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Abstract
Background: Weight loss through low-calorie diets (LCDs) decreases visceral fat (VF). However, the effects
on muscle mass, changes of dietary quality, and insulin sensitivity are unknown for Korean obese type 2
diabetic subjects. Therefore, this study examined such effects of LCDs.

Methods: A total of 30 obese type 2 diabetic subjects (body mass index, 27.0 + 2.2 kg/m’) were randomly
assigned to an LCD or control group. Subjects on LCDs took 500~1,000 kcal fewer energy than their usual
dietary intake (1,000~1,500 kcal/day) over the course of 12 weeks. The abdominal VF and femoral muscle
mass were evaluated by computed tomography, and insulin sensitivity was assessed using an insulin
tolerance test (Kitt; rate constant for plasma glucose disappearance, %/min). Dietary nutrient intake
consumed by subjects was assessed by 3-day food records.

Results: The percent VF reduction was -23.4 = 17.2% in the LCD group and -9.8 + 11.8% in the control
group after 12 weeks (P < 0.001, P = 0.002). However, significant decrease in femoral mass or proportional
change of marcronutrient intake and mean adequacy ratio were not found in the LCD group, as compared
to the control group. Insulin sensitivity improved in the LCD group, as compared to the control group (P
= 0.040).

Conclusion: LCD effectively improved insulin sensitivity and reduced abdominal VF without reduction of

femoral muscle and dietary quality in obese type 2 diabetic subjects. (Korean Diabetes ] 33:526-536, 2009)
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Table 1. Baseline characteristics of the study groups

Intervention assignment

Characteristics LCD Control P-value
Number of subjects 14 16
Age (yr) 56.6 £ 6.2 55.6 + 7.3 0.689
BMI (kg/m’) 27.1 + 22 264 + 23 0.391
Waist circumference (cm) 874 £ 43 869 + 6.1 0.950
Diabetes duration (yr) 47 £ 44 54 + 45 0.667
Laboratory data
FPG (mg/dL) 135.5 + 224 1475 + 33.6 0.178
HbAlc (%) 69 * 0.6 7.3 £ 09 0.068
SBP (mm Hg) 1229 + 114 1243 + 122 0.951
DBP (mm Hg) 779 = 8.0 80.1 + 6.8 0.554
TC (mg/dL) 206.5 + 31.0 195.2 + 39.6 0.277
TG (mg/dL) 151.5 + 60.9 137.8 + 109.6 0.546
HDL (mg/dL) 459 = 11.0 425 £ 9.2 0.294
LDL (mg/dL) 1349 + 27.0 127.3 + 36.7 0.393
Abdominal fat and thigh muscle
Total fat (cm’) 395.7 + 58.8 365.4 + 82.6 0.260
Visceral fat (cmz) 172.7 £ 39.5 174.3 = 53.6 0.971
Subcutaneous fat (cmz) 223.1 =+ 474 191.1 + 51.2 0.113
Thigh muscle (cm®) 105.8 + 18.3 107.2 + 10.7 0.942
Energy intake and expenditure
Dietary EI (kcal/day) 1,919 = 156 1,859 = 195 0.361
TEE (kcal/day) 1,977 + 228 1,873 = 144 0.142
PAEE (kcal/day) 378 + 158 311 + 101 0.172

The values were mean * standard deviation. * The P-values are for comparison between LCDs and control by
independent t-test. BMI, body mass index; DBP, diastolic blood pressure; EI, energy intake; FPG, fasting plasma glucose;

HbAlc, glycosylated hemoglobin; HDL, high density lipoprotein; LCDs, low calorie diets; LDL, low density lipoprotein;
PAEE, physical activity-associated energy expenditure; SBP, systolic blood pressure; TC, total cholesterol; TEE, total

energy expenditure; TG, Triglycerides.
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Table 2. Body weight, abdominal fat, insulin sensitivity and glucose control between baseline and intervention for

