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Clinical diabedc nephropathy with proteinuria, hypertension and decline 
in renal function is a serious complication of  diabetes mellims. It tends to 
develop in 30-40% of  type I diabetic patients after 15-20 years of  diabetes ~, ~2 
Increased urinary albumin excretion without clinical proteinuria is considered 
to be a reliable indicator for the development of persistent proteinuria~8,% 
The change in albuminuria induced by an exercise test was ori~nally studied 
ten years ago in the search for early diagnostic methods'-'°,27. Since that time 
other authors have published their results which at times have turned out to 
be controversial ~,4,7, u, t~,_~,30. Nevertheless, the test revealed certain changes in 
albumin excretion and in systemic hemodynamics in the diabetic patients stu- 
died 9. The aim of  our study was to observe urinary albumin excretion rate 
(UAER), arterial blood pressure and blood glucose during the exercise in type 
I diabetic patients and in healthy subjects and to explore the relationship be- 
tween these parameters. 

MATERIALS ANq) METHODS 

In our study, 29 male type I (insulin-dependent) diabetic patients (age 
range 16-46 years) who had Heptaphan negative urine for proteinuria and 
normal serum creatinine concentration and 13 healthy subjects (age range 18- 
43 years) were examined. The diabetic patients were subdivided into two 
groups according to the resting UAER value determined in the two pre-exer- 
cise periods in supine position. Group A included t9 diabetic patients with 
normal resting UAER _< 16 ~zg/min; Group B included 10 diabetic patients 
with elevated resting UAER (16 < UAER < 126 ~zg/min). The cut-off point 
between normoalbuminuria and microalbuminuria is consistent with that of  
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glycosytated se rum 
age weight hemoglobin creatinine 

(years) (kg) (p.mol f/g Hb) (~mol/1) 

healthy su'gjecLs 13 31 74 3.7 
(22-36) (70-77) (3.1-4.2] 

87.3 
(79.8-106,9) 

diabetic patients 
with resting 19 30 73 7.2 96,4 
UAER ~ 16 at / rain (20-36) (65-77) (5.9-8.1) (87,3- 99,9) 

diabetic patients 
wkh resting 10 32 68 7.7 102 

18 < UAER < I26 ug/min (22-35) (64-80) (7.1-8.9) (80.9-108.5) 

Tab. 1 - Clinical characteristics o f  heal thy subjects and diabetic patients.  UAER = urinary" album- 
in excret ion rate, Median and  95% conf idence  limits are shown.  

There was no significant difference in age, weight and serum creatinine 
concentration between healthy subjects and both groups of  diabetic patients 
(tab. 1). Group B diabetic patients had longer duration of  diabetes but  the 
difference was not significant (tab. 2). The groups of  diabetic patients did not 
differ in age at onset of  diabetes, daily insulin dose and fasting serum C- 
peptide concentration (tab. 2)- The i4-h UAER was calculated as the arithmetic 
mean from at least three urine collections during normal daily physical activi- 
~'. Systolic (SBP) and diastolic (DBP) blood pressure were measured auscuka- 
torily during previous four check-ups by conventional sphygmomanometer  
with cuff attached to the right arm in sitting position after 10 rain rest. 

The exercise test - All subjects were studied as outpatients. They came to the 
hospital in the morning in a fasting state without having taken their morning 
insulin. While still at home they were asked to drink 0.5 l of  water and later 
continued drinking 0.3 1 of  water ever,/- 20 min in our laboratory'. The test was 
started once the steady state of  water diuresis had been  achieved~S. It was 
dMded  into six periods (every period lasted 20 rain): two pre-exercise resting 
periods, two exercise periods and two post-exercise resting periods. Every peri- 
od began ~qth water intake and finished with urine collection. All subjects 

duration onset daily fasting sermn mean fasting 
of diabetes of diabetes dose insalin C-peptide blood glucose 

(years) (years) (IU) (ng/ml) (mmot/1) 

diabetic patients 19 
6 with resting 

UAER <_ 16 pg/min (3-13) 

diabetic patients 
with resting 10 11.5 
16 < UAER. < 126 izg/min (6-17) 

20 56 0.09 10,3 

(15-28) (44-64) (0-0.25) (8.0-14.2) 

20 48 0.06 12.4 
(8-27) (44-68) (0-0.24) (6.3-15,4) 

