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Osteopenia in extremely low birthweight infants
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SUMMARY Fifteen extremely low birthweight (ELBW) white infants (those weighing 1000 g or
less) were observed at birth, within eight weeks of birth and near 40 weeks postconception. On
the second and third occasions, weight, crown-heel length, and bone mineral content of their
forearms were measured. Fifteen infants born at full term on whom similar measurements were
made soon after birth acted as controls. Between 32 and 39 weeks the median weight of ELBW
infants increased from 970 g to 1850 g and crown-heel length from 35-7 cm to 41-0 cm. There was
no evidence, however, of bone mineral accretion in the measurement region; initial and final
median measurements of bone mineral content were 76 mg/cm and 86 mg/cm, the median
individual difference being only 4 mg/cm with an interquartile range of 25 mg/cm. Median weight,
crown-heel length, and bone mineral content of the control group were 3270 g, 50-6 cm, and
196 mg/cm, respectively. Compared with the controls, ELBW infants at 39 weeks were a median
(interquartile range) of 1420 (525) g lighter, 9-9 (3-9) cm shorter, and had a bone mineral content
deficit of 108 (32) mg/cm.

In terms of weight and crown-heel length ELBW infants at 39 weeks were comparable with
infants born and observed at 32 weeks' gestation; compared with these infants the bone mineral
content deficit in the ELBW group was about 33%.

It has been shown that in neonates the bone mineral
content of the radius and ulna can be measured
precisely and accurately by single photon
absorptiometry. l-5 Using that technique we have
shown that there is a substantial deficit in bone
mineral content in most preterm infants when they
reach a postconceptional age of 40 weeks compared
with infants born at full term who were observed at
birth.2
Such a deficit may be the result of reduced density

of mineralisation caused by a low rate of mineral
accretion on existing organic matrix, or by a
reduction in bone size caused by impaired skeletal
growth, or a combination of the two. The relative
contribution of each factor to undermineralisation in
preterm infants is unknown, but has important
implications for the assessment and treatment of
osteopenia of prematurity. There is evidence, for
example, that reduced rates of mineral accretion can
be improved by mineral supplementation,3 and that
radiographically detectable undermineralisation can
be ameliorated by vitamin D supplementation.6 In
contrast, reduced bone growth tends to be associ-
ated with reductions in general measurements of

growth such as the rates of increase of body weight
and crown-heel length, which may reflect inade-
quate nutrition in general.
To assess the relative contributions of a reduction

in the density of mineralisation and bone size to the
known bone mineral content deficit in preterm
infants at 40 weeks, we studied a series of extremely
low birthweight (ELBW) infants (those weighing
1000 g or less) who as a group were expected to have
a more severe degree of undermineralisation than
larger infants.7

Patients and methods

Parental consent was obtained to carry out the
investigations in every case and the study had the
approval of the local hospital ethics committee.

PRETERM ELBW INFANTS
Fifteen preterm white infants (eight of whom were
boys) of birth weight 1000 g or less were recruited
over a three year period. Gestational ages were
calculated from maternal menstrual history and
where possible were confirmed by either external
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examination8 or by ophthalmoscopic examination of
the lens (table 1).9 Gestational ages ranged from 25
to 30 weeks. Birth weights ranged from 650 to
1000 g, and were appropriate for gestational age in
all but two cases, cases 2 and 5.

In all cases the bone mineral content (mg/cm) was

measured within eight weeks of birth at the middle
of the right forearm by photon absorptiometry.1 2
The amount of radiation was small, the skin entry
dose being 0-03 mGy/investigation. Postconceptional
ages at that time ranged from 29 to 35 weeks; weight
(g) and, except in one case, crown-heel length (cm)

were measured just before the scan. Between 37 and
42 weeks after conception, the ELBW infants'
weights, crown-heel lengths and bone mineral con-
tents were measured again (tables 2 and 3).

