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Very low birth weight (VLBW) infants (748-1390 g, n = 65) 
were randomly assigned to receive control or marine 
oil-supplemented formula when they achieved intakes 
>454 kJ (110 kcal)/kgM of a formula designed for VLBW 
infants. Study formulas with or without marine oil were 
provided until 79 wk of postconceptional age (PCA), first 
in a formula designed for preterm infants followed by a 
formula designed for term infants. Infants were studied 
at regular intervals through 92 wk PCA. Weight, length, 
and head circumference were determined by standardized 
prodedures and normalized to the National Center for 
Health Statistics figures for growth of infants born at 
term of the same age and gender. Mean normalized 
weight, weight-to-length, and head circumference were 
greatest at 48 wk and decreased thereafter. The decline 
in normalized weight was greater in infants fed the marine 
oil-supplemented formula. Beginning at 40 wk, marine oil- 
supplemented infants compared to controls had signifi- 
cantly poorer Z-scores for weight, length and head cir- 
cumference. In addition, birth order (negatively) and 
maternal height (positively) influenced weight and length 
achievement in infancy as shown previously in infants 
born at term. 
Lipids 27, 901-907 (1992). 

The purpose of this study was to compare growth in 
preterm infants who were randomly assigned to receive 
either commercially available formulas or experimental 
formulas (also prepared commercially) which included a 
low level of marine oil. The marine oil was added experi- 
mentally to test the hypothesis that membrane phospho- 
lipid docosahexaenoic acid (DHA, 22:6n-3) could be main- 
tained in a physiological range (1,2) and the development 
of visual acuity enhanced (3) compared to controls. The 
experimental formulas provided 0.2% of total fat ty acids 
as DHA, the amount reported in milk of American women 
delivering prematurely (1,4). The marine oil added to the 
experimental formulas also provided 0.3% of total fat ty 
acids as eicosapentaenoic acid (EPA, 20:5n-3). This EPA 
concentration is higher than generally found in human 
milk (1,4) without regular fish (5) or fish oil (6) consump- 
tion. Together, DHA and EPA provided 0.5% of total fatty 
acids (approximately 0.25% of dietary energy) in the ex- 
perimental formulas. 

Two studies in rodents had shown that marine oil re- 
duced weight gain during periods of rapid growth and 

1 Based on a paper presented at the Symposium on Milk Lipids held 
at the AOCS Annual Meeting, Baltimore, MD, April 1990. 

*To whom correspondence should be addressed at the Department 
of Pediatrics and OB/GYN, Newborn Center, University of Ten- 
nessee, 853 Jefferson Avenue, Memphis, TN 38163. 

Abbreviations: AGA, appropriate-for-gestational age; ANOVA, 
analysis of variance; BPD, bronchopulmonary dysplasia; DHA, 
docosahexaenoic acid; EPA, eicosapentaenoic acid; PCA, postconcep- 
tional age; SGA, small for gestational age; VLBW, very low birth 
weight. 

development (7,8). In both of these studies, marine oil pro- 
vided a much greater proportion of total energy than in 
the present infant study. On the other hand, the rodent 
studies were of only 2 to 3 wk duration whereas preterm 
infants were fed the marine oil-supplemented formula for 
many months. Consequently, we monitored growth in 
these infants to assure that  growth was not adversely af- 
fected by the low levels of marine oil included in the experi- 
mental formulas. The results of this study show that low 
levels of marine oil supplementation reduced growth in 
very low birth weight (VLBW) preterm infants compared 
to controls beginning approximately 8 wk after feeding. 

METHODS 

Selection of patients. Infants selected for this study were 
admitted to the Newborn Center at the University of Ten- 
nessee, Memphis, TN. Although infants weighed between 
748 and 1390 g at birth, they had no risk factors for poor 
growth other than prematurity, i.e., they were not severely 
growth retarded in utero (weight less than the 5th percen- 
tile for their gestational age), and did not require long- 
term mechanical ventilation or gastrointestinal surgery 
after birth. Other exclusion criteria (intraventricular/ 
periventricular hemorrhage > grade 2, retinopathy of 
prematurity > stage 2, history of maternal cocaine use) 
were designed to eliminate risk factors for cognitive and 
visual development. Infants developing problems after 
enrollment were replaced with another infant assigned to 
the same formula. 

