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Abstract. Growth and skeletal maturation are impaired
in sickle cell disease (SCD). SCD is also associated with
decreased bone mineral density (BMD) as determined
by dual X-ray and photon absorptiometry. Quantitative
ultrasound (US), which is as good a predictor of fracture
as absorptiometry, provides additional information
about bone architecture and elasticity. It is not known if
the quantitative US parameters, broadband ultrasound
attenuation (BUA) and speed of sound (SOS), are af-
fected in children and adolescents with SCD. We
therefore compared the bones of 80 children with SCD
in Nigeria to those of age- and gender-matched controls
using calcaneal ultrasound and the serum bone markers
N-telopeptide of typel collagen (NTx) and bone-specific
alkaline phosphatase (BSAP), which are indicators of
bone resorption and formation, respectively. BUA,
which is reflective of BMD, was significantly lower for
both the male and female SCD subjects compared with
controls (86 vs 113 dB/MHz, P < 0.001 and 87 vs 100
dB/MHz, P < 0.001, respectively). However, SOS,
which is more indicative of bone elasticity, was sig-
nificantly different only for the male SCD subjects. Both
NTx and BSAP were significantly reduced in the serum
of the male and female SCD subjects. Correlations be-
tween BUA and serum NTx were found for both female
controls and SCD subjects (r = 0.58, P < 0.001 and
r = 0.32, P = 0.05, respectively), but not for the male
subjects or controls. Significant correlations between
BUA and BSAP were observed only for the female
controls. In summary, we have shown that US analysis,
in combination with serum markers of bone metabo-
lism, can be used to distinguish bone development in
children with SCD from that of nonaffected controls.
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Sickle cell disease (SCD) in children is associated with
impaired growth and skeletal maturation [1-5]. The
delayed growth in SCD patients has been attributed to a
hypermetabolic state resulting from increases in bone
marrow activity and cardiac output secondary to
chronic anemia [6-8] and to acquired deficiencies of
specific micronutrients and trace minerals that are re-
quired for growth [9-12].

In addition to perturbations in body composition,
children with SCD also exhibit a wide spectrum of bone
abnormalities [13—15] The increased need for red blood
cell production leads to bone marrow hyperplasia and
ultimately to a decrease in the trabecular network of
bone [16]. Frequent infarctions compromise the supply
of blood and nutrients to bones and can result in de-
creased formation of new bone, and the frequent oc-
currence of osteomyelitis can cause destruction of
existing bone. In combination, these processes lead to
increased risk for osteopenia and fractures in patients
with SCD [17-19].

Studies using dual-photon absorptiometry (DPA)
have documented significantly lower bone mineral den-
sities in the lumbar spine of both boys and girls with
SCD compared with normal subjects [18, 19]. It is widely
recognized that although bone densitometry and dual
X-ray absorptiometry (DXA) provide the most accurate
measurements of BMD, these methods necessitate ex-
posure of the patient to small amounts of ionizing ra-
diation. Ultrasound, on the other hand, does not use
ionizing radiation and provides additional information
regarding bone elasticity and microarchitecture [20],
thereby making it a suitable method for monitoring the
efficacy of therapeutic interventions. Quantitative ultra-
sound has been shown to be as good at predicting
osteoporotic fractures as BMD and can predict fracture
risk independent of BMD [21, 22].

Since US parameters are not affected by the size of
bone, the method is useful in examining bones of
growing children [23]. Jaworski et al. [24] demonstrated
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that US analysis can distinguish healthy controls from
children with chronic disorders that are associated with
osteopenia such as osteogenesis imperfecta, hypercal-
ciuria, and steroid-induced osteoporosis. Whether the
quantitative ultrasound parameters, BUA and SOS, are
affected in children with SCD has yet to be determined.

Information regarding the metabolic state of bone
can be obtained by measuring the serum levels of
specific markers of bone turnover. For example, the
N-terminal telopeptide of type 1 collagen (NTx), which
is produced during normal degradation of bone
collagen, is a highly specific indicator of bone re-
sorption [25-27]. Bone-specific alkaline phosphatase
(BSAP) reflects osteoblast activity and is used to
monitor patients with osteoporosis or other metabolic
bone diseases [28, 29].

In this study, we examined the bone status of children
with SCD in Nigeria using quantitative ultrasound
analysis of the calcaneus to determine if US can distin-
guish the bone quality of children with SCD from their
healthy counterparts. Serum markers of bone turnover
were also determined and correlations between the US
parameters and serum markers of bone metabolism were
also explored.

