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BACKGROUND: Late and moderate preterm (LMPT) infants are at risk for adverse later life outcomes. We determined the
association between feeding method at enrolment and growth and body composition of LMPT infants until 3 months corrected
age (3mCA).
METHODS: Infants born between 32+0 and 36+6 weeks of gestation (n= 107) were enrolled up to 4 weeks corrected age and
stratified according to feeding at enrolment. We performed anthropometric measurements at enrolment, term equivalent age (TEA)
and 3mCA, including skinfold measurements and body composition using dual X-ray absorptiometry (DEXA).
RESULTS: Feeding method at enrolment was associated with fat mass (FM) (breast 554.9 g, mixed 716.8 g, formula 637.7 g, p= 0.048),
lean body mass (LM) (2512 g, 2853 g, 2722 g, respectively, p= 0.009) and lean mass index (LMI) (10.6 kg/m2, 11.6 kg/m2,11.2 kg/m2

respectively, p= 0.008) at TEA, but not 3mCA. Breastfed infants demonstrated greater increase in LM (breast 1707 g, mixed 1536 g,
formula 1384 g, p= 0.03) and LMI (1.23 kg/m2, 0.10 kg/m2, 0.52 kg/m2, respectively, p= 0.022) between TEA and 3mCA.
CONCLUSIONS: Breastfed LMPT infants have lower FM and greater LM increase and LMI increase up to 3mCA compared to formula or
mixed-fed infants. These findings stress the importance of supporting breastfeeding in this population.

Pediatric Research; https://doi.org/10.1038/s41390-022-02317-z

IMPACT:

● Infants born late and moderate preterm age who are exclusively breastfed soon after birth gain more lean mass up to 3 months
corrected age compared to mixed- or formula-fed infants.

● Breastfed infants have lower lean and fat mass at term equivalent age compared to mixed- and formula-fed infants.
● This is the first study exploring this population’s growth and body composition in detail at 3 months corrected age.
● Our results underline the importance of supporting mothers to initiate and continue breastfeeding at least until 3 months

corrected age.

INTRODUCTION
Moderate preterm (MPT, 32–33 weeks of gestation) and late preterm
(LPT) babies (34–36 weeks of gestation) represent 84.7% of all
preterm births.1 Compared to those born at term, MPT and LPT
infants have increased health risks in early and later life, including
worse neurodevelopmental and metabolic health outcomes.2–4

Several studies have indicated that the long-term trajectory of
cognitive and metabolic development is associated with growth and
body composition development in early life, highlighting the
importance of this as a sensitive period for later life health risks
associated with preterm birth.5–8 Faster length and body mass index
(BMI) gain in infancy in preterm infants is also associated with
reduced risk for lower intelligence quotient (IQ) in childhood and
early adulthood,7 whereas poor growth is associated with adverse
neurodevelopmental outcomes.9 On the other hand, rapid weight

gain in infancy is associated with adverse metabolic outcomes.5,6,9–12

This underlines the importance of balanced growth in infancy that
may optimise neurodevelopment without jeopardising adverse
metabolic outcomes. The limited data available on growth patterns
in late and moderate preterm (LMPT, 32+0–36+6 weeks of gestation)
suggest that they differ from term infants throughout the first years
of life.13–18 Longitudinal data are required to determine the potential
health impact of these observations.
Adequate nutrition plays a key role in optimal growth and

development in all preterm infants. Breastfeeding is the preferred
source of nutrition for preterm infants, including LMPT infants,19

as it has beneficial impacts on body composition and cognitive
outcomes.20,21 However, data relating to LMPT infants is scarce
and greater understanding of the impact of early life nutrition on
growth and body composition of LMPT infants is needed.
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The FLAMINGO study (Feeding Late and Moderate Preterm
Infants and Growth Outcomes) is a longitudinal observational
study on growth, body composition and feeding patterns of LMPT
infants in the first 2 years of life. The primary aim of this study was
to study growth and body composition from term equivalent age
(TEA) until 3 months corrected age (3mCA) in a cohort of LMPT
infants in relation to the feeding method at the time of enrolment
and gestational age.

SUBJECTS AND METHODS
The population characteristics and methods of the FLAMINGO study have
been described in detail previously.22

Study population
Infants born in the Royal Victoria Infirmary, Newcastle upon Tyne, UK were
screened for potential enrolment in the study. Eligible infants were those
born between 32+0 and 36+6 weeks of gestation, with birth weight
1.25–3.0 kg, who lived within travelling distance from the research facility
and were less than 4 weeks corrected age (44 weeks post-menstrual age).
Infants were enrolled regardless of their location, the Neonatal Unit,
postnatal ward or occasionally after discharge from hospital. Infants with
medical problems likely to affect growth (such as genetic disorders,
congenital anomalies, heart defects, etc.) or significant social problems
were excluded. As per study protocol, introduction of solid foods was
withheld until at least 3mCA.
The size of the overall study population to be recruited was determined

by the numbers needing to be enrolled to a randomized controlled trial
(RCT) nested within the overall cohort.22 This nested non-inferiority RCT
comparing weight gain between 2 formula-fed groups assumed a daily
weight gain of 3 g/day as adequate, was powered at 80% and would have
required 140 infants assuming an attrition rate of 30%. In addition to these
140 infants, we estimated we would recruit an additional 110 infants who
were breastfed and would not therefore be eligible for the nested RCT. The
study presented here represents those recruited to the overall cohort
during the time available.

