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Summary. The basal energy expenditure of 10 Type 1 (insulin- 
dependent) C-peptide-negative diabetic patients (2042+ 
62 kcal/24 b) was found to be significantly higher than the 
1774_+ 52kcal/24h predicted from their age, sex and body 
surface area (p < 0.01). Intravenous insulin treatment signifi- 
cantly reduced energy expenditure to 1728 + 19 kcal/24 h (p < 
0.01), which matched predicted values. The observed increase 
in metabolic rate in uncontrolled diabetic patients is associat- 
ed with increased protein turnover, increased plasma gluca- 

gon, but no significant increase in cortisol, growth hormone or 
triiodothyronine concentrations in plasma. It may be account- 
ed for by the energy cost of protein synthesis, or gluconeo- 
genesis, or possibly increased sympathetic activity. This in- 
creased energy expenditure will contribute to the weight loss 
seen in Type 1 diabetic patients. 
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In the early part of  this century, when calorimetry was a 
major  tool of  investigation of  metabolism in man, many  
workers measured metabolic rate in diabetic patients. 
The earliest documented  report  was that of  Pettenkofer 
and Voit [1] who found no increased energy expenditure 
in diabetic patients. Many  other animal and human  
studies during that period support  this finding [2, 3]. 
Benedict and Joslin [4] later reported that the oxygen 
consumption in diabetic patients expressed in terms of  
body  weight was 16%-21% higher than in normal  sub- 
jects. In reviewing this work, Lusk [5] criticised it on 
many points, and by recalculation of  the data con- 
cluded that the metabolic rate of  Benedict and Joslin's 
diabetic patients was only 5% above normal. Allen and 
Du Bois [6] also disagreed with Benedict and Joslin, 
specifically with the expression of  metabolic rate in 
terms of  body weight. When metabolic rate was ex- 
pressed in terms of  surface area the difference between 
diabetic and control subjects disappeared. They also 
criticised Benedict and Joslin for  not considering age in 
interpreting their data. In that pre-insulin period diabet- 
ic patients were emaciated and so Benedict and Joslin 
selected control subjects with low weight for  compari-  
son. Many of  them had a metabolic rate 10% or more 
below the normal average. It was pointed out that these 
underweight  subjects were likely to be malnourished,  
which that in itself would lower their metabolic rate [6]. 
There have been no conclusive studies on this subject 

reported in man. In dogs, pancreatectomy and the re- 
sulting diabetes did not affect the metabolic rate [3]. 

Many  of  the problems encountered by the pioneer  
workers in this area do not  apply today. Well-controlled 
diabetic patients with normal weight were chosen for 
this study. Their  metabolic rate was studied before and 
after insulin therapy to test the hypothesis that poor  dia- 
betic control results in increased energy expenditure. 
Such a study was accomplished conveniently by indi- 
rect calorimetry [7]. 

Subjects and methods 

Subjects 
Ten Type 1 diabetic patients (eight males, two females) were admitted 
to the metabolic ward after obtaining their informed consent for this 
study. The protocol was conducted according to the guidelines of the 
Northwick Park Hospital Ethical Committee. The protocol is re- 
viewed first by a scientific scrutiny panel, and then by a committee 
which considers the ethical aspect (i. e. the danger or inconvenience to 
the patient compared with the value of the information gained). After 
approval by both committees the procedure (including possible dan- 
gers) is explained to the patient in the presence of a senior member of 
nursing staff, who judges if the patient understands and consents. 
Clinical data concerning the patients are given in Table 1. Patient no. 8 
had early background retinopathy before insulin treatment was start- 
ed. There had been no change in this condition for several years. Pat- 
ient no. 10 suffered from moderate peripheral vascular disease. No 
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Tablel. Clinical details of the diabetic subjects studied (n=10) 
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Age Sex Weight Height Weight/height 2 HbAa~ Duration of Insulin 
(years) M: F (kg) (cm) (kg/m 2) (%) diabetes require- 

(years) ment 
(U/24 h) 

27,0+9.0 8:2 68.0+9.0 1 7 3 . 6 _ + 8 . 6  22.38_+2.31 10.4+1.9 10.0_+6.04 71.5_+23.1 

Observations expressed as mean • SD 
aNormal < 8.6% of total haemoglobin 

other subjects suffered from any vascular, renal or cardiac complica- 
tions at the time of the study. 