Experimental Subjects

Sickle cell subjects (39 males and 41 females) were re-
cruited from among the patients presenting at the Sickle
Cell Clinic at the Jos University Teaching Hospital
(JUTH) in Jos, Nigeria. The SS genotype of each subject
was confirmed by cellulose acetate electrophoresis of red
blood cell lysates. Controls (41 males and 38 females) of
the same age range were recruited from among the pa-
tients presenting at the JUTH Paediatrics Clinic for
routine immunizations or checkups and from among the
children of the staff of JUTH. Blood samples were ob-
tained for the determination of bone turnover markers
at the time that the ultrasound measurements were
made. An additional 51 healthy male controls and 71
female controls were recruited at the National Hospital
Abuja, Abuja, Nigeria for the measurement of ultra-
sound parameters only. This study was approved by the
Ethics Review Committee of JUTH and by the Human
Research Review Committee of the University of New
Mexico School Health Sciences Center, Albuquerque,
NM.

Methods
Anthropometric Measurements

Weights and heights of subjects and controls were measured
while they were wearing light clothing and no footwear. The
height of each subject, measured to the nearest 0.1 cm, was
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obtained using a wall-mounted stadiometer. Weight was re-
corded to the nearest 0.25 kg. Z-scores for weight and height
were calculated for both the subjects with SCD and the con-
trols using the reference data from the National Center for
Health Statistics [30]. These data are considered suitable for
international use by the World Health Organization [31]. Body
mass index (BMI) was expressed as kg/m?. Mid-arm circum-
ference and triceps skinfold measurements were also obtained.
Information regarding Tanner staging or history of fractures
was not available for the subjects in this study.

Bioelectrical Impedance Measurements

Body composition measurements were made using bioelectri-
cal impedance analysis (BIA). Resistance (R) and reactance
(X,) were determined using a portable bioelectrical impedance
analyzer (BIA-Quantum, RJL, Inc., Clinton Township, MI).
These parameters were used to calculate fat-free mass (FFM)
employing age- and gender-appropriate equations, as de-
scribed elsewhere [32]. Body fat (BF) was calculated as the
difference between total weight and FFM.

Quantitative Ultrasound Measurements

Ultrasound measurements were made using the Achilles™
ultrasonometer (Lunar Corporation, Madison, WI, USA) ac-
cording to the manufacturer’s instructions. The Achilles ™ is an
immersion-type instrument which uses a temperature-con-
trolled water bath. Each subject was seated with his or her
right foot placed in the heel bath of the instrument. For the few
subjects with a foot length less than 22 cm, the position of the
foot was adjusted to align the transducer with the optimal site
of the calcaneus [33] by using foot shims provided with the
instrument, as described by Jaworski et al. [23]. After the in-
troduction of water containing surfactant into the heel bath,
BUA (dB/MHz) and speed of sound transmission (SOS, m/sec)
measurements were made. The stiffness index (SI) was calcu-
lated using the instrument software according to the following
equation:

SI = (0.67 x BUA) + (0.28 x SOS) — 420.

The calculated SI parameter normalizes the BUA and SOS
measurements and corrects for any temperature variations
[34].

Biochemical Markers of Bone Turnover

N-telopeptide of Type 1 Collagen (NTx) in Serum. The con-
centration of NTx in serum was measured by a competitive
enzyme-labeled immunoassay (Osteomark NTx Assay, Ostex
International, Inc., Seattle, WA, USA). Absorbance at 605 nm
was measured using an automated plate reader, and the con-
centration of NTx in the sample was calculated by a calibra-
tion curve constructed with NTx standards. NTx
concentrations are reported as nanomoles of bone collagen
equivalents (nmole BCE) per liter of serum.