Data collected
At the time of initial parental consent (visit 1), we collected baseline
anthropometric and demographic characteristics, including the residential
postcode that is used to calculate an index of multiple deprivation (IMD).23

Infants had further appointments at TEA (visit 2) and at 3mCA (visit 3).
If enrolment was after TEA, then the starting visit was visit 2. During those
visits, we performed detailed anthropometric measurements, including

skinfolds, collected data and questionnaires on their feeding method and
assessed body composition using dual X-ray absorptiometry (DEXA).
Anthropometric measurements were conducted by two investigators

and included the infants’ weight, length, head circumference, mid-upper
arm circumference (left side), mid-thigh circumference (left side) and
skinfolds (triceps, biceps, subscapular and supra-iliac), and we calculated
BMI and growth z-scores. The World Health Organization (WHO) standards
do not provide z-scores for mid-upper arm circumference, triceps and
subscapular skinfolds at TEA and there are no available z-scores for mid-
thigh circumference, biceps and supra-iliac skinfolds for TEA or 3 months.24

The mid-upper arm circumference and the triceps skinfolds were used to
calculate the arm muscle area, arm fat area and arm fat percentage
(Supplementary Fig. 1). DEXA was used to estimate the lean body mass
(LM), total body fat mass (FM), lean mass percentage (LM%), fat mass
percentage (FM%), lean mass index (LMI), fat mass index (FMI), bone
mineral density (BMD) and bone mineral content (BMC). Changes over
time and z-scores changes between TEA and 3mCA were calculated along
with fractional weight gain (g/kg/day), head circumference gain (cm/week)
and length (cm/week) gain velocities for this period (Supplementary Fig. 1).
Infants were included in the analyses only if weight was available for

both TEA and 3mCA. If these infants did not have other anthropometric
measurements, then they were not included in the relevant analysis.

Statistical analysis
Analyses were conducted to explore relationships between type of
feeding at enrolment and outcomes hypothesised to be associated with
feeding type.
Infants were allocated to a feeding group based on the type of milk

reported by their mothers at enrolment: breastfed (receiving up to one
supplementary formula feed a day), formula fed (receiving no more than
one breastfeed a day) or mixed fed. We compared the feeding groups to
evaluate the impact of the feeding type on growth and body composition
changes between TEA and 3mCA.
The z-scores for anthropometric measurements were based on the 1990

WHO Growth data on the UK prior to TEA25 and the most recent WHO data
on term infants for values close to and after TEA.24 The use of two
databases does not affect the presented results, as the outcome data
collected on the key timepoints of interest, TEA and 3mCA, were based on
the same (latter) database.
Changes between TEA and 3mCA in growth and body composition were

compared between the groups. An analysis of variance was used to test for
statistically significant differences among all three feeding groups for
continuous variables with a normal distribution, t tests to compare
continuous variables with a normal distribution between two groups.
Normality was based on Shapiro–Wilk test. Kruskal–Wallis tests or
Wilcoxon–Mann–Whitney U-tests, as appropriate, were used to compare
non-normally distributed continuous variables and chi-square tests for
categorical variables. We explored the effect of outliers on the findings and
did not find that these were affecting the results. A p value of <0.05 was
considered statistically significant.
Further stratified analyses were performed to explore the impact of

potentially influential factors on growth outcomes, including the gestational
age at birth (stratified to MPT, born between 32+0 and 33+6, and LPT, born
between 34+0 and 36+6) and the maternal socioeconomic background,
using the IMD (Supplementary Material).23

The statistical package used for analyses of data was Stata 16.0.26 The
STROBE cohort reporting guidelines were used.27

RESULTS
Study population
The initial target was to enrol 250 infants in the cohort, based on
the power calculation described in the protocol.22 In March 2020
the enrolment stopped, secondary to the coronavirus disease
2019 (COVID-19) pandemic and end of funding. Between May
2018 and March 2020, a total of 182 LMPT infants were recruited
(Fig. 1), of which 107 infants (59%) completed both the TEA and
3mCA visits and were included in the analyses. The median age
(interquartile range (IQR)) at the time of enrolment was 36+3

weeks gestational age (IQR 2 weeks). Ninety-three of these infants
were enrolled prior to TEA. Their birth and demographic
characteristics are presented in Table 1 and show approximately
equal numbers of boys and girls, with approximately half of the

