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ABSTRACT

Metabolic bone disease (MBD) or rickets 1is frequent in
very low birth weight infants. A descriptive cross-
sectional hospital based study was carried out from April
to June 1995 to find out the magnitude, contributory
factors, morbidity and suitable biochemical diagnostic

tests for MBD.

The outcome of this study was expected to show whether
calcium and phosphate supplementation was indicated in
exclusively breast fed VLBW infants. 100 infants at the
postnatal age of 6-12 weeks with birth weight of 1500g or

less were studied.

The health status of the infants was assessed by thorough
history and physical examination. Double view radiography
of left wrist was done on all infants and serum calcium,
phosphate and alkaline phosphatase were determined. The
radiography was used to identify presence or absence of

MED .

33 out of 100 (33%) infants, 16 males and 17 females were
diagnosed to have metabolic bone disease radiographically.
The mean gestational age of the infants with metabolic bone

vii
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disease was 30.4 weeks (SD=2.7 weeks) while that of the
infants without metabolic bone disease was 32 .4 weeks (SD=3

weeks) (P value=0.003).

There was no significant difference in birth weight between
infants with MBD and infants without MBD. However, the
postnatal weight was significantly different. Infants with
MBD weighed 2955.5g to 5660g, while infants without MBD

weighed 1170g to 3700g (P=0.008).

The mean postnatal occipito-frontal circumference was
35.6cm (SD=2.8) in infants with metabolic bone disease and
34 .2cm (SD=3.4) in infants without metabolic bone disease (P

value=0.053) .

The mean length was 47.7cm (SD=5) and 45.0cm (SD=4.3) in
infants with metabolic bone disease and in infants without
metabolic bone disease respectively (P value=0.006). No
significant difference in serum calcium and phosphate was
observed between infants with MBD and those without MBD.

The mean serum alkaline phosphatase was 1052.9iu/L
(SD=493.3iu/L) in infants with metabolic bone disease and
766.8iu/L (SD=301.7iu/L) in infants without metabolic bone

‘disease (P value=0.006).



iv

MBD was not affected by parity or multiple delivery.

It is concluded that metabolic bone disease is common in
very low birth weight infants. Hence calcium and phosphate
supplementation intervention study should be done to find

out its effect on MBD incidence.
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ABBREVIATIONS

ALP Alkaline phosphatase

Bwt Birth weight

B Coeffient

cm Centimetres

CPL Central Pathology Laboratory
GA Gestational age.

g grammes

IQ Intellingence quotient

i.u/L International units per litre.
MBD Metabolic Bone Disease

MCH Maternal and Child Health

MMC Muhimbili Medical Centre

mmol /L Millimoles per litre.

OFC Occipito-frontal circumference
SD Standard deviation

SE Standard error

+ve Positive

-ve Negative

VLBW Very low birth weight
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INTRODUCTION AND REVIEW OF LITERATURE

Human breast milk has been recommended as an ideal food for
infants. It offers immunological protection against
infection, encourages maternal-infant bonding and may

protect against necrotizing enterocolitis (1) .

Although human breast milk may be an ideal nutrient for
term infants, there is doubt about its adequacy in
providing correct nutrition to preterm infants. Premature
infants grow more rapidly than term infants in:arder To
catch-up and this fast growth may unmask nutritional
inadequacy of human milk which are not apparent at slower

growth rates (2,3).

Studies on neuro-developmental outcome in preterm infants
fed breast milk show that these infants fair better and
have higher intelligence quotient (IQ) than those fed
formula (4). Breast milk contains various factors for
neurodevelopment . This has been substantiated by the fact

that it contains long chain 1lipids (docosahexanoic acid

22.6 w-3) which accumulates in large amounts in the
developing brain and retina (5). Human milk also contains
numerous hormones and trophic factors (5,6).

Preterm infants differ from term infants in a number of
aspects. Some of the intrinsic difference with important

nutritional implication in the preterm include:- poor
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storage of glycogen, fat, calcium, phosphorous and iron
(7). For this reason, during the period of rapid growth,
clinical conditions like aneamia of prematurity and rickets
of prematurity have been seen to affect the preterm infant

(2-8) .

With the renewed interest in breast feeding and the
@iscussion on nutritional advantages of breast milk versus
milk formulars, there is an increased desire among mothers
giving birth prematurely to provide expressed breast milk.
Harvey et al analysed milk from 10 mothers giving birth at
38-40 weeks gestation and other 17 mothers giving birth at
26-33 weeks gestation for energy and macronutrients. Except
for protein, which was 10-20% higher in mothers giving
birth to preterm babies, the concentrations of the other
nutrients measured (sodium, pottasium, chloride,
phosphorous and magnesium) were similar in both groups.
This study indicates that preterm milk is suitable for the
preterm infant (9). However, a meta-analysis of 10 studies
by various authors indicate that the levels of calcium and
phosphorous are either equal or less than those obtained
from milk of mothers delivering at full term (10). This
implies that the rapid catch-up growth of the preterm
infant is not adequately met with these levels of calcium

h .
andhgyggggate



METABOLIC BONE DISEASE (RICKETS OF PREMATURITY)

Metabolic bone disease in extreme preterm infants is now a
well recognised problem (11—13). It is also known as
rickets of prematurity or osteopenia. Decreased
mineralisation or osteopenia 1is frequent in preterm
infants, usually sub-clinical and diagnosed only after
development of severe complications such as fractures or
overt rickets (14-17). While osteopenia implies only under-
mineralisation, rickets implies a radiological and clinical

disease at the growing end of the long bones (14-17).

