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Summary. Glucose disappearance, insulin-like activity 
(ILA) and serum immunoreaetive insulin (Ii%I) were 
studied after intravenous injection of glucose or glueagon 
in patients suffering from thyrotoxieosis or primary myx- 
oedema. A group of normal subjects was also investigated. 
Glucose disappearance rate appeared to be normal in 
hyperthyroid, and markedly reduced in hypothyroid 
subjects. Fasting I L A  levels were significantly higher 
than  normal in myxoedema, and lower than normal in 
thyrotoxicosis. On the other hand, fasting I1:r levels were 
higher than normal in myxoedema but  normal in thyro- 
toxieosis. After glucose administration I LA in myx- 
oedema remained at higher values than in thyrotoxieosis 
at any time of the study;  in myxoedema, peak I L A  levels 
were reached later than in thyrotoxieosis ; peak I1%1 levels 
of similar magnitude were reached slightly earlier than 
normal in thyrotoxicosis, and later in myxoedema; in the 
latter condition, elevated I g I  levels were observed for a 
longer period than in either euthyroidism or hyper- 
thyroidism. During this test the insulingogenic index 
showed only slight changes in normal and in thyrotoxie 
subjects, whereas it increased significantly up to 60 rain 
in myxoedema. The data indicate that  the reduced glucose 
utilization in hypothyroidism is not due to insulin de- 
ficiency, but  rather to insulin resistance. I t  also seems 
possible tha t  thyroid function influences the time of 
maximal insulin response to intravenous glucose adminis- 
tration. After glueagon injection, the increase in blood 
glucose was lower and shorter than normal in thyrotoxi- 
eosis; it was initially somewhat slower, but  later higher 
and more sustained than normM, in myxoedema. The 
smaller increment in blood glucose in the former condition 
is probably eormeeted with reduced glycogen stores. I L A  
response was very high and well sustained in myxoedema, 
whereas it was moderate and shortlasting in thyrotoxi- 
eosis. Ii%I response was higher than normal in hypothyroid 
subjects, and lower than normal in thyrotoxie subjects. 
No difference in the time required for maximal response 
was observed among the three groups. 

Taux d'insuline dans la thyrotoxicose et le myxoed~me 
prima&e: R@onse au glucose et au glucagon intraveineux 

.Rdsumd. La disparition du glucose, l 'activit6 insulin- 
ique (ILA) et l ' insuline immunordactive (IRI) du s~rum 
ont dt6 6tudides apr~s injection intraveineuse de glucose 
et de glueagon chez des malades affectds de thyrdotoxicose 
ou de myxoedgme primaire de l 'adulte. Un groupe de sujets 
t6moins a 6t4 dgalement dtudid. La vitesse de disparition 
du glucose 6tait normale chez les hyperthyro~diens et 
remarquablement rdduite chez les myxoed6mateux. Les 
niveaux d ' I L A  ~ jeun 6talent beaueoup plus ~levds ehez 
les myxoeddmateux et plus has chez les hyperthyroYdiens 
par eomparaison avee les sujets normaux. D'autre  part  les 
niveaux d ' I g I  k jeun 6taient plus dlevds chez les hypo- 
thyroidiens, mais dtaient normaux ehez les hyperthyro~- 
diens. Apr~s l 'administrat ion de glucose, l 'aetivit6 insulin- 

ique resta ~ des valeurs plus 61evges ehez les hypothyro[- 
diens que ehez les hyperthyroidiens pendant  l '@reuve. Chez 
les myxoed6mateux les taux maximum d ' I L A  6taient 
atteints plus tard que ehez les hyperthyro~diens. Des 
taux maximum d'IgI, de m6me grandeur, dtaient obtenus 
un pen plus rapidement dans l'hyperthyro~die et plus 
lentement dans l'hypothyroidie par comparaison avee 
l'gtat normal; chez les myxoed~mateux des taux 61ev6s 
d'IRI ont gt6 observgs plus longtemps que chez les nor- 
maux et les thyr~otoxicosiques. Pendant l'6preuve l'index 
insulinog6nique montra seulement de l~g~res modifica- 
tions chez les normaux et les hyperthyro[diens tandis 
qu'il augmenta significativement N 60 rain chez les myx- 
oed6mateux. Les r~sultats semblent indiquer que l'utili- 
sation r6duite du glucose dans le myxoed~me n'est pas 
due k une d6fieience en insuline, mais plut6t k la r~sistanee 

