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Abstract

Background: Adequate nutrient supply is essential for optimal postnatal growth in very low birth weight

(VLBW, birth weightB1,500 g) infants. Early growth may influence the risk of metabolic syndrome later in life.

Objective: To evaluate growth and blood metabolic markers (adiponectin, leptin, and insulin-like growth

factor-1 (IGF-1)) in VLBW infants participating in a randomized nutritional intervention study.

Design: Fifty VLBW infants were randomized to an enhanced nutrient supply or a standard nutrient supply.

Thirty-seven infants were evaluated with growth measurements until 2 years corrected age (CA). Metabolic

markers were measured at birth and 5 months CA.

Results: Weight gain and head growth were different in the two groups from birth to 2 years CA (weight gain:

pinteraction�0.006; head growth: pinteraction�0.002). The intervention group improved their growth z-scores

after birth, whereas the control group had a pronounced decline, followed by an increase and caught up

with the intervention group after discharge. At 5 months CA, adiponectin concentrations were higher in

the intervention group and correlated with weight gain before term (r�0.35) and nutrient supply

(0.355r50.45). Leptin concentrations correlated with weight gain after term and IGF-1 concentrations

with length growth before and after term and head growth after term (0.365r50.53).

Conclusion: Enhanced nutrient supply improved early postnatal growth and may have prevented rapid catch-

up growth later in infancy. Adiponectin concentration at 5 months CA was higher in the intervention group

and correlated positively with early weight gain and nutrient supply. Early nutrition and growth may affect

metabolic markers in infancy.
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E
arly supply of adequate nutrient supply to pre-

mature infants is essential for optimal postnatal

growth and development (1). Increased nutritional

support reduces the incidence of growth failure (2�4) and

improves neurodevelopmental outcomes (5, 6). Despite

improvements in nutritional care, with evidence of increa-

sed growth velocity among very low birth weight (VLBW,

birth weight (BW)B1,500 g) infants, a recent study

showed that 50% of VLBW infants still exhibit postnatal

growth failure (7). Moreover, it has been reported that

premature infants have higher fat mass and increased risk

of adverse cardiovascular and metabolic outcomes later

in life as compared to full-term infants (8�10). How and

when postnatal nutrition and growth may affect these

outcomes are not fully understood (11). Few have studied

the associations between growth and metabolic markers

in VLBW infants fed according to recent nutritional

recommendations.

Adiponectin and leptin, secreted by adipose tissues, are

examples of relevant metabolic markers that can be mea-
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sured in blood (12, 13). In adults, adiponectin concentra-

tions are bell shaped: low with very small adipose depots,

increasing with enhancing adipose tissues, and decreasing

with obesity (14). Adiponectin levels in newborns are

higher than in adults and correlate positively with BW (15,

16). During the first weeks of life, adiponectin levels

increase before they decrease to lower values at 1 year of

age (17). Premature infants have lower adiponectin levels

as compared to term infants, but the levels increase

markedly postnatally (18, 19). Reduced adiponectin levels

are associated with increased risk of obesity and metabolic

syndrome in children (20).

Leptin levels correlate positively with body fat mass, and

leptin is important in the regulation of food intake and

energy expenditure (12). In term infants, leptin levels

correlate positively with birth weight, gain in fat mass,

and body mass index (BMI) (17, 21). Leptin levels increase

after birth until 6 months, but showed a trend to return to

birth levels by 1 year of age (17).

Insulin-like growth factor-1 (IGF-1) promotes cell

growth, inhibits apoptosis, and stimulates glucose uptake

and protein synthesis (22). This polypeptide is related to

nutritional status (22) and associated with postnatal

growth in term and preterm infants (23�25).

In a randomized controlled trial (RCT), we investi-

gated the effects of enhanced versus standard nutrient

supply to VLBW infants (3). Enhanced nutrition resulted

in improved growth during the first weeks of life (3). In

this study, we evaluated growth during the first 2 years of

life and blood concentrations of adiponectin, leptin, and

IGF-1 at birth and at 5 months corrected age (CA). We

hypothesized that enhanced nutrition has an effect on

metabolic markers and promotes steady growth patterns.

