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THYROID AND GROWTH

the early part of its life, and depends upon many
factors. The harmonious relationship among these
factors produces the normal and constant increase in
length which is terminated when ossification is com-
pleted at the epiphyseal zones of growth. With the
cessation of ossification and union of diaphyses and
epiphyses the morphological and physiological ma-
turity of the organism is usually reached.
The factors concerned with growth and maturity

INCREASE in length of an organism takes place in

have been pointed out by many authors (1-11). It is

difficult to establish a classification of these factors
because there is complex interaction among them.
This fundamental ‘substrate,’” by which is meant the
inherent capacity of the cells of the organism to di-
vide and produce new elements, has intrinsic charac-
teristics due to hereditary factors which condition
growth to a certain extent; and it is the ‘substrate’
upon which other factors operate.

Some factors, such as diet, may ultimately accom-
plish increase in mass by supplying the cells with the
material necessary for their growth and division.
Vitamins and hormones regulate cell metabolism and
are responsible for growth and differentiation. We
have to distinguish, therefore, between simple in-
crease in mass such as can be produced by excessive
diet and increase in mass resulting from growth and
differentiation in which vitamins and hormones are
involved,

Alteration of the capacity of the substrate can be
illustrated clinically in cases of retardation of growth
in the course of chronic disease. This interference
with growth can be seen in the so-called zones of
cessation of growth in the bones (12) and in the ac-
celeration and retardation of ossification (13-17). The
existence of a definite minimum effective dose and of
a limit of maximum stimulation beyond which there is
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no further growth effect emphasizes the impor
of the substrate. .
The experiments of Smith (11) demonstrated ;
sation of growth after hypophysectomy wit
sumption of growth following administration ¢
tive growth factor of anterior pituitary origin ;
secondary cessation of growth on discontinuan
such treatment. Also, in accordance with the wo
Smith, when thyroid is given together with pitu
growth hormone, growth is fostered more tha
pituitary alone. ;
It is our purpose, in this paper, to show sta
changes, in individuals of 20 years and under,
ically manifested as a function of the thyroid. |
In the clinical field, the early descriptions of
tinism stressed the retardation of growth as an e
tial feature of the syndrome; and as time has pai
we have come to appreciate the relationship of fa
of growth to thyroid deficiency. This explana
has been borne out further by the study of bone
velopment in acquired hypothyroidism of the juve
type in which it has been shown that there is reta
tion of epiphyseal closure and of development in
bones of the wrist.
The opposite phase of the question—namely,
possibility of clinical overgrowth as the result of
peractivity of the thyroid—primarily concerns v
this study (18-23).

CLINICAL MATERIAL

We selected aMl the cases of definitely proved
ophthalmic goiter in our juvenile group, that isal
patients of 20 years or under. There were 121 ca
13 boys and 108 girls. For comparison we have
serted a few cases of juvenile hypothyroidism wt
we have had occasion to observe, 1 boy and 7 g
From the 121 cases we exclude the boys for simp
in graphic representation and 3 cases with inde
ent chronic disease, thus leaving 104 cases witl



jcated toxic goiter in girls. In figure 1 the height
- of this group is compared with that of normal
and it is apparent that the thyrotoxic are con-

'ROID HORM(q

IN THYRO ly taller for their age.
o figure 1 also is shown the average deviation
ATOUS CHILD +he normal height, in centimeters, of our juvenile
ITS onts with Graves’ disease. (Benedict, Talbot and
-Wood tables were used to obtain normal av-

heights.)

, ¢ is clearly seen that up to the age of 18 when
RTZ, M.D., An ¢ of epiphyses normally occurs and growth of
SALLIM AININT ~alindividuals has usually ceased, as indicated by

lateau in the normal growth curve, there is a
nderance of over-height in hyperthyroid indi-
uals.

rom 18 to 20 years the tendency to over-height is
riking. Isolated examples of over-height in these
er age groups were investigated; and it was found
in these cases the disease had been present for a
s time according to their histories, and at the on-
of their illness the over-height individuals were in
pen epiphyses’ group. It is to be noted that the
 maximum deviations in the hyperthyroid group
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2. 1. HEIGHT REFERRED TO AGE FOR 104 THYROTOXIC GIRLS
ken line), COMPARED WITH TALBOT'S CURVE FOR NORMAL GIRLS
ted line). Scale on right. Average deviation in cm. of our
Nile patients with Graves’ disease from normal height (solid
 Scale on left.
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coincide with the two normal accelerated growth
periods, that is during the 6th to the 8th years and
the 12th to the 14th years.

