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The objective of this study was to determine whether insulin
administration would prevent the well-documented catabolic ef-
fect of dexamethasone given to preterm infants with chronic lung
disease. We studied leucine metabolism in 11 very-low-birth-
weight infants before dexamethasone treatment and on d 2, 4,
and 7 thereafter. During the first 4 d of dexamethasone, insulin
was administered i.v. at a dose of 0.5 (n 5 7) or 1.0 (n 5 5)
IU/kg/d. Leucine turnover was not significantly different between
d 0 (337 6 41.3 mmol leucine/kg/h), d 2 (288 6 27.2 mmol
leucine/kg/h), d 4 (302 6 22.1 mmol leucine/kg/h), and d 7 (321
6 21.2 mmol leucine/kg/h), and neither was leucine breakdown
(272 6 21.9 mmol leucine/kg/h on d 0, 225 6 21.5 mmol
leucine/kg/h on d 2, 231 6 21 mmol leucine/kg/h on d 4, and 242

6 17.6 mmol leucine/kg/h on d 7). Weight gain rates were
significantly lower during the first week of dexamethasone treat-
ment compared with the week before treatment or the second and
third week. We conclude that during insulin and corticosteroid
administration in very-low-birth-weight infants, no changes were
observed in leucine kinetics in contrast to previous studies. The
decrease in weight gain was not reversed. (Pediatr Res 49:
373–378, 2001)

Abbreviations:
CLD, chronic lung disease
rhGH, recombinant hGH

Owing to improvements in neonatal therapies, increasing
numbers of very-low-birth-weight infants are surviving. How-
ever, lung damage can occur at these low gestational ages
because of the infant’s underdeveloped lungs combined with a
requirement for artificial ventilation at sometimes high airway
pressure. Consequent respiratory complications can result in
CLD. Fluid restriction and diuretics, traditionally the first line
of therapy in such cases, result in lower weight gain rates,
which presents a concern because of the fact that growth is
essential to overcome the pulmonary problems.

Subsequent to the 1985 publication of Avery et al. (1) on the
use of dexamethasone to treat respirator-dependent infants with
bronchopulmonary dysplasia, corticosteroids have increasingly
been used in the management of infants on respirators in an
attempt to achieve extubation and lessen the development of

CLD. Recent studies indicate a trend toward the use of steroids
at earlier postnatal ages in smaller infants (2, 3), whose growth
is already suboptimal.

The fact that corticosteroids are catabolic has been shown in
a number of studies. Not only are urea and plasma amino acid
levels increased (4–10), but protein anabolism is impaired, as
shown by direct measurements (8–13). We conducted a study,
which demonstrated that higher leucine catabolic and proteo-
lytic rates occur when high doses of dexamethasone are ad-
ministered to preterm infants with CLD (10), effects which
previously had been observed in adults (8, 9).

It has long been known that insulin is anabolic with regard
to protein metabolism. This is caused by inhibiting protein
breakdown, rather than by stimulating protein synthesis (14–
16). Part of the protein-wasting effect of glucocorticoids is the
result of steroid-induced resistance to the antiproteolytic effect
of insulin (17) We hypothesized that insulin treatment during
the first few days of treatment with dexamethasone would
counteract the well-documented increase in protein degrada-
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tion. Furthermore, we hypothesized that the rate of weight gain
would be positively influenced by the addition of insulin to the
dexamethasone treatment of preterm infants with CLD.

Because studies have shown that the effect of dexametha-
sone is maximal during the first week of treatment (5, 10), we
administered insulin during the first 4 d only. We evaluated
plasma C-peptide levels daily to determine whether the endog-
enous insulin production was suppressed by the administration
of exogenous insulin.

