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Summary 

Obesity in T1DM patients is associated with the components of 

metabolic syndrome. The influence of controlled fasting and low 

calorie diet (LCD) on insulin sensitivity and glucose metabolism 

was studied in 14 obese patients with type 1 diabetes mellitus 

(T1DM) (42.6±9.4 years, BMI 32.4±2.1 kg m−2). Insulin 

sensitivity in obese T1DM patients was measured using a 

hyperinsulinemic-euglycemic clamp before fasting, immediately 

after 7 days of fasting, and after 21 days of LCD. Glucose 

oxidation and non-oxidative glucose disposal were measured 

before and during the clamp by indirect calorimetry. In the 

control group of 13 of non-obese T1DM patients (36.9±13.9 

years, BMI 22.6±2.1 kg m−2), only one hyperinsulinemic-

euglycemic clamp was performed. Obese T1DM patients lost 

6.1±1.1 kg after fasting and maintained reduction in body weight 

after 21 days of LCD. Fasting transiently reduced insulin-

mediated glucose disposal in the clamp (from 9.69±1.48 to 

6.78±1.21 mg min−1 kg−1, P<0.001). This was caused by reduced 

glucose oxidation after the fasting period (from 2.81±0.52 to 

0.88±0.98 mg min−1 kg−1, P<0.001). We conclude that one week 

of fasting transiently decreased insulin-mediated glucose disposal 

in T1DM patients. This was caused by reduced glucose oxidation. 

Key words 

Type 1 diabetes mellitus • Obesity • Fasting • Low calorie diet • 

Insulin sensitivity 

Corresponding author 

František Musil, Department of Metabolic Care and Gerontology, 

University Hospital Hradec Králové and Medical Faculty Charles 

University in Hradec Králové, Sokolská 581, 500 05 Hradec 

Králové, Czech Republic. Fax: 420 495832001. E-mail: 

musil@fnhk.cz 

Introduction 

The prevalence of obesity in T1DM patients is 
growing and is associated with the components of 
metabolic syndrome and cardiometabolic risk (Libman et 
al. 2003, Szadkowska et al. 2009, van Vliet et al. 2010). 
The clinical significance of obesity in T1DM patients is 
associated with higher incidence of vascular disease and 
related complications (Chillarón et al. 2009, Kilpatrick et 
al. 2007, Yip et al. 1993).  

Obesity can elicit insulin resistance and 
contribute to metabolic syndrome (the pathophysiology 
of which is based on insulin resistance) in genetically 
susceptible individuals. Studies suggest that the increase 
in body mass index (BMI) and the consequent insulin 
resistance (IR) may accelerate the β-cell destruction 
process in individuals predisposed to T1DM, due to the 
release of obesity-related cytokines that show 
inflammatory and/or immunomodulatory properties 
(Aldhahi and Hamdy 2003), triggering diabetes. The IR, 
autoimmunity and apoptosis of the β-cells constitute the 
three factors of the so-called “accelerator hypothesis”, 
proposed by Wilkin (2001).  

