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failed to confirm the idea of reduced affinity for T4
in TBG deficiency. This is the second reported
case of TBG deficiency and growth retardation.
The patient reported by Nikolai (1969) had been
erroneously diagnosed as having isolated TSH
deficiency and had failed to respond to several years
of thyroid therapy. The true nature of his con-
dition was subsequently revealed during a study
of a family with X-linked TBG deficiency. As in
our patient, no cause was found for his growth
retardation.
Our patient differs, however, in having low but

measurable levels of TBG and, as discussed above,
probably represents a different mode of inheritance.

Summary
A 9-year-old boy was found to have constitutional

growth retardation and thyroxine-binding globulin
deficiency. He is the second child reported with
this combination of defects and differs from the
original patient in having low but not zero thyroxine-
binding globulin levels.
He also illustrates the importance of assessing

other parameters of thyroid function, such as the T3
resin uptake, in children with low total thyroxine
iodine (or protein bound iodine) levels, before
embarking on thyroid replacement therapy.

REFERENCES

Elzinga, K. E., Carr, E. A., Jr., and Beierwaltes, W. H. (1961).
Adaption of the standard Durrum-type cell for reverse-flow
paper electrophoresis. journal of Clinical Pathology, 36, 125.

Gordon, A. H., Gross, J., O'Connor, D., and Pitt-Rivers, R. (1952).
Nature of the circulating thyroid hormone-plasma protein
complex. Nature (London), 169, 19.

Kraemer, E., and Wiswell, J. G. (1968). Familial thyroxine-binding
globulin deficiency. Metabolism, 17, 260.

Lancet (1969). Thyroxine in blood and tissues. (Leading article.)
1, 974.

Marshall, J. S., Levy, R. P., and Steinberg, A. G. (1966). Human
thyroxine-binding globulin deficiency; a genetic study. New
England Journal of Medicine, 274, 1469.

Marshall, J. S., and Pensky, J. (1969). Studies on human thyroxine-
binding globulin (TBG) 1. Purification of TBG and immuno-
logic studies on the relationship between TBG from normal
persons and those with TBG 'deficiency'. journal of Clinical
Investigation, 48, 508.

Moloshok, R. E., Hsu, L. Y. F., Seal, U. S., and Hirschhorn, K.
(1969). Partial thyroxine-binding globulin deficiency in a
family. Pediatrics, 44, 518.

Murphy, B. E. P., and Pattee, C. J. (1964). Determination of
thyroxine utilising the property of protein-binding. journal of
Clinical Endocrinology, 24, 187.

Nikolai, T. F. (1969). Thyroxine binding globulin deficiency.
Journal of Pediatrics, 75, 130.

Nikolai, T. F., and Seal, U. S. (1966). X-chromosome linked
familial decrease in thyroxine-binding globulin activity. journal
of Clinical Endocrinology, 26, 835.

Refetoff, S., and Selenkow, H. A. (1968). Familial thyroxine-
binding globulin deficiency in a patient with Turner's syndrome

(XO). New England J7ournal of Medicine, 278, 1081.
Roberts, R. C., Nikolai, T. F., and Lohrenz, F. N. (1970). A

TBG-deficient family with a male exhibiting decreased but not
zero TBG levels. Journal of Clinical Endocrinology, 30, 131.

Woldring, M. G., Bakker, A., and Doorenbos, H. (1961). The
uptake of 1311 triiodothyronine by resin. An in vitro test of
thyroid function. Acta Endocrinologica, 37, 607.

J. L. PENFOLD,* G. M. KNEEBONE, M. WELLBY, and
R. K. OLDFIELD
Department of Child Health, University of
Adelaide: Queen Elizabeth Hospital, Woodville, and
Biochemistry Department, Adelaide Children's
Hospital, North Adelaide, South Australia.

*Correspondence to Dr. J. L. Penfold, Hospital for Sick Children,
555 University Avenue, Toronto, Ontario, Canada.

Growth Hormone Response to
Oral Glucose Load in Untreated

Diabetic Children
There have been contradictory reports of the

plasma growth hormone levels to be found in child-
ren with untreated juvenile diabetes. Parker et al.
(1968) and Drash et al. (1968) found normal fasting
growth hormone levels after an oral glucose load.
In contrast, Johansen and Hansen (1969) reported
persistently high growth hormone levels fasting and
throughout the day in untreated juvenile diabetics.
In addition, Parker et al. (1968) found normal
growth hormone responses during the arginine
infusion test, while Drash et al. (1968) reported
raised levels during this provocative test.

Patients and Methods
Twelve newly diagnosed diabetic children were

investigated, before treatment with insulin was started.
Five were girls and 7 were boys. Their ages ranged
from 1 year 9 months to 14 years and none ofthe patients
was overweight. All were fasted overnight (12-15
hours).