Tab. 2 - Clinical characteristics o f  diabetic patients.  UAER = ur inary albttmin excre t ion  rate. 
Median  and  95% conf idence  limits are shown.  
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SBP DBP UAER2~ 
(mmHg) (mmHg) (mg/94h) 

diabetic patients 125 80 13.8 
with resting 19 
UAER < 16 btg/min (110-132) (73-86) (9,1-19.9) 

diabetic patients 
vAt_h resting 10 140 81 32.9* 
16 '< LIAER < 126 ,ug/min (t 18-148) (73-96) (14,2-50.4) 

Tab. .3  - Blood pressure  and  a lbuminuf ia  in diabetic patients d in ing  previous check-ups.  SBP, 
DBP = m e a n  systolic and  diastolic b lood  pressure  calculated as ar i thmetic m e a n  f rom four  pre- 
vious outpat ient  check-ups. UAER.,~ = mean  24-h urinary a lbumin excret ion rate calculated as 
ar i thmetic m e a n  f rom at least 3 ur ine  collections dur ing  no rma l  daily activity. Median  a n d  95% 
conf idence  limits are shown. *p<0.05. 

were exercised on an electrically cycling braked ergometercycle (Jaeger, FRG) 
in supine position with a work load of  75 W (450 kpm/min)  for 20 min and 
>dth a work load of  100 W (600 kpm/min) for 10 min (0-5 min and 10-t5 rain 
of  the second exercise period). They spent the resting periods in a sitting 
position. We changed the original exercise protocol of  MOGE~'SEN et al. 20 in the 
second exercise period due to the limited working capacity of  our diabetic 
patients. Immediately before and after exercise the venous blood sample for 
blood glucose assay was drawn. ;4alter completing the test, the diabetic patients 
ate and received their insulin dose. SBP and DBP during exercise were mea- 
sured auscuhatorily by conventional sphygrnomanometer with cuff attached to 
the right arm in supine position. We considered phase V for DBP. Blood pres- 
sure was monitored at 10 rain of  each resting period, at 5, 10, 15 and 20 min of  
the first exercise period and at 5 and 15 rain of the second exercise period. 
SBP and DBP during every exercise period were calculated as the arithmetic 
mean of  all values measured. Heart rate was monitored on cardiomonitor Tes- 
la Lg2vl 210, Czechoslovakia. The percentage value of  maximal heart rate in 
relation to age (% MHR) was calculated ~. 

,adl persons studied were informed and gave their consent. The test protoc- 
ol was approved by the HospitM Board. 

Laborato" U m e t hods  - Glycosytated hemoglobin was assayed by a spectropho- 
tometric method using 2-thiobarbimric acid (Lachema, Czechoslovakia). Blood 
glucose was determined by the enz}~nadc GOD method (Lachema, Czechoslo- 
vakia). Urinary albumin was assessed by a modified electroimnmnodiffusion 
method'S C-peptide was assayed by RL~ method (Biodata, Sweden) and serum 
creatinine by a kinetic reaction (Lachema, Czechoslovakia). 

Sta t i s t ica l  m e t hods  - For statistical analysis the Kruskal-Wallis test with Nero& 
nyi contrast testing and Friedman two-way analysis of  variance ~Jth Wilcoxon- 
Wilcox contrast testing were used. For estimation of  the relationship be~veen 
t~vo independent  variables, correlation coefficients were determined and be- 
tween independent  and dependent  variables regression coefficients were de- 
tetwnined. The approach to the biometFic design of  the experiments and to the 
statistical processing of  data is that of  M~E~-imcw;'~7 
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RESULTS 

Data obtained from previous ozLtpatient check-ups and in the resting state before exercise 

The groups of diabetic patients did not differ in the mean fasting blood 
glucose concenuation found at pre~ous four check-ups, in pre-exercise blood 
glucose concentration and in pre-exercise glycosylated hemoglobin concentra- 
tion (tabs 1, 2 and 4). Group B had a significantly higher mean 24-h UAER, as 
calculated from at least three urine collections during normal daily activity 
compared to group A (p<0.05) (tab. 3). 

The groups of  diabetic patients and healthy subjects did not  differ signifi- 
cantly in pre-exercise resting SBP and DBP, although these values were moder- 
ately higher in group B (figs 1 and 2). Neither could we find any significant 
difference be~veen the two groups of diabetic patients in mean SBP and DBP 
calculated as arithmetic mean from previous four outpatient measurements 
(tab. 3). Pre-exercise resting heart rate was higher in Group B compared to 
healthy subjects (p<0.05), however no difference of  this parameter was seen 
between the two groups of diabetic patients (tab. 4). 