CONTROLS GROUP BORN AT FULL TERM
Fifteen white infants born at full term were identi-
fied from our existing database to serve as controls.
Each one had had measurements of weight, crown-
heel length, and bone mineral content carried out
within one week of birth and could be matched with
an ELBW infant, the matching variable being post-

Table 1 Sex, gestational age at birth, and weight of the matched pairs of ELBW and control infants born at full term

Pair ELBW infants Infants born at full term
No

Sex Gestation Weight Sex Gestation Weight
(weeks) (g) (weeks) (g)

1 Female 27 650 Female 38 3440
2 Male 29 725 Female 38 3470
3 Male 27 740 Male 40 3070
4 Female 27 780 Female 38 2900
5 Female 30 800 Female 38 2980
6 Female 26 840 Female 41 4440
7 Male 25 925 Male 39 3680
8 Female 26 950 Female 38 3430
9 Male 27 950 Male 39 4300
10 Female 26 960 Female 40 3930
11 Male 28 1000 Male 39 3840
12 Male 28 1000 Male 40 4160
13 Male 27 1000 Male 38 3420
14 Female 28 1000 Female 37 2880
15 Male 29 1000 Male 37 2840

Median (interquartile range) 27 (2) 950 (220) 38 (2) 3430 (950)

Table 2 Postconceptional age, weight, crown-heel length, and bone mineral content of the ELBW infants on the first
occasion that absorptiometry was carried out

Case Postconceptional Weight Crown-heel Bone mineral content
No age (weeks) (g) length (cm) (mglcm)

1 30-43 700 33-1 75-58
2 30-29 675 33-4 58-81
3 34-71 970 37-0 72-01
4 34-00 1025 35-0 89-99
5 33-43 1050 36-2 60-61
6 30-14 800 35-6 96-54
7 29-00 910 35-2 72-11
8 31-86 950 - 72-21
9 30-57 975 38-2 75-27
10 29-29 825 35-3 71-62
11 30-71 1000 39-5 98-69
12 31-43 955 35-6 79 09
13 35-00 1100 35-8 106-87
14 31-14 1250 38-9 79-43
15 31-29 1000 37-1 89-78

Median (interquartile range) 31-14 (3-14) 970 (200) 35-7 (1-9) 75 58 (17-98)
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Table 3 Postconceptional age, weight, crown-heel length, and bone mineral content of the ELBW infants on the second
occasion that absorptiometry was performed, and of the control infants born at full term on the first occasion that
absorptiometry was performed (soon after birth)

ELBW infants

Postcon- Weight
ceptional age (g,
(weeks)

38 14
38 14
40 57
38-00
37.43
41 29
39-14
38-71
39 00
40 86
39 86
40 86
38 71
37 14
37(00

1850
1500
1620
1440
1600
2520
2395
2170
1850
3050
1900
1980
1400
1700
1350

Crown-heel
length
(cm)

41-0
39-2
39.5
39 8
39-6
460
43.5
44.3
43-1
47.7
40 9
42 7
39 1
43.5
39-7

Bone mineral
content
(mglcm)

64-95
65-04
89-18
65-95
68-72
79-86
91 61
86-26
68 80
100 66
102 25
90-35
109-23
60-88
92-06

Infants born at full term

Postcon- Weight
ceptional age (g)
(weeks)

38 43
38 71
4057
38 43
38 14
41-14
39-14
38-71
39-00
40-86
39-86
40-86
39-00
37-14
37-29

3370
3270
2920
2800
2980
4440
3680
3250
4300
3830
3710
4060
3030
2880
2770

Crown-heel Bone mineral
length content
(cm) (mglcm)

48-6
48-6
50-6
49-7
51-0
60-0
51*0
50-6
54-3
54-0
53-0
54-2
49-0
49.7
48 8

143 06
195 66
180 39
208 36
191 77
208 86
205 43
204 13
182 45
173 76
197-34
198-82
217 50
127 32
183 90

Median
(interquartile
range) 38 71 (2-57) 1850 (670) 41-0 (3.9) 86-26 (26.11) 39 00 (2.14) 3270 (910) 50 6 (5.0)

conceptional age at the time the scan was per-
formed; for the ELBW infant, this was the age at
the second scan. Ages were matched to within one
week and with one exception the pairs were
matched for sex (tables 1 and 3).

STATISTICAL ANALYSIS
Non-parametric tests were used throughout. Null
hypotheses that paired groups had common medians
were tested using the Wilcoxon signed rank test.
Rank correlation coefficients were compared using
Spearman's test. Because we have shown that
intrauterine growth curves for weight, crown-heel
length, and bone mineral content are exponential,"'
logarithms of the measurements were used to
examine correlations between rates of change.