Control data were obtained from 9 non-obese,
metabolically and endocrinologically normal children,
with no family history of diabetes or coronary disease:
3 were girls and 6 were boys. Their ages were similar to
the diabetic children, ranging from 2 years 7 months to
15 years 2 months. They were all on a normal diet.
All were fasted overnight (12-15 hours) before blood
collection.
They had been referred to the Endocrine Clinic

because their parents were concerned about the child
being much smaller than its sibs. All these children
were on the 3rd to 10th centile for height and weight,
while their sibs were on the 50th centile or above.
Parent's permission was obtained from all cases before
investigation. In the youngest child of the group, to
avoid repeated venepunctures, an indwelling catheter
was used.
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TABLE I

Blood Glucose and Plasma Growth Hormone Levels During Oral GTT in Untreated Diabetic Children

Case Blood Glucose (mg/100 ml) Plasma Growth Hormone (ng/ml)
No.

Age (yr) Sex
_ _

Fasting +30 +60 +120 +180 +240 Fasting +30 +60 +120 +180 +240
mgmii mm m min mm mm mm mim mnm mm

1 19/12 M 145 200 231 220 180 7 1 1 2 1
2 44/12 F 70 110 155 190 185 7 7 6 6 6
3 46/12 M 165 315 400 395 345 300 1 1 7 6 5 6
4 6 3/12 M 96 235 308 313 250 126 23 6 11
5 64/12 F 59 135 220 280 137 <1 <1 <1 <1 5
6 510/12 M 70 154 200 240 74 <1 <1 <1 <1 5
7 65/12 M 220 300 370 400 320 235 14 6 5 8 10 5
8 9 F 85 105 200 285 370 270 5 1 1 1 1 1
9 10 4/12 M 104 165 200 230 135 <1 <1 <1 <1 <1
10 9 6/12 F 177 190 293 308 209 6 1 1 6 6
11 10 6/12 M 79 172 258 230 187 11 11 6 4 2
12 14 F 81 152 160 208 141 1 1 16 6 4

Mean 112*5 184*8 247 275*8 301 181*5 6*5 3*1 4-3 4*3 4*5 3*8
±1 SD i±51-5 ±70°5 ±79 8 ±68 4 ±63-6 ±64 6 ±6-7 ±3 5 +4-4 ±3-6 +4 ±2-1

Glucose tolerance test. After an overnight fast, hormone standard A preparation for standard reference
oral glucose (1-75 g/kg body weight, up to a maximum solution. The level of sensitivity of the assay was
dose of 100 g) was administered in 33% w/v solution in approximately 1 ng/ml.
water flavoured with lemon juice. Venous blood was
drawn from antecubital veins with minimal stasis. Analysis of data. Student's t test was applied to
Blood samples were collected fasting and at i, 1, 2, 3, and determine the statistical significance of the means of the
4 hours after the glucose load. two groups of patients. The growth hormone response

is considered as normal during peroral glucose tolerance
Blood glucose. Blood for glucose analysis was test (PGTT) if levels of 7 ng/ml or more are found at

preserved by addition of fluoride oxalate and stored at any time during the test (Theodoridis et al., 1969).
4 °C until analysed. All specimens were analysed within
48 hours of collection. Glucose was measured by an Results
automated glucose oxidase method similar to that of Blood glucose levels and means ±1 SD obtained
Discombe (1963). from the diabetic children and the controls are

Plasma growth hormone. Heparinized plasma shown in Tables I and II. The levels obtained
was stored at -18 °C until analysed. Growth hormone from the diabetic children, as expected, were much
was measured by a double antibody radio-immunoassay higher throughout the test.
procedure similar to that described by Hartog et al. (1964) The mean fasting growth hormone level of the
using a British Medical Research Council growth diabetic children (6 5 ng/ml) was higher than that

TABLE II
Blood Glucose and Plasma Growth Hormone Levels During Oral GTT in Control Children

Blood Glucose (mg/100 ml) Plasma Growth Hormone (ng/ml)
Case Age (yr) Sex -
No. Ageyg +30 +60 +120 +180 +240 +30 +60 +120 +180 +240

Fasting|m mr i| imin nunmn Fasting min min min min min

1 2 7/12 M 71 129 140 87 69 64 5 15 8 14 6 5
2 4 8/12 M1 64 78 76 69 48 58 1 1 1 1 1 7
3 5 M 64 76 71 75 17 5 19 9
4 7 11/12 F 66 104 114 108 50 51 1 1 1 4 11 2
5 9 5/12 F 581 92 100 70 44 60 1 2 1 2 14 10
6 13 M 59 78 80 78 78 82 1 3 3 1 19 10
7 13 6/12 M 79 109 72 76 83 54 2 31 8 1 1 33
8 14 7/12 F 69 92 48 55 63 6 6 12 9
9 152/12 M 72 106 68 58 64 1 7 1 10 4

Mean 66-8 98-5 97 755 61-7 56-3 3-8 82 3-6 4-5 10 10
±1 SD +6-6 ±17 1 ±26-4 ±161 ±13-9 ±23-2 ±5-2 102 ±3-4 ±5 ±6 6 +9 7

copyright.
 on M

ay 15, 2023 by guest. P
rotected by

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.46.245.117 on 1 F
ebruary 1971. D

ow
nloaded from

 

http://adc.bmj.com/


Short Reports 119
of the controls. This difference however, was not
statistically significant. After oral glucose admini-
stration the mean growth hormone response of the
diabetic children at i, 1, 2, 3, and 4 hours was lower
than that of the control children; however, these
differences were not statistically significant.
Only 7 out of the 12 children investigated with

juvenile diabetes gave a normal growth hormone
response of 7 ng/ml or more during the oral
glucose tolerance test.

