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Background: Premature birth is associated with increased 
adipose deposition after birth. Standard anthropometry (body 
weight, length, and head circumference) may not adequately 
assess fat deposition. Validated methods to assess adiposity are 
needed to optimize growth quality in preterm infants. The pur-
pose of this study was to identify covariates of infant body fat.
Methods: Air displacement plethysmography (ADP), stan-
dard anthropometry, and body circumferences were measured 
at hospital discharge in preterm (n = 28; 31–35 wk postmen-
strual age (PMA)) and term (n = 28; 38–41 wks PMA) infants.
results: Body weight, length, and head circumference were 
lower for preterm infants (P < 0.05) at hospital discharge com-
pared with that of term infants. Despite smaller body size and 
younger PMA, preterm infant percent body fat (%BF) by ADP 
was 12.33 ± 4.15% vs. 9.64 ± 4.01% in term infants (P = 0.01). 
Mid-arm circumference (MAC) is a covariate of %BF in both 
preterm and term infants (adjusted R2 = 0.49; P < 0.001). In pre-
term infants alone, MAC accounted for 60.4% of the variability 
of percent body fat (%BF) by ADP (P < 0.01).
conclusions: Preterm infants have increased body fat 
deposition as they approach term-corrected age, and MAC is a 
reliable, low-cost measure for monitoring infant body fat depo-
sition in preterm and term infants.

Premature deliveries account for 12% of the live births in the 
United States (1,2). The American Academy of Pediatrics 

recommends catch-up growth, defined as weight and length 
gain greater than the intrauterine growth rate for the gesta-
tional age, in the first weeks of life for preterm infants (3,4). 
However, adequately nourishing and promoting proper 
growth in preterm infants is challenging, and inadequate post-
natal growth is often observed in the neonatal intensive care 
unit. Some studies suggest that the catch-up growth is neces-
sary for preterm infant brain development but may have del-
eterious consequences for metabolic and cardiovascular health 
(3). The American Academy of Pediatrics also recommends 
that a preterm infant’s body composition mimic intrauter-
ine body composition until term age (5). However, current 
research demonstrate that preterm infants at term-corrected 
age have higher total body and/or abdominal fat compared 

with term infants, suggesting that adequate catch-up growth is 
not achieved postnatally (5–8). Precise determination of body 
composition in premature infants may aid health professionals 
in selecting appropriate interventions to ensure proper postna-
tal growth and development.

It is unclear whether the increased preterm infant adiposity is 
due to an adaptation to the extrauterine environment and/or a 
combination of other causes (9). Theories regarding increased 
body fat in preterm compared with term infants include fat 
deposition related to illness, excessive calories administered by 
the health care team to ensure catch-up growth, maintenance 
of fluid balance and thermoregulation, or other stress after 
birth (9–11). For example, premature infants have increased 
circulating levels of cortisol compared with term cohorts 
(10,11). Furthermore, cortisol is commonly associated with 
stress and has been shown to promote total body/abdominal 
fat deposition (10,11). Overall, increased infant fat deposition 
is undesirable and is associated with an increased risk of meta-
bolic syndrome, obesity, and diabetes mellitus in later life (12).

Infant body composition measurements provide insight on 
growth patterns, diet adequacy, and efficacy of medical inter-
ventions (5). Air displacement plethysmography (ADP) is 
a method for body adiposity measurement that was recently 
validated in infants (13). ADP instruments are portable, do 
not use radiation, are very precise, and have the potential to be 
a safe and convenient replacement for traditional body com-
position methods such as magnetic resonance imaging and 
dual-energy x-ray absorptiometry. However, ADP may not be 
available in many health care settings, and continuous mea-
surements may be costly to patients. Additional low-risk, body 
composition methodologies include standard anthropometry 
(weight, length, and head circumference), body circumfer-
ences, and skinfold thicknesses. Studies that evaluate and 
compare these body composition measurement techniques to 
assess postnatal growth are needed.

The aims of this study are: (i) to confirm differences in 
fat distribution in preterm and term infants; (ii) to identify 
covariates that relate to preterm and term infant body fat; (iii) 
to determine differences in salivary cortisol between preterm 
and term infants; and (iv) to document the influence of caloric 
and protein intake on body composition of preterm infants. 
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We hypothesized that: (i) body fat deposition will be greater in 
prematurely born infants compared with infants born at term; 
(ii) percent body fat by ADP will correlate positively with mid-
arm and mid-thigh circumference; tricep, bicep, subscapular, 
and suprailiac skinfold thickness, and derived anthropometry 
(BMI, ponderal index); (iii) salivary cortisol will be greater in 
preterm infants at birth and hospital discharge compared with 
term infants; and (iv) preterm infant caloric and protein intake 
will not be correlated with body fat percentage.