METHODS

Patients. This study was approved by the medical ethics
committee of the Academic Hospital Rotterdam and Sophia
Children’s Hospital. Informed consent was obtained from the
parents of 12 infants who could not be weaned from a venti-
lator on which they had been dependent since birth and who
were selected for dexamethasone treatment by the attending
neonatologist. Patients excluded from this study were those
infants suspected of having contracted sepsis at the beginning
of dexamethasone treatment, as well as any infants who had a
metabolic disease or liver failure. Dexamethasone was admin-
istered i.v. in two equal doses per day, totaling 0.5 mg/kg/d for
the first 3 d, 0.3 mg/kg/d for the second 3 d, then gradually
tapering off to alternate days of 0.1 mg/kg/d by d 21, and
stopped at d 28 [adapted from Avery et al. (1)]. During the first
4 d of dexamethasone treatment, short-acting insulin (Actrapid
HM, Novo, NOVONORDISC, Pharma Bv, Alpher a/d Rýn,
The Netherlands) was continuously administered i.v. (0.5 IU
insulin/kg/d in seven patients and 1.0 IU insulin/kg/d in five
patients), beginning with the first dose of corticosteroids.

Weight was measured daily on an electronic scale with a
resolution of 5 g. Average daily weight gain was calculated
from daily weight changes in the week before the start of
dexamethasone therapy and in the three subsequent weeks, and
expressed as grams per kilogram per day.

According to the feeding protocol of the neonatal unit, all
patients were parenterally fed during the first 7 d of life
[dextrose 10%, amino acids (Primene 10%, Clintec Benelux,
Brussels, Belgium), and lipids (Intralipid 20%, Kabi Pharma-
cia, Stockholm, Sweden)], after which oral feeding was grad-
ually introduced in the second week (Nenatal, Nutricia Zoe-
termeer, The Netherlands).

Leucine turnover studies. Patients were studied before the
start of dexamethasone treatment and on d 2, 4, and 7 after-
ward. Leucine turnover studies were conducted by i.v. admin-
istration of [1-13C]leucine (99% enriched, Isotec Inc., Miamis-
burg, OH, U.S.A.) 2 mg/kg bolus and 2 mg/kg/h maintenance
dose for 3 h. The tracer was given with the use of a Harvard
infusion pump (model M22; Harvard Apparatus Co. Inc.,
South Natick, MA, U.S.A.). Blood samples were drawn before
the administration of the stable isotope, at 30 min before the
end, and at the end of the [1-13C]leucine administration. Blood
was stored immediately at 0°C and centrifuged at 3000 rpm
within 15 min, and plasma was then stored at 280°C. Per study
day, three blood samples of 0.5 mL were taken. In total, 6 mL
blood was taken per patient during the entire study.

Enrichment of a-ketoisocaproic acid, which reflects the
intracellular enrichment of leucine (18, 19), was determined as
described previously (10). In brief, plasma is deproteinized
with sulfosalicylic acid, and the a-ketoacids are reacted with
phenylenediamine to form quinoxalinol derivatives. The qui-
noxalinol derivatives are extracted with a mixture of dichlo-
romethane/hexane, dried, and silylated with N-methyl-N-(tert-
butyldimethylsilyl)-trifluoracetamide (MTBSTFA, Pierce;
Omnilabo, Breda, The Netherlands) to form the butyldimeth-
ylsilylquinoxalinol derivatives. Analyses were performed by
injecting 1 mL with a split ratio of 50:1 on a fused silica
capillary column of 25 m 3 0.22 mm, coated with 0.11 m HT5
(SGE, Victoria, Australia). Plasma enrichment of [1-13C]-
ketoisocaproic acid was analyzed on a Hewlett-Packard 5890
gas chromatograph coupled to a JMS-DX303 mass spectrom-
eter (Jeol LTD, Tokyo, Japan) in electron impact ionization
mode with an interface temperature of 280°C and a source
temperature of 200°C. Selected ion monitoring was performed
at mass 259 and 260 for natural and enriched ketoisocaproic
acid. The SD was 0.2 mol% (range, 0–20 mol%) for [1-13C]-
ketoisocaproic acid; a concentration effect was not observed
for the measured mole percent enrichment and the amount
injected. Background enrichment at d 4 and 7 was not different
from that on d 2, so recycling of infused tracer was negligible.

Leucine turnover rates were calculated as described before,
using the reciprocal pool model (10). Leucine turnover was
calculated according to the following equation:

QL 5 [(IEinfusate/IEplasma) 2 1] 3 IL

where IEinfusate is the isotopic enrichment of the infusate,
IEplasma is the isotopic enrichment of a[1-13C]ketoisocaproic
acid in plasma and IL the infusion rate of [1-13C]leucine in
micromoles per kilogram per hour. In a steady state, leucine
that leaves the pool should equal leucine that enters the pool.
Leucine can enter the pool through the diet (I) and from
breakdown of protein (B), and leave the pool via protein
synthesis (S) and excretion (E). Breakdown was therefore
calculated according to the following equation:

Q 5 B 1 I

Urine was collected using adhesive bags to calculate the
nitrogen balance. Nitrogen balance is expressed as grams of
protein per kilogram per day, assuming that 6.25 g protein
contains 1 g nitrogen.

