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Summary. To assess the impact of Type 2 (non-insulin-de- 
pendent) diabetes mellitus on energy metabolism, 24-h en- 
ergy expenditure, basal metabolic rate and sleeping metabo- 
lic rate were measured in a respiratory chamber in 151 Pima 
Indians, 102 with normal glucose tolerance (67 male/35 fe- 
male, (mean + SD) 28 + 7 years, 99_+ 24 kg, 32 + 9 % body 
fat) and in 49 with Type2 diabetes (22 male/27female, 
35 + 11 years, 107 + 33 kg, 39 +_ 7 % body fat), after at least 
3 days on a weight maintaining diet. After adjustment for dif- 
ferences in fat-flee mass, fat mass, age and sex, 24-h energy 
expenditure, basal metabolic rate and sleeping metabolic 
rate were significantly higher in diabetic patients than in con- 
trol subjects (72 kcal/day, p < 0.05; 99 kcal/day, p < 0.005; 
99 kcal/day, p < 0.001 respectively). Spontaneous physical ac- 
tivity was similar in both groups whereas the thermic effect of 
food, calculated as the mean energy expenditure corrected 

for activity throughout the day above sleeping metabolic rate 
and expressed as a percentage of energy intake, was signifi- 
cantly lower in Type2 diabetic patients (17.1_+7.1 vs 
19.8 +_ 5.6 %, p < 0.05). Adjusted values of 24-h energy ex- 
penditure, basal metabolic rate and sleeping metabolic rate 
were correlated with hepatic endogenous glucose produc- 
tion (r = 0.22, p < 0.05; r = 0.22, p < 0.05; r = 0.31, p < 0.01 re- 
spectively). Therefore, increased basal and sleeping metab- 
olic rates, resulting in increased 24-h sedentary energy 
expenditure may play a role in the weight loss so often ob- 
served in Type 2 diabetic subjects in addition to the energy 
loss from glycosuria. 

Key words: Energy expenditure, Type 2 (non-insulin-de- 
pendent) diabetes mellitus, indirect calorimetry, obesity, 
body composition, hepatic glucose production. 

Obese subjects with Type2 (non-insulin-dependent) 
diabetes mellitus lose weight after the diagnosis of 
diabetes [1-3]. Weight loss may be due to weight reducing 
therapy or to caloric loss as glucose in the urine or both. 
Caloric restriction seems an unlikely mechanism for long- 
term weight reduction as most obese non-diabetic sub- 
jects are unable to maintain reduced body weight with diet 
therapy [4]. Urinary glucose loss might therefore be a 
more important cause of negative energy balance and 
weight loss in these patients. Another contributing cause 
of weight loss might be an increase in resting energy ex- 
penditure as observed in lean Type 1 (insulin-dependent) 
diabetic patients [5] and in obese Type 2 diabetic subjects 
[61. 

Resting metabolic rate, which is strongly correlated 
with body size and composition, accounts for approxi- 
mately 75 % of daily energy expenditure in sedentary 
adults [7]. Other components of daily expenditure such as 
thermogenesis and physical activity have a variable but 
significant impact on daily energy expenditure. Recent 

studies suggest a decreased thermogenic response to in- 
gestion or infusion of glucose in obese diabetic patients [8, 
9]. Also the level of spontaneous physical activity which 
accounts for a significant part of daily energy expenditure 
[10] can be altered in Type 2 diabetic patients. Studies ha- 
ve shown an increase in resting metabolic rate and a de- 
crease in the thermic effect of food in subjects with Type 2 
diabetes but no measurement of overall 24-h energy ex- 
penditure has been made in these patients. The potential 
for changes in daily energy expenditure which may contri- 
bute to weight loss was measured in subjects with Type 2 
diabetes in this study. 

We have tested the following hypotheses: (1) obese 
subjects with Type 2 diabetes have increased resting and 
sleeping metabolic rates resulting in increased daily ener- 
gy expenditure compared to obese subjects with normal 
glucose tolerance. This increase can account in part for 
weight loss. (2) The putative increased energy expendi- 
ture is associated with the severity of hyperglycaemia and 
the level of hepatic glucose production. 
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Subjects, materials and methods 