Bone-Specific Alkaline Phosphatase (BSAP). The concentra-
tion of BSAP in serum was determined using an enzyme im-
munoassay (Alkaphase B®, Metra Biosystems, Mountain
View, CA, USA). This assay is highly specific for bone alkaline
phosphatase (AP) and cross-reacts less than 8% with liver AP
and not to any significant extent with other AP isoenzymes.
The color developed during the reaction of the BSAP and the
substrate p-nitrophenylphosphate (pNPP) was measured at
405 nm using an automated plate reader. BSAP concentrations
in the unknowns were calculated by a calibration curve fitted
with a quadratic equation and are expressed in units per liter
(U/1). Each unit represents one pmole of pNPP hydrolyzed per
min at 25°C.
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Table 1. Summary of the anthropometric characteristics of the sickle cell subjects and controls

135

Male SCD Female SCD

subjects Controls subjects Controls

(n = 39) (n = 41) P-value (n = 41) (n = 38) P-value
Age (yrs) 14 (9-19)* 14 (8.9-19) NS 13 (8.6-22) 13 (8.5-20) NS
Weight (kg) 30.0 (13.0-60.0)  42.5 (25.0-75.0) <0.001 29.0 (14.0-69.0)  39.5 (25.0-63.0)  0.003
Weight z-score —2.41 (1.02)° —-0.69 (1.02) <0.001 —-1.78 (1.02) —-0.48 (0.80) <0.001
Height (cm) 138 (108-121) 152 (121-188) <0.001 137 (105-164) 151 (122-170) 0.001
Height z-score -2.67 (1.29)° —-0.71 (1.32) <0.001 —-1.97 (1.30) —-0.39 (0.91) < 0.001
BMI (kg/m?) 15.6 (11.1-22.6) 18.1 (13.5-22.9) <0.001 15.7 (6.8-25.7) 17.2 (14.6-22.6)  0.045
MAC (cm) 16.8 (12.7-27.4)  20.5 (6.5-28.3)  <0.001 16.9 (13.9-27.2)  20.0 (12.5-26.0) <0.001
TSF (mm) 6.00 (2.75-23.5)  6.75(3.00-23.7) NS 8.80 (4.0-28.0) 10.6 (5.0-26.0) NS
FFM (kg) 21.6 (9.8444.2)  31.5(17.7-58.6) <0.001 20.0 (9.70-43.5)  29.5 (16.2-43.7) <0.001
FFM (% BW) 75.3 (69.9-81.9)  79.4 (69.0-87.5) <0.001 70.2 (56.5-79.0)  74.3 (65.0-83.4) <0.001
BF (kg) 7.16 (3.15-16.8) 8.3 (4.4-19.4) 0.01 8.43 (5.83-25.5)  9.58 (4.81-25.5) NS
BF (% BW) 24.6 (18.1-30.0)  20.6 (12.4-30.9) <0.001 29.7 (20.9-43.5)  25.7 (16.6-34.9) NS

% Median (minimum — maximum);
b
mean (SD)

NS, not significant, P>0.05; BMI, body mass index; MAC, mid-arm circumference; TSF, triceps skinfold; FFM, fat-free mass;

BF, body fat; BW, body weight

Statistical Analyses

Statistical analyses were performed with the Number Cruncher
Statistical Software program (NCSS 2000, Kaysville, UT).
Results are expressed as the median (minimum-maximum).
Comparisons between sickle cell subjects and controls were
made using the two-sample #-test. For those variables that
were not normally distributed, the Mann-Whitney rank-sum
test was used. Pearson rank correlation coefficients were cal-
culated to determine the relationships among anthropometric
characteristics, serum concentrations of bone markers and
ultrasound parameters.

The lines of best fit for the relationships between the US
parameters (BUA, SOS, and SI) and age for the healthy con-
trols were obtained using the SigmaPlot 5 program (SPSS Inc.,
Chicago, IL). The SigmaPlot curve fitter function utilizes the
Marquardt-Levenberg algorithm to determine the coefficients
of the independent variables that give the best fit between the
equation and the data. The 5% and 95% confidence intervals
for the population data were also computed.

Results

Anthropometric Characteristics

The male and female subjects with SCD were closely
matched by age to their respective controls (Table 1).
The male SCD subjects and controls ranged from 8.9 to
19 years with a median of 14 years. The female SCD
subjects spanned a slightly wider age range than the
males (8.6-22 years), with a median of 13 years. The
median age of the female control subjects was also 13
years.

The weight, height, BMI, mid-arm circumference,
%FFM, FFM, and BF of the male subjects with SCD
were all significantly lower than the corresponding
control values (P<0.001, Table 1). The mean z-scores
for height and weight for the male subjects were signif-
icantly different from those of the control subjects (Ta-

ble 1). Whereas 40% of the male controls had weight z-
scores less than —1, 76% of the male subjects with SCD
had weight z-scores lower than —1. Although the body
fat content of the male SCD subjects was significantly
lower than that of the controls, their body fat when
expressed as a percent of total weight was greater. This
anomaly was probably due to the greater deficit in FFM
than BF in the subjects with SCD.

