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Variation in Methods of Predicting Adult Height for
Children With Idiopathic Short Stature
WHAT’S KNOWN ON THIS SUBJECT: Predicted adult height often
is used in evaluations of children with short stature, because
treatment may not be indicated for children whose growth is
consistent with attainment of a height above the 1.2nd percentile.
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WHAT THIS STUDY ADDS: We demonstrated wide variation in
adult heights predicted with 3 commonly used height prediction
algorithms. Because the 3 algorithms led to profoundly
discrepant predicted heights, future studies are necessary to
determine which is most accurate for children with short stature.

abstract
OBJECTIVE: Recombinant human growth hormone (GH) is approved
for treatment of children with idiopathic short stature, and endocrinologists often depend on algorithms to predict adult height. Because
algorithm performance often is included in treatment decisions, we
sought to evaluate agreement among height prediction formulas.
METHODS: We identiﬁed 3 commonly used algorithms for height prediction, the Bayley-Pinneau, Roche-Wainer-Thissen, and Khamis-Roche
methods. We constructed simulated samples of children with typical
distributions of ages, heights, weights, bone ages, and parental heights
seen in patients with idiopathic short stature, and we applied the algorithms to the simulated sample to determine whether predicted adult
height was ⬍160 cm for boys or ⬍150 cm for girls (⬍1.2nd height
percentiles for adults).
RESULTS: We found substantial disagreement among algorithms in
the proportions of simulated cases with predicted adult heights of
⬍1.2nd percentile, a cutoff value that may inﬂuence GH treatment
decisions. With the Bayley-Pinneau formula, 43% of boys and 81% of
girls had predicted adult heights below this threshold; with the
Khamis-Roche method, only 3% of boys and 0.2% of girls had predicted
heights of ⬍1.2nd percentile. Roche-Wainer-Thissen predictions were
between those values. Overall agreement of the methods was poor
( ⫽ 0.21) for boys and negative for girls.
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CONCLUSIONS: Wide variation exists among formulas used to predict
adult heights. Because these algorithms may be used in decisions
regarding whether to initiate GH treatment and assessment of the
efﬁcacy of GH in research trials, it is important for parents, pediatricians, and investigators to recognize the considerable variation involved in height predictions. Pediatrics 2010;126:938–944
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Recombinant human growth hormone
(GH) was approved by the US Food and
Drug Administration (FDA) in 2003 for
treatment of children with idiopathic
short stature (ISS), deﬁned by the FDA
as height before treatment 2.25 SDs
below the mean for age (1.2nd percentile) without evidence of underlying
disease or GH deﬁciency. Although predicted adult height is not part of the
FDA criteria for using GH to treat children with ISS, the FDA criteria do include a statement regarding “a growth
rate that is unlikely to attain an adult
height within the normal range.” In addition, the FDA identiﬁed the 1.2nd percentile cutoff values for height in
adults as 63 inches (160 cm) for men
and 59 inches (150 cm) for women.1
On the basis of the ISS indication for GH
treatment, ⬃400 000 children in the
United States now qualify for GH therapy.2 The approval of GH for treatment
of ISS was based on 2 clinical trials,
each with a small number of subjects.3,4 One study (with 33 subjects
monitored to adult height) was a randomized, placebo-controlled trial, and
the other (with 50 subjects monitored
to adult height) was an open-label,
dose-response trial that compared
adult height with predicted adult
height. Both trials used the BayleyPinneau (BP) method of height prediction. Additional studies of GH use for
children with ISS have been limited by
sample size. A Cochrane review included 10 randomized controlled trials
of GH treatment for a total of 741 children with ISS. The average duration of
treatment and height gain varied, and
combined results showed height gains
over 1 year of 0 to 0.7 SD.5 The review
did not compare near-adult heights
with predicted adult heights.
The approval of GH treatment for children with ISS has substantial potential
costs for the US health care system. A
2006 article by Lee et al6 examined the
2 studies used by the FDA to support
PEDIATRICS Volume 126, Number 5, November 2010