A recent study has demonstrated that about 15 % 
of people with T1DM have metabolic syndrome as 
defined by the WHO criteria (McGill et al. 2008). This 
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finding implies that T1DM subjects have the same risk of 
metabolic syndrome as the non-diabetic population from 
which they are derived (Alexander et al. 2003). The 
relation between obesity and metabolic syndrome may 
explain the greater risk of micro- and macrovascular 
disease in obese T1DM patients.  
 Intensive insulin therapy, which is now widely 
used to treat T1DM, on the one hand prevents 
microvascular and macrovascular complications 
associated with poor glycemic control, but on the other 
hand is associated with an increase in body weight 
(DCCT Research Group 1995). Insulin stimulates 
lipogenesis, inhibits protein catabolism, and slows basal 
metabolism. The classically normal-weight or 
underweight phenotype of T1DM individuals is thus 
changing. In a follow-up over 18 years of 589 subjects 
from the cohort of childhood-onset T1DM in the 
Pittsburgh Epidemiology of Diabetes Complications 
Study (EDC), it was found that there was an increase in 
the prevalence of overweight by 47 % (from 28.6 % at 
baseline to 42 %) and of obesity by sevenfold (from 
3.4 % at baseline to 22.7 %), concomitantly with the 
highest prevalence of intensive insulin therapy – 7 % at 
baseline and 82 % after 18 years were on intensive 
insulin therapy (≥3 insulin injections per day or on insulin 
pump) (Conway et al. 2010). 
 Reduction of body weight in obese T1DM 
patients is difficult and is associated with an increase in 
the frequency of hypoglycemia (Jacobsen et al. 2009). 
Adjustments to insulin dose and carbohydrate intake are 
necessary to reduce the risk of hypoglycemia during body 
weight reduction (Chokkalingam et al. 2007). Patients 
need to be active with their diabetes management to 
accommodate a reduction diet and planned exercise 
(Kemmer 1992). Controlled fasting in a hospital setting 
with subsequent home low calorie diet can be a method 
of choice in the treatment of obesity in patients who were 
not previously able to reduce their body weight. In a 
group of obese patients with T2DM, previous research 
has shown a decrease in insulin sensitivity after fasting 
(Duška et al. 2005). The effect on insulin sensitivity of 
fasting in obese T1DM patients has not yet been studied. 
The aim of our study was to explore the influence on 
insulin sensitivity of 7 days of fasting followed by 
21 days of low calorie diet in obese patients with T1DM. 
We used a hyperinsulinemic-euglycemic clamp method 
with two levels of hyperinsulinemia, combined with 
indirect calorimetry performed before and after the 
periods of fasting and low calorie diet. 

Materials and Methods 
 
Subjects 
 We recruited 14 obese, C-peptide-negative 
patients with T1DM (9M+5F, aged 42.6±9.4 years, 
height 1.74±0.07 m, weight 97.4±11.8 kg, BMI 32.4±2.1 
kg m−2). The mean duration of diabetes was 19.6±12.5 
years. Four patients were on a multiple daily injections 
insulin regimen, and 10 were on continuous subcutaneous 
insulin infusion therapy. Patients had no history of 
cardiovascular disease, chronic renal failure, or other 
chronic conditions that would preclude the ability to fast 
for 7 days. Six obese T1DM patients had history of 
nonproliferative retinopathy, four patients had history of 
sensory neuropathy, and three patients had history of 
microalbuminuria. Arterial hypertension was present in 
10 obese T1DM patients. Two obese T1DM patients had 
history of hyperlipidemia and were treated with lipid-
lowering agents. Metabolic syndrome defined according 
to criteria for clinical diagnosis of the metabolic 
syndrome (Alberti et al. 2009) was present in 10 obese 
T1DM patients. Controls: We recruited 13 non-obese C-
peptide-negative patients with T1DM (8M+5F, aged 
36.9±13.9 years, height 1.76±0.11 m, weight 69.4±10.1 
kg, BMI 22.6±2.1 kg m−2). The mean duration of diabetes 
among the non-obese T1DM patients was 11.8±6.0 years. 
Four non-obese patients were on a multiple daily 
injections insulin regimen, and nine were on continuous 
subcutaneous insulin infusion therapy. Non-obese T1DM 
patients had no history of cardiovascular disease or 
chronic renal failure. Six non-obese T1DM patients had 
history of nonproliferative retinopathy, four non-obese 
T1DM patients had history of sensory neuropathy, and 
three non-obese T1DM patients had history of 
microalbuminuria. Arterial hypertension was present in 
four non-obese T1DM patients. Three non-obese T1DM 
patients had history of hyperlipidemia and were treated 
with lipid-lowering agents. Metabolic syndrome defined 
according to criteria for clinical diagnosis of the 
metabolic syndrome (Alberti et al. 2009) was present in 
2 non-obese T1DM patients. There was no significant 
difference between the patient groups in age, duration of 
diabetes, or glycated hemoglobin. Written informed 
consent was obtained from all patients. The study was 
approved by the local ethics committee. 
 