LMPT live births (n = 871)

Excluded (n = 407)
not eligible

Eligible infants (n = 464)

Not approached (n = 48)

Infants approached (n = 416)

Parents declined (n = 234)

Enrolled to study (n = 182)

Fig. 1 Flowchart of the recruiting process for the FLAMINGO
cohort. All 871 infants were screened and 464 fulfilled the inclusion
criteria. Infants not approached (n= 48) was because they were either
discharged or transferred in another hospital before the investigators
approached the families.
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infants born via caesarean section. The mean gestational age at
birth was 35+2 weeks (24 infants were MPT and 83 infants were
LPT) and the mean birth weight was 2.24 kg. The mean maternal
age was 33 years (standard deviation [SD] 5.41), median maternal
BMI before pregnancy was 24.6 kg/m2 (25th centile: 22.0, 75th
centile:30.1) and 60 mothers (56.0%) lived in the fourth and fifth
most socio-economically deprived areas according to IMD
quintiles (Supplementary Table 1).
The cohort of 107 infants did not differ significantly with the full

population of infants born in the above period for birth weight
(p= 0.791), GA (p= 0.489) or sex (p= 0.552). However, there was
significant difference for the IMD (p= 0.022 for chi-square test).
Our cohort had more infants in the most deprived quintile
compared to the full population (17.8% compared to 10.7%,
respectively) and less infants from the least deprived group (25.2%
compared to 39.9%, respectively).
Anthropometrics, skinfold measurements and body composi-

tion measurements of the study population at TEA and 3mCA are
shown in Table 2. Only 14 out of 107 infants were enrolled after
TEA and their measurements at enrolment were used as their TEA
measurements and standardised for their corrected age with z-
scores. At TEA and 3mCA, most growth parameters had negative
mean z-scores, except for head circumference for age. Between
TEA and 3mCA, there were no significant changes in weight-for-
age, BMI-for-age, head circumference-for-age and length-for-age
z-scores (0.05, 0.25, 0.17 and 0.10, respectively). There were no
significant effects on catch-up or catch-down growth (change in
centile position). From TEA to 3mCA, all skinfold thickness area
measurements increased significantly. However, at 3mCA, mean
mid–upper arm circumference, triceps and subscapular skinfolds
z-scores were still below the mean (−0.19 [SD 1.12], −1.13 [SD
1.16] and −0.99 [SD 0.96], respectively).
Between TEA and 3mCA, the DEXA scans (Table 3) showed that

both total mean LM and mean FM increased (by 1584 g and

1158 g, respectively), with the mean FM% increasing (from 18.7%
at TEA to 29.3% at 3mCA) matched as expected by a parallel
decrease in mean LM% (change from 81.3% to 70.7%). The mean
FMI also increased (2.63 kg/m2 [SD 0.98] at TEA to 4.94 kg/m2 [SD
0.89] at 3mCA), whereas there was only a marginal increase in the
LMI (11.1 kg/m2 [SD1.34] at TEA and 11.8 kg/m2 [SD 0.99] at
3 months). Finally, both mean BMD (0.29 g/cm2 [SD 0.03] to 0.33 g/
cm2 [SD 0.04]) and mean BMC (55.8 g [SD 11.4] to 103.9 g [SD
15.8]) increased from TEA to 3mCA.

Table 2. Anthropometric measures at TEA and 3 months corrected
age (3mCA) of the study population (n= 107).

TEA 3mCA

Mean (SD) Mean (SD)

Weight (kg) 3.04 (0.54) 5.8 (0.83)

Length (cm) 49.3 (2.39) 60.2 (2.56)

BMI (kg/m2) 12.4 (1.39) 15.9 (1.41)

Head circumference (cm) 34.8 (1.41) 40.9 (1.37)

Mid-upper arm circumference (cm) 9.8 (1.20) 13.1 (1.21)

Mid-thigh circumference (cm) 14.1 (1.85) 20.8 (2.17)

Weight-for-age z-score −0.64 (1.09) −0.61 (1.07)

Length-for-age z-score −0.28 (1.16) −0.38 (1.08)

Weight-for-length z-score −0.77 (1.16) −0.39 (0.91)

BMI-for-age z-score −0.79 (1.20) −0.54 (0.95)

Head circumference-for-age
z-score

0.41 (0.99) 0.58 (1.01)

Mid-upper arm circumference-for-
age z-score

– −0.19 (1.12)

Skinfold thickness (mm)

Triceps 4.97 (1.21) 8.02 (1.49)

Biceps 3.96 (0.96) 5.76 (1.38)

Supra-iliac (n= 96) 3.24 (0.84) 4.91 (1.23)

Sub-scapular 4.93 (1.18) 6.61 (1.11)

Triceps skinfold-for-age z-score – −1.13 (1.16)

Subscapular skinfold-for-age z-
score

– −0.99 (0.96)

Arm muscle area (cm2) 5.48 (1.43) 9.02 (1.73)

Arm fat area (cm2) 2.27 (0.73) 4.78 (1.12)

Arm fat% 29.2 (5.21) 34.6 (5.20)

There are ≤10 missing values for all the characteristics, except where
indicated.

