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Teller, W. M., Genscher, U., Burkhardt, H., and Rommel, K. (1973). Archives
of Disease in Childhood, 48, 127. Hydroxyproline excretion in various forms
of growth failure. The hydroxyproline excretion in 24-hour urines was deter-
mined in 26 children and adolescents whose heights were below the 3rd centile. In 14
growth failure was related to endocrine defects, and in 12 growth failure was unrelated
to endocrine defect. The normal range ofurinary hydroxyproline excretion at different
ages was determined in 40 normal children aged between 3 and 14 years. All subjects
were placed on a hydroxyproline-free diet before and during urine collections.
Hydroxyproline excretion was expressed as mg/m2 body surface per 24 hr.

Children with pituitary and hypothyroid dwarfism had decreased excretion of
hydroxyproline. Giving growth hormone and/or thyroid hormone raised the
hydroxyproline excretion to normal. Children with growth failure unrelated to
endocrine defect had normal hydroxyproline excretion.
During childhood, urinary hydroxyproline excretion provides a useful means for

distinguishing between endocrine dwarfism (low excretion) and non-endocrine
dwarfism (normal excretion). In older adolescents and adults it is less reliable.

The amino acid hydroxyproline is formed by
hydroxylation of proline within the collagen (for
review see Adams, 1970), and 95% of urinary
hydroxyproline is derived from collagen in bones.
Under conditions of a hydroxyproline-free diet the
urinary excretion of hydroxyproline can be con-
sidered a parameter of bone metabolism and bone
growth (for reviews see Kivirikko, 1970; Sjoerdsma
et al., 1965).

Varying levels of hydroxyproline in 24-hour
urines have been described in connexion with
several skeletal disorders (Burkhardt, Dietrich,
and Rommel, 1970; Filliat et al., 1965; Haddad,
Couranz, and Avioli, 1970; Laitinen, Nikkila, and
Kivirikko, 1966; Nakagawa et al., 1967; Ruiz-
Torres, 1969; Smiley and Ziff, 1964). Decreased
hydroxyproline excretion has been described in
hypopituitary and hypothyroid dwarfs (Chiumello
and Del Guercio, 1965; Faglia, Norbiato, and
Tirinnanzi, 1966; Graystone and Cheek, 1968;
Haddad et al., 1970; Job et al., 1966; van Gemund,
Vio, and Giesberts, 1968; Kivirikko and Laitinen,
1965; Kivirikko, Laitinen, and Lamberg, 1965;
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Mirouze et al., 1971; Nakagawa et al., 1967;
Ruiz-Torres, 1969; Smiley and Ziff, 1964; Uitto
et al., 1968). Patients with dwarfism due to
long-term treatment with corticosteroids also had
a decreased excretion of hydroxyproline (Matia-
sevic and Gershberg, 1966; Smith, Ansell, and
Bywaters, 1968; Ward, Hartog, and Ansell, 1966).
The administration of growth hormone to these
patients as well as to hypopituitary dwarfs resulted
in an increase in the excretion of hydroxyproline
in the urine approaching normal levels (Chiumello
and Del Guercio, 1965; Faglia et al., 1966; Gray-
stone and Cheek, 1968; Haddad et al., 1970;
Jasin et al., 1962; Job et al., 1966; Kopecky, 1971;
Matiasevic and Gershberg, 1966; van Gemund
et al., 1968; Smith et al., 1968; Ward et al., 1966).
Similar results were obtained after treatment of
hypothyroid dwarfs with thyroid hormones (Chiu-
mello and Del Guercio, 1965; Faglia et al., 1966;
Graystone and Cheek, 1968; van Gemund et al.,
1968; Jasin et al., 1962; Job et al., 1966; Kivirikko
et al., 1967a; Ruiz-Torres, 1969; Uitto et al., 1968).

In contrast to the many reports of urinary
hydroxyproline excretion in dwarfism of endocrine
aetiology, there are few in cases of the much
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commoner primordial dwarfism without demon-
strable growth hormone deficiency. Such results
as are reported are difficult to compare with one
another because of different methods used for
determination, and variations in food intake, while
the hydroxyproline values so obtained have not
been correlated with body weight or body surface
or with the normal range of excretion at the age.
In the present study the urinary hydroxyproline
excretion of children with endocrine and primordial
dwarfism was examined in order to reveal possible
differences in the two groups. The values were
compared to the hydroxyproline excretion of 40
normal children of various ages.

