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Summary. The study was performed to investigate the ef- 
fects of mild to moderate exercise on blood glucose levels, 
metabolite concentrations and responses of counterregula- 
tory hormones in tightly controlled Type i (insulin-depen- 
dent) diabetic patients treated by continuous subcutaneous 
insulin infusion, and to quantify the measures necessary to 
prevent acute and late exercise-induced hypoglycaemia. 
Seven male patients started a 60 rain exercise period 90 rain 
after an insulin bolus and a standard breakfast; they were 
monitored during a post-exercise resting period of 5 h 
30 min. Different basal and premeal insulin infusion rates 
were applied. (Near)normoglycaemia prevailed throughout 
the study during the control protocol when the subjects did 
not exercise and received their usual insulin dose. When 
they exercised without changing the insulin dose, four pa- 
tients were forced to stop due to hypoglycaemia. This effect 
of exercise could be attenuated but not completely avoided 
if the basal infusion rate of insulin was discontinued during 
the exercise period. The pronounced increase in catechol- 

amine and growth hormone concentrations during exercise 
were not sufficient to prevent hypoglycaemic reactions. Hy- 
poglycaemia during exercise could only be prevented when 
the premeal insulin bolus was reduced by 50% in addition to 
the discontinuation of the basal insulin infusion during exer- 
cise. In order to reduce late hypoglycaemic reactions after 
exercise the best measure proved to be a reduction of the 
basal insulin infusion rate by 25% during post-exercise 
hours. Administration of only 50% of the basal insulin infu- 
sion rate during this time was associated with blood glucose 
levels being raised up to 8 mmol/1. In conclusion, Type 1 
diabetic patients treated with continuous subcutaneous in- 
sulin infusion at (near)normoglycaemia need to reduce 
their insulin dosage before, during, and after mild to moder- 
ate endurance exercise in order to minimize the risk of acute 
and late hypoglycaemia. 

Key words: Exercise, Type 1 (insulin-dependent) diabetes, 
CSII, hypoglycaemia. 

Healthy subjects usually do not have to fear any metabolic 
complications during physical activity. Diabetic patients, 
however, are faced with the risk of exercise induced hypo- 
glycaemia or under certain conditions severe ketoacidosis 
[1]. Hypoglycaemia develops during physical activity be- 
cause the physiological glucoregulation, i. e. an increase in 
hepatic glucose production precisely matching the en- 
hanced fuel demands of the working muscle, is impaired in 
Type 1 (insulin-dependent) diabetic patients [2, 3]. The 
main reason for this defect in glucoregulation during exer- 
cise is the hyperinsulinaemia which usually prevails in in- 
sulin treated patients [4, 5]. The most logical measure to 
prevent exercise induced hypoglycaemia in diabetic pa- 
tients is to mimic the physiological reduction of insulin se- 
cretion occurring in non-diabetic subjects during exercise 
[6]. In patients with conventional insulin treatment this 
can be achieved by a drastic reduction of the insulin dose 
prior to or even after exercise as we [7] and others have 

shown [8] previously. As a consequence, certain guide- 
lines for prevention of exercise induced hypoglycaemia in 
patients on conventional insulin treatment have been pro- 
posed [6, 9]. 

In principle, patients with continuous subcutaneous 
insulin infusion (CSII) therapy should also follow guide- 
lines such as reduction of the insulin bolus in anticipation 
of postprandial exercise [10] and adaptation of the insulin 
infusion rate [11]. However, most previous studies on 
exercise and CSII [12-16] were performed to compare the 
metabolic and hormonal effects of exercise in patients on 
CSII therapy rather than to investigate measures to pre- 
vent exercise induced metabolic complications. In order 
to estimate the insulin dose reduction necessary to pre- 
vent acute and/or late hypoglycaemic reactions in CSII 
treated Type i diabetic patients with (near)normogly- 
caemia, we have studied the effects of various basal insulin 
infusion rates both with and without a reduced premeal in- 
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(Venofix, Braun Melsungen, FRG) inserted into the subcutaneous 
tissue of the anterior abdominal wall in a way that excluded intra- 
muscular infusion. 

