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C o m p ara tiv e  s tud ies on  ad ren a l fu n c tio n  have  been perfo rm ed  in  66 
ch ild ren , 31 obese a n d  26 o f  n o rm al w eigh t. T h e ir  body  w eigh t fell w ith in  
th e  ran g e  be tw een  80 and  215%  o f th e  idea l w eigh t (100% ). N ine  s te ro id s 
resp. ste ro id  g ro u p s w ere m easured  b y  g as c h ro m a to g rap h y . The p a r t ic ip a n ts  
w ere g rouped  b y  degree o f fa tness , sex  a n d  presence  o f  absence o f  p u b e r ty  
(T anner I  o r h ig h er th a n  I).

T ile u r in a ry  s te ro id  excre tion  r a te  w as co rrec ted  for w eigh t. A lte red  
stero id  m e tab o lism  w as found  in  obese ch ild ren  as com pared  w ith  th e  n o rm al 
g roups: n o t o n ly  th e  excre tion  o f  co rtiso l m e tab o lite s  w as increased b u t  also  
th a t  o f  an d ro g en  m etab o lites  an d  p regnened io l, m e tab o lite  o f p regnano lone. 
T here is a  tre n d  for increased ex c re tio n  o f  all s te ro id  groups, in  c e rta in  cases 
th is  a t ta in s  th e  level o f  s ta tis tic a l sign ificance.

W ide v a ria b ility  w as observed  in  th e  stero id  excre tion  o f  obese 
ch ild ren , in  a b o u t one th ird  o f th em  th e re  w as h y p ersecre tion  o f  som e co m ­
p o n en ts  o f  th e  ste ro id  spec trum . T h is  p h en o m en o n  w as m ore  fre q u e n tly  
encoun te red  in  boys. E x ten sio n  o f  th e  no rm al ran g e  o f stero id  ex cre tio n  
ra te s  o f  obese ch ild ren  seem s to  be ju s tif ied .

Altered endocrine functions accom­
panying obesity have been long 
known. A large num ber of studies on 
adrenocortical function o f obese indi­
viduals has been conducted to  estab­
lish a solid base for differential diagno­
sis between simple overweight and hy- 
perandrogenism and Cushing’s syn­
drome occurring in obese persons. In 
obesity normal plasm a cortisol, plas­
ma free cortisol and urinary free cor­
tisol excretion is the rule as shown by 
many authors summarised by Glass 
e t al [6]. Others have reported on 
increased cortisol production rates 
and cortisol m etabolite excretion [3,

7, 12, 20]. Again other workers th ink  
th a t the cortisol metabolite excretion 
rate  is normal if  corrected for creati­
nine excretion [18, 19].

Less and contradictory information 
is available on adrenal production and 
renal excretion of androgens. Increased 
17-ketosteroid excretion was ob­
served by Cohen [2] in four obese 
children between 6 and 12 years of 
age and by Simkin [17] in 62 obese 
adults, while Poisnick et al [15] have 
reported on moderately depressed 17- 
ketosteroid excretion found 54 obese 
women. Gray et al [7] found increased 
values for androsterone (A), ethio-
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cholanolone (E) and ll-keto-(A  +  E) 
excretion by gas chromatographic sep­
a ra tion  in  15 obese girls and 8 boys, 
aged 9 to  20 years but the degree of 
increm ent did not a tta in  the  level of 
significance. Kiss and Fehér [11] per­
form ed measurements in 47 obese 
children and found normal 17-keto- 
stero id  and ketosteroid fraction excre­
tion  in  all age groups. A high DHA 
production  rate and urinary excretion 
ra te , accompanied by norm al DHA- 
su lfate values were observed by Fehér 
and  H alm y [4] in three obese women.

This s tudy  has been aim ed a t the 
u rinary  excretion of m etabolites of 
cortisol, androgens and interm ediary 
steroids in  obese children, a spectrum  
was established by using gas chrom a­
tography. Experience described in the 
firs t p a r t  of this paper prom pted us 
to  re la te  the  excretion rates to  weight.

