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ABSTRACT. Plasma amino acid levels in newborn babies 
are often measured as part of a screening for inherited 
metabolic disease, or less commonly as part of a nutritional 
assessment. We have examined certain factors which affect 
the levels as measured in low birth weight babies during 
the first 3 wk of life. As in other studies, plasma amino 
acid concentrations were shown to fall with increasing 
gestational and postnatal age, and to reflect to some extent 
the amino acid composition of the dietary protein. In 
addition, however, plasma branched-chain amino acids and 
cystine were found to be inversely related to growth velocity 
and nitrogen retention. These results could be interpreted 
to suggest that some low birth weight babies were mal- 
nourished. However accompanying anthropometric and 
clinical data showed that these particular babies were 
healthy and growing rapidly; they were unlikely to be truly 
malnourished. Rather we suggest they were experiencing 
"protein economy" resulting from their high growth rate, 
and would, therefore, have benefited from increased dietary 
protein. It seems that growth velocity, as well as maturity 
and diet, must be considered when interpreting plasma 
amino acid values in an individual baby. There are two 
implications for the nutrition of the low birth weight baby. 
The higher plasma threonine concentrations found in the 
babies receiving the demineralized whey formula does 
prompt a word of caution when further increase in the 
whey:casein ratio is contemplated. At energy intakes 
around 130 kcal/kg/day, protein may become a limiting 
nutrient both in terms of quality and quantity. (Pediatr Res 
19: 446-450,1985) 

Abbreviations 

C, curd 
CW, curd and whey 
LGA, light for gestational age 

There has been considerable recent interest in the plasma 
concentrations of amino acids in early life, mainly because of 
their important use in the diagnosis and management of inborn 
errors of metabolism (1, 2) but also because they reflect nutri- 
tional status (3,4). Not only have plasma amino acid levels been 
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shown to be related to dietary protein quantity, but recent work 
has also shown a relationship with dietary protein quality (5, 6). 

There has been no single study in which plasma amino acids 
have been related to the numerous factors affecting the newborn 
baby such as conceptional and postnatal age, growth velocity, 
and the absorption and retention of dietary protein. As part of a 
study of neonatal protein nutrition (7) we have been able to 
examine these factors and have shown that growth velocity in 
particular is a more important determinant of certain plasma 
amino acid levels than has been previously realized. Some of the 
results have appeared in a preliminary communication (8). 

SUBJECTS AND METHODS 

Patients. Two groups of low birth weight babies were studied. 
"Preterm" group (32 babies). This group consisted of those 

infants of gestational age less than 37 completed wk by obstetric 
and pediatric assessment; birth weight (mean + SD) 2.07 kg k 
0.16, 19 appropriate weight (10-90th centile), and 13 LGA (less 
than 10th percentile) from data of Gairdner and Pearson (9). 

"Term LGA"group (23 babies). This group consisted of those 
infants of gestational age 37-41 completed wk; birth weight 
(mean k SD) 2.08 kg + 0.15, LGA, i.e. less than 10th percentile. 

The babies were admitted to the Special Care Baby Unit of 
the Sorrento Maternity Hospital and entered the study if their 
mothers were unable to provide breast milk and had given their 
informed consent. 

Feeding regimen. The babies were randomly allocated to re- 
ceive one of the two formulas (both produced by John Wyeth 
Ltd.): (1) one in which the source of protein was skimmed cow's 
milk i.e. unmodified cow's milk protein, 82% casein (curd) 
protein (SMA, referred to as C formula), and (2) one in which 
the source of protein was predominantly demineralized whey, 
i.e. 40% casein:60% whey protein (S26, referred to as CW 
formula). 

Although quantitatively the protein in the two formulas was 
identical (1.5 g/100 mL, 2.25 g/100 kcal), their amino acid 
compositions were not. The first 2 columns of Table I show the 
amino acid composition of the protein in the reconstituted 
formulas. This was determined after acid hydrolysis of the milk 
(during which tryptophan was totally destroyed) by the Macro- 
molecular Analysis Service, University of Birmingham. The CW 
formula contained more threonine (+20%), aspartic acid 
(+ 13%), and alanine (+ 19%), and less phenylalanine (- 13%) 
and histidine (-24%). The formulas were specially supplied by 
the manufacturers for this study. They had an identical fat blend, 
containing polyunsaturated vegetable fats, as well as animal fat. 
At reconstitution extra sodium (5 mmol/liter as citrate) and 
potassium (2 mmol/liter as chloride and 4 mmol/liter as citrate) 
were added to the CW formula as described elsewhere (10). This 
gave final concentration of 12 mmol/liter of sodium and 20 
mmol/liter of potassium, equal to their concentration in the C 
formula. 
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Table 1 .  Amino acid concentrations in the preterm and term LGA babies'plasma [Mean (SD)] and in the C and CW formulas 
Formula Plasma 

