growth retardation is the clinical evalua-
tion, with emphasis placed upon accurate serial measurements 
of height and determination of the height velocity’. (3)

The primary objective of this study was to determine the 
availability of previous measurements at time of referral for 
short stature. Secondary objectives were to characterize the 
paediatric endocrine diagnoses and delineate practical predic-
tors of a PED.

METHODS
A retrospective chart review was performed on all referrals for 
short stature to a single paediatric endocrinologist between 
January 2008 and December 2014. The study was approved by 
the Human Research Ethics review board at Western University 
(Research Ethics Board File #: 105669). Those patients con-
firmed as having short stature, defined as either a height two SDs 
below the mean height for age and sex, or two SDs below the 
MPH were included in the study. Exclusion criteria included ab-
sence of short stature, short stature with a previously identified 
aetiology, and children already on growth hormone therapy.

At routine clinic visits, weight was measured using an elec-
tronic scale to the nearest 0.1 kg. Height was measured without 
shoes using a wall mounted stadiometer to the nearest 0.1 cm. 

Data were collected from a combination of the patient’s paper 
chart and electronic chart. All z-scores and percentiles for 
height and weight were calculated based on WHO GCs from 
0 to 24  months and CDC for 2 to 20  years (Peditools.org). 
HV (cm/yr), MPH (cm) and HD were calculated as detailed 
in Table 1. As HV varies with age, a HV<25th percentile was 
considered the threshold for clinical significance on the basis of 
clinical guidelines and previous research studies (4,5). The 25th 
percentile was determined based on a graphic on Uptodate.com 
reproduced and using reference ranges on height velocities 
from North American children in a study by Tanner et al. (6). 
Bivariate analyses were conducted for continuous and catego-
rical variables using t-tests and chi-squared tests, respectively. 
Multivariable logistic regression was used to determine signifi-
cant predictors of PED status. All statistical analyses were con-
ducted using SPSS v.24 (IBM Corp., Armonk, NY, USA), and 
P-values less than 0.05 were considered statistically significant.

RESULTS
A total of 324 charts of patients aged 11 months to 18 years were 
reviewed, and 286 were eligible for inclusion (Figure 1). Males 
made up the majority of referrals (n=193, 67.5%). The mean 
(SD) age at referral was 9.46 (4.43) years with a mean (SD) age 
for males of 9.73 (4.43) years and 8.90 (4.41) years for females. 
The mean (SD) height for age z-score was −2.27 (1.12) overall, 
−2.37 (1.24) for males and −2.06 (0.78) for females.

A GC with a minimum of 6 months of previous measurements 
was available for 207 (72.1%) of the 286 referrals included in 
the study. There was no significant difference in the availability 
of GCs between referrals from paediatricians (74.6%) versus 
family physicians (69.2%; chi-square P=0.329). One hundred 
and twenty-eight (44.8%; 98 males and 30 females) of the study 
population were found to have a PED for their short stature. Of 
those with a PED, GHD was the most common pathologic eti-
ology (Figure  2). The prevalence of PED was comparable in 
the group of patients with available previous measurements 
(45.9%) and those without available previous measurements 
(41.8%; chi-square P=0.531).

There was a significant relation between HV<25th per-
centile and a PED (P<0.0001), as well as, between HD and a 
PED (P<0.0001). Logistic regression analysis showed that a 
HV<25th percentile and a HD>2 SDs, significantly increased 
the odds of a PED (Table 2).

DISCUSSION
In our study, we found a high frequency of GC availability 
(72%) on initial assessment for short stature. Routine utiliza-
tion of GCs by primary care providers as well as paediatricians 
facilitates calculation of HV and can guide referrals. In addition, 
the availability of a completed GC at referral to a paediatric 

Table 1.  HV, MPH and HD calculations

HV HV
Current Height Previous Measured Height

Month Interval
= � �

−
××12

MPH Boys MPH
Mother s Height Father s Height cm= +′ + ′ 13

2

Girls MPH
Mother s Height Father s Height cm= + −′ ′� � 13

2

HD HD MPH z score Child s Height z score= ( ) ( )− ′ � � �

HD Height deficit; HV Height velocity; MPH Mid-parental height.
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endocrinologist is an essential component of the initial assess-
ment of a child with short stature and impacts on the timing 
and direction of investigations. We have shown that HV below 
the 25th percentile was associated with a five times greater like-
lihood of the child having a PED. Early calculation of HV may 
not only prevent delay in diagnosis, but more importantly it 
may prevent delay in treatment which may have a critical impact 
on both a child’s physical and emotional health.

Our study population demographics with respect to mean 
age (9.5  years), gender (67.5% males) and height for age 
z-score (−2.72) at referral are consistent with other reports, 
apart from our finding of an earlier age at referral for girls. In 
an observational study of over 21,000 children referred for 
short stature from 237 institutions and practices, the mean age 
at referral was 8.6 years, 69% were male, and the mean height 
SD was −2.1 (7). Others have reported increased referral rates 
for males ranging from 61% to 65% (8–10). In our population, 
females were referred earlier than males despite the finding that 
a greater proportion of males had a PED (50.8% versus 32.3% 
females). This finding could reflect an under-referral of males, 
an over-referral of females, or may have been due to sampling 
error. Reported HDs at referral are very similar, with mean HDs 
of −2.0 (10). In a cross sectional study in an academic centre of 
371 patients referred for short stature, the mean age at referral 
was 9.8  years, with 61% males and a mean SD of −2.4; there 

were no significant differences between males and females in 
age and growth parameters at the time of referral (9).