Study design. The study was designed to test the ef- 
fects of marine oil-supplementation on biochemistry, 
visual acuity, cognition and growth in the first year of life 
This paper deals with the effects on growth. Infants were 
eligible for enrollment when they had reached intakes of 
a nutrient enriched formula designed for preterm infants 
>454 kJ (110 kcal)/kg/d. Parental consent was obtained ac- 
cording to an Institutional Review Board-approved pro- 
tocol, and infants were randomized to receive either the 
standard or the marine oil-supplemented formul& Infants 
were assigned a postconceptional age (PCA) in weeks by 
averaging the obstetric assessments of age (dates and 
ultrasound). If there was a discrepancy of >2 wk between 
these and the pediatric assessment of PCA based on 
physical and neurological maturi ty (9), all assessments 
were averaged. 

Infants were considered study completers if they re- 
mained in the study through 57 wk PCA. A total of 79 
patients were enrolled, ten to replace infants who did not 
complete the study through 57 wk for a variety of reasons. 
Four additional infants were excluded for receiving enteral 
nutrition other than study formulas through 57 wk. The 
profile of the 65 infants who completed the study is shown 
in Table 1. All 65 infants remained in the study through 
68 wk. At 79 wk, 31 control and supplemented infants 
returned for followup. At 92 wk, 28 infants in each group 
returned for followup. 
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TABLE 1 

Neonatal and Perinatal Characteristics of the Study Population 
of Preterm Infants by Formula a, b 

Control Marine supplemented 
(n -- 34) (n -- 31) 

Birth weight (g) 
Gestational age (wk) 
Enrollment weight (g) 
Enrollment age (d) 
Log ventilator (h) 
Log oxygen (h) 
First formula fed {h) 
I.V. c nutrition (d) 
Size at birth (AGA/SGA)d 
BPD e (no/yes) 
Birth order {no.) 
Maternal height (cm) 

1074 __ 193 (740-1398) 
29 +_ 2 (26-32) 
1304 +_ 183 (1072-1730) 
25 +_ 10 (20-44) 
1.10 (0-2.775) 
1.76 (0-2.919) 
78 ___ 55 (32-310) 
18 _-+ 9 (7-41) 
31/3 
33/1 
2.5 + 1.4 (1-6) 
163.1 ___ 7.7 (149-180) 

1147 __ 154 (833-1350) 
29 __ 2 (26-32) 
1330 __ 129 (1040-1652) 
22 __ 8 (9-40} 
0.775 (0-2.547) 
1.66 (0.48-3.196} 
79 -!-_ 54 (27-272) 
18 +_ 8 (8-38) 
31/2 
30/2 
2.3 __ 1.1 (1-6) 
164.8 +_ 7.9 (152-184) 

a Mean +_ SD (range). 
bSignificant differences between dietary groups did not occur for any descriptor. 
c Intravenous. 
dAppropriate for gestational age (AGA or small for gestational age [SGA]). 
e Bronchopulmonary dysplasia. 

TABLE 2 

Fatty Acid Composition a of Standard (control) and Experimental (marine oil-supplemented) 
Preterm (PT) and Term (T) Formulas 

Preterm formulas Term formula 

Fatty acid Control-PT Experimental-PT Control-T Experimental-T 

g/100 g total fatty acid 

6:0 0.3 0.3 0.1 0.1 
8:0 28.8 28.8 2.3 2.2 
10:0 14.5 14.2 2.0 2.0 
12:0 10.0 9.7 17.2 16.9 
14:0 4.3 4.2 7.2 7.2 
16:0 6.3 6.2 9.9 10.0 
16:1 0.2 0.3 n.d. b n.d. 
17:0 0.1 0.1 n.d. n.d. 
18:0 3.1 3.0 4.7 4.6 
18:1 9.9 9.8 17.1 17.0 
18:2n-6 19.1 18.7 33.2 32.6 
20:0 0.3 0.3 0.6 0.6 
18:3n-3 3.0 3.1 4.8 4.9 
22:0 0.2 0.2 0.3 0.3 
20:5n-3 n.d. 0.3 n.d. 0.3 
24:0 0.1 0.1 0.1 0.1 
22:6n-3 n.d. 0.2 n.d. 0.2 