Table 3. Body composition outcomes of the study population.

TEA (n= 81) 3mCA (n= 70)

Mean (SD) Mean (SD)

Lean body mass (g) 2693 (426) 4277 (550)

Total body fat mass (g) 635 (245) 1793 (399)

% lean mass 81.3 (3.16) 70.7 (3.55)

% fat mass 18.7 (3.16) 29.3 (3.55)

Lean mass index (kg/m2) 11.1 (1.34) 11.8 (0.99)

Fat mass index (kg/m2) 2.63 (0.98) 4.94 (0.89)

Bone density (g/cm2) 0.29 (0.03) 0.33 (0.04)

Bone content (g) 55.8 (11.4) 103.9 (15.8)

There are ≤10 missing values for all the characteristics, except where
indicated.

Table 1. Birth characteristics of the study population (n= 107).

n (%)

Gender

Male 52 (48.6)

Female 55 (51.4)

Mode of delivery

Vaginal 53 (49.5)

Elective C-section 22 (20.6)

Emergency C-section 32 (29.9)

Cause of preterm birtha

Spontaneous onset 51 (47.7)

Foetal compromise 38 (35.5)

Maternal compromise 18 (16.8)

Premature rupture of membranes 24 (22.4)

Gestation at delivery

Moderate preterm (32+0
–33+6) 24 (22.4)

Late pre-term (34+0
–36+6) 83 (77.6)

Median (Q1, Q3)b

Gestation at delivery (weeks) 35.3 (34.1, 36.3)

Mean SD

Birth weight (kg) 2.24 0.35

There are ≤10 missing values for all the characteristics, except where
indicated.
aFigures add up to >107 and total percentages >100%, as more than one
reason for preterm birth could have been identified.
bQ1, Q3: quartile 1, quartile 3.
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Impact of milk feeding type
The groups stratified by the mode of feeding were similar in size
(breastfed n= 41, formula fed n= 33, mixed fed n= 33). Baseline
characteristics of the three groups were similar except for a higher
number of days of hospital stay for the breastfeeding compared
to the formula feeding group (10.7 [SD 8.3] and 6.8 [SD 5.6],
respectively, p= 0.024, Table 4).
Body composition assessed by DEXA showed that the feeding

groups had significantly different FM (p= 0.034), LM (p= 0.009)
and LMI (p= 0.008) at TEA with the breastfed group having
lower values (Table 5). Furthermore, at TEA the breastfeeding
group had lower values for triceps (p= 0.024), biceps (p= 0.074)
and supra-iliac (p= 0.071) skinfolds and arm fat% (p= 0.004)
compared to the mixed- and formula-fed groups and also when
compared directly to the formula-fed group (p values 0.045,
0.029. 0.028 and 0.01, respectively) (Table 5). At 3mCA, these
differences were no longer significant when using either DEXA
or skinfold measurements (Table 5), in line with the apparent
greater increase in mean LM and mean LMI in the period
between TEA to 3mCA in the breastfed group compared to the
other two feeding groups (Table 6).
At 3mCA, the breastfed group had significantly greater mean

weight compared to the formula-fed group (5.81 kg [SD 1.01] and
5.64 kg [SD 0.61], respectively, p= 0.005), but similar to the mixed-
fed group (5.92 kg [SD 0.76], p= 0.11). At TEA, there was no
significant difference.
Between TEA and 3mCA, the only significant differences in

anthropometric changes among the 3 groups were the mean
increase of LM (breastfed 1707 g, mixed fed 1536 g, formula fed
1384 g, p= 0.003) and the mean increase of LMI (breastfed
1.23 kg/m2, mixed fed 0.10 kg/m2, formula fed 0.52 kg/m2,
p= 0.022). A head-to-head comparison between the breastfed

to the formula-fed group showed a significant difference in mean
change in weight-for-age z-score (0.24 and −0.24, respectively,
p= 0.025), LM (1707 g and 1384 g, respectively, p= 0.005) and LMI
(1.23 kg/m2 and 0.52 kg/m2, respectively, p= 0.049) between TEA
and 3mCA (Table 6).
Since the LM and FM at TEA were significantly different, we

explored their role as a cofounder in the body composition
changes. Therefore, we performed further analyses, adjusting the
body composition changes between TEA and 3mCA, for the LM
and FM at TEA (Table 7). As the LM and FM are highly correlated
(0.8), we performed two separate analyses. The FM change
became significantly higher in the breastfed compared to the
formula-fed group following these adjustments. The changes in
LM remained significantly different only when comparing
breastfed to formula-fed groups, adjusting for LM at TEA. The
changes in LMI were no longer significant.

