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Summary. Potassium homeostasis during a 50-g oral 
glucose tolerance test was studied in 14 newly diag- 
nosed, untreated Type 2 (non-insulin-dependent) di- 
abetics. They showed a rise in plasma potassium from 
amean + SEMbasalof3.9 ___ 0.1 to4.4 +_ 0.1 mmol/1 
at 60 min and to 4.6 + 0.1 mmol/1 at 90 rain (p < 0.01), 
whereas no change was seen in a group of 14 normal 
subjects. A possible role of mineralocorticoids was 
sought by measuring simultaneous serum aldoster- 
one and deoxycorticosterone levels. Aldosterone was 
reduced after the glucose load in all subjects studied, 
falling to 73% of basal at 60 min in diabetics (p < 0.01), 
and to 61% of basal at 90min in normal subjects 
(p <0.001). Serum deoxycorticosterone showed a 
similar pattern. Thus it is unlikely that the rise in plas- 
ma potassium seen in the diabetic patients was due to 
abnormal levels of mineralocorticoids. Since the di- 
abetic subjects were found to have an intact insulin re- 
sponse to the glucose load, it is suggested that resist- 
ance to insulin-stimulated potassium uptake into cells 
might be involved in the pathogenesis of the paradox- 
ical hyperkalaemia induced by acute hyperglycae- 
mia. 

Key words: Type 2 diabetes, plasma potassium, insu- 
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Previous reports have shown that potentially danger- 
ous glucose-induced hyperkalaemia can occur in dia- 
betes [1,2]. However, most studies [3, 4] were based on 
insulin-dependent diabetics, and the majority had co- 
existent selective hyporeninaemic hypoaldosteron- 
ism [1, 3-5] with some degree of renal impairment as 
well. 

As insulin and aldosterone both have crucial roles 
in potassium homeostasis [6-8], a combined deficien- 
cy of these hormones would predispose to hyperkal- 
aemia when hyperglycaemia induces an osmotically 
determined redistribution of potassium from the in- 
tracellular to the extracellular fluid compartment [1, 
9]. Rises in plasma osmolality and potassium have in- 
deed been shown to occur during an oral glucose tol- 
erance test in insulin-dependent diabetics, but the ef- 
fect of the residual endogenous insulin on net cellular 
potassium transfer could not be assessed [2]. We 
therefore selected a group of untreated newly diag- 
nosed non-insulin-dependent diabetic patients in 
whom to study the effect of an oral glucose load on 
plasma potassium, in relation to serum insulin and 
mineralocorticoid responses. These parameters have 
not hitherto been measured simultaneously in such 
patients. 

Subjects and Methods 

Fourteen unselected and newly discovered diabetic 
patients and 14 normal volunteers underwent a glu- 
cose tolerance test. Informed consent was obtained 
from the subjects and approval from the Hospital 
Ethical Committee. In all the patients the diagnosis of 
diabetes mellitus was made on the basis of symptoms 
of polyuria and polydipsia, with a fasting plasma glu- 
cose level >6mmol/1  and at least two values 
> 11 mmol/1 during the glucose tolerance test. Sub- 
sequently, most of the diabetic patients were satisfac- 
torily controlled with a hypocaloric diet alone or with 
the addition of oral hypoglycaemic agents; none re- 
quired insulin treatment. All were normotensive, 
none were on salt-restricted diets or any drugs, and 
none had diabetic retinopathy or nephropathy. 
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Fig. 1. Plasma potassium changes during oral glucose tolerance 
tests in relation to serum insulin and mineralocorticoid responses. 
All values plotted are group means _+ SEM. � 9  - 0  normal sub- 
jects;  O - - - O  diabetic subjects. *p < 0.00l : significance of  differ- 
ence between values for both groups. � 9  < 0.01 ; �9 � 9  < 0.001 : 
changes from basal within each group. Serum DOC = deoxycorti- 
costerone;  PRA = plasma renin activity 

The diabetic group consisted of 12 men, aged 
28-78 years (mean 52 years) and two women, aged 41 
and 49 years. Eleven were Caucasoid, two were Asian 
and one was African. Five patients were within 20% of 
ideal body weight [10] and nine were obese (mean 
138% of ideal body weight, range: 126%-153%). 

