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Summary. The circadian rhythm of adrenoeortieal 
secretion in 18 diabetic subjects was normal as judged by 
serial plasma 11-Ott-corticosteroid levels. Mild episodes of 
hypoglyeaemia induced a rise in the plasma 11-OH-eorti- 
costeroid in 12 diabetic patients on insulin therapy. 

Rythme eireadien des surrdnales ehez des diabdtiques 
t~dsumd. Le rythme cireadien de la s6cr6tion cortieo- 

surr6nale de 18 diab6tiques 6tait normal, comme on a pu 
en juger par les taux plasmatiques en sdrie des ll-OH- 
eorticost6roides. Des @isodes d'hypoglyc6mie mod6r6e 
ont provoqu6 une augmentation des ll-OH-eortieost6roi- 
des du plasma chez 12 patients diab6tiques sous th6ra- 
peutique insulinique. 

Der Tagesrhythmus der Nebennierenrinde bei Diabeti- 
kern 

Zusammenfassung. Bei 18 Diabetikern wurde durch 
Serienbestimmung der Plasma-11-OH-Corticosteroidspie- 
gel ein normaler Tagesrhythmus der Nebennierenrinden- 
Sekretion gefunden. Leichte I-Iypoglyk/imien bewirkten 
einen Anstieg der 11-OH-Cortieosteroidspiegel im Plasma 
bei 12 insulinbehandelten Diabetikern. 

Key-words: Diabetes, Circadian, Adrenal, Rhythm, 
Hypoglycaemia, ll-OH, Corticosteroid, Insulin Thera- 
py. 

The circadian rhythm of adrenocortical activity in 
normal subjects and in disease states has been studied 
by following the variations in plasma eorticosteroid 
levels [14]. Both physical and emotional stimuli may 
cause an acute increase in adrenoeortieal secretion and 
this response is superimposed on the basic rhythm. 
Pathological states such as heart failure [3, 5] and 
cerebrovascnlar disease or other central nervous system 
lesions [10], have caused marked alterations in the 
adrenal circadian rhythm. Diabetes mellitus is of 
particular interest with regard to adrenocortical acti- 
vity since it has been speculated that  some diabetic 
complications might be related to excess adrenocortical 
secretion [1]. So far, the adrenal status in patients 
with diabetes has been judged principally from the 
urinary steroid output, but a moderate disturbance of 
the normal plasma adrenocortical rhythm in patients 
with diabetes has been reported [5]. The effect of 
insulin treatment requires consideration since hypo- 
glyeaemia is a potent stimulus to the pituitaryadrenal 
axis. I t  therefore seemed worthwhile to study the 
plasma 11-OH-cortieosteroid levels of diabetic subjects 
on insulin therapy to determine if the disease, or its 
therapy, induced any alteration in the circadian 
rhythm. 

Material  and Methods 

We have studied the circadian rhythm in 18 dia- 
betic subjects, all on insulin therapy (age range 24--63 
years). Plasma ll-OH-corticosteroids were measured 
by the method of MATTINGLu [12]. Blood sugar was 
measured by a ferricyanide method modified for the 
Auto-Analyser. Venous blood was drawn in the early 
morning at 7.00 a.m. (before breakfast and admini- 
stration of insulin) and at 12.30 p.m., 5.30 p.m. and 
10.00 p.m. on the same day. Eleven non-diabetic 

patients of comparable age and from the same hospital 
population were studied as controls under a relatively 
similar ward routine. In addition, 12 diabetic subjects 
were studied at the time of the occurrence of a hypo- 
glyeaemie insulin reaction. These hypoglycaemic reac- 
tions had occurred inadvertently in the course of their 
diabetic management and were not specifically induced. 
Blood samples were obtained as soon as possible after 
the onset of symptoms of hypoglyeaemia, before the 
patient was given oral glucose, and also 30 rain later, 
after such therapy. 

