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Abstract
Summary In a child, bone mineral density (BMD) may
differ from an age-expected normal value, not only because
of the presence of disease, but also because of deviations of
height or weight from population averages. Appropriate
adjustment for body size deviations simplifies interpretation
of BMD measurements.
Introduction For children, a bone mineral density (BMD)
measurement is normally expressed as a Z score. Interpre-
tation is complicated when weight or height distinctly differ
from age-matched children. We develop a procedure to
allow for the influence of body size deviations upon
measured BMD.
Methods We examined the relation between body size
deviation and spine, hip and whole body BMD deviation
in 179 normal children (91 girls). Expressions were
developed that allowed derivation of an expected BMD
based on age, gender and body size deviation. The

difference between measured and expected BMD was
expressed as a HAW score (Height-, Age-, Weight-adjusted
score).
Results In a second independent sample of 26 normal
children (14 girls), measured spine, total femur and whole
body BMD all fell within the same single normal range
after accounting for age, gender and body size deviations.
When traditional Z scores and HAW scores were compared
in 154 children, 17.5% showed differences of more than 1
unit and such differences were associated with height and
weight deviations.
Conclusion For almost 1 in 5 children, body size deviations
influence BMD to an extent that could alter clinical
management.

Keywords Lumbar spine BMD . Proximal femur BMD .

Whole body BMD

Introduction

X-ray-based dual energy absorptiometry (DXA) is an
accepted technique for the detection of abnormalities of
bone mineral mass in children. Recent studies in a
population of Canadian children presented normal values
as a function of age for the DXA-measured variables of
lumbar spine bone mineral areal density (BMD), proximal
femur BMD and whole body BMD [1]. Such measurements
allowed the development of a means for predicting
expected-for-age values in boys and girls in order to assist
in the interpretation of DXA measurements in children
suspected to be suffering from disorders of bone metabo-
lism. The 95% confidence limits for the sample of children
were considered to define normal population ranges so that
the extent of deviation for diagnostic measurements could
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be expressed in terms of the number of population standard
deviations or as a Z score.

The clinical interpretation of a Z score originates from
the fact that the 5-year fracture risk is about 7% for
children when the spine BMD Z score is −1 [2]. The
identification of fracture-prone children is also aided by
accounting for independent risk factors such as age, body
weight, breast-feeding history, fracture history, height,
inhaled corticosteroids, menarcheal age, nutritional status
and physical activity level [3–8]. In particular, during the
period of rapid growth, bone strength may not increase
rapidly enough to meet the demands of the mechanical
burdens imposed [9].

It has been reported that errors in the interpretation of
DXA measurements in children and adolescents can lead to
over-diagnosis of osteoporosis [10]. When measurements
are made in children whose body size is inappropriate for
their age, the interpretation of Z scores is complicated. For
example, it might be expected that a child who is small for
his chronological age may have a measured BMD that is
less than the expected-for-age BMD. In this case the Z
score is likely to be negative, but bone strength may be
adequate to sustain lower than average mechanical burdens
imposed by a smaller body size.

Many attempts have been made to adjust BMD measure-
ments in children to take into account the influences of
body size [11–16]. Generally, an adjustment is made based
on body weight or height. To some extent, body size is
incorporated within expected-for-age values of BMD
because age and size are inevitably correlated in children.
In reality, the body size included in this way is the
expected-for-age body size and does not account for height
and weight deviations from normal patterns of growth. The
accuracy of anticipated DXA bone and body composition
variables based solely on age and gender is likely to be
improved by incorporating the effect of body size devia-
tions. The corollary to this is that if a measured DXA
variable deviates from an expected-for-age value because of
an unusual body size, the difference between the measured
and predicted values (the BMD residual) will be a function
of the deviation of body size from the size expected for the
chronological age of a child. To explore this possibility,
body size deviations were derived from the difference
between measured height or weight and expected-for-age
height or weight. Body size deviations were then com-
pared to the magnitude of DXA residuals. The observed
relations supported the concept that the accuracy of
predicted values could be improved by accounting for
body size deviations. The purpose of this paper is to
describe the derivation of body size correction factors and
to explore the merits of including such corrections in the
interpretation of clinical DXA measurements in children
and adolescents.