All subjects were on a weight-maintaining diabetic diet (250 g car- 
bohydrate + 30 kcal/kg ideal body weight) for several months before 
the study. Their insulin was changed to 6-hourly neutral soluble insu- 
lin for 72 h before the study and withdrawn the night before the study. 
All subjects were studied after an overnight fast. 

Methods 

The metabolic rate was measured continuously using indirect calo- 
rimetry [7] whose accuracy was tested before and after every study us- 
ing an alcohol lamp. The study was conducted in a thermoneutral en- 
vironment with the patient resting in bed. Two readings of metabolic 
rate were recorded every 15 rain, and continued until at least four con- 
secutive readings indicated a plateau. After plateau conditions for 
metabolic rate were achieved, six of the 10 patients (group A) each re- 
ceived an intravenous bolus dose (8 U) of soluble insulin, immediately 
followed by a constant infusion of insulin (4.8 U/h) for 3 h. The re- 
maining four patients (group B) did not receive insulin, but continued 
with an infusion of saline (0.154mmol/1) for an additional 3 h after 
plateau metabolic rate was achieved. The study was repeated on a 
subsequent day in group B patients when their diabetes was well con- 
trolled with insulin. In both groups, intravenous glucose was given 
whenever the blood glucose concentration fell to 4 retool/1 to prevent 
symptomatic hypoglycaemia. 

Blood glucose was monitored every 15 min using a reflectance me- 
ter (Reflomat, BCL Products, Lewes, East Sussex, UK). Blood sam- 
ples, taken before the insulin infusion was started and at 30-min inter- 
vals until the end of the study, were kept in ice and centrifuged within 
1 h. Plasma glucose and serum bicarbonate were measured on the 
same day by a Beckman Glucose 2 analyser (Beckman, Palo Alto, 
California, USA). Other plasma or serum samples were stored at 
-20  ~ until assayed for C-peptide, insulin, glucagon, growth hor- 
mone, cortisol, triiodothyronine and I~-hydroxybutyrate. 

Plasma C-peptide was assayed using a double antibody technique 
[8], using Guildhay C-peptide antiserum (Guildhay Antisera, Depart- 
ment of Biochemistry, University of Surrey, Guildford, Surrey, UK) 
and plasma glucagon using specific pancreatic glucagon antiserum 
[9]. Serum growth hormone was assayed using a human growth hor- 
mone radioimmunoassay kit (Serono Diagnostics, Slough, Bucks, 
UK), plasma cortisol using Guildhay radioimmunoassay kit, and se- 
rum triiodothyronine by a standard radioimmunoassay technique us- 
ing specific antiserum. 

Basal energy expenditure was calculated from the resting oxygen 
consumption (i. e. 1 liter 02 consumed = 4.825 kcal). Even though CO2 
production rate and respiratory quotient were measured, we did not 
use them for calculating energy expenditure. Insulin deficiency and 
the consequent metabolic changes could result in hypercapnoea 
which should be reversed by insulin treatment. Thus, under the condi- 
tions of this investigation COz production rate based on measure- 
ments of expired CO2 is likely to be erroneous. The observed change 
in respiratory quotient when insulin was given would cause an overes- 
timation of metabolic rate by about 3%. From the age, sex, height and 
weight, the basal energy expenditure for every patient was predicted 
from the Mayo Clinic Table [10]. 

Statistical analysis 

The significance of the difference between predicted and observed 
basal energy expenditure energy and that between energy expenditure 
before and after insulin treatment, were tested using Student's paired 
t-test. The significance of trends in metabolic rate with changes in hor- 
mone concentration was tested by linear correlation analysis. The de- 
gree of correlation of metabolic rate with diabetic control (based on 
the levels of bicarbonate and blood glucose) and plasma hormone lev- 
els was investigated. 