Results 

The plasma ll-OH-corticosteroid values for the 
18 diabetic subjects and the mean value for the con- 
trols is shown in Table 1. The mean value in the dia- 
betics at 7.00 a.m. was 20.5• #g/100 ml, and at 
10.00 p.m. was 11.54-4.5 #g/100 ml. The control sub- 
jeers showed a similar morning-evening pattern, mean 
value at 7.00 a.m. 22.34-5.6 #g/100 ml and at 10.00 
p.m. 8.04-4.8 #g/100 ml. There was no significant 
difference between the mean plasma ll-OH-cortico- 
steroid levels at these times between control and dia- 
betie subjects, although there was a tendency for the 
diabetic patients to have slightly higher evening (both 
5.30 p. m. and 10.00 p. m.) plasma 11-OH-corticosteroid 
levels than the controls. The mean blood sugar values 
in the diabetics are also shown in the lower half of 
Table 1. When individual plasma 11-Ott-corticosteroid 
and blood sugar values were correlated, there was no 
significant relationship (r = 0.05). In the four patients 
who showed the least satisfactory "control" of their 
diabetes in that  blood sugars were in the range 
200--400 mg/100 ml, plasma ll-OIt-cortieosteroid 
values were slightly higher throughout the day. The 
mean value for these four patients was 7.9/~g/100 m! 

niabetologia, Vol. 4 17 



230 D. 1~. ttADDEN et al. : Circadian Adrenal  l~hythm in Diabetics Diabetologia 

Table 1. Circadian rhythm of plasma 11.0H-corticosteroids in patients with diabetes and in 
controls 

@ 

r162 

Levels 7.00 a.m. 12.30 p.m. 5.00 p.m. I0.00 p. m. 

Plasma 11-OIt-corticosteroids 19.5 21.5 
(#g per 100 ml) 16.0 16.0 

20.0 22.5 
22.5 27.5 
26.0 23.0 
16.5 10.0 
38.0 21.0 
30.0 17.0 
18.0 20.5 
29.5 16.5 
18.0 13.0 
19.0 14.0 

7.0 8.0 
17.5 
22.0 10.5 
27.5 12.5 

8.0 4.0 
17.0 7.0 

28.0 20.5 
10.0 9.5 
17.0 14.0 
18.0 14.5 
28.5 13.5 
14.0 4.0 
20.0 13.5 
13.0 6.5 
19.0 14.0 
15.0 16.5 
21.5 

- -  16.5 
6.5 10.5 

17.5 10.5 
9.0 12.5 

15.5 10.0 
14.0 6.5 
5.5 5.5 

Mean4-S.D. 20.5• 15.6:L6.6 16.04-6.6 11.5~4.5 

Blood sugars 
(rag per 100 ml) 1754-84 2244-85 1974-78 1854-85 
Mean 4- S.D. 

Plasma l l - O H -  22.34-5.6 15.0~:3.7 10.04-3.3 8.0:~4.8 e �9 ~ corticosteroids 
~ (#g per 100 ml) 

Mean 4- S.D. 

Blood sugars 
o (mg per 100 ml) 95-t-13 99-b29 1024-13 93.5~:6.5 
�9 Mean :L S.D. 

above  the  mean  for the  ent i re  group when the  four  
t imes  of e s t ima t ion  were pooled.  

Twelve pa t i en t s  were s tud ied  a t  the  first s y m p t o m  
of mi ld  hypoglycaemia .  The mean  b lood sugar  a t  th is  
t ime  was 59 mg/100 ml. The mean  p la sma  l l - O H - c o r -  Time 
t icos te ro id  was 29.0 #g/100 ml  and  30 rain l a te r  was of 
30.5 #g/100 ml. W h e n  the  pa t i en t s  were d iv ided  in to  symptoms 
those  exper iencing a reac t ion  be tween  ear ly  morn ing  
and  m i d d a y  and  those in  whom the  hypog lyeaemic  
s y m p t o m s  occurred in the  a f te rnoon or evening,  the  a . m .  
mean  values  of p l a sma  l l - O H - c o r t i c o s t e r o i d  were 
33.4/~g/100 ml  and  35.7 #g/100 ml  a t  zero and  30 min  
respec t ive ly  in the  morn ing  group,  and  25.9 and  26.7 
#g/100 ml in the  af te rnoon group.  To a p p l y  s ta t i s t i ca l  
tes t s  to  these figures the  morning  and  af te rnoon values  
have  been pooled.  The mean  morning  p l a s m a / 1 - O I L  
eor t icos teroid  (7.00 a .m.  and  12.30 p. m.) in the  no rma l  p . m .  
subjects  was 18.7 #g/100 ml,  in the  d iabet ic  subjec ts  
18.2 #g/100 ml, and  for those exper iencing hypoglyeae-  
mia  dur ing  the  morn ing  (ini t ial  and  30 rain values),  
34.5 #g/100 ml. F o r  the  af te rnoon and  evening per iod  
the  respect ive  figures were 9 . 0 # g / 1 0 0 m l  (normals)  Mean 
14.1 #g/100 ml (diabetics)  26.3 #g/100 ml (hypoglyeae-  overall 
mic pa t ien ts ) .  A l though  the  groups are smal l  these to ta l  
mean  levels in the  hypog lycaemic  pa t i en t s  are signifi- 
can t ly  increased (t-tests, P < 0.001 in each case). 