Materials and methods

Normal participants

Previously, we recruited a convenience sample of 179
normal children (91 girls and 88 boys) between the ages of
3 and 18 years for the purpose of establishing normal
expected-for-age values in boys and girls [1]. Height and
weight were measured for each child using standard clinical
scales. Expected heights and weights for each child were
taken as the 50th percentile value for a child of the same
age according to the growth charts produced by the
National Center for Chronic Disease Prevention and Health
Promotion [17]. Height and weight deviations were
calculated as the difference between the measured and
expected values.

A second independent sample of 26 normal children (14
girls and 12 boys) was recruited locally in order to validate
the predictive equations derived from the larger initial
sample of children. The predictive equations were also
applied retrospectively to patients who had undergone up to
14 serial DXA measurements in the past. Finally, the
predictive equations were applied prospectively to 154
children (80 girls and 74 boys) referred for clinical DXA
measurements. The children attended clinics at the Children’s
Hospital, Hamilton Health Sciences. They were either new
patients suspected to be suffering from diseases or conditions
that were associated with bone mineral loss or were returning
patients undergoing treatment for or follow-up of chronic
diseases known to affect bone mineral status. The study was
approved by the Research Ethics Board of Hamilton Health
Sciences/McMaster University. In all cases, written informed
consent was obtained from a parent or guardian of each child
and, where appropriate, assent was obtained from the
participants themselves.

DXA measurements

All measurements for the sample of 179 children were
performed with Hologic Densitometers (either a QDR
4500A or a Discovery A). A between-machine comparison
showed that the results of lumbar spine and proximal femur
measurements were correlated strongly (r>0.98) and that
absolute inter-machine differences were small compared to
population variances. All measurements for the smaller
population of 26 children were performed using the
Discovery A densitometer.

Each child had a lumbar spine (L1–L4), left proximal
femur and a whole body scan. All DXA scans were
reviewed for technical adequacy by a single experienced
densitometrist. Expected-for-age values for each DXA
variable were obtained using the predictive equations
published previously [1].
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Development of predictive equations incorporating height
and weight deviations

The difference between an expected-for-age prediction and
the measured value for a given DXA variable is the residual
value. A positive residual value may be the consequence of
excess body weight and, by the same token, a measured
value may be less than expected because of a diminished
body size. In both cases, a correlation should be apparent
between residual DXA values and weight deviations. If
such a correlation can be demonstrated, then accounting for
weight and/or height deviations should improve the
accuracy of prediction for DXA variables, and the chances
of identifying true clinical abnormalities should rise.

To develop correction terms, the dependence of DXA
residuals upon height and weight deviations was deter-
mined. Since weight deviations were expected to be more
common and of greater relative magnitude than height
deviations, the first step was to examine the relationship
between residuals for a particular DXA variable and the
corresponding weight deviations. The equation fitted to the
data by linear regression will yield a correction to an
expected-for-age value that will depend on the weight
deviation for the subject of concern. Application of this
correction to the original expected-for-age value will yield a
second, intermediate predicted value based on age, gender
and weight deviation so that a second residual can be
generated. The dependence of the second residual value for
each child upon height deviation can then be examined.
Again, a linear regression line fitted to the data will yield a
correction to the second predicted value that will be based
upon height deviation. The final gender-specific predicted
value for a given DXA variable will be based on age and
modified by factors that account for weight and height
deviations.

Application of predictive equations

The effect of including height and weight deviations was
assessed initially by examining relationships between
measurements and predictions. That is for boys and girls,
the extent of agreement between measurement and predic-
tion based on age was compared with the extent of
agreement between measurement and prediction based on
age and body size deviations. First, the comparisons were
made in the same population of normal children used to
derive the body size deviation correction procedure. To
provide a more rigorous test, the extent of agreement
between measured and predicted values was examined in a
second, independent sample of normal children drawn from
the same local population. In addition, the merit of basing
expected values on gender and age alone or upon gender,
age and body size deviations was examined using retro-

spective data from patients who were suffering from, or
recovering from, acute lymphoblastic leukemia (ALL).
They were selected to encompass various ages at first
measurement and were followed for at least 3 years with
lumbar spine measurements. Finally, a prospective compar-
ison between measured spine BMD and values predicted
from age, gender, weight deviation and height deviation
was performed in 154 children referred to the Department
of Nuclear Medicine, Hamilton Health Sciences for clinical
DXA measurement.

