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Transient riboflavin depletion in preterm infants
A LUCAS AND C BATES

Medical Research Council, Dunn Nutrition Unit, Cambridge

SUMMARY Biochemical riboflavin status was measured in 68 preterm infants who were receiving
either human milk or a preterm infant formula (containing riboflavin, 1-8 mg/l) during the first
few weeks of life. The relation between riboflavin status, type of diet, and time of introduction of
a multivitamin supplement containing riboflavin was analysed and the duration of phototherapy
was recorded. Those who received the multivitamin supplement on or before day 7 of life seldom
became deficient and no significant difference between diets was seen in this group. Of those who
received the supplement after day 7, human milk fed infants commonly developed abnormal
riboflavin status (18 out of 23 infants) compared with a small and significantly lower incidence
in the formula fed group. Dietary effects on riboflavin status seemed to outweigh in importance
those of phototherapy. It is concluded that the riboflavin content of human milk, which may be
lowered by photodegradation, is not sufficient to ensure normal biochemical status in preterm
infants. The larger amounts provided by a multivitamin supplement or by a preterm infant
formula may, however, prevent biochemical deficiency. The desirability (and safety) of routine
riboflavin supplementation of preterm infants is discussed.

Although a body of experimental evidence suggests
that riboflavin plays a central role in intermediary
metabolism and energy release, the requirement of
preterm infants for this vitamin has received little
scientific attention. Riboflavin, like most B vita-
mins, is not stored in appreciably greater amounts
than are necessary to supply the enzymes for which
it serves as a cofactor. Human milk contains lower
concentrations than those seen in the milk of most
other species.'-4 Riboflavin is also susceptible to
photodegradation, so that destruction may occur

during the processes of collection and treatment
associated with the banking of human milk and the
delivery of banked breast milk to the recipient.

Studies on riboflavin deficient rats have shown
that the oxidation of fatty acids, in particular, is
impaired by riboflavin deficiency.5-7 Such a lesion, if
it were to occur in riboflavin deficient human
infants, could have major implications for energy
release during the early postnatal period where the
utilisation of endogenous lipid fuels is of critical
importance.
A study was carried out in two centres in East

Anglia to determine whether preterm infants do
indeed become deficient in riboflavin during the
early postnatal period, whether the development of
deficiency is related to the type of feed they receive,
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and whether it can be reversed by a multivitamin
supplement.

Subjects and methods

Sixty eight preterm infants were studied at two
intensive care units in the United Kingdom. This
study formed part of a more extensive multicentre
clinical trial on the biochemical, clinical, and de-
velopmental effects of several dietary regimens used
currently for feeding low birthweight infants. In the
first centre, where 52 infants were studied, it was the
established policy to introduce a multivitamin sup-
plement at the time when the babies attained full
enteral feeding (180 to 200 ml/kgl24 hours), which
was usually during the first two weeks of life. This
supplement comprised an adult dose (0-6 ml) of a
proprietary mixture (Abidec: Parke Davis Ltd)
containing vitamins A, C, and D; thiamine; ribofla-
vin; vitamin B6; and nicotinamide and it provided
400 Ag riboflavin a day. In the second centre, where
16 babies were studied, the introduction of the
vitamin supplement was delayed until the end of the
second week, irrespective of the time when full
enteral feeds were attained. Birthweight in the first
centre was mean (SEM) 1338 g (49 g) and in the
second centre, 1332 g (43 g). Mean gestational ages
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at birth in the two centres were 30-4 and 30-6 weeks
respectively.

Sixty per cent of the babies received photo-
therapy for hyperbilirubinaemia during the first two
weeks of life, the mean duration of treatment being
3-9 days.

At each centre infants whose mothers elected not
to provide their own milk were randomly allocated
to one of two diets: banked drip breast milk
(collected from mothers locally) or a specially
designed preterm infant formula of high caloric
density, protein enriched, and providing 1-8 mg
riboflavin /1. If, on the other hand, mothers chose to
supply their own milk, infants were randomly
assigned to either banked drip breast milk or the
preterm formula as a supplement to provide a total
enteral feed intake of 180 to 200 ml/kg/day: in

practice, however, the mean milk volume provided
by mothers was small, so that the supplement
comprised, on average, 70i0% of the dietary intake.
Since no difference in riboflavin status was found
between the group receiving the preterm formula as

a sole diet and the group receiving it as a supplement
to maternal milk, these two groups have been
combined for analytical purposes and are referred to
collectively, as the 'formula fed' group. For the
same reason, infants receiving banked breast milk as

a sole diet or as a supplement have been combined
and are referred to as the 'human milk fed' group.

