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Weight, length, and skinfold thicknesses were measured in
4634 term and preterm neonates. Sex and weight/length
ratio were important determinants of the amount and
distribution of the subcutaneous fat store at birth.
Gestational age, weight, length, and other ponderal indices
did not explain subcutaneous fat variability.

A
ssessment of nutritional status at birth is useful for
evaluating early and later neonatal outcome.1 Weight,
length, and the ratios between them are the variables

most often measured. Among others, the ponderal index (PI)
(weight/length3) is used to classify small for gestational age
neonates with intrauterine growth retardation, and the
weight/length ratio (W/L) to assess neonatal thinness/
fatness.2–4

Measurement of skinfold thickness (ST) is a fast and non-
invasive method that may also help us to explore infant
nutritional status. ST has shown good correlation with total
body fat mass in newborns.5 Recently, it has been reported
that term and preterm female newborns had a more
centralised pattern and more subcutaneous fat than male
newborns measured by ST.6 The aims of this study were both
to analyse whether anthropometry, sex, or gestational age
determine the variability in subcutaneous fat store at birth,
and to construct sex specific standards for ST measurements.

PATIENTS AND METHODS
Population
Data were obtained from 4634 neonates (2445 male and 2189
female), born in the University Clinical Hospital ‘‘Lozano
Blesa’’, Zaragoza, Spain. The sample of term infants (37–41
gestational weeks) comprised all singleton neonates born
between January 2000 and December 2002. To obtain an
adequate sample size of preterms (32–36 gestational weeks),
we collected data from all singletons born between January
1993 and December 2002. Gestational age was expressed in
complete weeks from the last menstrual period. Infants of
minority ethnic groups were not considered. We also
excluded newborns with major congenital chromosomal or
metabolic abnormalities, gestational diabetes, or other
alterations that could affect body composition.

Anthropometric measurements
Weight (g) was measured just after birth. Skinfolds (mm)
and length (cm) were obtained within the first 24 hours of
life by the same person. Left STs were measured at four sites
with Holtain skinfold callipers: triceps (TS), biceps (BS),
subscapular (SBS), and suprailiac (SPS). Reliability for
skinfolds was 95%.
Various indexes were calculated: the sum of the four

skinfolds (mm) (SST) = TS + BS + SPS + SBS; central to
total skinfold ratio (CTS) = ((SPS + SBS)/SST)6 100; W/L
(kg/m); body mass index (BMI; weight/length2; kg/m2); PI
(kg/m3 61021).

Statistical analysis
Stepwise regression analyses were performed with SST and
CTS as dependent variables, and sex, gestational age, weight,
length, W/L, BMI, and PI as independent variables.
Smoothed centile curves for anthropometric variables were

constructed by sex and gestational age groups according to
the LMS method for growth standards, using the LMS
program version 1.16 from the Institute of Child Health
(London, UK).7 This method monitors the changing skew-
ness of the distribution during growth by calculating the
Box-Cox power needed to transform the data to normality at
each age, and displaying the results as a smooth curve of
power plotted against age.

RESULTS
Table 1 shows weight and length at birth. Tables 2 and
3 (which can be found at http://www.archdischild.com/
supplemental) detail the results of stepwise regression
analyses. In the entire group, W/L explained 39.7% of the
SST variability, and sex added 1.7% to it. Sex also explained
2% of CTS variability, and W/L added 0.5% to it. Divided on
sex groups, the two sexes showed similar results. W/L
predicted 40.1% and 41.9% of SST in female and male
neonates respectively. No significant contribution of gesta-
tional age, weight, length, BMI, or PI was found for SST or
CTS in either male or female newborns.

Abbreviations: BMI, body mass index; CTS, central to total skinfold
ratio; PI, ponderal index; ST, skinfold thickness; W/L, weight/length
ratio

Table 1 Number, weight, and length of neonates 32–
41 weeks gestation

Gestational
age (weeks)

Number
(N =4634) Weight (g) Length (cm)

Boys 2445
32–33 47 1805 (347) 42.72 (2.38)
34 53 2149 (344) 44.68 (2.64)
35 57 2339 (365) 45.50 (2.23)
36 133 2595 (448) 47.03 (2.24)
37 136 3006 (465) 48.77 (2.11)
38 369 3175 (419) 49.68 (1.88)
39 772 3305 (386) 50.19 (1.78)
40 600 3415 (399) 50.72 (1.58)
41 278 3563 (404) 51.43 (1.75)

Girls 2189
32–33 27 1837 (458) 42.64 (2.33)
34 53 2113 (349) 44.27 (2.17)
35 52 2276 (348) 45.48 (1.91)
36 101 2515 (402) 46.60 (2.34)
37 126 2778 (389) 47.53 (1.85)
38 350 3047 (384) 48.76 (1.70)
39 729 3196 (375) 49.56 (1.72)
40 500 3326 (374) 50.09 (1.70)
41 251 3390 (358) 50.35 (1.47)

Values for weight and length are mean (SD).
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Figures 1 and 2 (which can be found at http://www.
archdischild.com/supplemental) and tables 4 and 5 show
smoothed centiles for SST and the CTS ratio by sex and
gestational age groups.

DISCUSSION
ST measurements of subcutaneous fat may provide informa-
tion about perinatal nutritional status and neonatal out-
come.8 In a study performed by magnetic resonance imaging,
total and subcutaneous fat mass were lower in small for
gestational age neonates than in those of appropriate size for
gestational age, but there were no differences in intra-
abdominal fat mass.9 These results suggest that subcutaneous
and intra-abdominal adipose tissue compartments are under
different regulatory control during intrauterine life.
Subcutaneous adipose tissue reduction at birth seems to be
related to intrauterine growth restriction.

