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Background: The purpose of this study was to determine the appropriate exercise intensity associated with maximum fat oxida-
tion, improvement of body composition, and metabolic status in Korean women with type 2 diabetes mellitus (T2DM).
Methods: The study included a T2DM group (12 women) and a control group (12 women). The groups were matched in age and
body mass index. The subjects performed a graded exercise test on a cycle ergometer to measure their maximal fat oxidation
(Fatmay). We also measured their body composition, metabolic profiles, and mitochondrial DNA (mtDNA).

Results: The exercise intensity for Fatm.. was significantly lower in the T2DM group (34.19% maximal oxygen uptake [VO;
max]) than the control group (51.80% VO, max). Additionally, the rate of fat oxidation during exercise (P<0.05) and mtDNA
(P<0.05) were significantly lower in the T2DM group than the control group. The VO, max level (P<0.001) and the insulin level
(P<0.05) were positively correlated with the rate of fat oxidation.

Conclusion: The results of this study suggest lower exercise intensity that achieves Fatumax is recommended for improving fat oxi-
dation and enhancing fitness levels in Korean women with T2DM. Our data could be useful when considering an exercise regi-
men to improve health and fitness.
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INTRODUCTION

Exercise is recommended for the prevention of type 2 diabetes
mellitus (T2DM) and is known to be effective in correcting
metabolic defects, including insulin resistance and lipid disor-
ders. T2DM is induced by obesity in many cases, and weight
loss from exercise is beneficial during the clinical treatment of
this condition [1-3].

The exercise intensity that causes the highest rate of fat oxi-
dation is referred to as the ‘maximal fat oxidation rate’ (Fatax)

intensity [1]. It is possible to reproduce measurements of Fatmas
using graded exercise calorimetry [4]. This approach can be
used to predict the quantity of lipid that will be metabolized
during exercise. The technique uses a specific protocol to deter-
mine the appropriate exercise level that causes maximum fat
oxidation. It has been suggested that the fat oxidation rate dur-
ing the Fatm. intensity is approximately 2-fold greater than at
any other intensity [5]. Thus, exercise at the Fatm., intensity can
be useful to control weight in cases of metabolic syndrome. The
clinical relevance of Fatmax is also important when considering
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Maximal fat oxidation rate during exercise in T2DM

an exercise prescription for weight loss by efficiently increasing
fat oxidation and insulin sensitivity [1]. Thus, the Fatm. inten-
sity is recommended to maximize the beneficial effects of exer-
cise and weight management in type 2 diabetic [1] and obese
[2,3] populations.

Patients with metabolic syndromes, including insulin resis-
tance, hypertension, reduced high density lipoprotein cholester-
ol (HDL-C) [6], T2DM [7], and obesity [8], exhibit an impaired
ability to oxidize lipids relative to control subjects of equivalent
body mass index (BMI) [1,9]. Previous studies demonstrated
that Fatm.x intensity occurs at approximately 33% to 65% maxi-
mal oxygen uptake (VO, max) in control subjects [10,11], but is
reduced to 33.4% to 46.1% VO, max in T2DM patients [10] and
to 38% to 53% VO, max in obese patients [12]. It should be not-
ed that the Fatm. intensity was determined by different means
across different conditions. The rate of fat oxidation over a wide
range of exercise intensities has most frequently been measured
in Western populations [6,8,11,13]. Asian populations have dis-
tinct obesity profiles [14]. Thus, data collected in different study
populations may not be directly comparable. Most cases of
T2DM are associated with being overweight or obese, and it has
been shown that exercise-induced reductions in weight and fat
mass can affect blood glucose control in patients with T2DM.
Therefore, assessments of individual fat oxidation rates can be
used to determine the optimal exercise intensity for weight loss
and improved glucose control in patients with T2DM.

The purpose of this study was to investigate the Fatu. inten-
sity in T2DM patients during graded exercise. Additionally,
we compared values with age-, sex-, and BMI-matched con-
trols to establish the optimal exercise intensity that caused Fat-
max in Korean women with T2DM.

METHODS

Subjects

This study examined 24 women (T2DM group, 12; control
group, 12) matched for age and BMI. The participants were se-
lected from a hospital. Diabetes was defined based on data ob-
tained from an oral glucose tolerance test, and the disease was
diagnosed using standard criteria [15]. The duration of diabe-
tes was 7.82£2.13 years. There were no subjects with a history
of chronic artery disease, cerebrovascular disease or endocrine
disorder except T2DM. The patients were not treated with any
hormonal substitutions. The Institutional Review Board at the
Kangbuk Samsung Hospital in Korea approved the study pro-
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tocol according to the Declaration of Helsinki. All subjects
were examined after obtaining informed consent for the exper-
imental procedures. The exercise protocol and possible risks
and benefits were explained to all patients.