Venous blood samples, anticoagulated with
heparin, were collected from each baby: usually
twice during the first week of life and then once a

week. They were centrifuged, the plasma alnd buffy
coat were removed, and the packed red cells were

stored at -25°C for up to two months.
For analysis the samples were thawed, were

diluted 1:1 with water, centrifuged to remove cell
membranes, and the haemoglobin content adjusted
to 0-75 g/l with 0-1M potassium phosphate buffer,

pH 7-4 containing 3-3x1()-3M EDTA. Part of this
diluted haemolysate was incubated for 30 minutes at
37°C with flavin adenine dinucleotide, final concen-

tration 2x 10 -"M, and part was incubated in parallel
without added flavin aidenine dinucleotide. Activity
of erythrocyte NAD(P)H2: glutathione oxi-

doreductase (EC 1-6-4-2: glutathione reductase) was
then measured on a Roche Cobas Bioanalyser with
oxidised glutathione at a final concentration of
6x 10-4M and NADPH2 at a final concentration of
1 32x 1()-4M. The ratio of the glutathione reductase
activities in the presence and absence of flavin
adenine dinucleotide (activation coefficient,
EGRAC) is a well tested and widely accepted index
of riboflavin status.i'" A raised value of the
activation coefficient EGRAC is evidence of sub-
optimal riboflavin supply to the tissues. For the
purpose of the present study it was considered
appropriate to accept ain EGRAC value of 1-3 as the
upper limit of normality, as has been done
previously,'2 13 although the assay procedure has
now been slightly modified, to make it more

sensitive to marginal deficiency conditions.

Results

The Table presents the results of analysis of peak
EGRAC values for each infant, both in terms of
numbers of subjects whose EGRAC values ex-

ceeded 1-3 and of the actual peak values recorded.
Both approaches indicate that, of the batbies studied
in centre 1, those who received the multivitamin
supplement before or on day 7 showed no significant
evidence of a diet related difference in incidence of
raised (that is deficient) EGRAC values, whereas
those who received the supplement after day 7
showed a significant diet related difference the
human milk fed group having a higher incidence of
deficiency and higher mean peak values than the

Table Comparison between humati milk atid inJ'attformulai fee.s oniteiinciden 1eui(d petik villue. ol rai.ied E(;RA(C

Timc of introductioni of vitaimiin supplcment (divs) <7 > 7 14 1i
Fced, inflant formulai (F) or huminlil milk (IIM) F IIM F IM F NI
No of infants 20 19 1( 3
No with [GRAC valluc > 1 3 ait ay timlie 4 3 I I 7
P vatlue (Inflant formula human mililk) > 0I <0)(01<I1(17
Pealk vallues of EGRAC
Mcan 21 I 28 47 210 on
SD (0(0s ( I(012I19 0 Is 11

P vailue (iInftnt formulat v humanii milk 1> <0(01 <001(

Comparison betwcci groups bv Fishcr's exaict probabilttv test
;Maiximum values for cach subcect. irrcspectivc of whCen leVs OCCuirred
Comparison betwcen groups by Studecnts t cst.
EGRAC =glutathionc rcducti.sc activity with i.ddcd flatis .1Clv Ilini n inulCotI[C/gidl hititil rdcrlucti.sc itsitsxii tonll iddIdL thfliVillMin1idCtnLtlc11llCitiod.
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formula fed group. In centre 2, where the multivita-
min supplement was routinely introduced between
day 14 and day 16. there was again a significaitly
greater incidence of raised values and a higher mean
peak value in the human milk fed group than in the
formula fed group.
The Figure shows the results in terms of mean

EGRAC values for infants of different age ranges in
the three groups: infants studied in centre 1 sup-
plemented before or on day 7; infants in centre 1
supplemented after day 7; and infants in centre 2.
Again it is evident that raised values occurred
predominantly in the group fed human milk, and
within that group, in infants who received the
vitamin supplement relatively late. Values as high as
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Figure Comparison between centres and effect of infants'
age and time of introduction of vitamin supplement on

EGRAC *(mean+SE with number o)fobservations given
above).

Data obtained at centre 1t where the infants received vitamin suppleiment it
the time when they attained full enterit fceding. iire subdivided into two
groups: those from infants who wcrc supptemcnted on or bcfore the scvcnth
day of life, and those from infants supplemented after the seventh daiy. At
centre 2, all the infants were supplemented at the end of the second week of
life (days 14 to 16) irrespective of the time of attainment of full cinterall feeds.

Several measurements were made on each subject during the studv. but iio

subject is represented more than oncc in ai pairticulatr age group.
*EGRAC=glutathione reductaise activity with addcd flavin adeninc

dinucleotide/glutathione reductase activity without added flavin aidenine
dinucleotide.
The line at EGRAC= 1-3 represents the uppcr limit of biochcmical

normality.

2() were observed in two infants at centre 2, just
before the introduction of the supplement, but these
returned to normal rapidly once the supplement had
been introduced.

In centre 2 it was clear that relatively late
introduction of the vitamin supplement wias more
important than phototherapy in determining ribofla-
vin status. Of six infants receiving human milk and
no phototherapy, five developed deficient riboflavin
status, and of four receiving human milk with
phototherapy, three developed deficiency. In centre
1, the relation was more complex because the
infants who received phototherapy also tended to be
those who received the multivitamin supplement
latest, because they were more likely to be ill and,
therefore, to reach full feeds comparatively late.
Regression analysis, however, showed that the
relation between EGRAC and phototherapy in
centre 1 did not reach significance at the 5°/0
probability level, nor did it interfere with the
significance of the relation between EGRAC and
diet, or between EGRAC and age when multivita-
min supplementation was begun.