The pathogenesis of rickets include vitamin D deficiency
and subtrate deficiency of calcium and phosphorous.
Although vitamin D intakes of 800 to 1000 IU per day may be
required to ensure adequate hepatic 25-hydroxylation, there
is little evidence that this 1is the primary cause of
metabolic bone disease (18). The main cause of metabolic
bone disease of prematurity is SEEEEEEEimﬂffff}enCY'

Infants weighing less than 1500gms have largé requirements
for calcium and phosphate. The quantity of calcium‘and
phosphorous retained by the fetus during the last trimester
is also inadequate. It is evident that unsupplemented
breast milk can supply only a fraction of these to meet the

rapid catch-up growth of these infants with poor stores of

calcium and phosphate (2,19,20).
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Although calcium absorption by the preterm infant 1is
usually poor while phosphate is well absorbed, there 1is
evidence that phosphorous deficiency is an important factor
in metabolic bone disease of prematurity. Infants fed
breast milk may have extremely low plasma concentration of
phosphate, but normal or even higher levels of calcium
(21,22) and a raised urinary calcium excretion (18). Human
breast milk contains 15mg phosphorous per 100 ml in
contrast to term formulas (about 30mg per 100ml) and
formulas designed for preterm infants (about 40 mg) . When
phosphorous intake is inadequate, plasma reserves fall and
phosphorous is withdrawn from the skeleton in order to
maintain protoplasmic function. Calcium cannot be used for
bone growth in the abscence of phosphate and so it is lost
in the urine (23). In a multicentre study, plasma phosphate
concentration was low and alkaline phosphatase activity was
higher in infants fed breast milk than those fed formula

(24) .

It is not possible at present to define an independent role
of calcium deficiency in bone disease of prematurity,
though some studies suggest that breast fed preterm infants
may benefit from supplementing both calcium and phosphate

(255
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Information is 1lacking on the influence of prenatal
nutrition on the risk of developing metabolic bone disease,
but it is possible that poor placental transfer of calcium
and phosphorous may contribute since it has been found to
be more common after deliveries complicated by pre-
eclampsia (26). Likewise copper and other minerals have
been suspected to cause rachitic likg bone changes but ﬁhe

PR

importance of this is uncertain (16,27).
Antenatal factors related to neona;g}_hypoca;caemic

convulsions occuring in infants at the end of the 1st week

of life are:- increasing maternal age, higher parity and
lower social class (28). Cases of neonatal rickets
associated with asymptomatic hypocalceamia have Dbeen

reported (29).

A study done by Hillman et al in 110 third trimester
xpregnant‘women showed no correlation of calcium and 25
hydroxyvitamin D serum levels, social class and child
spacing with maternal age, parity or gestation (30). It is
not known whether maternal age or parity can influence the
occurence of metabolic bone disease (MBD) in the newborn,

especially in preterm infants who are more affected by the

disease.

Gestational age on the other hand has been found to be
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associated with MBD. Koo et al in their study in 19 very
low birth weight infants (<1500 gms), 6 infants with MBD
had mean gestational age of 26.8 + 0.8 (weeks) wvs 13
infants without MBD with mean gestational age of 29.2 % 2.5
(weeks) . The gestational age difference in the two groups
was statistically significant (P value <0.001) (31). 1In
the same study infants with MBD had lower birth weight than

in infants without MBD (P = 0.05).

Litte is known about parity or multiple delivery 1in
conjuction with MBD. However, Kovar et al has reported one
case of MBD developing in the 2nd twin at 6 weeks of life.
The twins were born at 30 weeks gestation after a normal
pregnancy to a 23 year - old well nourished primigravida

32).

INCIDENCE

Different incidences have been reported from different
centres. Studies done in the developed countries show that
the incidence of metabolic bone disease ranges between 13-
32% (11,12). It is has been found most often and in its
severest form in infants less than 1000 gms birth weight,
in whom radiological rickets has been described in up to
57% of cases (14). Local data are missing as regards the
incidence and prevalence of metabolic bone disease amongst

surviving preterms in Tanzania.



DIAGNOSIS

The 3 diagnostic approaches toO MBD are: clinical,

biochemical and radiological.

CLINICAL DIAGNOSIS.

Early signs of metabolic bone disease of infants include:-
craniotabes, thickening of wrists and ankles and palpable
enlargement of costochondral junctions (rickets rosary)
(33) . Rachitic infaﬁts may present with irritability, pain
and tendeness of affected bones. In severe cases fractures

and respiratory distress may occur (34,35).

In 19 infants studied, 6 of them were diagnosed to have
radiological metabolic bone disease and showed evidence of

craniotabes (31).

