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Background: Waist circumference:length ratio (WLR) and 
ponderal index (PI) appear to be useful markers of visceral and 
total adiposity, respectively. However, there are no normative 
birth data across the full range of gestational ages.
Methods: In this retrospective cohort study of 500 preterm 
and 1,426 full-term infants, born in 1998 and 2008 at three 
military hospitals, the percentile growth curves for WLR and 
PI were calculated. There were no sex differences, and results 
were combined to obtain values from 26 to 42 wk gestation.
results: Between 26 and 42 wk gestation, median birth WLR 
increased from 0.55 to 0.62, and median PI increased from 21.1 
to 25.6. The adjusted mean WLR at birth among infants born 
<34 wk increased from 0.55 in 1998 to 0.58 in 2008 (P = 0.048), 
suggesting that early-preterm infants born in 2008 had greater 
abdominal adiposity than those born in 1998.
conclusion: We report normative birth data for WLR and 
PI in preterm and full-term infants by gestational age and sex. 
WLR and PI may be useful as clinical markers of visceral and 
overall adiposity. In conjunction with other anthropometric 
measures, WLR and PI may be useful to monitor postnatal 
nutrition and growth and assess risk for later obesity and car-
diometabolic disorders.

Many studies have shown that excess body adiposity, espe-
cially visceral adiposity, increases the risk for later car-

diometabolic disorders. Measuring the waist circumference 
(WC) (1) has been used in adults, adolescents, and children as 
a simple and inexpensive population-based strategy for a clini-
cal practice-based estimate of visceral adiposity (1). Elevated 
WC was associated with diabetes, coronary artery disease, 
morbidity, and mortality in adult North American, Asian, and 
European populations (2–4). WC has been shown to corre-
late with the risk of type 2 diabetes, in some cases better than 
weight, height, body mass index (BMI), or skinfold thickness 
(5). The ratio of standing height to WC has been utilized in 

some studies to normalize for age, sex, and race/ethnicity. The 
waist circumference:height ratio (WHtR) was closely associ-
ated with coronary risks such as hypertension, hyperglycemia, 
hypertriglyceridemia, hypercholesterolemia, and lower levels 
of high-density lipoprotein (3). WHtR was a better predictor of 
metabolic syndrome than BMI in Mexican children aged 6–12 
y (6). Data for infants, however, are lacking. There are some 
very limited population-based norms in infants born full term 
for WC and waist circumference:length ratio (WLR) based on 
supine length, but there are no birth data in infants born pre-
term (7,8).

In current practice, neonatologists aim to achieve postnatal 
growth rates comparable to intrauterine growth based on esti-
mated gestational age (EGA) and weight (9). But weight by itself 
tells only a little about the overall body composition. The BMI 
has been used to evaluate growth and as a surrogate indicator of 
obesity. However, the BMI has not been utilized in infants, and 
it does not reliably distinguish between growth in lean and that 
in fat mass. Some investigators have, thus, concluded it is time 
to move beyond BMI as a marker of obesity and focus on more 
direct measures of body composition (10). Usefulness of the 
ponderal index (PI) in assessing fat mass is unclear, but it has 
been reported to be an indirect measure of soft tissue mass and 
to correlate well with total skinfold thickness (11). Although 
WLR and PI have not been used in routine neonatal clinical 
practice, these two measurements have the potential advan-
tage of assessing visceral and total fat mass, respectively, more 
directly than achievable with weight alone or even BMI.

Our underlying hypothesis for this retrospective chart 
review was that (i) visceral adiposity is a useful measure for 
tracking risk for cardiometabolic sequelae in neonates, includ-
ing infants born preterm, and (ii) WC is a useful marker of vis-
ceral adiposity, in particular when normalized for body length. 
On the basis of birth data from three medical centers in this 
retrospective cohort study, we have previously reported that 
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preterm infants have disproportionate increases in WLR and 
PI at term-equivalent age, suggestive of increased visceral and 
total adiposity, respectively (12). Although these data suggest 
that WLR and PI may have clinical utility as simple and inex-
pensive indicators of visceral and total fat mass, respectively, 
there are no available normative birth data across the full range 
of gestational ages. The purpose of this report is to establish 
normative values for WLR and PI in preterm and full-term 
infants across the full range of EGA at birth from 26 to 42 wk. 
We also examine two epochs a decade apart to determine 
whether, in association with the obesity epidemic, infants born 
in 2008 have a greater apparent total adiposity and visceral adi-
posity than infants born in 1998 and are therefore potentially 
at greater risk for later cardiometabolic disorders.

