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Normal sex differences in prenatal growth and
abnormal prenatal growth retardation associated
with 46,XY disorders of sex development are
absent in newborns with congenital adrenal
hyperplasia due to 21-hydroxylase deficiency
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Abstract

Background: Congenital adrenal hyperplasia due to 21-hydroxylase deficiency is the most common presentation
of a disorder of sex development (DSD) in genetic females. A report of prenatal growth retardation in cases of 46,
XY DSD, coupled with observations of below-optimal final height in both males and females with congenital
adrenal hyperplasia due to 21-hydroxylase deficiency, prompted us to investigate prenatal growth in the latter
group. Additionally, because girls with congenital adrenal hyperplasia are exposed to increased levels of androgens
in the absence of a male sex-chromosome complement, the presence or absence of typical sex differences in
growth of newborns would support or refute a hormonal explanation for these differences.

Methods: In total, 105 newborns with congenital adrenal hyperplasia were identified in our database. Gestational
age (weeks), birth weight (kg), birth length (cm) and parental heights (cm) were obtained. Mid-parental height was
considered in the analyses.

Results: Mean birth weight percentile for congenital adrenal hyperplasia was 49.26%, indicating no evidence of a
difference in birth weight from the expected standard population median of 50th percentile (P > 0.05). The
expected sex difference in favor of heavier males was not seen (P > 0.05). Of the 105 subjects, 44 (27%; 34 females,
10 males) had birth length and gestational age recorded in their medical chart. Mean birth length for this
subgroup was 50.90 cm (63rd percentile), which differed from the expected standard population median of 50th
percentile (P = 0.0082). The expected sex difference in favor of longer males was also not seen (P > 0.05).

Conclusion: The prenatal growth retardation patterns reported in cases of 46,XY disorders of sex development do
not generalize to people with congenital adrenal hyperplasia due to 21-hydroxylase deficiency. Sex differences in
body weight and length typically seen in young infants were not seen in the subjects who participated in this
study. We speculate that these differences were ameliorated in this study because of increased levels of prenatal
androgens experienced by the females infants.
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Background
Several reports have suggested an association between
low birth weight and atypical development of the male
reproductive system. For example, low birth weight is
more common in newborns with isolated hypospadias
[1-9] and in genetic males with a disorder of sex devel-
opment (DSD) [10], particularly when the DSD is idio-
pathic in nature [11-14]. Birth weight and length in
humans are sexually dimorphic traits; healthy male new-
borns weigh more and are longer than their female
counterparts [7,15]. Male newborns also have a greater
head circumference and less body fat than females, as
indicated by decreased skin-fold thickness and whole-
body plethysmography [16]. Together, these observa-
tions point to the possibility that lower levels of andro-
gen production or action in utero that would be
expected for a male contributes not only to undermas-
culinization of the male reproductive system, but also to
decreased anthropometric measures in newborns [7].
Low birth weight is of concern, independently of its

relationship with atypical reproductive development,
because of the association with development of meta-
bolic, endocrine and cardiovascular diseases later in life
[17]. Furthermore, some newborns who are born small
fail to achieve catch-up growth as they develop.
Congenital adrenal hyperplasia (CAH) due to 21-hydro-

xylase deficiency (21-OH) is the commonest cause of DSD
in 46,XX individuals. Females with this condition are
exposed during early development to levels of androgens
that can be similar to the atypically low levels of androgens
experienced by some genetic males with DSD. Further-
more, both under- and over-treatment of CAH with glu-
cocorticoids results in a final adult height that is shorter
than that predicted from mean parental height (MPH)
[18]. A better understanding of crucial periods of growth,
including the prenatal period, should prove beneficial in
efforts to optimize final heights in people with CAH [19].
To our knowledge, only three published studies have

analyzed prenatal growth in newborns with CAH due to
21-hydroxylase (21-OH) deficiency. The first study
reported normal birth weight [20], and the second
reported an increase in birth weight in affected girls but
not boys [21]. These data indicate that, unlike cases of
46,XY DSD, ‘small for gestational age’ cannot be gener-
alized to the most common presentation of 46,XX DSD.
However, neither study controlled for the possible con-
founding effects of parental height on birth weight. The
third study measured linear growth in boys and girls
with classic CAH during the first 3 years of life. and
reported that birth length was above average for affected
children; however, neither sex differences nor body mass
data were considered in thst study [22].
The goal of the present study was to retrospectively