C18 n-6/n-3 6.4 6.0 6.9 6.6 
~>C20 n-3 0 0.5 0 0.5 

a Provided by Ross Laboratories, Columbus, OH. bNot detected. 

F r o m  enro l lmen t  un t i l  d ischarge (1800 g) i n f an t s  were 
fed a p re t e rm formula  wi th  or w i t h o u t  m a r i n e  oil sup- 
p lementa t ion .  F r o m  discharge u n t i l  79 wk, i n f an t s  re- 
ceived a formula designed for t e rm infan ts  wi th  or wi thout  
mar ine  oil s u p p l e m e n t a t i o n  accord ing  to the i r  or ig inal  
ass ignment .  The fa t ty  acid composi t ion  of control  and  ex- 
per imenta l  pre term and  te rm formulas is shown in  Table 2. 
Fo rmula  A and  A-T were commercia l ly  available; Fo rmula  
B and  B-T were exper imenta l .  

I n f a n t s  were s tud ied  a t  t he  following ages ad ju s t ed  for 
ear ly  delivery: t e rm  (38 • 2 wk PCA, m e a n  __ SD), 2 m o n  
(48__ 2 wk), 4 m o n  (57 • 2 wk), 6.5 m o n  (68 • 2 wk), 
9 m o n  (79 • 2 wk) a nd  12 m o n  (93 • 2 wk). N u t r i t i o n  
counse l ing  a t  each v i s i t  emphas ized  me thods  for assur- 
ing  t h a t  i n f a n t s  were fed as m u c h  fo rmula  as desired 
wi thou t  overfeeding or underfeeding.  A his tory  of d ie tary  
in t ake  was obta ined.  Al l  except  one i n f a n t  c o n s u m e d  a t  
leas t  0.72 L of fo rmula  per  day t h r ough  79 wk PCA. 
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GROWTH ACHIEVEMENT 

Reported mean energy intakes from formula (kcal/day; 
kcal/kg/d) were not affected by dietary assignment or 
gender at 48 and 57 wk PCA. At 68 wk PCA, infants con- 
suming the marine oil-supplemented formula had sig- 
nificantly higher energy intakes from formula (kcal/day; 
kcal/kg/d) compared to infants fed standard formula 
(Table 3). 

Measurement of growth. Infants were weighed un- 
dressed on a calibrated infant balance. Length was deter- 
mined in the supine position to the nearest 0.1 cm by two 
individuals using an infant measuring board (Jim's Instru- 
ment Manufacturing, Inc, Coralville, IA). Head circum- 
ference was measured at the largest occipitofrontal cir- 
cumference with a non-stretchable paper tape. Individual 
size determinations were made at each age and group data 
expressed as mean • SD for a given PCA with the excep- 
tion of 40 wk PCA which was interpolated from sizes at 
the 38 and 48 wk measurements. The growth of individual 
preterm infants was also normalized to that of term in- 
fants of the same gender and precise age (10) using data 
from the National Center for Health Statistics (Hyatt- 
sville, MD) (11) to generate percentiles for norms. The 
growth index generated was an approximate Z-score which 
indicated the SD from the fiftieth percentile (+ or -) .  