Results

The dependence of DXA-measured variables upon age and
gender in the group of 179 children has been reported
previously [1, 18]. In those reports, expressions were
derived that described the age-dependent increase for a
given DXA variable measured in boys or girls as the sum of
two logistic equations, one of which accounted for steady
growth associated with aging and the other allowed for a
more acute change associated with puberty. Residual values
are the difference between measured values and values
predicted from age and gender alone. Residuals for lumbar
spine BMD increased steadily with increasing age for both
girls and boys. The residuals for proximal femur BMD and
whole body BMD also increased with age in boys, but were
essentially unchanged with age in girls.

The dependence of spine BMD residuals upon body
weight deviations is shown for boys in Fig. 1. The
correlation coefficient is 0.61 and suggests that accounting
for weight deviation could allow prediction of the spine
BMD residual for a given child and therefore permit an
adjustment to be made to the expected-for-age BMD. A
similar relationship was observed in girls. Again, similar
relationships between lumbar spine residuals and height
deviations were observed for girls and boys, suggesting that
the addition of height deviations could also improve

Fig. 1 Lumbar spine residuals as a function of weight deviation for
boys
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predictions of expected BMD. The weakest correlations
between weight deviations and BMD residuals were for
whole body BMD (r=0.27 for girls and 0.38 for boys),
while the correlations for spine BMD (r=0.48 for girls and
0.61 for boys) and femur BMD (r=0.50 for girls and 0.62
for boys) were stronger and were similar to each other. In
every case, the correlation coefficients were larger for boys.
Correlation coefficients for the relationships between BMD
residuals and height deviations were strongest for the
lumbar spine (r=0.50 for girls and 0.63 for boys), similar
for the femur (r=0.41 for girls and 0.58 for boys) and
weakest for whole body BMD (r=0.32 for girls and 0.43
for boys) and were always stronger in boys. These results,
which probably reflect a greater size heterogeneity in boys
than in girls, support the conclusion that expressions can be
derived based on body size deviations that would improve
the prediction of an expected BMD.

For each child, a correction to the expected-for-age
lumbar spine BMD was obtained from the regression
relationship between lumbar spine residuals and the
observed weight deviation for that subject. That is, a
second expected BMD value was generated based on age,
gender and weight deviation. Comparison of the second
expected BMD with the measured BMD yielded a second
residual BMD. This second residual BMD was related to
height deviations for each child. The resultant regression
relationship was used to generate a correction that
accounted for the height deviation for a given participant.
The final predicted BMD was therefore based on the
expected-for-age value modified by factors dependent on
both height and weight deviation.

Table 1 shows the progressive improvements in correla-
tion between measured and predicted DXA results when the
basis of prediction is age alone, age and weight deviation,
and finally age, weight deviation and height deviation. In
all cases the addition of a weight deviation term improved
the correlation between measured and predicted values. The
subsequent inclusion of corrections based on height deviations
also improved the correlation for all variables, but not to any
great extent. For lumbar spine BMD, expected-for-age values
accounted for 85.6% of the variance in measured values. The
addition of weight deviations improved this value to 89.3%.
The additional inclusion of height deviations means that
ultimately 90.6% of the variance can be accounted for by age,
gender and weight and height deviations.

Figure 2a shows the relationship between the measured
lumbar spine BMD and the expected-for-age value for the
91 girls. If no other variables contributed significantly to
the measured BMD, then all points would lie along the line
of identity with no spread in measured BMD values. The
dashed lines encompass more than 95% of measurements
and could be considered as a normal range for measured
BMD that spans 0.36 g cm−2. Figure 2b shows the same

relationship between the measured lumbar spine BMD and
the BMD predicted for each girl based on age, weight
deviation and height deviation. Again, the dashed lines
indicate reasonable confidence limits for the normal
population of girls. The boundaries of the normal range
for measured spine BMD have shrunk to 0.32 g cm−2.