M a t e k i a l  a n d  M e t h o d s

U rine collection

A  2 4 -h o u r specim en w as co llec ted  b y  
31 o b ese  ch ild ren , 17 girls a n d  14 boys. 
14 g ir ls , w hose stero id  ex c re tio n  h a s  a l­
r e a d y  b e e n  described in  a n o th e r  c o n te x t 
[10] a n d  11 boys, b o th  o f n o rm a l b o d y  
w e ig h t se rv ed  as contro ls. T he  follow ing 
su b g ro u p s  w ere se t up:

P re p u b e r ta l :  girls: obese: 4
non-obese: 8

boys: obese: 4
non-obese: 5

P u b e r ta l :  girls: obese: 13
non-obese: 6

boys: obese: 10
non-obese: 6

Anthropometric data

T hese a re  described  in  th e  f i r s t  p a r t  of 
th e  pap er.

Procedure

P re p a ra tio n  an d  gas ch ro m a to g rap h ic  
an a ly s is  o f th e  u rine  sam p les  w ere  carried  
o u t a s  ind ica ted  in  P a r t  I ,  u rin e  e x tra c ts  
o b ta in ed  b y  acid  h y d ro ly sis  an d  s im u l­
tan eo u s  to luene  ex tra c tio n  w ere a c e ty la ted  
befo re  c h ro m a to g rap h y  on  tw o  co lu m n s of 
d iffe ren t p ack in g  to  o b ta in  a d e q u a te  sp e ­
c ific ity .

Statistical analysis

S tu d e n t’s i- te s t; th e  th re sh o ld  fo r s t a ­
tis t ic a l significance w as se t a t  P  ^  0.05.

R e s u l t s

In  Figure 1 the excretion rates of 
obese and non-obese children are 
compared. The excreted steroids are 
grouped in nine groups. Means, SEM 
values and P  values are also indicated 
to  dem onstrate the differences be­
tween obese and normal weight chil­
dren. There is a trend for increased ex­
cretion rates, even corrected for 
weight, in three groups: prepubertal 
girls and boys, pubertal boys. A 
contrary tendency was, however, en­
countered in pubertal girls. The d if­
ferences are relatively large in the  pre­
pubertal children, especially for cor­
tisol metabolites and allo-tetrahydro- 
corticosterone (aTHB). Statistical sig­
nificance could only be shown in a 
few groups.

C210 5 stands for the sum of cortisol 
metabolites. The above mentioned 
trends can be seen for both compound 
groups, in fact, a significant difference
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was found between obese and non- 
obese prepubertal boys. In  some obese 
children extremely high cortisol m etab­
olite excretion occurred in spite of 
the absence of any endocrine abnor­

m ality  demonstrated in obese child­
ren.

Combined values of androsterone 
(A) and ethiocholanolone (E) were cal­
culated and shown in the figure while

F io . 1. M eans a n d  SEM  values o f u r in a ry  s te ro id  ex cre tio n  of obese an d  non-obeso
ch ild ren , N  =  60
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T a b l e  I

H y p e re x c re tio n  of in d iv id u a l s te ro id s  in  obese ch ild ren , p e rcen tua l inc idence 
o f  h y p e re x c re tio n  broken  dow n b y  sex , degree o f  hyperexcre tion , by  sex  a n d  age. 