RESULTS
Our initial database included 522 singleton preterm infants 
and 1,438 singleton full-term infants. After ineligible infants 
and outliers were identified and corrected or removed from 
the data set, our final database for analysis included 500 pre-
term and 1,426 full-term infants. This included 270 and 230 

preterm infants in 1998 and 2008, respectively, and 753 and 
673 full-term infants in 1998 and 2008, respectively.

The maternal demographics of women who delivered pre-
term and full term are presented in Table 1. Prepregnancy 
weight was significantly higher among women who deliv-
ered in 2008 for preterm (P = 0.042) and for full-term births 
(P = 0.026). Prepregnancy BMI, however, was significantly 
increased in 2008 only for women who delivered full-term 
(P = 0.0036). Despite this increase, weight gain during preg-
nancy was similar in the two study periods for all women. 
Women who delivered preterm in 2008 were more likely to be 
diagnosed with gestational hypertension (P = 0.029). The 1-h 
glucose level was increased in 2008 (P = 0.0045), but only for 
women delivering a full-term infant.

Among all infants born preterm, adjusted significance test-
ing identified a significant increase in birth weight in the 2008 
epoch (P = 0.01), but not in the Z score of the birth weight 
(Table 2). There was no difference between the two epochs 
for adjusted length, head circumference, and WC. There 
were also no significant adjusted differences among preterm 
infants between the two epochs for BMI, PI, or WLR. In a 

table 1. Maternal demographics for 1998 and 2008 birth cohorts

Preterm (<37 wk) Full-term (≥37 wk)

1998 2008 P value 1998 2008 P value

N 270 230 753 673

Age (y) 27.7 ± 5.8 28.4 ± 6.2 0.22 27.7 ± 5.7 28.4 ± 6.2 0.50

Pre-pregnancy weight (lbs) 142 ± 32 153 ± 37 0.042 146 ± 31 151 ± 33 0.026

Weight gain (lbs) 29.5 ± 14.8  29.2 ± 16.5 0.87 33.2 ± 11.8 33.4 ± 14.7 0.83

Prepregnancy BMI (kg/m2) 24.7 ± 5.8 25.8 ± 6.1 0.25 24.3 ± 5 25.4 ± 5.3 0.0036

Race (n, %) 0.040 <0.0001

 Caucasian 124 (45.9%) 108 (47%) 435 (57.8%) 399 (59.3%)

 African-American 53 (19.6%) 48 (20.9%) 99 (13.1%) 102 (15.2%)

 Hispanic 7 (2.6%) 15 (6.5%) 46 (6.1%) 31 (4.6%)

 Asian 8 (3%) 13 (5.7%) 31 (4.1%) 26 (3.9%)

 Hawaiian/Pacific Islander 22 (8.1%) 9 (3.9%) 57 (7.6%) 11 (1.6%)

 Other/unknown 56 (20.7%) 37 (16.1%) 85 (11.3%) 104 (15.5%)

Gestational hypertension (N, %) 6 (4.4%) 18 (11.3%) 0.029 10 (2.9%) 18 (3.7%) 0.54

Preeclampsia (n, %) 34 (12.6%) 32 (13.9%) 0.66 14 (1.9%) 23 (3.4%) 0.065

Gestational diabetes (n, %) 17 (6.3%) 23 (10%) 0.13 41 (5.4%) 23 (3.4%) 0.065

1-h glucose test (mg/dl) 117 ± 39 118 ± 26 0.89 108 ± 27 115 ± 27.2 0.0045

Education (n, %) 0.21 0.90

 High school graduate or less 45 (38.1%) 61 (31.3%) 117 (36%) 134 (35.5%)

 Some college or more 73 (61.9%) 134 (68.7%) 208 (64%) 243 (64.5%)

Rank of active duty member (n, %) 0.51 0.74

 Enlisted 145 (74.4%) 88 (71%) 476 (63.2%) 320 (72.7%)

 Officera 50 (25.6%) 36 (29%) 187 (24.8%) 120 (27.3%)

Data are presented as means ± sD or as N (%). The following sample sizes were used to calculate means for women delivering preterm in 1998 and 2008 and full term in 1998 and 2008: 
pregravid weight was available for 75, 100, 317, and 456 women, respectively; weight gain was available for 70, 100, 309, and 456 women, respectively; pregravid BMI was available 
for 74, 96, 314, and 440 women; 1-h glucose was available for 60, 86, 191, and 385 women, respectively. Percentages were calculated based on the available sample size and not as 
a percentage of the entire population. The diagnosis of gestational hypertension was available for 137, 159, 340, and 483 women, respectively. Values in bold indicate statistically 
significant differences (P < 0.05).
aRank as officer requires college degree.
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planned subgroup analysis of early- and late-preterm infants, 
there were no differences in the late-preterm (34–36 wk) sub-
group between the two epochs (Table 3). In the early-preterm 
(<34 wk) subgroup, there was a significant decrease in birth 
weight and length (P = 0.02 and P = 0.002, respectively), but 
the Z score for the birth weight did not differ. Moreover, the 
WLR was increased in the 2008 epoch in early-preterm infants 
(P = 0.048).

