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Abstract
Objective—To assess the impact of recent
guidelines from the UK joint working
party of child health surveillance recom-
mending that all children be measured at
age 5 and again between 7 and 9 years of
age to determine how many normal school
age children are likely to be referred for
specialist assessment.
Methods—The longitudinal data of 486
children measured by school nurses in a
community setting were examined and
compared with measurements made in a
research setting by a single, skilled ob-
server.
Main outcome measures—Number of
children identified as having abnormal
stature (< 0.4th or > 99.6th centile) and
abnormal growth rate height standard
deviation score (HSDS) change > 0.67).
Results—The community survey identi-
fied seven (1.4%) children as having
abnormal stature (four short, three tall),
11 (2.3%) were identified as “slow grow-
ing”, and nine (1.9%) increased their
HSDS by more than 0.67. These results
were comparable to data collected in ideal
research conditions.
Conclusions—Following the recommen-
dations would not result in an excess
number of inappropriate referrals. How-
ever, this study highlights several unre-
solved issues such as interobserver
variablity and time interval between
measurements. A large scale prospective
study should be considered to establish
realistic and cost-eVective criteria before
implementation of a national screening
programme.
(Arch Dis Child 1998;79:318–322)
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The new UK guidelines for growth monitoring
in the community1 have recognised the
importance of the early identification of all
children with growth related disorders. Delay
in diagnosis and treatment can result in
irretrievable height loss.2 3 Even if treatment is
not appropriate, counselling may be essential
to both children and parents. The guidelines
propose that all children are measured at least
three times between the ages of 18 months and
5 years and again between 7 and 9 years old. It
is recommended that extremely short (< 0.4th
centile) or tall (> 99.6th centile) children
should be referred for specialist opinion as
should “slow growing” children.

Extreme short stature is more likely to have a
pathological cause4–6 and we have recom-

mended that these children be investigated.6

However, even if growth were to stop com-
pletely, it could take many years for a “tall”
child to become short. If short stature was the
only criterion to warrant investigation, an
unacceptable delay in diagnosis and treatment
would result; therefore, it is important to refer
slow growing children.

There are as yet no empirical standards
defining slow growth. The recommendations
from the joint working party acknowledge the
diYculties of using height velocity. Not only is
it aVected by measurement error7 8 but normal
velocity is conditional on the height of the
child.9 However, as normal, prepubertal chil-
dren are expected to stay close to their particu-
lar centile lines,10 11 the new guidelines propose
using centile changes over time to identify
abnormal growth. They suggest, with little sci-
entific evidence, that preschool children cross-
ing the equivalent of two centile channels (a
change of 1.34 in height standard deviation
score (SDS)), and school age children crossing
one channel (a change of 0.67 SDS) should be
referred for specialist opinion. These guide-
lines reflect the expectation that younger
children are more likely to cross centile lines9

but their appropriateness has yet to be tested in
the community where children are measured in
diVerent settings and by diVerent measurers.

This study aimed to (1) examine the
longitudinal data of children measured in the
community to determine how many school age
children in the normal population are likely to
be identified for referral according to the
recommendations in the Hall report using the
new UK growth charts12; and (2) compare the
community results with those from the Wessex
growth study where prepubertal children have
been measured at six monthly intervals in a
research setting by a single, skilled observer.

Subjects and methods
PREPUBERTAL GROWTH IN COMMUNITY SETTING

Community height data were collected for 486
children (247 boys, 239 girls) measured in 11
mainstream schools across the Southampton
health district. The children had been routinely
measured at school entry (mean age 4.91 years)
and again three years later (mean age 7.87 years)
by school nurses who had received routine
training in the technique and relevance of height
monitoring. Each school was serviced by a
diVerent nurse, some of whom changed during
the study period as frequently occurs in practice.
Only children without reported health problems
were included. Height measurements were con-
verted to height standard deviation scores
(HSDS) using the new UK reference data12 and
the prepubertal change in height standard
deviation score (ÄHSDS) was calculated by

Arch Dis Child 1998;79:318–322318

University Child
Health, Mail Point 803,
Southampton General
Hospital,
Southampton
SO16 6YD, UK
J Mulligan
L D Voss
E S McCaughey

Faculty of
Mathematical Studies,
University of
Southampton,
Southampton,
SO17 1BJ, UK
B J R Bailey

Department of
Paediatrics and Child
Health, Southampton
General Hospital
P R Betts

Correspondence to:
Dr Mulligan.

Accepted 22 April 1998

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.79.4.318 on 1 O

ctober 1998. D
ow

nloaded from
 

http://adc.bmj.com/


subtracting HSDS of the second measurement
from HSDS of the first.