O bese 1: v a lu e  below  m ean  ±  2SD  o f  con tro ls, O bese 2: va lue  exceeding m ean  ±  2SD
o f  co n tro ls

P re p u b e r ta l

S tero id Girls Boys

controls obese 1 obese 2 controls obese 1 obese 2

N 8 4 — 5 — 4

c 2 1 o s m e a n 64.0 90.9 — 60.3 — 190.6
SD ± 2 3 .0 ± 3 2 .1 — ± 22.2 — ± 6 9 .1

N 8 4 — 5 1 3

aTH B m e a n 4.5 11.3 — 4.2 8.1 18.5
SD ± 9 .9 ± 7 .8 — ± 3 .2 — ± 1 0 .9

N 8 3 1 5 2 2

A +  E m e a n 7.4 10.7 40.1 3.3 4.4 13.1
SD ± 6 .4 ± 3 .9 — ± 1-1 ± 1.1 ± 8.1

N 8 2 2 5 2 2

D H A m e a n 1.2 2.4 11.9 1.0 0.7 2.2
SD ± 0 .9 ± 0 .4 ± 9 .4 ± 0 .4 ± 0 .4 ± 0.2

N 8 3 1 5 3 1
(11-O-OH) m e a n 10.9 14.7 21.9 7.2 9.9 16.7

SD ± 5 .7 ± 1.6 — ± 3 .6 ± 1 .7 —
N 8 4 — 5 2 2

(16-O-OH) m e a n 5.0 2.6 — 1.6 1.7 5.6
SD ± 3 .8 ± 1 .3 — ± 1.2 ± 2.2 ± 0 .3

N 8 4 — 5 4 —

Pd m e a n 1.6 1.7 — 1.4 1.5 —

SD ± 1.2 ± 1 .4 — ± 0.6 ± 0.6 —

N 8 4 — 5 4 —

Zl5-Pd m e a n 5.0 3.6 — 5.9 4.4 —
SD ± 4 .8 ± 1 .5 — ± 5 .6 ± 3 .4 —
N 8 3 1 5 3 1

17-O H-Pg m e a n 0.7 0.8 3.2 0.7 0.1 1.8
SD ± 0.6 ± 0 .5 — ± 0.8 ± 0 .0 3 —

P u b e r ta l

S te r o id G irls B oys

co n tro ls obese  1 obese  2 c o n tro ls obese  1 o b e se  2

N 6 12 1 6 8 2
C21Os mean 103.1 93.9 198.6 70.5 77.5 255.7
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T a b l e  I  (co n tin u ed )

SD ± 3 1 .0 ± 4 0 .0 — ± 4 4 .4 ± 4 7 .1 ± 8 1 .3

N 6 13 — 6 7 3
ill'll в mean 11.4 10.9 — 3.8 7.1 25.1

SU ± 1 3 .7 ± 1 0 .0 — ± 3 .9 ± 3 .4 ± 1 6 .4

N G 12 1 6 4 G
A +  E mean 42.1 29.8 120.1 18.1 13.4 38.3

SD ± 1 4 .4 ± 1 9 .5 — ± 1 .7 ± 5 .5 ± 1 2 .1

N G 11 2 G 1 9
D H A mean 13.4 5.4 44.6 1.9 3.0 20.3

SD ±2.G ± 3 .2 ± 3 4 .8 ± 0 .8 — ± 2 1 .5

1̂9 3̂ N G 12 1 G 10 —

(tl-O -O H ) m ean 18.8 14.9 69.2 15.8 20.1 —
SD ± 1 1 .0 ± 8 .1 — ± 1 2 .4 ± 8 .7 —

1̂9 3̂ N G 12 1 G 5 5
(16-O-OH) mean 7.8 G. 7 36.7 2.5 2.5 14.0

SD ± 9 .6 ± 5 .2 — ± 2 .1 ± 1 .3 ± 1 0 .4

N G 10 3 6 10 —
Pd mean 6.4 2.3 10.5 2.3 1.9 —

SD ± 2 .3 ± 1 .2 ± 2 .9 ± 0 .9 ± 0 .9 —
N 6 13 — G 10 —

d 5-P d m ean 8.9 6.7 — 7.4 4.4 —
SD ±G .4 ± 3 .8 — ± 6 .2 ± 2 .1 —
N G 13 — G 10 1

17-OH-Pg m ean 2.9 2.5 — 1.3 1.3 3.7
SD ± 1 .8 ± 2 .0 — ± 0 .9 ± 1 .1 —

-''obose 
■̂•obese 1

m e an  valueobcee*

X 100 m ean  v a lu ec0ntr0ls

S te ro id
G irls B o y s

G irls B oys P re p P u b . P re p . P u b .