Experimental design 
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Fig.1. Diagram of five different experimental protocols (PFPv) 
showing mealtime and modifications of exercise, basal insulin infu- 
sion rate (BR) and insulin bolus. (For further details see text) 

su l in  bo lu s  o n  g lucose  h o m e o s t a s i s  in  a g r o u p  of  C S I I  
t r e a t e d  d i abe t i c  pa t i en t s  p e r f o r m i n g  exerc ise  of  a d e f i n e d  
d u r a t i o n  a n d  in tens i ty .  

Subjects and methods 

Subjects 

Seven male, physically untrained, C-peptide negative Type 1 
diabetic patients treated with CSII were recruited from our outpa- 
tient clinic and volunteered to participate in the study after giving 
their written informed consent. The study was approved by the Ethi- 
cal Committee of the Medical Faculty of the University of Dttssel- 
doff according to the Declaration of Helsinki. Further clinical and la- 
boratory data are given in Table 1. Except for two patients with 
background retinopathy all patients were free of diabetic late com- 
plications as assessed by ophthalmoscopy, creatinine clearance, pro- 
teinuria and clinical examination. The patients were otherwise 
healthy and received no medication other than insulin. The patients 
had been on CSII treatment for 4 to 17 months and maintained nor- 
moglycaemia or near normoglycaemia as indicated by home blood 
glucose monitoring and HbA1~ levels (normal range 4.1-7.8%). The 
individual insulin doses are given in Table 1. Purified porcine regular 
insulin (Actrapid, Novo Industri, Copenhagen, Denmark) was in- 
fused using an Auto Syringe pump AS 6 C (Auto Syringe Inc., 
Hookset, New Hampshire, USA) via a 25 gauge metal tip catheter 

Each patient participated in five different protocols (P~-Pv) with an 
interval of at least 10 days between each experiment. Insulin infu- 
sion rates and exercise were varied in the five protocols as shown in 
Figure 1, while all other conditions were kept constant. All subjects 
started with P~ which served as the control experiment with the usual 
insulin dose but without exercise. PII-P~v were performed in random 
order, in PI~ the insulin rates were not changed and leg exercise was 
performed for 60 rain on a cycle ergometer, In P~H and P~v the basal 
insulin infusion rate was discontinued during exercise and there- 
after, insulin was infused at 100% (PHI) and 50% (P~v) of the initial 
basal rate until the end of the experiment. The results of the blood 
glucose concentrations obtained in these protocols led to the design 
of Pv. In this protocol the premeal insulin bolus was reduced by 50%, 
the basal rate was discontinued during exercise and insulin was in- 
fused at 75% of the initial rate during the post exercise period. 

Experimental procedures 

The patients reported to the laboratory at 07.30 hours after an over- 
night fast. Studies were initiated only if fasting blood glucose was in 
the normal range and no hypoglycaemic reactions had occurred dur- 
ing the preceding night. For this purpose the patients had to monitor 
blood glucose values at bed-time of the preceding day, at 
03.00 hours, and on the morning of the experiment. On arrival in the 
laboratory a 17 gauge teflon cannula was inserted into an antecubital 
vein for blood sampling, and was kept patent by infusion of NaC1 
(154 mol/1). After 30 min of resting in a supine position and with 
drawal of basal blood samples the patients administered the usual 
premeal insulin bolus (50% in Pv). The insulin dose varied among 
patients but was identical for all protocols, The patients ate a stan- 
dard breakfast 15 min later containing approximately 48 g carbohy- 
drate, 20 g fat and 20 g protein. The meal was consumed over a 
15 min period. Exercise was started 90 min after administration of 
the insulin bolus and continued for 60 min. The patients exercised on 
a vertical cycle ergometer (Conditronic 30, Keiper Dynavit, Rock- 
enhausen, FRG) allowing continous monitoring of pulse rate by a 
pulsemeter fixed to one ear lobe. On the basis of continously adjust- 
ing to the preset pulse rate of 110 to 120 per min the patients per- 
formed a workload of an average of 80 watt. The workload did not 
differ between the five protocols and corresponded to a calculated 0a 
intake of 1.3 l/rain which can be classified as mild to moderate exer- 
cise intensity [17]. The subsequent post-exercise period was 5 h 
30 min; thus the total experimental time span of each protocol was 
8 h and 20 min. Before and after exercise the patients rested in a 
supine position. Except for breakfast all subjects abstained from 

Table 1. Median and range of clinical data of seven Type i (insulin 
dependent) diabetic patients 