On each study day, plasma C-peptide levels as an indicator
of endogenous insulin production were determined using a
C-peptide 125I-RIA kit (Incstar Corporation, Stillwater, MN,
U.S.A.).

Statistical analysis. All data are expressed as mean 6 SEM
unless otherwise stated. Statistical analysis was performed with
the use of one-way ANOVA with repeated measurements.
Differences between two study days were considered to be
statistically significant at p # 0.05 (two-sided).

RESULTS

The average birth weight of the participating infants was
841 g (range, 535–1140 g), with a gestational age of 26.7 wk
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(range, 25.3–28.3 wk). The average postnatal age at start of the
corticosteroid therapy was 17 d (range, 10–33 d). Clinical
characteristics of the individual patients are given in Table 1.
Because of the improvement of the clinical status of the
children, the attending neonatologist was able to increase
protein and energy intake significantly on d 7 compared with d
0. No statistically significant differences were found between
protein or energy intakes on d 0 compared with d 2 or 4 (Table
2).

Insulin did not prevent the drop in weight gain during the
first week of dexamethasone treatment, as we have observed
earlier (10). The weight gain rates were determined according
to intrauterine values (20) from the third week of dexametha-
sone treatment onward. Weight gain rates in the infants receiv-
ing 0.5 versus 1.0 insulin were not significantly different (Fig.
1).

Glucose levels remained between 3.5 and 7 mM during
insulin treatment from d 1 to 4 without the need to infuse extra
glucose. No difference was found between infants treated with
0.5 or 1.0 IU insulin/kg/d. After stopping insulin administra-
tion on d 4, some patients had transiently elevated blood
glucose levels, as are often observed in patients treated with
dexamethasone without providing insulin. Insulin administra-
tion did not have to be restarted in any patient.

No differences in leucine metabolism were found between
the infants treated with 0.5 versus 1.0 IU insulin/kg/d (data not
shown). Inasmuch as there were no differences in birth weight,
gestational age, study age, and weight, the results were there-
fore combined. Whole-body leucine turnover and breakdown
rates are shown in Figure 2.

Leucine turnover was not significantly different among d 0
(337 6 41 mmol leucine/kg/h), d 2 (288 6 27 mmol leucine/
kg/h), d 4 (302 6 22 mmol leucine/kg/h), and d 7 (321 6 21
mmol leucine/kg/h). Leucine breakdown also was not different
among study days (272 6 22 mmol leucine/kg/h on d 0, 225 6
22 mmol leucine/kg/h on d 2, 231 6 21 mmol leucine/kg/h on
d 4, and 242 6 18 mmol leucine/kg/h on d 7).

We were able to obtain a reliable 24-h urine collection from
only four infants on d 0 and d 2, because of the small size of
our subjects. In those four infants, the net protein balance

remained positive and significantly different from zero despite
the dexamethasone treatment (1.16 6 0.55 g/kg/d).

In our previous study (10), we found a negative nitrogen
balance during treatment with high dosages of dexamethasone.
Despite the infants’ severe clinical condition, net protein bal-
ance was also positive before the start of the dexamethasone
(1.94 6 0.97 g/kg/d).

Endogenous insulin production was measured via plasma
C-peptide levels. Despite exogenous insulin administration,
endogenous insulin production was not suppressed either in
infants receiving 0.5 IU insulin/kg/d or in those receiving 1.0
IU insulin/kg/d. C-peptide concentrations increased signifi-
cantly after cessation of the exogenous insulin administration
(Fig. 3).

DISCUSSION

In this study, we found no increase in either leucine turnover
or breakdown during a combined infusion of high-dose corti-
costeroids and insulin. This finding contrasts with that of a
study we previously conducted in infants with bronchopulmo-
nary dysplasia who were treated with dexamethasone without
insulin (10); after 4 d of high-dose corticosteroids, the infants
displayed a significant increase in protein breakdown.