Exercise testing and fat oxidation calculations

The subjects performed a graded exercise test to exhaustion on
a cycle ergometer (Monark 894E; Monark Exercise AB, Vans-
bro, Sweden). A breath device (VmaxST; SensorMedics Inc.,
Yorba Linda, CA, USA) was used to measure gas exchange. Ox-
ygen uptake (VO,) and carbon dioxide production (VCO,)
were measured continuously during both the rest and exercise
periods. The heart rate (HR) was measured continuously using
a Polar Vantage HR monitor (Polar Electro Oy, Kempele, Fin-
land) by telemetry. The test is performed on a cycle ergometer
connected to an analyzer. Electrocardiographic monitoring and
measurements of VO, VCO,, and the respiratory exchange ra-
tio were performed during the test. The modified protocol was
used by Brandou et al. [16]. The workload for each step was cal-
culated from the theoretical maximal power (Wmax), which
represents power corresponding to the theoretical VO, max
[17]. The protocol consisted of a 3-minute warm up at 20% of
theoretical Wmax. The warm-up was followed by four 3-minute
steady-state workloads at 30%, 40%, 50%, and 60% of Wmax
[16,18,19]. The test concluded with a 5-minute passive recovery
period. The maximum fat oxidation rate occurs at the point of
maximum lipid oxidation induced by the workload. The rate
then decreases as carbohydrates (CHO) become the predomi-
nant fuel. The Fatm. defines the exercise intensity that elicits
Fatma intensity. The equation for fat oxidation used by Frayn
[20] is the following: fat oxidation =1.6946 VO,-1.7012 VCO..

Blood samples

Blood samples were collected in ethylenediaminetetraacetic
acid tubes on ice and were immediately centrifuged at 4°C for
10 minutes. The plasma was stored at —80°C until analysis. The
serum triglyceride, total cholesterol, and HDL-C levels were
measured enzymatically using a chemistry analyzer (Hitachi
747; Hitachi, Tokyo, Japan). The low density lipoprotein cho-
lesterol concentrations were estimated using the Friedewald
formula [21]. The plasma glucose levels were analyzed using a
conventional commercially available assay on an automatic
analyzer (Hitachi 612, Automatic Analyzer; Roche, Basel,
Switzerland). The serum insulin level was assessed by radioim-
munoassay (Bi-Insulin IRMA kit; Schering CIS bio, Gif-sur-
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Yvette, France). Insulin resistance was estimated using the ho-
meostasis model assessment estimate of insulin resistance in-
dex, which was defined as fasting insulin (uWU/mL) x fasting
plasma glucose (mmol/L)/22.5 [22]. Mitochondrial DNA
(mtDNA) in peripheral leukocytes was extracted from 1 mL of
whole blood using the QIAamp Tissue Kit 250 (Qiagen Inc.,
Valencia, CA, USA). The relative mtDNA was measured by a
real-time polymerase chain reaction (RT-PCR). The reactions
were performed using a Light Cycler-Fast Start DNA Master
SYBR Green I kit from Roche Applied Science (Pleasanton,
CA, USA). The forward and reverse primers of the mitochon-
drial gene were the following: 5'-CCACGGGAAACAGCAGT-
GATT-3" and 5'-CTATTGACTTGGGTTAATCGTGT GA-3,
respectively. After denaturation at 50°C for 2 minutes, the DNA
samples were treated at 95°C for 10 minutes, 90°C for 15 sec-
onds, and then 40 cycles at 60°C for 1 minute. The number of
PCR cycles required to reach 20 ng of DNA was defined as the
threshold cycle.

Data analysis

The statistical analyses were conducted using SPSS version 16.0
(SPSS Inc., Chicago, IL, USA). All data are presented as the
means t standard deviation. Student ¢-test was used to compare
subject demographic and laboratory characteristics. Separate
2x2 (intensity and time) mixed measures analysis of variance,
repeated for mode, were used to examine the data for fat oxida-
tion. A Spearman correlation analysis was performed to evalu-
ate the relationship among various parameters. P<0.05 was
considered statistically significant.