evaluate birth weight and length in newborns with CAH

due to 21-OH deficiency whereas controlling for the
influence of parental height. Furthermore, because
female newborns with CAH due to 21-OH deficiency
are exposed to increased levels of androgens before
treatment in the absence of a male sex-chromosome
complement, their growth patterns allow us to discrimi-
nate between hormonal versus genetic influences in the
context of sexually dimorphic anthropometric measures.

Methods
The study was approved by the institutional review
boards of the University of Oklahoma Health Sciences
Center and the Johns Hopkins School of Medicine,
informed consent was not required.
A retrospective chart review was performed on all

pediatric endocrine charts from both clinics collected
over the past 50 years. Subjects with CAH due to 21-
hydroxylase deficiency were identified from each institu-
tion and reviewed (105 in total). Gestational age
(weeks), birth weight (kg), birth length (cm) and paren-
tal heights (cm) were obtained when documented in the
chart. Subjects of gestational age < 37 weeks or > 44
weeks were omitted from the analyses. A single instance
of twin gestation was identified in our data, but was
excluded from the current analyses based on delivery at
34 weeks gestational age.
Birth weight and length information were entered into

a software program (Epi Info™. version 3.4.1; 1. Epi
Info™; http://www.cdc.gov/epiinfo), yielding birth
weight, length, and weight, for, height percentiles and z-
scores. MPH was calculated based on the formula:
(maternal height (cm) ± paternal height (cm) ± 13 cm
(+13 cm for males and -13 cm for females) [23].
Wilcoxon signed-rank tests were used to test whether

birth weight and length percentiles differed from the
standard median (50th percentile), and the Mann-Whit-
ney U-test and Student t-test were used to examine the
difference in study variables between male and female
subjects with CAH. Spearman correlation coefficients
were also calculated to determine the strength of the
relationship between MPH and both birth weight (kg)
and birth length (cm).

Results
Of the 105 subjects, 91% were born between 37 and 40
weeks. Gestational age ranged from 37 to 43 weeks
(mean ± SD 39.91 ± 1.04). Mean birth weight for CAH
subjects was 3.42 kg, with an average female and male
weight of 3.39 and 3.50 kg, respectively (Table 1). No
sex difference in weight was seen (t (103) = -1.18, P >
0.05). Mean birth weight percentile for CAH was
49.26%, indicating no difference in birth weight from
the expected standard population median of 50th per-
centile (S = -117, P > 0.05). There was no sex difference
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in birth weight percentile between male and females
subjects (U = 1453, P > 0.05).
Of the 105 subjects with CAH, 44 (42%; 34 females

and 10 males) had birth length and gestational age
recorded in their chart (Table 2). Mean birth length for
the group of subjects was 50.90 cm, with average female
and male length of 50.79 and 51.30 cm, respectively.
There was no sex difference in birth length (U = 237, P
> 0.05). The mean birth length percentile for all subjects
was 63.11%, which differed from the expected standard
population median of the 50th percentile (S = 221, P =
0.0082). In total, 68 subjects had their MPH calculated,
but only 30 subjects had four data points available
(gestational age, birth weight and length and MPH) to
analyze. There was no significant correlation between
birth weight (r = 0.13, P > 0.05) or length (r = 0.15, P >
0.05) percentiles and MPH.

Discussion
The sex ratio at birth in CAH, an autosomal recessive
disorder, is almost equal [24]. Female newborns are
detected more readily at birth because ambiguity of
their external genitalia resulting from excess androgen
exposure in utero [25]. Before the advent of newborn
screening for CAH due to 21-OH deficiency, male new-
borns with CAH had delayed or missed diagnoses,
resulting in salt-wasting adrenal crises and increased
mortality rates [26-29]. Thus, the 2.5:1 female:male ratio
for CAH in our data reflects the retrospective nature of
the cases that presented prior to the 1970s.
Consistent with results from previous investigations