Study design 
 Two days prior to the beginning of the fasting 
period, the patients were admitted to the diabetes ward 
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and placed on a standardized diabetic diet containing 
225 g of carbohydrates and 7400 kJ. One day prior to the 
beginning of fasting we performed a hyperinsulinemic-
euglycemic clamp. After the clamp, patients fasted for 
7 days. During the fasting period, patients were only 
allowed to drink water or sugar-free beverages. Patients 
were supplemented with potassium (40 mmol/day), 
ascorbic acid (100 mg/day) and vitamin B complex 
(thiamine 15 mg/day, riboflavin 15 mg/day, pyridoxine 
10 mg/day, niacin 50 mg/day). Patients received only a 
basal insulin dose. The dose of basal insulin was changed 
according to the glycemia. β-Hydroxybutyrate 
concentration was measured together with glycemia using 
blood from a fingerprick test and analyzed by a bedside 
analyzer, the Precision PCx (Abbott Laboratories, Abbot 
Park, USA). β-Hydroxybutyrate concentration was 
measured only during the fasting period. On the eighth 
day of the testing period, we repeated the 
hyperinsulinemic-euglycemic clamp, after which patients 
started with a standardized low calorie diabetic diet 
containing 150 g of carbohydrates and 5000 kJ. Twenty-
one days after the start of the LCD period, patients were 
admitted to the diabetes ward again, and the third 
hyperinsulinemic-euglycemic clamp was performed. In 
the group of non-obese T1DM patients, only one 
hyperinsulinemic-euglycemic clamp was performed. 
 
Hyperinsulinemic-euglycemic clamp 
 All studies were performed after an 8- to 10-
hour overnight fast. The two-step hyperinsulinemic-
euglycemic clamp, lasting 6 hours (period 1: 0 to 
120 min; period 2: 120 to 360 min) was conducted as 
previously described (DeFronzo et al. 1979). Briefly, a 
Teflon cannula was inserted into the left antecubital vein 
for infusion of all test substances. A second cannula was 
inserted in a retrograde fashion into a wrist vein of the 
same hand for blood sampling, and the hand was placed 
in a heated (45 °C) cover to achieve venous blood 
arterialization. A stepwise primed-continuous infusion 
(1 and 10 mU/kg/min of Humulin R, Eli Lilly, 
Indianapolis, USA) was administered to acutely raise and 
maintain the plasma concentration of insulin. Decreases 
in serum potassium concentrations during insulin infusion 
were prevented by co-infusion of potassium chloride with 
glucose (30 mmol K+ per liter of 20 % glucose). Plasma 
glucose concentrations during the clamp were maintained 
at 5 mmol/l by continuous infusion of 20 % glucose.  
 
 

Blood sampling during clamp procedure 
 Arterialized blood plasma glucose 
concentrations were determined every 5 to 10 min. Blood 
samples were collected at the baseline and each hour 
during the clamp procedure to determine immunoreactive 
insulin and free fatty acids (FFA). Blood samples (5 ml) 
were collected into a tube with potassium 
ethylenediaminetetraacetic acid (2 mg/ml). Samples were 
kept on ice for 3 min, then immediately centrifuged at 
4 °C and 2,500 rcf. Plasma was separated and stored at 
−20 °C. Hepatic glucose production was not measured in 
this study, but this is known to decrease by more than 
90 % at insulin levels >50 µU/ml in healthy men 
(DeFronzo et al. 1979). Thus, the total amount of glucose 
infused was a measure of the glucose metabolized by all 
cells of the body during clamp studies. Calculations of 
substrate oxidation were made using standard equations 
(Ferrannini 1988). Insulin action was estimated as 
glucose disposal (M) calculated at minute 80 to minute 
120 (Msubmax) and between 320 and 360 minutes 
(Mmax). Non-oxidative glucose disposal was calculated 
by subtracting the rate of glucose oxidation from M. 
Protein oxidation was calculated by measurement of 
urinary urea nitrogen excretion during the clamp 
procedure. 
 