Results 

The  predic ted  basal  energy  expendi ture  for  the ten  dia- 
bet ic  patients was 1744 + 52 kca l /24  h (mean  + SEM)  
(Table 2). The  observed  energy expendi ture  in the un-  
cont ro l led  state for  g roups  A and  B c o m b i n e d  was 
2042 + 60 kca l /24  h, wh ich  was significantly h igher  than  
pred ic ted  (p<0 .01) .  G r o u p  A, hav ing  a t ta ined a meta-  
bol ic-rate  p la teau  for  at least I h, were given a p r imed  
con t inuous  in t ravenous  infus ion  o f  insulin and  glucose 
to ma in ta in  the p l a s m a  concen t ra t ion  above  4 m m o l / l .  
In fus ion  o f  the insulin significantly r educed  the meta-  
bol ic  rate ( p < 0 . 0 1 ;  Fig. 1). In  g r o u p  B the saline infu- 
sion did  no t  s ignif icantly alter the metabol ic  rate, b l o o d  
glucose level or  level o f  h o r m o n e s  measured .  

The  only  pat ient  whose  energy  expendi ture  in the 
poo r ly  control led  state was  no t  h igher  than  predic ted  
was  pat ient  no.  3 w h o  was  h y p o t h y r o i d  at the t ime o f  the 
s tudy:  se rum thyrox ine  was  3 n m o l / l  (normal  range 
60 -150  nmol / l ) ,  t r i iodo thyron ine  0.7 nmol /1  (normal  
range  0.9-3.11 nmol /1)  and  thy ro t roph in  was more  than  
20 ~tU/1. His energy  expendi ture  was r educed  f rom 
1958 to 1778 kca l /24  h after insulin t reatment .  This was  
lower  than  predic ted  for  h im  (1958 kca l / 24  h), as ex- 
pec ted  in a h y p o t h y r o i d  patient.  

The  severity o f  the diabetes can  be assessed by  h o w  
low se rum b ica rbona te  concen t ra t ion  is, and  the excess 
energy  expendi ture  by  the difference be tween  the ob- 
served and  pred ic ted  values. O n  this basis the more  se- 
vere the diabetes the greater  the excess energy expendi-  
ture  (p<0.001) .  There  is also a signif icant  corre la t ion 
be tween  the increase in energy  expendi ture  (observed - 
predic ted)  and  f l -hydroxybutyra te  levels (t9 < 0.01). 

The change  in metabo l i c  rate is c o m p a r e d  with 
changes  in p l a sma  g rowth  h o r m o n e ,  cortisol, t r i iodo- 
thyronine ,  g lucagon  and  glucose (Fig. 1). There  is a sig- 
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Table 2. Basal energy expenditure before and after insulin treatment, predicted basal energy expenditure, plasma glucose and serum bicarbonate 

Patients Predicted Before insulin treatment After insulin treatment 
basal energy 
expenditure Observed Plasma fl-hydroxy- Serum Observed a Plasma d fl-hydroxybutyrate 
(kcal/24 h) basal energy glucose butyrate bicarbonate basal glucose (retool/l) b 

expenditure (mmol/1) a (retool/l) b (mmo]/1) ~ energy (mmol/1) a 
(kcal/24 h) (kcal/24 h) 

Group 1 
1 1620 1732 13.1 - 18.0 1668 6.8 - 
2 1825 2165 23.0 1.17 21.0 1862 10.6 0.06 
3 2050 1958 23.1 4.5 24.0 1778 5.7 0.67 
4 1775 1908 15.6 - 26.0 1740 11.0 - 
5 1800 2120 22.4 23.0 1732 4.5 - 
6 1825 2319 22.3 18.0 1796 3.6 - 

Group2  
7 1725 1862 16.2 2.18 28.0 1604 3.7 0.068 
8 e 1460 2256 19.0 4.6 13.0 1763 3.4 0.086 
9 1800 2166 19.1 1.8 22.0 1960 3.4 0.064 

10 r 1560 1935 19.1 5.76 16.0 1385 3.4 0.124 

M e a n + S E M  1744+52 2042+60 19.3+1.1 3.34+0.76 20.9+1.5 1728_+49 5.8_+0.8 0.078+0.009 

Normal range 3.2-10 mmol/1; b normal range 1.7 --+ 0.2 (women) 0.9 + 0.2 mmol (men); c normal range 20-30 retool/1; d measured during steady 
state; e female patients 

nificant correlation between glucagon level and meta- 
310 bolic rate at each point measured (n=54, r--0.58, 

p< 0.01). The fall in glucose level reflects insulin action ~ 29o 
and this also is significantly correlated with metabolic "~ 
rate (n=20, r=0.76, p<0.01). Even though the mean ~ 270 
cortisol level fell with insulin treatment, the change was ~ 250 
not statistically significant. The plasma C-peptide level 
was below detectable limits in all the patients studied. 
There was a significant fall in fl-hydroxybutyrate on in- 
sulin treatment. 

