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Purpose : Type 2 diabetes mellitus, dyslipidemia, hypertension, cardiovascular disease, called metabolic
syndrome (MS), occur more frequently among individuals who were born small for gestational age
(SGA). SGA children with catch-up growth in height and high BMI are the most insulin resistant.
We investigated the prevalence of MS and evaluated the risk factors affecting the development of MS

in children and adolescents born SGA.

Methods : The study population (n=65) were born less than 10th percentile in body weight for their
gestational age and the body weights of the control group (n=34) were more than 10th percentile at
birth. The SGA and control subjects divided into prepubertal and pubertal groups. We measured serum
lipid levels (total cholesterol, triglyceride, HDL cholesterol, LDL cholesterol), fasting sugar levels and
insulin levels. Insulin resistance was determined by homeostasis model assessment, fasting insulin

glucose ratio and quantitative insulin sensitivity check index.

Results : Systolic blood pressure was significantly higher in the pubertal SGA group than in the
control group (113.2+10.3 vs. 98.7£16.4, P=0.001). The prevalence of high triglyceride and high fasting
glucose levels were significantly increased in pubertal SGA group than prepubertal SGA group (P<
0.05). Insulin resistance was correlated to systolic blood pressure, triglyceride levels, HDL-cholesterol
levels, fasting glucose, insulin levels at fasting and 2 hours after oral glucose tolerance test and body

fat mass in SGA group (P<0.05).

Conclusion : We suggest that the monitoring of these risk factors including systolic blood pressure,
triglyceride, HDL-cholesterol levels and body fat mass is important for the prevention of MS in children

and adolescents born SGA.

Key Words : SGA, Metabolic syndrome, Insulin resistance
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Table 1. Clinical Characteristics of Small for Gestational Age and Control Groups

Prepubertal (n=48) Pubertal (n=51)
SGA (n=30) Control (n=18) P SGA (n=35) Control (n=16) P
Age (years) 8.6+1.7 8.2+2.0 0.466 13.0+1.74 12.3+1.83 0.239
Birth Weight (kg) 2.24+0.24 3.10+£0.56 0.000° 2.21+0.30 3.03+0.38 0.000°
Height SDS -0.09+0.87 0.12+0.87 0.421 0.09+1.12 0.13+1.59 0.938
Weight SDS -0.49+0.68 -0.02+0.89 0.053 0.11+0.84 0.33+1.26 0.509
BMI (kg/m? 15.58+2.18 16.32+2.16 0.273 19.43+2.78 19.47+2.08 0.965
BMI SDS -057+0.94 0.08+0.97 0.031" 0.55+0.55 0.27+0.61 0.526
Body fat (%) 18.17+6.25 16.47+6.50 0.744 23.28+8.36 26.87+6.68 0.759
Waist hip ratio 0.87+0.04 0.85+0.04 0.088 0.80+0.05 0.83+0.06 0.383

Values are the meantstandard deviations
Abbreviations: SGA, small for gestational age; SDS, standard deviation score; BMI, body mass index

Table 2. Laboratory Data in Small for Gestational Age and Control Groups

Prepubertal (n=48) Pubertal (n=51)
SGA (n=30) Control (n=18) P SGA (n=35) Control (n=16) P
BP Systolic (mmHg) 99.5+10.9 98.9+13.8 0.896 113.2+10.3 98.7+16.4 0.001
BP Diastolic (mmHg) 54.9+9.1 58.2+9.3 0.280 63.3+8.7 61.8+11.6 0.656
Triglyceride (mg/dL) 66.8+35.5 88.1+£35.9 0.075 91.0£35.7 109.0+33.7 0.132
Total cholesterol (mg/dL) 175.8+42.7 158.5+28.3 0.151 162.0+28.1 160.4+30.4 0.876
HDL-C (mg/dL) 60.1+12.4 54.0+14.8 0.171 50.2+7.2 455+8.1 0.078
LDL-C (mg/dL) 102.4+35.9 80.2+24.3 0.215 935+25.8 96.3+24.8 0.761
Insulin Fasting (wU/mL) 6.76+3.12 6.91+5.65 0.913 10.20+3.46 12.04+6.18 0.313
Insulin 2 hr (uU/mL) 24.39+22.38 24.02+15.30 0.962 62.95+46.69 46.15+23.79 0.489
Glucose Fasting (mg/dL) 95.3+7.3 94.1+8.2 0.624 94.6+7.5 90.9+86 0.156
Glucose 2 hr (mg/dL) 106.2+14.4 98.3+12.7 0.137 110.3+17.5 80.7+17.8 0.062
HOMA-IR 1.60+0.75 1.60+1.38 1.000 2.39+0.86 2.73+145 0.344
QUICKI 0.36+0.03 0.37+0.04 0.337 0.339+0.020 0.342+0.047 0.781
FIGR 0.07+0.03 0.07+0.06 0.806 0.11£0.04 0.13+0.07 0.226

Values are the meanzstandard deviations. Abbreviations: SGA, small for gestational age; BP, blood pressure; HDL-C, high density
lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; HOMA-IR, homeostasis model assessmentinsulin resistance; QUICKI,
quantitative insulin sensitivity check index; FIGR, fasting insulin glucose ratio
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Table 3. Correlations between Metabolic Factors and

Insulin Resistance Indices

HOMA-IR QUICKI FIGR
SGA (n=65) Control (n=34) SGA (n=65) Control (n=34) SGA (n=65)  Control (n=34)

BP Systolic (mmHg) 0.298" -0.058 -0.343" 0.071 0.362" -0.067
BP Diastolic (mmHg) 0.163 -0.062 -0.234 0.037 0.224 -0.013
Triglyceride (mg/dL) 0400 0.276 -0316" -0.180 0.469" 0.250
Total Cholesterol (mg/dL) -0.170 -0.009 0.210 -0.175 -0.19 -0.142
HDL-C (mg/dL) -0.303" -0.201 0.321" -0.053 -0.342 -0.16

LDL-C (mg/dL) -0.191 0.111 0.209 -0.265 -0.218 0.077
Insulin Fasting (wU/mL) 0.987" 0.987" -0.923 -0.827" 0.985" 0.980"
Insulin 2 hr (uU/mL) 0.273 0.680" -0.289" -0.604" 0.286" 0.739"
Glucose Fasting (mg/dL) 0.334 0.182 -0.396" -0.099 0.034 -0.138
Glucose 2 hr (mg/dL) -0.214 -0.059 0.216 0.05 -0.256 -0.016
Body fat (%) 0.324" 0.393" -0.327 -0.224 0.318" 0.422

Abbreviations : HOMA-IR, Homeostasis Model Assessmentlnsulin Resistance; QUICKI, quantitative insulin sensitivity check index; FIGR,
fasting insulin glucose ratio; SGA, small for gestational age; BP, blood pressure; HDL-cholesterol, high density lipoprotein cholesterol;
LDL-cholesterol, low density lipoprotein cholesterol. “P<0.05, * P<0.01
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