Statistical methods. The effects of formula on normal- 
ized first year growth were evaluated by a repeated mea- 
sures analysis of variance (ANOVA) for the effects of time 
and marine oil supplementation (Fig. 1). A similar analysis 
was  done for each diet-gender group to compare absolute 
measures of size, but this data should be interpreted with 
caution since the numbers of infants in each diet-gender 
group are not adequate to eliminate a Type II error. 
Preplanned comparisons between least-squares means 
were made using Fisher's Least Significant Difference 
(12). Stepwise multiple linear regression was used to deter- 
mine the independent factors which affect normalized 
growth at each age. In addition to marine off-supplemen- 
tation (shown here to affect growth), maternal height and 
birth order (shown previously to affect growth in term in- 
fants, 13) were included. All statistical analyses used soft- 
ware from SAS Institute Ina (Cary, NC) (14) and the main- 
frame computer at University of Tennessee. 

RESULTS 

Population of infants studied. Thirty-four control and 31 
marine off-supplemented infants completed the study. The 

OF PRETERM INFANTS 
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groups were statistically similar with regard to all descril> 
tors (Table 1) and were not at risk for poor growth_ Infants 
with chronic lung disease (bronchopulmonary dysplasia, 
BPD) are known to have poorer growth (15-17). Although 
three of the final 65 infants were diagnosed with BPD, 
all of these infants were weaned from oxygen before 
discharge and had growth indistinguishable from their 
dietary group. Intrauterine growth retarded infants are 
also known to have poorer growth achievement in the first 
year of life (18). Most of the infants who completed the 
study ( -- 60) were appropriately grown (>10th percentile 
for gestational age), and the remaining five infants were 
mildly growth retarded at birth (i.e., between the 5th and 
10th percentile. 

Weight achievement. At enrollment, all diet-gender 
groups had the same absolute weight (1.3 + 0.13 to 
0.18 kg, mean • SD) (Table 4). Likewise, at the term visit 
(38 +_ 2 wk PCA), diet-gender differences were not seen: 
male control 2.25 • 0.21 kg; male marine oil-supple- 
mented, 2.44 • 0.41 kg; female control, 2.42 • 0.34 kg; 
female mar ine  oi l -supplemented,  2.28 • 0.20 kg 
(mean • SD). However, by 40 wk, and continuing through- 
out infancy, infants supplemented with marine oil had 
lower normalized weight than those fed standard formula 
by Fisher's Least Squares Difference (Fig. 1A). The Z- 
scores depicted in Figure 1A are the most valid measure 
of comparison as they are adjusted for gender differences, 
making the number of infants per group large enough to 
avoid Type II errors. In addition, the Z-score is calculated 
for the precise age of each infant at the time of growth 
assessment. Although absolute and normalized weight by 
age, diet and gender are included in Table 4 as a basis for 
comparison with the data of others, they do not meet 
these criteria and a null hypothesis is not necessarily 
correct. 

Length achievement. Normalized lengths were signifi- 
cantly lower in marine oil-supplemented infants compared 
to controls by 40 wk PCA (P < 0.05) and remained lower 
(P < 0.01) for the remainder of infancy (Fig. 1B). As with 
weight, the only truly valid comparison between formulas 
is seen in Figure lB. The mean absolute and normalized 
values for length by formula, time and gender are shown 
in Table 5 for comparison with the data of others. Infants 
returning for their term visit (38 • 2 wk PCA) were 
44.1 • 1.3, 45.6 • 1.8, 45.4 + 1.8 and 44.5 • 1.0 cm long 
(mean • SD; male control, male marine, female control 
and female marine, respectively). 

TABLE 3 

Mean Reported Energy Intake from Formula of Infants Fed Standard (control) 
and Marine Oil-Supplemented Formula at 48, 57 and 68 Wk Postconceptional Age 

Formula Gender 
48 Wk 57 Wk 68 Wk 

kcal kcaYkg/d kca l  kcaYkg/d kcal  kcal/kg/d 

Con~ol male 718 150 759 112 627 80 
~mMe 599 129 649 108 650 90 

Marine m~e 599 126 712 113 764 104 
~m~e 592 138 692 127 712 108 

ANOVA a ~rmula n.s. b n.s. n.s. n.s. P < 0.04 P < 0.01 
gender n.s. n.s. n.s. n.s. n.s. n.s. 