Results

ELBW INFANTS
In the interval between birth and the first scan

(median (interquartile) 3-4 (2-7) weeks), the median
weight gain (g) in the ELBW infants was zero

(interquartile range 270 g). Thus at the time of the
first scan the distribution of weights in that group
was similar to the distribution of weights at birth.
The second scans were performed at a median

postconceptional age of 38-7 weeks, the median
(interquartile) time interval between the first and

195-66 (25.04)

second scans being 7-7 (3.7) weeks. During that time
the median (interquartile) weight increase was 875
(770) g and the median crown-heel length increase
was 4-85 (4.60) cm; both increases were significant
(p<0-01) and individual rates of weight and crown-
heel increase were significantly associated (r=0-56,
p<005; logarithmic data). Comparing the median
increases with the median values at the time of the
first scan, weight nearly doubled, and crown-heel
length increased by 15%. In contrast, the median
(interquartile) change in bone mineral content
between the two scans was only 3-56 (24.68) mg/cm,
and was not significantly different from zero. There
was no evidence in the data to suggest that the
ELBW infants with the higher gestational ages at
birth had mineralised their bones more rapidly than
the remainder.

DIFFERENCES AT 39 WEEKS BETWEEN ELBW INFANTS
AND THOSE BORN AT FULL TERM
The median (interquartile) values of postconcep-
tional age at the time of second scan in the ELBW
group and the time of the first scan in the control
group were 38-7 (2-6) weeks and 39-0 (2-1) weeks,
respectively.
The ELBW infants were significantly lighter than

those born at full term (p<0-01), the median
difference between the pairs being 1420 (525) g. In
the group born at full term the median weight was

Pair
No

2
3
4
S
6
7
8
9
10
11
12
13
14
15
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3270 g; the weight deficit in the ELBW group was
therefore about 40%. The ELBW infants were also
significantly shorter (p<0-01), the median crown-
heel length difference between the pairs being 9-9
(3.9) cm, about 20% less than the median crown-
heel length in those born at full term (50.6 cm). In
the ELBW infants, there was significantly less
mineral in the region scanned (p<0.01), the median
difference in bone mineral content between the
pairs being 108 (31-84) mg/cm; the median differ-
ences in bone mineral content was about 50% of
that in those born at full term.

Discussion

Previous radiographic studies have shown dis-
ordered bone mineralisation in 75% of ELBW
infants.7 We found severe osteopenia in all cases
caused by an almost total failure of mineralisation
from birth onwards; at about 39 weeks postconcep-
tional age, every ELBW infant had a bone mineral
content value below the lowest control value (127-32
mg/cm).
Because measurements of bone mineral content

are influenced by density of mineralisation and by
bone size, the osteopenia detected in the ELBW
group might have been caused by a mineralisation
defect alone, reduced linear growth alone, or a
combination of the two. Our data have shown that
retardation of growth did occur in a high proportion
of the ELBW infants; 14 of the 15 infants at 39
weeks weighed less than the lowest control value
(2770 g), and all had crown-heel lengths below the
lowest control value (48-6 cm). As a group the
ELBW infants at 39 weeks had weights and crown-
heel lengths similar to those of newborn infants of
gestational ages of 32 weeks or less. Even such a
profound reduction in growth rate, however, could
not explain the observed mineralisation deficit
observed at 39 weeks. The expected mean bone
mineral content at birth for a group of infants of 32
weeks' gestation is 123 mg/cm,'( whereas the mean
value in the ELBW infants at 39 weeks was 82-4
mg/cm (median 86-3 mg/cm), 33% less than ex-
pected. This deficit indicates what is commonly
understood by the term 'metabolic bone disease'
and it is this component that is probably shown on
standard radiological assessment.
Our results therefore indicate that in ELBW

infants osteopenia of prematurity detected by
photon absorptiometry at about 40 weeks is caused

both by reduced growth and by reduced density of
mineralisation. It has previously been suggested that
such osteopenia is the result of insufficient dietary
intake of mineral, and that dietary mineral supple-
mentation might normalise bone mineral content by
the postconceptional age of 40 weeks.3 It is,
however, clear from our results that in the most
immature infants growth failure is an important
factor in osteopenia at that time. Achievement of
normal values of bone mineral content in ELBW
infants requires not only successful mineral supple-
mentation, but also successful stimulation of post-
natal growth toward the rate achieved in utero.
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