approval for ISS to estimate the costeffectiveness of GH therapy for children with ISS. The cost-effectiveness
was estimated at $52 000 per inch and,
given an average incremental height
gain of 1.9 inches over 5 years, the incremental cost per child was nearly
$100 000.6 At this average cost per
child, the potential cost of treating all
eligible children would be approximately $40 billion dollars.6 These costs
have been recognized by insurers, because many deny coverage for GH for
treatment of ISS.7,8
Predicted adult height often is used to
evaluate children with short stature,
because treatment with GH may not be
indicated for a child whose growth is
consistent with attainment of a height
above the 1.2nd percentile, according
to the FDA indication. For example, for
a child with constitutional delay, the
current height SD score often is considerably lower than predicted and
near-adult height SD scores.9 Therefore, to assess the appropriateness of
treatment with GH for children with
ISS, endocrinologists often use an algorithm to predict whether the child’s
predicted adult height will be ⬍1.2nd
percentile, corresponding to ⬍160 cm
(⬍63 inches) for adult men and ⬍150
cm (⬍59 inches) for adult women. A
2006 survey of pediatric endocrinologists identiﬁed a predicted target
height of ⬍5th percentile as a consistent factor in the decision to treat patients with GH.10 Because the performance of such algorithms often is
crucial for decision-making regarding
treatment with GH, we sought to evaluate agreement among formulas used
to predict adult height.

METHODS
Simulated Sample
We constructed a simulated sample
of 1000 boys and 1000 girls with the
typical distributions of ages, heights,
weights, bone ages, and parental

heights of patients seen for evaluation
of short stature, including appropriate
upper and lower limits and correlations among the variables. The variable distributions were determined
through informal review of data from
our institution’s clinicians and on the
basis of a study by Grimberg et al11 that
compared gender differences among
referrals for evaluation of decreased
growth velocity at a tertiary care center. The study by Grimberg et al11 identiﬁed referral differences according to
gender, height (on average, girls had
lower height SD scores than boys), and
mid–parental height.
SAS software (SAS Institute, Cary, NC)
was used for all analyses. Two triangular distributions of random ages were
generated, spanning 6 to 16 years with
a peak at 13 years for boys and 6 to 14
years with a peak at 11 years for girls.
An initial sample of 2500 boys and 2500
girls was generated to allow for truncations and deletions, as detailed below, to produce the ﬁnal planned sample of 1000 boys and 1000 girls.
Multivariate normal z scores(mean: 0;
SD: 1) were generated for each child’s
height, weight, bone age and parental
heights. We were unable to identify
correlations for these parameters in
the literature and relied on observations for our data. We programmed the
random-number generator to impose
correlations of 0.90 between the
child’s height and weight z scores, 0.60
between the parents’ heights, 0.50 between the child’s height and each parent’s height, 0.15 between the child’s
weight and bone age, 0.15 between the
child’s bone age and each parent’s
height, and 0 among the other z scores.
In addition, to test the sensitivity of our
ﬁndings to the estimated correlation
values, we abolished the relatively
strong assumed correlations entirely
and repeated the full simulation.
The initial sample was shifted and
truncated to reﬂect typical children
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presenting for evaluation of short
stature. For girls, the height distribution was shifted by ⫺0.75 and the
weight distribution by ⫺0.25 z
scores. Upper limits of ⫺1 for height,
1 for weight, and 0.25 for parental
height were imposed. The z score distributions were further truncated to
eliminate extreme values, with deletion of cases with weight below ⫺3,
height below ⫺4 for boys or ⫺4.5 for
girls, parental height below ⫺2.5, or
difference between chronologic age
and bone age beyond ⫾2.
The height and weight z scores were
converted to centimeters and kilograms by using gender- and agespeciﬁc normative values for US children.12 We assumed the child’s bone age
differed from chronological age by 0 ⫾ 1
y mean ⫾ SD, and thus calculated bone
age in years by adding the bone age z
score to age in years. Parental height z
scores were converted to centimeters by
using the Centers for Disease Control
and Prevention normative values for
maximal age (20 years)12 and were averaged to generate mid–parental height
values. After the deletions described
above, 2680 cases remained in the randomly simulated sample, from which the
ﬁrst 1000 boys and 1000 girls were selected for analysis.
Prediction of Adult Height
We identiﬁed 3 commonly used algorithms for predicting adult height,
from the literature and from interviews with board-certiﬁed pediatric
endocrinologists. The BP method uses
a series of tables that provide the
child’s predicted percentage of adult
height.13 The tables are indexed according to gender, chronological age,
and skeletal age. Chronological age is
trichotomized as ⬎1 year behind skeletal age, within 1 year of skeletal age,
or ⬎1 year ahead of skeletal age. Tables are provided for ages 7 to 18
years, with omissions at each extreme
940
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depending on gender and skeletal age.
By using our simulated children’s gender, age, and bone age, we determined
the appropriate BP table, retrieved the
percentage of adult height from the table, and calculated predicted adult
height as current height divided by
percentage of adult height. Omissions
in the tables resulted in unobtainable
values for percentage of adult height
in a few cases, which yielded predictions for 975 of 1000 boys and 991 of
1000 girls.
The Roche-Wainer-Thissen (RWT) algorithm calculates predicted adult
height directly from a linear combination of the child’s recumbent
length, weight, and bone age, together with mid–parental height, by
using gender- and age-speciﬁc coefﬁcients.14 As described in the article
on RWT methods, we calculated recumbent length as 1.25 cm greater
than standing height.14 Coefﬁcients
used in the RWT method are tabulated to 14 years of age for girls and
16 years of age for boys.
The Khamis-Roche (KR) algorithm calculates predicted adult height directly
from a linear combination of child’s
height and weight, together with mid–
parental height.15 Gender- and agespeciﬁc coefﬁcients are provided for
ages 4 to 17.5 years.
We applied each of the 3 algorithms to
calculate predicted height for the 1000
boys and 1000 girls. The predictions
were dichotomized according to
whether the child was in the lowest
1.2nd percentile of predicted adult
height.
Statistical Analyses
Characteristics of the simulated
sample were detailed by using standard descriptive statistics (mean,
SD, range, and Pearson correlation
coefﬁcient) to conﬁrm that they conformed to the intended proﬁle. Predicted adult heights were calculated