Materials and methods
Patients. The patients consisted of 26 children,

16 boys and 10 girls, aged from 3 to 19 years, with
heights below the 3rd centile (Table I). Regarding their
endocrine status, 5 children had only growth hormone
deficiency, 3 combined lack of growth hormone and
thyroid hormone, and 2 were deficient in growth
hormone and gonadotrophins; one patient had dwarfism
with high growth hormone levels: 3 had primary hypo-
thyroidism. The remaining 12 children were con-
sidered to be 'primordial dwarfs' because of normal
growth hormone levels: their presumptive diagnoses
were 4 low birthweight dwarfism, 2 bird-headed
dwarfism, 4 hereditary short stature, 2 uncertain
diagnosis.
Each patient was subjected to a full endocrine survey

(see below). Under standardized conditions their
excretion of hydroxyproline was estimated in 24-hour
urine. In 3 children with growth hormone deficiency
and in the 1 girl with dwarfism and high growth hor-
mone levels this estimation was repeated on the day
of a single injection of 2 * 5 mg human growth hormone
(prepared according to the procedure of Roos, Fevold,
and Gemzell, 1963).

Evaluation of patients with growth retardation.
Height and weight. Comparison with standard curves

by Vogt (1969) and centile curves as published by
Vaughan (1969).
Bone age. Determination according to Greulich and

Pyle (1959) by calculating the mean age of several bones.
Growth hormone (GH). Determination of GH

(Melani, Groschel-Stewart, and Lawecki, 1968) before
and during insulin-induced hypoglycaemia (decrease
of blood sugar at least 40% of starting level).

Thyroid function. Determination of protein-bound
iodine with autoanalyser technique according to Pollard,
Garnett, and Webber (1965), T3-in vitro-test according
to Scholer (1962) (test pack of Byk-Mallinckrodt),
and 131I-uptake.
Adrenal function. Determination of cortisol in

plasma (Spencer-Peet, Daly, and Smith, 1965) before

and 2 hours after injection of 25 IU of tetracosactrin
(Synacthen) and during insulin-induced hypoglycaemia.
Determination of 17-hydroxycorticosteroids in 24-hour
urine (Few, 1961) before, during, and after suppression
with metyrapone.

Gonadal function. In adolescent patients gonado-
trophin levels were determined in 24-hour urines (test
pack Luteonostikon-Organon), together with the
excretion of testosterone (Pal, 1971) and of oestrogens
(Ittrich, 1958).

Conditions of urine collections. 12 hours before
starting the urine collection a hydroxyproline-free
diet was given. During the following two days 24-
hour urines were collected separately for determination
of hydroxyproline. The mean of both measurements
was taken as the value of hydroxyproline excretion per
day. The urine collections were obtained in the
hospital under ward conditions. Incomplete collections
were discarded.

Determination ofhydroxyproline in urine. The
hydroxyproline determination was performed according
to the modification by Kivirikko et al. (1967b) of the
method reported by Prockop and Udenfriend (1960),
and expressed as mg/m2 per 24 hours.

Normal values. The urinary excretion of hydroxy-
proline was estimated in 40 normal children (16 boys,
24 girls) aged 3 to 14 years. Urine collections were
performed under the same conditions as described
above. Mean values (mg hydroxyproline/m' per 24
hours) ± 2 SD were calculated at one-year intervals.
and provided our normal range of hydroxyproline
excretion during childhood.

Results
Urinary hydroxyproline excretion of all but the 2

oldest of the 14 patients with endocrine disorders
was below the normal range for their ages (Fig.).
The values were lowest in the hypothyroid patients.
Two 19-year-old hypopituitary dwarfs (Cases 9
and 10) had hydroxyproline excretion within the
normal range. One injection of 2-5 mg growth
hormone in three children with hyposomatotropic
dwarfism resulted in raised hydroxyproline excre-
tion within the normal range. The 3-year-old
girl with dwarfism and high growth hormone
levels also revealed an increased hydroxyproline
excretion after growth hormone injection, however
it did not reach normal values.