Subjects 

Between September 1985 and December 1990, Pima Indians were 
admitted to the metabolic research ward of the Clinical Diabetes and 
Nutrition Section of the National Institutes of Health in Phoenix, as 
part of an ongoing, longitudinal study of risk factors for the develop- 
ment of Type 2 diabetes and obesity. Volunteers have been restudied 
approximately once per year. On admission, subjects were in good 
health (apart from having diabetes or obesity or both) as assessed by 
a medical history, physical examination and blood screening. Sub- 
jects were fed a weight maintaining diet consisting of 50 % carbo- 
hydrate, 20 % protein, 30 % fat. None of the subjects was taking any 
medication. From this group, we selected a subgroup of 151 subjects 
who had either normal glucose tolerance or Type 2 diabetes accord- 
ing to an oral glucose tolerance test given after at least 2 days on the 
weight maintaining diet and according to the World Health Organi- 
zation criteria [11]. One hundred and two subjects (67 males, 35 fe- 
males) had normal glucose tolerance and 49 (22 males and 27 fe- 
males) had Type 2 diabetes. The physical characteristics of the 
151 subjects are listed in Table 1. Body composition was determined 
by underwater weighing with simultaneous determination of lung 
residual volume [12]. Body fat mass and fat-free mass (FFM) were 
calculated according to Keys and Brozek [13]. 

The studies were approved by the ethical committees of the Na- 
tional Institutes of Health and the Indian Health Service, and by the 
Gila River Indian Community. Informed consent was obtained from 
all the subjects. 

Energy expenditure measurements 

Twenty-four-hour energy expenditure (24EE) was measured in a 
respiratory chamber, which has been previously described [10]. 
Briefly, it consists of a sealed room through which fresh atmospheric 
air is continuously added. Fractions of the inflowing and outflowing 
air are sampled, dried by condensers in a 1 ~ refrigerator, filtered for 
dust, and analysed for CO2 and 02 concentrations. Spontaneous 
physical activity is continuously monitored in the chamber by two 
microwave radar detectors and expressed as the percentage of time 
during which motion is detected. 

After an overnight fast, each volunteer spent one day in the res- 
piratory chamber. Measurements were performed continuously for 
23 h from 08.00 to 07.00 hours the following day and then extra- 
polated to 24h. Sleeping metabolic rate (SMR) was defined as the 
average energy expenditure of all 15-rain periods between 23.00 and 
05.00 hours during which spontaneous physical activity did not ex- 
ceed 1.5 % of the 15 rain. At 07.00 hours, the chamber was opened 
and, with the subject still lying in bed, a plastic, ventilated hood was 
placed over the head. After adaptation to the hood for approximate- 
ly 15 rain, basal metabolic rate (BMR) was measured by connecting 
the hood system to the analyser equipment for 9-15 min. 

The thermic effect of food was calculated as the integrated en- 
ergy expenditure (after correcting for the effect of spontaneous 
physical activity by regression analysis) above the sleeping metabo- 
lic rate and expressed as the percentage of the energy intake as pre- 
viously described [14]. This value includes both the thermic effect of 
food and the energy cost of arousal. 

Reproducibility of energy expenditure measurements' 

To measure the reproducibility of the 24EE, B MR, SMR, thermic ef- 
fect of food and spontaneous physical activity measurements, 20 of 
the 151 subjects were studied a second time in the respiratory cham- 
ber at least 1 week but Iess than 1 year apart. The subjects were se- 
lected for maintenance of body weight (body weight change < 2 %) 
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Table 1. Physical characteristics of subjects (means _+ SD) 

Non-diabetic Diabetic p value 
subjects subjects (difference 
n = 102 n = 49 in means) 

Sex ratio (male/female) 67/35 22/27 

Age (years) 28 + 7 35 _+ 11 < 0.0001 

Weight (kg) 99 +_ 24 107 _+ 33 = 0.18 

Waist/thigh ratio 1.68 _+ 0.20 1.79 _+ 0.29 < 0.03 

Body fat (%) 32+9 39_+7 <0.0001 

Fat-free mass (kg) 66 _+ 13 64 _+ 16 = 0.32 

Fat mass (kg) 34 + 15 43 + 20 < 0.004 

Fasting plasma glucose 5.1 + 0.3 8.9 + 3.2 < 0.0001 
(mmol/1) 

2-h post-load plasma 6.3 + 1.0 16.2 + 4.0 < 0.0001 
glucose (retool/l) 

Fasting plasma insulin 37 + 19 67 + 33 < 0.0002 
(gU/ml) 

2-13 plasma insulin 155 + 112 296 + 244 < 0.01 
(gU/ml) 

and were fed a similar number of calories on both occasions 
(2450 _+ 410 vs 2525 _+ 457 kcal/day). 