RESULTS
There were no statistically significant differences between 
familial characteristics of preterm and term cohorts (Table 1). 
Maternal age, prepregnancy BMI, and total pregnancy weight 
gain varied widely in both cohorts. Less than half of the pre-
term and term mothers (preterm: 35.0%, n = 10; term: 35.0%, 
n = 10) were classified as overweight or obese (prepregnancy 
BMI ≥ 25 kg/m2). The majority of the mothers for both pre-
term and term infants reported taking prenatal vitamins dur-
ing their pregnancy (82.1%; n = 46). Furthermore, mothers of 
both cohorts reported similar levels of physical activity before 
and during pregnancy. The levels of maternal education were 
high school (30.4%; n  =  17), some college/technical school 
(17.9%; n = 10), bachelor’s degree (19.6%; n = 11), associate’s 
degree (16.1%; n = 9), postgraduate degree (10.7%; n = 6), and 
unfinished high school or other (5.4%; n = 3). Overall, 14.3% 
(n = 4) of the preterm mothers and 7.1% (n = 2) of the term 
mothers smoked and/or consumed alcohol during pregnancy. 
Mothers had a variety of medical conditions, with gestational 
diabetes being the most common (10.7%; n = 3). The average 
paternal age was 30.77 y (SD = 7.70 y) for preterm infants and 
32.79 y (SD = 6.33 y) for term infants. Paternal obesity for pre-
term and term infants was 42.9% (n = 12) and 65.4% (n = 17), 
respectively.

During the study period, 28 preterm infants and 28 term 
infants were enrolled. The demographic information for pre-
term and term cohorts at baseline and hospital discharge is 
summarized in Table 2. Males represented slightly less than 

half the sample population in both preterm and term infant 
cohorts. Birth gestation was 33.34 wk (SD = 0.94 wk) for pre-
term infants and 39.35 wk (SD  =  0.84 wk) for term infants. 
Additionally, the majority of total infants were of non-His-
panic, Caucasian descent (75.0%; n = 42). All preterm infants 
and 96.4% (n  =  27) term infants were born appropriate for 
gestational age. The most common indications for maternal 
preterm labor were unspecified (60.7%; n  =  17), pregnancy-
induced hypertension/preeclampsia (28.6%; n  =  8), placenta 
acreta (7.1%; n = 2), and infection (3.6%; n = 1). The average 
Apgar score was 7 (SD = 2) at 1 min and 8 (SD = 1) at 5 min 
for preterm infants, and the number of weekly measurements 
ranged from two to six, averaging 3.64 (SD = 1.34).

At discharge, preterm infant body weight, length, and body 
circumferences were significantly lower than term infants 
(P < 0.05) using corrected gestational age as a covariate. Also, 
preterm infant BMI and ponderal index were significantly 
lower than term infants after adjusting for gestational age 
(Table  2). Subscapular and suprailiac skinfolds were signifi-
cantly larger in preterm infants compared with term infants 

table 1. Maternal characteristics of preterm and term infants

Preterm infants  
(n = 28)

Term infants 
(n = 28)

Gravida (number of 
pregnancies)

2.79 ± 1.71 3.32 ± 3.06

Para (number of living children) 2.39 ± 1.66 2.39 ± 2.06

Maternal age (years) 29.00 ± 6.64 29.96 ± 5.81

Prepregnancy BMI (kg/m2) 24.56 ± 6.01 24.14 ± 5.05

Total pregnancy weight gain (kg) 17.09 ± 14.72 12.31 ± 4.86

Mothers who took prenatal 
vitamins

23 (82.1%) 23 (82.1%)

Physical activity before 
pregnancy (days/week)

2.20 ± 2.26 2.82 ± 1.89

Physical activity during 
pregnancy (days/week)

1.54 ± 2.08 1.79 ± 1.62

All values are means ± SDs unless otherwise noted.

table 2. Characteristics of preterm and term infants at baseline and 
hospital discharge

Preterm infants 
(n = 28)

Term infants 
(n = 28)

Number of male subjects 13 (46.4%) 12 (42.9%)

