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Increased Glomerular Permeability to Albumin Induced by Exercise 
in Diabetic Subjects* 
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Summary. The urinary excretion of albumin was 
measured in insulin-dependent diabetics under ordi- 
nary conditions of life and in response to exercise. 
Possible mechanisms of exercise induced alburninuria 
in diabetics were also investigated. Under  ordinary 
conditions of lif6 the insulin-treated diabetics, as a 
group, had a higher mean urinary albumin excretion 
than normal controls; however, half of the diabetics 
had albumin excretion rates within the control range. 
A given exercise load (600 kpm/min for 20 min) pro- 
duced an exaggerated albumin excretion in diabetics, 
particularly evident in the post-exercise period. The 
elevated urinary albumin excretion was due to an 
increased transglomerular passage of albumin, not to 
reduced tubular reabsorption. The increase was not 
associated with differences in blood pressure or urine 
flow between controls and diabetics. This exercise 
test has proved to be a suitable provocation test to 
unmask abnormalities in the glomerular handling of 
albumin that might not be recognisable at rest. 

Key words: Diabetic nephropathy, albumin, flz-mi- 
croglobulin, exercise, hyperglycaemia, microan- 
giopathy. 

application of a sensitive assay for albumin revealed a 
significant increase in mean urinary albumin excre- 
tion in Type II diabetics newly detected in a popula- 
tion survey [1] and in newly diagnosed juvenile 
diabetics [2]. Findings in established, treated dia- 
betics are, however, variable; some authors have 
reported increased [3] and others normal [2] albumin 
excretion rates in diabetics without clinically detect- 
able proteinuria. Most studies of urinary albumin 
excretion in diabetics have been performed under 
comparatively basal, 'unstressed' conditions. Pro- 
vocative stimuli might be expected to bring to light 
minimal abnormalities of renal function and possibly 
unmask changes undetectable at rest. Thus, Mogen- 
sen [4] studied the urinary albumin excretion in 
response to exercise and found that a given exercise 
load produced an elevation of urinary albumin excre- 
tion rates in diabetics, but not in normal controls. 

We have studied the urinary albumin excretion in 
insulin-dependent diabetics without clinical pro- 
teinuria under ordinary conditions of life and in 
response to exercise and have also investigated the 
possible mechanisms of exercise albuminuria in 
diabetics. 

The specific renal complication of diabetes mellitus, 
diabetic nephropathy, usually becomes clinically 
manifest with the appearance of proteinuria, pre- 
dominantly albuminuria. In recent years investigators 
have concerned themselves with earlier changes of 
renal structure and function in diabetics without pro- 
teinuria as measured by standard clinical tests. The 

* Presented in part at the 12th Annual Meeting of the European 
Association for the Study of Diabetes, Helsinki, 1976 

Materials and Methods 

Nine healthy control male subjects and 16 insulin- 
dependent diabetic men, all without clinically evident 
proteinuria (i. e. negative to Albustix) were studied 
(see Tables 1 and 2). None had a history of renal 
disease; all had sterile urine on culture; all were nor- 
motensive. The diabetics were receiving insulin but 
neither they nor the control subjects were taking any 
other drug. None of the controls had a first degree 
family history of diabetes. None of the diabetics had 
either somatic or autonomic neuropathy as assessed 
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Table 1. Physical and clinical characteristics of control subjects 

Control Subjects 

Sub- Age Height Weight Body surface a Blood glucose b 
ject cm kg area m 2 mmol/l 

A 31 180 71.5 1.90 4.2 
B 38 178 75 1.92 4.0 
C 32 184 79 2.02 3.6 
D 24 163 65 1.70 5.2 
E 28 175 78 1.93 3.2 
F 44 172.5 68 1.80 3.7 
G 22 187 79 2.04 3.3 
H 22 173 62 1.74 4.0 
I 47 167.6 66.7 1.75 4.8 
J 29 190 76.2 2.02 5.0 

Mean 32 177 72 1.88 4.1 
+SD +-9 +8 +6 +_0.12 +0.7 

a Documenta Geigy. Tables Scientifiques. Sixth edition, p. 642. 
b Random post-breakfast sample taken in the morning of the 
exercise test. 
E Did not coUect the 24 hour specimen 
D Did not complete the exercise. Has been excluded from the 
exercise test 