Indirect calorimetry 
 We used a ventilated canopy system (VMAX, 
Sensormedics, Anaheim, USA). Gas exchange 
measurements were taken during a 30-min basal period 
and during the final 30-min periods of the two insulin-
infusion steps. Patients relaxed in the supine position for 
at least 15 min before each measurement, which was 
performed in a thermally comfortable environment for at 
least 30 min or until a steady state was reached. Subjects 
were familiarized with the canopy so that they would not 
feel suffocation.  
 
Body composition monitor 
 Bioimpedance spectroscopy (Fresenius Medical 
Care, Bad Homburg, Germany) was used to determine 
body composition. Body composition fat (kg), relative 
fat (%), lean tissue mass (kg), and relative lean tissue 
mass (%) were determined before the initiation of every 
hyperinsulinemic-euglycemic clamp. 
 
Analytical methods 
 Basic biochemical parameters characterizing 
their overall condition were monitored in the patients; 
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mineralogram, kidney function, urea, creatinine, uric 
acid, bilirubin, transaminases, and basic lipid metabolism 
(Modular Analytics, Roche, Basel, Switzerland). The 
stated parameters were monitored before and after 7 days 
of starvation and 21 days thereafter. Glycemia during 
hospitalization or during clamps was determined by 
glucose-oxidase method by a bedside analyzer Precision 
PCx (Abbott Laboratories, Abbot Park, USA). Acid-base 
balance was measured using Stat Profile, Critical Care 
Xpress (Nova Biomedical, Waltham, USA). 
Immunoreactive insulin was determined by 
radioimmunoassay using an Insulin IRMA kit 
(Immunotech, Prague, Czech Republic). Measurement of 
glycated hemoglobin was accomplished using liquid 
chromatography on a Variant Testing System (Bio-Rad 
Laboratories, Montreal, Canada). Free fatty acids were 
analyzed by FFA-HR kit (Wako chemicals GmbH, 
Neuss, Germany) using a UV-VIS spectrophotometer 
Shimadzu Pharma Spec 1700 UV Probe (Kyoto, Japan). 
Urinary urea nitrogen excretion was evaluated to 

calculate protein oxidation. Urinary collections during the 
clamp were divided into the basal period (−120 to 0 min), 
period 1 (0 to 120 min), and period 2 (120 to 360 min). 
 
Statistical methods 
 The numerical data were tested according to 
distribution. If a normal distribution was detected, the T-
test and ANOVA were used. The dynamic changes in the 
group of obese T1DM patients were evaluated using 
ANOVA for repeated measures (RM), and comparison 
with controls was evaluated using unpaired T-test. If the 
distribution of data was non-normal, non-parametric tests 
were applied: Mann Whitney test and ANOVA on ranks. 
For correlation analysis, Pearson’s correlation coefficient 
(R) and the associated p value were calculated. The 
statistical significance was determined based on a 
probability level of less than 0.05. Statistical evaluation 
was done using Sigmastat (Systat Software, USA). All 
data are expressed as means ± SD unless otherwise 
indicated. 

 
 
Table 1. Clinical and biochemical changes during fasting and LCD period. 
 

Obese T1DM 
(n=14) 

Before fasting
 

After fasting 
 

After 21 days 
of LCD 

Controls 
(n=13) 

Body mass index (kg m−2) 32.3±2.1# 30.4±1.8** 30.4±1.9** 22.7±2.07 
Waist circumference (cm) 105.5±9.3# 98.2±7.9** 98.0±7.8** 80.7±7.5 
Daily insulin dose (units) 49.0±13.4 14.2±8.9**(a) 30.4±1.9** 52.0±15.4 
Daily insulin dose/ kg of body weight 
(units/kg) 

0.51±0.13# 0.39±0.09** 0.40±0.07** 0.76±0.22 

Basal plasma glucose (mmol/l) 6.12±1.09 5.48±1.67 5.91±1.17 5.15±0.58 
Glycated hemoglobin concentration 
(%) 