in centimeters and converted to z
scores and percentiles by using
standard growth charts for the age
of 20.12 The distribution of each measure was characterized by the mean
and SD for the 1000 boys and 1000
girls, and the algorithms were compared pairwise by using the Spearman rank correlation statistic. The
dichotomized height prediction was
tabulated separately according to
gender for each algorithm. Agreement among the 3 algorithms was
assessed by using multirater .16
Pairwise agreement was assessed
by using Cohen’s interrater .17
To test the reproducibility of the simulation, we generated 30 new sets of
random heights, weights, and ages for
1000 boys and 1000 girls and examined
the variability of the predictions. To
test the sensitivity of the simulation to
assumed parameters, we repeated it
another 30 times with all correlations
among height, weight, parental height,
and bone age set to 0.

RESULTS
Table 1 shows characteristics of the
simulated sample, which adhered
closely to intended distributions and
correlations. Age ranges within the
sample had a mean of 11.5 years for
boys and 10.3 years for girls and, by
design, the sample included equal
numbers of each gender. The mean ⫾
SD height z score for boys was
⫺2.03 ⫾ 0.66 and that for girls was
⫺2.50 ⫾ 0.76, reﬂecting typical patients evaluated for short stature. Age,
height, and weight were strongly intercorrelated, according to design, with
pairwise Pearson coefﬁcients for
these variables ranging from 88% to
97% for boys and from 77% to 96% for
girls. The other simulated variables
did not correlate with each other or
with the cluster of height, weight, and
age, with a maximal Pearson correlation of 19%.
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TABLE 1 Characteristics and Pearson Correlations Between Characteristics Used to Generate Simulated Sample of Children With ISS
Age, y

Male (N ⫽ 1000)
Mean ⫾ SD
Minimum
Maximum
Correlation
Age
Height
Weight
Mid–parental height
Difference in bone age
Female (N ⫽ 1000)
Mean ⫾ SD
Minimum
Maximum
Correlation
Age
Height
Weight
Mid–parental height
Difference in bone age