l'insuline. Il semble 6galement possible que la fonction 
thyro~dienne influence le temps de r~ponse maximale de 
l'insuline ~ l'administration intraveineuse de glucose. 
Aprgs injection de glucagon l'augmentation de la glyc6mie 
dans l'hyperthyro~'die 6tait r6duite; dans le myxoed~me 
au d~but elle 6tait plus lente, mais plus tard tr~s ~]ev6e 
et soutenue. La fugaee augmentation glye6mique apr~s 
glucagon dans l'hyperthyro~die est probablement li6e aux 
rdserves r6duites de glyeog~ne. La r4ponse de I'ILA trait 
61ev6e et prolong6e dans le myxoed~me, tandis qu'elle 
~tait mod6r6e et br~ve dans la thyr6otoxieose. La r~ponse 
de l'II~I 6fair plus 61erie que normalement chez les sujets 
hypothyroidiens, et plus basse chez les hyperthyroidiens. 
En ce qui concerne le temps n6cessaire pour obtenir la 
r@onse maximale, aueune diffgrenee n 'gtai t  observ6e 
entre les trois groupes. 

Insulinspiegel bei Thyreotoxikose und primarem Myx- 
5dem: Verhalten nach intraven6sen Gaben yon Glucose und 
Glucagon 

Zusammenfassung. Die Glucoseaufnahme, die Insulin- 
~hnliche Aktivit/it (I LA) und das Immunoreaktive Insulin 
(It~I) im Serum wurden bei Pat ienten mit  Thyreotoxikose 
oder prim~rem Myx6dem nach intraven6sen Gaben von 
Glucose oder Glucagon untersucht. Die gleiehen Unter- 
suehungen wurden bei einem Vergleichskollektiv durch- 
geffihrt. Bei Pat ienten mit  Schilddrfisenfiberfunktion fand 
sieh eine normale, bei solchen mit  Unterfunkt ion eine 
deutlieh erniedrigte Glucoseaufnahme. Die Nfiehtern- 
ILA-Spiegel waren bei Myx6dem signifikant erhSht, bei 
Hyperthyreose niedriger als normal. Andererseits lagen 
die Nfiehtern-II~I-Spiegel bei Myx6dem fiber den Normal- 
werten und bei t typerthyreose im Normbereieh. Naeh 
Glueosezufuhr fiberstiegen die I L A  Werte zu allen Unter- 
suehungszeitpunkten bei Hypothyreose die bei I-Iyper- 
thyreose. Der MaximMwert ffir die I L A  wurde bei Myx- 
6dem sp/~ter als bei Thyreotoxikose erreieht. IRI-H6chst-  
werte yon ~hnliehem Ausmal~ wurden bei I-Iyperthyreose 
etwas friiher und bei Niyx6dem etwas sp/iter als normal 
erreieht. Die Erh6hung der I g I  Werte hielt bei Hypo- 
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thyreose langer als bei Euthyreose oder ttyperthyreose 
an. Wahrend dieser Glucose-Belastung war der Insulino- 
genie Index bei Iqormalpersonen und Patienten mit Hyper- 
thyreose nur leicht verandert, wahrend er bei MyxSdem- 
Kranken bis 60 rain signifikant erhSht war. Die Ergebnisse 
deuten darauf hin, da2 die verringerte Glucoseaufnahme 
bei Hypothyreose nicht auf einem Insulinmangel, sondern 
eher auf einer Insulinresistenz beruht. Es erscheint m6g- 
lich, dab die Schilddriisenfunktion den Zeitpunkt der 
maximalen Insulinausschiittung nach Glucosezufuhr be- 
einflul]t. Nach Glucagoninjektion war der Blutzucker- 
anstieg bei Hyperthyreose etwa geringer und kiirzer als 
normal. Bei Myx6dem trat er zwar zunachst langsamer 
ein, war aber starker und hielt langer an als bei den Ver- 
gleichspersonen. Der geringere Anstieg bei Hyperthyreose 

diirfte wahrscheinlich dureh den Abbau der Glykogen- 
reserven bedingt sein. Der ILA-Anstieg war sehr stark 
und anhaltend bei MyxSdem und nur mal]ig und kurz- 
dauernd bei Thyreotoxikose. Der IRI-Anstieg fiel bei 
Patienten mit Hypothyreose deutlicher und bei solchen 
mit Hyperthyreose geringer als normal aus. Die Maximal- 
anstiege traten bei den 3 Kollektiven etwa zur gleichen 
Zeit ein. 