Similar deficits in weight, height, BMI, MAC, FFM,
and %FFM were observed for the female subjects with
SCD (Table 1). Only 20% of the female control subjects
had weight and height z-scores less than —1 compared
with the female SCD subjects in whom more than 75%
had weight and height z-scores less than —1. However,
there was no difference in BF or %BF between the
female subjects with SCD and their controls. Collec-
tively, these anthropometric data indicated that the male
and female SCD patients were stunted and moderately
malnourished relative to the subjects who served as
controls.

Ultrasound Measurements of the Calcaneus

The ultrasound parameters for the SCD subjects and
controls are summarized in Table 2. The broadband
ultrasound attenuation (BUA), which is a function
mainly of bone density, was significantly lower in both
the SCD males and SCD females relative to their re-
spective controls (P < 0.001). The relationship between
BUA and age for female SCD subjects is shown in
Figure 1A: the solid line represents the predicted value
of BUA for age based on data for the healthy controls
and the dashed lines represent the 5™ and 95" percen-
tiles for the predicted values for healthy Nigerian fe-
males in the age range of 8-20 years (n = 109). The
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Table 2. Ultrasound parameters and serum markers of bone turnover in Nigerian children with SCD and controls

Male SCD Female SCD

subjects Male controls subjects Female controls

(n = 39) (n = 41) P-value (n = 41) (n = 38) P-value
BUA (dB/MHz) 86 (61-118)* 113 (82-157) <0.001 87 (69-136) 101 (62-138) <0.001
SOS (m/sec) 1586 (1493-1641) 1555 (1507-1614)  0.005 1555 (1486-1681) 1541 (1505-1597) NS
SI 78 (49-108) 88 (67-129) <0.001 73 (48-113) 77 (55-117) NS
NTx (BCE/]) 69.9 (28.9-144) 86.1 (10.1-195) 0.01 57.6 (16-155) 81.5 (5.6-143) NS
BSAP (U/) 71.9 (41.4-165) 106 (28.4-288) 0.005 71.8 (14.6-146) 101 (9.7-240) 0.002
BSAP/NTx 1.06 (0.51-2.53) 1.17 (0.55-3.41) NS 1.23 (0.17-14.7)  1.56 (0.69-4.49) NS

# Median (minimum — maximum); BUA, broadband ultrasound attenuation; SOS, speed of sound; SI, stiffness index; NTx,
N-terminal telopeptide of collagen; BCE/I, bone collagen equivalents/l; BSAP, bone-specific alkaline phosphatase
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BUA values of the majority of the female SCD subjects
fell between the 50" and 5™ percentiles defined by the
control population. In a multiple regression model with
BUA serving as the independent variable and age,
weight and FFM as the independent variables, only age
was found to be a significant determinant of BUA for
the female controls. In contrast, using the same model,
weight was found to be the only significant determinant
of BUA for the female SCD subjects.

The relationships between BUA and age for the male
SCD subjects is shown in Figure 1B. All male SCD
subjects, with the exception of one, had a BUA value
below the predicted value, and the BUA value of several
of them fell below the 5™ percentile for the healthy
controls.

The relationships between SOS and age for the fe-
male and male SCD subjects are shown in Figures 2A
and B, respectively. Whereas the majority of the male
SCD subjects had SOS values above the predicted values
for healthy controls, the SOS values for all of the female
SCD subjects, except for one, fell within the 5™ and 95™"
percentiles of the predicted values for age.

The relationships between SI and age for the female
and male SCD subjects are shown in Figures 3A and B,
respectively. A significant difference in the SI was ob-

tained for male SCD subjects and male controls, but no
difference was evident between the SI values for the fe-
male SCD subjects and controls.

Biochemical Markers of Bone Turnover

The serum biochemical markers of the SCD subjects and
controls are summarized in Table 2. The serum levels of
NTx for the male SCD subjects were significantly lower
than for their corresponding controls (69.9 vs. 86.1
BCE/l, respectively; P = 0.01). Although the median
serum NTx concentration for the female SCD subjects
was lower than that for the controls, the difference was
insignificant. In contrast, both the male and female SCD
subjects had significantly lower serum levels of BSAP
compared with their respective controls. Because serum
NTx and BSAP levels are indicative of bone resorption
and synthesis, respectively, we calculated the ratio of
BSAP to NTx. We found no difference in the BSAP/
NTx ratio between the subjects with SCD and controls,
most likely because both serum markers were similarly
reduced in the subjects with SCD.