This retrospective chart review showed that there was a high 
frequency of GCs at initial assessment of patients referred to 
our centre for short stature: 72% compared to reported rates 
of 41 to 59% (8,9). This was likely attributable to our standard 
clinical practice, wherein following receipt of a referral for short 
stature, repeated requests were made to the referring physi-
cian for previous measurements. In a review of all referrals to 
The Children’s Hospital of Philadelphia for short stature or 
poor growth during a one year period prior GCs were avail-
able in only 41% of the 278 referrals and the percentage of GCs 
provided for boys and girls was similar (8). Another study of 
371 children referred for short stature reported significant 
deficiencies in the referral letters: 14% of referrals did not  
include current height measurements, parental height data were 
reported in only 26.7% of the referrals and previous GCs were 
available in only 54% of the referrals (9). Prior to introducing a 
fax system for referrals in an Academic Canadian paediatric en-
docrinology clinic GCs were provided for only 47% of referrals 
for short stature (11). With the implementation of a fax system 
GCs were received for 96% of referrals compared to a persistent 
low rate of 41% for those still not using a fax system.

The relatively higher overall prevalence of PEDs in our popu-
lation (44.8%) is likely due to the fact that our population was 
from a paediatric endocrine clinic, and thus, more likely to have 
pathologic disease relative to the general population (12). In 
addition, generalizability may be limited because our sample 
was from a paediatric endocrinologist clinic and our referral 
base was confined to Southwestern Ontario. However, apart 
from an increased prevalence of PED, our population shared 
many characteristics with patients noted in other studies. In an 
observational study of 214 patients at two tertiary care hospitals 
in Pakistan, GHD was the most common identified etiology 
at 6.1%, followed by hypothyroidism at 5.5% (12). It is prob-
able that hypothyroid did not make up a large proportion of 
our population due to routine newborn screening. In the Utah 

Figure 1.  Flow chart for short stature referrals.

Figure 2.  Distribution of pediatric endocrine diagnoses.
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Growth Study, Lindsay and colleagues measured 123,948 chil-
dren and idiopathic short stature was the most common cause 
of short stature at 4.9% followed by GHD at 2.9% (13). Ahmed 
and colleagues in the Oxford Growth Study measured 20,338 
children with GHD as the most common etiology at 1.3% (5).

GCs are essential to identify short stature as well as poor 
growth velocity. In the absence of measurements plotted on a 
GC it is unclear how referring physicians can assess accurately a 
child as being short. It is evident that a significant proportion of 
children referred for short stature are determined by the paedi-
atric endocrine centre as not being short. Of 526 children eval-
uated for short stature at a general paediatric endocrine clinic 
over 30% of referrals were not short, defined as height z-score 
≥−2 SD and height z-score within 2 SD of parental target height 
(10). Accurate measurement and use of GCs by family doctors 
and paediatricians could reduce unnecessary referrals as well as 
the associated healthcare costs. In our study, 4.32% of patients 
did not satisfy criteria to be considered short. Measurement of 
growth is an essential component of the health assessment of 
children and adolescents and the time required for this can be 
minimal. A study of Utah elementary school children included 
trained assessors to measure height using a stadiometer and 
found that children could be accurately measured and the 
results could be recorded in less than 30 seconds (13).

Though the clinical significance of HV is widely agreed to be 
important in assessment of short stature, using logistic regres-
sion analysis we were able to show a significant relation between 
HV<25th percentile and a PED. These results will need to be 
replicated to confirm their clinical significance and possible 
future application. However, our quantification of the relation-
ship suggests that a HV<25th percentile increases the likelihood 
of an eventual diagnosis of PED by approximately fivefold.

CONCLUSION
A GC is an essential component in the process of evaluation of 
growth. Maintainence of a GC has a significant clinical impact 
because in the absence of serial measurements, calculation of 
HV is delayed by a minimum of 6  months. Though our high 

rate of previous measurement availability (72%) is likely due 
to our effective referral screening protocol, a significant pro-
portion of referrals for short stature still had insufficient data 
to calculate HV. We found that HV<25% was a good predic-
tor of a PED with an associated five times greater likelihood of 
having a PED. This study quantifies the valuable information 
provided by HV and highlights the importance of maintaining 
GCs to facilitate calculation of HV. With routinely calculated 
HV, delay in investigation, diagnosis, and treatment of a PED 
can be attenuated.
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Table 2.  Summary of logistic regression analyses

Outcome Variable Odds ratio 95% CI P-value

Paediatric endocrine diagnosis Height velocity < 25th percentile 5.148 2.941, 9.012 <0.0001
Height deficit > 2 standard deviations 1.385 1.101, 1.742 <0.005

CI Confidence interval.