Among infants born full-term, unlike reported national 
trends, infants born in 2008 were not delivered earlier than 
in 1998 (Table 2) (13). When comparing differences in birth 
anthropometrics for full-term infants born in 2008 to those 
born in 1998, adjusted comparison showed statistically sig-
nificant decreases in birth weight (P = 0.01) and head cir-
cumference (P < 0.001), but the Z scores for weight and head 
circumference did not differ. Birth length and length Z score 
were significantly increased in the 2008 epoch (P = 0.04 and P 
< 0.001, respectively), whereas BMI and PI were significantly 
decreased in 2008 as compared with 1998 (P < 0.001 for each). 
The WC and WLR were similar in the two epochs.

Because none of the absolute overall differences between the 
1998 and 2008 cohorts was clinically significant, we combined 
the two cohorts to calculate the birth percentiles for WLR and 
PI for each EGA week at birth. A total of 550 males and 508 
females had a WC and length at birth to calculate the WLR, 
and 999 males and 831 females had a birth weight and length 
to calculate the PI (Table 4). There were insufficient data to 
include infants <30 wk at birth when calculating percentiles 
separately for males and females.

For the least mean square (LMS) calculations, models with a 
high degree of smoothing tended to fit the data equally well as 
compared with more complex models, and the smooth models 

were preferentially selected because of the small sample size in 
some EGA categories. Z scores were calculated for each infant 
in the sample using the estimated LMS values. The distribu-
tion of these Z scores was approximately normal, with a mean 
of 0 and an SD of 1 for boys and girls for both WLR and PI. 
The results are presented separately for males and females for 
WLR (Figure 1) and for PI (Figure 2). The growth curves for 
boys and girls were compared using quantile regression. No 
statistically significant differences between boys and girls were 
observed at any quantile with respect to the main effect of sex, 
interaction with age, or interaction with age squared (all P 
values >0.05, data not shown). We therefore combined male 
and female percentiles for WLR (Figure 1c) and PI (Figure 
2c). When combined, the sample size permitted an EGA range 
of 26–42 wk for both WLR and PI. Median WLR (Figure 1c) 
increased from 0.55 at 26 wk to 0.62 at 42 wk EGA. Median PI 
increased from 21.1 kg/m3 at 26 wk to 25.6 at 42 wk EGA.

DISCUSSION
We report the first normative data for WLR and PI at birth in 
preterm and full-term infants by sex and week of EGA at birth 
across an EGA range of 26–42 wk (Figures 1 and 2). These 
birth data for WLR using a simple and inexpensive noninva-
sive measure suggest that preterm infants born <34 wk in 2008 
had greater abdominal adiposity (Table 3) than infants from 
similar EGA births in 1998. This increase was not observed 
in late-preterm infants. WLR and PI were similar in male and 
female births (Figures 1 and 2), and the combined results for 
WLR and PI enabled us to calculate percentiles for infants 
born as early as 26 wk instead of just 30 wk. The progressive 
increases in WLR and PI with increasing EGA at birth were 
consistent with progressive increases in visceral and total fat 

table 2. Infant body size and anthropometric measures at birth for 1998 and 2008 for boys and girls combined

Preterm (<37 wk) Full-term (≥37 wk)

1998 2008 P value 1998 2008 P value

Estimated gestational age (wk) 34.5 ± 0.74 34.8 ± 0.6 0.45 38.7 ± 0.2 38.6 ± 0.2 0.24

Male (n, %) 140 (51.9%) 136 (59.1%) — 418 (55.6%) 356 (53%) —

Birth weight (kg) 2.47 ± 0.11 2.31 ± 0.10 0.01 3.50 ± 0.07 3.38 ± 0.07 0.01

Birth weight (Z score) 0.43 ± 0.12 0.31 ± 0.11 0.4 0.12 ± 0.05 0.08 ± 0.05 0.53

Length (cm) 46.3 ± 0.79 45.6 ± 0.69 0.13 50.7 ± 0.38 51.2 ± 0.35 0.04

Length (Z score) 0.42 ± 0.13 0.41 ± 0.11 0.91 0.18 ± 0.05 0.41 ± 0.05 <0.001

Head circumference (cm) 31.3 ± 0.45 31.0 ± 0.39 0.34 34.7 ± 0.25 34.1 ± 0.23 <0.001