Age (years) 20 (15-31) 
Duration of diabetes (years) 9 (7-14) 
Body mass index (kg/m 2) 22.1 (20.6-24.0) 
Blood pressure (mmHg) 120/80 (110/60-140/90) 
Creatinine clearance (ml/min) 110 (90-125) 
Proteinuria (rag/24 h) 40 (18-101) 
HDL-cholesterol (mmol/1) 1.43 (1.17-1.72) 
Triglyceride (mmol/l) 0.70 (0.53-0.97) 
Insulin basal rate (U. kg- ~. 24 h) 0.32 (0.24-0.57) 
Insulin bolus (U/10 g CHO) 1.4 (1.0-1.5) 
Hba~c (%) 7.3 (6.6-8.0) 
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Fig.2. Blood glucose concentrations of continuous subcutaneous in- 
sulin infusion (CSII) treated Type t (insulin-dependent) diabetic pa- 
tients before, during and after mild to moderate exercise in the five 
different protocols. Curved arrows indicate time and number of pa- 
tients dropping out due to hypogtycaemia. Figures in brackets indi- 
cate number of patients continuing the protocol. Values are given as 
mean • SEM indicated by vertical bars 

food, caffeinated beverages and smoking throughout the experi- 
ment. An experiment was discontinued when blood glucose fell to 
2.5 mmol/l or less. The discontinuation of the basal insulin infusion 
during exercise was achieved by removing the battery from the in- 
sulin pump. 

Analytical procedures 

Thirty minutes after the insertion of the intravenous cannula, blood 
samples were taken for base-line measurements at -20, -15 and 
0 rain. Thereafter, blood samples were taken every 15 min for instant 
blood glucose measurements, using the Beckman Glucose Analyzer 
(Beckman Instruments, Fullerton, Calif., USA). At intervals indi- 
cated in all Figures and Tables additional blood samples were col- 
lected into chilled tubes. One portion of whole blood was immedi- 
ately added to ice-cold 2 N HC104, and the neutralized supernatant 
was assayed for pyruvate, acetoacetate and [3-hydroxybutyrate as 
previously described [1]. Serum lactate was determined by an enzy- 
matic-amperometric method [18]. Another portion of blood was 
transferred into chilled tubes containing EDTA-Na2 and aprotinine. 
After centrifugation plasma was frozen at - 20~ for later determi- 

Statistical analysis 

Results are expressed as means + SEM. For comparison within the 
same protocol, the paired t-test was used. Analysis of variance was 
used to compare the various test periods (base-line, meal, exercise 
and post-exercise) of the five protocols. Post hoc analysis for testing 
differences betweei~ two protocols was performed using the Duncan 
t-test. 

Results 

Blood glucose concentrations and serum free insulin levels 

In the control protocol, mean base-line blood glucose con- 
centration (Fig.2) was 6.1_+ 0.2 mmol/1. After insulin 
bolus administration, it fell slightly and was followed 
by a postprandial increase reaching a maximum of 
7.2 + 0.7 mmol/1 at 150 min. Thereafter, blood glucose de- 
clined continuously to a mean value of 4.3 + 0.6 mmol/l at 
480 rain. Comparing the five protocols, no significant dif- 
ferences were observed in base-line blood glucose con- 
centrations (F(4,29) = 0.59) and in mean values calculated 
over the postprandial period (15-90 min; F(4,29) = 2,18); 
however, the 90 min value in protocol Pv (9.0 + 1.1 
mmol/1) was significantly higher than in the other proto- 
cols (F(1,29) = 2.31;p < 0.05). 