Table 2. Physical and clinical characteristics of diabetic subjects 

Diabetic Subjects 

Subject 

K 23 175 65.4 1.80 14.9 15 64 
L 51 162 62.9 1.67 6.3 8 80 
M 28 182 70.6 1.91 23.8 12 68 
N 46 180 75 1.94 20.2 17 40 
O 20 170 60.5 1.70 23.1 11 76 
P 47 173 66 1.73 6.9 13 50 
0 25 168 64 1.72 18.2 15 68 
Q 29 182 79.7 2.01 16.9 1 132 
R 26 181 67.4 1.86 13.4 3 32 
S 24 182 64.7 1.83 7.0 10 64 
T 25 180 69 1.87 11.0 9 88 
U 21 180 78.5 1.98 11.3 5 72 
V 29 185 62.5 1.83 7.7 0.4 44 
W 49 175 78 1.92 15.3 23 48 
X 31 180 71.5 1.90 13.7 21 56 
Y 37 177 66 1.81 11.2 13 42 
Z 49 168 61 1.69 6.4 3 46 
Mean 33 176 68.3 1.83 13.4 10.5 

+-SD +11 _+6 +_6 +0.10 +_5.7 +_6 

a Documenta Geigy. Tables Scientifiques. Sixth edition, p. 642 
b Random post-breakfast sample taken in the morning of exer- 
cise test 
0 Did not manage the exercise. Has been excluded from the exer- 
cise test 
Q Did not collect the 24 h specimen 
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by standard clinical methods. Patients K, L, P, T, W 
and X had mild background retinopathy. Patients L, 
N, 0, R, S, X, Y and Z were on soluble insulin; N and 
T were on lente insulin and K, O, P, Q, U, V and W 
were on a mixture of quick and intermediate or long 
acting !nsulin. The physical and clinical characteris- 
tics of all subjects are listed in Tables 1 and 2. 

The 24 h collection of urine was made under ordi- 
nary conditions of life (i. e. at home or at work) usu- 
ally during the day preceding the exercise test. The 
diabetics were all studied as outpatients and came to 
the hospital for the exercise tests which were begun 
at approximately 9.00 am and were performed at an 
ambient temperature of about 20 ~ C. The experimen- 
tal conditions were kept as constant as possible since 
many environmental stimuli may influence renal 
function [5]. All subjects took their normal breakfast, 
avoiding tea or coffee, preceded in the diabetics by 
the usual morning dose of insulin. Fluid intake at 
home was not controlled, but subjects were asked n o t  
to drink after their breakfast. 

All the subjects studied exercised at the same rate 
- 600 kpm/min - sitting upright on a bicycle 
ergometer. This exercise load has been previously 
reported [4] as likely to produce different responses 
in normal controls and diabetics. In the selection of 
our subjects we tried to avoid extreme differences of 
'fitness'. All the diabetics were engaged in normal 
social, working and physical activities and we 
selected reasonably fit people who might be expected 

~to manage the exercise, which is moderately 
strenuous. 

On arrival at the laboratory the subjects voided 
completely and urine was then collected over the fol- 
lowing three periods: 

1. a one hour pre-exercise resting period in the 
sitting position immediately preceded and followed 
by a 300 ml drink of tap water. 

2. a 20 min exercise period on a bicycle 
ergometer. 

3. a one hour post-exercise period in the sitting 
position. 

Pulse rate and systolic B. P. were monitored every 
10 min during the exercise test, B. P. by conventional 
sphygmomanometry (diastolic blood pressure is 
grossly under-estimated when measured with an 
external cuff during exercise and was not taken into 
consideration [6]). 

The volume of each urine sample was measured 
and aliquots from each collection were stored deep 
frozen until analysis. A venous blood sample was 
drawn without stasis from an antecubital vein at the 
beginning of the resting period in all subjects for glu- 
cose determination. In 7 controls and in 10 diabetics 
creatinine concentration was also measured [7]; in 
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these same subjects a second venous blood sample 3-  
was taken 3 to 5 minutes after the end of the exercise 

E 
for a further plasma creatinine determination. E 
Creatinine concentration was also estimated in the 
resting and exercise urine specimens of these 7 con- -~ 
trois and 10 diabetics. The calculated creatinine 

2 
clearances were corrected to 1.73 m 2 body surface g 
area. Urinary albumin concentration was determined 
using a radioimmunoassay method, previously 
described [8]. Urinary /32-microglobulin was also _= 
measured by a radioimmunoassay [9]. Albumin and E= 

3:3 

fl2-microglobulin excretion rates were calculated ~ l -  
from the concentration and the timed urine volume. ~" 
Blood glucose was determined by the ferricyanide E 
reduction method modified for the Autoanalyser. = 
For statistical calculations the albumin and flz-mi- 
croglobulin rates were converted to log10 values 
because of their skewed distribution. Statistical ana- 0 
lyses were performed using parametric tests for 
paired and unpaired data. 