the two diet groups

LCDs Control Povalue’
Baseline Intervention Baseline Intervention
Body weight and abdominal fat area
Body weight (kg) 66.6 + 4.0 61.5 + 4.4" 63.4 + 5.0 61.6 + 5.5 < 0.001
BMI (kg/m?) 27.1 + 22 250 + 2.1" 264 + 2.3 256 + 2.3 < 0.001
Waist circumference (cm) 874 + 43 81.9 + 3.8" 86.9 + 6.1 839 + 5.7 0.043
Total fat (cm?) 396 + 59 322 + 77 365 + 83 341 + 75" 0.001
Visceral fat (cm?) 173 + 40 133 + 41" 174 + 54 153 + 39" 0.047
Subcutaneous fat (cm2) 223 + 47 189 + 56" 191 + 51 188 + 58 0.001
Thigh muscle (cm?) 106 £ 18 103 + 16 107 + 11 108 £ 11 0.118
Insulin sensitivity
Kirr 2.1 £ 0.8 2.8 + 0.9* 20 £ 0.8 20 £ 09 0.040
Glucose control
FPG (mg/dL) 136 + 22 114 = 9' 147 + 33 135 = 34 0.249
HbAlc (%) 69 * 0.6 64 £ 05 74 + 09 7.1 + 0.8 0.324

The values were mean =+ standard deviation.

* The P-values are for comparison for the change from baseline to

intervention between LCDs and control by independent t-test, ¥ The P-values < 0.05 are for comparison between baseline
and intervention by paired t-test. BMI, body mass index; FPG, fasting plasma glucose; HbAlc, glycosylated hemoglobin;

LCDs, low calorie diets.
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Table 3. Dietary nutrient intake and energy expenditure between baseline and intervention for the two diet groups

LCDs

Control

Baseline Intervention Baseline Intervention P-value
Macronutrient intake
Dietary EI (kcal/day) 1919 + 155 1,394 + 193" 1,859 + 194 1,733 + 208" < 0.001
Carbohydrate (g/day) 316 + 30 215 + 27" 295 + 39 273 + 400 < 0.001
Protein (g/day) 78 + 12 62 + 10" 76 + 14 74 £ 9 0.006
Fat (g/day) 39 £ 12 34 + 8 40 £ 9 41 £ 8 0.103
Carbohydrate (%) 662 + 5.6 62.0 + 3.7 635 + 52 629 + 45 0.124
Protein (%) 161 + 1.8 177 = 17" 167 + 2.5 16.1 = 2.7 0.362
Fat (%) 183 + 4.8 217 + 33 193 + 32 210 + 52 0.407
Micronutrient intake
Fiber (g/day) 9.54 + 1.59 783 + 1.09" 8.59 + 2.51 822 + 1.24 0.058
Calcium (mg/day) 658.71 + 124.93 546.88 + 139.10°  604.82 + 284.43 55191 + 9786 0436
Phosphorus (mg/day) 1,168.39 + 173.68 955.61 + 169.33" 1,102.25 + 23949  1,059.00 + 11847  0.018
Iron (mg/day) 17.07 + 2.79 13.93 + 1.92" 16.12 + 2.89 14.74 + 225 0.087
Sodium (mg/day) 5,14539 + 1,666.64 422292 + 71328' 500101 + 1,147.23 4,900.17 + 709.19  0.088
Potassium (mg/day) 3,706.50 = 69630  2,987.60 * 336.32" 329444 + 83921  3,058.94 + 28505  0.067
Zinc (mg/day) 9.87 + 221 779 + 1.86" 931 + 1.14 9.09 + 2.07 0.026
Vitamin A (ug RE/day)  929.37 + 389.50 866.69 + 25391 981.00 + 383.11 81225 + 25723  0.557
Vitamin B, (mg/day) 1.30 + 0.40 1.00 + 0.13" 125 + 038 115 + 0.17 0.179
Vitamin B, (mg/day) 127 + 041 096 + 0.12" 1.17 + 0.39 1.07 + 0.19 0.106
Vitamin B, (mg/day) 2.58 + 0.36 222 + 033" 2.57 + 0.58 219 + 038" 0902
Niacin (mg/day) 16.61 + 2.88 1426 + 2.10" 1634 + 2.75 1532 + 1.75 0.089
Vitamin C (mg/day) 166.86 + 46.94 125.81 + 29.15" 120.79 + 63.34 13378 + 31.80  0.012
Folate (ug/day) 360.99 + 104.43 309.82 + 80.00 302.69 + 106.81 30822 + 4537  0.118
Vitamin E (mg ¢TE/day)  15.19 * 6.63 1174 + 3.18" 1423 + 6.15 12.33 + 3.63 0.479
Cholesterol (mg/day) 258.73 + 120.65 209.99 + 84.24 297.48 + 109.53 25432 + 32 0.893
Energy expenditure
TEE (kcal/day) 1,976 + 228 1,988 + 185 1,872 + 144 1,868 + 150 0.662
PAEE (kcal/day) 378 + 158 401 + 148 311 + 101 323 + 112 0.678

