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Abstract
Background: Adipose tissue produces and releases a variety of proinflammatory cytokines. The aim of this
study was to investigate whether proinflammatory cytokines are increased and insulin resistance is presented
in nonobese women with high body fat and low fat free mass.

Methods: Sixty nonobese adult premenopausal women (body mass index, BMI < 25 kg/m?) were included
in this study. Body composition was determined by dual energy absoprtiometry (DXA). Fasting glucose, lipid
profiles, tumor necrosis factor-a (TNF-q), interleukin-6 (IL-6), C reactive protein (CRP) and basal insulin were
measured.

Results: The subjects with high body fat (= 30%) had higher CRP levels (P = 0.024), IL-6 levels (P = 0.008),
insulin levels (P = 0.003), and homeostasis model assessment-IR (HOMA-IR) (P = 0.020) than those of the
subjects with low body fat. In a subset of 32 subjects with high body fat (= 30%), the number of subjects
with high fat free mass index (FFMI) (> 13.5 kg/m?) had higher atherogenic index than that of subjects with
low FEMI (FEMI < 13.5 kg/m?) (P < 0.05). IL-6 was correlated with % body fat, fat mass index (FMI), and
fat mass (P < 0.05). HOMA-IR was correlated with % body fat and FMI (P < 0.05). To investigate predictors
of cytokines and HOMA-IR, multiple regression analysis was used. % body fat was a predictor for IL-6 and,
while age and % body fat were predictors of HOMA-IR in study subjects.

Conclusions: This study suggests that insulin resistance may be present in nonobese women with high body
fat and low fat free mass. (J Kor Diabetes Assoc 31:136~143, 2007)
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Table 1. Comparisons of serum lipid profiles, fasting glucose and insulin, HOMA-IR, CRP, TNF-q, and IL-6

according to % body fat

Body fat < 30% (n = 28) Body fat > 30% (n = 32) P value
Age (yrs) 286 + 5.6 32.1 + 9.0 0.089
Body mass index (kg/mz) 194 + 1.3 21.5 £ 1.8 0.000
Waist circumference (cm) 70.1 £ 4.2 754 £ 5.6 0.000
Hip circumference (cm) 89.8 £ 32 922 + 4.0 0.019
Fat mass index (kg/mz) 52 + 0.7 7.2 + 1.0 0.000
Fat free mass index (kg/mz) 134 + 0.8 13.3 + 0.9 0.837
Total cholesterol (mg/dL) 172.1 £ 29.5 774 + 26.8 0.469
Triglyceride (mg/dL) 69.0 £ 294 79.5 £ 30.8 0.185
HDL cholesterol (mg/dL) 625 + 11.0 56.8 + 10.5 0.084"
Fasting blood glucose (mg/dL) 76.8 £ 8.2 78.6 £ 124 0.522
Atherogenic index 28 £ 04 32 £ 0.7 0.032"
Insulin (uU/mL) 34 £ 1.5 49 £ 22 0.003"
HOMA-IR 0.6 + 03 09 + 04 0.020"
CRP (mg/dIL) 0.02 £ 0.04 0.08 £ 0.24 0.024"
TNF-a (pg/mL) 10.7 £ 1.9 11.4 £ 1.9 0.209"
IL-6 (pg/mL) 33 £ 14 45 + 1.6 0.008"

Data are presented mean + SD, P value by T-test.
* P value by General linear model after adjustment for

+ P value by Mann-Whitney U test.

age.

CRP, c-reactive protein; HDL, high density lipoprotein, HOMA-IR, homeostasis model assessment IR; IL-6, interleukin-6;

TNF-a, tumor necrosis factor-a.
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Table 2. Comparisons of serum lipid profiles, fasting blood glucose, CRP, TNF-a, and IL-6 according to body fat
% and fat free mass index (FFMI)

FFMI < 13.5 kg/m’

FEMI > 13.5 kg/m’

Fat < 30% Fat > 30% Fat < 30% Fat > 30%

(group 1) (group 2) (group 3) (group 4)