PREPUBERTAL GROWTH IN RESEARCH SETTING

The Wessex growth study13 was set up in 1986
to identify and monitor the growth of short
children in the community. A total of 140 short
healthy children were identified at school entry
as being < 3rd centile for height according to
Tanner and Whitehouse standards.14 They
were matched for age, sex, and school class
with children whose heights were between the
10th and 90th centiles. Children were
measured every six months by the same
auxologist (LDV) and heights recorded to the
nearest millimetre. These were converted to
HSDS using the new UK reference data.12 The
HSDS was calculated for 212 children (109
short, 103 controls) who had a height measure-
ment recorded in the first year of school (mean
age 6.05 years) and again three years later
(mean age 9.00 years).

STATISTICS

The data were analysed using the SPSS statis-
tical package. The Student’s t test and one way
analysis of variance were used to compare
means, Bartlett’s test to compare SD, and ÷2 to
compare categorical data. Group results are
presented as mean (SD).

Results
PREPUBERTAL GROWTH IN THE COMMUNITY

At school entry, the HSDS of the children was
−0.12 (1.00) (46th centile), with no sex diVer-
ence (boys, −0.14 (0.92); girls, −0.10 (1.07);
p = 0.639). Seven (1.4%) children met the
referral criterion for abnormal stature, four

(three girls, one boy) for short stature (< 0.4th
centile) and three (two girls, one boy) for tall
stature (> 99.6th centile). At second measure-
ment, the HSDS was −0.14 (0.99) (44th
centile) and again no sex diVerence was found
(boys, −0.09 (0.92); girls, −0.18 (1.06);
p = 0.090). There were no new referrals for
abnormal stature and the height of one initially
very tall child then lay within normal limits.
The height distributions at first and second
measurement (fig 1) were approximately nor-
mal and corresponded with the new
standards.12

The HSDS of 96% of the children did not
alter by more than 0.67, the equivalent of one
centile channel on the new charts, with 11 (one
boy, 10 girls) decreasing and nine (five boys,
four girls) increasing their height centile by
more than this amount. One child’s height data
were excluded from further analysis as the
height change was so extreme as to suggest that
a recording or transcription error had been
made.

The ÄHSDS was close to 0 (−0.01 (0.35))
and normally distributed although girls grew
more slowly than boys (boys, +0.05 (0.31);
girls, −0.07 (0.38); p < 0.001). Two hundred
and ninety three (60%) children had been
measured by diVerent school nurses on the two
occasions. As might be expected, the standard
deviation of ÄHSDS was slightly larger,
although not significantly diVerent, for two
observers than for one (two nurses, 0.36; one
nurse, 0.32; p = 0.16) and nine (including the
child excluded from analysis) of the 11 children
whose HSDS had fallen by more than one cen-
tile channel had been measured by diVerent
observers (table 1). The correlation between
the two height measurements was 0.948 for a
single observer and 0.933 for two observers.

PREPUBERTAL GROWTH IN RESEARCH SETTING

The mean growth of both short and control
children in the Wessex growth study stayed
close to their initial mean height centile lines.
Some grew at a slower rate than others but this
was independent of both height and sex. For
this population of very short and average con-
trols (10th to 90th centiles14), ÄHSDS was a
little above 0 (+0.15 (0.25)). However, the
mean ÄHSDS for short and control children
was similar (short, +0.18; control, +0.12;
p = 0.073). A few children (one short, three
controls) increased their HSDS more than
0.67 and one short boy fell by the same
amount. For control children, the correlation
between HSDS at the two measurements was
0.931, equivalent to a correlation of 0.966 for
the whole population, rather than that trun-
cated at the 10th and 90th centiles.

COMPARISON OF COMMUNITY AND RESEARCH

RESULTS

Table 2 shows the mean, SD, and SE for
ÄHSDS of measurements made in a research
setting and in the community by both a single
and two diVerent school nurses. Equipment,
setting, and observer are prone to variability in
the community and the variance of the ÄHSDS
was less when measurements were made in

Figure 1 Height distribution of 486 children measured in the community at age 5 and 8
years.
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Table 1 Comparison of height standard deviation shift of children measured in the
community by one or two school nurses, and measured in the community and in a research
setting

One v two nurses* Setting†

Two One Community Research

> 0.67 down 9 (3.1%) 2 (1.0%) 11 (2.3%) 1 (0.5%)
Within 0.67 280 (95.2%) 186 (96.9%) 466 (95.9%) 207 (97.6%)
> 0.67 up 5 (1.7%) 4 (2.1%) 9 (1.9%) 4 (1.9%)

*p = 0.330; ÷2 2.217. †p = 0.246; ÷2 2.804.
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ideal research conditions than for community
measurements. However, the number of chil-
dren whose HSDS changed by more than 0.67
was not significantly diVerent (table 1).