Hepatic glucose production 

After at least 7 days on the metabolic ward, a two-step hyperinsuli- 
naemic, euglycaemic clamp was performed [15] on a subset of 
86 subjects (66 normal subjects, 20 diabetic subjects) as previously 
described [161. During the baseline period of this procedure, tracer 
amounts of [3JH] glucose were infused for 2 h to measure the post- 
absorptive rate of hepatic glucose production [17]. 

Statistical analysis 

The data are presented as means _+ SD except where otherwise indi- 
cated. Mean group effects were tested by non-paired t-test. Single 
and multiple regression analyses as well as analysis of co-variance 
were performed using the general linear model of the SAS Institute 
(Cary, NC, USA). 

The intraclass correlation coefficient and the coefficient of vari- 
ation were used to measure the reproducibility of the energy expen- 
diture measurements in the 20 subjects who were measured twice. 

In the diabetic subjects, the predicted metabolic rates were calcu- 
lated on the basis of the regression equation generated in the 
102 non-diabetic subjects using the individual's FFM, fat mass and 
sex for 24EE and SMR, and adding age (significant determinant) for 
BMR. 

Results 

The physical characteristics of the subjects are p resen ted  
in Table 1. The  sex rat io was approximate ly  2:1 in favour  
of males in the group with no rma l  glucose to lerance 
whereas  females exceeded males in the diabet ic  group. 
The  diabet ic  subjects were older  and  fatter  than the non-  
diabet ic  subjects, bu t  otherwise were similar for body 
weight and height. 
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Fig. 1. Reproducibility of 24-h energy expendi- 
ture, basal metabolic rate and sleeping metabolic 
rate measured in 20 subjects. The mean coeffi- 
dents  of variation are 2.8 % for 24-h energy ex- 
penditure, 5.9 % for basal metabolic rate and 
4.7 % for sleeping metabolic rate. The intraclass 
coefficient correlations are 0.98 for 24-h energy 
expenditure, 0.89 for basal metabolic rate and 
0.95 for sleeping metabolic rate 

Energy expenditure, glucose tolerance 
and glucose clamp measurements 

Repeated measurements were obtained in 20 subjects 
(12 male/8 female, 18 non-diabetic and 2 diabetic sub- 
jects, 29 +_ 6 years; at first examination: 104 +__ 27 kg, 
3 2 + 9 %  fat; at second examination: 105_+28kg, 
32 + 8%fat).  The mean coefficients of variation (CV) 
were 2.8 % (range 0.1-8.9) for 24EE, 5.9 % (0.7-12.1) for 
BMR, 4.7% (0.1-12.1) for SMR, 18.6% (1.0-50.6) for 
thermic effect of food and 19.9% (2.0-53.1) for sponta- 
neous physical activity measurements (Fig. 1). The intra- 
class correlation coefficient (rj) from one measurement to 
another, was 0.98, 0.89, 0.95, 0.43 and 0.35 for 24EE, BMR, 
SMR, thermic effect of food and spontaneous physical ac- 
tivity respectively. 

There was no significant difference between Type 2 
diabetes compared to non-diabetic subjects with respect 
to absolute values of 24EE (2454+550 vs 2404+ 
391 kcal/day respectively), BMR (1891 _+ 430 vs 1832 + 
306kcal/day) and SMR (1812+435 vs 1700+ 
316 kcal/day). The thermic effect of food was similar in 

both groups when expressed in absolute value (413 _+ 242 
vs 458 + 130 kcal/day) but lower in diabetic subjects when 
expressed as a percentage of energy intake (17.1 + 7.1 vs 
19.8 + 5.6 %, p < 0.05). The level of spontaneous physical 
activity was similar in the two groups (8.9+3.2 vs 
9.3+2.6%).  

By multiple linear regression analysis, the major deter- 
minant of energy expenditure was found to be FFM, ex- 
plaining 82 % of the variance in 24EE (p < 0.0001), 74 % 
of the variance in BMR (p < 0.0001) and 72 % of the vari- 
ance in SMR (p < 0.0001) (Table 2). A statistically sig- 
nificant additional effect of fat mass (p < 0.001), sex 
(p < 0.0001) and diabetes status (p < 0.05) explained an- 
other 5 % of the variance of 24EE (r 2 = 0.87) and 7 % 
of the variance in BMR 02=0.81). Only fat mass 
(p < 0.0001) and diabetes status (p < 0.005) had a signifi- 
cant additional effect as determinants of SMR explaining 
another 8 % of the variance (r 2 = 0.80). 