For boys, the span of the normal range for measured
BMD when plotted as a function of the expected-for-age
BMD is 0.46 g cm−2, considerably greater than the
corresponding range for girls. When the measured spine
BMD is plotted as a function of the BMD predicted from
age, weight deviation and height deviation, precisely the
same normal range (0.32 g cm−2) emerges for boys as was
developed for girls. The relationships between measured
BMD and BMD predicted from gender, age, weight
deviation and height deviation for the femur and whole
body also revealed the same range of normal (0.32 g cm−2)
in both girls and boys.

Figure 3 shows the normal range derived from the first
sample of 179 children together with the results of
measurements of lumbar spine BMD, proximal femur and
whole body BMD made in the second sample of 26
children drawn from the local normal population. All BMD
results for boys and girls, whether measured at the spine,
hip or the whole body, fall within the same normal range
after allowing for body size deviations.

The retrospective comparison of measured and expected
values for a selected patient is shown in Fig. 4. The
measured spine BMD is shown together with the expected-
for-age BMD and the expected BMD based on age, weight
deviation and height deviation. The measured BMD was
considerably below both predicted BMD values at the time
of first measurement. The early deficit at age 3.5 to 4.5 may
be due to the effects of the disease or to the detrimental
effect of the treatment of the disease on the skeleton.

Table 1 Correlation coefficients between measured dual energy X-ray
absorptiometry (DXA) variables and predicted values based on age,
age and weight deviation, and age, weight deviation and height
deviation

Predictive variables Girls Boys

Lumbar spine
Age 0.925 0.894
Age plus weight deviation 0.945 0.935
Age plus height and weight deviation 0.952 0.941

Total femur
Age 0.858 0.848
Age plus weight deviation 0.901 0.913
Age plus height and weight Deviation 0.907 0.917

Whole body BMD
Age 0.911 0.897
Age plus weight deviation 0.922 0.917
Age plus height and weight Deviation 0.928 0.920
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Accounting for weight and height deviations explains
almost one third of the anticipated deficit when only the
expected-for-age value is used. The measured BMD
recovers to some extent after age 5.5 and despite a set-
back at age 7, continues to improve, but never returns to the
expected-for-age value. Consequently, without accounting
for weight and height deviations, the patient would have
been considered to have a spine BMD deficit. However,
when the deviation in body size is allowed for, the patient
had, in fact, recovered the BMD appropriate for age,
gender, height and weight.

The deviation of a measured BMD from the expected-
for-age BMD is expressed as the Z score. A deviation of a
measured BMD from the BMD predicted from age and
body size deviations can be expressed as a HAW score
(Height-, Age-, Weight-adjusted score). Figure 5 compares
Z scores and HAW scores for 154 children referred to the
Department of Nuclear Medicine for clinical DXA mea-
surement. The correlation coefficient for all patients was
0.75. For points within the region between the two dashed

lines in Fig. 5, the Z score and the HAW score differ by 1.0
unit or less. Twenty-seven (17.5%) results lie outside the
dashed lines, indicating differences between the two scores
of greater than 1.0. The difference between a HAW score
and a Z score is given by:

Measured BMD� Ht;Age;Wt Predicted BMD½ �
SDHAW

� Measured BMD� Expected�for�Age BMD½ �
SDAge

where SDHAW is the population standard deviation when
the measured BMD is plotted as a function of the BMD
predicted from age and body size deviation, and SDAge is
the population standard deviation when the measured BMD
is plotted as a function of the BMD predicted from age
alone. The 2 population standard deviations will be similar
and can be substituted by the term SD so that the above
equation reduces to:

HAW score� Z score½ �

� Expected�for�Age BMD� Ht;Age;Wt Predicted BMD½ �
SD

where SD is an average population standard deviation. This
equation shows that, for the HAW score to be less than the
Z score, which is the situation for the 9 participants (4 boys,
5 girls) below the lower dashed line in Fig. 5, the expected-
for-age BMD must be less than the BMD expected from
age and body size deviation. Conceptually, this will happen
when an increased body weight and/or height results in an
increase in the predicted BMD. A greater body size will
have no impact on the expected-for-age BMD. For the 9
cases of concern, the mean body weight deviation (±
standard error) was + 35.2±4.6 kg. Body weights ranged