Methods

The original RCT

This is a follow-up of an open RCT conducted at Akershus

and Oslo University Hospitals in 2010. The study was

approved by the Regional Committee for Medical and

Health Research Ethics (3). VLBW infants were included

after informed parental consent was obtained. Exclusion

criteria, estimation of sample size, and the randomization

procedure have been described previously (3). The primary

endpoint of the RCT was to reduce the proportion of

infants discharged as growth restricted from 60 to 40%.

After inclusion of 50 infants, a pre-planned safety analysis

revealed increased occurrence of late-onset septicemia in

the intervention group and further enrollment was stopped

(26). Thus, the original study included 50 infants (hereby

referred to as the PreNu cohort). Thirty-seven infants

(hereby referred to as the PreNu follow-up cohort) were

followed up with anthropometric measurements during

the first 2 years of life (Fig. 1a).

Nutrition intervention

The nutrition protocol has previously been described in

detail (3, 26). Fifty infants were randomized to either an

intervention group (enhanced nutrient supply) or a control

group (standard nutrient supply). The intervention group

started with 3.5 g/kg/d of amino acids and 2.0 g/kg/d of fish

oil-containing lipid emulsion (SMOF; Fresenius Kabi,

Norway), and the control group started with 2.0 g/kg/d of

amino acids and 0.5 g/kg/d of lipid emulsion (Clinoleic;

Baxter, Norway). Enteral feeding was given from the first

day of life, mother’s milk or banked human donor milk,

increased equally with time and fortified with Nutriprem†

(Nutricia, Norway) in both groups. Additional supplements

for the intervention group were amino acids (0.6 g Complete

Amino Acid Mix†, Nutricia, Norway/100 mL human milk),

long-chain polyunsaturated fatty acids (PUFA), 60 mg/kg/d

each of docosahexaenoic acid (DHA) and arachidonic

acid (AA) (Formulaic, Martek, USA), and 1,500 mg/kg/d

of vitamin A (Aas Laboratory, Norway). The total amount

of energy and protein on full enteral feeding was estimated

to be 166 kcal/kg/d and 4.4 g/kg/d to the intervention group

and 146 kcal/kg/d and 3.6 g/kg/d to the control group.

When breastfeeding, the intervention group infants

received additional ‘protein-shots’ (1.6 g Complete Amino

Acid Mix/20 mL human milk) per kg (maximum of 3/day).

If they were not breastfed, the infants got a special preterm

formula (Enfalac Premature, 81 kcal/100 mL, Mead John-

son, Norway). The intervention ended at 52 weeks post-

menstrual age (PMA) and/or when the body weight reached

5.5 kg. Parenteral and enteral nutrient intakes were regis-

tered daily and calculated during the first 4 weeks of life.

Assessments of growth

Small for gestational age (SGA) was defined as weight

B10th percentile. Length, weight, and head circumference

(HC) were monitored until 2 years CA. From birth to

discharge, growth data were collected from the hospital

growth charts. After discharge, the infants were followed

at local health care centers where trained nurses monitored

their growth. At 5 months CA, body weights were

registered at a follow-up visit at the hospital. We used

the weights collected at the 5 month follow-up. For the

remaining growth data we used the measurements closest

to selected time points during the first 2 years of life. Non-

sex-specific z-scores for length and HC were calculated by

Fenton growth charts until 36 weeks PMA (www.ucalgary.

ca/fenton). Sex-specific weight z-scores were obtained by

Skjærven’s growth charts until 36 weeks (27). Norwegian

growth data were used as a reference to calculate z-scores

from term (minimum gestational age [GA] 38 weeks�6

days) until 2 years CA (28).
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57 eligible VLBW infants Not included:  
1 parental consent refusal 
3 critical sick mother/siblings  
1 congenital anomaly  
2 omissions during enrollment  

PreNu follow-up Cohort 
Control group (n=17) 