Data obtained duri,ng the exercise test 

Maximal heart rate during the constant work load varied in diabetic pa- 
tients and in healthy subjects (tab. 4). However, there was no significant differ- 
ence between the two groups of  diabetic patients in % MHR, but  there was a 
difference between healthy subjects and both diabetic groups (p<0.001) (tab. 4). 

In our study UAER increased during the exercise test in the two groups of  
diabetic patients and in the healthy subjects as well. Group B showed the highest 
rise in UAER (fig. 3). The significant difference between healthy subjects and 
Group B in UA_ER remained on the same level (p<0.001) during the pre-exercise 
resting period and during the work load of  75 W and 100 W, but the difference 
between the two groups of  diabetic patients decreased with increasing work load 
(fig. 3). A significant regression was found between resting UAER (UAER-p) and 
its relative increase during exercise (AUAER) in Group B at the work load of  
75 W (r = 0.82, regression equation: zXU~A~ER = -16.5 + 2.05 " UAER-p, 95% 

resdng maximal pre-exercise post-exercise resting urine flow 
heai* rate heart ~ate % MHR blood glucose blood glucose urine flow at 100 W 

(beats/rain) (beats,/min) (mmol/t) (mmol/l) (rot/rain) (ml/min) 

healthy subjects 13 56 120 70 4.7 4.3 16 12.6 
(50-68) (110-132i (64-77) ( 4.4- 4.8) ( 3.9- 4.6) (13.5-I7.8) (10.4-15.2) 

diabetic patients 
with resting 19 62 152"* 82** 10.9 t3.8 12.5" 10.4" 
UAER--< 16 u.g/min (56-70) (140-162) (78-92) (7.9-18.9) (6.8-21.6) (9.5-14.5) (7.6-12.6) 

diabetic patients 
wir.h resdng 10 70* t52"* 83 *~ 15.5 16.6 11.2" 9.1" 
16 <_t.:AER<126 ,u.g/min (52-82) (140-162) (76-9i) (11.2-19.7) (10.9-21.9) (9.5-15.5) (4.4-11.6) 

Tab.  '4 - Hea r t  rate. b lood glucose and  u r ine  flow d u r i n g  t he  exerc ise  test in h e a l t h y  subjects  a n d  
in diabetic pat ients .  UAER = u r i n a l "  a l b u m i n  excre t ion  rate. % M H R  = % va lue  o f  m a x i m a l  
hea r t  rate in re la t ion to age. Med ian  a n d  95% con f idence  l imits a re  shown .  * S ign i f ican t  differ- 
ence  v s  h e N t h y  subjects p<0.05; ** Signif icant  d i f fe rence  v s  hea l t hy  subjects  p<0 .00 t .  
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Fig, 1 - Systolic blood pressure (SBP) during pre-exercise resting period and 75 W and 100 W 
work loads in healthy- subjects and in the two groups of diabetic patients, N = healthy- subjects; 
A = diabetics with resting UAER~I6 btg/min; B = diabetics with resting 16 < UAER <126 ag/ 
rain. Periods: p = pre-exercise rest; 75 W and 100 W = work loads of 75 W and 100 W. Median 
and 95% confidence timks are shown. 

conf idence  limits o f  regression coefficient: 0.9 - 3.2, p<0.01) and  at the work 
load o f  100 W (r = 0.75, regression equation: AL\kER -- 56.5 + 5.14 UAER-p, 
95/c~ conf idence  limits of  re~ 'ess ion coefficient 1.48 - 8.8, p<0.05). Highes t  UA- 
ER was observed dur ing the work load o f  e i ther  75 ~V or  100 W in 11 Group  A 
diabetic patients (58%) and  in all t0  Croup B diabetics. In the first post-exer- 
cise period,  7 Group A diabetic patients r eached  their  highest  va]ues o f  UAER. 
However,  these were almost identical with those at 100 Vv'. 

SBP and  DBP increased significantly in all gToups dur ing the exercise test. 
A significant di f ference was found  in SBP at the work load of  75 YV bebveen  
the wvo groups o f  diabetic patients (p<0.05) and  be tween heal thy subjects and  
Group B (p<0.001), bu~ only bewveen heal thy subjects and  Group B at the work 
load o f  100 W (p<0.00]) (fig. 1). Nine out o f  t0 Group B diabetics were found  
to have SBP equal  to or  exceeding  105 mmHg,  whereas only  6 out  o f  t9  Group 
A diabetics were found  to have these values. A sig-aiflcant d i f ference  in DBP 
was found  between heal thy subjects and  Group B patients at work loads o f  75 
W (p<0.0l) and  100 W (p<0.05) (fig, 21). 