Preterm babies Term LGA babies 

C CW Day C CW C CW 
(mmol/liter)* (pmol/liter) (pmol/liter) 

Taurine 1 1  64 (3 1) 66 (39) 57 (29) 50 (32) 
2 1 47 (20) 50 (10) 42 (12) 41 (22) 

Aspartic acid 

Hydroxyproline 

Threonine 

Serine 

Asparagine 

Glutamic acid 
+ glutamine 

Proline 

Glycine 

Alanine 

Valine 

Cystine 

Methionine 

Isoleucine 

Leucine 

Tyrosine 

Phenylalanine 

Lysine 

Histidine 

Arginine 

Amino acid molar ratios 
Va1ine:glycine 

2 I 1.83 (0.53) 2.13 (0.37j 1.76 (0.48j 1.50 (0.23j 

*To convert to ~mo1/100 kcal multi~lv bv 150. or to ~mol lMJ multi~lv bv 358. . , & .  . 
t Denotes a sign>ficait difference betw;enec and CW groups (p < 0.05). 
$ Denotes a significant difference from day 1 1 to 21 (p  < 0.05). 
3 Ratio of the sum of the concentrations of glycine, serine, glutamine, and taurine to that of isoleucine, leucine, valine, and methionine. 
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The babies received their first feeds within 4 h of birth and 
were fed according to the standard feeding schedule of the unit 
such that by the 9th day of life all of the babies were receiving 
200 ml/kg body weight per day, providing 134 kcal(560 kJ) and 
3 g of protein (9% of energy). 

Anthropometry. Measurements were made at birth and there- 
after at weekly intervals; weight was determined with a Salter 
spring balance and length with a Harpenden neonatometer. 

Biochemistry. Blood specimens were obtained on days 11 and 
2 1, 4 h after the 0600 h feed which was also immediately prior 
to the next feed. Choice of a particular time of day minimized 
variation due to the well documented circadian periodicity of 
blood amino acid concentrations (1 1). Before blood was collected 
by heel prick, the heel was swabbed with methanol. Blood was 
always free flowing and that for other measurements was always 
collected from the site first. Contamination of specimen with 
skin surface amino acids is minimal in the newborn (12). The 
blood was centrifuged immediately, and the plasma separated. 
Plasma protein was precipitated using sulphosalicylic acid after 
addition of norleucine as an internal standard. The maximum 
time taken from specimen collection to completion of this stage 
was 1 hr; it was usually considerably less. Until analysis all 
specimens were stored at -20' C. Amino acids were measured 
using a Locarte amino acid analyzer. The only amino acid 
affected by storage was glutamine which is converted to glutamic 
acid (13); therefore quantitatively the results were expressed as 
the sum of these two amino acids. Values for tryptophan, orni- 
thine, and citrulline were either not available or incomplete and 
so have been excluded. 

Nitrogen balances were performed on a group of 14 babies 
(seven on the C formula and seven on the CW formula, for 3 to 
5-day periods terminating on day 19), using a procedure similar 
to that of Fomon (14). Total nitrogen determinations of milk, 
urine, and feces were made using the method of Shahinian and 
Reinhold (1 5). 

Results were analyzed for statistical significance using a paired 
t test for differences between days 11 and 21, and an unpaired t 
test for differences between the preterm and term LGA dietary 
groups. Linear regression analysis was performed using Deming's 
method (1 6). 

RESULTS 

Plasma amino acid concentrations and ratios. These are shown 
in Table 1 and show two distinct trends: 1) amino acid levels 
were in general higher in babies receiving the C formula than in 
those on the CW formula though threonine was an exception, 
and 2) irrespective of diet, amino acid levels fell from day 11 to 
21. Both these trends were more obvious in the preterm babies 
and affected essential rather than nonessential amino acids. 

The va1ine:glycine ratio was lower in the preterm babies fed 
the C formula; there was no corresponding increase in the 
nonessential to essential amino acid ratio. 

Relationships of plasma amino acid concentrations to growth 
and nitrogen balance. Results in Table 2 show that the babies 
receiving the CW formula grew heavier and longer (significant 
for preterm babies only) and absorbed a greater proportion of 
the dietary nitrogen than those receiving the C formula. 

The babies growing most rapidly and with the higher nitrogen 
retentions had the lower concentrations of branched-chain amino 
acids and cystine. Higher nitrogen adsorption was associated 
with a higher plasma phenylalanine concentration (Table 3, Figs. 
1 and 2). 

DISCUSSION 

Three factors appear to affect the concentrations of plasma 
amino acids. Of these the maturity of the infant and the quantity 
and quality of dietary protein are well known, but little attention 
has been paid to the effect of growth velocity. 