Significant correlations between both serum NTx and
BSAP and age were obtained for the female SCD sub-
jects and female controls (Table 3). On the other hand,
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neither the male SCD subjects nor the male controls
showed a significant relationship between their serum
NTx or BSAP values and age (Table 3).

Significant negative correlations between BUA and
NTx were obtained for both the female SCD subjects
and controls; however, this relationship was stronger
for the female controls (r = —0.58, P < 0.001 vs. r =
—-0.32, P = 0.05) (Fig. 4A). The serum NTx concen-
tration was not significantly correlated with SOS for
either the female SCD subjects or the female controls
(Table 3). Serum BSAP was inversely correlated with
BUA for both the female controls and female SCD
subjects (Fig. 5A). As was true for the NTx levels, a
stronger relationship between BUA and BSAP was
observed for the female controls compared with the
SCD subjects (r = —0.63, P < 0.001 vs. r = -0.30, P
= 0.05, Fig. 5 A,B). The only significant correlation of
SOS with a serum marker was obtained for BSAP in
the female controls (Table 3). No significant correla-
tions were observed between either bone marker and
any of the ultrasound parameters for the male SCD
subjects or controls.

Age (yrs)

92 Nigerian male controls.
The dashed lines represent the
5™ and 95 confidence limits
for male controls.

Discussion

In this study we have demonstrated that quantitative
ultrasound and serum markers of bone metabolism can
be used to provide insights into the quality and meta-
bolic status of bones of children with SCD. Overall, on
the basis of both physical and biochemical measure-
ments, the bone status of Nigerian boys and girls with
SCD appears to be inferior to that of their age- and
gender-matched controls.

Of the two US parameters, BUA and SOS, the
former showed the greater discrimination between the
SCD subjects and healthy controls. Although both
BUA and SOS are thought to reflect the number,
thickness, and orientation of trabeculae, the BUA
value is regarded as more reflective of bone mineral
density [35]. In contrast, SOS is considered to be more
related to the elasticity of bone [35]. The lack of a
significant change in SOS with increasing age for the
SCD and control subjects in our study corroborates the
results reported by Schonau et al. [36]. In their study of
the bones of healthy German children using US ve-
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Table 3. Correlation of serum bone markers with anthopometric characteristics and ultrasound parameters

Males Females
NTx r NTx r BSAP
SCD Controls SCD Controls SCD Controls SCD Controls
Age 0.17 0.07 0.06 0.19 -0.50* -0.82% 0.57 % 0.70%
BMI 0.09 -0.06 0.08 0.05 -0.28 -0.49¢ -0.53 % -0.53%
FFM 0.31 -0.16 0.26 -0.07 -0.45° —-0.54* —0.48° -0.55%
BF 0.02 -0.11 —-0.01 -0.09 -0.39°¢ -0.69* -0.55% -0.59*
BUA 0.21 -0.07 0.21 -0.08 -0.32° -0.58* -0.30 -0.63%
SOS -0.15 -0.02 -0.40 -0.11 -0.13 -0.26 -0.11 —0.44°
&P = 0.001
b p = 0.002
P =0.01
4P =0.02
P =0.05
160 T T T T T T T T 160 T T T T T L
A
140 140 - o -
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Fig. 4. (A) The relationship between BUA and serum NTx for
female SCD subjects (@, r = —0.32, P = 0.05) and female
controls (O, r = —=0.58, P = 0.001); (B), the relationship be-
tween BUA serum NTx for male subjects with SCD (@, r =
0.21, NS) and male controls (O, —0.07, NS).

locity of the calcaneus, thumb, and patella, they found
that whereas the US velocity through the thumb and
patella increased significantly with age, the velocity
through the calcaneus was age-independent.

The impairment in bone growth associated with SCD
may be partly due to nutritional factors. It is widely rec-
ognized that children with SCD are often malnourished as
the result of their increased rate of metabolism or because

Fig. 5. (A) The relationship between BUA and serum BSAP
for female subjects with SCD (@, r = —0.30, NS) and female
controls (O, r = -0.63, P = 0.001). (B) The relationship
between BUA and serum BSAP for male subjects with SCD
(@, r = 0.21, NS) and male controls (O, r = —0.08, NS).

of deficiencies of specific nutrients required for growth. In
addition, body weight is a significant determinant of
BMD. We [32] and others [5-7, 12, 37] have shown that
children with SCD have decreased total body weight and
fat-free mass compared with children without the disease.