The values were mean + standard deviation. * The P-values are for comparison for the change from baseline to
intervention between LCDs and control by independent t-test, ¥ The P-values < 0.05 are for comparison between baseline
and intervention by paired t-test. EI, energy intake; LCDs, low calorie diets; PAEE, physical activity-associated energy
expenditure; RE, retinol equivalent; TE, tocopherol equivalent; TEE, total energy expenditure.
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Table 4. Nutrient adequacy ratio, mean adequacy ratio and index of nutrient quality between baseline and

intervention for the two diet groups

LCDs Control Povalue’
Baseline Intervention Baseline Intervention

NAR
Protein 1.00 = 0.00 0.99 + 0.04 1.00 = 0.00 1.00 = 0.00 0.224
Calcium 0.89 + 0.11 0.76 + 0.14" 0.78 + 021 0.79 + 0.14 0.601
Phosphorus 1.00 = 0.00 1.00 = 0.01 1.00 = 0.01 1.00 = 0.00 0.293
Tron 1.00 = 0.00 1.00 + 0.01 1.00 = 0.00 1.00 = 0.00 0.293
Vitamin A 0.92 + 0.12 0.97 + 0.07" 0.93 + 0.14 094 + 0.12 0.279
Vitamin Bl 0.93 + 0.09 0.83 + 0.08" 091 + 0.13 0.92 + 0.07 0.007
Vitamin B2 0.79 + 0.18 0.64 + 0.09" 0.74 + 0.20 0.71 * 0.12 0.057
Vitamin B6 1.00 + 0.00 1.00 + 0.00 1.00 + 0.00 1.00 = 0.00 1.000
Niacin 0.94 + 0.08 088 + 0.11" 0.93 + 0.09 0.94 + 0.09 0.101
Vitamin C 0.99 + 0.05 0.99 + 0.05 0.88 + 0.18 0.98 + 0.03" 0.968
Folate 0.85 + 0.19 0.75 + 0.15" 0.72 + 021 0.77 + 0.11 0.699
MAR 0.94 + 0.06 0.94 + 0.06 0.90 + 0.09 091 + 0.04 0.146
INQ
Protein 171 + 0.18 1.89 + 0.20" 1.74 + 0.28 1.81 + 0.19 0.270
Calcium 1.06 = 0.19 122 + 031" 1.01 + 0.47 0.99 + 0.17 0.019
Phosphorus 1.87 + 0.24 2.11 + 027" 1.84 + 0.37 1.90 + 0.19 0.023
Tron 1.92 + 0.29 2.17 + 033" 1.89 + 0.30 1.86 = 0.26 0.006
Zinc 123 + 023 133 + 023 121 + 0.15 128 + 035 0.656
Vitamin A 1.46 + 0.58 2.60 + 0.70" 1.62 + 0.64 247 + 077" 0.563
Vitamin Bl 121 * 0.39 130 + 0.13 122 + 0.38 121 + 0.15 0.060
Vitamin B2 095 + 0.28 0.99 + 0.12 091 + 031 0.90 + 0.16 0.109
Niacin 1.17 * 0.18 1.38 + 0.18" 120 + 0.22 121 + 0.18 0.012
Vitamin C 1.84 + 0.48 1.97 + 0.53 141 + 0.73 1.69 + 0.41 0.109
Folate 1.00 + 0.26 1.66 = 0.39" 0.89 + 0.32 1.67 = 027 0.894

The values were mean * standard deviation. * The P-values are for comparison at the intervention between LCDs and
control by independent t-test, ¥ The P-values < 0.05 are for comparison between baseline and intervention by paired t-test.
INQ, index of nutrient quality; LCDs, low calorie diets; MAR, mean adequacy ratio; NAR, nutrition adequacy ratio.
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