Figure 2 shows the relationship between 24EE, BMR, 
SMR and FFM. For most of the diabetic subjects, the mea- 
sured energy expenditure was higher than that predicted 
from the non-diabetic population, i.e. was above the re- 

Table 2. Multiple regression analyses between 24-h energy expenditure, basal metabolic rate, sleeping metabolic rate and fat-free body mass 
(FFM), fat mass (FM), age, sex and diabetes status 

Intercept FFM FM Age Sex a Diabetes status b r a 
(kcal/day) (kg) (kg) (years) 

24-h energy expenditure 
668 + 82 20.3 + 2.0 7.7 +_ 1.4 
(p < 0.0001) @ < 0.0001) @ < o.0001) 
Basal metabolic rate 
710 _+ 93 12.6 + 2.0 7.3 _+ 1.4 
(p < o.oool) @ < o.oool) (p < o.oool) 
Sleeping metabolic rate 
365 + 80 15.9 + 2.0 6.9 + 1.4 
(p < 0.0001) (p < 0.0001) (p < 0.0001) 

The values of the group-variable (sex) are for males in comparison 
to females with females equal to 0 kcal/day; 

+ 213 _+46 72+31 0.87 
(p < o.05) (p < 0.0001) 

- 4.0 _+ 1.6 + 232 + 45 + 99 _+ 31 0.81 
(p < 0.05) (p < 0.0001) r < 0.005) 

+ 88 • 45 99_+ 3o 0.80 
(p = o.o53) @ < o.o05) 

b The values of the group-variable (diabetes status) are for diabetic 
patients in comparison to non-diabetic subjects with non-diabetic 
subjects equal to 0 kcal/day 



756 

4000- 
0 

3500- 
0 

:5 3000- 

x ~ 2500- 

2000- 
c 

,- 1500. 
4 r 

3500- > ,  

"13 

3000- 
0 

2500- 
O 

O 
c, 2 0 0 0  

E 
-~ 1500 

r n  

24EE = 556 + 2 8  OFFM �9 

�9 R �9 �9 e � 9  �9 �9 

, . | 1 . 5  j ~  - 

40 50 60 7'0 80 9'0 100 
Fat - f ree  mass (kg)  

BMR = 437+21.1FFM 

e �9 �9 �9 

�9 �9 e l  

! �9 
i � 9  e �9 �9 

�9 0 

" -  5' ' 8 ' 40 0 60 70 0 90 

Fa t - f ree  mass ikg)  

~-~ 3 0 0 0  

0 & 
2500 

O 

2oo0- 

E 1500- 

"~i 1000= 

40 

100 

SMR = 3 0 2 + 2 1  2FFM , � 9  

�9 ; . . ' , ,  . f  

E;o § 80 9o 16o 
F a t - f r e e  mass (kg) 

Fig.2. Relationship between 24-h energy expenditure (upper 
panel), basal metabolic rate (middle panel) and sleeping metabolic 
rate (lower panel) and fat-free body mass in 102 non-diabetic sub- 
jects ( - - )  and 49 diabetic subjects ( �9  Individual data are pro- 
vided for diabetic subjects and the regression line is for the subjects 
with normal glucose tolerance 

gression line for the normal glucose tolerant subjects. This 
is more clearly shown in Figure 3 where mean values of 
the differences between measured and predicted energy 
expenditure are presented. The mean value for 24EE, 
BMR and SMR was significantly higher in diabetic than 
in control subjects (72 + 178 kcal/day, p < 0.05; 99 -+ 
185 kcal/day, p < 0.005; 99 + 171 kcal/day, p < 0.001) corre- 
sponding to 2.9 %, 5.2 % and 5.4 % of 24EE, BMR and 
SMR, respectively. 