Head circumference (Z score) 0.24 ± 0.14 0.27 ± 0.12 0.77 0.15 ± 0.04 0.06 ± 0.05 0.12

Waist circumference (cm) 26.5 ± 0.62 26.7 ± 0.53 0.55 31.0 ± 0.38 31.0 ± 0.35 0.94

BMI (kg/m2) 11.7 ± 0.53 11.2 ± 0.46 0.096 13.5 ± 0.22 12.9 ± 0.21 <0.001

PI (kg/m3) 26.2 ± 1.67 25.2 ± 1.45 0.3 26.5 ± 0.51 25.2 ± 0.46 <0.001

WLR (cm/cm) 0.57 ± 0.01 0.59 ± 0.01 0.087 0.61 ± 0.01 0.61 ± 0.01 0.53

Data are presented as adjusted means ± seM or as n (%). BMI and PI were calculated for all infants with a recorded weight and length. Z scores for weight, length, and head 
circumference were adjusted for delivery site and race. Adjusted P values for weight, length, head circumference, waist circumference, BMI, PI, and WLR controlled for delivery site, 
sex, and estimated gestational age, and for maternal race, pregravid BMI, gestational weight gain, preeclampsia, and gestational diabetes. The following sample sizes were used to 
calculate means for infants in this table: birth weight and gestational age were available for 434 preterm and 1,339 term infants; length, BMI, and PI were available for 417 preterm 
and 1,320 term infants; head circumference for 416 preterm and 1,019 term infants; waist circumference for 279 preterm and 789 term infants; and WLR for 272 preterm and 786 term 
infants. Values in bold indicate statistically significant differences (P < 0.05).

PI, ponderal index; WLR, waist circumference:length ratio.
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mass, respectively. The impact of greater visceral adiposity at 
birth in <34 wk EGA infants in 2008 on risk for later cardio-
metabolic sequelae is unknown. However, these normative 
birth data for WLR and PI may provide a useful baseline based 
on EGA for routine clinical tracking of comprehensive anthro-
pometric measures as related to neonatal and infant nutrition 
and to risk for cardiometabolic sequelae.

Fetal growth and birth anthropometrics have historically 
focused on weight, length, and head circumference for rou-
tine clinical monitoring (14). However, weight gain by itself is 
a poor indicator of body composition and hence of optimum 
nutrition (15). Only limited data are available regarding body 
composition at birth, especially as based on EGA at birth and 
across the full range of EGA occurring today. Although BMI 
has often been used as a surrogate for adiposity at later ages, it 
has often not reliably quantified total fat mass in either pediatric 
or adult populations and hence can provide insufficient infor-
mation about body fat mass or percentage body fat (16,17).

Several direct measures of body composition have been 
developed for research purposes. Dual energy X-ray absorp-
tiometry imaging has been used as a measure of total body 
fat and has been shown in adults to correlate with WHtR 
(18,19). Air displacement plethysmography is an innovative, 
accurate, and precise way to assess fat mass in infants and to 
track changing body composition, even in preterm infants 
(20–22). However, neither of these methods quantifies visceral 
fat mass, which is a significant limitation given the metabolic 
activity and importance of this compartment (18,23). Other 
investigators have used whole-body magnetic resonance imag-
ing, total-body electric conductivity, or ultrasound to evaluate 
overall adiposity or fat mass and visceral fat mass (18,24,25). 
Use of these various direct measures of body fat mass and, in 

particular, visceral adiposity, is important in research studies 
and for validation of simpler and inexpensive measures such as 
WLR and PI, but they are not practical for routine clinical use 
or in population-based studies.

Adverse cardiometabolic outcomes appear to be more 
directly related to visceral adiposity than total fat mass, and 
visceral adiposity has been identified as an important predic-
tor of later development of metabolic syndrome and cardiovas-
cular sequelae including individuals born preterm (4,26–28). 
WC has been confirmed to be a valid measure of visceral obe-
sity in adolescents and adults across the age span and in vary-
ing racial/ethnic groups (16,29,30). WC varies according to 
sex, age, and race (5). However, normalizing WC for length or 
height by calculating WLR or WHtR, respectively, eliminates 
age, sex, and racial/ethnic differences (3,6,31,32).