11.5 ⫾ 2.2
6.1
15.9

10.3 ⫾ 1.6
6.1
13.8

Height, cm

Weight, kg

133.1 ⫾ 12.0
100.7
163.2

124.0 ⫾ 9.4
99.0
152.4

33.1 ⫾ 8.5
16.0
59.2

29.4 ⫾ 6.8
15.8
52.7

Mid–parental
Height, cm

Difference in
Bone Age, y

163.0 ⫾ 3.7
153.5
171.0

0.0 ⫾ 0.9
⫺2.0
2.0

163.4 ⫾ 3.5
153.6
171.5

Correlation Coefﬁcient
Age

Height

Weight

Mid–parental
Height

Difference in
Bone Age

1

0.92
1

0.88
0.97
1

⫺0.03
0.11
⫺0.06
1

⫺0.06
⫺0.09
⫺0.01
⫺0.04
1

1

0.84
1

0.77
0.96
1

0.03
0.19
0.02
1

0.06
0.02
0.12
⫺0.03
1

0.0 ⫾ 0.9
⫺2.0
2.0

Difference in bone age indicates skeletal age minus chronological age.

Figure 1 shows the distribution of
adult heights predicted by each algorithm in a single replicate of the simulation (1000 boys and 1000 girls). In
each graph, the red line is drawn at the
1.2nd height percentile. Although this
threshold is not a FDA criterion for GH
use to treat children with ISS, we were
interested in the distribution of and
agreements in predicted adult heights
around the 1.2nd percentile.
Table 2 shows summary statistics for
the distribution of heights predicted by
the 3 algorithms and for agreement
among algorithms, averaged over 30
random replicates. The BP method predicted lowest adult stature for both
genders, with mean height 7 cm below
the KR prediction for boys and nearly
10 cm lower for girls. Adult height predictions obtained with the RWT method
were between those obtained the
other 2 methods. We found substantial
disagreement among the 3 methods in
the proportions of simulated patients
with predicted adult heights of ⬍1.2nd
percentile (Fig 1 and Table 2). The BP
method predicted adult heights of
⬍1.2nd percentile for 43% of boys and
PEDIATRICS Volume 126, Number 5, November 2010

81% of girls, whereas the KR method
predicted adult heights of ⬍1.2nd percentile for only 3% of boys and 0.2% of
girls. Both the BP and RWT methods
predicted short stature for a greater
proportion of girls, whereas the KR
method predicted short stature for a
greater proportion of boys.
Rank correlation among methods for
predicting a given child’s adult height
was moderately strong (0.66 – 0.89)
(Table 2); this statistic does not take
into account the systematic differences noted above for mean heights
predicted by the 3 algorithms. Agreement among the methods in predicting
heights of ⬍1.2nd percentile produced
 values ranging from 0.42 (BP versus
RWT methods for boys) to virtually 0
(KR versus BP or RWT methods for
girls). Overall agreement among the
methods had a  of 0.21 for boys and
was negative (worse than chance) for
girls (Table 2).
Variation among the 30 replicates was
negligible, in keeping with the large
sample size for each. Mean heights
ﬂuctuated by 0.1 to 0.2 cm around the

average presented in Table 2, mean z
scores by 0.02 to 0.04, and pairwise 
values by 0.00 to 0.05, with similar ﬁndings for other parameters. Abolishment of the assumed correlations
among height, weight, parental height,
and bone age had a negligible effect,
with the only noticeable impact on Table 2 ﬁndings being attenuation of the
small  values.