Impact of gestational age and socio-economic status
There was a strong negative correlation between the gestational
age and the length of hospital stay (−0.773; p < 0.001). The analyses
and stratification as per gestational age group (MPT versus LPT) or
maternal socio-economic status showed small changes in mean
z-scores between TEA and 3mCA in all groups, with no statistically
significant differences for these values between the compared
stratified groups (Supplementary Tables 2 and 3).

DISCUSSION
In a cohort of 107 LMPT infants, we have shown substantial
changes in body composition from TEA to 3mCA, whereas
weight and length growth was stable, as suggested by marginal
changes of z-scores over time. In addition, our findings support

Table 4. Characteristics of the study population according to feeding type at enrolment.

All (n= 107) Exclusively
breastfed
(n= 41)

Mixed fed
(n= 33)

Exclusively
formula fed
(n= 33)

p* p**

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Gestational age (weeks) 35.1 (1.4) 35.0 (1.3) 34.8 (1.5) 35.4 (1.2) 0.248 0.251

Birth weight (kg) 2.24 (0.35) 2.23 (0.38) 2.22 (0.34) 2.26 (0.31) 0.881 0.901

Birth weight z-score −0.47 (0.83) −0.48 (0.95) −0.41 (0.70) −0.54 (0.79) 0.184 0.075

Length of hospital stay (days) 9.2 (7.8) 10.7 (8.3) 9.8 (8.7) 6.8 (5.6) 0.089 0.024

Gestational age category n % n % n % n %

Moderate preterm (n) 24 22.4% 11 26.8% 7 21.2% 6 18.2% 0.662a 0.379a

Late preterm (n) 83 77.6% 30 73.2% 26 78.8% 27 81.8%

Mode of delivery

Vaginal (n) 53 49.5% 17 41.5% 19 57.6% 17 51.5% 0.373a 0.388a

C-section (n) 54 50.5% 24 58.5% 14 42.4% 16 48.5%

Admission to SCBU (n) 47 43.9% 19 46.3% 14 42.4% 14 42.4% 0.924a 0.736a

Breastfeeding Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Duration of exclusive breastfeeding
(days) (n= 32)

59.5 (43.4) 65.1 (40.5) 47.0 (52.9) 14b 0.366 –

n % n % n %

Breastfed at 3 mCA—exclusively (n) 25 24.0% 21 51.2% 4 12.5% 0 – <0.001a

Breastfed at 3 mCA—exclusive or
mixed (n)

37 35.6% 28 68.3% 9 28.1% 0 – <0.001a

There are ≤10 missing values for all the characteristics, except where indicated.
Statistically significant p values are in bold.
p*= p value from ANOVA all 3 groups.
p**= p value from t-test: exclusive breastfed compared to formula fed.
aFor the indicated categorical p values, p value was calculated from chi square test for comparison between the breastfed and mixed-fed groups.
bOne infant who was exclusively formula fed at the time of enrolment had received 14 days of exclusive breastfeeding prior to enrolment.

A. Kakaroukas et al.

4

Pediatric Research



that the type of milk feeding at the time of enrolment is an
important factor influencing growth, body composition and
their velocities in the first months of life, with breastfed infants
having lowest FM and LM at TEA and the most rapid LM gain up
to 3mCA.
In line with previous findings in a cohort of 122 LPT infants,13

we observed negative z-scores at TEA for all anthropometric
outcomes, with the exception of the head circumference-for-age.
In contrast, Roggero et al. found that LPT infants had greater

weight at TEA compared to term infants,28 although the mean
weight of the term infants in their cohort was still below the mean
of the WHO standards. The lower than median z-score values
observed in these two studies28,29 and our study may be a
consequence of preterm birth itself or might be explained by the
fact that, unlike our study, the WHO standards are based on
exclusively breastfed infants.
In the current study, we found a significant impact of the type

of milk at enrolment feeding on body composition at TEA, with

Table 5. Body composition per feeding group according to type of milk at enrolment.