Fig. 3 Measured BMD for spine (white circles girls, black circles
boys), femur (white triangles girls, black triangles boys) and whole
body (white squares girls, black squares boys) compared with
predicted BMD based on age, gender, weight deviation and height
deviation in an independent sample of 26 normal children. The normal
range was derived from the first sample of 179 normal children

Fig. 2 Measured lumbar spine (LS) bone mineral density (BMD) for
girls a as a function of expected-for-age values and b as a function of
expected BMD based on age, weight and height deviations. The solid
line is the line of identity and the dashed lines encompass at least 95%
of the data points
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from 23.1 kg to 64.2 kg above the 50th percentile for
weight. The mean height deviation was + 5.9±2.1 cm.

On the other hand, there were 18 participants above the
upper dashed line (6 boys, 12 girls), in which case the
HAW score is more than 1 unit greater than the Z score.
From the above equation this outcome would be anticipated
if the expected-for-age BMD was greater than the BMD
expected from age and body size deviation. This would be
true for children who were small-for-age such that the small
body size lowered the expected density. The mean body
weight deviation for the 18 children was −8.8±1.6 kg.
Weight deviations ranged from 1.4 kg above to 21.8 kg
below the 50th percentile for weight. The mean height
deviation was −11.2±1.7 cm in the 18 children. For the
majority of children in whom the two scores differed by
less than 1 unit, the mean weight deviation was 0±0.9 kg in
boys (n=64) and 1.3±1.0 kg in girls (n=63). The
corresponding height deviations were −0.5±0.8 cm in boys
and −1.2±0.8 cm in girls. Six (5 girls, 1 boy) of the 127
children for whom the Z and HAW scores were within 1
unit of each other had spine BMD Z scores that were either
above +2.0 or below –2.0. Weight was more than 2
population standard deviations from the expected-for-age
weight in 17 children, 3 of whom had abnormal HAW
scores. Height was more than 2 population standard
deviations from the expected-for-age height in 19 children,
4 of whom had abnormal HAW scores.

Discussion

Dual energy X-ray-based measurements of areal bone
mineral density are used more and more frequently in
children as the skeletal problems associated with the
presence of various diseases and their treatments are
appreciated [19]. A DXA measurement for a given child

is generally interpreted by deriving a Z score that expresses
the deviation of the result from an expected-for-age-and-
gender value in terms of the population standard deviation
appropriate for the age of the child [1]. In previous work,
we measured lumbar spine BMD, proximal femur BMD
and whole body BMD for a reasonable number of children
(N=179) whose ages were uniformly distributed between 3
and 18 years. Expressions were derived that allowed the
calculation of an expected-for-age value and an expected
standard deviation for each DXA variable based on the age
and gender of a given child. We assume the expected-for-
age values adequately represent those of the population of
children at large, so that we can report the results of clinical
measurements as Z scores.

Z scores only account for BMD variations due to age
and gender. The covariance between age and body size
means that Z scores also allow for the typical, average
changes expected during growth. Any deviation of height
or weight from an expected height or weight may impact
BMD, but will not change the expected-for-age BMD nor
the expected-for-age population standard deviation. Thus,
body size deviations may affect BMD, but will not affect
expected-for-age values. That is, Z scores may change
without the influence of skeletal disease or the changes due
to skeletal disease may be masked by body size deviations.
The results given in this paper show that, for a specific
child, any deviation in weight and/or height from the
pattern of growth described for an average child has an
impact on BMD, particularly at the spine and femur, but
also for the whole body. The strength of the relationships
between height and weight deviations on the one hand and
BMD residuals on the other allow the derivation of
expressions that could be used to modify expected-for-age
values to account for body size deviations.