In considering excessive final stature we have to
consider three different factors, any one of which
may produce this condition.

(a) Growth at a normal rate, but prolonged beyond
normal time limits (e.g., lack of inhibitory action of go-
nadal factors).

(b) Growth at an abnormally rapid rate for the normal
period of time (acceleration of annual rate of growth, e.g.,
our group of thyrotoxic juveniles).

(c) Rapid rate of growth during an abnormally long
period {(e.g., pituitary overactivity in juvenile gigantism).

As indicated in figure 1, the cases of hyperthyroid-
ism at the time of epiphyseal union, 18 to 20 years
show no further excess in growth. This would indi-
cate, as in the work of Smith, that the role of the thy-
roid is to speed up growth, but that the opposite
processes, those that stop growth, take place at the
correct time. Hence the largest deviations are ob-
served in those cases in which the age of the patient
allows the possibility of greatest growth.

In figures 2, 3 and 4 is represented, in reference to
age, the growth of some of our patients. Normal
growth is represented by heavy broken lines; and
growth during the period of the disease of our pa-
tients is represented by dotted lines. The cross indi-
cates the stature of the patients when first seen in the
clinic; the arrow, the time when treatment was be-
gun. The lower horizontal heavy line represents the
normal rate of growth referred to the normal expected
annual growth; the broken line represents, in centi
meters, the excess over normally expected annual
growth of the hyperthyroid patients. As can be seen
in these graphs, the higher stature of the patients
when first seen in the clinic indicates that previous
growth has been acclerated as compared with the
normal expected growth. When adequate treatment
is given, the rate decreases, and comes to lie within
normal limits. To compare, we show in figures 5, 6
and 7 the growth curves of 3 myxedematous patients
with retarded rate of growth when first seen in the
clinic, and accleration produced in them when treat-
ment is given. The results are similar to those of other
authors (38—41). They serve to stress the fact that
thyroid feeding does not cause premature cessation
of growth. ‘ -

Dorothy B. (fig. 2) was admitted to the Massachusetts
General Hospital at the age of 12 years, 10 months, witha
classical picture of thyrotoxicosis of about 11 months’
duration. Goiter, exophthalmus, weight loss of about 10
Ib. were characteristically present. BM.R. was between
+50and 60 before iodides were administered. Subtotal
thyroidectomy was performed after a short preliminary
period of observation on iodine. She was 11.8 cm. over
height for her age at the age of 12 years, this rapid rate of
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Fig.2
Dorothy B.

AGE 12

Fig. 2. GrowTs or Dorothy B. IN oM. AT VARIOUS AGES DURING
OBSERVATION ON IODINE AND AFTER SUBTOTAL THYROIDECTOMY
(dotted line) As COMPARED WITH AVERAGE NORMAL GROWTH
curve (broken line). Below is given the deviation from annually
expected growth during the same period, in cm.

growth continued while she was observed on iodine, and
her growth approximated the normal after subtotal thy-
* roidectomy.

Figure 3 shows the accelerated growth in Evelyn A.
which occurred despite iodine treatment. This patient
was 17.3 cm. overheight for her age at admission to the
hospital at the age of 12.

Figure 5 shows the growth of Dorothy M. a myxedema-
tous patient on thyroid therapy. Her chief complaint on
admission was failure to grow. Characteristic facies of
myxedema were present; and moderate obesity was asso-
ciated with the other classic findings. B.M.R. was —25
to —32. Thyroid, 1.5 grains daily, was administered. Ob.
servation has continued in this case through the entire
adolescent period. She was 12.2 cm. below average normal
height at entry; and at the age of 17 Was approximately
2 cm. overheight for her age. No evidence of premature
closure of the epiphyses occurred in this case.

Florence McK. (fig. 6), aged 14, was 16 cm. underheight
on admission. She was given 1.5 grains of U.S.P. thyroid
daily. The growth rate approached normal thereafter.

Mary C. (fig. 7) was a typical case of myxedema at the
age of 1034 years. Her primary complaint was failure to
grow; she was 7.4 cm. underheight when started on thy-
roid therapy. In the next 3 years under thyroid therapy
she grew 2.1 em., 4 cm., and 2.8 em. so that at the age of
13 she approximated normal height for her age.