DISCUSSION
Our study assessed the variation of 3
height prediction algorithms used for
children with short stature. We found
wide differences in height predictions
among commonly used formulas. Our
results showed that, on average, the
BP method predicted lower adult
heights than did other methods.
Our study is the ﬁrst to compare
height prediction algorithms by using large-scale models to represent
typical short children presenting for
endocrinologic evaluation. The variation in height predictions among
methods is important for clinical
decision-making and for interpretation of research results. Many re-
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FIGURE 1
Distributions of adult heights predicted by using 3 height prediction algorithms. Bars to the left of the red line represent predicted adult heights that are
below the 1.2nd percentile for adult height (160 cm or 63 inches for men and 150 cm or 59 inches for women). The blue and pink bars (at extreme right)
represent simulated samples that did not allow for height prediction with the BP algorithm because bone age was less than the value required for the
algorithm.

search protocols and published
studies of GH treatment for children
with ISS use an end point that compares near-adult height and predicted adult height.4,18,19 In addition,
predicted adult height has been used
by investigators as a marker of
growth response to other treatments for children with ISS, including recombinant human insulin-like
growth factor 120 and combination
therapy with GH and a gonadotropin
hormone-releasing agonist.21 Use of
predicted adult height as an outcome measure for children with ISS
should be interpreted cautiously, because we have shown that different
height prediction algorithms provide
different results. In addition, although the recent consensus statement on the use of GH as treatment
for ISS acknowledges the inaccuracy
942
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of predictions of adult heights, it concludes that predicted adult height
may be helpful in combination with
other criteria for determination of
GH use.22 Therefore, practitioners
and investigators may continue to
rely on predicted adult height in
decision-making.
As demonstrated by studies with small
sample sizes, height prediction methods for different patient populations
lead to both underestimates and overestimates of predicted adult height,
with wide variations in accuracy. Maes
et al23 compared the accuracy of 3
height prediction methods for 62 boys
and 28 girls with short stature and
found that the BP method was most
accurate for short boys, whereas the
Tanner-Whitehouse II (TWII) algorithm
was most accurate for short girls. We

did not use the TWII algorithm in our
study because it requires a different
technique for assessment of bone age
than the BP and RWT algorithms.
Roemmich et al24 compared 3 bone age
methods and 3 height prediction models for 23 boys without growth disorders. Overall, the TWII method showed
underprediction of near-adult height,
whereas the other methods (BP
method, RWT method, and RWT method
with Fels bone age method) led to overpredictions.24 Sperlich et al25 explored
the accuracy of height predictions for
49 boys with constitutional delay, comparing the results of the BP, TWII, and
RWT formulas with adult heights. Although average predicted heights all
correlated signiﬁcantly with average
adult heights, individual adult heights
showed impressive deviations from
predicted adult heights; ⬎30% of the
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0.73
0.00
0.70
0.01
⫺0.17
0.80
0.15
PAH indicates predicted adult height. All parameters were averaged over 30 random samples, with each sample including 1000 boys and 1000 girls.
a Predicted adult height of ⬍1.2nd percentile is deﬁned as a predicted adult height of ⬍160 cm (⬍63 inches) for boys and ⬍150 cm (⬍59 inches) for girls.
b Spearman correlation coefﬁcient, identical for height in centimeters, percentile, and z score.
c  coefﬁcients measure agreement among algorithms, ranging from 1 (perfect agreement) to 0 (chance agreement only) to ⫺1 (systematic disagreement).

162.8 ⫾ 4.7
47.7 ⫾ 23.8
⫺0.08 ⫾ 0.72
0.1
153.4 ⫾ 6.2
12.0 ⫾ 19.9
⫺1.54 ⫾ 0.95
26.6
Adult height, mean ⫾ SD, cm
Adult height percentile, mean ⫾ SD
Adult height z score, mean ⫾ SD
PAH of ⬍1.2nd percentile, %a
Height, rank correlationb
PAH of ⬍1.2nd percentile, pairwise c
PAH of ⬍1.2nd percentile, overall 

161.3 ⫾ 7.0
5.9 ⫾ 9.9
⫺2.16 ⫾ 0.96
42.6

164.4 ⫾ 4.3
6.7 ⫾ 6.9
⫺1.74 ⫾ 0.60
17.1

168.4 ⫾ 4.5
15.9 ⫾ 12.9
⫺1.18 ⫾ 0.62
3.9

143.5 ⫾ 6.9
1.7 ⫾ 4.5
⫺3.04 ⫾ 1.05
81.4

0.83
0.42

BP vs RWT
KR
RWT

Girls

BP
KR
Boys

RWT
BP

TABLE 2 Performance and Comparison of 3 Algorithms for Predictions of Adult Height for Simulated Samples of Children with ISS

actual adult heights differed by ⬎5 cm
from the heights predicted with the BP
method.25 Height prediction formulas
also have been studied for children
with tall stature. Comparison of 5
height prediction models for such children concluded that none of the methods was best or most accurate.26 Each
method was useful under certain circumstances, with accuracy varying according to subjects’ age, gender, and
bone age.