Gestation at birth (PMA weeks) 33.34 ± 0.94* 39.35 ± 0.84

Number of non-Hispanic white 19 (67.9%) 23 (82.1%)

Number of Hispanic 9 (32.1%) 5 (17.9%)

First measurement

 Gestational age (PMA weeks) 33.89 ± 0.95 —

 Weight (g) 1,883.3 ± 330.6 —

 Length (cm) 43.61 ± 2.10 —

 Head circumference (cm) 30.36 ± 1.37 —

 Mid-arm circumference (cm) 7.89 ± 0.80 —

 Mid-thigh circumference (cm) 10.94 ± 1.22 —

 Abdominal circumference (cm) 24.91 ± 2.08 —

 BMI (kg/m2) 9.91 ± 1.06 —

 Ponderal index (kg/m3) 22.71 ± 2.12 —

Hospital discharge

 Gestational age (PMA weeks) 36.28 ± 1.28* 39.55 ± 0.84

 Weight (g) 2,419.5 ± 397.3* 3,098.1 ± 373.8

 Length (cm) 45.71 ± 1.98* 49.27 ± 1.91

 Head circumference (cm) 32.44 ± 1.50* 34.29 ± 1.17

 Mid-arm circumference (cm) 8.90 ± 0.77* 11.05 ± 1.18

 Mid-thigh circumference (cm) 12.95 ± 1.28* 14.74 ± 1.67

 Abdominal circumference (cm) 28.30 ± 2.45* 30.77 ± 2.37

 BMI (kg/m2) 11.56 ± 1.05* 12.72 ± 0.91

 Ponderal index (kg/m3) 25.28 ± 1.88* 25.83 ± 1.79

All values are means ± SDs unless otherwise noted.
ANCOVA, analysis of covariance; PMA, postmenstrual age.
*Significantly different from term infants, P < 0.05, ANCOVA.
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when correcting for gestational age. Tricep and bicep skinfolds 
were not significantly different between cohorts (Table 3).

The average baseline cortisol level for preterm infants was 
0.40 μg/dl (SD = 0.38 μg/dl; n = 26), and the average discharge 
cortisol level was 0.33 μg/dl (SD = 0.52 μg/dl; n = 20), which 
was not significantly different. The average cortisol level for 
term infants (0.21 ± 0.23 μg/dl) was significantly lower than 
that of preterm infants at baseline (P < 0.05; ANOVA) but did 
not differ from preterm infant levels at discharge.

The average percent body fat of infants tested with the ADP 
system was 12.33% (SD = 4.15%) for preterm infants and 9.64% 
(SD = 4.01%) for term infants at discharge and was statistically 
different upon gestational age correction (P = 0.01; analysis of 
covariance (ANCOVA); Figure 1).
Table 4 shows the results of the Spearman correlation analy-

sis of preterm and term infants, with the significant positive 
correlations indicated. In preterm infants, correlation coeffi-
cients of mid-arm circumference (MAC), mid-thigh circum-
ference, and suprailiac skinfold were statistically significant. 
In term infants, significant correlations were obtained except 
between bicep skinfold thickness and percent body fat. Also, 
calculated BMI correlated positively with percent body fat 
in preterm infants (r  =  0.44; P  <  0.05) and in term infants 
(r  =  0.71; P  <  0.001). Lastly, ponderal index correlated with 
percent body fat in preterm and term infants (r = 0.41 preterm; 
r = 0.51 term; P < 0.05).

ADP and anthropometric measurements were compared 
with a stepwise linear regression in preterm and term infants. 
MAC and suprailiac skinfold were covariates of percent body 
fat in both preterm and term infants (adjusted R2 = 0.49 vs. 0.41; 
P < 0.001). In preterm infants alone, the MAC accounted for 
60.4% of the variability of percent body fat by ADP (P = 0.008). 
Figure 2 shows the comparison between percent body fat by 
ADP and MAC in preterm infants. On the contrary, BMI 
accounted for 56.1% of the variability and mid-thigh circum-
ference accounted for 63.0% of the variability of percent body 
fat by ADP (P < 0.001) in term infants.