DISCUSSION

We have shown in our material that an increase in
height has to be included among the symptoms of
thyrotoxicosis in young patients (17-23). The experi-
mental work of Smith (11) indicates that the excess
of thyroid is the basis of this acceleration of growth.
Which comes first, the overgrowth of the individual
or the hyperplastic state of the gland? Smith’s work
would indicate that the latter resulted in overgrowth

Fig. 3. Growtn or Evelyn A. mv om. aT VARIOUS AG
TREATMENT OF TYPICAL GRAVES' DISEAss.

because of the addition of extra thyroid horm
the patient’s normal production of growth hor
Webster (37) would explain the accelera
growth caused by thyroid as due to a stimul
production of growth hormone, better utilizat
foods, or some other, unknown mechanism. [t
conceivable that the thyroid hyperplasia is a resi
increased growth and increased demand. Of
perthyroid patients 29 show an increase in
that cannot be considered due to the disease, b
the overgrowth could not have taken place du
short duration of the disease, or because the
toms began when no further growth was expect
dicating that excess of growth had taken place
the onset of the disease. Such hyperplasia, how
does not occur in the cases of overgrowth d
gonadal insufficiency; the eunuchoidal type u
has a normal or lowered metabolism. These cas
contrast to the above hyperthyroid cases, hav ;
included in the first type of overgrowth, th
growth at a normal rate but over a longer pe
time. There is no true acceleration of growth 1
cases.

In the bibliography of juvenile thyrotox
there is a considerable amount of literature (28)
summarizes the statistics. The cases presented
last 10 years (24-36) do not give emphasis to st
as an Important4actor to be considered in deter!
tion of therapy.

We would like to emphasize the importance 0
serving the two factors, actual stature and ra
growth of the young patients, in deciding :
whether the treatment should be more or less ra
A subject with a stature above normal, ie, W
high rate of growth, should be submitted to
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¢ rapid cure than a subject with normal
ormal stature, whose disease it would
o treat with less interference with the

IODINE
v lus, i.e. by non-surgical means, if other

. H. 245155) was first seen in August of
<ic picture of Graves’ disease in a boy of 14.
been present for over 2 months. He was
¢ administration of Lugol's solution and
+eatment, which improved his condition but
_entirely. He grew 7 in. in the space of 22
the age of 28 (1940) presented the picture
gigantism’ shown in figure 8. According to
swledge of the relation of thyroid to growth
e had this boy today) advise radical surgical
is goiter because of the rapid speed of
o during the period of partially uncon-

OF TYPICAL GRAYV

THYROID AND GROWTH

521

trolled thyrotoxicosis. This case illustrates most strikingly
the fact that the excess of thyroid hormone did not pro-
duce an early or premature closure of the epiphyses. Had
the latter occurred, gigantism would not have ensued.
X-rays of the sella turcica of this boy were normal (1940).

SUMMARY

Factors governing the rate of growth of the human
organism are discussed in relation to clinical evidence
that the thyroid hormone is a synergist to the an-
terior pituitary hormone, which promotes growth.
The animal experimental evidences of Smith are dis-
cussed in this connection. The growth promoting
effect of thyroid therapy in juvenile myxedema is re-
viewed; and examples of such growth stimulation in
our own clinic are cited. A study of the heights at
various ages of 121 thyrotoxic patients in the juvenile
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group was made. Annual speed of growth was con-
sidered, as well as total growth as related to age and
stage of treatment of the disease. The following con-
clusions were reached.

Fig. 8. AN EXAMPLE OF OVERGROWTH DUE TO UNCONTROLLED
THYROTOXICOSIS IN A JUVENILE EXOPHTHALMIC GOITER PATIENT.
Acceleration of growth is due mainly to long bone stimulation,

Overgrowth takes place in juvenile thyrotoxic pa-
tients with such remarkable regularity that it can be
considered one of the cardinal symptomatic manifes-
tations of the disease in this age group. In our experi-
ence the speed of growth during the thyrotoxic pe-
riod of individual cases is an even more striking feature
than their actual degree of over-height for age. The
excessive thyroid hormone present in such cases ac-
centuates the peaks in the normal growth curves, and
modifies the speed of growth according to the nor-
mally expected speed of growth at any given period of
life of the juvenile patient with this disease. This is
strikingly shown by the cessation of growth stimula-
tion past the age of 16 years, at which time the
epiphyses normally begin to close. It appears that
thyroid hormone in excess does not produce prema-
ture or late closure of the epiphyses. Its growth effect
can, therefore, be considered as truly synergistic to
the normally existing factors for structural increase
(‘substrate’).