Discussion
Our data confirm that the 1990 growth
reference charts are appropriate for school
children today15 and can be used eVectively
with the recommendations to screen for abnor-
mal stature. The mean height of the children
measured in our community was close to the
50th centile, the distribution normal, and the
number falling above and below ±2 SDs was as
expected. Whether the cut oV for abnormally
short stature should be the 0.4th centile, as
recommended, or be raised to the second
centile15 is open to debate, but must depend to
a large extent on the resources available.

Our data show that 2.3% of children (one boy,
10 girls) measured in the community would
have been identified and referred as “slow grow-
ing” and a similar number of children (five boys,
four girls) have increased their height centile by
more than one centile channel. We do not know
why so many girls should be identified as “slow
growing” and we consider this needs further
investigation. It may simply be chance, record-
ing errors, or the eVect of the earlier occurrence
of puberty in girls, causing some to transiently
fall from their centile before the growth spurt.
Nine of the slow growing children had been
measured by diVerent observers on each occa-
sion highlighting the problem of interobserver
error. DiVerences between observers, apparently
using the same technique, have been
demonstrated.16 17 Nevertheless, our findings are
compatible with the theoretical model that
would have predicted that 1–2% of the reference
population would fall and the same number
increase by the equivalent of more than one
centile channel9 18 between 5 and 8 years old.
The joint working party recommendations
therefore would not result in an excessive
number of referrals for abnormal growth rate,
even in a community setting.

There are, however, several areas within the
guidelines that need clarification. First, the one
child measured in a research setting who was
identified as slow growing illustrates the
importance of not relying on single estimates of
growth rate. He had been measured at six
monthly intervals since the age of 5 years and
the measurements taken at age 6 and 9 years
happen to represent his largest and smallest
HSDS. Assessing all his prepubertal height
measurements showed that his growth rate was
similar to all other short and control children.

Second, the proposal for the identification of
slow growth is ambiguous. Growth rate re-
quires both change in height and the time
interval between measurements to be consid-
ered. While the guidelines stipulate the change
in height required, they do not clearly define
the time interval. They simply recommend that
children are measured at 5 and again between
7 and 9 years of age, an interval of between 2
and 4 years. However, it has been shown that
the variability in the change of height increases
as the measurement interval increases.18 19

Therefore, if 3% of school age children drop
one centile channel in a 3 year period, fewer
could be expected do so in a 2 year period and
more in 4 years. A child whose height falls one
centile channel in 3 years has grown better than
a child falling as much in 2 years but worse if
the drop was over a 4 year period.

Third, the guidelines do not specify a
method for identifying height centile shift.
Visual inspection of the height chart is clearly
subjective and open to error. The new UK ref-
erence charts can be used to estimate HSDS as
outlined by Cole,18 and ÄHSDS calculated by
subtraction. However, this would require fur-
ther training of primary care workers, an addi-
tional calculation, and even more instructions
on the already overcrowded reference charts.
Ideally data should be computerised and
children meeting the referral criteria automati-
cally recalled.

The issue of sensitivity must also be
addressed before the introduction of a national
screening programme. It is generally consid-
ered that growth monitoring is good clinical
practice that will lead to the early detection of
growth related disorders such as Turner’s syn-
drome, coeliac disease, and acquired hypo-
thyroidism. Our findings suggest that, given
reliable height data and a suitable measure-
ment interval, the criterion for the referral of
slow growing school age children may well be
specific and identify few normal children, but
they tell us nothing about its sensitivity. Unfor-
tunately there is little longitudinal data on
growth related disease. It is unknown how many
children with untreated disease cross centile

Table 2 Change in HSDS of children measured in a
research setting and in the community by one or two school
nurses

Community

2 nurses 1 nurse Researcher p value

Mean −0.06 0.06 0.15 <0.001
SD 0.36 0.32 0.25 <0.001
SEM 0.02 0.02 0.02

Means were compared using the one way analysis of variance
and SDs using Barlett’s test.