Recen t ly  we have  s tud ied  a pa t i en t  wi th  p ro longed  

Table 2. Plasma 11-OH-corticosteroids (#g per 100 ml) 
during hypoglycaemic symptoms 

Plasma 11-Ott-corticosteroids 
(/~g per 100 ml) 

At  onset of 
hypoglycaemie 
symptoms 

30 minutes later  

35.0 40.0 
60.0 52.0 
25.0 20.0 
22.5 34.0 
24.5 32.5 

Mean 33.4 35.7 

36.5 40.0 
39.0 26.5 
21.5 23.0 

9.5 25.0 
30.5 34.5 
22.0 19.5 
22.5 18.5 

Mean 25.9 26.7 

29.0 30.5 

and  severe hypog lycaemia  due to  su lphonylurea  the-  
r apy ,  where b lood  sugar  levels fell to  below 25 mg/  
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100 ml during the evening and night. At 5.30 p.m. the 
l l-0H-corticosteroid level was 25 #g/100 ml; hypo- 
glycaemic symptoms occurred at 6.00 p.m. At 6.30 
p.m. the 1 l-0H-corticosteroid level was 28 #g/100 ml, 
and at 7.00 p.m. 31 #g/100 ml. At 1.00 a.m. the same 
night, when hypoglycaemic symptoms recurred the 
l l-0H-eorticosteroid level in the plasma was still 
39 #g/100 ml. 

Discussion 

Our finding of a normal circadian rhythm in diabe- 
tic subjects is in keeping with earlier studies showing 
normal adrenal function in diabetes [15]. The study by 
these workers revealed no evidence of adrenal cortical 
hyperfunction in patients with uncomplicated diabetes, 
or in those with diabetic retinopathy and nephropathy. 
I t  has been shown that  diabetic ketosis elicits an 
increased adrenocortical response [11, 16], but suffi- 
ciently severe ketotic states are an uncommon pheno- 
menon in the average diabetic life. Mild or clinically 
occult hypoglycaemia is not so uncommon and might 
involve increased adrenal activity consequent to ACTH 
release, although other authors have found in normal 
subjects that  severe hypoglycaemia is necessary to 
activate the adrenal-pituitary system [2, 4, 8, 17]. 

The plasma lt-0H-corticosteroid results in the 12 
hypoglycaemic patients show that  this stimulus causes 
an increased adrenocortical secretion even when the 
level of blood sugar is only slightly below normal. 
Several workers [6, 9, 13] have suggested that  it is not 
the absolute value of the blood sugar but the rate and 
extent of its fall that  is responsible for pituitary adrenal 
activation. I t  is worth stressing that  the hypoglycaemic 
symptoms experienced in this group of patients were 
minimal and consisted of such complaints as weakness, 
sweating and mild disturbance of cerebration, and no 
patient became unconscious. Infrequent transient 
stimulation of adrenocortical activity of this order 
seems unlikely to have major pathological significance, 
but it may be worth while to study this phenomenon 
forther in excessively brittle diabetics in whom a 
cumulative effect of frequent episodes of rapid onset 
might have some influence. The levels of plasma 
l l-0H-corticosteroid achieved during morning and 
evening reactions are not very different considering 
that  the baseline plasma l l-OH-corticosteroid in the 
morning is at a higher level. However, the peak level 
of plasma ll-0H-corticosteroids attained is less and 
whether this would have any clinical significance with 
regard to the ability of a patient to recover more 
rapidly from hypoglycaemia during the morning as 
opposed to later in the day is not known. 
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