BIOCHEMICAL DIAGNOSIS:

Metabolic bone disease of prematurity 1is associated with
raised plasma alkaline phosphatase activity (36). This has
been useful in epidemiological studies and those with grade
1T and III changes have activities greater than 1000 IU/1.
However the normal values overlap with minor grades. Thus
it remains useful in confirming severe cases (37). In the
same study it was shown that alkaline phosphatase activity
of five times the upper 1imit of the normal adult reference

range is acceptable in the preterm infant but an activity
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higher than this may suggest rickets. Levels above 7.5

times higher are associated with active bone disease (38).

Raised alkaline activity could be detected as early as 5
weeks of life in 6 infants with metabolic bone disease out
of 19 infants with less than 1500g birth weights studied

{307 =

In another study, a significantly higgggmwggkaligg

phosphatase activity was noted starting from 2 - 4 weeks of

P

age in 37 out of 157 infants studied by Callenbach et al.
Radiological rickets was jater confirmed in these 37

infants (12).

While levels of phosphates are constantly low in metabolic
bone disease, calcium levels can be normal or even raised.
In most of the infants with clinical evidence of metabolic
bone disease proven by raised alkaline phosphatase and
radiological evidence, the gserum calcium levels were normal
(18,19) . This did not mean that they had adequate calcium
ljevels and these were in fact found to poorly correlate

with the grade of the disease.

Infants fed breast milk may have extremely low levels of
plasma phosphate, but normal or even high concertrations of

plasma calcium and raised urinary excretion of calcium
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(18,19) . Infants with grade II and III bone changes have a
significantly lower phosphate level than those infants

without serious bone disease(38).

RADIOLOGICAL DIAGNOSIS:

Despite its limitations in quantifying the severity of the

disease and the fact that it may miss minor changes, it

remains an important diagnostic tool and is reliable for

the diagnosis of marked generalised under-mineralisation

and bone end changes of all grades of metabolic bone

disease of prematurity. The following classification has

been suggested and proves to Dbe satisfactory in

practice(31) .

Grade 0- normal.

Grade 1I- rarefaction only.

Grade II- bone end changes (fraying and cupping of the
metaphysis, subperiosteal new bone formation) .

Grade III-the changes in Grade I and II, with fractures.

Radiography of the wrist is the best for early diagnosis
since characteristic bone changes of the ulna and radius

occur at an early stage (33).

PROGNOSIS OF METABOLIC BONE DISEASE

Some of the infants with biochemical and radiological
evidence of osteopenia have a self limiting course. However

some of them do develop rib fractures and respiratory
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distress. Some infants develop acute metabolic disturbance
comprising of profound hypophosphataemia and
hypercalceamia. Biochemically evident rickets is associated
with short term delay in linear growth. The long term

consequences, however, remain to be investigated(39).

HYPOTHESES :

1. The prevalence of Metabolic bone disease is high in
very low birth weight infants.

2. Exclusively breast fed very low birth weight infants
are prone to develop metabolic bone disease.

postnatal growth and multiple delivery.
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STUDY OBJECTIVES:

BroaDp OBJECTIVE:

To determine the magnitude of metabolic bone disease in

preterm infants of birth weight of 1500g or less who are

exclusively breast fed.

SPECIFIC OBJECTIVES:

Ao

To determine the prevalence of metabolic bone disease

in exclusively breast fed. preterm infants.

To determine the association between metabolictbone
disease and mean length at 6-12 weeks postnatal age in
very low birth weight preterm infants.

To determine the relationship between the gestational

age of the infant and metabolic bone disease.

To determine whether infant factors like multiple
deliveries such as twin, triplets, quadriplets

influence the development of metabolic bone disease.

To determine whether maternal factors such as parity,

influence the development of metabolic bone disease.

To find out serum levels of calcium, phosphorus and
alkaline phosphatase in infants with MBD and compare

them with those of infants without MBD.
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RATIONALE OF THE STUDY:

In Tanzania exclusive preast-feeding is advocated for 4 -
6 months of life except for orphans who do not have a first
degree relative toO foster. The incidence of low birth
weight in Tanzania is 16% and nearly 40% of these are less
than 1500g (40). Among the low birth weight infants
surviving through the critical neonatal period the post-
neonatal mortality is nearly 20% (40). There are no studies
that have looked into the growth patterns of LBW infants
who are exclusively breast fed and whether metabolic bone

disease of the preterm is a major problem.

The outcome of this study will indicate if metabolic bone
disease is common among the very low birth weight infants.
The findings will lead to consideration of supplementation

of calcium and phosphates in these infants.

PATIENTS AND METHODS :

The stﬁdy was a descriptive cross sectional and hospital
based. The study period extended from 15t April to 30%°
June 1995. The target population consisted of 100
exclusively breast fed infants of 1500g or less birth

weight who were aged between 6 and 12 weeks.

gampLE SIZE - Based on the prevalence of metabolic bone

disease of 13 - 32% as reported by other studies from
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different countries the estimate of the prevalence (P) of
metabolic bone disease in this study was assumed to be

22.5% and the margin of error (E) to be 9.5%. By using the

formula: -
n = (1.96)%. P (100-P)
B2
for sample size calculation for cross - sectional
studies (41), where n = Sample size, P = rough estimate of

prevalence and E = margin of error, the minimum required
sample size for this study was found to be 75 infants.
However, 100 infants were studied so as to increase the

power of the study.

INCLUSION CRETERIA INCLUDED :

Infants with birth weight of 1500g or less.
Age between 6 - 12 weeks

Exclusive breast feeding

Absence of major congenital abnormality

Parents’ informed consent granted.