A substantial decrease in the blood glucose concentra- 
tion was observed in all protocols during the second half of 
the exercise period. In protocol Pu four patients had to 
terminate exercise due to blood glucose values of 
2.5 mmol/1 or below. In the three patients who completed 
the protocol the blood glucose concentrations remained 
between 3.3 and 3.9 mmol/1 until the end of the study. In 
protocol Pro, only two patients had to interrupt the study 
during exercise due to low blood glucose concentrations. 
After exercise, glycaemia of the remaining five patients 
first rose slightly to a maximal value of 6.2 + 1.0 retool/1 at 
270 min and, thereafter, decreased to 5.0 + 0.7 mmo]/1 at 
480 rain. In protocol Pw, again two patients developed hy- 
poglycaemic values and had to interrupt exercise, whereas 
the post-exercise period of the remaining five patients 
who now received only 50% of their usual basal insulin in- 
fusion rate in accordance with the experimental protocol 
ended with a blood glucose increase to a maximum of 
8.4 _+ 1.2 mmol/1. Only in protocol Pv where the pre-meal 
insulin bolus - reduced by 50% - resulted in an elevated 
pre-exercise blood glucose level, no hypoglycaemia was 
observed. When a basal rate reduced by 25% was infused 
during the post-exercise period, glycaemia increased to 
8 .6+1.2mmoi/ i  at 360min and fell slightly toward 
8.0 + 0.9 mmol/1 at the end of the protocol. During the 
post-exercise period, blood glucose concentrations were 
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Fig.& Serum free insulin concentrations of CSII treated Type 1 
diabetic patients before, during and after mild to moderate exercise 
in the five different protocols. Symbols as in Fig. 2 

s ignif icant ly d i f fe ren t  b e t w e e n  the four  p ro toco l s  PH to Pv 
when  the  m a x i m a l  levels  of  e ach  p r o t o c o l  were  c o m p a r e d  
(F(3,15) = 3.55, p < 0.05). These  d i f ferences  were  ma in ly  
due  to low b l o o d  glucose  concen t r a t ions  in Pn and  e levat -  
ed  va lues  in P~v and Pv. 

U n d e r  con t ro l  cond i t ions  (P~), the  m e a n  base- l ine  con- 
cen t r a t ion  of  s e r u m  f ree  insulin was  89_+ 14.4pmol/1 
(Fig. 3); 30 min  af te r  admin i s t r a t ion  of  the insul in  bolus ,  
an increase  of insul in levels to  a m e a n  of  225 + 25.8 pmol/1 
occur red  which  was fo l lowed  by  a p l a t e a u  ove r  60 min  and 
by  a dec rea se  to  146.5 + 10.7 pmol/1 at  180 min.  T h e r e -  
after, m e a n  s e r u m  free insul in  fell  s l ightly and  cons is ten t ly  
reach ing  nea r ly  base - l ine  concen t r a t ions  at  480min .  
W h e r e a s  no s ignif icant  d i f ferences  b e t w e e n  the five 
p ro toco l s  were  o b t a i n e d  in base- l ine  insulin levels  
(F(4,29) = 0.65), the  increase  af ter  bolus  admin i s t r a t ion  
was s ignif icant ly  d i f ferent  (F(4,29) = 3 .77,p  < 0.05) which  
was caused  ma in ly  by  low values  in Pv in a cco rdance  wi th  
the  e x p e r i m e n t a l  p ro toco l .  In  PH the  con t inuous  adminis -  
t r a t ion  of  the  basa l  insul in ra te  dur ing  exerc ise  was associ-  
a t ed  with  a fu r the r  inc rease  of  s e rum free insulin in t h ree  
ou t  of  six pa t i en t s  dur ing  the  first 30 min  of  exercise.  In  
those  t h ree  pa t ien t s  who  were  able  to con t inue  exerc ise  
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wi thou t  hypog lycaemia ,  s e r u m  insul in  concen t ra t ions  in- 
c r ea sed  even  fu r the r  at  a r ange  two-  to t h ree fo ld  h igher  
than  the base- l ine  values  unt i l  the  end  of  the  study. In  
p r o t o c o l  Phi and  Pv, nea r ly  ident ica l  values  of f ree  insul in 
were  o b t a i n e d  af ter  exerc ise  when  c o m p a r e d  with  the  
con t ro l  p ro toco l .  T h e  last  3 h of  P~v were  cha rac t e r i zed  by  
low free  insul in concen t ra t ions  ranging  b e t w e e n  36 and  
59 pmol/1. C o m p a r i n g  the  insul in concen t ra t ions  of all five 
pro tocols ,  the  analysis  of  va r i ance  r e v e a l e d  signif icant  
d i f fe rences  in ma x ima l  and  m e a n  concen t ra t ions  be-  
t w e e n  the  p ro toco l s  over  the  pos t -exerc i se  p e r i o d  
(F(4,29) = 4.23, and  F(4,29) = 5.40,p < 0.05). 