Key-words: Thyrotoxicosis, myxoedema, hyperthy- 
roidism, hypothyroidism, ILA levels, I g I  levels, intra- 
venous glucose tolerance test, intravenous glucagon test, 
insulin resistance, insulinogenie index, glucose disappear 
ance rate. 

The influence of thyroid hormones on glucose me- 
tabolism is still being investigated. Early observations 
of an increased frequency of diabetes [19, 30] and ab- 
normal oral glucose tolerance tests in hyperthyroidism 
[36], of the adverse effect of thyroid hormones in 
established diabetes [3], as well as of the experimental 
production of diabetes by  the administration of thy- 
roid hormones to partially depancreatized or alloxan 
treated animals [18], have given rise to the thesis of 
a diabetogenic role for thyroid hormones. 

Some experimental studies have suggested possible 
mechanisms for this role, such as increased gluconeo- 
genesis [34], increased hepatic glycogenolysis [8], in- 
creased insulin degradation [11]. 

More recently, the frequency of abnormal glucose 
tolerance tests in hyperthyroidism has been confirmed 
[20], but  the high prevalence of diabetes observed in 
close relatives of hyperthyroid subjects [20, 22] indi- 
cates that  an increased frequency of diabetes in hyper- 
thyroidism may  not be simply a consequence of an 
excess of thyroid hormones; on the other hand, there 
is increasing evidence tha t  diabetes is far from being a 
rare condition in myxoedema [4, 5, 29, 27, 2]. 

Moreover, studies with intravenous glucose toler- 
ance tests have revealed an increased glucose utiliza- 
tion in hyperthyroidism and a decreased utilization in 
hypothyroidism [12, 21]; therefore, the abnormalities 
in oral glucose tolerance tests in hyperthyroidism cited 
above are probably the expression of the increased rate 
of glucose absorption from the gut [1]. Increased glu- 
cose utilization has also been observed in hyperthyroid 
rats and in their adipose tissue in vitro [26, 23, 13]; it 
has also been postulated for human adipose tissue in 
hyperthyroidism [6]. 

As a result of these investigations, the concept of a 
diabetogenie action of thyroid hormones has been 
challenged, and the emerging picture is complex, indi- 
cating effects of such hormones on glucose absorption, 
glucose utilization, glucose production and insulin 
degradation, all of which may  well have divergent in- 
fluences on blood glucose levels. I t  is also likely tha t  the 
clinical conditions, such as severity and duration of 
the disease, may  have an important  influence on the 
results obtained in thyroid patients. 

A prerequisite for the thorough understanding of 
these mechanisms is a knowledge of blood insulin levels 
in hyper-  and hypothyroidism. To date, relatively few 
studies have appeared on insulin levels in hyperthy- 
roidism, and limited information is available for my- 
xoedema; moreover, data  published so far are often 
conflicting. High values of immunoreactive insulin 
(IRI)  were found by  Yalow and Berson [37] in 2 hyper- 
thyroid patients, but  normal values were reported by  
Hales and Hyams  [15] in 7 hyperthyroid and 1 hypo- 
thyroid subjects. Daweke et al. [9] found normal levels 
of insulin-like activity (ILA) in 10 cases of hypothy- 
roidism, and significantly reduced values in 10 cases 
of hyperthyroidism. Spergcl et al. [33] in 2 cases of 
hypothyroidism found an increase in the peak plasma 
I R I  levels following thyroid replacement therapy. 