After 36 weeks PMA: 
4 withdrew 

50 VLBW infants included 

Birth to 36 weeks PMA: 
3 died
2 excluded 

Birth to 36 weeks PMA: 
1 died 

PreNu Cohort at 36 weeks PMA 
Intervention group (n=23)

PreNu Cohort at 36 weeks PMA 
Control group (n=21)

After 36 weeks PMA:  
1 died 
2 withdrew 

PreNu follow-up Cohort 
Intervention group (n=20) 

PreNu Cohort at birth 
Intervention group (n=24)

PreNu Cohort at birth 
Control group (n=26)

(a)

Blood test at birth and 5 months CA 
Control group (n=12) 

50 VLBW infants included 

Blood test at birth 
Intervention group (n=23)

Blood test at birth 
Control group (n=23)

Birth to 5 months CA  
2 died, 2 withdrew,  
2 absent/no samples at 
follow-up 

Blood test at birth and 5 months CA  
Intervention group (n=17) 

PreNu Cohort at birth 
Intervention group (n=24)

PreNu Cohort at birth 
Control group (n=26)

No blood test at birth: 
1 missed samples 

No blood test at birth: 
3 missed samples 

Birth to 5 months CA  
3 died, 2 excluded 
4 withdrew 
2 absent/no samples at 
follow-up

Had blood test at 5 
months CA  

Had blood test at 5 
months CA  

Blood test at 5 months CA 
Intervention group (n=18) 

Blood test at 5 months CA 
Control group (n=15) 

(b)

Fig. 1. (a) Flowchart of study participants with anthropometric data. During the first weeks of life, four infants died and two
infants were excluded due to critical illness and congenital heart disease. After discharge, one infant died and six withdrew from
the study. (b) Flowchart of study participants with blood tests sampled. Four infants did not have blood samples at birth.
During the first weeks of life, four infants died and two infants were excluded due to critical illness and congenital heart disease.
After discharge, one infant died and six withdrew. Four infants did not attend/did not have samples collected at follow-up. The
four infants without blood tests at birth had tests at 5 months CA. CA�corrected age, PMA�post menstrual age,
VLBW�very low birth weight.
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Measurements of metabolic markers

The blood concentrations of adiponectin, leptin, and

IGF-1 were assessed within the first 2 days of life (hereafter

referred to as at birth) and at approximately 5 months CA

using dried blood spots (DBS; Vitas Analytical Services,

Oslo, Norway). At both sampling points, whole blood was

collected from central/peripheral catheters or from a heel/

finger prick, added to a special filter card, and stored at

�808C until analyses. Analyses of metabolic markers were

performed with AM-296, AM-263, and AM-248 quanti-

fication for adiponectin, leptin, and IGF-1, respectively, in

DBS using ELISA (www.vitas.no).

Statistics

Analyses of clinical characteristics and nutrient intake

To study group differences in clinical characteristics and

nutritional intakes, we used a Student’s t-test or a Mann�
Whitney’s U test for continuous variables and a chi-

square or Fisher’s exact test for categorical variables.

Results are presented as means (ranges), percentages, or

medians (interquartile ranges, IQRs).

Analyses of growth

To assess growth and growth differences between the two

groups from birth to 2 years of age, we used a linear

mixed model procedure (covariance structured model for

repeated observations with unstructured variance). The

dependent variables were z-scores for weight, length, or

HC, and fixed factors were group and time. We tested for

interaction between group and time (i.e. whether the two

groups changed over time in different ways).

Analyses of metabolic markers

To study blood concentrations of adiponectin, leptin, and

IGF-1, the results were loge (ln) transformed to normalize

data. Statistical analyses were performed on transformed

data, and the back-transformed means (geometric means)

with confidence intervals are presented. Group differ-

ences in metabolic markers at birth were evaluated with

Student’s t-test. Analysis of covariance (29) was used to

study differences in change in metabolic markers from

birth to 5 months CA. Infants without data of metabolic

markers at birth were excluded from the analysis at 5

months CA. Due to a strong correlation between birth

adiponectin concentrations and BW (i.e. the problem of

collinearity), we did not adjust for BW when comparing

adiponectin concentrations between the groups. For

leptin and IGF-1, adjusting for BW did not change the

conclusions of the analyses (data not shown).