EXCIAUSION CRETERIA:

1. Clinical diagnosis or suscipicion of the following
conditions: -
Renal disease
Hepatic disease

G.T.I. problems e.g. steatorrhoea, diarrhoea

-
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Severe malnutrition
Thyroid disease

2. Infants with insufficient perinatal records.

STUDY POPULATION :

The study was carried out at MMC postnatal follow up
ghimic. The clinic caters for all infants who were
admitted into the neonatal unit for various reasons
including preterm infants weighing 1500g or less at birth.
The usual first follow up postnatal visit was between 4 and
6 weeks which coincided with the time for diphtheria,

pertussis, tetanus and oral polio immunization.

DATA COLLECTION :

During the first follow up clinic attendance, informed
consent regarding the study was sought from the mothers of
all eligible infants. Enrolment of infants was done as they
came. A structured questionnaire was filled with the
required information of the infants and mothers (see

appendix I).

Medical documents such as discharge forms of the infants
and mothers and MCH cards were used to obtain the relevant
information required in the questionnaire. When sufficient
information was not available infants were excluded from

the study.
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Health status of infants was determined by thorough history
and physical examination. Infants discovered to have
conditions which could interfere with calcium and phosphate
homeostasis (see exclusion creteria) were excluded from the
study.

RADIOLOGICAL EXAMINATION :

For all infants recruited in the study, anteroposterior and
lateral view X-rays of the left wrist were done to identify
those with metabolic bone disease. The X-ray findings were

reported by the same radiologist.

BLOOD COLLECTION:

All infants (33 of them) with radiological bone changes of
rickets, and other 33 randomly selected unmatched infants
with normal x-ray results, had blood specimen taken from
them. Using non-reusable (disposal) syringes and needles,
femoral venepuncture was done after thoroughly cleaning the
venepuncture site with a swab soaked in &O% alcohol. About
5 mls of blood was drawn and put into empty sterile bottles
labelled with serial numbers of the infants. Serum was
separated from the blood specimens by a qualified
technician and put into similar serially labelled aliquot
containers. Serum in these aliquot containers was stored
under - 20°C and was analysed for calcium and phosphorus

levels and for alkaline phosphatase activities after one to

two weeks.
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ANTHROPOMENTRY :

WEIGHT:

This was taken while the child was nude using a standard
beam balance (Seca). The weight was recorded to the nearest
10g.

LENGTH :

Lenght boards were used to measure the lengths. The infant
was placed lying supine on a flat surface. One observer
held the child’s head in contact with the board at the top
of the table, while the investigator straightened the legs
and turned the feet upwards at right angles to the legs and
the sliding foot board was Dbrought in contact with the
infant’s heels. Then length was determined and recorded to
the nearest 0.lcm.

OCCIPITO-FRONTAL CIRCUMFERENCE :

This was measured in cm using a non-stretchable tape from
the occiput to pass just above the eyebrows.

BIOCHEMICAL DETERMINATION :

Biochemical tests were done at the Department pf £linical
Chemistry, CPL, Muhimbili Medical Centre. Calcium and
phosphate serum levels were estimated using Sackler-Anal
and Hohenwallner-Wimmer Brock methods (42) respectively.
Serum alkaline phosphatase activity was determined using
Bassay Lowry Brock method (42) .

STATISTICAL ANALYSIS:

The data was analysed in the Institute of Public Health,
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Muhimbili University College of Health Sciences (MUCHS) .
Data Processing (entry and cleaning) was done using DBASE
IV computer programme. Statistical analysis packages of
Epi-Info and SPSS were used in the major part of data
analysis. Statistical significance testing of differences
between means and proportions were done using student t-
test and X’ tests respectively at a significance level of
0.05. That is, a P-value of <0.05 indicated a significant

association or difference that was being tested.

The outcome variable (MBD) as measured by radiological bone
changes was treated as a binary response. That is, the
infant was either normal (Code=0) or has metabolic bone
disease (Code=1). Multiple logistic linear regression was
used to examine effects of alkaline phosphatase,
gestational age, birth weight, postnatal age and current
weight on the outcome variable. These five explanatory
variables were picked on the basis of their medical

importance in explaining radiological bone changes.

A computer program LOGXACT was used to fit the logistic
regression model of the form:- Logit p=Bo + Blxl + B2X2 +
B3X3 + B3X3 + B4X4 + B5X5; where p is the probability that
an infant has the disease given the values of the
explanatory variables, X’s are the explanatory variables

and B’s are the regression coefficients.
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Using a backward selection procedure the final model was
obtained as:- LOGIT P=9 84 + 0.002 SERUM ALKALINE PHOSPHATASE -
0.36 GESTATIONAL AGE. This means that the probability (p) of
an infant having MBD is high when raised (+) serum ALP is
found. Similarly it means that an infant of lower (-)

gestational age has high probability of being MBD case.

I,IMITATION :

For cultural reasons mothers may not practice exclusive
breast feeding and some form of supplementation may be
given at home. Verbal response was the source of
information of whether the mother exclusively breast fed
her infant or not and this information may not always be

gorrect.
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RESULTS

1.