0.89
0.30
0.21

0.66
0.10

Girls

RWT vs KR
BP vs RWT
BP vs KR

Boys

RWT vs KR

BP vs KR
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A limitation of this study is the use of
simulated patients. However, the sample was generated to reﬂect a realistic
patient population evaluated for short
stature and was used to compare 3
height prediction methods directly.
Prospective studies are needed to assess the accuracy of different height
prediction methods in a large cohort
of actual children with short stature.
All height prediction methods that use
bone age are inﬂuenced by the bone
age reading, which introduces potential biases and errors in height calculations. Most clinicians determine
bone age through comparison of the
overall appearance of radiographs
with the standards described by Greulich and Pyle, rather than through calculation of bone age through assessment of the maturity of individual
bones.27 We recognize that the commonly used comparative method may
not be ideal but, for the purposes of
this study, we assumed that the bone
age readings were correct. A new
height prediction algorithm using automated bone age measurements was
developed recently.28 Automation eliminates interrater variability and systematic biases, which reduce height
prediction errors. Although this
method was approved in Europe, it remains under investigation in the
United States and is not yet widely
used.
We also note that, even with consistent, accurate, bone age readings,

the Greulich and Pyle bone age standards are based on radiographs for
white children from the 1930s29 and
may not be generalizable to a modern, racially diverse population.
Loder et al30 found that the GreulichPyle standards demonstrated decreased accuracy when applied to a
contemporary cohort of black girls
and white boys. Zhang et al31 demonstrated that the Greulich and Pyle
standards did not reﬂect racial differences, and they found bone age
overestimation for Asian and Hispanic children. Finally, comparisons
performed by Roemmich et al24 highlighted differences among bone age
assessment methods and found that
bone ages were oldest when determined with the TWII method and
youngest when determined with
the Greulich and Pyle method. Even
for healthy individuals studied longitudinally, bone age accuracy varied
over time.24 Taken together, these
studies indicate that determination
of bone ages for modern children,
even under ideal circumstances, is
not perfectly accurate.

CONCLUSIONS
We demonstrated wide variations in
predicted adult heights by using 3
commonly used height prediction algorithms. Because the 3 algorithms led
to profoundly discrepant predicted
heights, future studies are necessary
to determine which is most accurate
for children with short stature. If automated bone age measurements are
found to be more precise than measurements by human readers, then introduction of this technology might
help to reduce errors in height predictions and might allow more accurate
comparisons of the different algorithms. Given the substantial medical,
psychosocial, and ﬁnancial implications of using GH for children with ISS,
it is important that parents, clinicians,
and investigators understand the con-
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siderable uncertainty of adult height
predictions.

ACKNOWLEDGMENTS
Dr Swartz Topor was supported by the
Clinical Investigator Training Program,
Harvard University/Massachusetts In-

stitute of Technology Health Sciences
and Technology-Beth Israel Deaconess
Medical Center, in collaboration with
Pﬁzer Inc and Merck & Co. This work
also was conducted with support
from Harvard Catalyst, Harvard Clinical and Translational Science Cen-

ter, National Institutes of Health
grant UL1 RR 025758, and ﬁnancial
contributions from Harvard University and its afﬁliated academic
health care centers (Dr Feldman).