T h e r e  was no  correlat ion between increase in SBP (&SBP) and  increase  in 
UA_ER fi'om resting to exercise values (AL~4.ER) in bo th  groups o f  diabedc 
patients at 75 W and  in Group B at 100 W. T h e  only correla t ion be tween  these 

219 



EX~ERCISE A L B U ~ I I N U R I A  A N D  BL O OD P R E S S U R E  IN  TYPE I DL-kBETKS 

parameters was found in Group A at the work load of 100 W (r = 0.53, 
AUAER = -1.67 + 0,05 " ASBP, 2xSBP = 49.59 + 6.16 • AUAER, p<0.05). 

Blood glucose did not change significantly in diabetic patients during the 
exercise test. The two groups did not differ in post-exercise blood glucose (tab. 
4). We found no significant COiTelation between post-exercise blood glucose 
and UAER at t00 W in any of the groups examined. 

DISCUSSION 

Physical exercise induces renal hemodynamic responses both in healthy 
subjects and in diabetic patients, namely' a reduction in glomerular filtration 
rate, a more marked reduction in renal plasma flow and therefore an increase 
in filtration fraction. Diabetics with significant increase in UAER provoked by 
exercise test revealed a filtration fraction significantly higher compared to 
healthy subjects ,~0. In another study, however, no difference in elevated filtra- 
tion fraction during resting state and exercise between diabetic patients with 
normoatbmninuria and diabetics with microalbuminuria was found 9. The in- 
crease in filtration fi-acdon is mainly due to an increase in transcapiltary hy- 
draulic pressure in the glomemli and therefore other factors determining per- 
meability of  the glomerular basement membrane (GBM) should be presem. A 
decreased content of  glycosaminoglycan heparane sulfate and sialic acid in 
GBM of diabetic humans and animals has been reported 6, 2~, ~2. The h}~othesis 
has been put forward that reduction in the anionic composition of  the GBM is 
the primary event responsible for loss of its charge selective properdes, lead- 
ing to selective increase in urinary albumin excretion. This abnormality of 
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Fig. 2 - Diastolic blood pressure (DBP) during pre-exercise resting period and 75 W and 100 W 
work loads in healthy subjects and  in the two groups of diabetic patients. For comments  see fig. 1. 
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Fig, 3 - Urina W albumin excretion rate (AU) during pre-exercise resung period and 75 W and 100 
W work loads in healthy subjects and  in the two ~-ou.ps of  diabetic patients. For details see fig. 1. 

GBM is assumed to be independent  of  mesan#al  accumulation, GBM thicken- 
ing and glomerular hemodynamics s. UAER reached the highest values almost 
in all our diabetics during the 100 W work load. Only few diabetic patients had 
their highest UAER in the first post-exercise resting period, the values being 
almost identical with those during exercise. In some previous studies, however, 
the highest UAER was observed mostly in the first post-exercise resdng period 
or during the work load and subsequent resting period ~z~°. This prolonged 
excretion of  albumin is explained by a washing-out effect. The filtered album- 
in is probably retained in the tubular system during exercise-induced low 
urine output and then increasingly excreted as a result of  a sudden rise in 
urine output at rest2L The difference in reported findings might be due to our 
modification of the test (urine collection in the second work load period was 
performed after a 5-rain rest), it could be speculated that the elevation of  
albuminuria induced by exercise occurs mainly in the first 5 rain of  rest, in our 
study included in the work load period. We found considerably decreased UA- 
ER in the first post-exercise resting period, while UAER in the second post- 
exercise resting period was almost on the same level as before the test. 

Healthy subjects increased their L'LM~R during the exercise. The findings 
are consistent ~-ith the observations in adolescents -"~, in aduh men 9 and in 
athletes ~L On the other hand, other authors did not find increased UAER in 
healthy teen-agers and adults during exercise ~.7 

We observed the highest response of  albuminuria to exercise in diabetic 
patients with elevated resting U\AER - a fact that confmned previous studies ~, t 
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It has been reported that there war no change in exercise-induced albuminu- 
ria in diabetic patients with basal normoalbuminuria with duration of  diabetes 
under 2 }'ears, whereas patients with longer duration of  diabetes showed in- 
creased response of albuminuria 3°. Other authors found no difference in UA- 
ER during submaximal and mammal work load between diabetic and healthy 
children ~. In our study, the difference in resting albuminuria between the 
diabetic groups decreased gradually depending on the work load performed. 
Thus, the values of  exercise-induced albuminuria did not entirely correspond 
to the resting values. The interpretation of results in diabetic patients who 'did 
not keep the rules of their own group' (e.g. those with resting normoalbuminu- 
ria who exhibited high values of exercise-induced albuminuria) is not yet 
clear. This is still to be clarified by a longitudinal study of our patients. 