Normative WC values have been reported in children ≥2 y 
of age and in adolescents of various ethnicities (1,7,33,34). 
However, studies of WC in newborn infants are limited. One 
study from Sweden included an unspecified number of late-
preterm infants but did not report separate results for infants 
born preterm and full term (7). Their median WC values for 
boys and girls of 35.7 and 35.0 cm, respectively, are higher 
than our full-term WC values (Table 2). Newborn males had 
a median WLR of 0.69, and newborn females had a median 
WLR of 0.687 that is higher than our mean values (Table 2) 
(7). Our data, however, are similar to WC data published in an 
American study that reported a mean value of 31 cm for boys 
and girls combined (8).

The PI is not commonly used in practice today. Its use as 
a measure of adiposity is unclear (35). PI has been demon-
strated to correlate with the total percentage of body fat in 
infants as measured by skinfold thickness and air displacement 

table 3. Early- and late-preterm body size and anthropometric measures at birth from 1998 and 2008 for boys and girls combined

Early-preterm (<34 wk) Late-preterm (34–36 wk)

1998 2008 P value 1998 2008 P value

Estimated gestational age (wk) 30.7 ± 1.1 31.2 ± 1.1 0.57 35.4 ± 0.28 35.1 ± 0.23 0.24

Male (n, %) 65 (51.2%) 48 (53.9%) — 75 (52.4%) 88 (62.4%) —

Birth weight (kg) 2.02 ± 0.10 1.86 ± 0.10 0.02 2.73 ± 0.15 2.60 ± 0.12 0.15

Weight-for-age Z score 1.28 ± 0.25 0.98 ± 0.23 0.45 0.13 ± 0.15 0.12 ± 0.13 0.91

Length (cm) 45.5 ± 0.85 43.5 ± 0.82 0.002 46.7 ± 0.93 46.6 ± 0.77 0.91

Length-for-age Z score 1.29 ± 0.24 1.07 ± 0.22 0.16 0.08 ± 0.16 0.20 ± 0.13 0.41

Head circumference (cm) 29.5 ± 0.54 29.4 ± 0.52 0.74 32.3 ± 0.56 32.0 ± 0.46 0.35

Head circumference Z score 0.65 ± 0.31 0.70 ± 0.29 0.77 0.05 ± 0.15 0.08 ± 0.13 0.87

Waist circumference (cm) 25.5 ± 0.66 25.3 ± 0.64 0.75 27.2 ± 0.78 27.8 ± 0.64 0.31

BMI (kg/m2) 9.36 ± 0.47 9.36 ± 0.46 0.99 13.3 ± 0.66 12.5 ± 0.55 0.078

PI (kg/m3) 20.5 ± 1.32 21.6 ± 1.27 0.25 30.5 ± 2.00 28.4 ± 1.65 0.11

WLR (cm/cm) 0.55 ± 0.02 0.58 ± 0.02 0.048 0.59 ± 0.02 0.60 ± 0.02 0.36

Data are presented as adjusted means ± seM or as N (%). BMI and PI were calculated for all infants with a recorded weight and length. Z scores for weight, length, and head 
circumference were adjusted for delivery site and race. Adjusted P values for weight, length, head circumference, waist circumference, BMI, PI, and WLR controlled for delivery site, 
sex and estimated gestational age, and for maternal race, pregravid BMI, gestational weight gain, preeclampsia, and gestational diabetes. The following sample sizes were used to 
calculate means for infants in this table: birth weight and gestational age were available for 181 early-preterm and 254 late-preterm infants; length, BMI, and PI for 171 early-preterm 
and 246 late-preterm infants; head circumference for 176 early-preterm and 265 late-preterm infants; waist circumference for 123 early-preterm and 156 late-preterm infants; and WLR 
for 117 early-preterm and 155 late-preterm infants. Values in bold indicate statistically significant differences (P < 0.05).

PI, ponderal index; WLR, waist circumference:length ratio.
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plethysmography (11,36). Newborn data for PI are available for 
Chinese and German infants, but data in the United States are 
limited, especially for infants born preterm (11,37). The most 
recent normative data for US preterm infants were published 
by Lubchenco et al. (38) in 1966 and only included Caucasian 
infants. Our PI data are similar among more premature infants 
and show lower cutoffs for late-preterm and term infants at the 
90th percentile. This is similar to a recent US study that com-
pared birth weight and PI for neonates born at 26–29 wk ges-
tation and concluded that the Lubchenco cutoffs were higher 
for both birth weight and PI (10). There is a need for simple 
and noninvasive methods to assess body composition in neo-
nates (35). The availability of WLR and PI normative values 
at birth may help clinicians by providing an indirect baseline 
for evaluating neonatal nutritional intervention strategies, for 

comprehensive tracking of visceral and overall adiposity, and 
for assessing risk for later cardiometabolic sequelae. In relation 
to risk for later cardiometabolic sequelae, however, the opti-
mum neonatal targets for WLR or PI remain unknown.