Gender differences were not observed at baseline or dis-
charge in gestational age, body weight, length, body circum-
ferences, skinfolds, and percent body fat by ADP in preterm or 
term infants. Interestingly, data stratification based on gender 
revealed strong correlations among term infants (Table 5). For 
instance, mid-arm and abdominal circumferences strongly 
correlated to %BF in term male infants, and suprailiac skinfold 
strongly correlated to %BF in female term infants. However, 
significant, gender-based correlations were not observed in 
preterm infants.

table 3. Skinfold measurement at discharge in preterm and term 
infants

Preterm infants Term infants

Tricep skinfold (mm) 3.44 ± 0.82 (n = 11) 3.25 ± 0.59 (n = 28)

Bicep skinfold (mm) 3.06 ± 0.68 (n = 10) 2.65 ± 0.61 (n = 26)

Subscapular skinfold (mm) 3.93 ± 0.89** (n = 11) 3.38 ± 0.61 (n = 28)

Suprailiac skinfold (mm) 2.89 ± 0.88* (n = 9) 2.41 ± 0.60 (n = 25)

All values are means ± SDs unless otherwise noted.
ANCOVA, analysis of covariance.
*P ≤ 0.01; **P < 0.05, significantly different from term infants, ANCOVA.

Figure 1.  Percent body fat by air displacement plethysmography of 
preterm infants at time points above 34.5 wk corrected gestational age 
compared with percent body fat of term infants. Black circles indicate 
preterm infants; white squares indicate average preterm infants; and gray 
triangle indicates average term infants. Error bars represent SE. R2 = 0.2514 
for trendline. Average %BF was 10.50% at 35 wk (n = 12), 11.15% at 36 wk 
(n = 15), 13.50% at 37 wk (n = 15), and 15.87% at 38 wk (n = 2).
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Figure 2. Comparison of percent body fat by air displacement pleth-
ysmography and mid-arm circumference in preterm infants from birth 
to hospital discharge. Black circles indicate body fat (%); white squares 
indicate mid-arm circumference (cm); black trendline indicate body fat 
trendline; and dashed trendline indicate mid-arm circumference trendline. 
R2 = 0.2514 for body fat trendline and R2 = 0.4292 for mid-arm circumfer-
ence trendline.
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table 4. Correlation between body fat measurement by air 
displacement plethysmography, anthropometrics, and skinfolds

Preterm 
infants (%BF)

Term infants 
(%BF)

Mid-arm circumference (cm) 0.47** (n = 28) 0.67* (n = 28)

Mid-thigh circumference (cm) 0.53* (n = 28) 0.61* (n = 28)

Abdominal circumference (cm) 0.33 (n = 28) 0.54* (n = 28)

Tricep skinfold (mm) 0.42 (n = 11) 0.40** (n = 28)

Bicep skinfold (mm) 0.46 (n = 10) 0.02 (n = 26)

Subscapular skinfold (mm) 0.59 (n = 11) 0.54* (n = 28)

Suprailiac skinfold (mm) 0.75** (n = 10) 0.57* (n = 25)

Results are listed as Spearman correlation coefficients.
*P ≤ 0.01; **P < 0.05.
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Within the first week of life, 92.9% (n = 26) of preterm infants 
received a combination of parenteral and enteral nutrition, 
while 42.9% (n = 12) of preterm infants exclusively received 
breast milk or fortified breast milk at discharge. Of the term 
infants, 92.9% (n = 26) were exclusively breastfed. During the 
hospital stay, 46.4% (n = 13) of preterm infants received a mul-
tivitamin and 10.7% (n = 3) received at least one bolus of caf-
feine. At baseline, the average caloric intake for preterm infants 
was 91.48 kcal/kg/d (SD  =  16.59 kcal/kg/d) and the average 
protein intake was 3.07 g/kg/d (SD = 0.58 g/kg/d). The mean 
daily caloric and protein intake per body weight over the week 
before discharge was 111.78 kcal/kg/d (SD = 12.80 kcal/kg/d) 
and 3.25 g/kg/d (SD  =  0.52 g/kg/d), respectively, for preterm 
infants. Using Spearman’s correlations, significant correlations 
were not observed between average calories or protein per 
body weight per day and body fat percentage from the ADP 
system.

DISCUSSION
Our study provides support for previous research indicating 
that preterm infants near or at term-corrected age have a higher 
percent body fat than infants born term (5–8). Furthermore, 
our findings indicate that anthropometry, skinfolds, and ADP 
are efficient to detect significant differences in body composi-
tion between preterm and term infants at hospital discharge. 
Interestingly, the increased body fat of preterm infants suggests 
that current recommendations are not effective to achieve nor-
malized body composition postnatally.

We demonstrated that preterm infant body fat percentage 
is higher than term infants upon gestational age correction. 
This result suggests that the effect of prematurity on preterm 
infant body composition may be occurring as early as the 
first week of life. Overall, preterm infant body fat percentage 

demonstrates an upward trend as age approaches term cor-
rected age (Figure 1).