Fig. 5 The relation between Z scores and HAW (Height-, Age- and
Weight-adjusted) scores for 154 children (white circles girls, black
circles boys) referred for lumbar spine DXA measurements. The
dashed lines define the region where the Z and HAW scores differ by
less than 1 unit

Fig. 4 Measured lumbar spine BMD (black circles), expected-for-age
BMD (white circles) and expected BMD based on age, gender, weight
deviation and height deviation (white squares) in a child with acute
lymphoblastic leukemia
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Comparison of measured and expected-for-age values
would show no deviation from the line of identity if age
was the single, unique determinant of BMD at any skeletal
site. The range of results shown in Fig. 2 indicates that
other factors are important. For a fixed expected-for-age
spine BMD, the measured BMD in normal girls extends over
a range of 0.36 g cm−2. For boys, the range was greater at
0.46 g cm−2. The incorporation of weight and height
deviations into the prediction of expected values shrunk
both ranges of measured values to 0.32 g cm−2 for girls and
boys. That is, allowing for the weight and height deviations
that existed in our population of normal children decreased
the spread in results observed for both genders. The same
outcome was observed for both femur BMD and whole body
BMD. Based on age alone, normal femur BMD extended
over a range of 0.42 g cm−2 for girls and 0.44 g cm−2 for
boys. For whole body BMD the corresponding ranges were
0.34 g cm−2 and 0.36 g cm−2. When body size deviations
were included in the derivation of an expected BMD, the
ranges for femur and whole body BMD were the same as
those for the spine (0.32 g cm−2) for both boys and girls.

Allowing for the effect of height and weight deviations
decreased the observed range for measured BMD. At the
same time, the range for the predicted BMD was extended.
In Fig. 2, for example, expected-for-age lumbar spine
densities vary from 0.45 g cm−2 to 1.01 g cm−2 for girls.
Accounting for body size deviations extended that range to
0.42–1.22 g cm−2. Similar effects were observed for boys
and for predicted values based on age and body size
deviations for the femur and whole body.

To provide an acceptable test of normal predicted values,
DXA measurements were made in a small but independent
sample of 26 normal children drawn from the same local
population. As shown in Fig. 3, the BMD values for these
children at the spine, at the hip and for the whole body all
fell within the expected, restricted, narrow range of normal
values. That is, all 78 DXA measurements of spine, hip and
whole body BMD obtained from boys and girls fell within
the same, single range of normal. This has considerable

implications for the reporting of BMD results in children.
This single range of values is appropriate for the interpre-
tation of DXA measurements in boys and girls of all ages
and applies to the spine, the hip and the whole body.

Prediction of expected values based on gender, age and
weight and height deviations means that the term Z score is
no longer applicable because the Z score refers strictly to an
expected-for-age value only. However, an analogous score
can be derived. The procedure for deriving a HAW score is
to modify the expected-for-age value [1] by two additional
terms. The weight and height deviations are obtained for a
particular patient and, using the appropriate intercept and
coefficient from Table 2, a predicted BMD is obtained.
Consequently, the data required for derivation of a HAW
score in a specific patient are the measured BMD, the age,
weight and height. The population standard deviation for any
BMD variable is 0.08 g cm−2. For example, the first spine
BMD data point shown in Fig. 4 is 0.329 g cm−2. This result
was obtained from a boy aged 3.5 years who weighed
11.7 kg and was 96.6 cm tall. The expected-for-age spine
BMD was 0.462 g cm−2 and the expected-for-age spine
BMD population standard deviation was 0.062 g cm−2 [1].
Therefore, the Z score was (0.329–0.462)/0.062 or −2.1. The
expected-for-age weight and height were 15.0 kg and
97.8 cm respectively [17]. Consequently, the participant
had weight and height deviations of −3.3 kg and −1.2 cm.
Using the equation shown in Table 2, together with the spine
data listed for boys, the expected spine BMD becomes
(0.462 + [−0.02068+0.004746 × (−3.3)] + [−0.004913+
0.002592 × (−1.2)] or 0.418 g cm−2. The HAW score will be
(0.329–0.418)/0.08 or −1.1. The task of calculating a
predicted BMD and the resultant HAW score for a given
patient can be assigned to a spreadsheet with the relevant
formulae embedded.

