Clinical Endocrinology (2014) 81, 238–243

doi: 10.1111/cen.12436

ORIGINAL ARTICLE

Metabolic, cardiovascular and anthropometric differences
between prepubertal girls and boys
 G. B. Derraik*, Paul L. Hofman*,†, Janene Biggs* and Wayne S. Cutfield*,†
Ahila Ayyavoo*,†, Jose
*Liggins Institute, University of Auckland and †Gravida: National Centre for Growth and Development, Auckland, New Zealand

Summary
Objective We aimed to assess possible differences in insulin
sensitivity and other metabolic, anthropometric and cardiovascular parameters between boys and girls prior to puberty.
Methods We studied 85 healthy prepubertal children (33 girls
and 52 boys) aged 87  19 years (range 40–119 years),
born 38–40 weeks gestation, and of birth weight appropriatefor-gestational-age. Insulin sensitivity was measured using
frequently sampled intravenous glucose tests and Bergman’s
minimal model. Other clinical assessments included anthropometric measures, fasting lipid and hormonal profiles, body
composition from whole-body dual-energy X-ray absorptiometry
and 24-h ambulatory blood pressure monitoring.
Results Prepubertal girls and boys were of similar parentadjusted height SDS (P = 026), but girls had considerably more
body fat (P < 00001), less fat-free mass (P = 00002) and greater
abdominal adiposity (P < 00001). These differences in body
composition were independent of adrenal androgens. Insulin
sensitivity was 18% lower in girls (110 vs 134 9 10 4/min
(mU/l); P = 0028), but this difference disappeared with adjustment for adiposity and DHEAS concentrations. There were, however, some apparent sex differences in cardiovascular parameters,
with girls displaying increased heart rate and reduced blood
pressure dipping. Girls also had higher triglyceride concentrations (+23%; P = 0036).
Conclusion There are a number of anthropometric, metabolic
and cardiovascular differences between sexes prior to the appearance of external signs of puberty. Although differences in insulin
sensitivity were eliminated when adiposity and DHEAS concentrations were accounted for, there were independent differences
in body composition and cardiovascular parameters. Thus,
gender, adrenarche and adiposity should be accounted for in
studies examining metabolic and cardiovascular outcomes prior
to puberty.
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Abbreviations
BMI
body mass index
BMI SDS body mass index standard deviation score
CV

coefficient of variation

DHEAS

dehydroepiandrosterone sulphate

HDL-C

high-density lipoprotein cholesterol

Height SDS – MPH SDS
height standard deviation score corrected for mid-parental
height standard deviation score
IGF-I