Body weight is the best independent predictor of body
composition in preterm and term infants, accounting for 84%
of the variation in fat mass; sex and length are additional
determinants.10 11 In our study, W/L and sex were the most
powerful predictors of SST. Other anthropometric variables
or ratios considered in the stepwise regression (gestational
age, weight, length, BMI, PI, or CTS) did not explain
subcutaneous fat variability at birth.
Body fat increases throughout gestation in both sexes, and

female infants have higher body fat percentage than male
infants.6 10–12 However, there are limited data about neonatal
distribution of subcutaneous body fat. In a recent study
reported by our group, CTS did not vary significantly from 32
to 41 weeks, but girls had a more centralised pattern of
subcutaneous fat than boys.6

In conclusion, W/L and sex are both important determi-
nants of neonatal subcutaneous fat, and sex also influences
its distribution. Body weight by itself, length, BMI, PI, and

Table 4 Smoothed centiles for the sum of four skinfolds (mm) and gestational age in
newborns

Gestational age
(weeks) Mean (SD)

Centile

3rd 10th 25th 50th 75th 90th 97th

Boys
33 8.96 (1.93) 5.5 6.7 8.1 9.6 11.3 12.8 14.4
34 10.61 (2.51) 6.0 7.3 8.7 10.4 12.1 13.7 15.4
35 11.20 (2.06) 6.6 8.0 9.4 11.2 13.0 14.6 16.4
36 12.01 (2.80) 7.5 8.9 10.5 12.3 14.2 16.0 17.9
37 14.45 (3.38) 8.5 10.0 11.6 13.6 15.6 17.5 19.5
38 14.33 (2.86) 9.2 10.8 12.4 14.3 16.3 18.3 20.3
39 15.08 (2.89) 9.8 11.3 12.9 14.8 16.8 18.7 20.6
40 15.17 (2.77) 10.2 11.7 13.2 15.0 17.0 18.8 20.7
41 15.33 (2.74) 10.4 11.9 13.4 15.2 17.1 18.8 20.6

Girls
33 9.91 (2.39) 5.6 6.8 8.2 9.9 11.7 13.4 15.2
34 11.23 (3.02) 6.1 7.5 8.9 10.7 12.5 14.3 16.1
35 11.38 (2.34) 6.7 8.1 9.6 11.4 13.3 15.1 16.9
36 12.31 (3.22) 7.6 9.1 10.7 12.6 14.5 16.3 18.2
37 13.99 (2.89) 8.7 10.2 11.9 13.9 15.9 17.8 19.8
38 15.18 (3.07) 9.6 11.2 12.9 14.9 17.0 18.9 20.9
39 15.37 (2.77) 10.3 11.8 13.4 15.3 17.3 19.3 21.3
40 15.58 (2.91) 10.7 12.1 13.7 15.5 17.5 19.5 21.5
41 16.18 (2.99) 11.2 12.6 14.1 15.9 17.9 19.9 22.0

Table 5 Smoothed centiles for the total to central skinfolds ratio (%) and gestational age
in newborns

Gestational
age (weeks) Mean (SD)

Centile

3rd 10th 25th 50th 75th 90th 97th

Boys
33 47.24 (3.93) 40.9 43.0 45.1 47.5 50.0 52.2 54.4
34 47.87 (3.73) 41.1 43.2 45.3 47.7 50.0 52.1 54.2
35 47.55 (3.18) 41.4 43.5 45.6 47.9 50.1 52.1 54.0
36 48.28 (3.24) 41.6 43.7 45.7 48.0 50.1 52.1 53.9
37 47.87 (3.01) 41.6 43.7 45.7 47.8 50.0 51.8 53.7
38 47.64 (3.12) 41.7 43.7 45.7 47.8 49.9 51.8 53.6
39 48.04 (3.25) 42.0 43.9 45.9 48.0 50.1 52.0 53.8
40 48.17 (3.06) 42.1 44.1 46.0 48.2 50.3 52.1 53.9
41 48.13 (3.19) 42.1 44.1 46.0 48.2 50.3 52.1 53.9

Girls
33 48.70 (4.14) 41.8 44.3 46.7 49.1 51.5 53.5 55.4
34 48.80 (4.16) 42.4 44.6 46.8 49.2 51.5 53.4 55.3
35 49.17 (3.02) 42.9 45.0 47.0 49.2 51.4 53.3 55.2
36 49.03 (3.08) 43.2 45.1 471 49.3 51.4 53.3 55.1
37 49.48 (3.05) 43.1 45.0 47.0 49.1 51.2 53.1 55.0
38 48.71 (3.09) 42.8 44.7 46.6 48.7 50.9 52.8 54.8
39 48.76 (3.30) 42.6 44.5 46.5 48.7 50.9 53.0 55.0
40 49.15 (3.47) 42.6 44.6 46.7 48.9 51.3 53.4 55.5
41 49.06 (3.52) 42.6 44.6 46.7 49.0 51.5 53.7 55.9
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gestational age do not determine the subcutaneous fat
variability at birth. Neonatal fat store and its distribution
may reflect perinatal nutritional status. Therefore more
studies are required to relate fat mass measurements at birth
to intrauterine growth, early infant outcome, and later
development of metabolic alterations and diseases. For this
purpose, we have constructed sex specific standards for SST
and CTS to be used in future studies.

All the figures and tables 2 and 3 can be found at
http://www.archdischild.com/supplemental.
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