RESULTS

Our results found that the mtDNA, VO, max, and Wmax levels
in the T2DM group were significantly lower than the control
group (P<0.05). The insulin level was also lower in the T2DM
group, but the difference was not significant. The glucose level
was found to be significantly higher in the T2DM group (P<
0.001) (Table 1). The Fatmax intensity was 34.19% of VO, max in
the T2DM group and 51.80% of VO, max in the control group
(95% confidence interval, 44.74 to 52.13; P<0.05). The Fatma in-
tensity of the T2DM group was significantly lower than the con-
trol group (t=-2.140, P<0.05) (Fig. 1A). The fat oxidation rate
was 0.382 g/min in the T2DM group and 0.545 g/min in the
control group. The fat oxidation rate at the Fatm.x intensity in the
T2DM group was significantly lower than the control group
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Table 1. Comparisons of the demographic and laboratory data
of the type 2 diabetes mellitus and the control groups

Variable Diabetes (n=12) Control (n=12) Pvalue
Age, yr 57.73+£7.35 55.01+6.84 0.367
Height, cm 152.65+4.11 155.78+4.99 0.118
Weight, kg 60.66%9.36 63.25+13.13 0.594
%body fat, % 34.40£5.59 36.07£5.38 0.792
BMI, kg/m’ 26.05+4.07 25.95+4.49 0.957
Waist, cm 90.51£8.53 84.67+£11.36 0.219
TC, mg/dL 199.90+27.17  202.00+42.10 0.896
HDL-C, mg/dL 48.50£9.98 49.90£9.43 0.751
LDL-C, mg/dL 126.90+30.57  125.90+40.15 0.951
TG, mg/dL 157.00+£66.68  177.80+£53.91 0.453
Glucose, mg/dL 133.20+£20.07 73.50+£20.10 <0.001
Insulin, pg/mL 5.24+1.78 9.50+6.04 0.075
HOMA-IR 34.11+£15.14 28.68+23.96 0.585
mtDNA, mtDNA/ 11.38+4.17 16.20+6.17 0.038
B-actin
VO, max, mL/kg/min  23.44+2.88 27.62+3.38 0.039
Wmax, W 135.95+16.91 156.86+22.91 0.047

BMI, body mass index; TC, total cholesterol; HDL-C, high density li-
poprotein cholesterol; LDL-C, low density lipoprotein cholesterol;
TG, triglyceride; HOMA-IR, homeostasis model assessment estimate
of insulin resistance; mtDNA, mitochondrial DNA; VO, max, maxi-
mal oxygen uptake; Wmax, maximal power.

(t=-2.449, P<0.05) (Fig. 1B).

During graded exercise, the fat oxidation rate of the T2DM
group was significantly lower, at 40% (P<0.05), 50% (P<0.05),
and 60% VO, max (P<0.05), than in the control group (Fig. 2).

Fig. 3 shows the linear relationships between the fat oxidation
rate, VO, max, and insulin level. There was a positive correlation
between fat oxidation and the VO, max (r=0.770, P<0.001) and
insulin (r=0.532, P<0.05) levels. There were no significant dif-
ferences found in other demographic and laboratory data.

DISCUSSION

This study demonstrates that T2DM patients have significant-
ly reduced fat oxidation compared to control subjects matched
in age, sex, weight, height, body fat percentage, and waist cir-
cumference. Several studies have reported that fat oxidation
decreases in patients with metabolic diseases [19,23] and that
fat oxidation decreases more with exercise intensity in T2DM
patients than in the control groups. Previous studies have also
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Fig. 1. Comparison of the maximal fat oxidation (Fatm.x) intensity (A) and fat oxidation rate at the Fatm. intensity (B) between
the type 2 diabetes mellitus (T2DM) and the control groups. *P<0.05.
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Fig. 2. Comparison of fat oxidation in the type 2 diabetes mel-
litus (T2DM) and the control groups. VO, max, maximal oxy-
gen uptake. *P<0.05.