[20], infants in the current study had birth weights in
the expected population distribution median; however,
birth length percentile was higher than the expected
population distribution median [22]. Measuring birth
length can be difficult. The neonatal cranial molding
necessary during delivery, timing after delivery, and flex-
ion of the infant’s body are a;; factors that contribute to

this difficulty [30]. However, studies report intra- and
inter-examiner reliability of birth length measurement of
>1.0 cm [31,32]. This exceeds the 7 mm intra- and
inter-examiner reliability allowed during the standardi-
zation process for the World Health Organization Child
Growth Standard curves [33]. Furthermore, our results
are consistent with those of Bonfig et al. [22], who
reported results from a prospective study of 51 patients.
For all these reasons, we conclude that unlike the
retarded growth pattern reported in cases of idiopathic
DSD in genetic males, birth weight and length are not
inhibited by CAH due to 21-OH deficiency.
In addition to increased birth length seen in the study

cohort overall, we failed to detect the expected sex dif-
ference in favor of birth length for male infants in our
investigation. We speculate that this is due to increased
linear growth of both females and males with classic
CAH resulting from increased levels of adrenal andro-
gens before birth. Androgens were increased for all new-
borns in this cohort, as no mothers received
dexamethasone treatment during pregnancy and all
females had ambiguous genitalia at birth.
Previous work by our group has shown that sex differ-

ences in body mass and composition in infants disap-
pear by 6 months of age, when the testes of healthy
males stop producing androgens. Further support for
our proposition that early androgen exposure drives sex
differences, at least in part, is our observation that new-
borns with 46,XY DSD due to complete androgen insen-
sitivity syndrome have birth weights that do not differ
from unaffected female newborns [34]. Taken together,
these observations strongly suggest that prenatal andro-
gen exposure, rather than the possession of a male chro-
mosome complement, stimulates linear growth and body
composition in humans in a male-typical manner.
Athough evidence from multiple sources points to the

role of androgens in prenatal growth, androgens are not
alone sufficient for normal intrauterine growth. Several
other factors are required, including the insulin-like growth
factor (IGF) system, adequate nutrient and oxygen supply
to the fetus, and normal imprinting of genes involved in
early growth. For example, children with IGF-1 deficiency
have depressed patterns of prenatal growth despite their
exposure to typical levels of androgens during gestation
[35]. Additionally, boys with Russell-Silver syndrome
experience intrauterine growth retardation and hypospa-
dias despite normal early androgen production [36].

Table 1 Birth weight and z-scores for subjects with congenital adrenal hyperplasiadue to 21-OH deficiency.

Female (n = 78) (mean ± SD) Male (n = 27) (mean ± SD) Total (n = 105) (mean ± SD)

Birth weight1 (kg) 3.39 ± 0.47 3.50 ± 0.41 3.42 ± 0.45

z-score 0.01 ± 0.97 -0.01 ± 0.77 0.00 ± 0.92
1Mean birth weight percentile did not differ from the 50th percentile (P > 0.05) and no sex difference was seen (P > 0.05).

Table 2 Birth length and z-scores for subjects with
congenital adrenal hyperplasia due to 21-OH deficiency.

Parameter Results, mean ± SD

Female (n = 34) Male (n = 10) Total (n = 44)

Birth length (cm)1 50.79 ± 2.65 51.30 ± 3.64 50.90 ± 2.86

z-Score 0.53 ± 0.99 0.51 ± 1.39 0.53 ± 1.07
1Mean birth length percentile exceeded the population 50th percentile (P =
0.0082) and no sex difference was seen (P > 0.05).
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For newborns with CAH due to 21-OH deficiency,
increased birth length could be due to a relative defi-
ciency of cortisol, which has well-known growth-sup-
pressing effects, or to excess levels of adrenal hormone
precursors in utero, including 17-hydroxyprogesterone.
Studies of non-human animal models indicate that
maternal activation of the hypothalamic-pituitary-adre-
nal axis during pregnancy results in alterations in off-
spring body mass, but not skeletal growth [37-39].
Conversely, non-human animals hypophysectomized in
utero have reduced body mass [40], limb length [41,42]
and crown rump length [42], the opposite outcome of
the increased birth length seen in the current study.
It seems that newborns with CAH have already

experienced some alterations in linear growth compared
with their unaffected counterparts. Possibly, some of the
difficulty seen in effecting normal linear growth
throughout childhood of individuals with this disorder
may be independent of post-natal cortisol-replacement
regimens.

