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Abstract
Background Unhealthy eating patterns and physical inactivity 

Objective To assess for an association between physical activity and 

Methods

of fasting blood glucose, insulin, and the homeostatic model 

energy expenditure, as well as intensity and duration of physical 

(SAFA), unsaturated fatty acid (UNSAFA), monounsaturated fatty 

Results

nutrients intake, such as energy, protein, fats (SAFA, UNSAFA, 

Conclusion In obese female adolescents, physical inactivity 
is associated with insulin resistance, while nutrients intake 
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Obesity and overweight are increasing, both 

The prevalence of overweight children 

Pacific region, the prevalence of overweight and obesity 

2 In Indonesia, 
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Obesity is known to be a risk factor for diabetes 
4 Together, they 

are parts of a condition called metabolic syndrome, 
5

Several studies have attempted to elucidate the 
relationship between lifestyle, obesity, and insulin 

The Framingham Offspring Cohort Study
reported that intake of total fiber, cereal fiber, fruit 
fiber, and whole grains was negatively related to insulin 
resistance, and that glycemic index and glycemic 

6

Fat intake, especially of saturated fatty acids, was 
associated with insulin resistance, however, intake of 

Although some studies reported benefits of 
physical activity on insulin sensitivity, findings 

 To date, there have been 
few studies on the association between food intake, 

This study was conducted to assess for an association 
between physical activity and eating patterns to 

Methods

th

as well as food and activity recalls were performed 
by six students from the School of Nutrition and 
Health, Gadjah Mada University Medical School, 
who underwent training and standardization of 

This study was approved by Medical and Health 
Research Ethics Committee, Gadjah Mada University 

Subjects’ weights and heights were measured 
at school, while wearing light clothing, and without 

an electronic digital scale (Camry) that had been 
calibrated by the Metrology Institution to an accuracy 

2

Laboratory assessments were performed in 
the Clinical Pathology Laboratory of Gadjah Mada

measured by hexokinase test, and insulin was 

insulin concentration (mU/mL) x fasting glucose 

All subjects were interviewed to recall all 

This data was converted into metabolic equivalent 

equivalent to resting metabolic rate (RMR) or the 
 Duration of activities was 

expenditure in a certain time period was expressed in 

activities were then classified into an intensity group, 

and amounts of food consumed within the previous 

food consumed, we employed the help of food models 
and household measures, such as spoons, drinking 

quantification of energy, protein, fat, and carbohydrate 
intake was estimated using the formula introduced by 
Beaton et al.
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characteristics of subjects are presented in Table 1
Subjects’ physical activity recalls are shown in Table 
2

with insulin resistance spent more time doing light 
activities (Table 2

There was no significance difference in energy 
expenditure between the insulin resistant and the 

with insulin resistance spent less time doing heavy 
intensity activities, compared to those without 

Table 
2

There were no significant differences in energy 
intake between the two groups, including protein 

fats consumed (Table 3
not reveal associations between intake of calories, 
protein, fats, or carbohydrates to the HOMA index 
(Table 4

x Cvw/Do)
2

normal 
deviation for the percentage of times the 
measured value should be within a specified 

w

o

The CVw

food intake were converted to nutrient intake using 
NutriSurvey for Windows that was adapted for use in 

activity and nutrients consumed between subjects with 

Pearson’s correlation was used to analyze nutrient 

Results

Table 1. Clinical and demographic characteristics of subjects 

Characteristics Insulin resistance
(n=44)

Non-insulin resistance
(n=33)

Mean age (SD), years  13.82 (0.85)  13.56 (0.96)
Mean BMI (SD), kg/m2  30.18 (2.63)  29.09 (2.40)
Mean HOMA index  (SD)   5.25 (3.82)   2.30 (0.68)
Mean fasting insulin (SD), mU/mL   22.86 (12.10) 11.13 (3.39)
Mean fasting glucose (SD), mg/dL   91.14 (21.69)   84.73 (11.02)

Table 2. Pattern of physical activities in subjects with and without insulin resistance

Insulin resistance
         (n = 44)

Non-insulin resistance
          (n = 33)

Mean difference (95%CI) P value*

Mean energy expenditure (SD), Mets-min/day 1,915.26 (123.87) 1,938.98 (116.15) 27.78 (-31.76 to 79.07) 0.40
Mean duration of heavy activities (SD), min/day        2.63 (7.34)        7.59 (11.76)   4.96 (0.61 to 9.31) 0.03
Mean duration of medium activities (SD), min/day      23.172 (9.40)      30.51 (29.32)   7.34 (-6.13 to 20.81) 0.28
Mean duration of light activities (SD), hrs/day      23.57 (0.49)      23.38 (0.50)   0.19 (-0.42 to 0.03) 0.09