Exclusively breastfed
(n= 41)

Mixed fed (n= 33) Exclusively formula fed
(n= 33)

p* p**

Mean (SD) Mean (SD) Mean (SD)

TEA

Skinfold thickness (mm)

Triceps 4.56 (1.33) 5.26 (0.96) 5.17 (1.17) 0.024 0.045

Bicepsa 3.80 (3.0, 4.4) 3.85 (3.4, 4.46) 4.20 (3.4, 4.8) 0.074 0.029

Supra-iliaca 2.80 (2.4, 3.6) 3.20 (2.8, 3.6) 3.20 (3.0, 40) 0.071 0.028

Sub-scapular 4.71 (1.30) 5.01 (1.06) 5.12 (1.13) 0.297 0.156

Arm muscle area (cm2)a 5.15 (4.2, 6.1) 5.17 (4.6, 6.3) 4.97 (4.5, 6.2) 0.801 0.623

Arm fat area (cm2) 2.06 (0.79) 2.43 (0.66) 2.36 (0.68) 0.069 0.097

Arm fat%b 27.2 (23.6, 29.2) 31.3 (27.8, 33.2) 30.7 (26.2, 32.8) 0.004 0.010

Lean body mass (g) (n= 81) 2512 (423) 2853 (462) 2722 (315) 0.009 0.045

Total body fat mass (g) (n= 81)a 529.5 (470.0, 649.5) 634.0 (572.0, 813.0) 621.5 (548.0, 727.0) 0.034 0.029

% fat mass (n= 81)a 18.3 (16.3, 19.7) 18.4 (17.8, 20.5) 18.8 (17.6, 20.0) 0.349 0.222

% lean mass (n= 81)a 81.8 (80.4, 83.8) 81.6 (79.5, 82.2) 81.3 (80.0, 82.3) 0.344 0.209

Fat mass index (kg/m2) (n= 79)a 2.18 (1.96, 2.75) 2.65 (2.48, 2.84) 2.55 (2.33, 2.95) 0.055 0.033

Lean mass index (kg/m2) (n= 79) 10.6 (1.3) 11.6 (1.6) 11.2 (0.9) 0.008 0.019

Bone density (n= 81) (g/cm2) 0.29 (0.03) 0.29 (0.04) 0.29 (0.03) 0.937 0.779

Bone content (n= 81) (g)a 56.0 (51.0, 59.5) 55.0 (51.0, 64.0) 54.5 (49.0, 61.0) 0.609 0.880

3 months

Skinfold thickness (mm)

Triceps 8.07 (1.58) 8.20 (1.55) 7.74 (1.30) 0.486 0.370

Biceps 5.98 (1.54) 5.52 (1.16) 5.73 (1.37) 0.378 0.494

Supra-iliac 4.66 (1.27) 5.29 (1.15) 4.85 (1.22) 0.106 0.549

Sub-scapularb 6.6 (6.0, 7.6) 6.4 (6.0, 7.0) (6.1 (5.8, 7.0) 0.336 0.157

Arm muscle area (cm2) 9.27 (1.86) 9.07 (1.56) 8.62 (1.71) 0.315 0.150

Arm fat area (cm2) 4.88 (1.23) 4.90 (1.06) 4.51 (1.02) 0.322 0.197

Arm fat% 34.4 (5.3) 35.1 (5.8) 34.4 (4.4) 0.832 0.955

Lean body mass (g) (n= 70) 4262 (641) 4425 (484) 4127 (461) 0.207 0.426

Total body fat mass (g) (n= 70) 1758 (457) 1928 (372) 1685 (312) 0.117 0.545

% fat mass (n= 70) 28.9 (3.8) 30.2 (3.8) 28.8 (2.7) 0.343 0.942

% lean mass (n= 70) 71.1 (3.8) 69.8 (3.8) 71.2 (2.7) 0.344 0.946

Fat mass index (kg/m2) (n= 70) 4.82 (1.04) 5.15 (0.88) 4.84 (0.67) 0.382 0.946

Lean mass index (kg/m2) (n= 70) 11.7 (1.2) 11.8 (1.0) 11.9 (0.7) 0.879 0.627

Bone density (n= 70) 0.32 (0.04) 0.34 (0.04) 0.33 (0.02) 0.209 0.416

Bone content (n= 70) 100.6 (15.9) 107.3 (17.7) 104.5 (13.1) 0.326 0.386

Mid-upper arm circumference
for age

−0.12 (1.16) −0.11 (0.91) −0.40 (1.28) 0.522 0.350

Triceps skinfold for age −1.04 (1.34) −1.06 (1.11) −1.33 (0.96) 0.577 0.339

Subscapular skinfold for age −0.81 (1.17) −1.04 (0.80) −1.18 (0.75) 0.275 0.142

There are ≤10 missing values for all the characteristics, except where indicated.
Statistically significant p values are in bold.
p*= p value from ANOVA all 3 groups or Kruskal–Wallis test where median is present.
p**= p value from t test or Wilcoxon–Mann–Whitney U-test where median is present: exclusively breastfed compared to formula fed.
aValues are median (Q1, Q2).
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the breastfed group demonstrating the lowest mean LM, LMI and
FM and the mixed-fed group the highest. However, these
differences seem to have been transient and at 3mCA no longer
statistically significant. Gianni et al. showed a positive association
of (any) breastfeeding with fat-free mass content in LPT at TEA,30

which is in contrast with our findings that breastfed infants had
the lowest FM and LM at TEA, although their relative values were
similar to formula-fed infants. However, it fits with the most rapid
LM gain up to 3mCA in the breastfed infants suggesting a positive
effect of breastfeeding on body composition till 3mCA.