Metabolic variables 

M e a n  pos t abso rp t i ve  b l o o d  concen t ra t ions  of  k e t o n e  
bod ies  ( a c e toa c e t a t e  and  ~ -hydroxybu ty ra t e ;  Table  2) 
were  at  209 and  249 gmol/1 respec t ive ly  in the  con t ro l  
p ro toco l  and  d id  no t  differ  s ignif icant ly  f rom the  va lues  of 
Pu to Pv. A f t e r  the  insul in  bo lus  and  b reakfas t ,  a dec rease  

Table 2. Mean • SEM blood concentrations of ketone bodies (ace- 
toacetate plus ~-hydroxybutyrate) expressed in Bmol/1 

Time PI PI~ PuI PIv Pv 
Min n =7 n =7 n =7 n =7 n =6 

-15  249_+ 29 201• 53 297+_108 167_+ 29 298• 
0 209_+ 20 221• 57 257-+ 91 176+ 35 275• 

30 141_+ 18 137_+ 19 176_+ 44 149_+ 15 237• 
60 170_+ 29 154_+ 18 207_+ 16 181_+ 12 198• 
90 133+- 25 143• 20 167_+ 17 159_+ 17 200• 

120 160i  21 143_+ 18 a 156_+ 25 190_+ 31 a 207_+17 
150 169_+ 32 140_+ 21 ~ 212_+ 48 b 162_+ 17 b 217• 
180 176• 44 137+_ 12 246_+111 174_+ 24 204_+29 
210 177_+ 46 103_+ 22 234_+ 73 264_+ 65 230• 
240 190+ 62 130_+ 12 334• 65 374+126 289_+56 
300 161+ 37 170+- 38 452-+105 558• 384_+77 
360 270-+ 93 203_+ 48 452_+118 556+_197 379_+65 
420 361_+134 307_+127 530_+139 514_+102 375_+65 
480 420_+167 397_+ 85 372+_112 472_+117 387_+51 

a 6; u 5; c 3indicatetimeofdropoutsandnumberofpatientswho 
finished the protocot 

Table 3. Mean _+ SEM serum concentrations of non-esterfied free 
fatty acids (gmol/l) 

Time P~ Pit Pin P~v Pv 
Min n =7 n =7 n =7 n =7 n =6 

-15  665-+ 61 683+ 83 653-+ 63 714+101 743+111 
0 646_+ 64 620_+ 70 662-+ 74 707+ 77 714+_118 

30 603_+ 51 622-+ 73 636_+ 80 685+ 66 704+106 
60 587_+ 63 553+ 58 625-+ 82 670-+ 80 669_+ 75 
90 608+ 83 620_+ 78 582+_ 71 622+_ 73 773_+153 

120 625+ 98 617_+ 61 a 589+ 52 656+ 78 a 734+109 
150 692-+ 94 551+_ 6@ 515_+ 67 b 733_+122 b 670+130 
180 698_+109 525+ 47 541-+ 68 775+142 642+123 
210 671+ 95 549_+ 87 612+ 49 836-+184 797_+132 
240 696+ 91 572• 67 696+ 41 969_+231 765_+127 
300 777+ 67 705_+ 70 738+ 57 1558_+214 833_+164 
360 781+- 85 707+ 21 676_+ 39 1059_+212 846_+170 
420 786_+ 67 784_+124 697_+441 1001-+168 860-+175 
480 927_+ 77 719_+111 710+ 77 1165+195 1012-+190 

a 6; b 5; c 3 indicate time of drop outs and number of patients who 
finished the protocol 
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Fig.4. Plasma adrenaline and noradrenaline 
concentrations of CSII treated Type 1 diabetic 
patients before, during and after mild to moderate 
exercise in the five different protocols. Plasma 
epinephrine ~---II; plasma norepinephrine 

of ketone body concentration was observed in all proto- 
cols. No significant changes were obtained during exercise 
and in the early post-exercise phase, from 240 rain on- 
wards, a consistent increase was seen similarly in all proto- 
cols. This increase was probably due to the ongoing ab- 
stention from food by the subjects and was found to be 
most pronounced in protocol PIv where in addition, the 
serum free insulin concentrations were in a low range. 