* Independent sample T-test
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Discussion

resistance in obese adolescents than that observed 

Although daily energy expenditure did not 

resistant groups, we observed that subjects with insulin 
resistance had, on average, a shorter duration of 
heavy intensity activities compared to those without 

significant, positive correlation between daily energy 
expenditure and insulin sensitivity, as assessed by a 
euglycemic insulin clamp, a more accurate method 

However, that method is impractical for use in an 

Physical exercise lowers fasting insulin levels 
and increases insulin sensitivity through increased 
glucose transport into muscle cells and increased 
glycogen deposits in muscles to replace the glycogen 

 As a result, physical 

Although not statistically significant, we observed 
that subjects with insulin resistance had longer 

A study reported the association between energy 
intake and insulin resistance, suggesting that that 
a negative energy balance would increase insulin 

 However, we found no significance 
difference in energy intake between the insulin 

Protein intake, in this case, high protein intake, can 

obese men and women showed a significant glucose 

Table 3. Pattern of food intake in subjects with and without insulin resistance

Insulin resistance
(n = 44)

mean (SD)

Non-insulin resistance
(n = 33)

mean (SD)

Mean difference (95%CI) P value

Energy, kcal 1,115.48 (284.36) 1,179.19 (337.97) -63.72 (-205.18 to 77.75) 0.37
Fat
     Total amount intake, g 
     % energy

     39.82 (12.45)
     32.01 (5.79)

     45.10 (15.39)
     34.13 (4.64)

  -5.28 (-11.60 to 1.05)
  -2.12 (-4.57 to 0.32)

0.10
0.09

Carbohydrates
     Total amount intake, g 
     % energy

   150.25 (43.01)
     53.85 (6.48)

   152.46 (44.13)
     51.96 (5.33)

-10.02 (-22.16 to 17.74)
   1.89 (-0.79 to 4.57)

0.83
0.18

Total protein
     Total amount intake, g 
     % energy 

     39.10 (10.17)
     14.20 (2.43)

     41.21 (13.41)
     13.96 (2.10)

  -2.11 (-7.46 to 3.24)
   0.24 (-0.81 to 1.30)

0.44
0.65

Saturated fatty acids
     Total amount intake, g 
     % energy 

     17.65 (7.88)
     13.80 (3.50)

     18.79 (6.77)
     14.63 (3.57)

  -1.14 (-4.55 to 2.27)
  -0.83 (-2.45 to 0.80)

0.51
0.31

Unsaturated fatty acids
     Total amount intake, g 
     % energy 

     17.42 (5.98)
     13.81 (3.05)

     17.95 (5.33)
     14.23 (3.33)

  -0.54 (-3.16 to 2.08)
  -0.42 (-1.88 to 1.03)

0.68
0.56

Monounsaturated fatty acids
     Total amount intake, g 
     % energy 

     10.17 (3.63)
       8.06 (1.97)

     10.73 (2.97)
       8.50 (1.66)

  -0.56 (-2.10 to 0.98)
  -0.43 (-1.28 to 0.41)

0.47
0.31

Polyunsaturated fatty acids
    Total amount intake, g 
    % energy 

       7.25 (3.11)
       5.75 (1.91)

       7.23 (2.90)
       5.74 (2.11)

   0.02 (-1.37 to 1.41)
   0.01 (-0.90 to 0.93)

0.98
0.98

Table 4. Pearson’s correlation of energy intake vs. HOMA 
index

Pattern of energy intake HOMA
r P value

Energy intake, kcal
% energy from protein
% energy from fat
% energy from unsaturated fat
% energy from saturated fat
% energy from carbohydrates

-0.17
 0.04
-0.14
-0.03
-0.12
 0.09

0.15
0.74
0.23
0.78
0.29
0.39
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our study, protein intake did not correlate with insulin 

et al

protein prevented insulin resistance in muscles of obese 
rats, as  cod protein has a higher glucose disposal rate 

Milk 
and whey have an ability to rapidly increase insulin 
secretion, despite causing a low glucose response 

carbohydrate intake and insulin resistance, neither in 
absolute amounts nor in percentage of energy derived 

et al  compared a 
saturated fatty acid diet to a monounsaturated fatty 

caused a decrease in the insulin sensitivity index (Si) 

Previous studies have shown 
that type of fat consumed daily affected serum lipid 

had a larger proportion of saturated fatty acid and lower 

affected the composition of fatty acid in muscles, which 
is also influenced by physical activity and muscle fiber 

Insulin sensitivity is determined by fat oxidative 

cytosol, such as diacylglycerol and ceramide, disturbs 

inhibits early signaling events through promoting 
serin phosphorylation from Insulin receptor substrate 

individuals, an increase in the ability to oxidize muscle 
fat and fatty acid metabolites while exercising, is 
recognized as an important factor in the association 
between muscular fat oxidative capacity and insulin 

22

In conclusion, we observe that longer duration 
of heavy intensity physical activity is associated with 

physical inactivity is associated with insulin resistance, 
while no association is found between nutrients intake 
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