Key messages
+ Height data collected by trained com-

munity personnel will not result in an
excessive number of inappropriate refer-
rals for specialist opinion

+ Interobserver error will always be a prob-
lem, and consistency of measuring tech-
niques between diVerent observers
should be a training goal

+ It is diYcult to identify abnormal growth
rate as this depends on many variables
including age, height, and measurement
interval

+ It is unusual for the height of a prepuber-
tal school age child to change by as much
as a centile channel, but such a referral
criterion is unlikely to identify all growth
related pathology
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bands. Disease specific growth charts are
available for Turner’s syndrome20 and these
show that tall girls with Turner’s syndrome—
those above the 0.4th centile on normal height
charts—are unlikely to fall by as much as one
centile band between 5 and 8 years of age.21

Noonan’s syndrome is also associated with short
stature; however, Ranke et al reported that the
mean height of prepubertal children with
Noonan’s syndrome followed Tanner’s third
centile and only transiently decreased owing to
delayed puberty.22 It is unlikely therefore that
growth monitoring alone would detect signifi-
cant numbers of prepubertal children with
undiagnosed Turner’s or Noonan’s syndrome.

Slow growth rate can be a symptom of endo-
crine and metabolic disorders. While these may
severely compromise growth, they rarely stop it
completely. The time taken to fall one centile
band clearly depends on rate of growth. A
school age child would need to grow at half his
or her normal rate for over a year before such a
fall could be detected. Further studies are nec-
essary to determine which, if any, disorders are
likely to be identified through growth monitor-
ing alone.

Finally, in today’s economic climate the need
for cost eYciency and eVectiveness is para-
mount. To be successful, a screening pro-
gramme must be specific and sensitive, but it
should also be simple and relatively cheap to
administer. The benefit of preschool growth
monitoring has yet to be assessed but, even if
growth monitoring is proved worthwhile, we
should not minimise the planning, training,
and cost involved in a national programme.23

Growth monitoring of all children from the age
of 2 to 8 years is clearly a multidisciplinary
exercise involving the cooperation and commit-
ment of health visitors, school nurses, growth
specialists, and administration personnel.
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study is generously supported by a grant from the Child
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Commentary
Why measure children? Parents like to know
that their children are growing normally;
growth data are of public health interest; school
nurses use measuring, like vision testing, as an
excuse to extract children from the classroom.
But the main justification is to identify occult
disease. This apparently innocuous activity is,
therefore, a screening test and must meet the
criteria of Wilson and Jungner.1

Mulligan et al examine a proposal of the Joint
Working Party on Child Health Surveillance
that the benefits should be assessed of identify-
ing children who cross centile channels (that is,
those who shift 0.67 SDS or more). The
proposal was not invented by the working
party, but was based on consultation with pae-
diatric endocrinologists.

The results support the prediction that
2–4% of all children would be referred for spe-
cialist opinion. If most of the disease were
within that 2−4% of children this would be a
good investment—but it seems that this is not
so; therefore, this referral rate represents much
work for little return. It seems unlikely that
height monitoring for slow growers can ever
meet the Wilson and Jungner criteria, in spite
of improved training and quality control. We
can estimate from published data roughly how
many cases would be found and at what cost. A
case could be defined as “identification by
growth monitoring of new, significant pathol-
ogy before there is any other evidence of ill
health”. The yield of such cases will be small
and, for the reasons set out in the paper, the
amount of disease missed will probably exceed
it severalfold.

Measuring and plotting height are cheap and
acceptable but they are not simple, and the
process lacks both sensitivity and specificity.
There is no simple reference test by which
abnormality can be diagnosed. The financial
cost is probably acceptable, but the cost in
professional resources and parental anxiety
may not be.
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Does this mean that measuring children is
not important? Quite the contrary. Growth is
an excellent index of health and children
should be measured whenever opportunity
allows. In health care systems where children
receive primary care from a paediatrician, con-
sultation would include measuring, plotting,
and interpreting the growth parameters2—just
as one would routinely measure an adult’s
blood pressure. Surely the standard should be
the same in countries where general practition-
ers are the main providers of primary health
care for children. The responsibility for detect-
ing growth disorders and ill health belongs to
the primary care team and it is there that chil-
dren must be measured and growth charts
completed. With adequate training and sup-
port, primary care teams should be able to
provide this service. School based growth
monitoring programmes detached from the
primary care team are unwieldy, result in diVu-
sion of responsibility, and are unlikely to oVer
value for money.

The recent proposals for development of
primary care groups3 may be the stimulus
needed to accelerate the integration of school
nurses into primary care, providing a long
overdue link between two systems of care that
currently compete more often than they
collaborate, and producing benefits for child
health in general.

Addendum
A meeting was held in Coventry, UK on 19–20
June 1998 to review growth monitoring and a
consensus statement is in preparation.
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