Characteristics of the study population:

During the period 15 April to 30" June 1995, a total
of 100 exclusively breast fed VLBW infants aged 6-12
weeks attending MMC postnatal clinic with their
mothers were recruited 1into the study. The
exclusively breast fed VLBW infants studied consisted
of 45 males and 55 females, thus giving us a

male:female ratio of 1:1.2.

The characteristics of the study population by
gestational age, weight at birth, at 6 and 12 weeks
postnatally and currently are presented in table 1.
The gestational age of the infants ranged from 26
weeks to 37 weeks, the mean gestational age being 31.5
weeks (SD 3.0 weeks). Birth weight ranged from 800g
to 1490g, mean birth weight was 1337.2g (SD 16.19g).
Postnatal age ranged from 6 weeks to 12 weeks, mean
postnatal age was 8.5 weeks (SD 2.8 weeks). The
weight of infants at the time of study (current
weight) ranged between 1170g and 5660g, the mean

current weight being 3079g (SD 1153.2g).
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Table 1: Characteristics of study population by

gestational age, birth, postnatal and current

weights.
Minimum Maxmum Mean SD
Birth weight (9) 800 1490 1337.2 16.1
Gestational age (weeks) 26 37 315 3
Postnatal age (weeks) 6 12 8.5 2.8
Current weight (g) 1170 5660 3079 1153.2
2. Prevalence of Metabolic bone disease (MBD) :

The prevalence of metabolic bone disease is shown in table
2. 33 (33%) out of 100 infants were radiologically
diagnosed to have metabolic bone disease. 16 (35.6%) out
of the 45 males and 17 (30.9%) out of of the 55 females
were found to have MBD. The difference in the incidence of
MBD between éhe two sexes was not statistically significant

( Chi-square value =0.24, P value = 0.622).
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Table 2: Prevalence of MBD by sex:

MBD Males (%) Females (%) Total
+ve 16 (35.6) 17 (30.9) 33
-ve 29 (64 .4) 38 (69.1) 67
Total 45 55 100

Chi-square value = 0.24, P value = 0.622

Distribution of Grades of radiological MBD in the

study population:

The radiological bone changes are normally graded as
follows: Grade 0 : Normal (no bone changes).

Grade 1 : Rarefaction.

‘Grade 2 : (a) Cupping or fraying of bone ends

(b) Periosteal reaction

(c) Combination of (a) and (b).
Grade 3 : Grade 1 and 2 plus fractures.
Grade 1-3 radiological bone changes indicate MBD.
Appendix II, III and IV show typical X-ray appearances
of grade 0, 1, and 2 radiological bone changes in that
order.
The radiological grades of MBD and its distribution is
described in table 3. Out of 100 infants, 67(67%) had
grade 0, 10(10%) had grade 1 and 23(23%) had grade 2
bone changes. There were no infants with grade 3 bone

changes.
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Table 3: Distribution of various radiological grades of

MBD in the study population:

Radiological Infants
grades of MBD No (%)
0 67 (67)
1 10 (10)
5 23 (23)
Total 100 (100)

Gestational age:

Table 4 shows a comparison of mean gastational age
between infants with MBD and those without MBD. The
meah.gestational age in infants without metabolic bone
disease (MBD) was 32.4 weeks (SD 3.0 weeks), while
that of infants with MBD was 30.4 weeks (SD 2.7
weeks), giving a difference of 2 weeks between the two
groups of infants. This difference was found to be
statistically significant (t value= 3.1, on 98 degrees

of freedom and P value= 0.003).
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Table 4: Comparison of mean gestational age between

infants with MBD and without MBD.

MBD No. Mean GA SD
(Weeks)

+ve 33 30.4 20

-ve 67 32.4 3.0

t value = 2.1, P value = 0.003

5. Birth weight:

Comparison of mean birth weight of infants with MBD
and those without MBD is shown in table 5. The mean
birth weight was 1313.6 g (SD=163.7 g) in infants with
MBD and 1348.8 g (SD = 159.8 g) in infants without
metabolic bone disease. The mean birth weight of
infants with metabolic bone disease was thus lower by
35g than that of infants without metabolic bone
disease. However, the difference in birth weight
between the two  groups of infants was not
statistically significant (t value = 1.026 on 98

degrees of freedom and P value = 0.308).
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Table 5: Comparison of mean birth weight (Bwt) between

infants with metabolic bone disease (MBD) and

infants without MBD.

MBD No. Mean Bwt SD
+ve 33 1313.6 163.7
-ve 67 1348.8 159.8

t value = 1.026, P value = 0.308

Current weight (Cwt) :

Table 6 presents results of mean current weight
(postnatal weight at the time of study). The mean
current weight in infants with metabolic bone disease
was 3269 g (SD = 1325.5 g), while that of infants
without metabolic bone disease was 2955.5 g (SD
1111.3g). Comparison between the two categories of
infants means shows higher mean current weight in
infants with MBD by 313.5g. Statistical analysis
using student t test showed that there was a
significant difference between the two categories of
infants in the current weight means( t value = 2.8, on

98 degrees of freedom and P value= 0.008).
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Table 6: Comparison of mean current weight values of

study infants by metabolic bone disease status.