Discussion
The role of growth hormone (GH) in the patho-

genesis of diabetes mellitus has been argued since
Young (1937) first demonstrated the diabetogenic
effect of anterior pituitary extracts. Our fasting
GH results are in agreement with those of Parker
et al. (1968) and Drash et al. (1968), but in dis-
agreement with the results of Johansen and Hansen
(1969).
The results presented here suggest that plasma

GH concentrations in juvenile diabetes are not
always normal, as suggested by Parker et al. (1968),
or persistently raised, as suggested by Johansen and
Hansen (1969). Only 7 out of 12 children investi-
gated here gave a normal growth hormone response
of 7 ng/ml or more during oral glucose tolerance
test. 50% showed their maximum GH response
during the fasting stage of the test, while in the
normals this occurred 3 or 4 hours after the glucose
load. It is possible that metabolic derangements
and stress in the untreated diabetic children might
have contributed to this phenomenon. The
raised levels reported by Drash et al. (1968) after
arginine infusion and the raised levels found during
24 hours by Johansen and Hansen (1969) may
reflect increased GH secretion in the more severely
ill untreated diabetic patient. We have previously
reported normal GH levels in patients with mild
diabetes, and raised levels in the more severely ill
patients (Theodoridis et al., 1970). It appears that
an increase of GH levels in untreated diabetic
children is not an invariable finding, and that low
levels can be found in some cases. This makes it
unlikely that growth hormone is a causative factor
in the pathogenesis of juvenile diabetes.

Summary
Blood glucose and plasma growth hormone levels

were measured during peroral glucose tolerance
test in twelve untreated diabetic children. Normal
growth hormone responses were found in 7 out of
12 children investigated; in the remaining 5 the
responses were subnormal.

We thank Professor C. M. Anderson for her support
and the consultant staff of the Birmingham Children's
Hospital for permission to study their patients.

REFRNcEs

Discombe, G. (1963). An inexpensive method for the estimation of
true glucose in blood and other fluids by the Auto-Analyser.
journal of Clinical Pathology, 16, 170.

Drash, A., Field, J. B., Garces, L. Y., Kenny, F. M., Mintz, D., and
Vazquez, A. M. (1968). Endogenous insulin and growth hor-
mone response in children with newly diagnosed diabetes
mellitus. Pediatric Research, 2, 94.

Hartog, M., Gaafar, M. A., Meisser, B., and Fraser, R. (1964).
Immunoassay of serum growth hormone in acromegalic
patients. British Medical Journal, 2, 1229.

Johansen, K., and Hansen, A. P. (1969). High 24-hour level of
serum growth hormone in juvenile diabetes. British Medical
Journal, 2, 356.

Parker, M. L., Dildes, R. S., Chao, K. L., Cornblath, M., and
Kipnis, D. M. (1968). Juvenile diabetes mellitus, a deficiency
in insulin. Diabetes, 17, 27.

Theodoridis, C, G., Brown, G. A., Chance, G. W., and Rayner,
P. H. W. (1969). Growth-hormone response to oral glucose in
children with simple obesity. Lancet, 1, 1068.

Theodoridis, C. G., Chance, G. W., Brown, G. A., and Williams, J.
(1970). Plasma insulin and growth hormone levels in untreated
diabetic children. Archivsc of Disease in Childhood, 45, 70.

Young, F. G. (1937). Permanent experimental diabetes produced
by pituitary (anterior lobe) injections. Lancet, 2, 372.

C. G. THEODOluDIs, G. W. CHANCE,* B. T. RUDD,
and G. A. BROWN.
Institute of Child Health, Francis Road, Birmingham
16.

*Present address: Hospital for Sick Children, Toronto, Canada.

Maternal Histidinaemia
The hazards of maternal phenylketonuria are well

documented (Stevenson and Huntley, 1967; Allan
and Brown, 1968). A maternal blood phenylalanine
above 15-20 mg/100 ml is almost invariably followed
by impaired intelligence. Growth retardation,
microcephaly, and abnormalities of the skeleton,
heart, and eyes are also found. Next to phenyl-
ketonuria and homocystinuria, histidinaemia is
probably the most common inborn error of amino
acid metabolism. We present here what we believe
is the first case of maternal histidinaemia to be
recorded.

Case Report
The mother was aged 23 and the father 21 years at the

birth of the patient. The father, a guardsman, was
healthy, but the mother had grand mal epilepsy from the
age of 15 years. Her parents are alive and well, as are
one brother and one sister. A second sister with spina
bifida died at 7 weeks. A younger brother aged 16 years
is mildly retarded (IQ 80) and at a school for epileptic
children. He was found to have histidinaemia, and
when members of his family were examined the disorder
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