insulin-like growth factor I

IGFBP-3 insulin-like growth factor binding protein-3
LDL-C

low-density lipoprotein cholesterol

MPH SDS mid-parental height standard deviation score
SDS

standard deviation score

Introduction
There are known differences in body composition between
males and females that appear to occur early in childhood and
accentuate with pubertal development.1,2 However, there is a
paucity of data on sex differences in metabolic and cardiovascular parameters in healthy developmentally normal children. In
particular, there is a lack of robust data on insulin sensitivity in
boys and girls prior to pubertal onset. Hence, in this study, we
aimed to assess possible differences in insulin sensitivity and
other metabolic, anthropometric and cardiovascular parameters
between prepubertal boys and girls.
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Written informed consent was obtained from parents or guardians, as well as verbal or written consent from each child as was
appropriate to their age.
Participants
This study involved the retrospective analyses of a cohort
recently studied to identify the effects of birth order on insulin
sensitivity.3 In summary, all recruited children were healthy,
naturally conceived, aged 4–11 years, born at term (38–
40 weeks gestation), from singleton pregnancies and of birth
weight appropriate-for-gestational-age [birth weight 2 to 2
standard deviation scores (SDS)]. All participants were evaluated by a single paediatric endocrinologist and determined to
be Tanner stage 1. Any subjects with signs of puberty (Tanner
stage 2 breast development in girls and testicular volume
>3 ml in boys) or evidence of pubarche (i.e. pubic or axillary
hair) were excluded. Other exclusion criteria were genetic syndromes, receiving medication that could affect insulin sensitivity, as well as having a first-degree relative or grandparent
with diabetes, the metabolic syndrome or any of its features
other than central adiposity. Children were also excluded if
born to mothers with gestational diabetes, pre-eclampsia, gestational or pre-existing hypertension, chronic illnesses or maternal drug use during pregnancy (including tobacco and
alcohol).
Clinical assessments
All children were assessed at the Maurice & Agnes Paykel Clinical Research Unit (Liggins Institute, University of Auckland).
Data on each child were collected during a single visit to the
clinic. A number of neonatal parameters were recorded, including birth weight and gestational age. Birth weight data were
transformed into SDS.4
Insulin sensitivity was assessed using a 90-min modified frequently sampled intravenous glucose test (FSIGT), modified
with insulin, and analysed using Bergman’s minimal model software.5 Three baseline samples were drawn at 20, 10 and
0 min. A 25% dextrose infusion (at 03 g/kg) started at 0 min
and lasted for 1 min. Blood samples were drawn at 2, 3, 4, 5, 6,
8, 10, 12, 14, 16 and 19 min. Insulin (0015 units/kg) was then
intravenously administered as a bolus at 20 min, and further
samples were drawn at 22, 23, 24, 25, 27, 30, 35, 40, 45, 50, 60,
70, 80 and 90 min. Note that no episodes of hypoglycaemia
(blood glucose concentration <4 mmol/l) were recorded in any
of the participants throughout the study. Secondary outcomes
from the FSIGT included acute insulin release (insulin secretory
capacity) and glucose effectiveness (glucose-mediated glucose
uptake).
Children’s heights were measured using a Harpenden stadiometer. Weight and body composition data were obtained using
whole-body dual-energy X-ray absorptiometry (DXA, Lunar
Prodigy 2000; General Electric, Madison, WI, USA), namely
total body fat, truncal fat and android fat to gynoid fat ratio
(a more specific measure of central adiposity). The latter
© 2014 John Wiley & Sons Ltd
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parameters are provided by the manufacturer’s software based
on automated sectioning of specific areas of the body.6 Height
SDS was derived from Tanner/Whitehouse reference data7 and
body mass index (BMI) SDS according to British 1990 standards.8 Parental weights and heights were measured by the
investigators in 95% of mothers and 80% of fathers, with the
remaining measurements reported. Mean parental BMI was calculated as the average of maternal and paternal BMI. Midparental height SDS (MPH SDS) was calculated using standard
formulae.9 Each child’s height SDS was then individually corrected for their genetic potential (parents’ heights), using the
formula: ‘Height SDS – MPH SDS’.9 Ethnicity was recorded by
self-report using a prioritized system, such that if multiple ethnicities were selected, the patient was assigned to a single category, following a hierarchical system of classification.10
Following an overnight fast, baseline blood samples were
drawn to measure serum total cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), insulin-like growth factor I (IGF-I), IGF binding protein 1 (IGFBP-1), IGFBP-3, leptin, adiponectin, androstenedione, dehydroepiandrosterone sulphate (DHEAS), glucose and
insulin concentrations.
Twenty-four-hour ambulatory blood pressure was assessed following the clinical visit, when participants were fitted with a
Spacelabs 90217 monitor (Spacelabs Medical Inc., Redmond,
WA, USA) on the nondominant arm. Measurements were performed every 20 min from 07:00 to 22:00, and every 30 min
from 22:00 to 07:00. Only profiles with more than 14 daytime
and 7 nocturnal readings over a 24-h period were included for
analysis (as per British Hypertension Society recommendations).
Reported parameters included daytime and nocturnal systolic
and diastolic blood pressure, and nocturnal systolic and diastolic
blood pressure dipping.
Assays
Glucose concentrations were measured on a Hitachi 902 autoanalyser (Hitachi High Technologies Corporation, Tokyo,
Japan) by enzymatic colorimetric assay (Roche, Mannheim,
Germany), with an interassay coefficient of variation (CV) of
21%. Insulin concentrations were measured using an Abbott
AxSYM system (Abbott Laboratories, Abbott Park, IL, USA) by
microparticle enzyme immunoassay, with a CV of 57%.
HDL-C, LDL-C and total cholesterol concentrations were
measured using a Hitachi 902 autoanalyser, with CV of 114,
101 and 89%, respectively. Commercially available ELISA kits
E20, E01, E03A, E07 and E09 (Mediagnost, Reutlingen,
Germany) were used for quantitative determination of serum
IGF-I, IGFBP-1, IGFBP-3, leptin and adiponectin concentrations, respectively; assay sensitivities were 009, 02, 01, 10 and
06 ng/ml, with CV of 31, 94, 96, 67 and 30%, respectively.
DHEAS and androstenedione concentrations were measured
using Finnigan TSQ Quantum Ultra AM triple quadrupole
mass spectrometer controlled by Finnigan Xcaliber software
(Thermo Electron Corporation, San Jose, CA, USA), with mean
CV of 184 and 82%, respectively.
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Statistical analyses
Baseline data were compared using one-way ANOVA and Fisher’s
exact tests (Minitab v.16, Pennsylvania State University, State
College, PA, USA). Random-effect mixed models were used to
compare the outcomes of interest between girls and boys. Models included maternal identification number as a random factor
to account for the clustering of siblings. Initially, age and birth
parameters were adjusted for in the analyses, namely ethnicity,
gestational age, birth weight SDS and birth order. Subsequent
models were run with the inclusion of DHEAS concentrations
and total body fat percentage as confounders. Note when examining cardiovascular parameters, height was included instead of
age; for body composition, total body fat percentage was
replaced by mean parental BMI. Multivariate analyses were performed using SAS v.9.3 (SAS Institute Inc. Cary NC, USA).
Parameters associated with glucose homeostasis were log-transformed to approximate normality. All statistical tests were twotailed and maintained at a 5% significance level. Age and birth
data are presented as means  standard deviations. Outcome
data are presented as means  standard errors of the mean
(SEM), as well as model-adjusted means (estimated marginal
means adjusted for the confounding factors in the models), with
associated 95% confidence intervals.