(n = 16) (n = 18) n = 12) (n = 14)
Age (yrs) 276 + 45 295 + 87 300 + 6.8 354 * 8.6
Body mass index (kg/m’) 186 + 0.9 203 + 12%* 205 + 1.0” 229 + .17
Fat mass index (kg/m’) 49 + 0.6 6.7 + 0.7%* 55 + 0.6"" 79 + 0.97%
Fat free mass index (kg/m?) 12.8 + 04 12.7 + 0.6 14.1 + 0.6™ 14.1 £ 049
Waist circumference (cm) 69.4 + 34 723 + 4.1 710 + 52 79.1 + 4.5"%
Hip circumference (cm) 88.6 + 2.9 90.4 + 2.4 915 + 29§ 94.1 + 4.6"
Total cholesterol (mg/dL) 1772 + 35.1 170.5 + 26.0 653 + 19.4 186.2 + 26.1"
Triglyceride (mg/dL) 73.1 + 358 755 + 34.4 63.6 £ 17.9 847 + 258"
HDL cholesterol (mg/dL) 643 + 12.1 59.1 + 10.7 60.0 + 9.4 539 + 98/
Fasting blood glucose (mg/dL) 74.6 £ 9.1 763 £ 7.8 79.8 £ 59 81.6 £ 16.3
Atherogenic index 2.8 + 0.4 30 + 07 28 £ 05 35 +06' "%
Insulin (1U/mL) 35+ 1.6 47 + 2.3 31+ 1.3* 52 +22°
HOMA-IR 0.66 = 0.3 0.87 + 0.4 0.66 + 0.3 1.01 = 04"
CRP (mg/dL) 0.02 + 0.05 0.11 * 032 0.01 * 001" 0.03 + 0.05
TNF-a (pg/mL) 108 + 0.8 113 + 1.8 106 + 2.8 116 + 2.1
IL-6 (pg/mL) 35+ 1.5 43 + 14 31 + 13" 47 £ 19

AEYH AO|EFIRI ClEEINEY

% P < 0.05 and 3% P < 0.01; group 1 vs group

2, # P < 0.05 and ## P < 0.01; group 2 vs group 3, § P < 0.05

and § P < 0.01 group 1 vs group 3, ¥ P < 0.05 and ¥ P < 0.01; group 3 vs group 4, § P < 0.05 and §§ P < 0.01
group 2 vs group 4 by Mann Whitney U-test, /| P < 0.05 and [ P < 0.01; group 1 vs group 4, and by General linear

model after adjusted for age.

CRP, c-reactive protein; HDL, high density lipoprotein, HOMA-IR, homeostasis model assessment IR; IL-6, interleukin-6;

TNF-a, tumor necrosis factor-a.
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Fig 1. Correlations between Interleukin-6 (IL-6) and anthropometric data in study subjects.
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Fig 2. Correlations between homeostasis model assessment IR. (HOMA-IR) and anthropometric data in study subjects.

Table 3. Partial correlations after adjustment for age

CRP TNF-a IL-6 HOMA-IR
Body mass index -.036 .051 .194 218
Waist circumference 122 .055 -.141 243
Hip circumference -.058 .005 -.076 127
Body fat % 060 129 326 307
Fat mass index 022 .104 299" 299
Fat free mass index =127 -.047 -.080 -.011
Fat mass .009 .081 288" .250

Values are correlation coefficients.

* P < 0.05.

CRP, c-reactive protein, HOMA-IR, homeostasis model assessment IR; IL-6, interleukin-6; TNF-q, tumor necrosis factor-a
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of CRP, TNF-q, IL-6, HOMA-IR by stepwise multiple regression analysis.

B

TNF-a HOMA-IR

Age
Body mass index -
Waist circumference -
Hip circumference -
Body Fat % -
Fat mass index -
Fat free mass index -
Fat mass -
1§ 0.070

0.354

- 0.137 0.251

CRP, c-reactive protein; HOMA-IR, homeostasis model assessment IR;
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t} (R* = 0.251) (Table 4).
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IL-6, interleukin-6; TNF-q, tumor necrosis factor-a.
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