aAnalysis of variance, bNot significant (P > 0.05). 
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FIG. 1. Normalized growth of control and marine oi l~upplemented 
infants at regular intervals from 40 to 93 wk postconception (mean 
• SD). Individual comparisons were made between formulas using 
Fisher's Least Squares Difference (12). Control infants fed commer- 
cially available formulas were larger than marine oil~upplemented 
infants at all ages beginning at 40 wk (P < 0.01). The only excep- 
tions were length at 40 w k  and head circumference at 93 wk which 
were significant at P < 0.05. Analysis  of variance of Z-score by fo~ 
mula and time: A. Weight: Formula, P < 0.04; time, P < 0.001; for- 
mula by time, n.s.; B. Length: Formula, P < 0.08; time, P < 0.001; 
formula by time, n.s.; C. Head circumference: Formula, P < 0.056; 
time, P < 0.001; formula by time, n.s. 

Weight-to-length ratia Independent of formula, the nor- 
malized weight-t~length ratio decreased significantly over 
time (P < 0.0001, Table 6). Marine oil supplementation did 
not affect weight-to-length ratios by ANOVA, but in- 
dividual means for marine oil-supplemented infants at 79 
and 93 wk PCA were lower than in the controls (P < 0.01). 
These data are not shown. 

Head circumference. Head circumference Z-scores were 
significantly influenced by time and marine oil supplemen- 
tation. Z-scores declined over time and were significantly 
lower in infants fed the experimental formulas compared 
to the standard formulas at all ages (Fig. 1C). Head cir- 
cumference was the only measurement in which gender 
differences were seen after data were normalized to the 
size of term infants of the same age and gender: males 
had a normalized head circumference smaller than that  
of females at 68, 79 and 93 wk PCA (ANOVA by gender 
and formula, P < 0.01). Absolute and normalized values 
for head circumference by formula, time and gender are 
given in Table 7. As with absolute measurements of weight 
and length, these values are presented primarily for pur- 
poses of comparison with the data of others. 

Factors affecting growth achievement. Marine oil sup- 
plementation negatively affected first year growth in these 
preterm infants. Previously, maternal height and birth 
order have been shown to affect first year growth of term 
infants (13). The effects of these independent variables 
(maternal height, birth order and marine oil supplemen- 
tation) on first year growth were studied by stepwise 
multiple regression. Length was positively associated with 
maternal height, but negatively associated with marine 
oil supplementation; weight was negatively associated 
with both birth order and marine oil supplementation 
(Table 8). 

DISCUSSION 

Studies of VLBW infants cared for in neonatal intensive 
care centers in the late 1980s have repeatedly shown that 
growth in the first year of life, even when corrected for 
prematurity, is not equivalent to that of infants born at 
term. Karniski et al. (18) demonstrated that  growth of 
appropriate-for-gestational age (AGA) VLBW infants ap- 
peared to be catching-up to that  of infants born at term 
when expressed by chronological age but not when nor- 
realized for age and gender. Georgieff etal.  (19) also 
showed that VLBW infants (mean birth weight 1143 g) 
did not reach term-equivalent growth by 92 wk PCA, and 
an eight-site collaborative study of <1250 g birthweight 
infants concluded that normalized growth did not catch 
up by the 12-mon examination (20). 

Infants enrolled in our study were a select group of 
VLBW infants without prolonged ventilator requirements 
or other serious illness which would limit energy intake 
or growth, and without evidence of chronic illness after 
discharge. Their parents received counseling about ap- 
propriate feeding at regular intervals during their first 
year at home to insure that intakes of formula were volun- 
tary and unlimited. Growth achievement in these infants 
was excellent compared to published data of first year 
growth, i.e., despite their very low birth weight (mean 
1074 g), they achieved weights, lengths and head cir- 
cumferences in the first year of life equivalent to much 
larger male and female infants (mean birth weight 1690 g) 
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T A B L E  4 

Absolute (kg) and Normalized (Z-score) W e i g h t  A c h i e v e m e n t  a of Very Low Birth Weight Infants 
in Year One by Formula and Gender 