Pearson’s correlation coefficient (r) was calculated to

study associations between metabolic markers and clin-

ical characteristic at birth, between metabolic markers

and parameters of growth, and between metabolic

markers and specific nutrients. All test results at birth

(n�46) and at 5 months CA (n�33) were used in the

correlation analyses. Significance was assumed for

pB0.05. Statistical analyses were performed by SPSS,

version 22 (SPSS, Chicago, IL, USA).

Results

Study sample

Forty-four infants (PreNu cohort) had anthropometric

data at 36 weeks GA, and 37 infants (the PreNu follow-up

cohort) were followed with anthropometric measurements

throughout the first 2 years of life (Fig. 1a). Forty-six

infants (23 in each group) had blood samples collected at

birth (Fig. 1b). Thirty-three infants had blood samples

at 5 months CA, but 4 of these infants did not have blood

samples at birth, leaving 29 infants with samples at both

birth and 5 months CA (Fig. 1b). Clinical characteristics

were similar between the two groups, except in the

PreNu follow-up cohort where mean BW was significantly

lower in the intervention group compared to the controls

(Table 1).

Weight, length and HC z-scores

There was a significant difference between the groups in

weight gain from birth to 24 months CA (pinteraction�
0.006) (Fig. 2a). However, the difference was most evident

from birth to 40 weeks GA, when the control group had a

pronounced decline in weight z-scores followed by an

increase in growth and subsequent catch-up with the

intervention group (Fig. 2a and b) after discharge. Mean

weight z-scores remained negative for both groups, and

27% of the infants were growth restricted (weight B10th

percentile [28]) at 2 years CA (intervention group 30%,

control group 24%; p�0.73).

There was no significant difference between the groups

in length growth over time (pinteraction�0.35) (Fig. 2c), but

length z-scores changed significantly in both groups over

time (pB0.001), and the change was most evident between

birth and 36 weeks CA (p�0.001) (Fig. 2c and d). Mean

z-scores remained negative and 25% of the infants had

length z-scores below the 10th percentile (28) at 2 years CA

(intervention 25%, control group 25%; p�1.00).

We observed a significant difference between the groups

in HC growth over time (pinteraction�0.002) (Fig. 2e). The

intervention group had a positive change in z-scores

between birth and 36 weeks PMA, whereas the control

group had a marked decline. From 36 weeks PMA, mean

HC z-scores in the control group also increased (Fig. 2e

and f). Mean z-scores remained positive for both groups.

However, at 13 months CA, 22% of the infants had z-scores

under the 10th percentile (28) (intervention group 25%,

control group 18%; p�0.70).

Additional adjustment for SGA did not change the

conclusions for weight, length, and HC growth (data not

shown). One infant in the control group was diagnosed
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with a congenital heart defect causing heart failure and

poor growth. Analysis without this infant did not change

the conclusions for weight, length, or HC (data not

shown). Individual growth profiles are presented in Fig. 3.

Metabolic markers at birth and at 5 months CA

The two groups had similar mean (SD) age at blood

sampling at birth (intervention group vs. control group:

0.2 [0.5] days vs. 0.4 [0.5] days chronological age [p�
0.23]), and at 5 months CA (intervention group vs.

control group: 155 (11) and 159 (13) days CA; p�0.25)).

There were no significant differences between the two

groups in blood concentrations of adiponectin, leptin and

IGF-1 at birth (Table 2). A few outliers were identified

with higher blood concentrations of metabolic markers.

Excluding these infants from the analysis did not change

the results (data not shown).

At 5 months CA, the intervention group had signifi-

cantly higher adiponectin concentrations compared to

controls (p�0.03), while no significant differences were

observed for leptin and IGF-1 (Table 2). One infant in the

control group had a very high leptin value at 5 months

CA. After excluding this outlier, there was still no

significant difference between the groups (p�0.46).