Discussion 

We have demonstrated increased energy expenditure in 
poorly-controlled diabetic patients, as compared with 
their own energy expenditure while on insulin treat- 
ment or predicted energy expenditure from standard 
tables. This increased energy expenditure could con- 
tribute to the weight loss in poorly controlled diabetes. 

The increased energy expenditure was related to the 
degree of poor diabetic control judged by the bicarbon- 
ate concentration. However, even those diabetic pat- 
ients who had a normal bicarbonate had a higher meta- 
bolic rate than predicted. This suggests that it was not 
acidosis which increased the energy expenditure but the 
lack of insulin. 

Our measurement of different hormones demon- 
strated that only the plasma glucagon level had a signif- 
icant correlation with energy expenditure. This does not 
prove that glucagon is responsible for the increased en- 
ergy expenditure, but agrees with a report that glucagon 
increases oxygen consumption in rats [11]. Other hor- 
mones may also contribute to the energy expenditure. 
The action unopposed by insulin of all the catabolic 
hormones, especially catecholamine and cortisol, may 
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Fig. 1. Resting metabolic rate (oxygen consumption), plasma concen- 
trations of glucagon (Ik-------O), glucose (O O), cortisol, growth 
hormone ( O - - - - - O )  and serum triiodothyronine (Ts) (O O) in 
diabetic patients (group A) before ( -  30 rain, 0 rain) and after insulin 
treatment (30-180 rain) 

be important in this context. We have not assessed sym- 
pathetic activity in this study. Insulin withdrawal in dia- 
betic patients for 41 h was not associated with any ele- 
vation of catecholamines [12], but an increased end-or- 
gan sensitivity to catecholamines cannot be excluded in 
diabetic patients. We have demonstrated that in poorly- 
controlled diabetic patients there is increased protein 
breakdown and increased protein synthesis rate [13] and 
that these variables return to normal following insulin 
treatment [14]. Protein synthesis is undoubtedly an ener- 
gy-consuming reaction [15], and it is therefore reason- 
able to assume that at least part of the increased energy 
expenditure we have demonstrated can be accounted 
for by the observed increase in protein turnover. 
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Recently Ravussin et al. reported that during hyper- 
insulinaemic euglycaemic clamp in obese patients with 
Type 2 (non-insulin-dependent) diabetes/glucose intol- 
erance, the glucose/insulin infusion needed to maintain 
euglycaemia was accompanied by a decrease in basal 
energy expenditure [16]. This was in contrast with other, 
glucose-tolerant, obese and lean control subjects who 
increased their basal energy expenditure. They pro- 
posed that the greater fall in gluconeogenesis in obese/ 
glucose-intolerant patients exceeded the effect of glu- 
cose storage on energy expenditure in these patients. A 
similar explanation is relevant in our Type 1 diabetic 
patients. Increased gluconeogenesis may also contrib- 
ute to their increased energy expenditure. 

If poor diabetic control increases basal metabolic 
rate this may mask glucose-induced thermogenesis. 
Such an observation has been interpreted as a thermic 
defect and a possible contributing factor to obesity [17]. 
In view of the demonstration of greater basal energy ex- 
penditure both in obese diabetic patients [18] and in the 
Type I diabetic patients in this study, it is misleading to 
interpret the reduced thermic response to a glucose 
meal in obese diabetic patients as a thermic defect. 
Obese subjects of all categories have greater energy ex- 
penditure than controls [19]. 

In conclusion, this study has demonstrated that 
poor diabetic control results in increased basal energy 
expenditure. This observation may be related to in- 
creased protein turnover secondary to the action of 
counterregulatory hormones unopposed by insulin. In- 
creased gluconeogenesis and sympathetic activity may 
also contribute. This increased energy expenditure may 
account, at least in part, for the weight loss observed in 
poorly controlled diabetes. 
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