Conclusion
The prenatal growth retardation patterns reported in
cases of 46,XY DSD do not generalize to individuals
with CAH due to 21-OH deficiency. Sex differences in
body weight and length typically seen in young infants
were not observed in the subjects who participated in
this study. We speculate that these differences were
ameliorated in this study due to increased levels of pre-
natal androgens experienced by the female infants.

Acknowledgements
Preliminary data was presented by LJC at the Lawson Wilkins Pediatric
Endocrine Society annual meeting in San Francisco, CA, May 2006. We thank
Dr. Steven Chernausek for his comments on this manuscript.

Author details
1Department of Pediatrics, The University of Oklahoma College of Medicine-
Tulsa, Tulsa, OK 74135, USA. 2Department of Pediatrics, Division of Pediatric
Endocrinology, The Johns Hopkins School of Medicine, Baltimore, MD 21287,
USA. 3Department of Pediatrics, Section of Diabetes and Endocrinology, The
University of Oklahoma Health Sciences Center, Oklahoma City, OK 73117,
USA.

Authors’ contributions
The work presented here was carried out in collaboration between all the
authors. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 29 October 2010 Accepted: 5 May 2011
Published: 5 May 2011

References
1. Aschim EL, Haugen TB, Tretki S, Daltveit AK, Grotmol T: Risk factors for

hypospadias in Norwegian boys - association with testicular dysgenesis
syndrome? Intl J Androl 2004, 27:213-221.

2. Boisen KA, Chellakooty M, Schmidt IM, Kai CM, Damgaard IN, Suomi AM,
Toppari J, Skakkebaek NE, Main KM: Hypospadias in a cohort of 1072

Danish newborn boys: prevalence and relationship to placental weight,
anthropometrical measurements at birth, and reproductive hormone
levels at three months of age. JCEM 2005, 90:4041-4046.

3. Brouwers MM, Feitz WFJ, Roelofs LAJ, Kiemeney LALM, de Gier RPE,
Roelevald N: Risk factors for hypospadias. Eur J Pediatr 2007, 166:671-678.

4. Chong JH, Wee CK, Ho SK, Chan DK: Factors associated with hypospadias
in Asian newborns. Perinat Med 2006, 34:497-500.

5. Fredell L, Lichtenstein P, Pederson NL, Svensson J, Nordenskjold A:
Hypospadias is related to birth weight in discordant monozygotic twins.
J Urol 1998, 160:2197-2199.

6. Gatti JM, Kirsch AJ, Troyer WA, Perez-Brayfield MR, Smith EA, Scherz HC:
Increased incidence of hypospadias in small-for-gestational age infants
in neonatal intensive-care unit. Br J Urol Int 2001, 87:548-550.

7. Hughes IA, Northstone K, Golding J, ALSPAC Study Team: Reduced birth
weight in boys with hypospadias: an index of androgen dysfunction?
Arch Dis Child Fetal Neonatal Ed 2002, 87:150-151.

8. Hussain N, Chaghtai A, Herndon A, Herson VC, Rosenkrantz TS,
McKenna PH: Hypospadias and early gestation growth restriction in
infants. Pediatr 2002, 109:473-478.

9. Mendonca BB, Billerbeck AE, de Zegher F: Nongenetic male
pseudohermaphroditism and reduced prenatal growth. N Engl J Med
2001, 345:1135.

10. Hughes IA, Houk C, Ahmed SF, Lee PA: Consensus statement on
management of intersex disorders. Arch Dis Child 2006, 91:554-563.

11. Francois I, van Helvoirt M, de Zegher F: Male pseudohermaphroditism
related to complications at conception, in early pregnancy or in prenatal
growth. Horm Res 1999, 51:91-95.

12. Neto FAM, Morcillo AM, Maciel-Guerra AT, Guerra G Jr: Idiopathic male
pseudohermaphroditism is associated with prenatal growth retardation.
Eur J Pediatr 2005, 164:287-291.