There were no differences in any of the metabolic

markers at birth or at 5 months CA when comparing

infants born SGA to infants born appropriate for

gestational age (AGA) (Table 3).

Correlations between metabolic markers and birth

characteristics, growth and nutrient supply

Strong positive correlations were observed between blood

concentrations of adiponectin at birth and weight, length,

HC, and GA at birth (0.635r50.76) (Table 4). No

significant correlations were found between leptin and

IGF-1 concentrations at birth and anthropometric mea-

sures or GA (0.045r50.20), or between any of the

metabolic markers and birth z-scores (�0.015r50.18).

Blood concentration of adiponectin at 5 months CA

correlated positively with weight gain from birth to 40

weeks PMA (r�0.35) (Table 5). Leptin concentrations

correlated positively with weight gain from 40 weeks PMA

to 5 months CA (r�0.53). IGF-1 concentration correlated

positively with length growth from birth to 43 weeks PMA

(r�0.50) and from 43 weeks PMA to 6 months CA

(r�0.36) and HC growth from 42 weeks PMA until 6

months CA (r�0.51). Adiponectin correlated positively

with the first 4 weeks mean supply of protein, DHA, and

AA and with first week mean supply of energy, protein,

DHA, and AA (0.355r50.45) (Table 5).

Discussion

Our data demonstrate that enhanced nutrient supply

improves growth in VLBW infants. After the initial

physiological weight loss, the intervention group infantsT
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showed early catch-up growth followed by a more steady

growth pattern up to 2 years CA. The control group infants

had a pronounced initial decline in z-scores followed by

catch-up growth mainly after neonatal hospitalization. As

far as we are aware, this is the first RCT to examine whether

enhanced nutrient supply and improved early growth have

an effect on metabolic markers in VLBW infants. Blood

adiponectin concentrations correlated positively with

anthropometric measures at birth, weight gain from birth

to term, and supply of nutrients. At 5 months CA,

adiponectin concentrations were higher in the intervention

group compared to the controls.

Enhanced nutrient supply limited the prolonged and

severe decline in postnatal growth, which was observed in

the control group. This is in line with Senterre and Rigo’s

(4) study, which also demonstrated that postnatal weight

loss can be limited by reducing postnatal nutrient

deficiencies. For premature infants, early growth failure

appears to be especially harmful in certain periods of

organ development. The brain is extremely vulnerable to

deprivation of specific nutrients between 24 and 42 weeks

PMA (30). Impaired postnatal growth has negative

effects on neurodevelopment in premature infants (31),

and increased early protein and energy supply has been

associated with higher cognitive scores (5). Belfort et al.

(6) reported a positive association between increased

BMI and weight gain before term and improved neuro-

development in preterm infants. After term weight gain,
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Fig. 2. Anthropometric data from birth to 2 years corrected age. z-scores and z-score changes for weight, length and head
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but not weight gain out of proportion to length, was

beneficial for neurodevelopment (6).

In our study, growth restriction (B10th percentile) was

still prevalent through the first years of life in almost a

quarter of the infants. Mean z-scores for weight and

length remained negative throughout the first 2 years,

whereas mean HC z-scores were positive for both groups

at 13 months CA, suggesting that head growth was

prioritized before weight and length growth. Others also

report that head growth recovers before weight and

length growth. Westerberg et al. (32) identified that

VLBW children were smaller and lighter than their peers,

but that head growth normalized after 2 months. Ramel

et al. (33) demonstrated that head growth recovered by 4

months CA, whereas linear growth continued to be

suppressed at 24 months.

We observed that blood adiponectin concentrations

increased from birth to 5 months CA in both groups,

supporting what has previously been reported by others

(19, 34, 35). Moreover, we found that infants on enhanced

nutrient supply had a greater increase in adiponectin

concentrations as compared to the infants on standard

nutrient supply. This is the first study to report a difference

in adiponectin concentrations between two groups of

premature infants with different nutrient supplies. Other

studies of premature infants have described positive

associations between adiponectin and postnatal growth.