All except 2 of the 12 children considered to be
classifiable as 'primordial dwarfs' (Table II) had
normal endocrine function, including GH response
to insulin-induced hypoglycaemia. Two boys
(Cases 17 and 24) showed subnormal GH values.
One (Case 17),though clinically euthyroid. had a goitre
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FIG.- Urinary excretion of hydroxyproline in dwarfism ofdifferent aetiology. Hatched area= normal range (M ± 2SD).
,7 male; + female x stunted growth with high levels of growth hormone
0 growth hormone deficiency x after
o after t a single dose of growth hormone
t a single dose of growth hormone x before
o before * primary hypothyroidism

A non-endocrine (primordial) dwarfism

TABLE I
Clinical and laboratory data of patients with endocrine dwarfism of different aetiology (height below 3rd centile)

Sex
Chrono-

logical age
(yr)

Bone
age
(yr)

Height
(cm)

BodyWeight surface,
(kg)I (M2)I

I' .1 -I -

>dwarfs
F
F
F
F
M

F
M

M

F
M

lwarfs
M

F
M

(with growth hormone deficency)
4 6/12 3 5/12
4 10/12 2 6/12
8 1/12 5 2/12
9 2/12 8 8/12
9 6/12 6
10 3/12 7 6/12
12 9/12 10
13 9
19 -

19 3/12 14

10 3/12
10 3/12
15 6/12

Dwarfism with high growth hormone levels
14 F 3

4 1/12
7
11 3/12

9/12

83
78
113
115-5
110
116-5
129
111

149
145-8

123
114
142

70

GH, growth hormone; TSH, thyroid stimulating hormone.

9.3
8-9

37-0
37-8
15-8
20-0
25-5
25-0
34-0
38-3

0-46
0-43
1-00
1-00
0-75
0-82
0-96
0-85
1-21
1-24

25-0 0-90
21-4 0-82
30-5 1*11

7-3 0-36

Endocrine function

GH TSH
deficiency deficiency

+

+

+

+

+

+h ri

GH t t

Gonado-
trophin

deficiency

+

Hydroxyproline
excretion

(mg /m2 per 24 hr)

Before
GH

11*8
27-0
27-0
28-6
27-8
29-0
15-8
9-1

25-2
16-3

8-0
12-7
11-0

4-8

After
2-5mg
GHi.m

87 4

55-0

61-5

10-1

with high iodine avidity and a PBI of 4-3 Ftg/100
ml; both had a subnormal excretion of hydroxy-
proline. The remaining 10 children in this group
had a normal hydroxyproline excretion.

4

Discussion
Jasin et al. (1962) first pointed out the close

relation between hydroxyproline excretion and
growth, subsequently confirmed by others (Smiley
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130 Teller, Genscher, Burkhardt, and Rommel
TABLE II

Clinical and laboratory data of patients with nonendocrine (primordial) dwarfism (height below 3rd centile)

CasePresumptive Chronological Bone . . Body HydroxyprolineCase PresumptiXve Sex age age Haerat Weight surface Endocrine function excretion
no. classification (yr) (yr) (cm) (kg) (M2) (mg/m2 per 24 hr)

15 LBW F 3 6/12 2 89 9 8 0 49 Normal 43-3
16 BHD F 4 2/12 2 1/12 96 11 0 54 Normal 43-2
17 ? M 4 7/12 3 96 12*7 0*58 Goitre (PBJ: 4, 3±g/ 27*1

100 ml); subnormal
GH response

18 LBW M 4 9/12 2 10/12 97*8 15*3 0*64 Normal 48*4
19 LBW M 5 2 4/12 99*3 14*7 0*63 Normal 48*8
20 BHD M 6 4/12 3 100 12-8 0-60 Normal 70-2
21 HSS M 6 6/12 6 108 14*2 066 Normal 49*2
22 HSS M 6 9/12 3 6/12 98.1 14-7 0-63 Normal 59
23 LBW M 7 6/12 6 110 15-8 0 70 Normal 55-7
24 ? M 11 11 127 26*7 1 Subnormal GH response 33*4
25 HSS M 12 8/12 10 9/12 135-2 33-5 1-12 Normal 82-4
26 HSS M 12 9/12 12 131-5 27-4 1 Normal 98-5

GH, growth hormone; LBW, low birthweight dwarfism; HSS, hereditary short stature; BHD, bird-headed dwarfism; ?, uncertain
diagnosis.

and Ziff, 1964; Whitehead, 1965; Zorab et al.,
1970). Our present studies show that during
childhood hydroxyproline excretion, when expressed
per 24 hours per m2 body surface, can discriminate
between stunted growth of endocrine origin and
primordial dwarfism without endocrine distur-
bances, provided a hydroxyproline-free diet is
ensured. Non-endocrine dwarfs have normal
hydroxyproline excretion for their ages.