Results 

24 h Collection 

Urine flow (mean + SEM) was 1.3 + 0.2 ml/min in 
the coutrols and 1.4 + 0.1 ml/min in the diabetics. 
This difference was not statistically significant. Log- 
albumin excretion rates, shown in Figure 1, were sig- 
nificantly higher in the diabetics as a group (p < 
0.02), but 8 diabetics had excretion rates within the 
control range. No significant correlation was found in 
the diabetics between log-urinary albumin excretion 
and post-breakfast blood glucose, duration of dia- 
betes, presence of retinopathy and daily insulin dose. 
However, the diabetics with higher excretion rates of 
albumin tended to have higher glucose values and 
higher daily insulin doses. 

Exercise Test 

Tables 3 and 4 show the individual results of urine 
flow, creatinine clearance and albumin and fi2-mi- 
croglobulin excretion rate during rest, exercise and 
post-exercise periods in the controls and in the dia- 
betics, respectively. The diabetics were divided into 
two subgroups according to their resting urinary 
albumin excretion - group 1 with resting albumin 
excretion rates within the control range, group 2 with 
albumin excretion rates above the control range. 
There were no significant differences in levels of 
blood glucose and frequency of retinopathy between 
the two diabetic groups. Urine flow at rest was simi- 
lar in the controls and group 2 diabetics; although it 

o ~ 
K 

NLU 
V 

H W 
R D sM g 

F 
G~ J P 

Y 
r 

A 
I 

Controls Diabetics 

Fig. 1. 24-hour log. urinary albumin excretion rates in 9 controls 
and 16 diabetics 

was higher in group 1 diabetics the difference was not 
statistically significant. During exercise and in the 
post-exercise period urine flow fell sharply in the 
diabetics (p < 0.001 and < 0.005 respectively for 
group 1; p < 0.001 and < 0.01 respectively for group 
2), whereas it did not change in the controls. 

Creatinine clearance at rest did not differ be- 
tween the controls and the diabetics although it 
tended to be higher in group 2. During exercise it 
decreased in 6 out of 7 controls (p < 0.05). In the 
diabetics it decreased in 2 out of 6 in group 1 and in 
all 4 in group 2, though the mean changes were not 
statistically significant. No correlation was found be- 
tween changes in albumin excretion and changes in 
creatinine clearance during exercise. 

The log-albumin excretion rate did not change 
significantly in the controls during the exercise and 
post-exercise periods. By contrast, in group I diabet- 
ics it increased significantly during exercise (p < 
0.05) and particularly in the post-exercise period (p 
< 0.01). In group 2 diabetics the log-albumin excre- 
tion rate increased especially in the post-exercise 
period (p < 0.005); the increase during the exercise 
failed to reach statistical significance. Furthermore, 
the change in log-albumin excretion in the post-exer- 
cise period, compared with the resting values, was 
significantly greater in diabetics (p < 0.01 for groups 
1 and 2) than in controls (Fig. 2). The log-fl2-mi- 
croglobulin excretion rate was slightly, but not sig- 
nificantly, higher in the two groups of diabetics at rest 
compared with that of the controls. This small differ- 
ence disappeared during exercise, when /32-micro- 
globulin excretion rates did not change in the con- 
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J ~ Rest Post- Rest Post -  Rest Post-  
L 

exercise exercise exercise 

Controls Diabet ics D iabe t i cs  
group 1 g roup2  

Fig. 2. Changes in log. urinary albumin excretion rates in the post- 
exercise period in controls and in group 1 and 2 diabetics 
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Fig. 3. Changes in log. urinary albumin/flE-microglobulin ratio in 
the post-exercise period in controls and in group I and 2 diabetics 

trois and tended to decrease in the diabetics. These 
differences reached statistical significance in the two 
groups of diabetics in the post-exercise period (p < 
0.05). 