Hansen-Pupp et al. (19) demonstrated a positive correla-

tion between adiponectin concentrations during the first

3 weeks of life and growth variables at 35 weeks GA.

Saito et al. (35) observed a positive correlation between

weight gain and change in adiponectin concentrations.

Siahanidou et al. (36) reported that adiponectin concen-

tration at discharge correlated positively with the last week

weight gain.

We found that the first week supply of protein, energy,

and essential fatty acids correlated positively with adipo-

nectin concentrations at 5 months CA. The correlations

remained positive for the first 4 weeks’ mean values of

protein and PUFAs, but not for energy. Hansen-Pupp

et al. (19) reported that adiponectin concentrations

correlated positively with energy intake, but the correla-

tion disappeared after adjusting for GA at birth. Yoshida

et al. (34) reported that adiponectin concentration at

term correlated inversely with age to regain birth weight,

but not with energy supply. Notably, the nutrient supply

in these two studies was much lower than in our

intervention. Siahanidou et al. (36) found higher levels

of adiponectin concentrations in infants fed formula

containing long-chain PUFAs, but did not observe an

effect of last week energy supply.

In line with other studies (19, 35, 37, 38), we found that

adiponectin concentrations at birth had a strong positive

correlation with anthropometric measures and GA at

birth. We did not observe differences in adiponectin

concentrations at birth or at 5 months CA between

infants born SGA or AGA. In contrast to this, one study

of term and preterm infants reported lower adiponectin

concentrations 3�13 days postnatally in infants born

SGA compared with AGA (38). Saito et al. (35) found no

effect of SGA status on adiponectin concentrations at

birth, but demonstrated lower adiponectin concentra-

tions at term-equivalent age in SGA born infants. Other

studies also report that preterm SGA born infants have

consistently lower adiponectin concentrations postnatally
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until term (19) and at discharge (36). Even though it was

not significant, the majority of the SGA born infants in

our study was randomized to the intervention group. It is

possible that enhanced nutrient supply and subsequent

improved early growth had a positive impact on adipo-

nectin concentrations in the SGA infants, promoting

similar concentrations as the AGA infants.

We demonstrated a positive correlation between blood

leptin concentrations at 5 months and weight gain from

term to 5 months CA. This is supported by van Poelje

et al. (21) who identified that weight z-scores gain from

term to 6 months CA resulted in higher fat mass and

higher leptin concentrations at 6 months CA, indicating

that leptin is a marker of body fat mass during the first

6 months after term. Bozzola et al. (17) identified higher

leptin concentrations in AGA versus SGA term born

infants at birth and comparable levels at 1st, 6th and

12th month of age. The authors suggested the increased

leptin levels were due to increased adipose tissue.

In this study, we observed positive correlations between

IGF-1 concentrations and length growth (birth to 6

months) and head growth (birth to 43 weeks). A recent

review pointed out that IGF-1 concentrations correlate

differently with growth before and after term-equivalent

age in preterm infants (22). Hansen-Pupp et al. (24)

reported that IGF-1 concentrations correlated positively

with weight gain at an early postnatal age in preterm

infants. Brain volumes in preterm infants at term age were

positively associated with postnatal IGF-1 concentrations

(39). Van de Lagemaat et al. (25) reported that both

preceding length and weight growth were positively

associated with IGF-1 at term, 3 and 6 months CA. After

term age, studies show contradictive results in relation to

IGF-1 concentrations and correlations with subsequent

growth (22).

There have been concerns that enhanced nutrient

supply and excessive postnatal growth increase the risk

of developing adiposity and metabolic syndrome later in

life in preterm infants (8�10). Metabolic markers mea-

sured in children have been associated with adiposity and

adverse metabolic outcomes (20, 40). The association

between metabolic markers in infancy and later risk of

obesity and metabolic syndrome is, however, not clear.