Several authors have reported on the wide scatter
of hydroxyproline excretion in children when
expressed in mg per 24 hours (Graf and Vest, 1971;
Kivirikko and Laitinen, 1965; Zorab, 1969),
and therefore sought correlations of hydroxy-
proline excretion with height, weight, body surface,
age, and creatinine excretion (Allison, Walker, and
Smith, 1966; Graf and Vest, 1971; Graystone and
Cheek, 1968; Job et al., 1966; Jones et al., 1964;
Kivirikko, 1970; Nakagawa et al., 1967; Wharton
et al., 1972; Whitehead, 1965). Kivirikko (1970)
emphasized the need for a hydroxyproline-free
diet if large variations of hydroxyproline excretion
due to alimentary factors were to be eliminated.
Kivirikko and Laitinen (1965) and Job et al. (1966)
had previously found no differences in hydroxy-
proline excretions in endocrine and non-endocrine
dwarfs, but the number of patients was small, and
in some the endocrine status may have been incom-
pletely evaluated, while the age dependent normal
ranges and the need for a hydroxyproline-free diet
had been disregarded.
Van Gemund et al. (1968) reported a relation

between hydroxyproline excretion of normal child-
ren and patients with endocrine and non-endocrine
growth failure similar to our own findings, though

they did not give a hydroxyproline-free diet, nor
express their values in terms ofmg hydroxyproline/
24 hr per m2.

Children who are stunted for no apparent reason
(primordial dwarfs) seem to have normal cell
metabolism including collagen turnover. There-
fore it is not surprising to find that they excrete
normal amounts of hydroxyproline per cell mass
unit (e.g. m2 body surface). Different mechanisms
have to be assumed to account for the decreased
hydroxyproline excretion when the growth failure
is due to lack of growth and/or thyroid hormones.
Growth hormone increases protein synthesis.
Daughaday and Mariz (1962) studied the hydroxy-
lation of 14C-labelled proline in cartilage of rats and
found it to be diminished in hypophysectomized
animals. After the administration of growth
hormone this decrease disappeared. Additional
effects of growth hormone on collagen transforma-
tion and catabolism were ruled out by Aer et al.
(1968).

In vitro studies by Daughaday and Mariz (1962)
and Henneman (1971) showed that in bone other
factors besides growth hormone must have an
influence on the hydroxylation ofproline to hydroxy-
proline. A lack of these factors, e.g. sulphation
factor, has been suggested as a possible cause of
those cases of dwarfism having raised growth
hormone levels. Such a mechanism might explain
the only slight increase in hydroxyproline excretion
in our patient (Case 12, Table I) after the injection
ofgrowth hormone.

Kivirikko et al. (1963, 1967a, b) and Kivirikko,
Koivusalo, and Laitinen (1964) consider that the
low hydroxyproline excretion in hypothyroid
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Hydroxyproline excretion in various forms ofgrowth failure 131
individuals may be due to decreased synthesis of
collagen in addition to diminished catabolism.
Kivirikko et al. (1965) and Mirouze et al. (1971)
found a good correlation between PBI levels and
urinary hydroxyproline excretion. Job et al.
(1966) noted a correlation between growth velocity
and hydroxyproline excretion in normal children.
The increased hydroxyprolinuria after dwarfs have
been treated with growth hormone has been
used as a measure of growth hormone sensitivity
(van Gemund et al., 1968).
We conclude that in childhood hydroxyproline

excretion, provided a hydroxyproline-free diet is
given and results are expressed as mg/m2 per 24
hr, may provide an easy and helpful adjunct in
distinguishing between endocrine and non-endo-
crine (primordial) dwarfism, since only the latter
gives normal values. In older adolescents and
adults the test is less reliable.

We thank Dr. Pal for steroid determinations and Dr.
Schr6der for growth hormone determinations in the
patients studied.
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