Mean serum concentrations of non-esterified fatty 
acids (NEFA; Table3) ranged between 620 and 
714 gmol/1 during the base-line period of all the protocols. 
Following exercise NEFA increased consistently in all 
protocols, reaching significantly higher levels at 480 rain 
as compared to base-line levels in PI and Pv (p < 0.01, 
p < 0.05). Base-line values of mean blood concentrations 
of pyruvate ranged between 60 + 10 and 80 + 9 gmol/1 in 
the different protocols. The pattern of pyruvate levels, 
seen throughout all the exercise protocols, was charac- 
terized by increases to maximal values at 60 min followed 
by a steady decrease to base-line levels at 240 min without 
further change. Under resting conditions blood lactate 
concentrations ranged from 0.9 + 0.1 to 1.1 + 0.1 mmol/1 

and, increased significantly by comparable amounts dur- 
ing all exercise periods in accordance with the moderate 
work load applied. 

Hormonal responses 

No differences between the five protocols were seen 
in base-line plasma concentrations of either norepine- 
phrine or epinephrine (Fig. 4). In P~, the mean norepine- 
phrine concentrations increased from 1.64+0.25 to 
2.4 _+ 0.2 nmol/1 (p < 0.05) within the first 30 min of the 
protocol and then returned to base-line levels at 90 rain. 
The early increase of norepinephrine during the initial 
30min was similar in all protocols. During exercise 
norepinephrine rose further reaching maximal levels 
at 150 rain and returned to base-line values thereafter. 
Plasma epinephrine concentrations starting at a mean of 
442 + 65.5 pmol/1 remained virtually unchanged 
throughout P~ but rose during exercise reaching maximal 
values at 120 and 150 min. These increases, however, were 
less pronounced than those of norepinephrine levels. 
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Fig.5. Serum growth hormone concentrations of CSII treated 
Type i diabetic patients before, during and after mild to moderate 
exercise in the five different protocols. Symbols as in Fig. 2 

After an initial decrease from base-line (range: 4.3 to 
6.3 btg/1) to 90 min values (range: 0.4 to 0.6 gg/1), mean 
serum growth hormone concentrations (Fig. 5) responded 
to exercise with an acute increase resulting in maximal 
values at the end of exercise (range: 8.2 to 11.9 btg/1). This 
increase was similar in Pu to Pv; thereafter, growth hor- 
mone concentrations declined to values in the range of 1.2 
and 3.4 t.tg/1. Plasma glucagon and serum cortisol concen- 
trations did not differ among protocols under basal condi- 
tions and did not increase during or after the exercise peri- 
ods. 

Discussion 

This study was performed to find an estimate of the insulin 
dosage adjustments necessary to prevent exercise induced 
hypoglycaemia in stable, (near)normoglycaemic Type 1 
diabetic patients treated with CSII. Their stable metabolic 
situation was documented by concentrations of metabo- 
lites and counterregulatory hormones being comparable 
to those of normal subjects [1, 22]. The nearly twofold rise 
of plasma norepinephrine and the less pronounced rise of 
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epinephrine during exercise were comparable to those ob- 
served in CSII-treated diabetic patients [23] and in non- 
diabetic individuals performing graded exercise [24]. As 
in normal subjects [1], serum growth hormone levels 
showed about an eightfold increase during exercise. 
These catecholamine and growth hormone responses are 
likely to be induced by exercise rather than by low blood 
glucose during exercise since the changes observed in Pv 
did not differ from those in the other protocols with lower 
levels of glycaemia. Mild to moderate exercise over 
60 rain was not associated with significant changes in plas- 
ma glucagon and serum cortisol concentrations indicating 
that one hour of moderate exercise does not stimulate se- 
cretion of these hormones. 

The results of our study demonstrate that CSII-treated 
Type 1 diabetic patients at (near)normoglycaemia are 
likely to develop hypoglycaemia if they perform mild to 
moderate endurance exercise one hour after a meal with- 
out changing the insulin infusion rate and/or the premeal 
insulin bolus. This effect of exercise on blood glucose con- 
centrations could be shown previously in CSII-treated pa- 
tients [12-16]. However, as in normal subjects blood glu- 
cose levels appear to rise in Type i diabetic patients after 
a short bout of exercise as shown recently [25]. The hypo- 
glycaemia in response to exercise varies partially depend- 
ing on the intensity and duration of exercise, the alimen- 
tary status of the patients and the time interval between 
meal and exercise. As in the present study, a sharp fall in 
glycaemia was observed after 20 to 40 rain of exercise 
started 90 min postprandially [12, 14]. When the patients 
began to exercise 2 or 3 h postprandially no significant de- 
crease of blood glucose levels could be found [16]. Exer- 
cising in the fasting state led to a strong blood glucose 
lowering effect in CSII treated patients in one study [15] 
whereas under similar conditions no significant changes in 
blood glucose concentrations were seen by others [13]. In 
none of these studies was the possibility of reducing the 
basal and/or premeal insulin infusion rates to prevent hy- 
poglycaemia during exercise considered. The need to re- 
duce the insulin dose in association with exercise has been 
shown already in conventionally treated patients [4, 8] and 
is further emphasized by our observation that catechol- 
amines and growth hormone responses to exercise were 
not sufficient to prevent the exercise induced hypogly- 
caemia. Also, no information has hitherto been provided 
regarding the occurrence of late hypoglycaemic reactions, 
since the post exercise observation periods were short 
(60-90 rain) and extended to 150 min in one study only 
[16]. 