Energy expenditure data were also compared with 
fasting plasma glucose, 2-h post-load plasma glucose and 
post-absorptive hepatic glucose production. Adjusted 
values of 24EE (r= 0.21, p <0.01), BMR (r=0.23, 
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p < 0.01) and SMR r = 0.16, p < 0.05) were positively cor- 
related to fasting plasma glucose, Similar relationships 
were found between 2-h post-load plasma glucose and ad- 
justed values of 24EE (r = 0.20; p < 0.01), BMR (r = 0.22, 
p < 0.01) and SMR (r = 0.21, p < 0.01). Plasma glucose 
area above fasting values during the oral glucose toler- 
ance test were also correlated with adjusted values of 
24EE (r = 0.22; p < 0.05), BMR (r = 0.22; p < 0.01) and 
SMR (r = 0.26,p < 0.01), suggesting that increased energy 
expenditure is associated with the degree of glucose intol- 
erance. Hepatic endogenous glucose production was cor- 
related with adjusted values of 24EE (r = 0.22; p < 0.05), 
BMR (r = 0.22;p < 0.05) and SMR (r = 0.31;p < 0.01). 

D i s c u s s i o n  

Previous studies have reported an increased resting me- 
tabolic rate but decreased thermic effect of food [6, 8, 9] in 
subjects with Type 2 diabetes. However, the resulting im- 
pacts of these two alterations on overall daily energy ex- 
penditure could only be speculated upon. This study dem- 
onstrates for the first time, in a larger number of subjects, 
that patients with Type 2 diabetes have higher 24EE, 
BMR and SMR than non-diabetic subjects, inde- 
pendently of differences in FFM, fat mass, age and sex. As 
often reported and also observed in this study, subjects 
with Type 2 diabetes are usually fatter than non-diabetic 
individuals. Therefore, we used multiple regression analy- 
sis to adjust for these differences between groups. The 
data confirm the results reported by Nair et al. [5] in lean 
Type 1 (insulin-dependent) diabetic subjects and by Bo- 
gardus et al. [6] who reported a 5 % increase in resting en- 
ergy expenditure of obese patients with Type 2 diabetes 
compared to control subjects. The 2.9 % higher sedentary 
24EE, might explain some of the weight loss occurring 
after the onset of Type 2 diabetes [1] in addition to the ef- 
fect of urinary energy losses. The thermic effect of food 
expressed as the percentage of energy intake was signifi- 
cantly lower in diabetic compared with control subjects. 
This observation confirms the findings of Golay et al. [18] 
who have shown a decreased thermogenic response to 
glucose ingestion in obese subjects with insulin resistance 
whereas the response was unaltered in young obese sub- 
jects without insulin resistance. In the present study, the 
significant lower thermic effect of food and the tendency 
for a lower level of spontaneous physical activity might ex- 
plain why 24EE was only increased by 2.9 % vs 5.4 % for 
SMR. 

The 72 kcal/day increase in 24EE observed in diabetic 
subjects could account for a maximum 2.8 kg fat loss per 
year or 3.4 kg of adipose tissue loss. After the onset of dia- 
betes, Knowler et al. [1] found a 3 kg weight loss in 62 Pi- 
ma Indians over 2 years. Changes in energy expenditure 
may therefore explain a part, if not all, of the weight loss 
occurring with Type 2 diabetes. Unfortunately, the 24EE 
measurement in a respiratory chamber does not include 
the energy cost of voluntary physical activity. It has been 
shown that diabetes was more frequent in physically inac- 
tive subjects than in their active counterparts in Fiji [19]. 
However, this relationship is not consistent across various 
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Fig. 3. Deviation from predicted values of en- 
ergy expenditure given as mean + SEM in 
49 diabetic ([]) compared to 102 non-diabetic 
(m) subjects. The predicted values were calcu- 
lated from the equation derived in the 102 non- 
diabetic subjects with fat-free mass, age and sex 
as determinants of energy expenditure. There- 
fore, mean values are 0 for the non-diabetic sub- 
jects. Values were significant in diabetic subjects 
at p < 0.01 

race and gender subgroups based upon a wider evaluation 
of the Pacific data [20]. Therefore, studies using the dou- 
ble labelled water method [21] to assess daily free-living 
energy expenditure including physical activity are needed 
before and after the diagnosis of Type 2 diabetes to fully 
understand the role of physical activity in the pathogene- 
sis of Type 2 diabetes and the importance of the change in 
energy expenditure in the weight loss following the onset 
of the disease. 

Increased rates of energy expenditure in Type 2 diabe- 
tes could result from one of several mechanisms: in- 
creased protein turnover [5], increased rate of glucose 
cycling [22], increased gluconeogenesis [23], increased 
plasma glucagon [24] or increased sympathetic nervous 
activity [25]. Nair et al. [5] reported increased rates of pro- 
tein synthesis and catabolism in subjects with poorly-con- 
trolled Type 1 diabetes. Protein synthesis is undoubtedly 
an energy-consuming process which may also be in- 
creased in Type 2 diabetes subjects [26], however, no data 
are available for this. 