tion of poor growth. J Pediatr. 2005;146(2):
212–216
Ogden CL, Kuczmarski RJ, Flegal KM, et al.
Centers for Disease Control and Prevention
2000 growth charts for the United States:
improvements to the 1977 National Center
for Health Statistics version. Pediatrics.
2002;109(1):45– 60
Bayley N, Pinneau SR. Tables for predicting
adult height from skeletal age: revised for
use with the Greulich-Pyle hand standards.
J Pediatr. 1952;40(4):423– 441
Roche AF, Wainer H, Thissen D. The RWT
method for the prediction of adult stature.
Pediatrics. 1975;56(6):1027–1033
Khamis HJ, Roche AF. Predicting adult stature without using skeletal age: the KhamisRoche method. Pediatrics. 1994;94(4):
504 –507
Chmura Kraemer H, Periyakoil VS, Noda A. 
coefﬁcients in medical research. Stat Med.
2002;21(14):2109 –2129
Fleiss JL. Statistical Methods for Rates and
Proportions. 2nd ed. New York, NY: Wiley;
1981
Buchlis JG, Irizarry L, Crotzer BC, Shine BJ,
Allen L, MacGillivray MH. Comparison of ﬁnal
heights of growth hormone-treated vs. untreated children with idiopathic growth failure. J Clin Endocrinol Metab. 1998;83(4):
1075–1079
Hindmarsh PC, Brook CG. Final height of
short normal children treated with growth
hormone. Lancet. 1996;348(9019):13–16
Midyett LK, Rogol AD, Van Meter QL, Frane J,
Bright GM; MS301 Study Group. Recombinant
insulin-like growth factor (IGF)-I treatment in
short children with low IGF-I levels: ﬁrst-year
results from a randomized clinical trial. J Clin
Endocrinol Metab. 2010;95(2):611– 619
Kamp GA, Mul D, Waelkens JJ, et al. A randomized controlled trial of three years
growth hormone and gonadotropinreleasing hormone agonist treatment in
children with idiopathic short stature and
intrauterine growth retardation. J Clin Endocrinol Metab. 2001;86(7):2969 –2975
Cohen P, Rogol AD, Deal CL, et al. Consensus
statement on the diagnosis and treatment

of children with idiopathic short stature: a
summary of the Growth Hormone Research
Society, the Lawson Wilkins Pediatric Endocrine Society, and the European Society for
Paediatric Endocrinology Workshop. J Clin
Endocrinol Metab. 2008;93(11):4210 – 4217
Maes M, Vandeweghe M, Du Caju M, Ernould
C, Bourguignon JP, Massa G. A valuable improvement of adult height prediction methods in short normal children. Horm Res.
1997;48(4):184 –190
Roemmich JN, Blizzard RM, Peddada SD, et
al. Longitudinal assessment of hormonal
and physical alterations during normal puberty in boys, part IV: predictions of adult
height by the Bayley-Pinneau, RocheWainer-Thissen, and Tanner-Whitehouse
methods compared. Am J Hum Biol. 1997;
9(3):371–380
Sperlich M, Butenandt O, Schwarz HP. Final
height and predicted height in boys with untreated constitutional growth delay. Eur J
Pediatr. 1995;154(8):627– 632
Joss EE, Temperli R, Mullis PE. Adult height
in constitutionally tall stature: accuracy of
ﬁve different height prediction methods.
Arch Dis Child. 1992;67(11):1357–1362
Bull RK, Edwards PD, Kemp PM, Fry S,
Hughes IA. Bone age assessment: a large
scale comparison of the Greulich and Pyle,
and Tanner and Whitehouse (TW2) methods.
Arch Dis Child. 1999;81(2):172–173
Thodberg HH, Jenni OG, Caﬂisch J, Ranke
MB, Martin DD. Prediction of adult height
based on automated determination of bone
age. J Clin Endocrinol Metab. 2009;94(12):
4868 – 4874
Greulich WW, Pyle SI, Brush Foundation
Cleveland. Radiographic Atlas of Skeletal
Development of the Hand and Wrist. Stanford, CA: Stanford University Press; 1950
Loder RT, Estle DT, Morrison K, et al. Applicability of the Greulich and Pyle skeletal age
standards to black and white children of today. Am J Dis Child. 1993;147(12):1329 –1333
Zhang A, Sayre JW, Vachon L, Liu BJ, Huang
HK. Racial differences in growth patterns of
children assessed on the basis of bone age.
Radiology. 2009;250(1):228 –235

We thank Joseph Wolfsdorf, MB, BCh, for
his careful reading of the manuscript.