MBD No. Mean cwt SD
+ve 33 3269 1325 .5
-ve 67 2955..5 111.3

t value = 2.8, P value = 0.008

Occipitofrontal circumference (OFC):

Table 7 shows a comparison between mean OFC in infants
with MBD and those without MBD. The mean occipito-
circumference was 35.6cm (SD=2.8 weeks) and 34.2cm
(SD=3.4 weeks) in infants with MBD and those without
metabolic bone disease respectively. The mean OFC was
higher in infants with MBD by 1.4cm when compared with
infants without MBD. However, the difference was not
statistically significant ( t value = 1.932, on 98

degrees of freedom and P value = 0.053).
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Table 7: Comparison between mean OFC in infants with MBD

and infants without MBD.

MBD No. Mean OFC SD
+ve 33 35.6 2.8
-ve 67 34 .2 3.4

t value = 1.932, P value = 0.053

Length:

Table 8 shows a comparison of mean body length between
infants with MBD and those without MBD. Infants with
metabolic bone disease had mean body length of 47.7cm
(SD=5 cm) compared to 45.0cm(SD = 4.3cm) 1in those
without MBD. Thus the mean body length in infants
with MBD was 2.7cm longer than that of infants without
MBD and this was statistically significant (t value =

2.801 on 98 degrees of freedom, P value = 0.006).
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Table 8: Comparison between mean body length in infants

with MBD and infants without MBD.

MBD No. Mean SD
Length

+ve 33 47 .7 50

-ve 67 45 .0 4.3

t value = 2.801, P value = 0.006

Serum calcium:

The mean serum calcium was 2.21mmol/L (range 1.89-3.43
mmol/L; SD=0.18 mmol/L) in infants with MBD and
2.08mmol/L (range 1.53-2.33 mmol/L; SD=0.28 mmol/L) in
those without MBD (see table 9). The difference in
the mean serum calcium between the two groups of
infants was not statistically significant {e
value=2.4, on 64 degrees of freedom and P

value=0.051) .
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Table 9: Comparison of mean Serum calcium in infants with

MBD and infants without MBD.

MBD No. Mean serum SD
calcium
(mmol /L)

+ve 33 2 .21 0.18

-ve 33 2.08 0.28

t value = 2.4, P value = 0.051

Serum phosphorus:

Serum phosphorus ranged between 0.540 mmol/L to 2.650
mmol/L in infants without MBD and between 0.080 mmol/L
to 3.160 mmol/L in infants with MBD (see table 10).
The mean serum phosphorus was 1.58 mmol/L (SD=0.57
mmol /L) in infants with MBD, and 1.62 mmol/L (SD=0.45

mmol/L) in those without MBD.

Thus the mean serum phosphorus was lower by 0.04mmol/L
in infants with MBD, when compared with those without
MBD, but the difference was not statistically
significant (t value =0.286, on 64 degrees of freedom

and P value=0.773) .
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Table 10: Comparison of mean serum phosphorus in infants

with MBD and infants without MBD (n = 66)

MBD No. Mean SD
phosphorus
(mmol /L)
+ve 33 1.58 0.57
-ve 33 1.62 0.45

t value = 0.286, P value = 0.773

Serum Alkaline phosphatase:

Serum alkaline phosphatase ranged between 252 iu/L to
1342 iu/L in infants without MBD and 256 iu/L to 2216

iu/L in infants with MBD (see table 11).

The mean serum alkaline phosphatase was 1052.9 iu/L
(SD=493.3 iu/L) in infants with metabolic bone disease
and 766.8 iu/L (SD=301.7 iu/L) in those without MBD.
The mean serum alkaline phosphatase was higher in
infants with MBD when compared to those without MBD.
This was found to be statistically significant (t
value =2.843, on 64 degrees of freedom and P value =

0.006) .
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Table 11: Comparison of mean serum alkaline phosphatase in

infants with MBD and infants without MBD.

MBD NO. Mean serum SD
alkaline
phosphatase
(iu/L)
+ve 33 1052.9 493.3
-ve 33 766 .8 301.7

t value = 2.843, P value = 0.006

10. Parity:
18 out of 33 infants with MBD were first born, while
15 were second born or of higher order. There was no
significant difference in incidence of MBD between the
two groups when parity is considered (Chi-square value

=0.13, P wvalue =0.722).
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Table 12: Metabolic bone disease distribution in infants

according to parity of their mothers.

Parity MBD Total
+ve (%) -ve (%)

1 18(34.6) 34 (65.4) 52

2+ 15(31:3) 33(68.7) 48

Total 33 67 100

11.

Chi-square value = 0.13, P value = 0.722

Type of delivery:

Study infants were grouped under singleton or multiple
delivery (twins, triplets etc). As shown in table 13;
23 (34.3%) out of 67 singleton delivery infants had
MBD and 10 (30.3%) out of 33 multiple delivery infants
had MBD. There was no statistical significant
difference in incidence of MBD (Chi-square value

=0.16, P value =0.687).
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Table 13: Comparison  of distribution of MBD among

singleton and multiple delivery infants.