IGF1 is a growth hormone (GH)-dependent peptide
that circulates in the plasma bound primarily to
IGFBP-3. IGF-1 is a potent stimulator of bone forma-
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tion, and administration of IGF-1 has been shown to
promote bone formation in animals and humans [38,
39]. IGFBP-3 prolongs the half-life of IGF-1 and the
bioactivity of IGF1 is dependent on the presence of
IGFBP-3. Furthermore, the levels of circulating IGF1
and IGFBP3 are related to nutritional status [40, 41].
Soliman et al. [19], in their study of the relationship of
bone density and growth factors, reported that children
with SCD have lower circulating levels of IGF-1 and
IGFBP-3 compared with controls of the same age and
gender. In addition, 40% of their SCD subjects showed a
defective GH response on provocation.

Bone density is dependent not only on chronological
age but on bone age and pubertal stage as well. Barden
et al. [5] reported a greater than 1 year delay in the bone
age of African-American children with SCD. Children
with SCD also experience delayed sexual development
[12, 13], and delayed puberty is known to have an effect
on the accretion of peak BMD. Finkelstein et al. [42, 43]
demonstrated that otherwise healthy adult men with a
history of constitutionally delayed puberty have a de-
creased radial and spinal bone mineral density. Since the
timing of puberty can be a critical determinant of peak
bone mass, the bone density acquired during adoles-
cence may therefore influence the risk for fracture later
in life. Although pubertal stage is a determinant of bone
density in growing children, van den Bergh et al. [44],
using multiple step-wise regression analysis of the
calcaneal ultrasound of healthy male and female chil-
dren and adolescents, reported that after correction for
age and weight, Tanner stage was not an independent
determinant of BUA. Our finding that age was the main
determinant of BUA for the female controls, whereas
weight was the main factor determining BUA in female
SCD subjects, indicates that in the malnourished state,
weight may be more important than age in influencing
the acquisition of bone mineral density.

Nutritional supplementation has been suggested as a
means for overcoming the growth deficit in children with
SCD. However, only limited data are available regard-
ing the efficacy of caloric supplementation in SCD [45].
If nutritional supplementation were shown to be an ef-
fective way to increase the overall growth and develop-
ment of children with SCD, a method for determining
the effect of dietary intervention on the bones of chil-
dren with this disease would be important. Because US
uses no ionizing radiation, frequent repetitive measure-
ments would not expose the subject to any hazard,
thereby providing a convenient and safe means of fol-
lowing bone development in children.

The significantly lower levels of serum bone markers
that we observed for the subjects with SCD in this study
may be due to the malnourished state of the subjects.
Body composition parameters in this study, and a pre-
vious study in which we determined the body composi-
tion and serum prealbumin concentrations in controls
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and SCD subjects in Nigeria [46], indicate that the latter
are less well nourished than children who do not have this
disease. Although there are few data regarding bone
marker levels in children, it is known that the levels of
certain bone markers change during growth, particularly
during puberty [47]. Our observation of significantly
different levels of serum bone markers in SCD subjects
and controls in the present study may be due in part to the
fact that the SCD patients and controls were not matched
for Tanner staging. In contrast to our results, Soliman et
al. [19] found normal levels of bone ALP in 28 prepu-
bertal children with SCD. In a study of young adults with
SCD in Saudi Arabia, Mohammed et al. [48] reported
increased serum levels of ALP and increased urinary
excretion of hydroxyproline which they attributed either
to delayed growth or to increased destruction of bone.

Although the two biochemical markers of bone
turnover (NTx and BSAP) and the results of US analysis
both distinguished the male and female SCD children
from their respective controls, significant correlations
between serum bone markers and ultrasound parame-
ters were obtained only for the female subjects (Table 3).
The different findings for male and female subjects may
be related to their varying response of the bone markers
to hormones related to sexual development. We did not
measure the levels of sex hormones in the subjects who
participated in this study, nor did we obtain information
regarding Tanner staging.

In summary, we have determined that US analysis, in
combination with serum markers of bone metabolism,
can be used to distinguish the bone development of
children with SCD from that of nonaffected controls.
Because of the noninvasive nature and portability of
ultrasound, it should be a useful method for monitoring
interventions aimed at improving the overall nutritional
status and bone quality in children with SCD.
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