7.9±1.1 7.2±1.1* 7.4±1.4 9.2±2.1 

Total Serum cholesterol (mmol/l) 4.96±0.92 4.74±1.04 4.47±1.05 5.07±0.93 
Serum HDL cholesterol (mmol/l) 1.30±0.4 1.05±0.35 1.27±0.38 1.58±0.45 
Serum LDL cholesterol (mmol/l) 3.18±0.92 3.11±1.01 2.73±1.09 3.0±0.77 
Serum TAG (mmol/l) 1.31±0.38 1.28±0.43 1.31±0.64 1.12±0.31 
Serum uricemia (µmol/l) 248±85 452±99** 260±76 193.9±40.6 

 
Significant differences: * P<0.05, obese T1DM subjects within the indicated time vs. the same subjects before fasting (ANOVA RM). 
** P<0.001, obese T1DM subjects within the indicated time vs. the same subjects before fasting (ANOVA RM). # P<0.05, obese T1DM 
subjects before fasting vs. controls (t-test). (a) Basal insulin dose on the seventh day of fasting. 
 
 

Results 
 
 All patients tolerated the period of fasting. 
Glycemia during fasting was maintained at 5 mmol/l by 
adjustment of the basal insulin dose. There was no severe 
hypoglycemia in obese T1DM patients during the fasting 

period. There were seven mild episodes of symptomatic 
hypoglycemia in the group of obese T1DM patients 
during the fasting period, which were treated with 10-
20 g of glucose in liquid form. Clinical and biochemical 
changes during fasting and LCD period are summarized 
in Table 1. Obese T1DM patients lost 6.1±1.1 kg of body 
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weight and 7.3±2.9 cm in waist circumference after 
fasting, and maintained this reduction in body weight and 
waist circumference after 21 days of low calorie diet. 
Mean basal insulin dose on the seventh day of fasting and 
daily insulin dose after 21 days of low calorie diet 
remained lower than before fasting (P<0.001). RQ 
measured by indirect calorimetry before the clamp 
procedure decreased significantly after fasting and 
remained significantly lower after 21 days of low calorie 
diet. β-Hydroxybutyrate concentration increased 
significantly during fasting (0.16±0.24 on the first day 
versus 1.66±0.75 mmol/l on the seventh day, P<0.001). 
The acid-base balance during fasting was normal. Fasting 
was accompanied by a transient elevation in serum 
uricemia (P<0.001). Plasma free fatty acid concentration 

in obese T1DM patients before fasting was significantly 
higher than in controls (P<0.05) and increased 
significantly after fasting (P<0.001). There was a 
significant decrease in plasma free fatty acid 
concentration during the clamp procedure in both groups 
of patients due to hyperinsulinemia (at 120-360 min after 
fasting, at 180-360 min before fasting, 21 days after 
LCD, and in controls) (P<0.001) (Table 2). There was a 
significant difference in body fat and relative lean tissue 
mass between obese T1DM and controls (P<0.001) and a 
significant decrease in body fat after fasting and after 
21 days of low calorie diet in obese T1DM patients, as 
measured by bioimpedance spectroscopy (P<0.05) 
(Table 3). 

 
 
Table 2. Plasma free fatty acids in clamp procedure during fasting and LCD period. 
 

Obese T1DM 
(n=14) 

Before fasting 
 

After fasting 
 

After 21 days 
of LCD 

Controls 
(n=13) 

baseline 0.51±0.27# 1.03±0.42** 0.47±0.21 0.25±0.17 
60 min 0.15±0.12 0.40±0.26 0.18±0.07 0.11±0.01 
120 min 0.11±0.09 0.34±0.23 0.12±0.06 0.09±0.09 
180 min 0.10±0.09 0.16±0.09 0.08±0.04 0.06±0.06 
240 min 0.08±0.06 0.21±0.12 0.07±0.05 0.09±0.12 
300 min 0.07±0.06 0.21±0.11 0.08±0.05 0.03±0.05 

Plasma free fatty 
acids during clamp 
procedure (mmol/l) 

360 min 0.07±0.06 0.19±0.11 0.06±0.05 0.06±0.07 
 
Significant differences: ** P<0.001, obese T1DM subjects within the indicated time vs. the same subjects before fasting (ANOVA RM). 
# P<0.05, obese T1DM subjects before fasting vs. controls (t-test). 
 