Results
In total, 85 children aged 87  19 years participated in the
study, including 33 girls (age range 40–116 years) and 52 boys
(40–119 years). Children of both sexes were of similar age and
ethnic composition and were also born of similar gestational age
and birth weight (Table 1). Girls had higher concentrations of
both androstenedione and DHEAS (Table 1).
Anthropometry
Girls and boys were of similar parent-adjusted height SDS, but
there were major differences in body composition between sexes,
independently of adrenal androgens (Table 2). Girls had more

body fat (P = 00002) than boys, as well as greater central adiposity, with higher android to gynoid fat ratio (P = 0006) and
more truncal fat (P < 00001; Table 2).
Insulin sensitivity and parameters of glucose
homeostasis
Insulin sensitivity was 18% lower in girls (110 vs 134 9 10-4
min 1(mU/l); P = 0028), but this difference disappeared with
adjustment for adiposity and DHEAS concentrations (Table 2).
Although the addition of either of these two parameters to the
model eliminated the significant gender difference in insulin sensitivity, there was a strong negative association of adiposity and
insulin sensitivity (P = 00002), which was much stronger than
that of DHEAS (P = 015). Acute insulin response, disposition
index and glucose effectiveness were similar in boys and girls
(Table 2).
Lipid profile
Total cholesterol, LDL-C and HDL-C concentrations were similar in girls and boys. However, girls displayed triglyceride concentrations that were consistently higher than that of boys
(P = 0036; Table 2).
Twenty-four-hour ambulatory blood pressure
monitoring
Prior to adjustment for body fat and adrenal androgens, there
were many cardiovascular differences between girls and boys
(Table 2). Girls displayed higher heart rate (P = 0003), higher
nocturnal systolic (P = 0050) and diastolic (P = 0023) blood
pressure, as well as lower nocturnal systolic (P = 0003) and diastolic (P = 0005) dipping (Table 2). However, even after adjustment for body fat and DHEAS concentrations, girls still
displayed higher heart rate (+56 bpm; P = 0044) and lower
systolic dip (P = 0013; Table 2).
Growth factors and hormone concentrations

Table 1. Demographic and adrenal androgen data for prepubertal boys
and girls. Demographic and adrenal androgen data are means 
standard deviations

n
Demography
Age (years)
Gestational age (weeks)
Birth weight (kg)
Birth weight SDS
Ethnicity (New Zealand
European)
Adrenal androgens
Androstenedione (nmol/l)
DHEAS (nmol/l)