The fact that the same range of measured BMD values
was defined for the spine, the femur and the whole body in
normal girls and boys means that adjusting for body size
deviations accounts for the differences observed between
gender-specific, expected-for-age normal values. When

Table 2 Linear expressions for the modification of expected-for-age values based on weight and height deviations. Predicted BMD is evaluated
from the expression: Predicted BMD = Expected-for-age BMD + [Wc + (Ws × Weight Deviation)] + [Hc + (Hs × Height Deviation)]

DXA variable Weight deviation Height deviation

Constant, Wc Slope, Ws Constant, Hc Slope, Hs

Girls
Lumbar spine (g cm−2) −0.01688 0.004403 −0.008724 0.003088
Total femur (g cm−2) −0.02142 0.005589 −0.005998 0.002123
Whole body BMD (g cm−2) −0.008272 0.002165 −0.005422 0.001921

Boys
Lumbar spine (g cm−2) −0.02068 0.004746 −0.004913 0.002592
Total femur (g cm−2) −0.02209 0.005065 −0.003531 0.001863
Whole body BMD (g cm−2) −0.02048 0.002519 −0.002815 0.001367
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expected values based on gender, age and body size
deviations were applied to a patient in order to illustrate
the clinical application of HAW scores, it appeared as
though spine BMD reached the predicted value based on
age and body size (i.e. HAW score=0) while the Z score
remained negative (Z=-0−3). This demonstrates a complete
recovery of spine BMD appropriate for the gender, age and
size of the patient. Another similar patient demonstrated a
lack of recovery to the expected-for-age value, which was
only partially explained by a small body size. In another
case, an apparently small deficiency in BMD (Z=−0.4)
masked a considerable deficit compared with the expected-
for-age and size value (HAW= −1.8).

Not surprisingly, the comparison of Z scores and HAW
scores showed reasonable correlation, although in 17.5% of
cases the two scores differed by more than 1 unit. A
difference of this magnitude might be considered a
threshold of clinical significance. That is, clinical decisions
based upon a given Z score might not be the same as
decisions based upon a HAW score that differs by more
than 1 unit. Eighteen participants had Z scores more than 1
unit below their HAW scores. All were small for their
chronological ages with a mean weight deviation of −8.8 kg
and a mean height deviation of −11.2 cm. The 9 children in
whom the HAW scores were considerably less than the Z
scores, had a mean weight deviation of +35.2 kg and a
mean height deviation of +5.9 cm. In children for whom the
Z scores and HAW scores were within 1 unit of each other,
there were still some who exhibited considerable body size
deviations. Three children, for example, weighed more than
20 kg above the 50th percentile (+26.0, +20.7, +30.3); for
each child the HAW score was lower than, but less than 1
unit lower than, the Z score.

Our approach may be limited by a number of factors. For
example, our adjustment of expected-for-age BMD values
for weight deviations does not distinguish between the
impact of changes in lean mass compared with the impact
of changes in adipose tissue mass. No direct adjustment is
made for bone size variation, pubertal status or for the fact
that BMD is only a two-dimensional measurement. The
adjustments described in this paper are based on BMD
measurements obtained from Hologic equipment. In addi-
tion, the expected-for-age BMD values we have utilised
were based on a relatively small (N=179) population of
normal, local children. Differences may exist between our
results and populations of different ethnic origin.

The ultimate objective of a BMD measurement is to
identify children who may be at increased risk of fracture.
Currently, the relationship between a BMD measurement
and its associated fracture risk is expressed through a Z
score. The work reported in this paper has shown that body
size deviations exert a considerable impact on measured
BMD for approximately 17.5% of children. Other pediatric

populations might be more heterogeneous with even greater
size effects. Body size deviations could mean that a
negative Z score may be appropriate for a small-for-age
child and that fracture risk is not increased. Alternatively, a
positive Z score may mask an increased fracture risk
because the effect of an increased mechanical demand
originating from a greater than expected body size over-
rides a decreased BMD arising from mineral deficiency.
The calculation of HAW scores will account for body size
deviations in both cases and should provide more accurate
assessments of bone integrity. It remains to be shown
whether HAW scores can predict fracture risk with greater
accuracy than Z scores.
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