Skinfold measurement was added to the study protocol mid-
way through data collection resulting in a smaller sample size. 
Nevertheless, these data show that subscapular and suprailiac 
skinfold measurements were larger in preterm than the term 
infant group at hospital discharge. This result suggests that 
subcutaneous fat deposition is occurring in preterm infants. 
Interestingly, tricep and bicep skinfold measurements did not 
vary between cohorts implying that subcutaneous fat depo-
sition occurs centrally. While fat deposition may also occur 
viscerally, the methodology of this study was not geared to dif-
ferentiate between subcutaneous and visceral body fat.

Importantly, we identified reliable methods of body compo-
sition measurement that correlate with body fat percentage in 
preterm and term infants when the ADP system is not avail-
able. Our findings indicate that MAC and suprailiac skinfold 
are significant covariates of percent body fat in both preterm 
and term infants. Percent body fat by ADP and MAC trend 
upward in a similar manner in preterm infants (Figure  2). 
As hypothesized, ADP correlated strongly with suprailiac 
skinfold and moderately with mid-arm and mid-thigh cir-
cumference in preterm infants. Unexpectedly, abdominal 
circumference and tricep, bicep, and subscapular skinfolds 
did not statistically correlate with body fat percentage. Thus, 
while body weight is recommended as a growth assessment 
tool in preterm infants, coordination with a variety of body 
composition methodologies may provide a better analysis of 
growth quality.

Our results indicate that gender, stress, and calorie/protein 
intake may not play a significant role in body fat deposition. 
Current research correlating gender differences to infant body 
composition is unclear. This study suggests that covariates of 
body fat may be gender specific in term infants, but not pre-
term infants, as evidenced by the strong correlations reported 
in term infant males and females. Salivary cortisol varied 
between preterm and term infants only at baseline, suggesting 
that within the first days of life, preterm infants are under more 
stress than term infants. However, salivary cortisol levels did 
not correlate with body fat percentage. To note, the study was 
not able to control for factors that affect salivary cortisol levels 
such as sleep cycle or recent exposure to care-giver activities or 
clinical procedures (14). Lastly, the lack of correlation between 
preterm infant caloric intake and body fat is consistent with 
other research studies (5,15). However, unlike this study, other 
studies have shown a relationship between protein intake and 
lean mass (6,16). Overall, the current study results on gender, 
salivary cortisol levels, and dietary intake need to be inter-
preted with caution due to the small sample size.

In conclusion, this study provides a foundation to test inter-
ventions designed to modulate fat deposition and improve 
growth quality of preterm infants. We demonstrate that infant 
body composition differs between preterm and term infants 
and that MAC and suprailiac skinfold for both preterm and 
term infants are accurate, low-risk, methods to assess infant 
body composition when ADP techniques are not available. 

table 5. Correlation between body fat by air displacement 
plethysmography, anthropometrics, and skinfolds in male and female 
infants

Preterm infants 
(%BF)

Term infants  
(%BF)

Male Female Male Female

Mid-arm circumference (cm) 0.57*  
(n = 13)

0.29  
(n = 15)

0.80*  
(n = 12)

0.60* 
(n = 16)

Mid-thigh circumference (cm) 0.65*  
(n = 13)

0.42  
(n = 15)

0.44  
(n = 12)

0.66* 
(n = 16)

Abdominal circumference (cm) 0.13  
(n = 12)

0.37  
(n = 15)

0.80*  
(n = 12)

0.50* 
(n = 16)

Tricep skinfold (mm) 0.32  
(n = 6)

0.53  
(n = 5)

0.39  
(n = 12)

0.41 
(n = 16)

Bicep skinfold (mm) 0.43  
(n = 6)

0.80  
(n = 4)

0.67*  
(n = 11)

−0.28 
(n = 15)

Subscapular skinfold (mm) 0.49  
(n = 6)

0.70  
(n = 5)

0.55  
(n = 12)

0.56* 
(n = 16)

Suprailiac skinfold (mm) 0.71  
(n = 6)

0.95  
(n = 4)

0.57  
(n = 10)

0.70* 
(n = 15)

Results are listed as Spearman correlation coefficients.
*P < 0.05.
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Further research is needed to understand additional variables 
that affect body fat deposition and localization.