Blood glucose did not significantly change during the exercise test, al- 
though a slight increase was observed in both groups of diabetic patients who 
were in a fasting state and did not receive their morning insulin dose. There 
was no correlation between blood glucose and UAER at the work load of 100 
W in either group. From the literature, no correlation was found between actu- 
al blood glucose and UAER and between UAER and glycosu~ia in diabetic 
childrenL On the other hand, short-term improvement of metabolic control 
decreased the albuminuric response to exercise in diabetic patients 7, ~. ~, 

Diabetic patients and healthy subjects in our stud}' did not differ in pre- 
exercise resting SBP and DBP and in mean SBP and DBP calculated from four 
previous outpatient measurements, which is in accordance with findings of  
another study ~°. In the study by Wis~,aN- et al. ~, there were significantly 
higher values of SBP and DBP in a high microatbuminuria group compared to 
a low micro~buminuria group and a control group, but the upper limit of  
albuminuria range in the former group was higher than in our Group B. The 
highest increase in SBP and DBP during exercise was observed in diabetic 
patients with microalbuminuria. However, no correlation between increase in 
SBP and increase in UAER could be found in the latter ~ o u p  of patients. 
Elevation of systemic blood pressure and increased transglomerular gradient 
do not seem to be the only factors determining the transport of  albumin 
through the GBM. Disturbed metabolism of glucids is likely to have a pro- 
found effect on the change of filtration properties in the glomerulus ~a 

The exercise test unmasked a higher reactivity of  SBP and DBP during 
exercise in diabetic patients with microalbuminuria. In spite of  the report that 
exercise-induced, abnormally raised SBP was not associated with later develop- 
merit of diabetic nephropathy 2~, we consider it important to detect and follow 
diabetic and non-diabetic patients with exaggerated blood pressure reactivity 
to exercise as early as possible. These subjects are likely to develop fixed hy- 
pertension later on~. The early and effective treatment of  hypertension is of  
crucial importance in reversing increased UAER and slowing down the pro- 
gression of diabetic nephropathy ~, 22 

Our study showed lower working capacity of  diabetic patients than that of 
comparable healthy subjects. 

The appropriate amount of exercise that should be recommended to dia- 
betic patients to increase their physical fitness must as yet be determined. We 
found exaggerated albuminuric response and hyperreactivity of blood pres- 
sure during exercise in diabetics with microalbuminuria. These are the factors 
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which in the long-term accelerate the prognession of diabetic nephropathy. In 
accordance with a previous study '-'9, we suggest that the diabetic patient with 
microalbuminuria should use only less strenuous exercises in regular training 
and avoid re~tlar  training of the intensity performed in our study. 

SUMM.a~RY 

Twenty-nine male type I diabetic patients (age range 16-46 years) and  thir teen heal thy men 
(age range 18-43 years) were exercised on a cycling ergometer  at 75 W and 100 W after having 
achieved a steady state of water diuresis. Diabetic patients were subdivided into Group A (n = 19, 
resting urina U albumin excretion rate - UAER ~ 16 ~.g/min) and  Group B (n = 10, 16 < resting 
UAER<I26 ~ag/min). The  ~ o u p s  were comparable in weight, serum creatinine, durat ion of dia- 
betes mad glycosylated hemoglobin. Group B showed the highest  elevation of UAER at the work 
load of  100 W, with no correlation between increase in UAER and increase in systolic blood 
pressure (SBP) at both work loads. The  only con-elation between these parameters was fotmd in 
Group A at the work load of 100 W (p<0.05). No correlation was fotmd between exercise UAER 
and  actual blood glucose in either group. The  difference in UAER between heahhy  subjects and 
Group B patients (p<0.001) remained on the same level during exercise as at rest, but the differ- 
ence between Group A and Group B (p<0.001) decreased x~dth increasing work load (p<0.05). 
The  highest exercise-induced systolic and diastolic blood pressure (DBP) was found in Group B, 
al though there was no  difference between the diabetic groups in pre-exercise blood pressure and 
in mean  SBP and DBP from prexdous outpatient check-ups. Blood glucose did not change si~fif- 
mantly during exercise in ei ther diabetic group. Working capacity of diabetic patients was lower 
than that of heahhy subjects. The  test revealed some diabetic padents with strong elevation of 
UAER and with abnormally raised systolic and diastolic BP during exercise. The  value of the 
findings reported is to be clarified in a fu~her  longitudinal study. 
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