The reasons for the increased hepatic glucose produc- 
tion observed in Type 2 diabetes remain unclear [27-31]. 
Increased hepatic output might be due to increased glyco- 
genolysis, increased gluconeogenesis or both. Felig et al. 
[23] found no significant difference in splanchnic uptake 
of the major gluconeogenic substrates (i.e. lactate, ala- 
nine and pyruvate) in Type 2 diabetes compared to non- 
diabetic subjects. Also, studies using conventional iso- 
topic approaches in Type 2 diabetes subjects, have not 
consistently shown increased Cori cycle [32-34] or glu- 
cose-alanine cycle activity [35-37]. The inadequacy of 
methods used to quantify gluconeogenesis has been a ma- 
jor obstacle in determining the mechanism of the increas- 
ed glucose output. Recently, Consoli et al. [38, 39] ap- 
plied a new isotopic approach [40] to assess the relative 
contributions of gluconeogenesis and glycogenolysis to 
the increased hepatic glucose production reported in 
Type 2 diabetes subjects. They found that most of the 
increase in hepatic glucose output was related to an en- 
hancement of gluconeogenesis. 

Several mechanisms might contribute to the increased 
hepatic glucose output in Type 2 diabetic patients. In vitro 
studies indicate that non-esterified fatty acids can activate 
key-gluconeogenic enzymes such as pyruvic carboxylase 
and fructose 1,6-diphosphatase [41]. Therefore, the high 
circulating non-esterified fatty acid plasma concentration 
usually found in Type 2 diabetes may lead to an enhanced 
gluconeogenesis [31, 42]. In addition, increased levels of 
gluconeogenic precursors (lactate and glycerol) have 
been documented in Type 2 diabetic subjects [23]. Finally, 
hyperglucagonaemia is characteristic of Type 2 diabetes 
[43] and has been shown to play an important role in su- 
staining increased rz~tes of hepatic glucose output [44]. 
Studies in dogs indicate that stimulation of glycogenolysis 
and gluconeogenesis are equally sensitive to glucagon 
[45]. In the context of insulin resistance with increased cir- 
culating non-esterified fatty acids and increased availa- 
bility of gluconeogenic substrates, there is a possibility 
that hyperglucagonaemia preferentially promotes gluco- 
neogenesis. 

Other hormones playing a role in the regulation of glu- 
coneogenesis, such as catecholamines and cortisol, may 
also contribute to the increment in energy expenditure. 
However, the discrepant observations showing that 
Type 2 diabetic subjects may have either lower or higher 
plasma concentrations of catecholamines compared to 
control subjects [4648] do not clearly demonstrate an in- 
creased activity of the sympathetic nervous system in sub- 
jects with Type 2 diabetes. 

Consoli et al. [38] also calculated [6] that increased glu- 
coneogenesis could account for more than half of the rise 
in metabolic rate found in Type 2 diabetes patients. Since 
it is known that gluconeogenesis is enhanced during the 
night, the significant increase in SMR in Type 2 diabetes 
subjects corroborates these findings. Thus, gluconeogene- 
sis might play a role in the increase in energy expenditure. 
Increased fasting hyperglycaemia in the diabetic subjects 
occurs as a result of both decreased insulin action and de- 
creased peripheral insulin concentrations. Bogardus et al. 
[31] hypothesize that one of the major results of these 
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changes  in insulin ac t ion  and  secre t ion  is i nc reased  flux of  
g luconeogen ic  subs t ra tes  to the  liver, l ead ing  to  i nc reased  
hepa t i c  glucose p r o d u c t i o n  and  p rogress ive  hyperg lycae -  
mia. 

In  summary,  24EE,  B M R  and S M R  in Type  2 d iabe t ic  
subjects  a re  h igher  than  tha t  of  non -d i abe t i c  subjects.  In  
add i t i on  to ca lor ic  loss f rom glycosuria ,  i nc reased  B M R  
and S M R  resul t ing  in inc reased  24EE,  m a y  p lay  an impor -  
tant  ro le  in weight  loss in Type  2 d iabe t i c  subjects .  The  in- 
c reased  ra te  of g luconeogenes i s  might  be  one  of  the  
mechan i sms  respons ib le  for  the  inc rease  in me tabo l i c  
rate .  
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