The primary strengths of our study include a large number 
of both preterm and full-term infants included from three 
geographic locations for two separate time periods 10 y apart, 
analysis of results based on EGA at birth, and the availability of 
WC measurements from two sites. There are, however, several 
limitations. First, we do not have any direct measure of body 
composition to determine the extent of correlation of WLR 
and PI with direct measures of visceral fat mass and total body 
fat mass. Of particular note, however, WC has been confirmed 
to be a valid measure of visceral obesity in children, adoles-
cents, and adults across the age span and in varying racial/

table 4. Percentile cutoff values for WLR and the PI

EGA 
(wk)

Males Females

N 2nd 10th 25th 50th 75th 90th 98th N 2nd 10th 25th 50th 75th 90th 98th

WLR (cm/cm)

30 9 0.50 0.53 0.55 0.58 0.61 0.64 0.68 8 0.49 0.51 0.53 0.55 0.59 0.63 0.70

31 4 0.50 0.52 0.55 0.58 0.61 0.64 0.68 10 0.49 0.52 0.54 0.56 0.60 0.63 0.70

32 20 0.49 0.52 0.55 0.58 0.61 0.64 0.68 12 0.50 0.52 0.54 0.57 0.60 0.64 0.70

33 16 0.49 0.52 0.55 0.58 0.61 0.64 0.68 17 0.51 0.53 0.55 0.58 0.61 0.65 0.70

34 27 0.49 0.53 0.55 0.59 0.62 0.65 0.68 29 0.51 0.54 0.56 0.59 0.62 0.65 0.70

35 30 0.50 0.53 0.56 0.59 0.62 0.65 0.69 13 0.52 0.55 0.57 0.60 0.63 0.66 0.70

36 37 0.50 0.54 0.57 0.60 0.63 0.66 0.70 27 0.53 0.55 0.58 0.60 0.63 0.66 0.70

37 44 0.51 0.55 0.58 0.61 0.64 0.67 0.70 33 0.53 0.56 0.58 0.61 0.64 0.67 0.70

38 78 0.52 0.55 0.58 0.61 0.64 0.67 0.71 66 0.53 0.56 0.59 0.61 0.64 0.67 0.71

39 118 0.52 0.56 0.59 0.62 0.65 0.67 0.71 125 0.54 0.57 0.59 0.62 0.65 0.67 0.71

40 119 0.53 0.56 0.59 0.62 0.64 0.67 0.71 113 0.54 0.57 0.59 0.62 0.65 0.67 0.70

41 43 0.53 0.56 0.59 0.62 0.65 0.67 0.70 48 0.54 0.57 0.60 0.62 0.65 0.67 0.70

42 5 0.53 0.56 0.59 0.62 0.65 0.67 0.71 7 0.54 0.58 0.60 0.63 0.65 0.68 0.70

PI (kg/m3)

30 18 16.81 18.38 19.79 21.58 23.65 25.82 29.11 12 16.17 17.78 19.17 20.84 22.67 24.45 26.93

31 10 17.10 18.71 20.16 22.01 24.15 26.40 29.81 15 16.74 18.41 19.85 21.58 23.47 25.31 27.88

32 33 17.38 19.04 20.53 22.44 24.65 26.98 30.51 20 17.29 19.02 20.50 22.29 24.24 26.15 28.80

33 26 17.65 19.34 20.88 22.84 25.12 27.52 31.18 27 17.79 19.57 21.10 22.94 24.95 26.91 29.63

34 47 17.94 19.68 21.25 23.26 25.61 28.08 31.85 48 18.23 20.06 21.62 23.51 25.57 27.58 30.37

35 47 18.30 20.08 21.68 23.73 26.12 28.64 32.48 23 18.62 20.48 22.08 24.00 26.11 28.16 31.01

36 61 18.73 20.52 22.15 24.22 26.63 29.16 33.01 47 18.97 20.86 22.49 24.45 26.59 28.69 31.59

37 81 19.15 20.96 22.59 24.65 27.06 29.58 33.40 60 19.28 21.21 22.87 24.86 27.04 29.17 32.12

38 150 19.53 21.32 22.94 24.99 27.35 29.83 33.55 100 19.55 21.50 23.18 25.20 27.41 29.56 32.56