Girls

Boys

33

52

84 
394 
342 
014 
79%

19
07
035
079

059  034
466  375

89 
394 
352 
012 
77%

P-value

19
07
038
086

042  029
315  323

019
080
024
092
099

0009
0026

Leptin concentrations were 67% higher in girls than in boys
(P = 0002), consistent with body composition data (i.e. greater
body fat). Not surprisingly, leptin differences disappeared following adjustment for body fat and DHEAS concentrations
(Table 2). There were no differences between genders in concentrations of adiponectin or growth factors, but girls had IGFBP-3
concentrations that were 16% higher than those of boys
(P = 0016; Table 2).
Ethnicity
Statistical models were re-run including solely the 66 participants of New Zealand European ethnicity. The results were
nearly identical (data not shown) except that most P-values
changed due a 22% reduction in n, corroborating the findings
obtained for the overall cohort.
© 2014 John Wiley & Sons Ltd
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Table 2. Study outcomes among prepubertal boys and girls

n
Anthropometry
Height SDS – MPH SDS
BMI SDS
Fat-free mass (%)
Total body fat (%)
Android fat to gynoid fat ratio
Truncal fat (%)
Glucose homeostasis
Insulin sensitivity (910-4min 1(mU/l))
Acute insulin response (mU/l)
Disposition index
Glucose effectiveness (10-2/min)
Growth factors
IGF-I (ng/ml)
IGFBP-1 (ng/ml)
IGFBP-3 (ng/ml)
Hormones
Adiponectin (lg/ml)
Leptin (ng/ml)
Lipid profile
Total cholesterol (mmol/l)
HDL-C (mmol/l)
LDL-C (mmol/l)
Triglycerides (mmol/l)
Total cholesterol to HDL-C ratio
24-h ambulatory blood pressure
Heart rate (bpm)
Daytime systolic (mmHg)
Daytime diastolic (mmHg)
Nocturnal systolic (mmHg)
Nocturnal diastolic (mmHg)
Systolic dip (%)
Diastolic dip (%)

Unadjusted means  SEM

Adjusted means and 95% confidence intervals

Girls

Boys

Girls

Boys

33

52

33

52

P-value

024
006
780
228
066
200








018
020
13
13
003
15

007
032
831
176
059
146








012
011
09****
09****
002****
10****

006
001
774
229
065
192

( 049–036)
( 037–035)
(744–803)
(196–268)
(057–073)
(158–233)

025
041
833
165
054
125

( 010–061)
(010–072)
(808–859)
(144–189)
(048–060)
(106–148)

018
0025
00003
00002
0006
<00001

110
357
3029
275






09
66
369
028

134
281
3485
292






08*
24
326
019

93
310
2706
263

(78–111)
(237–406)
(2006–3649)
(200–325)

97
277
2711
250

(84–112)
(223–345)
(2124–3460)
(200–300)

084
049
093
073

189  13
145  13
3454  154

173  8
173  17
3209  90

193 (161–224)
108 (77–151)
3428 (3110–3746)

181 (156–206)
108 (82–142)
2958 (2700–3216)

055
099
0016

10 161  570
571  111

10 639  600
342  052**

9257 (7572–11317)
329 (263–411)

10 220 (8655–12069)
314 (261–377)

041
073

388
123
231
079
319







012
004
010
005
010

390
136
224
070
302







011
004
009
004*
010

386
129
227
076
298

880
1103
674
999
572
92
146









16
14
11
16
11
09
13

800
1126
686
979
549
130
197









15**
15
10
12*
08*
07**
10**

845
1078
669
990
564
79
144

(349–423)
(117–142)
(197–257)
(064–091)
(269–330)
(799–891)
(1032–1124)
(635–703)
(941–1039)
(531–598)
(51–107)
(104–184)

385
133
220
062
295
789
1128
684
985
549
119
183

(354–415)
(122–144)
(196–244)
(054–072)
(271–320)

095
053
068
0036
087

(747–831)
(1088–1169)
(654–714)
(943–1028)
(520–578)
(94–144)
(147–219)

0044
0059
044
086
040
0013
0068

*P < 005, **P < 001 and ****P < 00001 for boys vs girls accounting for birth parameters (ethnicity, gestational age, birth weight SDS and birth
order) and age (or height for blood pressure). Adjusted means and 95% confidence intervals have been adjusted for all confounding factors in the multivariate models, including the above-described parameters, as well as total body fat percentage (except for anthropometry) and DHEAS concentrations.