Contro l  M a r i n e  s u p p l e m e n t e d  

Male  F e m a l e  Male  F e m a l e  
Pos t concep t iona l  (n = 11) (n = 23) (n = 13) (n = 18) 

age  (wk) k g  Z-score k g  Z-score k g  Z-score k g  Z-score 

3 3 - + 2  
40 

4 8 - + 2  
5 7 - + 2  
6 8 - + 2  
7 9 - + 2  
9 3 - + 2  

A N O V A  d 
F o r m u l a  
T ime  
F b y T  

1.31 - -  1.29 - -  1.33 - -  1.33 - -  
3.03 - -0 .61 3.13 - -0 .13 2.87 - -0 .60  2.94 - -0 .68  c 
4.65 - -0 .07  4.63 0.51 4.84 - -0 .05  4.23 c - -0 .23 c 
6.43 - -0 .10  6.12 0.41 6.40 - -0 .18  5.63 c - -0 .42 c 
7.91 - -0 .32  7.40 - -0 .03 7.58 - -0 .46  6.77 c - -0 .73 c 
9.06 - -0 .37 8.24 - -0 .24  8.21 c - -0 .84  b 7.70 c - -0 .84  c 

10.08 - -0 .33 9.13 - -0 .50 8.78 c - -1 .14  c 8.61 c - -0 .90  c 

Male  (kg) Male  (Z-score) Fema le  (kg) F e m a l e  (Z-score) 
n.s .  e n.s .  P < 0.02 P < 0.02 

P < 0.0001 P < 0.0001 P < 0.0001 P < 0.0001 
P < 0.0001 n.s .  n.s .  n.s .  

a L e a s t - s q u a r e s  m e a n s  for gende r - fo rmula  s u b g r o u p s ,  bp < 0.05 and  cp < 0.01 c o m p a r e d  to con t ro l s  of  
t he  s a m e  gende r  a n d  t i me  by  F i s h e r ' s  L e a s t  S ign i f i can t  Difference.  d A n a l y s i s  of  var iance ,  eNo t  signifi-  
c a n t  (P < 0.05). 

T A B L E  5 

Absolute (cm) and Normalized (Z-score) Length Achievement a of Very Low B i r t h  Weight Infants 
in Year One by Formula and Gender 

Contro l  Mar ine  s u p p l e m e n t e d  

Male  F e m a l e  Male  F e m a l e  
Pos t concep t iona l  (n -- 11) (n = 23) (n -- 13) (n = 18) 

age  (wk) c m  Z-score c m  Z-score c m  Z-score c m  Z-score 

40 
4 8 - + 2  
5 7 - + 2  
6 8 - + 2  
7 9 - + 2  
9 3 - + 2  

A N O V A  d 
F o r m u l a  
T ime  
F b y t  

47.5 - 1 . 0 9  48.1 - 0 . 8 3  47.6 - 1 . 0 6  47.1 b - 1 . 2 7  c 
53.7 - 0 . 8 3  54.6 - 0 . 2 5  54.8 b - 0 . 8 8  53.0 c - 0 . 9 9  c 
60.9 - 0 . 7 0  60.4 - 0 . 2 1  61.3 - 0 . 7 2  59.4 b - 0 . 7 9  c 
66.7 - 0 . 6 2  65.6 - 0 . 3 9  65.6 b - 1 . 0 5  b 64.1 c - 0 . 8 9  c 
69.9 - 0 . 8 4  69.4 - 0 . 2 5  69.4 - 0 . 8 9  68.2 c - 0 . 7 5  c 
74.4 - 0 . 5 9  73.7 - 0 . 2 8  73.1 b - 0 . 9 6  72.3 c - 0 . 6 3  b 

Male  (kg) Male  (Z-score) Fema le  (kg) F e m a l e  (Z-score) 
n.s .  e n.s .  P < 0.08 P < 0.07 

P < 0.0001 n.s .  P < 0.0001 P < 0.0001 
P < 0.02 n.s .  n.s .  n.s .  

a L e a s t - s q u a r e s  m e a n s  for gende r - fo rmula  s u b g r o u p s ,  bp < 0.05 and  cp < 0.01 c o m p a r e d  to  con t ro l s  of  t he  
s a m e  gende r  and  t i me  by  F i s h e r ' s  L e a s t  S ign i f ican t  Difference.  d A n a l y s i s  of  var iance ,  eNo t  s ign i f ican t ,  
or  w i t h  a t r e n d  t oward  s igni f icance  (P > 0.10). 