Previous studies from our laboratory showed low 
fasting ILA levels in hyperthyroidism and high values 
in hypothyroidism. The pat tern  of response to oral 
glucose was different in the two groups, indicating the 
influence of the different rates of absorption of glucose 
[24, 25]. Holdsworth and Besser have recently reported 
tha t  correction of hyperthyroidism is associated with 
a reduction in insulin levels, both fasting and after an 
oral glucose load, whereas correction of hypothyroid- 
ism is not followed by  any significant variation of 
plasma insulin levels [17]. 

In  this s tudy we report investigations on plasma 
ILA and I R I  levels in thyrotoxicosis and pr imary 
myxoedema in the fasting state, and after the intra- 
venous administration of glucose or glucagon. 

Choice of Patients and Methods 

The present investigations were performed in pa- 
tients with thyrotoxicosis, in patients with pr imary 
myxoedema and in normal control subjects. The num- 
ber of subjects studied in each test  is indicated below. 

Diagnosis was established on the basis of chnical 
examination, thyroid 131I uptake, B.M.R.,  P B I  and 
plasma cholesterol. Normal  values for these para- 
meters in our Inst i tute  are as follows: thyroid 1eli up- 
take:  10--40% at  6 h and 15--60% at  24 h; B.M.R.  
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= - -  10 ~- 10%; P B I  = 4 - - 8  9g/100 ml;  cholesterol 
= 140--220 mg/100 ml. 

All subjects with myxoedema had t i ters for anti-  
thyroglobul in  TI~C ant ibodies  above 1/250000. 

Da ta  on the pa t ients  s tudied are reported in  
Table 1. 

All subjects were hospitalized, and  ma in t a ined  on 
a diet  conta in ing  a t  least 200 g carbohydrate  daily. 
The pat ients  s tudied had not  received a n y  t r e a t m e n t  
for their  conditions.  

10 hyperthyroid,  7 hypothyro id  and  9 normal  sub- 
jects. The A-insulin~A-glucose rat io (insulinogenic in- 
dex) was calculated according to Seltzer et al. [32]. 

Glucagon Load 

14 hyper thyroid ,  10 hypothyro id  and  9 normal  
control subjects received in to  the cubital  vein over two 
minu tes  1 mg of glucagon in  20 ml  of 0.85% NaC1. 
Blood was drawn in  the fast ing state, and  5', 10', 15', 

Table 1. Diagnostic data concerning thyrotoxic and myxoedematous subjects. 

Hyperthyroid Sex Age Height Weight Over- Cholesterol 1 ) .B.I .  ]3.M.I~. lalI uptake 
yrs cm kg weight rag/100 ml ~zg/100ml % 6 h 24 h 

%~ 

Giu. F 28 161 74 21 -- 7.7 -}-45 83 65 
lVlon. F 63 165 52 -- 115 14 q-38 70 63 
Rom. F 24 162 51 -- 140 30 ~78  88 91 
Ang. F 31 158 45 -- 160 18 ~ 6 0  86 64 
Calc. F 47 151 59 3.5 195 21 -F33 84 85 
Ciarf. F 34 147 50 -- 120 10.3 ~ 5 0  85 75 
Rus. F 30 164 51 -- 175 14 ~ 5 0  85 72 
Man. F 36 163 62 3.3 170 19 -k70 72 73 
D e l l .  F 55 151 47 -- 230 -- q-53 84 90 
Forn. F 38 150 52 1.9 186 8 -k46 90 71 
Scis. M 55 165 67 -- 140 9 ~-60 84 70 
Mal. M 49 171 76 2.6 148 10 -k42 80 60 
Gay. M 30 163 53 -- 104 30 q-68 79 75 
Per. F 18 164 54 -- -- 14 q-56 82 71 
Monti F 24 162 63 14.6 -- 11 -k52 82 75 
Cuc. F 43 167 60 -- 14 ~48  85 87 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Hypothyroid 

1) Ial. F 50 162 72 10.7 355 0.9 --14 4 7 
2) Cav. F 61 147 60 3.4 380 1.2 -- 10 7 10 
3) Ant. F 56 150 55 -- -- 2.5 --11 22 46 
4) Bon. M 57 176 74 -- 370 4.5 --20 0 0 
5) De P. F 60 149 72 24.0 220 1.6 --20 2 4 
6) Frat .  F 52 159 78 23.9 296 2.0 -- 18 3 3 
7) Prin. F 36 159 62 6.9 196 1.0 --18 4 6 
8) Cant. F 47 158 62 1.6 320 1.5 -- 14 25 32 
9) Fin. F 45 165 84 29.0 250 1.5 -- 16 2 7 

a Values calculated on the Geigy Tables (30) 

All normal  subjects had  normal  weights according 
to the Geigy tables [10]. The age range was 25--50.  