Table 2. Anthropometry and nitrogen balance results [mean 
(SD)] in the two dietary groups 

C CW 

Wt gain, day 7-2 1 (g/day) 2 1.9 (5.9) 27.3 (8.8)* 
Length increase day 7 to 2 1 (mm/day) 1.12 (0.4 1) 1.42 (0.29)* 
Nitrogen absorbed (mmol/kg/day) 31.9(1.4) 33.1(1.5) 
Nitrogen absorbed as % of intake 90 (3) 93 (I)* 
Nitrogen retained (mmol/kg/day) 21.5 (3.4) 23.2 (1.1) 
Nitrogen retained as % of absorption 67 (10) 70 (5) 

* Significant difference from C group, p < 0.05 ( t  test). 

Table 3. Correlations ofplasma amino acid concentrations 
(day 21) with growth and nitrogen balance 

r R 

Valine with 
Wt gain (day 7-21) 
Length increase (day 7-2 1) 
Nitrogen retention 
Nitrogen retention as % absorption 

Leucine with 
Length increase (day 7-2 1) 
Nitrogen retention 
Nitrogen retention as % absorption 

Isoleucine with 
Length increase (day 7-2 1) 
Nitrogen retention as % absorption 

Cystine with 
Length increase (day 7-21) 
Nitrogen retention 
Nitrogen retention as % absorption 

Phenylalanine with 
Nitrogen absomtion as % intake 

Maturity of the infant. Plasma amino acid concentrations, 
particularly threonine and serine, the branched-chain amino 
acids, tyrosine, phenylalanine, and lysine, fell over the period of 
study from initially high levels. This trend probably reflected a 
maturation of amino acid metabolism in the newborn low birth 
weight baby (1 7-1 9). Plasma levels of serine and tyrosine were 
higher in the preterm babies than in the term LGA ones. Moms 
et al. (20), analyzing screening program results, noted the in- 
creased frequency of plasma tyrosine values greater than 450 
rmol/liter in infants who were less than 2 kg at birth, particularly 
those who were preterm. Apart from valine, leucine, and isoleu- 
cine, the plasma amino acid concentrations did not correlate 
with growth so that maturity rather than growth was probably 
the primary factor influencing their levels. 

Rigo and Senterre (21) have recently shown (21), only in 
infants receiving a relatively high threonine intake, that preterm 
infants had higher plasma levels of the amino acid than term 
infants. JarvenpZi et al. (22), using a lower threonine intake in 
term babies, demonstrated a higher plasma threonine in infants 
receiving a CW formula compared with infants receiving a 
predominantly C formula or breast milk. They later reported 
(23) no correlation with gestational age in infants receiving high 
threonine intakes. 

Our findings in preterm and term LGA babies receiving com- 
paratively low threonine intakes extend these observations. The 
higher plasma threonine levels were seen in those preterm babies 
who received the CW formula and, therefore, a higher threonine 
intake. This persisted to the 21st day of life. It could be con- 
cluded, therefore, that the trend indicates some metabolic im- 
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maturity in the handling of threonine. An equivalent group of 
term LGA babies did not show this but demonstrated a greater 
fall in plasma levels from day 11 to 21. This could further 
indicate that even these term babies matured in their handling 
of threonine over the first weeks of life. 

Dietary protein. Differences in the plasma amino acids are in 
some instances explained by differences in the composition of 
the dietary protein. The CW formula had less phenylalanine and 

PRETERM TERM LGA 

A I 

10 30 10 30 
LENGTH INCREASE DAY 7 TO 21 MMIDAY 

Fig. 1. Correlations of length increase with (a) plasma valine in 
preterm (r = -0.48, p < 0.01) and term LGA (r = -0.51, p < 0.02) 
babies and ( b )  plasma cystine in preterm (r = -0.36, p = 0.05) and term 
LGA (r = -0.44, p < 0.05) babies fed C (0) and CW (0)  formulas. 

more threonine and plasma levels reflect this. Plasma phenyl- 
alanine correlated with absorption of nitrogen from ingested 
protein. These dietary differences, however, cannot explain other 
observations. While the babies fed the CW formula had lower 
plasma levels of tyrosine and branched-chain amino acids, their 
intakes of these amino acids were little different from those of 
babies fed the C formula. While higher protein intakes have been 
associated with increases in plasma amino acids, such as phen- 
ylalanine and tyrosine (24), our observations suggest that protein 
quality may influence plasma amino acid levels in a way distinct 
from that of protein quantity. 