We did not include a control group of infants who did not
receive insulin for the following reasons. First, multiple studies
have shown that glucocorticosteroids increase proteolysis in
animal models (12, 13,), adults (6–8, 14), and preterm infants
(5, 10). Second, the number of infants who receive dexameth-
asone treatment for CLD is small, and this group of infants is

Table 1. Clinical characteristics of the individual preterm infants with CLD receiving dexamethasone therapy

Patient
Insulin dose

(IU)
Gestational age

(wk)
Birth weight

(g) AGA/SGA

Age at time
of study

(d)

Weight at time
of study

(g)

1 0.5 28.3 755 SGA 16 865
2 0.5 26.9 890 AGA 15 955
3 0.5 24.7 735 AGA 10 815
4 0.5 28.0 700 SGA 20 910
5 0.5 25.3 685 AGA 18 675
6 0.5 27.2 1140 AGA 13 1210
7 0.5 26.2 810 AGA 23 905
8 1 27.2 1125 AGA 33 1380
9 1 25.7 1000 AGA 14 1225

10 1 27.3 1075 AGA 13 1105
11 1 25.3 640 SGA 11 710
12 1 27.7 535 SGA 21 635

Mean 6 SEM 26.7 (0.3) 841 (58) 17.3 (1.8) 949 (68)

No significant differences between the 0.5 IU and the 1.0 IU group. AGA, appropriate for gestational age; SGA, small for gestational age.

Table 2. Protein and energy intakes

Day
Protein intake

(g/kg/d)
Energy intake

(kcal/kg/d)

Day 0 2.25 6 0.3 88.7 6 8.7
Day 2 2.32 6 0.3 90.5 6 6.9
Day 4 2.74 6 0.2 100.4 6 6.9
Day 7 3.16 6 0.3* 118.4 6 10.0*

Values reported as mean 6 SEM.
* Statistically significant difference at p , 0.05 from d 0.
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very hard to study. The addition of a control group either
would have reduced the number of infants receiving insulin
treatment or considerably prolonged our study, which encom-
passed nearly 2.5 y. Changes in treatment protocols over a
period of several years, which are inevitable in a rapidly

developing subspecialty like neonatology, increase the vari-
ability in the results, which are already significant. In Table 3,
we compare the results of this study with a previous study in
which leucine kinetics were studied during the same dexameth-
asone treatment, but without insulin administration. Although
there is a difference in birth weight and postnatal age at time of
study, the leucine turnover and breakdown on d 0 are in the
same range. However, on d 4, a significant increase in protein
breakdown was measured in the infants studied by van Gou-
doever et al. (10). This was not present in the group with
steroids and insulin.

In this study we chose to form two subgroups receiving
either 0.5 IU or 1.0 IU insulin/kg/d. Those dosages were
chosen arbitrarily, inasmuch as no previous studies have been
performed with the combination therapy of dexamethasone and
insulin. However, in hyperglycemic infants receiving total
parenteral nutrition, insulin doses up to 2.8 IU/kg/d have been
used (21), and in a study with four clinically stable, preterm
infants, a dosage of 1.2 IU/kg/d reduced proteolysis, although
protein synthesis decreased to the same extent, resulting in no
net protein gain (22). To avoid an increase in glucose intake,

Fig. 1. Average daily weight gain in grams per kilogram per day (6 SEM) 1 wk before dexamethasone and in the first, second, and third weeks after
dexamethasone treatment. *p , 0.05 significant difference from d 0.

Fig. 2. Leucine turnover (black bars) and breakdown (gray bars) on d 0, 2, 4, and 7 after start of dexamethasone therapy. Leucine data are presented in
micromoles per kilogram per hour (mean 6 SEM).

Fig. 3. Average plasma C-peptide levels in nanomoles per liter (mean 6
SEM). *p , 0.05; **p , 0.01; ***p , 0.001 compared with d 0.
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we chose to randomly assign the infants to either 0.5 IU or 1.0
IU insulin/kg/d. The apparent absence of a dose response in
leucine kinetics in response to 0.5 IU versus 1.0 IU insulin/kg/d
may be because of the number of infants studied.