Intravenous glucose tolerance test ( I  VGTT) 

16 hyper thyroid ,  8 hypothyro id  and  9 no rma l  
control  subjects  received in to  the cubital  vein in  2 rain 
25 g of glucose di luted in  50 ml  of distilled water. 
Blood was drawn in  the fast ing state, and  10', 15', 30', 
45' and  60' from the s tar t  of the injection.  Blood glu- 
cose was assayed and  the " K "  value was calculated in  
all subjects according to the method  described b y  
Lundbaek  [22]. I L A  was assayed in  9 hyper thyro id  
and  7 hypothyro id  subjects. ILA values for the pa- 
t ients  were compared with basal values ob ta ined  in  
normals  in  our labora tory ;  unfor tuna te ly ,  for technical  
reasons I L A  in  these subjects could no t  be assayed 
after glucose or glucagon inject ion.  I R I  was assayed in  

30' and  60' from the s tar t  of the infusion. Blood glu- 
cose was assayed in  all subjects;  I LA  was assayed in 
7 hyper thyro id  and  8 hypothyro id  subjects, and  I R I  
was determined in  10 hyper thyroid ,  8 hypothyro id  
a nd  9 normal  subjects.  

Blood glucose was determined by  the Hoffman 
method  [16], modified for the au toana lyzer ;  I LA by  
the fat  pad  method  of Renold  et al. [31], modified as 
described in  a previous paper  [24]; I R I  by  the Hales 
a nd  Randle  double an t i body  immunoassay  [14]. 

Results 

Intravenous glucose tolerance test 

The results are i l lustrated in  Fig. 1 and  Table 2. 
Differences in  blood glucose at  indiv idual  t imes were 

significant between the normal  and  hyper thyroid  group 

1" 
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at  10', 15' and 30'; between the normal a n d  hypothy- 
roid group at 30% 45' and 60'; and between the hyper- 
thyroid and the hypothyroid group at  15', 30', 45' and 
60'. 

thyroid subjects; after glucose administration, they in- 
creased slightly more rapidly in hyperthyroid than in 
normal subjects and even more than in hypothyroid 
subjects; peak levels were observed respectively at  
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Fig. 1. Insulin-like activity (ILA), immunoreactive insu- 
lin ( IgI )  and blood glucose before and after intravenous 
administration of glucose 25 g in hyperthyroid hypo- 

thyroid and normal control subjects 
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Fig. 2. Insulin-like activity (ILA), immunoreactive insu- 
lin (IRI) and blood glucose before and after intravenous 
administration of glucagon i mg in hyperthyroid hypo- 

thyroid and normal control subjects 

Th,, rate of glucose disappearance was very near to 
normal in thyrotoxie, but  considerably lower than nor- 
mal in hypothyroid subjects; and correspondingly, 
" K "  values were significantly lower than normal in the 
hypothyroid group, but  did not differ significantly from 
normal in the hyperthyroid group. 

I L A  in the fasting state was significantly higher 
than normal in myxoedematous,  and lower than nor- 
mal in thyrotoxic subjects. Basal ILA values in our 
laboratory in 21 normal subjects were 133 ~- 8.2 FU/ 
ml. After glucose injection the difference between the 
two groups of patients was maintained at all times of 

sampling; peak levels were highest at 10 min in thyro- 
toxic and at 15 rain in hypothyroid subjects; differences 
were significant in the fasting state, and 15', 30' and 
60' after the injection. 

In  the fasting state, I R I  levels were higher in myx- 
oedematous patients than in either normal or hyper- 

10', 15', and 30' from the start  of the injection.While in 
both normal and thyrotoxic subjects there was a sharp 
decline from the peak, in hypothyroid subjects high 
levels were still observed at  60% so tha t  in these pa- 
tients there was practically a plateau from 15' to 60'. 