REFERENCES
1. Food and Drug Administration. FDA approves Humatrope for short stature. Available at: www.fda.gov/bbs/topics/ANSWERS/
2003/ANS01242.html. Accessed October 31,
2005
2. Cuttler L, Silvers JB. Growth hormone treatment for idiopathic short stature: implications for practice and policy. Arch Pediatr
Adolesc Med. 2004;158(2):108 –110
3. Leschek EW, Rose SR, Yanovski JA, et al. Effect of growth hormone treatment on adult
height in peripubertal children with idiopathic short stature: a randomized, doubleblind, placebo-controlled trial. J Clin Endocrinol Metab. 2004;89(7):3140 –3148
4. Wit JM, Rekers-Mombarg LT, Cutler GB, et al.
Growth hormone (GH) treatment to ﬁnal
height in children with idiopathic short
stature: evidence for a dose effect. J Pediatr. 2005;146(1):45–53
5. Bryant J, Baxter L, Cave CB, Milne R. Recombinant growth hormone for idiopathic short
stature in children and adolescents. Cochrane Database Syst Rev. 2007;(3):
CD004440
6. Lee JM, Davis MM, Clark SJ, Hofer TP, Kemper AR. Estimated cost-effectiveness of
growth hormone therapy for idiopathic
short stature. Arch Pediatr Adolesc Med.
2006;160(3):263–269
7. Von Fange T, McDiarmid T, Mackler L, Zolotor A. Clinical inquiries: can recombinant
growth hormone effectively treat idiopathic
short stature? J Fam Pract. 2008;57(9):
611– 612
8. Tzeel A, Fine MJ. Plan and pharmacy
perspectives: growth hormone therapy, formulary, and beneﬁt authorization. Manag
Care. 2009;18(8 suppl 6):17–19
9. LaFranchi S, Hanna CE, Mandel SH. Constitutional delay of growth: expected versus ﬁnal
adult height. Pediatrics. 1991;87(1):82– 87
10. Hardin DS, Woo J, Butsch R, Huett B. Current
prescribing practices and opinions about
growth hormone therapy: results of a nationwide survey of paediatric endocrinologists.
Clin Endocrinol (Oxf). 2007;66(1):85–94
11. Grimberg A, Kutikov JK, Cucchiara AJ. Sex
differences in patients referred for evalua-

944

SWARTZ TOPOR et al

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Downloaded from pediatrics.aappublications.org at UNIV OF CHICAGO on May 27, 2013

Variation in Methods of Predicting Adult Height for Children With Idiopathic
Short Stature
Lisa Swartz Topor, Henry A. Feldman, Howard Bauchner and Laurie E. Cohen
Pediatrics 2010;126;938; originally published online October 25, 2010;
DOI: 10.1542/peds.2009-3649
Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/126/5/938.full.ht
ml

References

This article cites 27 articles, 12 of which can be accessed free
at:
http://pediatrics.aappublications.org/content/126/5/938.full.ht
ml#ref-list-1

Subspecialty Collections

This article, along with others on similar topics, appears in
the following collection(s):
Endocrinology
http://pediatrics.aappublications.org/cgi/collection/endocrinol
ogy

Permissions & Licensing

Information about reproducing this article in parts (figures,
tables) or in its entirety can be found online at:
http://pediatrics.aappublications.org/site/misc/Permissions.xht
ml

Reprints

Information about ordering reprints can be found online:
http://pediatrics.aappublications.org/site/misc/reprints.xhtml

PEDIATRICS is the official journal of the American Academy of Pediatrics. A monthly
publication, it has been published continuously since 1948. PEDIATRICS is owned, published,
and trademarked by the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk
Grove Village, Illinois, 60007. Copyright © 2010 by the American Academy of Pediatrics. All
rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.

Downloaded from pediatrics.aappublications.org at UNIV OF CHICAGO on May 27, 2013