A case of ‘thyroid gigantism’ in our clinic is pre-
sented as an example of the importance of applying
the conclusions derived from this study in the clinical

SAUL HERTZ AND CARLOS GALLI-MAININI

management of individual cases of juvenile
toxicosis. In the determination of a therapey
gram for both the thyrotoxic and the myxeds
juvenile patient speed of growth must be re
as well as the actual height on presentation
physician. '
On the basis of this study we are at presen
ing the growth promoting effects of thyroid fe
on underheight individuals and pituitary dwar:

We are indebted to Professor J. H. Means, Chief of the )
Staff of the Massachusetts General Hospital, for valuable
and stimulation in the course of this work.

Aid was given in the completion of this work from the
Fund, Harvard Medical School, Harvard University,
H. N. C. Fund for Medical and Surgical Research. 5

REFERENCES

. pe 1A Granoa, A. Macaz axo H. Aimacro:-
Med. Mex. 95: 474. 1935.

. Garomer-Hiir, H.: Brit. M. J. 1: 1302. 1937.

. Garomer-Hiwn, He: Brit. M. J. 1: 1241, 1937; 11130

. Aipricy, C. A.: ]. Pediat. 8: 381. 1936.

. Arpricy, C. A.: . Pediat. 6: 392. 1935. -

Aron, M.: Rev. Franc. d'Endocrinol. 7: 269. 1920.

. Chronica Medica Mexicana. 20: 502. 1930.

. Sroan, E. P.: Am. J. Obst. & Gynec. 19: 235.°1030.

. Lucas, W. P, H. B. Pryoxn, C. Bosr, S. T. Poje anp
Henperson, J. Pediat. 1: 572. 1932.

. Emvsorn, N. H., anp L. G. Rownrres: Pennsylvani
421 1183, 1939.

. Surrs, P. E.: Proc. Soc. Exper. Biol. & Med. 30: 125

. Harris, H. A.: Brit. J. Radiol. 4: 561. 1931.

. Sueparpson, H. C.: Radiology 26: 685. 1936.

. Remry, W. A.: Endocrinology 18: 117. 1934, -

. Broomzr, R. 8.: Pennsylvania M. J. 42: 1186. 1930.

. Excersacs, W., awp R. L. Scuarrer: LA M.A. 103
1034

. Gaser, A., C. S. AmaTtrupa anp C. S. Curorra: A
Dis. Child. 52: 1117. 1936. ‘

. Stepmex, B. H. M.: M. J. Australia 1: 29. 1933.

. Dorcz, K. H.: Wisconsin M. J. 34: 627. 1935.

. Bram, L.: Pennsylvania M. J. 37: 45. 1933.

. Brawm, L.: Arch. Padiat. 54: 419. 1937.

. SarttLEr, H.: Die Basedowische Krankheit, p. 162. L
Germany, 1909. ‘
Werrr, H.: Transactions of the Third International
Conference, and the American Association for the Stu
Goiter, p. 101, 1938. ~

. Auserts, M. W.: Minnesota Med. 13: 175. 1930.

. Haves, J. M.: Minnesota Med. 20: 319. 1937.

. Bewsy, G. E., axp J. G. Carvrow: New York State J. Me
1329, 193 1.

. SeEp, L., anp M. G. Poncrer: Illinois M. J. 63: 61 19

. Mirer, H. C.: Nebraska M. J. 15: 363. 1930.

. Newwmax, H.: Kentucky M. J. 28: 6. 1930.

. Errrorr, P. C.: J. Pediat. 6: 204. 1935. ,

. Rosg, E., E. K. Rose anp E. P. PexpErGrass: J. Pediat.
1935.

. Cromer, T. H.: Brit. M. J. 1: 659. 1932.

. Jomzs, C. K.: JAM.A. 103: 914. 1934.

. Dmsmore, R. S.: JLAM.A. 99: 636. 1932.

. Arxmson, F. R. B.: Brit. J. Child. Dis. 35: 267 1038

. Arxmson, F. R..Be: Brit. J. Child. Dis. 35: 165. 1938

. WeBsTER, B.: J. Pediat. 14: 684. 1930.

. Wasman, A. L., anp P. Reerer: Arch. Pediat. 532 318

. Topper, A., 450 P. Conan: Am. J. Dis. Child. 35: 205

. Topeer, A.: Am. J. Dis. Child. 41: 1289. 1931.

. Suecron, E. K.: Endocrinology 15: 297. 1931.

O oY B Y r

P
je]