Increase in leptin concentrations between term and birth

may mirror an increase in fat deposition. The increase in

fat depositions could be a result of rapid catch-up growth

after the period of growth retardation similar to what we

observed in our control group. Furthermore, excessive fat

deposition is a possible risk factor for metabolic syn-

drome. The infants in the intervention group did not

experience the prominent growth retardation and avoided

the subsequent period of rapid catch-up growth. We

speculate that the higher adiponectin concentration in the

intervention group could be an indication of a healthier

growth pattern. However, this needs to be investigated

further.

Our study has limitations. The sample size is small

(3) and differences may not have been detected due to

low statistical power. Despite randomization, the inter-

vention group had a significantly lower BW than the

Table 2. Concentrations of metabolic markers in the intervention and the control group at birth and at 5 months corrected age

PreNu cohort at birth PreNu follow-up cohort at birth PreNu follow-up cohort at months CA

Intervention (n�23) Control (n�23) p* Intervention (n�17) Control (n�12) p* Intervention (n�17) Control (n�12) p**

Adiponectin

(mg/mL)

3.9 (2.9�5.4) 4.7 (3.3�6.5) 0.44 3.8 (2.6�5.5) 5.4 (3.8�7.6) 0.17 16.5 (14.2�19.1) 13.7 (11.8�15.9) 0.03

Leptin

(pg/mL)

2.0 (1.9�2.2) 2.1 (1.9�2.3) 0.64 2.1 (1.9�2.3) 2.0 (1.8�2.3) 0.79 2.3 (2.1�2.6) 2.8 (2.1�3.9) 0.19

IGF-1

(nmol/L)

27.1 (26.0�28.2) 27.7 (26.2�29.2) 0.54 27.0 (25.6�28.4) 28.8 (26.6�31.1) 0.13 29.8 (28.6�31.0) 28.7 (26.8�30.8) 0.12

Data are presented as geometric mean (95% CI). *Student’s t-test. **Analysis of covariance. CA�corrected age, IGF-1�insulin-like growth factor 1.

Table 3. Concentrations of metabolic markers in infants born appropriate for gestational age (AGA) and small for gestational age (SGA)

PreNu cohort at birth PreNu follow-up cohort at birth PreNu follow-up cohort at months CA

AGA (n�31) SGA (n�15) p* AGA (n�19) SGA (n�10) p* AGA (n�19) SGA (n�10) p**

Adiponectin (mg/mL) 4.4 (3.5�5.5) 4.1 (2.3�7.2) 0.82 4.8 (3.8�6.1) 3.7 (2.0�7.1) 0.43 15.0 (13.1�17.2) 15.7 (12.8�19.3) 0.51

Leptin (pg/mL) 2.1 (1.9�2.3) 2.0 (1.8�2.3) 0.79 2.0 (1.9�2.2) 2.2 (1.8�2.5) 0.39 2.5 (2.1�3.1) 2.5 (2.1�3.1) 0.99

IGF-1 (nmol/L) 27.7 (26.5�28.9) 26.8 (25.2�28.4) 0.34 27.8 (26.3�29.4) 27.4 (25.3�29.8) 0.77 29.0 (27.7�30.5) 29.9 (28.4�31.5) 0.36

Data are presented as geometric mean (95% CI). *Student’s t-test. **Analysis of covariance. CA�corrected age, IGF-1�insulin-like growth factor 1.
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control group (3). BW z-scores were non-significantly

lower in the intervention group. Z-scores were used when

comparing growth over time. The lower BW in the

intervention group may have had an undetected impact

on the potential of growth and changes in metabolic

markers. Also, we did not fully adjust for confounding

factors because of low power. However, the sample size is

similar to other studies examining metabolic markers in

premature infants (17, 19, 24, 34, 35). Another limitation

was the variety in number of anthropometric measurers for

each participant. This was due to differences in lengths of

hospital stay and number of visits to the local health care

institutions. The anthropometric measurement closest to

each selected time points was used to calculate mean

values. Also, we would have preferred to use one growth

chart, but there are no common Norwegian growth charts

for weight, length, and HC for premature infants from

birth through early childhood. We justify the use of

different growth charts, because we compared differences

between two groups and not to the general population. In

this study, we did not include information about maternal

nutrition, BMI, smoking habits, and morbidities. These

factors might influence nutrition and growth. We used

DBS in our analysis to reduce blood volumes and still keep

the sensitivity of the assays (38, 41). Most other studies

have used plasma or serum. This makes it difficult to

directly compare our values of the metabolic markers with

levels reported by others.