 
Table 3. Changes in body composition during fasting and LCD period measured by bioimpedance spectroscopy. 
 

Obese T1DM 
(n=14) 

Before fasting 
 

  After fasting 
 

After 21 days 
of LCD 

Controls 
(n=13) 

Lean tissue mass (kg) 50.6±11.5 49.2±13.6 49.5±11.1 51.0±13.5 
Relative lean tissue mass (%) 50.1±7.89# 52.6±10.7 52.1±8.38 72.8±12.7 
Fat (kg) 36.9± 4.77# 33.0±5.46* 33.3±5.53* 13.6±5.29 
Relative fat (%) 37.0±5.31# 36.0±7.37 35.4±5.45 20.1±8.72 

 
Significant differences: * P<0.05, obese T1DM subjects within the indicated time vs. the same subjects before fasting (ANOVA RM). 
# P<0.05, obese T1DM subjects before fasting vs. controls (t-test). 
 
 

 Glucose disposal rates and their components 
during both phases of hyperinsulinemia, as measured by 
hyperinsulinemic-euglycemic clamp, are shown in 
Table 4. Glucose disposal in both phases of the clamp in 
obese T1DM patients was significantly lower than in 

controls (P<0.05). Glucose oxidation in the first phase of 
the clamp in obese T1DM was significantly lower than in 
controls (P<0.05). Non-oxidative glucose disposal in the 
second phase of the clamp in obese T1DM was 
significantly lower than in controls (P<0.05). Fasting 
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reduced insulin-mediated glucose consumption in both 
phases of the clamp (P<0.001). The reduction in glucose 
disposal after fasting was caused by a significant 
reduction in glucose oxidation in both phases of the 
clamp (P<0.001). Non-oxidative glucose disposal 
remained unchanged. Glucose disposal (M) and non-
oxidative glucose disposal in both phases of the clamp 
and glucose oxidation in the second phase of the clamp 
measured after 21 days of low calorie diet returned to 
baseline. Glucose oxidation in the first phase of the clamp 

measured after 21 days of low calorie diet remained 
lower (P<0.05). We compared correlations between a 
relative change in IR (IR=1/M) measured during both 
clamp phases (expressed as M baseline/M starved) and 
relative to changes in FFA. The change in IR in the first 
phase of the clamp after fasting and after 21 days of low 
calorie diet was positively correlated with a change in 
plasma FFA (Fig. 1). We did not find a significant 
correlation between the change in IR and change in 
plasma FFA in the second phase of the clamp. 

 
 
Table 4. Glucose disposal and its components before and after fasting and LCD period. 
 

Obese T1DM 
(n=14) 

Before fasting 
 

After fasting 
 

After 21 days 
of LCD 

Controls 
(n=13) 

Glucose disposal 
(mg min−1 kg−1) 

5.18±1.43# 2.96±0.49** 4.9±0.97 6.76±1.43 

Glucose oxidation 1.55±0.64# −0.01±0.56** 1.20±0.59* 2.77±1.20 
Non-oxidative glucose 
disposal 

3.63±1.48 3.06±0.61 3.71±0.66 3.99±1.19 

Glucose metabolic 
clearance rate 
(ml min−1 kg−1) 

5.54±1.69# 3.11±0.69 5.38±1.36 7.84±1.95 

Glucose concentration 
(mmol/l) 

5.19±0.49 5.36±0.62 5.16±0.53 4.86±0.57 

Lower insulin 
infusion rate 
(1 mU min−1 kg−1) 

Plasma immunoreactive 
insulin (pmol/l) 