Differences between the hyperthyroid and myx-  
oedema group were statistically significant at  30' and 
60'; between hyperthyroid and normal only at  60'; 
and between myxoedema and normal in the fasting 
state, and at  30' and 60'. 

The behaviour of the insulinogenic index was simi- 
lar in normal and hyperthyroid subjects; in the two 
groups a sharp rise to a peak at 10--15 min followed 
by  a slow decrease was observed. In  the myxoedemat-  
ous there was a slow but  continuous rise of the index 
up to 60 rain, reaching values which were significantly 
higher than in the other two groups; differences of the 
values at  other times were not significant (Table 3). 
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Table 2. Blood glucose, insulin-like activity ( I L A )  and immunoreactive insulin ( I R I )  before and after intravenous admini- 
stration of glucose (25 g), in hyperthyroid, hypothyroid and normal control subjects 

Blood Glucose (mg % =t= SEM) ILA (~U/ml =1= SEM) I R I  (~U/ml • SEM) 
Time hyper- hypo- normal hyper- hypo- hyper- hypo- normal 

thyroid thyroid control thyroid thyroid thyroid thyroid control 
0 I 

10' 
15' 
30' 
45' 
60' 

884- 3 101 4- 10 884- 3 
2404- 7 2564- 13 2804- 15 
1984- 9 2444- 10 2454- 12 
145 4- 8 2094- 14 171 4- 8 
1164- 10 1844- 11 1364- 10 
964-  8 1634- 14 1034- 5 

106 4- 14 298 4- 29 
3 7 5 4 - 7 2  5424- 129 
2 9 2 4 - 5 6  6084- 118 
1874-25  5694- 134 

138 4- 17 396 4- 95 

304-  5 434-  6 244-  2 
157 4- 26 131 4- 13 145 4- 41 
113 4- 17 149 4- 11 157 4- 49 
86 • 19 1524- 17 70 ~ 16 

59 4- 11 147 4- 16 24 4- 2 
"k" value 2.074-0.26 0.734-0.15 1.834-0.14 

" t "  test:  
Blood Glucose ILA IRI 

Time 

0 t 

10' 
15' 
30' 
45' 
60' 

control/ control/ hyper- 
hyper- hypo- thyroid/ 
thyroid thyroid hypothyroid 
NS NS NS 
p < 0.01 NS NS 
p < 0.002 NS p < 0.02 
p < 0.05 p < 0.01 p < 0.005 
NS p < 0.02 p < 0.002 
NS p < 0.0005 p < 0.0005 

hyperthyroid/ 
hypothyroid 

p < 0.001 
NS 
p < 0.05 
p < 0.02 

p < 0.01 

control/ control/ hyper- 
hyper- hypo- thyroid/ 
thyroid thyroid hypothyroid 
NS p < 0.02 NS 
NS NS NS 
NS NS NS 
NS p < 0.01 p < 0.05 

p < 0.01 p < 0.001 p < 0.001 
"k" value NS p < 0.0005 p < 0.002 

Table 3. Intravenous glucose tolerance test. Serum insulin 
blood glucose relationships 

Insulinogenic index = A insulin (~U/ml) 
A Glucose (rag%) 

Time (min) 

10 15 30 60 
Tbyrotoxic ~ean  0.91 0.85 0.83 0.80 

• SE3/I 0.22 0.25 0.27 0.28 

Myxoedematous Mean 0.47 0.67 0.84 1.61 
-4- SEM 0.19 0.15 0.12 0.30 

Normals Mean 0.81 0.96 0.87 0.59 
4- SEM 0.27 0.29 0.26 0.20 

The only significant difference was observed between the 
myxoedema group and the others at 60' 

Glucagon load 

Results are i l lustrated in Fig. 2 and Table 4. 
I n  thyrotoxic  subjects the blood glucose increase 

after glucagon was significantly lower and shorter  than  
normal.  I n  hypo thyro id  pat ients  the increase was ini- 
t ially somewhat  slower than  in normal ;  however, i t  
was definitely more sustained, with high values per- 
sisting at  60'. Differences between hyper thyro id  and 
normal  were significant at  5', 10', 15', 30' ;  between 
hypo thyro id  and normal  at  60' ;  and between thyro-  
toxic and hypo thyro id  a t  30'  and 60'. I L A  levels in the 
hyper thyro id  were lower than  in the hypo thyro id  sub- 
jects in the fast ing state, and  at all t imes after injec- 
t ion;  in the hypo thyro id  group there was a ve ry  slow 
decline from the peak level, so tha t  at  60' the values 
were still higher than  in the fasting state. Differences 
between the two groups of pat ients  were significant at  
all times, 