suggested that the range of Fatm.x occurs from the 33% to 65%
VO, max exercise intensity recommended for Fatma. [1,24]. A
review and meta-analyses on the use of calorimetry during ex-
ercise reported that the exercise intensity corresponding to
Fatimax is approximately 55% to 75% of VO, max intensity in the
healthy group [13,25]. However, maximum fat oxidation oc-
curs at 25% to 50% of VO, max intensity in the metabolic dis-
order group [26,27]. Our data showed that Fatma (34.19% VO,
max) in T2DM was lower than (51.8% VO, max) in the control
group. This result also showed that fat oxidation in patients
with T2DM was lower, at 40%, 50%, and 60% VO, max inten-
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sity (P<0.05, each), during incremental exercise compared to
controls. Previous studies have reported that Fatm.. was at
51.9% VO, max [28] in the healthy group and 37% VO, max
[29] in T2DM patients. The findings were similar to the results
of this study. However, another study reported that Fatn. was
25.3% VO, max [30] in T2DM and reflects a lower intensity
than our T2DM subjects. Differences in Fatm.x may be linked
to the level of obesity. The BMI of T2DM subjects in previous
studies [28,29] were similar to our study cases, but the obesity
status of T2DM [29] was higher than in our study.

The VO, max levels in the T2DM group were 15% lower than
those in the control group (P<0.05), and the mtDNA levels in
the T2DM group were 42% lower than those in the control
group (P<0.05). One reason for low fat oxidation during exer-
cise in T2DM patients was the decrease in mitochondrial fatty
acid oxidation [29]. The mitochondrial function in patients
with T2DM appears to be disturbed, which may decrease the
electron transport chain activity [30,31] and subsequently dis-
rupt muscle fatty acid uptake [32]. Increases in oxidative stress
can increase hyperinsulinemia and mitochondrial DNA dam-
age to cause T2DM [33]. In this study, the lower mtDNA levels
in T2DM patients may be due to the lower VO, max and fat ox-
idation. Recent studies have shown a similar mechanism. Mar-
tin et al. [34] reported that T2DM subjects increased CHO oxi-
dation and lower fat oxidation during exercise. Furthermore,
regular exercise increased insulin sensitivity and enhanced mi-
tochondrial fatty acid oxidation [35]. An increased capacity to
oxidize fat during exercise in patients with T2DM can reduce
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their dependence on glucose as a source of energy [36] and can
serve as an effective means of weight control [37]. In addition,
increased fat oxidation through physical activity improves insu-
lin sensitivity [38]. Although subjects without metabolic disor-
der receive health benefits with moderate-intensity exercise,
low-intensity exercise targeted at the level of Fatm. has been
shown to markedly improve impaired glucose tolerance and
overweight status [39]. Exercise at the Fatm.x intensity affects in-
sulin resistance and fat oxidation and can assist in weight man-
agement. Therefore, patients with T2DM need the appropriate
exercise intensity to help decrease insulin resistance, fasting
glucose levels, and improve weight control.

This study showed a positive correlation between VO, max
and the rate of fat oxidation in T2DM. An individual at a low
fitness level can improve their physical activity with low-, mod-
erate- or high-intensity exercise [25,37]. Based on the associa-
tion between VO, max and the rate of fat oxidation, we suggest
that an elevated fitness level in patients with pathological con-
ditions, such as diabetes, could manage their weight by increas-
ing fat oxidation during exercise and improving clinical status.
Thus, it would be useful to extend this approach to people with
T2DM. Previous studies on the obese and patients with meta-
bolic syndrome have markedly improved physiological and fit-
ness levels after training at Fatma, intensity [27,30]. In this study,
the Fatimx intensity of T2DM was significantly lower than in the
healthy group. Although Fatm. intensity was seen as a low-in-
tensity exercise, this intensity in T2DM patients improved fat
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oxidation during exercise and reduced obesity. This study sug-
gests that Fatm., intensity exercise in T2DM patients with a low
fitness level involves lower-intensity exercise and can increase
fitness levels and improve obesity. In addition, the insulin levels
are positively correlated with fat oxidation because of the high-
er fitness level in the control group. Therefore, patients with
T2DM at a low fitness level need an exercise program that em-
phasizes the attaining VO, max.

Our data showed that patients with T2DM have a Fatua, rate
of 34.19% VO, max, and this intensity is significantly lower
than the control group. The Fatm.x intensity is positively corre-
lated with VO, max. Generally, moderate exercise intensity is
recommended for these purposes. However, a previous study
reported that low exercise intensity may be helpful, especially
for women with T2DM and a low fitness level. Therefore, this
study suggests that a lower exercise intensity indicated by Fat-
max 18 recommended for improving fat oxidation and enhanc-
ing the fitness level in Korean women with T2DM. These re-
sults could be useful when considering an exercise regimen to
improve patient health and fitness.
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