Discussion
Our study shows that there are anthropometric, metabolic and
cardiovascular differences between boys and girls prior to the
appearance of any external signs of puberty. Girls displayed
lower insulin sensitivity, higher triglyceride concentrations, as
well as more body fat and greater abdominal adiposity, increased
heart rate, higher nocturnal blood pressure and lower nocturnal
blood pressure dipping than boys. Although all children were
prepubertal, girls had higher adrenal androgen concentrations
and greater adiposity than boys throughout childhood, which
accounted for the differences in insulin sensitivity.
The limited data on differences in insulin sensitivity between
prepubertal boys and girls have been inconsistent. A previous
study using FSIGT did not observe a gender effect on insulin
sensitivity during the prepubertal years.11 Conversely, Moran
© 2014 John Wiley & Sons Ltd
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et al.12 suggested that there were differences between boys and
girls during all Tanner stages, but they only examined three girls
in Tanner stage 1. Our analyses showed differences in insulin
sensitivity between sexes, which were primarily associated with
girls’ greater adiposity, with an added contribution from higher
adrenal androgen concentrations.
Our findings corroborate previous studies showing that greater
fat mass is associated with reduced insulin sensitivity in children
and adolescents.5,13 Increased adiposity in prepubertal 7-year-old
children has been shown to be associated with increased DHEAS
concentrations.14 Thus, it is not easy to distinguish the effects of
greater adiposity from higher DHEAS levels on insulin sensitivity
in children. There is indirect evidence to suggest that adrenarche
is associated with reduced insulin sensitivity.15 A longitudinal
study found that early reductions in insulin sensitivity (from the
age of 7 years) occur 3–4 years before the onset of puberty,15
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which would be consistent with adrenarche. Thus, we propose
that the lower insulin sensitivity seen in girls was due to increased
adiposity and higher adrenal androgen levels.
Importantly, there were differences in body composition and
cardiovascular parameters between the sexes that were not
attributable to adrenal androgen levels and/or adiposity. Our
observation that girls had more body fat than boys is in agreement with previous data showing similar findings prior to
puberty.16–18 Girls in our cohort also displayed greater abdominal adiposity than boys. While a similar finding was observed in
11-year-old children,19 most previous studies in prepubertal boys
and girls showed no gender differences in visceral and/or
abdominal fat.18,20,21 In this study, apart from contributing to
the lower insulin sensitivity, increased fat mass was also likely
associated with higher nocturnal blood pressure in girls.
The persisting differences in nocturnal blood pressure dipping
and heart rate between prepubertal boys and girls appear to be
novel findings. Although it has been shown in late childhood
and adolescence that girls have lower blood pressure than
boys,22,23 data from ambulatory blood pressure monitoring comparing sexes in nonobese prepubertal children appear to be lacking. The higher heart rate and lower nocturnal blood pressure
dipping in girls are not easily explained, but possible differences
in fitness between the two sexes may exist.
Although all children in this study were assessed as prepubertal by a paediatric endocrinologist, the observed sex differences
in DHEAS and androstenedione concentrations indicate that
there were underlying hormonal differences between boys and
girls. Rising plasma levels of adrenal androgens, particularly
DHEAS, are the first recognizable hormonal changes associated
with pubertal development and generally occur independently of
sexual maturation.24 These hormonal differences could contribute to the increased fat mass deposition in girls. In addition, we
also observed higher leptin concentrations in girls than in boys,
differences that were eliminated following adjustment for body
fat and DHEAS concentrations. Leptin signals the amount of
adipose tissue deposition to the brain and exerts major effects
on energy homeostasis and neuroendocrine function, and a leptin surge is observed prior to pubertal onset.24
There are a number of anthropometric, metabolic and cardiovascular differences between sexes prior to the appearance of
external signs of puberty. Although differences in insulin sensitivity are eliminated when adiposity and DHEAS concentrations
are accounted for, there are independent differences in body
composition and cardiovascular parameters between boys and
girls. Thus, gender, adrenarche and adiposity should be
accounted for in studies examining metabolic and cardiovascular
outcomes prior to puberty.
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