The calculated log-albumin/fi2-microglobulin 
ratio was significantly higher at rest (p < 0.005)  in 
group 2 diabetics compared with the controls. N o  
difference was found between controls and group 1 
diabetics. The exercise test produced, especially in 
the post-exercise period, a marked increase of log- 
albumin/fl2-microglobulin ratio in both groups of 
diabetics (p < 0.005 for group 1 and p < 0.01 for 
group 2) but not in the controls (Fig. 3). 
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Table 5. Mean (+ SEM) pulse rate and systolic blood pressure at 
rest and during exercise in controls and diabetics 

Pulse rate 

~9 

Systolic blood 
pressure 

09 

Controls 69 131 93 111 134 21 
(n = 9) +5 +7 +12 _+4 +4 _+4 
Diabetics 85 158 88 113 141 24 
(n = 16) _+3 _+4 _+5 _+2 _+3 _+2.5 
Level of 
Significance p<0.02 p<0.005 N.S. N. S, N.S. N.S. 

Both mean resting and maximal exercise pulse 
rates were significantly higher in the diabetics than in 
the controls, but the percent increase was similar in 
the two groups. The mean resting and the highest 
systolic blood pressure during exercise in the controls 
and in the diabetics did not differ significantly (Table 
5). The results are not different when the diabetics 
are considered as two separate groups. 

Discussion 

The data presented in Tables 1 and 2 show that the 
two selected groups we have studied were well 
matched as to their physical characteristics. Diabetics 
were controlled within conventional limits as demon- 
strated by the mean random post-breakfast blood 
glucose of 13.4 mmol/1. Their 24 hour urine volume 
was only slightly higher than that of the controls and 
none was ketonuric. The assumption made in this 
investigation, that the endogenous creatinine clear- 
ance approximated both the glomerular filtration 
rate (GFR) during rest and its relative change during 
exercise, is supported by the work of other authors 
[10, 11, 12]. Several practical problems are involved 
in the evaluation of GFR during exercise by any 
clearance method involving urine collections. The 
problems include low diuresis, the risk of incomplete 
emptying the bladder (even though voluntary sam- 
ples for men in moderate diuresis have been found to 
give accurate clearance values [5, 13]), and the rela- 
tively large methodological error for the clearance 
values from a single period collection. However, 
these do not invalidate the comparison between 
diabetics and controls. 

The 24 hour albumin excretion rate was higher in 
our diabetic subjects, as a group, although half had 
excretion rates of albumin within the control range. 
The diabetics with higher urinary albumin excretions 

did not differ significantly from the remainder, 
although the slightly higher daily insulin doses and 
blood glucose values might suggest a form of diabetes 
more difficult to control. These findings indicate that, 
at least under ordinary conditions of life, many 
diabetics have an elevated excretion of albumin, 
while remaining negative to Albustix. In a similar 
group of diabetics who were admitted to hospital and 
strictly controlled Mogensen [2] found that albumin 
excretion rates were within the normal range, the 
implication being that very good control and, 
perhaps, hospital admission as an additional factor, 
may correct the mild disorder of albumin excretion. 

Exercise induced proteinuria is a well recognised 
phenomenon [14, 15, 16], though the exact mechan- 
ism is unclear. Explanations offered include 
increased glomerular filtration pressure, decreased 
tubular reabsorption of protein and changes in 
glomerular permeability properties, but none at pre- 
sent are conclusively established. 