Table 6. Growth and body composition changes between TEA to 3 mCA by feeding group (according to type of milk feeding at enrolment).

Exclusively breastfed (n= 41) Mixed fed
(n= 33)

Exclusively
formula fed
(n= 33)

p* p**

Mean (SD) Mean (SD) Mean (SD)

z-score changes

Weight for age 0.24 (0.99) 0.11 (0.81) −0.24 (0.66) 0.071 0.025

Length for age −0.06 (1.19) −0.01 (0.70) −0.18 (0.90) 0.764 0.628

BMI for age 0.51 (1.26) 0.11 (1.14) 0.10 (0.93) 0.197 0.119

Head circumference for age 0.15 (0.69) 0.26 (0.89) −0.001 (0.88) 0.439 0.398

Gain velocities

Weight, g/kg/day 14.0 (3.7) 14.1 (3.3) 13.4 (1.9) 0.685 0.446

Length, cm/week 0.81 (0.16) 0.81 (0.10) 0.77 (0.14) 0.475 0.353

Head circumference, cm/week 0.52 (0.07) 0.53 (0.57) 0.54 (0.58) 0.731 0.456

Body composition changes (DEXA)

Lean body mass (g) 1707 (408) 1536 (463) 1384 (287) 0.003 0.005

Total body fat mass (g) 1205 (370) 1194 (416) 1041 (263) 0.263 0.105

% fat mass 11.5 (3.5) 10.8 (4.5) 9.9 (2.6) 0.367 0.102

% lean mass −11.5 (3.5) −10.8 (4.5) −9.9 (2.5) 0.368 0.103

Fat mass index (kg/m2) 2.62 (0.85) 2.19 (1.53) 2.18 (0.65) 0.310 0.066

Lean mass index (kg/m2) 1.23 (1.37) 0.10 (1.68) 0.52 (0.80) 0.022 0.049

Bone density (g/cm2) 0.03 (0.05) 0.05 (0.04) 0.04 (0.03) 0.172 0.716

Bone content (g) 45.5 (14.9) 48.7 (24.0) 49.9 (11.6) 0.698 0.294

There are ≤10 missing values for all the characteristics, except where indicated.
Statistically significant p values are in bold.
p*= p value from ANOVA all 3 groups.
p**= p value from t test: exclusive breastfed compared to formula fed.

Table 7. Growth and body composition changes between TEA to 3 mCA by feeding group (according to type of milk feeding at enrolment)
adjusting for LM and FM at TEA.

Exclusively
breastfed (n= 41)

Mixed fed
(n= 33)

Exclusively formula
fed (n= 33)

Adjusted for
LM

Adjusted for
FM

Mean (SD) Mean (SD) Mean (SD) pa pb pc pd pe pf

Body composition (DEXA)

Lean body
mass (g)

1707 (408) 1536 (463) 1384 (287) 0.003 0.005 0.069 0.005 0.286 0.063

Total body fat
mass (g)

1205 (370) 1194 (416) 1041 (263) 0.263 0.105 0.129 0.012 0.245 0.008

% fat mass 11.5 (3.5) 10.8 (4.5) 9.9 (2.6) 0.367 0.102 0.643 0.359 0.684 0.120

% lean mass −11.5 (3.5) −10.8 (4.5) −9.9 (2.5) 0.368 0.103 0.645 0.362 0.687 0.122

Fat mass index
(kg/m2)

2.62 (0.85) 2.19 (1.53) 2.18 (0.65) 0.310 0.066 0.705 0.246 0.788 0.103

Lean mass
index (kg/m2)