39 222 19.83 21.60 23.18 25.18 27.47 29.86 33.43 212 19.71 21.68 23.37 25.41 27.64 29.81 32.83

40 212 20.13 21.85 23.37 25.28 27.47 29.73 33.07 179 19.80 21.78 23.48 25.53 27.76 29.95 32.98

41 79 20.46 22.11 23.57 25.39 27.46 29.57 32.68 80 19.89 21.88 23.59 25.65 27.90 30.09 33.14

42 13 20.79 22.38 23.78 25.50 27.45 29.42 32.30 8 20.00 22.01 23.72 25.79 28.05 30.26 33.32

Data are presented for males and females for combined 1998 and 2008 birth cohorts for each week of estimated gestational age at birth from 30 to 42 wk. The 50th percentile 
corresponds to the unadjusted median. These estimated gestational age- and sex-specific percentiles are obtained from the estimated L, M, and S values using the least mean square 
method of cole and Green (16).

eGA, estimated gestational age; PI, ponderal index; WLR, waist circumference:length ratio.
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ethnic groups, and normalizing WC for height by calculating 
waist-to-height ratio eliminates age, sex, and racial/ethnic dif-
ferences (3,6,16,29–32). Although we do have broad racial/
ethnic diversity, our families are not fully representative of the 
US population in that most parents are married, all have health 
insurance, most mothers have at least a high school education, 

and self-reported fetal exposure is low for smoking and almost 
absent for alcohol and street drugs. Hence, our results may not 
be fully generalizable to the entire US population.

There are also inherent limitations to our retrospective chart 
review design. These include missing data, data entry errors, 
no standardized definitions for recorded maternal diagnoses, 

Figure 1. Smoothed percentile growth curves for WLR for EGAs at 
birth for (a) male infants born at 30–42 wk, (b) female infants born at 
30–42 wk, and (c) both sexes combined born at 26–42 wk. Absolute values 
are presented in table 4. EGA, estimated gestational age; WLR, waist 
circumference:length ratio.
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Figure 2. Smoothed percentile growth curves for PI for EGAs at birth for 
(a) male infants born at 30–42 wk, (b) female infants born at 30–42 wk, and 
(c) both sexes combined born at 26–42 wk. Absolute values are presented 
in  table 4. EGA, estimated gestational age; PI, ponderal index.
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and lack of standardization of measurement methods, in par-
ticular for length and WC (12). Because WC data were col-
lected at only two of our three study sites, we are only able to 
calculate WLR in a subset of infants. Despite smaller numbers, 
however, the statistical significance of these findings appears 
robust, and the results are consistent with our PI results based 
on a much larger sample size. Finally, as with any retrospective 
study design, our results are hypothesis generating and hence 
must be confirmed with prospective study designs.

In conclusion, we present normative values for WLR and PI 
in infants born preterm and full-term across the EGA range of 
26–42 wk. The normative percentile growth curves for WLR and 
PI provide an indirect but potentially useful measure of visceral 
adiposity and overall fat mass, respectively. The aggregate results 
of our chart review study provide a compelling rationale for 
future studies to validate neonatal WLR with direct measures of 
visceral fat mass, as has been done in older children and adults. 
Other critical questions include whether infants born at a lower 
EGA and/or with greater extent of visceral or total adiposity at 
birth are destined to have greater adiposity in later years and 
hence greater cardiometabolic risk and whether such risks can be 
modified by nutritional strategies to optimize body composition 
as well as body size. Our results suggest that WLR and PI hold 
promise as clinically useful, simple, and inexpensive tools as part 
of a comprehensive assessment of body composition as we prog-
ress in our efforts to gain a greater understanding of the fetal and 
neonatal origins of cardiometabolic sequelae in relation to EGA, 
body composition at birth, and optimum postnatal nutrition.

METHODS
Study Population
We conducted a three-center retrospective cohort study of paired 
maternal and infant medical records of infants born preterm (<37 wk) 
and full term (37–42 wk) for a 12-month period ending 31 August 
1998 (1998 epoch) and for a corresponding 12-month period 10 y 
later ending 31 August 2008 (2008 epoch). Institutional review board 
approval was received from all three centers before data collection. 
Parental consent was not required because all data were de-identified 
during analysis. Study methodology has been previously reported and 
is now briefly summarized (12).