I R I  levels in the fasting state were higher in hypo-  
thyroid  than  in both  hyper thyro id  and normal  sub- 
jects. After injection there was a sharp increase in all 
groups;  peak levels (all a t  5') were higher in myx-  
oedema and lower in hyper thyroidism.  

Immedia te ly  after the peak, the decline of I R I  
levels was more rapid than  normal  in hyper thyro id  
and slower in hypo thyro id  subjects. At  60' the I R I  
levels re turned almost  to  fasting values in both  the 
hyper thyro id  and normal,  whereas in the hypo thyro id  
group the mean value was still above 120 ~U/ml. Dif- 
ferences between the hyper-  and hypo thyro id  group 
were significant in the fasting state, and at  10' and 60' ; 
those between hyper thyro id  and normal  at  10'; and 
those between myxoedema  and normal  in the fasting 
state and after 60'. 

Comment 

I n  the fasting state, I L A  levels were significantly 
reduced in thyrotoxicosis,  as already observed by  
Daweke et al. [9], and increased in myxoedema,  when 
compared with normal ;  this confirms our previous 
findings [7]. Since, in the present s tudy,  fasting I R I  
levels appeared to be normal  in hyper thyroidism,  thus 
confirming Hales and H y a m s  data  [15], and higher 
than  normal  in hypothyroidism,  it is possible t ha t  some 
factor  other  than  insulin levels influences the I L A  
findings in the former condition. I t  seems unlikely 
t h a t  this can be due to a direct influence of different 
thyro id  hormone levels on the adipose tissue. Fur ther  
invest igation is necessary to elucidate this point.  
Slight discrepancies between the I L A  and I g I  levels 
have also been found during the glucose and glucagon 



6 D. Andreani et al. : Insulin Levels in Thyrotoxicosis and Primary Myxoedema Diabetologia 

tests, but the general pattern of behaviour was broadly 
the same with the two methods. 

The high insulin levels in myxoedcma may have 
been due to reduced catabolism of insulin in this dis- 
ease, since it has been observed that  thyroid hormones 

definite difference was seen at 60'. At this time the 
ratio was significantly higher in the myxocdema group. 

The low "K"  values in myxoedema were evidently 
not due to deficiency of insulin, since the total insulin 
output during the time periods considered seemed to 

Table 4. Blood glucose, insulin-like activity ( I L A )  and immunoreactive insulin ( I R I )  before and after intravenous ad- 
ministration of glucagon (1 rag) in hyperthyroid, hypothyroid and normal control subjects 

time 
min 

5' 
10' 
15' 
30' 
60' 

" t"  test : 

Blood Glucose (mg% 4- SEM) 
hyper- hypo- normal 
thyroid thyroid control 

84 4- 4 83 4- 3 82 4- 5 
97 4- 5 104 4- 10 118 4- 12 

105 4- 5 121 4- 11 125 4- 8 
113 4- 5 127 4- 11 134 4- 8 
102 4- 6 156 4- 9 144 4- 10 
82 4- 4 130 4- 11 89 4- 8 

ILA (~U/ml 4- SEM) 
hyper- hypo- 
thyroid thyroid 
105 4- 11 227 4- 28 
272 4- 52 554 4- 102 
244 4- 41 551 4- 70 
197 4- 36 547 4- 72 

160 4- 16 557 4- 107 

IRI  (~U/ml 4- SEM) 
hyper- hypo- normal 
thyroid thyroid control 

26 4- 4 48 • 8 25 • 3 
199 4- 32 266 4- 27 233 4- 47 
149 4- 23 262 4- 32 222 4- 39 
132 4- 20 186 4- 22 167 4- 25 

41 4- 10 122 =J= 18 41 4- 8 

time 
min 

0 t 

5' 
10' 
15' 
30' 
60' 