13. Meau-Petit V, Marcou V, Trivin C, Lortat-Jacob S, McElreavey K, Brauner R:
Idiopathic male pseudohermaphroditism: variations in presentation and
management. J Pediatr Endocrinol Metab 2005, 18:569-575.

14. Morel Y, Rey R, Teinturier C, Nicolino M, Michel-Calemard L, Mowszowicz I,
Jaubert F, Fellous M, Chaussain JL, Chatelain P, David M, Nihoul-Fekete C,
Forest MG, Josso N: Aetiological diagnosis of male sex ambiguity: a
collaborative study. Eur J Pediatr 2002, 161:49-59.

15. Fields DA, Krishnan S, Wisniewski AB: Sex differences in body composition
early in life. Gender Med 2009, 6:369-375.

16. Hindmarsh PC, Geary MP, Rodeck CH, Kingdom JC, Cole TJ: Intrauterine
growth and its relationship to size and shape at birth. Pediatr Res 2002,
52:263-268.

17. Saenger P, Czernichow P, Highes I, Reiter EO: Small for gestational age:
short stature and beyond. Endo Rev 2007, 28:219-251.

18. Migeon CJ, Wisniewski AB: Congenital adrenal hyperplasia owing to 21-
hydroxylase deficiency: growth, development and therapeutic
considerations. In Endocrinology and Metabolism Clinics of North America.
Volume 30. Edited by: Speiser PW. Pennsylvania: WB Saunders Co;
2001:(1):193-206.

19. Stikkelbroeck NMML, Van’t Hof-Grootenboer BAE, Hermus ARMM, Otten BJ,
Van’t Hof MA: Growth inhibition by glucocorticoid treatment in salt
wasting 21-hydroxylase deficiency: in early infancy and (pre)puberty.
JCEM 2003, 88:3525-3530.

20. Jaaskelainen J, Voutilainen R: Growth of patients with 21-hydroxylase
deficiency: an analysis of the factors influencing adult height. Pediatr Res
1997, 41:30-33.

21. Balsamo A, Wasniewska M, Di Pasquale G, Salzano G, Baronio F, Bombaci S,
De Luca F: Birth length and weight in congenital adrenal hyperplasia
according to the different phenotypes. Eur J Pediatr 2006, 165:380-383.

22. Bonfig W, Schmidt H, Schwart HP: Growth patterns in the first 3 years of
life in children with classical congenital adrenal hyperplasia diagnosed
by newborn screening and treated with low doses of hydrocortisone.
Horm Res Paediatr 2011, 75:32-37.

23. Vogiatzi MG, Copeland KC: The short child. Pediatr Rev 1998, 19:92-99.
24. Pang S, Clark A: Congenital adrenal hyperplasia due to 21-hydroxylase

deficiency: newborn screening and its relationship to the diagnosis and
treatment of the disorder. Screening 1993, 2:105-139.

25. Van Vliet G: Neonatal endocrinopathies: should we change the screening
methods? Ital J Pediatr 2005, 31:209-212.

26. Therrell BL: Newborn screening for congenital adrenal hyperplasia.
Endocrinol Metab Clini North Am 2001, 30:15-30.

Chalmers et al. Biology of Sex Differences 2011, 2:5
http://www.bsd-journal.com/content/2/1/5

Page 4 of 5

http://www.ncbi.nlm.nih.gov/pubmed/15870122?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15870122?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15870122?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15870122?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17103190?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9817368?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11596604?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11596604?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16624884?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16624884?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10352399?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10352399?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10352399?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15711770?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15711770?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16042324?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16042324?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11808880?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11808880?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12149505?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12149505?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11344936?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11344936?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11344936?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12915631?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12915631?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8979286?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8979286?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16520942?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16520942?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20714115?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20714115?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20714115?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9509856?dopt=Abstract


27. Pang S, Hotchikiss J, Drash AL, Levine LS, New MI: Microfilter paper
method for 17 alpha-hydroxyprogesterone radioimmunoassay: its
application for rapid screening for congenital adrenal hyperplasia. JCEM
1977, 45:1003-1008.

28. Honour JW, Torresani T: Evaluation of neonatal screening for congenital
adrenal hyperplasia. Horm Res 2001, 55:206-211.