Infants born preterm. The charts of all inborn infants born preterm 
and discharged home from the neonatal intensive care unit during the 
1998 and 2008 epochs were reviewed. We also included late-preterm 
inborn infants who were not admitted to the neonatal intensive care 
unit. Early and late preterm were defined as <34 and 34–36 completed 
wk gestation, respectively.
Infants born at term. Full term was defined as 37–42 completed wk 
gestation. Infants were eligible only if discharged home from the birth 
hospital. To have approximately three reference full-term infants 
for each preterm enrollee, we a priori limited our newborn nursery 
record reviews to the first 25 inborn infants admitted each month for 
each site and epoch. We included full-term infants born small or large 
for gestational age. Small for gestational age and large for gestational 
age were defined as <10% and >90% for weight, respectively, for ges-
tational age and sex based on recent normative data for infants born 
in the United States (39).
Exclusion criteria for all births. Exclusion criteria included (i) mul-
tiple gestation, (ii) chromosomal disorder or any diagnosed condition 
affecting infant growth, and (iii) missing maternal chart.

The data collected from the charts of all eligible infants included 
birth date; sex; EGA at birth based on first-trimester ultrasound if 

available or on last menstrual period; and birth values for weight (kg), 
supine length (cm), head circumference (cm), and WC (cm). WC 
measurements were available from two sites (Bethesda, MD, and Fort 
Bragg, NC). We calculated BMI (kg/m2) and WLR for all infants with 
available data. Although weight is typically normalized for standing 
height in children beyond 2 y of age, we measured supine length in 
our infants and, therefore, calculated WLR and not WHtR. We also 
calculated PI (kg/m3). PI is a measure of leanness and is calculated 
as a relationship between mass and height (10,11,38). It is similar 
to BMI, but the mass is normalized to the third power of height (or 
length) rather than the second power, yielding a measure with the 
same dimensions as density.

Maternal demographic data were also collected, including age at 
delivery, prepregnancy weight and height, gestational weight gain, preg-
nancy complications (preeclampsia, gestational hypertension, gesta-
tional diabetes), and blood glucose result (mg/dl) for the routine third-
trimester 1-h glucose challenge (50-g load). We also recorded marital 
status, ethnicity, highest level of education completed (high school or 
less, some college or more), and rank of the active-duty family member 
identified as the sponsor as enlisted or officer; officer rank requires a 
college degree. The prepregnancy BMI (kg/m2) was calculated.

Data Analysis
We validated all recorded data points from the maternal and infant 
records that were >3 SD from the mean and also performed a ran-
domly selected audit of 5% of infant records that further confirmed 
the accuracy of the recorded data. Maternal characteristics are 
reported as unadjusted means with SD, or frequency with percent, 
and were compared between epochs using χ2 tests for categorical data 
and t tests for continuous data. Z scores for birth weight, length, and 
head circumference were calculated using means and SDs published 
by infant sex and EGA (39). Multivariate analysis of variance was used 
to compare mean infant characteristics between epochs, controlling 
for infant/maternal demographics and delivery site. Infant demo-
graphics included sex and EGA. Maternal demographics included 
race, prepregnancy BMI, gestational weight gain, preeclampsia, and 
gestational diabetes. When comparing mean Z scores, EGA and sex 
were excluded from adjustment. ANOVA results were presented as 
adjusted means with standard errors. All testing was completed using 
SAS version 9.0 (SAS Institute, Cary, NC). Results were considered 
significant at P < 0.05 (two tailed).

Percentile growth curves for WLR and PI. Sex-specific percentile 
growth curves for WLR and PI at birth for each EGA week were 
calculated using the LMS method of Cole and Green (40) as imple-
mented in LMS chart maker version 2.43 software (H. Pan, T.J. Cole, 
Health for All Children, UK). This method estimates three age-spe-
cific parameters: L is the power of the Box–Cox transformation used 
to achieve a normal distribution for each age group, M is the median 
value, and S is the coefficient of variation. Curves were fit as cubic 
splines by nonlinear regression using penalized likelihood. Centile 
plots, penalized deviance, and generalized Akaike information crite-
rion were used to compare models and select an appropriate degree 
of smoothing as expressed by the degrees of freedom, and growth 
curves were fit using the LMS method (40).

EGA- and sex-specific percentiles were obtained from the esti-
mated L, M, and S values using the LMS transformation equation:

where Z is the Z score corresponding to the given percentile. Similarly, 
the Z score corresponding to a particular measurement was calcu-
lated as

where X is the measured value.
Although data were collected on preterm infants starting at EGA of 

23 wk, the sample size was too small to estimate percentiles separately 
for males and females born <30 wk gestation and <26 wk for males 
and females combined.

Percentile 1
1

= +M LSZ L( ) /

z X M LSL= − 1[( / ) ]/
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