e 2Jo 6
N
mean
SD

6 % 43% — 1.9 3.5 3.G

aTH B
N
moan
SD

— 43% — — 4.5 G.G

A +  E
N
mean
SD

11% 5 7 % G.3 2.9 4.0 2.1

DHA
N
m ean
SD

22% 79% 9.9 3.3 2.2 10.7

11 A c ta P a c d ia tr ic a  H a n g a r  ica  2 9 , 1 9 8 8 - 1 9 8 9



400 Juricskay Z  and Molnár D : Steroid metabolism of obese children I I

Ta b l e  I  (co n tin u e d )
C1 9 0 3

(11-O -O H )
N

m ean
SU

11% 7% 2.0 3.7 2 . 3 —

1̂9 3̂
(LO-O-OH)

N

m ean
SU

N

6% 60% — 4.7 3 . 5 0 . 0

Pd m ean 17% — — 1.9 — —
SD
N

d5-P d m ean — — — — — —
su
N

1 7 -O H -P g m ean e% 14% 4.(3 — 2.8 2 .9
sn

m ean 8.8% 32.0% 2.5 2.1 2.5 3.5
su ± 7 .3 ± 2 8 .3 ± 3 . 0 ± 1.8 ± 1 .0 ± 3 . 0

DHA values are dem onstrated apart. 
A significant difference was observed 
for A +  E  in prepubertal girls and for 
DHA in puberta l boys.

The sum  o f 11-keto (A -|- E) and 
11-hydroxy (A +  E) was term ed as 
C10O3(ll-O -O H ). For this value a  sig­
nificant difference between obese and 
non-obese was encountered in  both 
girl groups, prepubertal and pubertal. 
I t  is notew orthy th a t the obese had 
lower excretion rates.

In  the  group of C210 2 steroids Pd 
stands for pregnandiol and /15-Pd for 
pregnenediol. No difference was found 
w ith pregnanediol while low excretion 
of pregnenediol was seen in  obese 
children o f all groups, the difference 
is significant in girls after onset of 
puberty .

No significant differences were ob­
served w ith  17-hydroxy-pregnanolone 
(17-OH-Pg), within the C210 3 steroids.

The ra tio  of C190 2 steroids to  C210 5

steroids, which exhibits a value in ­
creasing during puberty and is an 
indicator o f the  ontogenesis of the zona 
reticularis in girls [10] showed a d if­
ferent p a tte rn  in boys and girls. In  
girls, the  high value was encountered 
in the prepubertal group while in boys, 
in the puberta l group.

During physiological puberty, the 
quotient o f 11-keto resp. 11-hy- 
droxy-C190 3 steroids and C190 2 steroids 
decreases. In  our experience, the val­
ue of the quotient was lower in obese 
children o f any group and reached the 
adult value earlier than  in the con­
trols. In  obese pubertal boys the value 
of the DH A/A -f E  quotient was sig­
nificantly higher than in controls.

The steroid excretion of the obese 
children was not homogeneous. In  
some children a normal pattern  was 
found while in certain children values 
exceeding the  normal values m any 
times could be observed. The steroid
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metabolite values were therefore re­
grouped according to  whether they fell 
within (obese 1 ) or above the mean ±  
±  2 ST) (obese 2). Table I  shows these 
subgroups, their mean and SD val­
ues. The percentage o f cases with 
high values was calculated for boys 
and girls separately, and the degree 
of excess was calculated for both sexes 
and Tanner groups separately.

D i s c u s s i o n

In  accordance w ith a  number of 
authors [2, 7, 15, 17] we found minor 
alterations of the endocrine functions 
of obese children as compared with 
normal individuals.