Blood Glucose 
control/ control/ hyperthy- 
hyper- hypo- roid/hypo- 
thyroid thyroid thyroid 
NS NS NS 
p < 0.01 NS NS 
p < 0.05 NS NS 
p < 0.05 NS NS 
p < 0.01 NS p < 0.001 
NS p < 0.02 p < 0.001 

ILA 
hyperthy- 
roid/hypo- 
thyroid 
p < 0.01 
p < 0.01 
p < 0.01 
p < 0.01 

p < 0.01 

IRI  
control/ control/ hyperthyroid/ 
hyper- hypo- hypothyroid 
thyroid thyroid 
NS p < 0.02 p < 0.05 
NS NS NS 
p < 0.02 NS p < 0.05 
NS NS NS 

NS p < 0.001 p < 0.001 

increase insulin degradation [11]. They might also be 
connected with the reduced glucose utilization, as 
discussed below. 

After intravenous glucose administration, the rate 
of glucose disappearance in hyperthyroidism was 
rather similar to normal, whereas it was markedly and 
significantly reduced in myxoedema; the "K"  values 
observed in this latter condition were comparable with 
those commonly observed in diabetics. Therefore, it 
seems likely that  glucose utilization is reduced in myx- 
oedema, as observed by Lamberg [21] and by Trisotto 
et al. [35]. 

The increment in immunoreactive insulin reached 
a peak in the hyperthyroid group before the normal 
group, and in the latter before the myxoedema group; 
however, the differences were not significant. I t  is 
possible that  in our patients the highest peak may not 
have been observed, as our first determination was 
at 10 min, and the peak insulin concentration may 
have occurred before this time; this is more likely in 
the ease of the hyperthyroid group, which showed the 
maximal level in the first sample. 

The determination of the insulinogenic index ac- 
cording to Seltzer et al. [32] (Table 3) did not reveal 
any significant differences in the first 30' after glucose 
administration; but the mean values indicated a slower 
increase in the myxoedema group. Therefore, it may 
be worth while to investigate further the possibility 
that the immediate insulinogenic response to the intra- 
venous glucose load is reduced in myxoedema. A more 

be higher than normal; therefore, it seems likely that  
there is a resistance to insulin in this condition. 

The recent investigations by Holdsworth and Besser 
[17] are not comparable with ours, since these authors 
studied blood glucose and immunorcaetive insulin in 
response to an oral glucose load; however, their data 
seem to indicate, in agreement with ours, that  there 
is insulin resistance in myxoedema. On the other hand, 
the findings of the same authors do not agree with our 
finding that  insulin levels are greater than normal in 
this condition. This may be due to some difference in 
the selection of patients, as in our experience of pri- 
mary myxoedema [2] the frequency of abnormal oral 
glucose tolerance tests is higher than that  observed by 
Holdsworth and Besser [17]. 

After glucagon injection the small and short-lasting 
rise of blood glucose levels in hyperthyroidism is con- 
sistent with the reduction of glycogen stores in this 
condition; and the persistanee of elevated blood glu- 
cose levels at sixty minutes in myxoedcma can be 
explained on the basis of reduced glucose utilization, 
as observed in the IVGTT. 

The peak insulin level was observed in the first 
sample (5') following administration of glucagon in 
all three groups. This fact may indicate that  the direct 
insulinogenic effect of glucagon is not influenced by 
thyroid function, but further work is necessary to 
clarify this point. After the peak there was a sharp fall 
of insulin levels in hyperthyroidism, and a slower 
decline in the other two groups ; this was probably due 
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to the more modest  inc rement  of blood glucose in  
hyper thyro id ism;  in  myxoedema,  the persistence of 
elevated insul in  levels a t  s ixty  minutes  m a y  have been 
due to the persis tent  hyperglycemia.  

Some of the differences observed might  be related to 
differences in  weight among  the various groups of sub- 
jects;  i t  is very  difficult to have a series of hyper thy-  
roid and  myxoedematous  pa t ients  t ha t  are matched  
for weight. However,  our myxoedematous  pa t ients  
were no t  grossly overweight. 

Research is being carried out  to invest igate  the 
effect of t r e a tmen t  on the behaviour  of blood glucose 
and  insul in  in  p r imary  myxoedema.  
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