Type of MBD

delivery +ve (%) -ve (%) Total
Singleton 23(34.3) 44 (65.7) 67
Multiple 10(30.3) 23(69.7) 33

1.2k,

Chi-square value = 0.16, P value = 0.687

Effect of alkaline phosphatase, gestational age, birth
weight, postnatal age and current weight on metabolic

bone disease (MBD) :

As mentioned earlier, multiple logistic linear
regression analysis was done for these factors. It
was found that gestational age and alkaline
phosphatase were the 2 most important predictive
factors in the diagnosis of MBD. Thus high alkaline
phosphatase values were significantly associated with
MBD and large gestational age values tended to reduce
the risk of an infant having a metabolic bone disease.
A summary of the results of logistic regression

analysis is given in table 14.



Table 14: A summary of regression coefficient estimate

together with their standard errors.

33

Variable B SE (B) t-value P-value
(B/SE)

Constant .844 3x3b .8 0.003

Serum alkaline

phosphatase .0019 0.0008 .4 0026

Gestational age .3615 0.1067 .3 0.007%*

Postnatal age .0321 0.15 " 0.83

Birth weight 03 0.0025 .2 0.28

Current weight .0003 0.0004 .75 0.48

* Significant.
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DISCUSSION

In the present study metabolic bone disease (MBD) was seen
in 33/100 (33%) of the exclusively breast fed very low
birth weight infants. Callenbach et al(l12) and Koo et
al (30) reported incidences of 32% and 31.5% respectively.
Thus the incindence in these latter studies both of which
were done in developed countries are comparable to that of
the present study. The slightly higher MBD incidence in
this study probably explains a socio-economic variation of
the study population. This variation may affect the
calcium and phosphorus milk content of the mothers. Local
data or data from any other developing countries are not

available for comparison.

The incidence of MBD in this study may be under-represented
for several reasons. Firstly, although a birth weight of
1500g was the cut-off point in this study, infants of 15009
to 2000g birth weight may also be affected with MBD.
Secondly, extreme VLBW preterm infants might have died
earlier before the study was started. Some of them might
have had MBD. Thirdly, infants who did not have birth
details were also excluded. Some of these infants might
have had metabolic bone changes as well. Fourthly, infants
wﬁo were given feeds other than breast milk were excluded.
These infants might be more prone to MBD especially knowing

that most weaning foods are inadequate in quality.
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Probably higher rates of metabolic bone disease might have
been found if infants supplemented with feeds other than
breast feeding were not excluded from the study.
Nutritional balance studies show that preterm infants fed
exclusively on breast milk or formula designed for term
infants are liable to develop metabolic bone disease (43).
On the other hand breast milk supplemented with calcium and
phosphate or preterm designed infant formula fortified with
calcium phosphate have been shown to prevent metabolic bone

disease (44,45).

It is known from experience that preterm infants in our
environment are given various natural feeds or formulas
which may differ from one infant to another. Calcium and
phosphorus contents in such supplementation feeds may
differ. Depending on the nature of dietary components in
the feeds absorption of calcium and phosphorus may be
affected. For example while lactose and other sugars
enhance calcium and phosphorus absorption, fat can decrease
the absorption of these minerals (46,47). This means that
even when supplemented with other feeds, preterm infants
may develop metabolic bone disease. However, this
speculation needs evaluation by further studies in our

environment.

Fifthly, the diagnostic criteria of MBD was based on
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radiology which was correlated to alkaline phosphatase
activity. The limitation of radiology in the detection of

minimal or early bone deminiralization is well known.

Other techniques for measuring Dbone mineral content
include:- CT scan, photon absorptiometry, radiogrammetory,
photodensitometry and X-ray absorptiometry. Some of these
techniques e.g. CT scan are said to be precise and
sensitive for measuring bone mineral content (48) . However,
these techniques require highly trained staff and highly
specialized equipment which is very expensive. Because of
these reasons, such techniques are not available in many
centres including ours. Moreover their use in infants

especially is still being researched on (49).

Similar other studies had used radiology for detecting or

confirming metabolic bone changes (11,12,31,50) .

As seen in this study X-ray was able to screen infants with
metabolic bone changes of grade 1 and above. “Being
relatively cheap and available in many centres, this study
has found x-ray to be a useful tool for screening metabolic

bone disease in infants, despite the limitations mentioned.

The high incidence of MBD found in this study based on

radiology, shows that this problem is of public concern.
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Shorter gestational age was significantly associated with
metabolic bone disease in the present study. A study done
by Koo et al showed that shorter gestational age of 26.8 +

0.8 weeks was associated with metabolic bone disease (31)

Intrauterine calcium accretion has been shown to follow an
exponential increase in the last trimester of pregnancy.
The accretion rate increases from 130mg/kg/day at 28 weeks
to 140mg/kg/day at 32 weeks and 150mg to 155mg/kg/day by 36
weeks to 38 weeks respectively (51,52). Thus the quantity
of calcium and phosphate accretion rate ig directly related
to the gestational age of the infant (19,20). Hence, it is
not surprising to find lower rates in infants with lower
gestation age. Logistic regression analysis in the present
study showed that lower GA increased the chance of an
infant being MBD case. The implication is that GA is a good

predictor of MBD in an infant.

By inference, VLBW preterm infants in the present study
with shorter GA had much lower calcium and phosphate bone
content at birth than VLBW preterm infants with relatively
longer gestational age. Furthermore, poor postnatal
mineral bone content in such infants might have Dbeen
aggravated by the inadequacy of these minerals in ‘their
mothers’ milk (53,54). This implies that VLBW infants with

shorter GA were more exposed to MBD than VLBW infants with
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relatively longer GA in the study.