In  the 56 children, grouped by 
Tanner’s stages of puberty , sex and 
weight, nine steroids resp. steroid 
groups were investigated. There was a 
general tendency for increased ex­
cretion in obese children but the dif­
ference only rarely a tta ined  the degree 
of statistical significance. This is 
partly  due to the  wide scatter indicat­
ing to  a marked inter-individual va­
riability in the obese groups: both 
extremely high and low values did 
here occur. Similar large inter-individ­
ual variation has been described by 
Migeon et al [12] and O’Connel et al 
[14]. Prezio e t al [16] feel th a t hy­
perexcretion m ay be expected in 
about one th ird  of obese children.

In  girls having entered puberty, 
however, none of the steroid compo­
nents showed a higher excretion rate 
in obese individuals th an  in controls. 
The weight excess was most pro­
nounced just in this group, correction 
for weight results in lower values, this

11*

points to  the fact th a t the excess of 
steroid excretion is smaller than  the 
weight excess.

/15-Pd excretion exhibits a pattern  
different from th a t o f all other ste­
roids investigated: i t  was lower in 
obese children, invariably for all 
groups. DHA is stored in fat [4] as is 
progesterone [9]. zl5-Pd is a metabo­
lite o f pregnenolone, its decreased 
urinary output m ay be due to storage 
of pregnenolone in fat.

On the other hand, the cortisol me­
tabolites and aTHB show an increased 
mean value in all bu t one groups of 
obese children: pubertal girls being 
the  exception. Such a concomitant 
increase of corticoid and aTHB ex­
cretion has already been seen by us in 
children between 2 and 15 years ex­
posed to  surgical stress [8]. The find­
ing of increased cortisol metabolites 
and aTHB in obese m ay be ascribed 
to  emotional stress due to obesity. This 
idea has already been p u t forward by 
other authors as íveli [1, 20]. This 
increased excretion of cortisol [metabo­
lites accompanied by normal plasma 
cortisol indicates accelerated cortisol 
metabolism [20], m idly increased 
ACTH output is needed for the main­
tenance of the unchanged plasma cor­
tisol level [6], the continuous mode­
rate  stress acts in the  same direction.

During the m aturation process of 
adrenal function, development of the 
zona reticularis is accompanied by an 
increased quotient o f C190 2 steroids 
per cortisol m etabolites and a de­
crease in the value of the quotient of 
C190 3(11-O-OH) metabolites per C190 2 
steroids. In  our experience, these
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changes supervene in obese children 
earlier th a n  in normal weight chil­
dren, po in ting  to a premature onset of 
the  developm ent of the zona re ticu la­
ris, th e  adrenarche. Earlier onset of 
m enarche has been described in  obese 
girls [2, 6]. Genazzani e t al [5] have 
repo rted  on accelerated m atu ration  of 
adrenal functions in prepubertal obese 
girls. T he significantly higher D H A  
value, found in pubertal boys, reflects 
tes ticu la r testosterone production.

Two d istinct patterns o f u rinary  
steroids occur in obese children. F irst, 
th e  spectrum  is identical w ith th a t  of 
norm al children both in respect of 
quan tities  and ratios. In  the  second 
type  th e re  is a significantly increased 
stero id  excretion, exceeding th e  m ean 
plus 2 SD limit, in fact individual 
stero id  excretion values m ay be ex­
trem ely  high without coexistent en­
docrine disease. Such peaks were ob­
served b o th  for cortisol m etabolites 
and androgens. Our findings are  sup­

ported by those of Migeon e t al [12], 
Dunkelman e t al [3] and Simkin [17]. 
Hyperexcretion occurs in boys more 
frequently (30%) than  in girls (10%). 
Molnár et al [13] observed th a t hyper- 
lipidaemia is more frequent within 
obese boys th an  obese girls. The d if­
ferent distribution of abnormal steroid 
excretion w ithin the two sexes again 
speaks for biochemical and hormonal 
abnormalities occurring more frequent­
ly in boys th an  in girls.

On the basis of our da ta  extension 
of the normal range of excretion val­
ues of obese children seems reason­
able.
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