The fact that insulin reduces proteolysis has been demon-
strated in a number of studies (17, 22). Administration of
insulin and glucose partially blocked branched-chain a-keto-
acid dehydrogenase activity. Smith et al. (13) found that
protein catabolism is exaggerated in diabetic rats compared
with normal rats. Because the major effect of dexamethasone
treatment is proteolysis, the choice for concomitant insulin
treatment was an obvious one.

Our results show that with simultaneously administration of
insulin and dexamethasone, there is no increase in protein
breakdown. After discontinuation of insulin we did not see an
increase in protein breakdown. The reason for this could be
that on d 7 the endogenous insulin production has increased
more than 2-fold compared with baseline (Fig. 3). Second, the
dose of dexamethasone has been decreased by 50% on d 7.

We did not measure leucine oxidation, so we are not able to
calculate whether protein synthesis was affected. However, in a
small subgroup of infants, we found a positive net protein balance,
indicating that the overall effect of insulin in infants treated with
dexamethasone was anabolic. This result stands in contrast to the
weight gain rates we observed. Contrary to the leucine results, and
similar to our previous study in infants receiving dexamethasone
without insulin, weight gain rates decreased during high dosages
of dexamethasone and insulin, whereas they normalized at the end
of the tapered treatment. The reasons for the discrepancy in
leucine results and nitrogen balances versus weight gain rates are
not clear. It may be that leucine is not a very good indicator of
whole-body protein metabolism, as leucine is an essential amino
acid that is relatively abundant in formula, or that the small
number of infants in whom we were able to obtain reliable urinary
nitrogen excretion data did not react as a representative subgroup.
Another explanation could be that dexamethasone has an effect on
body composition and weight gain, and therefore is not a good
measure for growth in this situation. There was, however, no
effect on daily fluid balances that could explain the reduced
weight gain during high-dose dexamethasone (data not shown)

Theoretically, exogenous insulin administration could sup-
press endogenous insulin production. To be sure that endoge-
nous insulin production was not suppressed by exogenous
insulin administration, we measured plasma C-peptide levels.
Although plasma-measured C-peptide levels are less accurate
than computerized compartmental analysis of C-peptide con-
centration in predicting prehepatic C-peptide production (23),
it appeared that even during exogenous insulin administration,
the C-peptide levels increased, indicating that endogenous

insulin production increased. This means that there are no
indications that endogenous insulin production is suppressed
by the doses of insulin used in this study.

Because protein breakdown is accelerated by corticosteroids,
we believe that blocking such an increase in these infants is
preferable to increasing their already high protein synthesis rate.

Other strategies to counteract the steroid-induced increase in
protein breakdown are the use of rhGH or IGF. IGF has failed
to reverse corticosteroid-induced protein breakdown in piglets,
and in a pilot study, GH did not prevent protein breakdown in
bronchopulmonary dysplasia-afflicted infants with dexametha-
sone (24, 25). In the past few years, studies have been published
on adult patients treated with corticosteroids long term, whose
protein balance showed an improvement after providing a therapy
combining corticosteroids with rhGH (26–28). This effect
stemmed solely from increased protein synthesis; protein break-
down was not affected. Combination of rhGH with IGF-I ap-
peared to result in a substantially more positive protein balance
than either one alone (29). However, data are conflicting because
rhGH did not modify the protein breakdown in rats given dexa-
methasone (30). In infants, protein turnover (i.e. protein break-
down and synthesis) occurs at a much higher level than in children
and adults (10). Furthermore, as recent publications on the use of
rhGH in critically ill adults have shown a 2-fold increase in
mortality rates (31), the use of rhGH in critically ill preterm
infants should not be advocated in the absence of a thorough
examination of the effect of rhGH in such patients.

During our study, as the clinical status of most of the
patients improved, their nutrient intake changed; total caloric
and oral protein intake increased, and parenteral protein intake
declined. There were, however, no significant differences in
either protein or energy intake between d 0 and 4, the period in
which insulin was administered.

In conclusion, the results of this study show that during
combined insulin and steroid treatment in preterm infants with
CLD, leucine kinetics remain unchanged. This was, however,
not accompanied by an increase in weight gain, so that the
anabolic effect of insulin in preterm infants receiving dexa-
methasone has yet to be established.
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