TABLE 6 

Normalized (z-score) Weight-to-Length Ratios a of Very Low Birth Weight Infants 
in Year One by Formula and Gender 

Contro l  Mar ine  s u p p l e m e n t e d  

Male  Fema le  Male  Fema le  
P os t concep t i ona l  (n = 11) (n = 23) (n = 13) (n = 18) 

age  (wk) Z-score Z-score Z-score Z-score 

4 8 - - + 2  
5 7 - + 2  
6 8 - + 2  
7 9 - + 2  
9 3 - + 2  

A N O V A  d 
F o r m u l a  
T i me  
F b y T  

1.03 0.73 0.85 0.61 
0.80 0.65 0.44 0.25 c 
0.39 0.37 0.38 - -0 .03  b 
0.60 0.07 - -0 .15 c - -0 .21 
0.46 - -0 .16  - 0 . 6 0  c - 0 . 4 8  b 

Male  (Z-score) Fema le  (Z-score) 
n.s .  e n.s .  

P < 0.0001 P < 0.0001 
n . s .  n . s .  

a L e a s t - s q u a r e s  m e a n s  for gende r - fo rmula  s u b g r o u p s ,  bp < 0.05 and  cp < 0.01 compared  
to  cont ro ls  of  t h e  s a m e  gende r  and  t ime  b y  F i s h e r ' s  L e a s t  S ign i f ican t  Difference.  
d A n a l y s i s  of  var iance ,  eNo t  s ign i f i can t  (P > 0.05). 
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TABLE 7 

Absolute (kg) and Normalized (Z-score) Head (occipitofrontal) Circumference Ratios a of Very Low Birth Weight 
Infants in Year One by Formula and Gender 

Control Marine supplemented 

Male Female Male Female 

Postconceptional (n = 11) (n -- 23) (n = 13) (n = 18) 

age (wk) cm Z-score cm Z-score cm Z-score cm Z-score 

40 35.0 0.05 35.3 1.13 34.7 0.18 35.0 0.20 c 
48 -+_ 2 38.6 0.33 38.9 1.38 39.2 b 0.41 37.9 c 0,39 c 
57 +_ 2 41.8 0.06 41.8 1.16 41.8 0.06 40.7 c 0.12 c 
68 +_ 2 44.3 -0 .03  43.7 0.76 43.9 -0 .06  42.9 c 0.10 c 
79 "4- 2 45.7 -0 .09  45.0 0.58 45.1 b -0 .32  44.3 b -0 .02  c 
93 _+ 2 46.8 -0 .26  46.0 -0 .25  46.1 b -0 .55  45.7 0.00 

ANOVAd Male (cm) Male (7~score) Female (cm) Female (Z-score) 
Formula n.s. e n.s. P < 0.07 P < 0.03 
Time P < 0.0001 P < 0.0001 P < 0.0001 P < 0.0001 
F by T P < 0.04 n.s. n.s. P < 0.01 

aLeast-squares means for gender-formula subgroups, bp < 0.05 and cp < 0.01 compared to controls of the 
same gender and time by Fisher 's Least Significant Difference. dAnalysis of variance, eNot significant or 
with a trend toward significance (P > 0.10L 

TABLE 8 

Normalized Growth Achievement in the First  Year of Life. Multiple Regression Analysis Included Birth 
Weight (forced), a Maternal Height, Birth Order and Marine Oil Supplementation (marine oill 