Discussion

The two factors which were clearly associated with
biochemical evidence of impaired riboflavin status
in term infants in this study were the relatively late
introduction of multivitamin supplement and the use
of human milk instead of riboflavin supplemented
infant formula as the primary diet. Five infants who
developed significantly raised values of EGRAC
despite being allocated to the formula diet group
had received only small amounts of the diet (2-32
ml/kg/day) up to the time when the peak occurred.
Two factors complicated the interpretation of the

study at centre 1. Firstly, babies who received the
multivitamin supplement late were also those who
were ill and could not, therefore, tolerate full
enteral feeding at an early stage. The fact that higher
EGRAC values were encountered in infants at
centre 2 than at centre 1, despite the fact that the
delay in the introduction of the vitamin supplement
in centre 2 was a routine policy unrelated to the
infants' state of health, indicates, however, that the
vitamin supplement rather than health status was
the critical factor. Indeed, well infants who were
receiving full enteral feeds were at high risk if the
feed consisted of human milk alone.
The second complicating factor was that babies

who received the vitamin supplement late were in
many cases those who received the longest periods
of phototherapy for hyperbilirubinaemia. Several
recent studies have recorded a deterioration
biochemical riboflavin status as a result of photo-
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therapy, both in term'r"` and preterm infants."4
The present study was not designed specifically to
test the effect of phototherapy and firm conclusions
about it cannot be drawn. It is clear, however, that
diet and time of introduction of supplement together
outweighed any effect of phototherapy and were the
dominating influences.

For those infants who received the multivitamin
supplement before the seventh day of life, it made
little difference to their status whether they received
formula feed or human milk. But for those who first
received it after this time, and especially for those
who received it as late as day 14, the choice of diet
was critical.
A recent study of the composition of mature

human milk from mothers in the United Kingdom'7
has recorded a mean riboflavin concentration of 310
,ug/l (0-82 ,umol/l) from 96 mothers in five towns.
The amount present in the preterm formula was six
times as high-1*8 mg/l. Thus, a baby receiving full
enteral feeds would obtain 324 ,ug riboflavin from
the formula (at 180 mg/kg/day), but only 60 ,ug from
breast milk (at 200 ml/kg/day), assuming no loss
during feed administration. Our preliminary
observations show, however, that substantial and
variable loss of riboflavin may occur during ex-
posure of breast milk or of infant formula to light, in
the course of its delivery.

Little is known about requirements of very young
babies and preterm infants. Hovi et al'5 found that
term infants who received breast milk as their sole
source of riboflavin developed abnormal 'riboflavin
status during the first two weeks of life, even if no
phototherapy was given. The present study extends
this conclusion to preterm infants. Meloni et all8
found abnormal riboflavin status in term babies fed
an infant formula containing 1-12 mg riboflavin/I,
although the relation between status and intake was
not quantitatively measured. Clearly, further studies
of this relation are needed, both for term and
preterm infants. Since riboflavin deficiency is both
more common and more severe in third world than
in western countries 2 '3it is important to assess its
impact in several communities.
The metabolic implications of moderate impair-

ment of riboflavin status require investigation by
controlled feeding trial, to determine whether fatty
acid oxidation or other riboflavin dependent systems
are impaired appreciably as a result of the transient
deficiency observed in preterm infants. Low circu-
lating ketone values were, in fact, observed in the
infants with EGRAC above 1-3 in the present study,
but a causal relation has not yet been established.

In conclusion, our data provide evidence that
intakes of riboflavin beginning before the seventh
postnatal day may need to be greater than 60

,ug/kg/day (provided by unsupplemented human
milk) but that a dose of around 300 ,ug riboflavin/kg/
day, provided by the infant formula without addi-
tional vitamin supplement (or somewhat less, since
some of the formula fed group received a proportion
of their diet as maternal milk) is sufficient to
maintain 'normal' riboflavin status. In view of the
photosensitising nature of riboflavin and its conse-
quent ability to enhance light induced damage to
genetic material, '9 it might be unwise to administer
large doses of riboflavin to infants until photother-
apy has been stopped. Infants requiring a period of
phototherapy extending well into the second post-
natal week thus pose an unsolved problem-the
relative risks of phototherapy in riboflavin sup-
plemented infants and those of riboflavin deficiency
due to lack of supplementation need to be explored
by future clinical studies.

We thank Mrs Karcn Tuniber ind Miss Gail Goldberg for
assistance with the EGRAC assays, the staff of the special care
baby units at Mill Road Maitcrnity hiospital. Canmbridge. and Heath
Roaid Hospital. Ipswich, for their- hclp ind cooperation. and Farley
Hlealth Products for their tcchnical ind financial contribution to the
fecding stuidics carried out ait thcse centres.
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