Growth rate, protein, and energy intake. Low plasma concen- 
trations of branch-chain amino acids and a low va1ine:glycine 
ratio have been observed in malnutrition and have been used as 
a biochemical sign of undernutrition (25). In this study, a low 
concentration of circulating branched-chain amino acids was 
associated with rapid growth and greater retention of nitrogen- 
hardly signs of poor nutrition. We have previously shown that a 
raised plasma alkaline ribonuclease activity, also a common sign 
of poor protein nutrition (26, 27), was similarly associated with 
rapid growth in low birth weight babies (28). We suggest that the 
lower plasma concentrations of valine leucine, and isoleucine, 
similar to the elevated alkaline ribonuclease activity, are bio- 
chemical signs of "protein economy" caused by rapid growth. 

In a similar study Rassin et al. (6) used a formula with a lower 
protein:energy ratio than ours (1.9 compared to 2.25 g protein 
per 100 kcal) and their babies received a lower total energy intake 
(1 17 compared with 134 kcal/kg/day). They reported higher 
concentrations of branched-chain amino acids during the 3rd wk 
of life than those reported herein and no significant differences 
between CW fed groups. Correlations with growth velocity were 
not given. Jonxis (29) showed that increasing the energy intake 
without increasing that of the protein in premature babies re- 
sulted in increased growth and lower plasma branched-chain 
amino acids. It is, therefore, likely that at modest intakes of 
energy and protein, as used by Rassin et al. (6) energy intake was 
growth limiting, and so differences in dietary protein quality had 
no effect on either growth velocity or branched-chain amino acid 
levels. At higher protein and energy intakes, such as we used, 
growth is not limited by available energy so that the effects 
reported herein become apparent. There is, therefore, an inter- 
relationship among energy intake, protein intake, growth veloc- 
ity, and plasma branched-chain amino acid levels which must 
not be overlooked. 

Plasma cystine was similarly inversely related to growth; those 
babies who grew faster had lower plasma levels of the amino 
acid. Cystine has been taken to be an essential amino acid in the 
newborn due to the immaturity of the liver enzymes of the 
transulfuration pathway (18, 19). However, recent evidence (30) 

. - 
I I - 
18 22 26 18 22 26 86 90 94 

NITROGEN RETENTION MMOL/KG PER 2 4 ~  N I T R O G E N  ABSORPTION 
AS PERCENTAGE OF INTAKE 

Fig. 2. Correlations of nitrogen retention with plasma valine (r = -0.57, p c 0.05) and plasma cystine (r = -0.65, p < 0.05) and of nitrogen 
absorption as a percentage of intake with plasma phenylalanine (r = 0.59, p < 0.05) in low birth weight babies fed C (0)  and CW (0)  formulas. 
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suggests that the kidney and adrenal tissues of the preterm infant 
contain significant cystathionase activity. Therefore, the dietary 
requirement for cystine continues to be debated. Results from 
this study suggest that during a period of high catch-up growth 
cystine may be depleted and could become a limiting nutrient 
for growth. We are studying this possibility in more detail. 

Clinical implications. Clearly the interpretation of an individ- 
ual plasma amino acid concentration must be related to the age 
of the subject-a well known principle of pediatric chemical 
pathology. The effect of interpretation in relation to diet is less 
well established. Following the publication of Present day Prac- 
tice in Infant Feeding (3 1 )  and the ESPGAN Guidelines on Infant 
Nutrition (32), most babies in Europe now receive a diet much 
lower in protein quantity than previously (more babies are breast- 
fed and the remainder receive an infant formula rather than 
cows' milk) and many receive substantial amounts of whey 
protein (33) (either breast milk or a formula based on deminer- 
alized whey, such as that used in this study). Reference ranges 
previously established in babies receiving whole cows' milk are, 
therefore, quite inappropriate and may lead to the delayed diag- 
nosis of an inborn error of metabolism in a baby receiving a 
lower protein, higher whey content food, such as breast milk 
(20). 

The higher intake and plasma concentration of threonine 
associated with the CW formula fed babies cautions the use of 
larger amounts of whey protein than those used in this study 
(60% of 3 g/kg or 60% of 2.25 g/100 kcal) without a careful 
biochemical assessment. 

Interpretation of amino acid data in relation to growth velocity 
and energy intake has received little attention. Isolated biochem- 
ical interpretation could have led, on the basis of reduced branch- 
chain amino acids and reduced va1ine:glycine ratio, to a diagnosis 
of malnutrition, yet the babies were growing rapidly. In general 
one should be wary of a nutritional interpretation of a biochem- 
ical finding unless there is accompanying anthropometric and/ 
or clinical evidence. At the same time it seems probable that the 
lower branched-chain amino acids in particular, and possibly the 
lower cystine concentrations, in rapidly growing babies were an 
indication of protein economy and suggest that these babies 
would have benefited from a greater intake of protein. There is 
also some indication that at energy intakes below 130 kcal/kg/ 
day, protein may become a limiting nutrient. 
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