Our findings confirm previous reports [4, 17] that 
moderately severe exercise produces a greater 
increase of albumin excretion rate in diabetics than in 
controls, and that the increased albuminuria is par- 
ticularly evident in the post-exercise period. In the 
present study we have also made measurements of 
fla-microglobulin excretion rates as an index of tubu- 
lar function. More than 90% of the albumin filtered 
at the glomerulus is absorbed by the proximal tubule 
[18]; thus the exaggerated urinary excretion of albu- 
min in the diabetics during exercise could be due 
either to increased transglomerular passage, 
decreased tubular reabsorption or both. Glomerular 
and tubular proteinuria can be distinguished by 
simultaneous measurements of fl2-microglobulin and 
albumin excretion rates [19]. The former is charac- 
terised by increased urinary albumin excretion, 
associated with nearly normal fl2-microglobulin 
excretion, while tubular proteinuria is characterised 
by increased fl2-microglobulin excretion associated 
with normal or slightly elevated albumin excretion 
[19]. An increase in the albumin/fl2-microglobulin 
ratio may thus be accepted as index of glomerular 
proteinuria, while a decrease may be accepted as 
index of tubular proteinuria. There was no evidence 
of diminished tubular reabsorption of fl2-microglobu- 
lin during exercise and post-exercise periods, either 
in the diabetics or controls; in fact, its excretion rate 
tended to diminish, particularly in the diabetics. The 
higher resting albumin/fl2-microglobulin ratio in 
group 2 diabetics suggests that these subjects had an 
elevated glomerular permeability to albumin even at 
rest. The marked increase in albumin/flz-microglobu- 
lin ratio found only in the diabetics clearly demon- 
strates that the elevation in albumin excretion rate 
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produced by exercise is due to increased trans- 
glomerular passage of albumin. Thus the exaggerated 
albumin excretion in diabetics is characteristically a 
glomerular proteinuria. Our data also support other 
findings that tubular function is well maintained in 
insulin-treated non-proteinuric diabetics [20, 21]. 
Exercise is thus a suitable provocation test to unmask 
underlying glomerular abnormalities in the kidney of 
diabetics and the period immediately following the 
end of the exercise seems to be the best indicator of 
such abnormalities. 

Arterial hypertension is associated with increased 
urinary albumin excretion [22]. Blood pressure val- 
ues were normal at rest in our diabetic subjects and 
during exercise systolic pressures did not rise more 
than in the controls, independently of the duration of 
diabetes. Karlefors [6] also observed no excess rise in 
systolic blood pressures in short-duration diabetics 
during exercise. This was the only group in his study 
with normal resting blood pressure; the mid- and 
long-duration diabetic groups both had raised resting 
and exercise pressures. Our diabetic patients had a 
higher mean pulse rate than the controls both  at rest 
and during exercise. As they did not have any clinical 
evidence of autonomic neuropathy, this phenomenon 
may be ascribed to the insulin administration, for 
injection of insulin is known to significantly increase 
the pulse rate [23]. Moreover  the percent increase in 
pulse rate was similar in the two groups and no corre- 
lation was found between pulse rate and albumin 
excretion rate. It is, therefore, unlikely that an 
'abnormal '  cardiovascular response to exercise was 
responsible for the increase in urinary albumin excre- 
tion in the diabetics. Urine flow can affect urine pro- 
tein excretion [16, 24, 25, 26] and a positive correla- 
tion between urine flow and albumin excretion has 
been recently described [27, 28]. We chose to 
administer an amount of water known, from other 
authors' work [ 10] and from preliminary experiments 
in our laboratory, not to induce forced diuresis. 
While urine output remained constant in the controls 
it decreased in the diabetics, presumably because of a 
reduction in the filtered load of glucose (urinary glu- 
cose excretion decreased in all diabetics after exer- 
cise (data not shown)). Thus an increase in urine flow 
cannot account for the exaggerated urinary albumin 
excretion produced by exercise in the diabetics. 
Increased GFR, associated with increased filtration 
fraction, has been postulated [14] to reflect an 
increase in glomerular filtration pressure, which 
would lead to an increase in protein excretion rates in 
diabetics during exercise. On the basis of our results 
we cannot exclude this possibility. However,  
although creatinine clearance decreased significantly 
with exercise in the controls, but did not do so in the 

diabetics as a group, the available data are too few to 
draw conclusions and, furthermore, a correlation be- 
tween changes in albumin excretion and changes in 
creatinine clearance was not found. Whether  an ele- 
vated G F R in the diabetics during exercise might be 
responsible for the exaggerated urinary albumin 
excretion remains an open question. 

We did not find any correlation between duration 
of diabetes and albumin excretion rates, and the two 
diabetics of our group with a duration of diabetes of 
less than two years had, both at rest and after exer- 
cise, albumin excretion rates higher than the controls. 
These findings support the concept put forward by 
other investigators [21] that permeability properties 
of the glomerular membrane may be altered before 
thickening of the basement membrane can be 
demonstrated [29, 30]. However,  in diabetics with 
longer duration of disease the morphological changes 
could themselves be responsible for the altered per- 
meselectivity to albumin. 

The increased vascular permeability to albumin in 
diabetics present for some under ordinary conditions 
of life and for most under stress conditions, might 
contribute, as recently has been suggested [31], to the 
development of the structural changes which eventu- 
ally lead to diabetic nephropathy. 
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