1002±710# 990±1037 987±998 400±207 

Glucose disposal 
(mg min−1 kg−1) 

9.69±1.48# 6.78±1.21** 9.31±1.16 12.02±2.16 

Glucose oxidation 2.81±0.52 0.88±0.98** 2.80±0.67 3.54±1.17 
Non-oxidative glucose 
disposal 

6.88±1.44# 5.94±0.87 6.51±1.03 8.48±1.58 

Glucose metabolic 
clearance rate 
(ml min−1 kg−1) 

10.04±1.57# 7.63±1.59 9.91±1.29 13.25±2.67 

Glucose concentration 
(mmol/l) 

5.26±0.34# 4.99±0.47 5.23±0.19 5.06±0.19 

Higher insulin 
infusion rate 
(10 mU min−1 kg−1) 

Plasma immunoreactive 
insulin (pmol/l) 

14946±5175# 16311±3398 12152±5051 7918±2309 

Indirect calorimetry RQ before the clamp 
procedure 

0.84±0.05 0.78±0.06* 0.80±0.06* 0.87±0.08 

 
Significant differences: * P<0.05, obese T1DM subjects within the indicated time vs. the same subjects before fasting (ANOVA RM). 
** P<0.001, obese T1DM subjects within the indicated time vs. the same subjects before fasting (ANOVA RM). # P<0.05, obese T1DM 
subjects before fasting vs. controls (t-test). 
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Fig. 1. Relation between a change of insulin resistance (IR) and a change of plasma free fatty acids (FFA) after fasting (A) and after 
21 days of LCD (B). 
 
 

Discussion 
 
 This study shows that fasting transiently 
decreases insulin sensitivity in C-peptide-negative obese 
T1DM patients. This effect of fasting on insulin 
sensitivity has not been described previously in T1DM 
patients. The fasting-induced IR returned to baseline after 
three weeks of low calorie diet. This temporary decrease 
of insulin sensitivity was caused by reduction of glucose 
oxidation. This decline in glucose oxidation reflects an 
adaptation in metabolism to non-stress fasting and is in 
agreement with previous publications (Awad et al. 2009, 
Duška et al. 2005, Féry and Balasse 1994, MacDonald et 
al. 1995). After seven days of fasting, there was an 
increase in lipid oxidation and stimulated ketogenesis and 
gluconeogenesis. Contrary to previous studies in fasting 
T2DM patients, we did not find a decline (Duška et al. 
2005) or an increase (Féry and Balasse 1994) in non-
oxidative glucose disposal after fasting. Non-oxidative 
glucose disposal reflected mainly glycogen synthesis in 
this study. The different length of fasting periods could 
play a role. In the present study, patients fasted for 
7 days, whereas in previous studies, patients fasted for 
only 60 hours (Duška et al. 2005) or for 4 days (Féry and 
Balasse 1994). After 7 days of fasting, there is fully-
stimulated ketogenesis and gluconeogenesis, which was 
reflected in the low RQ and low basal insulin dose after 
the fasting period. The calculated zero value of glucose 
oxidation in the first phase of clamp after fasting (Table 
4) was caused by gluconeogenesis. The gluconeogenesis 