Alkaline phosphatase is an enzyme for active bone growth.
Kovan et al (35) in their study of 30 preterm infants found
that serum alkaline phosphatase was raised well above
childhood and adult reference values in all the VLBW
infants with or without MBD. Similar pattern of alkaline
phosphatase values was observed in the present study.
However, much higher alkaline phosphatase activity was
associated with active metabolic bone disease (P wvalue
0.006) . This is in accordance with reports from other

studies in the literature-(il,12,31,50).

The high levels of alkaline phosphatase in association with
metabolic bone disease in the present study were not as
remarkable as those found by Kovan et al (35). Other
studies associating raised alkaline phosphatase agtivity
with metabolic bone disease such as that by Koo et al, have
reported relatively lower values of the enzyme activity
than that found in the present study (20). The variability
in the actual serum alkaline phosphatase activity in these
studies may be attributed to the different methods used for
determination of the enzyme activity. It may as well be
attributed to factors like drug therapy °~ and
gastrointestinal, hepatic and.'viral diseases which are

known to affect alkaline phosphatase activity (35,55, 56
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In the present study infants with clinical evidence of
hepatic disease and gastro-intestinal diseases 1like
diarrhoea and steatorrhoea were excluded from the study.
Drug therapy and viral infections were not considered. No
exclusion criteria was indicated in those previous studies
reviewed (11,12,31,50) and this may be another explanation

for variability of the enzyme activity.

Another factor related to alkaline phosphate (ALP) is zinc.
zinc deficiency may co-exist in exclusively breast fed
infants and is known to be associated with a raised
alkaline phosphatase activity (57). Determination of serum
zinc was not done in the present study because of the high
cost involved. Therefore the effect of serum zinc status
to the raised alkaline phosphatase in this study was
unknown. Logistic regression analysis done in the present
study has shown that infants with raised ALP are more
likely to be having MBD. Hence as a screening tool,
alkaline phosphatase has been found to be very useful and

sensitive indicator of deranged bone mineralization.

In the present study, serum calcium and phosphate levels
did not correlate with the various radiological grades of
metabolic bbne disease. This finding has been notéd in
other studies (20,26), although some studies indicate low

phosphate levels (2,11,12). Normal serum calcium and
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phosphate may be maintained at the expense of bone
demineralisation in infants with metabolic bone disease
(18,19) . Therefore, 1t was not suprising to find
comparable serum calcium and phosphate levels in both

groups of infants in this study.

Tt is known that calcium and phosphate 1is required for
skeletal growth which is monitored by postnatal length.
Body weight and occipito-frontal circumference of the
infant are also a measure of its physical growth. Larger
OFC was observed in infants with metabolic bone disease in
the present study. However this was not statistically
significant. Similarly, the postnatal length and weight was
higher in infants with metabolic bone disease than in
those without it. Perhaps their rapid growth exposed them
more to metabolic bone changes as compared to less rapidly

growing infants without metabolic bone disease.

Callenbach et al (12) in their study of preterm infants
found no association of length with metabolic bone disease.
But less postnatal weight was associated with metabolic
bone disease in the same study. Contrary to this finding
Kovar et al has reported shorter linear growth in one of
the identical twins with rickets (30). Similarly, Bosyle
et al (26) observed that 6 preterm infants with rickets

were shorter when compared to 12 infants without rickets.
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The reports by these studies including the present one as
regards postnatal length and weight show some variability.
These differences may be viewed on the general nutritional
components in their mothers milk such as energy and zinc
content. Zinc deficiency has been documented to impair
growth (58). Other factors affecting growth of the infant
include genetic and environmental effects such as
temperature. Early neonatal hypothermia which is not
uncommon in VLBW preterm infants impairs later postnatal
growth (59). Post-conceptual age matching to the length of
the infants which was not done in this study and by some
of the previous studies, may also explain such differences.
Further similar studies, therefore, should consider such
confounding factors. Moreover, suitable designed study
protocols are needed to assess the longterm effect of MBD

on linear growth and other morbidities.

Parameters of parity and type of delivery were not
associated with metabolic bone disease in the present
study. ©No previous data is available which have shown an
association of metabolic bone disease with parity and type

of delivery.
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CONCLUSIONS:

Metabolic bone disease is common in very low birth
weight exclusively breast fed preterm infants.
ed to MBD,

The mean length was significantly relat

being higher in infants with MBD than in those without

it.
MBD affects VLBW infants of lower gestation.

Multiple delivery (twins, triplets and quadriplets)

did not influence MBD.

Parity (order of birth) did not influence MBD.

Alkaline phosphatase activity is a reliable
biochemical test which aids the diagnosis of metabolic

bone disease in collaboration with radiography.
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RECOMMENDATIONS :

Use of radiology, gestational age and alkaline
phosphatase as indicators of metabolic bone disease in
very low birth weight preterm infants. This should be

done more often in order to detect this treatable

condition.

Calcium and phosphate supplementation intervention
study should be done to find out if the incidence of

MBD would be reduced in otherwise exclusively breast

fed VLBW infants.

Long-term study to follow-up infants with MBD.
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