Conclusions

Enhanced nutrient supply improved postnatal growth

with a marked reduction in infants subjected to postnatal

growth restriction. The correction of early growth might

have prevented the need for catch-up growth close to

term age, where excessive growth often is dominated by

increase in adipose tissue and a subsequent increase in

the risk of metabolic syndrome. We observed a higher

adiponectin concentration in the intervention group at

5 months CA and a positive correlation between adipo-

nectin concentrations and growth before term. Early nut-

rition and growth may affect metabolic markers in

infancy. We did not demonstrate any changes in the

metabolic markers suggesting elevated risk of metabolic

syndrome among the infants receiving enhanced nutrient

supply.

Table 4. Correlations between metabolic markers and anthropo-

metric data and gestational age at birth

Adiponectin

(n�46)

Leptin

(n�46)

IGF-1

(n�46)

r p r p r p

BW 0.76 B0.001 0.05 0.77 0.14 0.36

BW z-scores 0.06 0.69 �0.01 0.91 0.04 0.80

Birth lengtha 0.64 B0.001 0.20 0.19 0.15 0.32

Birth length z-scoresa �0.01 0.93 0.14 0.37 0.05 0.73

Birth HC 0.74 B0.001 0.13 0.39 0.20 0.19

Birth HC z-scores 0.17 0.26 0.09 0.56 0.18 0.24

GA birth 0.63 B0.001 0.04 0.78 0.11 0.46

BW�birth weight, GA�gestational age, HC�head circumference,

IGF-1�insulin-like growth factor 1, r�Pearson’s correlation coeffi-

cient, Dz-score�z-score change, an�45.

Table 5. Correlations between metabolic markers at 5 months corrected age and growth and nutrient supply

Adiponectin (n�33) Leptin (n�33) IGF-1 (n�33)

r p r p r p

Dz-score weight, birth to term (40 weeks PMA) 0.35 0.04 �0.11 0.55 0.19 0.29

Dz-score weight, term (40 weeks PMA) to 5 months CA �0.25 0.17 0.53 0.001 0.32 0.07

Dz-score length, birth to term (43 weeks PMA)a 0.09 0.65 �0.10 0.61 0.50 0.004

Dz-score length, term (43 weeks PMA) to 6 months CAa �0.14 0.46 0.26 0.16 0.36 0.05

Dz-score HC, birth to term (42 weeks PMA) �0.01 0.95 �0.23 0.21 0.10 0.58

Dz-score HC, term (42 weeks PMA) to 6 months CA �0.02 0.92 0.15 0.40 0.51 0.002

First 4 weeks mean protein supply 0.35 0.05 �0.26 0.15 0.10 0.59

First 4 weeks mean energy supply 0.28 0.11 �0.28 0.12 0.28 0.12

First 4 weeks mean DHA supply 0.37 0.03 �0.28 0.11 0.16 0.37

First 4 weeks mean AA supply 0.35 0.05 �0.26 0.15 0.18 0.31

First week mean protein supply 0.41 0.02 �0.33 0.06 0.18 0.32

First week mean energy supply 0.45 0.008 �0.28 0.11 0.34 0.05

First week mean DHA supply 0.39 0.03 �0.28 0.12 0.19 0.29

First week mean AA supply 0.41 0.02 �0.20 0.27 0.27 0.13

AA�arachidonic acid, CA�corrected age, DHA�docosahexaenoic acid, HC�head circumference, IGF-1�insulin-like growth factor 1, PMA�post

menstrual age, r�Pearson’s correlation coefficient, Dz-score�z-score change, an�31.
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