was not suppressed by low insulin infusion rate in the 
first two hours of the clamp. To suppress fully-stimulated 
gluconeogenesis after 7 days of fasting the higher insulin 
infusion rate and longer clamp duration was needed in 
obese T1DM patients (Miyazaki et al. 2009). Hepatic 
glucose production was not measured in this study, so the 
first phase of the clamp with low insulin infusion rate 
revealed limitations of the indirect calorimetry which was 
used for calculation of glucose oxidation. When patients 
stopped fasting and continued body weight reduction by 
LCD, insulin sensitivity remained the same as at baseline, 
but total daily insulin dose was lower due to a lower 
intake of calories and lower body weight. The lower 
glucose oxidation and lower RQ measured after 21 days 
of LCD period corresponded to a lower intake of calories. 
In the group of C-peptide-negative T1DM patients, it was 
not possible to improve insulin secretion capacity by low-
calorie diet, as was previously described in a group of 
obese subjects with impaired glucose tolerance (Yoshida 
et al. 2004). The similar total daily dose of insulin in both 
groups of T1DM patients (Table 1) can be caused by 
lower insulin clearance in obese T1DM patients. Insulin 
clearance in the liver and in the kidney decreases in 
obesity and IR (Valera Mora et al. 2003). Insulin 
sensitivity before fasting in the group of obese T1DM 
patients was lower than in non-obese controls. This was 
caused by lower glucose oxidation in the first phase of 
the clamp and lower non-oxidative glucose disposal in 
the second phase of the clamp in the group of obese 
T1DM patients before fasting. The lower glucose 
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oxidation can be explained by higher baseline 
concentrations of FFA in obese T1DM, which decreased 
during the clamp procedure to FFA concentrations similar 
to those in non-obese controls (Table 2). The lower non-
oxidative glucose disposal can be explained by a higher 
amount of fat tissue in obese T1DM with a lower rate of 
glycogen synthesis per kilogram of body weight 
compared with non-obese controls. The finding of higher 
baseline IR with lower glucose oxidation and higher FFA 
concentration in the group of obese T1DM patients is 
important because previous studies have described an 
association of higher IR with increased subsequent risk of 
both micro- and macrovascular complications in T1DM 
patients (De Block et al. 2005, Chillarón et al. 2009, 
Kilpatrick et al. 2007, Yip et al. 1993, Pambianco et al. 
2007). The insulin sensitivity was not diminished during 
fasting as a result of acidosis – the acid-base balance was 
normal. β-Hydroxybutyrate concentration measured in 
this study did not indicate ketoacidosis. In a previous 
study β-hydroxybutyrate values above 3 mmol/l indicated 
ketoacidosis (Wallace et al. 2001). 
 An additional priority of this study was to 
explore the use of controlled fasting with subsequent 
home low calorie diet as a therapeutic tool in the 
management of obesity in T1DM patients. In C-peptide-
negative obese T1DM patients, we simulated physiologic 
non-stress fasting by giving only a basal insulin dose 
during the fasting. All patients tolerated the 7 days of 
fasting well without complications. The body weight 
reduction which was achieved by fasting was caused by a 
decrease in body fat without a decrease in lean tissue 
mass as we confirmed by bioimpedance spectroscopy 
technique. The body weight reduction achieved during 
the fasting may stimulate further body weight reduction 
and solve previous unsuccessful attempts at body weight 
reduction. The initial body weight reduction can have 
significant positive psychological effects in obese T1DM 

patients.  
 In conclusion we confirmed that insulin 
sensitivity, measured as the rate of insulin-mediated 
glucose disposal, decreases transiently during fasting in 
obese T1DM individuals, as was previously described in 
a group of obese T2DM patients and in a group of obese 
non-diabetic patients. This decrease is only a temporary 
adaptation of metabolism to non-stress fasting, and 
insulin sensitivity returns to baseline after a LCD period. 
The changes in plasma FFA probably play a role (Duška 
et al. 2007, Johnson et al. 2006, Muniyappa et al. 2008, 
Norrelund et al. 2003, Petersen and Shulman 2006, 
Salgin et al. 2009, Sprangers et al. 2001). In the 
presented study we found a positive relationship between 
the change in insulin resistance and change in plasma 
FFA concentrations throughout the group of 14 obese 
T1DM patients. This relationship between IR and FFA 
was previously described in obese T2DM (Duška et al. 
2005). To confirm this relationship between IR and FFA 
further studies with larger groups of obese T1DM 
patients are needed. Because obesity can modify the 
initial T1DM phenotype and accelerate the presentation 
of cardiovascular risk factors, the approach to obese 
T1DM patients should be the same as for T2DM. The 
multifactorial therapy should include among others an 
early and intensive treatment of obesity. Controlled 
fasting with subsequent home low calorie diet can be 
used as a safe therapeutic tool in the management of 
obesity in T1DM patients. 
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