Dependent variable Age b Independent variable F Probability Model r 2c 

Weight 40 marine oil (--)d 4.73 0.03 0.13 
48 marine oil (--) 14.13 0.001 

maternal height (+) 6.19 0.02 0.28 
57 marine oil ( - )  15.43 0.001 

birth order ( - )  8.12 0.006 0.33 
68 marine oil ( - )  12.88 0.001 

birth order ( - )  7.17 0.01 0.30 
79 marine oil (--) 10.28 0.002 0.17 
93 marine oil (--) 8.84 0.005 

birth order ( - )  4.48 0.04 0.24 

Length 40 no variable met the P < 0.05 level of significance 
48 maternal height (+) 9.26 0.004 

marine oil ( - )  11.87 0.001 0.29 
57 maternal height (+) 13.21 0.001 

Head circumference 

68 

79 

93 

40 
48 
57 
68 
79 
93 

marine oil ( - )  10.07 0.003 
birth order ( - )  4.73 0.03 0.36 
marine oil ( - )  10.69 0.002 
maternal height (+) 7.89 0.007 
birth order ( - )  8.55 0.005 0.35 
maternal height (+) 10.16 0.003 
marine oil ( - )  6.70 0.01 0.22 
maternal height (+) 13.71 0.001 
marine oil ( - )  7.24 0.01 0.28 

marine oil ( - )  4.15 0.05 0.08 
marine oil ( - )  6.33 0.02 0.12 
marine oil I--) 9.40 0.01 0.16 
marine oil ( - )  4.13 0.05 0.07 
no variable met the P < 0.05 level for entry into the model 
no variable met the P < 0.05 level for entry into the model 

a Birth weight was forced into each analysis, but did not reach significance for any dependent variables. 
bpostconceptional age (wkl. 

c Proportion of the variance predicted by the significant independent variables. 
dThe sign indicates if the association with height is negative ( - I  or positive (+). 
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in an eight-center survey (20). Nevertheless, infants sup- 
plemented with marine oil compared to controls had 
significantly lower Z-scores for weight and length by 40 
wk PCA; these lower Z-scores continued throughout  the 
first year of lifa The lower normalized growth in marine 
oil-supplemented infants was not related to lower energy 
intakes compared to controls (Table 3). 

Infants fed both standard and marine oil-supplemented 
formulas achieved weights closest to standards for infants 
born at te rm when they were 48 and 57 wk PCA. After  
this ag~ their normalized weights fell consistently to the 
end of infancy as has been reported by others (18,19). The 
decline in weight in late infancy was greater in marine off- 
supplemented infants compared to those infants fed stan- 
dard formulas, and appeared to be responsible for the 
significantly lower weight-to-length ratio seen in the sup- 
plemented compared to the control infants at 79 and 93 
wk PCA. 

The mechanisms by which growth of VLBW infants 
falls progressively far ther  behind tha t  of term infants in 
the last half of infancy is not  known. This pa t tern  of 
growth is more consistent with a response to some extrin- 
sic factor, e.g., the quali ty and quant i ty  of nutri t ional  in- 
take, than with failure to recover from the insults of the 
neonatal intensive care period. The mechanism by which 
such low levels of marine oil supplementat ion might  in- 
fluence growth in preterm infants is also not  known. 
Marine oil has been reported to slow weight gain in 
rodents during periods of rapid growth (7,8). Although 
these rodent studies were of only two to three weeks dura- 
tion, they provided more dietary energy from EPA and 
D H A  than the 0.25% of energy fed to preterm infants in 
this study. We recently reported a positive correlation be- 
tween arachidonic acid s ta tus  and growth in VLBW in- 
fants fed s tandard formulas (21). Since marine oil sup- 
plementat ion decreased the concentration of plasma 
arachidonic acid fur ther  (2), it  is tempt ing to speculate 
tha t  a common mechanism related to arachidonic acid 
status is involved in both the decline in normalized growth 
of preterm infants in the last  half of infancy (18,19) and 
the greater decline in normalized growth in infants ran- 
domized here to receive marine oil-supplemented formula 
compared to s tandard formula. 
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