The present results show that the risk of exercise-in- 
duced hypoglycaemia can be reduced by discontinuing the 
basal insulin infusion rate during exercise. However, this 
measure did not totally prevent acute hypoglycaemia. 
Any hypoglycaemic reactions during exercise in these pa- 
tients could be avoided by reducing the premeal insulin 
bolus in addition to interrupting the basal insulin infusion 
rate. After administration of the reduced insulin bolus the 
rise in serum free insulin levels was attenuated resulting in 
substantially lower serum insulin levels at the beginning of 
exercise as compared to all other conditions in this study. 
This reduced insulin concentration at the start of the exer- 
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cise was probably the main reason for the prevention of 
hypoglycaemia during exercise. It  is even possible that 
solely the reduction of the premeal  insulin bolus might 
have been sufficient to prevent hypoglycaemia during 
exercise in these patients. In daily life however, exercise 
may last longer than one hour and under such conditions it 
may be essential to stop the insulin infusion. In any case, 
patients planning to exercise within I to 2 h of a main meal 
for more  then 30 min should be advised to take both pre- 
cautions to prevent  acute exercise induced hypogly- 
caemia, i.e. reduce the premeal  bolus and interrupt the 
basal insulin infusion rate for the exercise period. If  pa- 
tients decide spontaneously to exercise within 1 to 2 h of a 
meal  and administration of the insulin bolus, they still 
have the possibility of interrupting the insulin infusion to 
reduce the risk of hypoglycaemia. Under  this condition 
hypoglycaemia during exercise may be prevented by con- 
sumption of additional amounts of carbohydrate  prior to 
and/or during the physical activity. 

Late-onset  hypoglycaemic reactions after physical ac- 
tivity are not uncommon in tightly controlled diabetic pa- 
tients [26, 27], as the enhancement  of insulin sensitivity 
extends beyond the exercise period [28]. Exercise per- 
formed during late afternoon or evening hours carries a 
particular risk of nocturnal hypoglycaemia. Therefore,  we 
have studied the effects of various basal insulin infusion 
rates for a period of 5 h 30 min after termination of the 
exercise. The infusion of the usually applied 100% basal 
rate after exercise was associated with blood glucose 
levels between 3.3 and 3.9 mmol/1 and high free insulin 
levels in those three patients who were able to finish the 
study without hypoglycaemia. When interrupted during 
the exercise period, this insulin infusion rate was associ- 
ated with normoglycaemia during the early post exercise 
period, while blood glucose tended to fall towards the end 
of the post-exercise period. The latter observation seems 
to be of particular importance if physical activity is per- 
formed during evening hours, which is likely to be the case 
with many  patients. As a consequence low blood glucose 
levels and even hypoglycaemia must be expected during 
the night if the insulin infusion rate is not changed after 
exercise. A reduction of the basal insulin infusion rate by 
25% after exercise was associated with stable near  nor- 
moglycaemia while a more  pronounced reduction of the 
infusion rate resulted in an undesirable deterioration of 
metabolic control. 

In conclusion, Type i diabetic patients t reated with 
continuous subcutaneous insulin infusion at (near)nor-  
moglycaemia need to reduce their insulin dosage before 
during and after mild to modera te  endurance exercise in 
order to minimize the risk of acute and late hypogly- 
caemia. This recommendat ion should provide guidelines 
to guarantee the safety of CSII- t reated subjects undertak- 
ing spontaneous physical activity during their everyday 
life. 
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