29. Murtaza L, Sibert JR, Hughes I, Balfour IC: Congenital adrenal hyperplasia-a
clinical and genetic survey. Are we detecting male salt-losers? Arch Dis
Child 1980, 55:622-625.

30. Johnson TS, Engstrom JL, Haney SL, Mulcrone SL: Reliability of three
length measurement technique in term infants. Pediatric Nursing 1999,
25:13-17.

31. Johnson TS, Engstrom JL, Gelhar D: Intra- and interexaminer reliability of
anthropometric measurements of term infants. Journal of Pedia Gastro
and Nutrit 1997, 24:497-505.

32. Johnson TS, Engstrom JL, Warda JA, Kabat M, Peters B: Reliability of length
measurements in term infants. Hournal of Obstet, Gynecol and Neonatal
Nursing 1998, 27:270-276.

33. WHO Multicenter Growth Reference Study Group: WHO Child Growth
Standards based on length/height, weight and age. Acta Paediatr 2006,
450(Suppl):76-85.

34. Wisniewski AB, Migeon CJ, Meyer-Bahlburg HFL, Gearhart JP, Berkovitz GD,
Brown TR, Money J: Complete androgen insensitivity syndrome: long-
term medical, surgical and psychosexual outcome. JCEM 2000,
85:2664-2669.

35. Backeljauw P, Bang P, Dunger DB, Juul A, Le Bouc Y, Rosenfeld R: Insulin-
like growth factor-I in growth and metabolism. J Pediatr Endocrinol Metab
2010, 23:3-16.

36. Gicquel C, Le Bouc Y: Hormonal regulation of fetal growth. Horm Res
2006, 3(Suppl):28-33.

37. Hauser J, Dettling-Artho A, Pilloud S, Maier C, Knapman A, Feldon J,
Pryce CR: Effects of prenatal physical, endocrine and social development
in the common marmoset monkey. Endocrinology 2007, 148:1813-1822.

38. Kapoor A, Matthews SG: Short periods of prenatal stress affect growth,
behaviour and hypothalamo-pituitary-adrenal axis activity in male
guinea pig offspring. J Physiol 2005, 566:967-977.

39. Kranendonk G, Hopster H, Fillerup M, Ekkel ED, Mulder EJ, Wiegant VM,
Taverne MA: Lower birth weight and attenuated adrenocortical response
to ACTH in offspring from sows that orally received cortisol during
gestation. Domest Anim Endocrinol 2006, 30:218-238.

40. Javen I, Williams NA, Young IR, Luff AR, Walker D: Growth and
differentiation of fast and slow muscles in fetal sheep, the effects of
hypophysectomy. J Physiol 1996, 494:839-849.

41. Deayton JM, Young IR, Thorburn GD: Early hypophysectomy of sheep
fetuses: effects on growth, placental steroidogenesis and prostaglandin
production. J Reprod Fertil 1993, 97:513-520.

42. Mesiano S, Young IR, Baxter RC, Hintz RL, Browne CA, Thorburn GD: Effect
of hypophysectomy with and without thyroxine replacement on growth
and circulating concentrations of insulin-like growth factor I and II in
the fetal lamb. Endocrinology 1987, 120:1821-1830.

doi:10.1186/2042-6410-2-5
Cite this article as: Chalmers et al.: Normal sex differences in prenatal
growth and abnormal prenatal growth retardation associated with 46,
XY disorders of sex development are absent in newborns with
congenital adrenal hyperplasia due to 21-hydroxylase deficiency. Biology
of Sex Differences 2011 2:5.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Chalmers et al. Biology of Sex Differences 2011, 2:5
http://www.bsd-journal.com/content/2/1/5

Page 5 of 5

http://www.ncbi.nlm.nih.gov/pubmed/925125?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/925125?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/925125?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11598376?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11598376?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6969062?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6969062?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10335245?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10335245?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10946863?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10946863?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20432800?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20432800?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17218413?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17218413?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15932885?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15932885?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15932885?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16107308?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16107308?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16107308?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8865079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8865079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8865079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8501723?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8501723?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8501723?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3569114?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3569114?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3569114?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3569114?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