Fourteen normal Caucasoid subjects on no medi- 
cation and having no known endocrine or renal dis- 
ease served as a control group. This group consisted 
of seven men, aged 25-53 years (mean 37 years) and 
seven women, aged 25-72 years (mean 35 years). Nine 
control subjects were within 20% of ideal body weight 
and five were obese (mean 145% of ideal body weight, 
range: 130%-177%). 

A conventional glucose tolerance test with 50g 
glucose in 200ml of water was given to each subject 
after a 12-h overnight fast and 30min of rest in a sit- 
ting position. Patients and control subjects were on 
'ad libitum' sodium intakes. Subjects sat upright 
throughout the test which began between 09.00 and 

10.00h. Blood samples were taken basally and then 
every 30min for 2h, through an indwelling needle. 
Serum insulin, aldosterone, deoxycorticosterone, cor- 
tisol and plasma potassium, glucose and plasma renin 
activity were measured. Blood for plasma potassium 
was immediately centrifuged and special care was 
taken to avoid any artefactual rise in plasma potas- 
sium levels resulting from haemolysis, venous stasis 
or muscular contraction. Plasma potassium was mea- 
sured by flame photometry, glucose by a glucose oxi- 
dase method using a Technicon autoanalyser, serum 
aldosterone and deoxycorticosterone by radioimmu- 
noassay without chromatographic purification [11], 
using highly specific antisera [12, 13]. Cortisol was 
measured by competitive protein binding [14], insulin 
by radioimmunoassay [15] and plasma renin activity 
using a CIS (Sorin) angiotensin I radioimmunoassay 
kit. The mean intra- and inter-assay coefficients of 
variation were 7.3% and 15.1% for aldosterone, 8.3% 
and I4.2% for deoxycorticosterone, 7.5% and 11.8% 
for insulin, and 8.1% and 12.5% for plasma renin ac- 
tivity. Statistical evaluation was performed using Stu- 
dent's 't-test for paired (within each group) and un- 
paired (between the two groups) data. 

Results 

There were marked differences in mean fasting plas- 
ma glucose levels between the groups (Fig. 1)" diabet- 
ic patients 11.8 ___ 1.3 mmol/1 and normal subjects 4.9 
+ 0.1 mmol/1 (mean _+ SEM). In the diabetics, the 
mean plasma glucose showed a rise from the fasting 
level to a peak of 18.2 ___ 1.4mmol/1 (p <0.001), 
whereas the normal subjects, as expected, had no im- 
pairment in glucose tolerance, the mean value rising 
to a peak of 7.1 + 0.5 mmol/1 at 30 min (p < 0.01) and 
falling to 4.9 _+ 0.4mmol/1 at 120min. 

The normal subjects and diabetic patients had 
similar basal plasma potassium values (3.9 + 
0.1 mmol/1). The diabetic group had a rise at 60 min to 
4.4 _+ 0.l mmol/1 and at 90min to 4.6 _ 0.1 mmol/l  
(p < 0.01 when compared with basal levels). All dia- 
betics but one had a plasma potassium rise after the 
glucose load. No significant changes were noted in 
the mean potassium values in the normal group. 
Significant differences were found in potassium 
levels at 60 and 90 min when the normal group was 
compared with the diabetic patients (p < 0.001 for 
each). 

The diabetic group showed a peak insulin value at 
60min of 34 _+ 8 versus 13 ___ 2mU/1 basally 
(p < 0.01), whereas in normal subjects the peak at 
30min was 43 + 6 versus 8 + l mU/l  basally 
(p < 0.001). When the subgroup of obese normal sub- 
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jects was analysed separately, results for all their para- 
meters studied appeared no different from the rest of 
the normal group, except for the insulin response at 
30min, when obese subjects had a peak insulin of 57 
+ 8 mU/1 and lean subjects 34 + 5 mU/1 (p < 0.05). 

Mean serum aldosterone levels showed a fall in 
both groups. In normal subjects it fell from a basal of 
398 + 35 to 244 + 19pmol/1 at 90min (61% of basal, 
p < 0.001) and in diabetics at 60min from 444 ___ 53 to 
327 + 34pmol/1 (73% ofbasal, p < 0.01). 