METHODS
This research was a comparative study in which premature infant 
body composition at term-corrected age and full-term infant body 
composition at discharge were examined. The University of Utah 
Institutional Review Board for Human Subjects approved the study 
protocol.

Subjects
Premature infants admitted to the University of Utah Hospital neona-
tal intensive care unit and term infants from the University of Utah 
Hospital Well Baby Nursery were recruited, and informed parental 
consent was obtained. Premature infants were born between 31 0/7 
and 35 1/7 wk gestation at birth and term infants were born between 
37 6/7 to 41 1/7 wk gestation at birth. Eligible infants had birth weight, 
length, and head circumference between the 1st and 90th percentiles 
(National Center for Health Statistics growth curve) for gestational 
age (17). Exclusion criteria included chromosomal abnormalities, 
major congenital anomalies, major surgery, severe central nervous 
system injury (asphyxia, congenital hydrocephalus), inborn errors of 
metabolism, assisted ventilation, inability to start enteral feedings by 
96 h of age, and conditions known to interfere with delivery of enteral 
feedings or postnatal growth.

Preterm infant physical measurements were completed within 72–
96 h of birth and weekly thereafter until hospital discharge or term 
gestation (38 wk postmenstrual age). Full-term infants were mea-
sured within 24–72 h of birth.

Maternal History Questionnaire
The maternal history questionnaire assessed factors known to be asso-
ciated with the outcome of a pregnancy. The questionnaire included 
the following items: race, education level, prepregnancy weight, pre-
delivery weight; paternal age, weight, height; and past pregnancies. 
Additional items addressed current medical conditions and medica-
tions taken during pregnancy. Lastly, the amount of physical activity 
prior to and during pregnancy was inquired.

Measurements
Body weight was measured with infants during a quiet state using a 
digital electronic bed scale (COSMED, Rome, Italy). Length was eval-
uated using a standard infant length board (Seca, Birmingham, UK). 
Head, mid-arm, mid-thigh, and abdominal circumferences were 
assessed using a vinyl-coated fiberglass tape. Tricep, bicep, subscapu-
lar, and suprailiac skinfold thicknesses were measured using Lange 
(Beta Technology, Santa Cruz, CA) skinfold calipers. Mid-arm and 
mid-thigh circumferences and skinfolds were taken on the left side 
of the body. Measurements were done in triplicate until values fell 
within 0.3 cm of one another, and the reported value is represented as 
the average of the three measurements.

Saliva was collected before each measurement session onto filter 
paper as previously described (18). Saliva samples were stored at 
room temperature and analyzed using ELISA technology (Diagnostic 
Systems Laboratory, Dexter, TX). Samples were processed in dupli-
cate, and the reported cortisol value is represented as the mean.

Body composition by ADP was obtained with a PEA POD 
(COSMED). ADP utilizes the inverse relationship between volume 
and pressure in two enclosed chambers to determine whole body 
density. A two-compartment model then uses whole-body density to 
calculate fat and fat-free mass percentages. Measurements were com-
pleted in duplicate with a third measurement taken only if the body 
fat percentages were not within 2%. The final value is represented as 
the average of the measurements.

The 24-h intake and medication information was retrieved from 
the PowerChart (Cerner, Kansas City, MO) medical records and 
recorded from birth to the last day on study. Dietary intake data 
included source (IV and/or enteral), type (dextrose solution, human 
milk, or commercial formula), and fluid volume. Calories and protein 
for breast milk were estimated using 20 kcal/oz and 8% of total calo-
ries for protein and adjusted based on fortification (19). Medication 

use was tracked to identify exposure to medications that may impact 
postnatal growth (caffeine and vitamin/mineral supplements).

Statistical Analysis
The hypothesis that body fat deposition will be greater in prematurely 
born infants compared with infants born at term was tested by one-
way ANOVA. ANCOVA was used to detect differences in means with 
the covariate as corrected gestational age. If the assumption of homo-
geneity of regression was not achieved, t-tests were used to confirm 
results of ANCOVA. The hypothesis that %BF by ADP will correlate 
positively with derived anthropometry (BMI, ponderal index) was 
tested by Spearman correlation with a r value of 0.50–0.69 defined 
as a moderate correlation and a r value of 0.70–1.00 defined as a high 
correlation (20). Potential confounders and effect measure modifiers 
for those associations were evaluated and added to the analyses by 
multivariate analyses of variance and/or multiple linear regression 
modeling. Statistical analyses were performed using SPSS (version 20; 
SPSS, Chicago, IL), and significance was set as P < 0.05.
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