1.23 (1.37) 0.10 (1.68) 0.52 (0.80) 0.022 0.049 0.714 0.060 0.881 0.973

Statistically significant p values are in bold.
pa= p value from ANOVA all 3 groups.
pb= p value from t test: exclusive breastfed compared to formula fed.
pc= p value from ANCOVA all 3 groups—adjusted for TEA lean mass.
pd= p value from ANCOVA: exclusive breastfed compared to formula fed—adjusted for TEA lean mass.
pe= p value from ANCOVA all 3 groups—adjusted for TEA lean mass.
pf= p value from ANCOVA: exclusive breastfed compared to formula fed—adjusted for TEA lean mass.
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Our results on growth velocity between TEA to 3mCA suggest
an adequate growth pattern in this study population, since none
of the infants showed either rapid catch-up or faltering growth.
Actually, the mean values of each of the z-scores in the cohort
only showed small changes between the two time points (Fig. 2
and Table 2). This agrees with Zhao et al. who found that MPT and
LPT compared to term infants have increased velocity for weight
and length until 3mCA but no catch-up growth.31 Additionally,
stratification based on type of milk feeding showed that there was
no significant difference in growth velocities among the feeding
groups of the current study, apart from a higher weight-for-age z-
score gain for the breastfed infants compared to the formula-fed
group. The more detailed analysis of body composition changes
between TEA and 3mCA showed that the breastfed group had the
largest gain in LM and LMI among the three feeding groups, as
well as when compared directly with the formula-fed group. At
TEA, the breastfed infants had the lowest LM and FM and they
only demonstrated accelerated gain for LM, whereas the gain in
FM was not different to the other feeding groups. They also had
significantly greater gain in LM when compared solely to formula
fed infants, which is responsible for the observed difference in
weight gain between the two groups (according to weight-for-age
change). This suggests that exclusive breastfeeding in early life
provides an advantage for LMPT infants in the quality of body
composition changes until 3mCA. However, breastfeeding initia-
tion and continuation rates in LMPT infants are lower compared
to either extremely preterm or term infants32–36 because of
the barriers to breastfeeding that this population faces.34,36–39

Moreover, balanced nutritional support of LMPT infants remains
largely unexplored, resulting in marked variation in clinical
practices including supplementation and milk type, and the lack
of evidence-based guidelines.40–42

Previous work in preterm infants has underlined the importance
of early life growth and body composition in later neurodevelop-
mental and metabolic outcomes.5–7,10,11,43 This is especially
important for this population who, compared to term infants,
have significant risks for higher FM and lower LM.44 Pfister et al.
and Ramel et al. found that faster LM gain is associated with
improved neurodevelopmental outcomes of preterm infants in
childhood.5,45 Furthermore, Scheurer et al. found an association
between the velocity of increase of LM in the first 4 months of age
of preterm infants with preschool LM with potential links to later
life beneficial metabolic outcomes.46 In our study, the breastfed
infants had larger gain in LM compared to the other feeding
groups. Our findings suggest that changes in body composition
of exclusively breastfed LMPT infants, may result in favourable

metabolic and developmental outcomes compared to infants with
different feeding patterns, in line with the results of Johnson
et al.47 Moreover, our results provide potential explanations for
the work by Yan et al. who found that breastfeeding had a
protective role against obesity.20 In summary, our study showed
differences in body composition at TEA in LMPT infants receiving
different milk feeding patterns, as well as in the amount of
LM gain until 3mCA, with the breastfed infants gaining weight
faster and more LM, which may be linked to beneficial later life
outcomes.
Our study has several strengths. To our knowledge, this is the

first study to explore the impact of the type of milk feeding on
growth and body composition of LPT and MPT, beyond TEA.
Gianni et al. also explored the impact of breast milk, but only in
LPT and only at TEA.30 Our methods of data collection were
extensive and conducted to high standards with all measurements
conducted by two investigators, using the same equipment and
with robust follow-up at specific time points. We used DEXA to
assess directly body composition and we measured skinfolds,
which have not been used previously to provide a comprehensive
assessment of growth and body composition in LMPT infants. We
have used z-scores where available to compare the groups’
characteristics, as this is a more reliable comparison method. This
was not possible for the body composition measurements (lean
and fat mass), as there are no standardised values for these.
However, our study also has certain limitations. Our study

suffered from important attrition losses that was in part due to
the COVID-19 pandemic (41.2% at 3mCA, Fig. 1). Furthermore,
the majority of participants were self-defined as from one ethnic
group (White British, defined per the National Health Service).
However, we did achieve significant representation from
relatively deprived socio-economic groups. The feeding groups
were dynamic and overlapping, as mothers changed the type of
milk between the enrolment and the third visit. However, we
stratified infants strictly according to the type of milk at the time
of enrolment as this accurately reflects the reality in the general
population. Finally, due to the size of the cohort we were not
able to perform multiple regression to account for confounding;
alternatively we have performed stratified analyses to explore
separately the effect of different factors on growth and body
composition.
In conclusion, we provide detailed information on the postnatal

growth of an understudied population and the influence of the
type of milk feeding in the first weeks of life on growth and body
composition development. We have shown that infants breastfed
at enrolment, compared to other types of feeding, have lower LM
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and FM at TEA, which is weeks after their birth. They also had
significantly greater gain in LM until 3mCA. When adjusting for LM
and FM at TEA, the gain of FM was also significantly bigger in the
breastfed group compared to the formula-fed group. Given the
importance of early infancy growth on later-life outcomes, our
findings suggest that breastfeeding promotes greater infant LM
gain, which has been shown to be associated with favourable
neurodevelopmental outcomes and well-balanced body composi-
tion development. Our study highlights the importance of
adequately supporting mothers of LMPT infants to initiate and
continue breastfeeding in this vulnerable population.

DATA AVAILABILITY
The data sets generated during and/or analysed during the current study are
available from the corresponding author on reasonable request.
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