Serum deoxycorticosterone behaved in parallel to 
aldosterone with falls at 90min in normal subjects 
from 588 + 40 to 454 + 29pmol/1 (77% of basal, 
p < 0.01) and in diabetics from 635 + 50 to 504 + 
36pmol/1 (79% ofbasal, p < 0.01). 

Plasma renin activity showed no significant 
change in any of the groups studied, and serum corti- 
sol simply showed the normal diurnal rhythm. 

When all the points from the glucose tolerance test 
were used, weak positive correlations were found be- 
tween plasma potassium levels and plasma glucose 
concentrations in diabetics (n = 70, r = 0.35, 
p < 0.01), whereas in normal subjects the correlation 
between these two variables was negative (n = 70, r = 
-0.358, p <0.01). No significant correlation was 
found between insulin and potassium concentrations. 

Discussion 

The present study indicates that mildly diabetic pa- 
tients show a rise in plasma potassium induced by 
acute hyperglycaemia. This effect is probably initiat- 
ed by an osmotic redistribution of potassium from the 
intracellular to the extracellular fluid compartment [9, 
161. 

Most previous reports of severe impairment of po- 
tassium homeostasis in diabetics were based on insu- 
lin-dependent patients, already treated, in whom in- 
sulin measurements were obviously not possible [3, 5], 
and the majority of these patients had a co-existent 
hyporeninaemic hypoaldosteronism syndrome. 
Therefore it was thought that hyperglycaemia might 
induce alterations in transcellular potassium distribu- 
tion and lead to clinically dangerous hyperkalaemia 
only in the presence of a combined deficiency of insu- 
lin and aldosterone [1]. 

Of note in the present study is the demonstration, 
for the first time, that newly diagnosed diabetic pa- 
tients, none of whom had hyporeninaemic hypoal- 
dosteronism, had a defect in potassium homeostasis 
manifested by a prompt rise of plasma potassium in- 
duced by hyperglycaemia. The effect of insulin on the 
net cellular potassium uptake in peripheral tissues 
clearly depends on the serum insulin level achieved 

[17-19]; it is of particular interest that in Type 2 dia- 
betic patients with clear insulin responses to hyper- 
glycaemia, the plasma potassium showed a signifi- 
cant rise which contrasts with the lack of change seen 
in normal subjects. 

The rise in plasma potassium in Type 2 diabetic 
patients would thus seem to represent a relative 'end- 
organ resistance' to insulin-stimulated potassium 
transport. It may be similar to the insulin resistance 
which has been described for intermediary metabo- 
lism of carbohydrates in obese non-insulin-depend- 
ent diabetics [20, 21]. Obesity itself might be relevant, 
since the subgroup of normal obese control subjects 
may have been protected from the hyperkalaemic ef- 
fect by the higher insulin responses. The greater rise in 
potassium in our diabetics when compared with nor- 
mal subjects, is not simply due to the fact that the nor- 
mal subjects sustained a lesser rise in plasma glucose. 
Goldfarb et al. [1] raised the plasma glucose in normal 
subjects to high levels with intravenous infusions, yet 
found no rise in serum potassium; indeed they report- 
ed a fall which was attributed to the insulin response. 

It has been reported recently that an oral glucose 
load suppresses aldosterone levels, but without 
change in plasma renin activity, in normal children 
and adolescents [22]. Our data confirm this for adults, 
and we also show that similar, but not greater, sup- 
pression occurs in diabetics; in addition, deoxycorti- 
costerone is also suppressed. In the face of an increas- 
ing extracellular potassium concentration, this fall in 
mineralocorticoid levels, shown in the diabetics after 
oral glucose, would appear 'inappropriate'. It might 
be caused by potassium depletion in the adrenal 
glomerulosa cells, due to the osmotic effect men- 
tioned above. 

In conclusion, this study gives further evidence of 
the role of insulin in glucose-induced hyperkalaemia 
in untreated diabetics who are free of complications. 
It is highly suggestive that some form of tissue resist- 
ance to insulin-stimulated potassium uptake is pre- 
sent in Type 2 diabetes. 
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