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Abstract
Background: We sought to determine the association between serum gamma-glutamyltransferase (GGT) levels
within the normal range and the risk for development of impaired fasting glucose (IFG) or type 2 diabetes.
Methods: This retrospective cohort study spanned four years (2002~2006) with 1,717 Korean men who
underwent periodic health examinations at a university hospital in Incheon, Korea and were not diagnosed
with IFG or type 2 diabetes. Fasting plasma glucose levels were measured at the annual health examination.
IFG and diabetes were defined as a serum fasting glucose concentration of 100~125 mg/dL and more than
126 mg/dL, respectively. Cox’s proportional hazards model was used to evaluate the association between
serum GGT levels and development of IFG or type 2 diabetes.

Results: There was a strong dose-response relationship between serum GGT levels and the incidence of IFG
and diabetes. A total of 570 cases (33.2%) of incident IFG and 50 cases (2.9%) of diabetes were found. After
controlling potential predictors, the relative risks for the incidence of IFG for GGT levels < 19, 20~25, 26~34,
35~50 and > 51 were 1.00, 0.99, 1.17, 1.23 and 1.38 respectively (P for trend 0.015), and for the incidence
of diabetes were 1.00, 1.44, 1.80, 2.55 and 2.58 respectively (P for trend 0.050).

Conclusion: The risk for development of IFG and type 2 diabetes increased in a dose-dependent manner as

serum GGT increased within its normal range in Korean men. (Korean Diabetes J 33:215-224, 2009)
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Table 1. Baseline Characteristics of 1,717 Korean male, according to serum GGT levels

GGT (units/ L)

Characteristic T 20-25 26-34 35-50 = 51 P value’
N 401 326 326 324 340
Mean age (year) 37.1£9.0 375184 372178 38.1£7.6 37.7+£6.2 0.053
Body mass index (kg/mz) 224 +24 234 +26 23.8+29 244 +25 252 +3.0 <0.001
Family history of diabetes (%) 4.0 49 4.9 5.6 5.0
Alcohol consumption (ethanol,g/d) 7.4 +10.7 9.6 106 129+14.1 139=*13.1 169+154 <0.001
Smoking (pack/d,%)

Non-smoking 322 29.1 22.7 24.4 18.2

Past smoking 17.2 17.5 19.0 20.1 16.2

1~9 15.0 10.7 9.2 12.0 6.8

10~19 29.9 35.0 38.7 34.6 43.8

> 20 5.7 7.7 10.4 9.0 15.0
Physical exercise (%)

Hardly ever 41.1 44.5 37.7 35.8 41.5

Once or twice per week 39.4 46.2 439 46.9 40.3

3 or 4 per week 10.5 10.7 11.3 10.2 13.5

5 or more per week 9.0 8.6 7.1 7.1 4.7
Systolic blood pressure (mm Hg) 120.8 £ 13.9 123.0+14.0 1250+ 13.3 1273+ 143 128.6 £16.0 <0.001
Diastolic blood pressure (mm Hg) 745+95 77.1£10.5 78.1+99 80.6 +9.9 81.8+109 <0.001
Fasting plasma glucose level (mg/dL) 89.7 + 6.9 88.6 £ 7.1 87.8+79 879+179 88.7+£72 0.015
Hemoglobin (g/dL) 149 +£09 15.1+£09 15.1+£09 153+09 155+09 <0.001
Total cholesterol level (mg/dL) 172.8 £26.8 182.5 +29.8 187.7 £29.0 196.0 £33.6 199.8 +36.0 <0.001
Aspartate transaminase (IU/L) 20.1 £5.2 22.1 +6.1 24.0+10.6 259+8.0 347 +34.7 <0.001
Alanine transaminase (IU/L) 208 +8.1 254+10.5 302+148 357+189 583+582 <0.001

* P-values are driven by ANOVA. Values were presented by mean =+

-glutamyltransferase.
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Fig. 1. Incidence of IFG (impaired fasting glucose) and type 2 diabetes mellitus according to serum GGT (gamma

-glutamyltransferease) levels during 5 years of follow-up.
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Table 2. The risk of incidence of IFG and type 2 diabetes mellitus according to serum GGT levels during 5 years

of follow-up

Condition P value

GGT (units/ L) < 19 20~25 26~34 35~50 > 51 for Trend”

Impaired fasting glucose

Cases, n 104 92 109 119 146

Person-years 1,052 850 828 792 813

Rate per 1,000 Person-years 98.9 108.2 131.6 150.3 179.6

Age-adjusted relative risk 1.00 1.09 1.33 1.45 1.75 < 0.001
95% CI) (referent) (0.82~1.44) (1.02~1.74) (1.11~1.89) (1.36~2.25)

Multivariate-adjusted relative 1.00 0.99 1.18 1.23 1.37 0.011
risk (95% CI)' (referent) (0.74~1.32) (0.89~1.56) (1.03~1.62) (1.03~1.82)

Multivariate-adjusted relative 1.00 0.99 1.17 1.23 1.38 0.015
risk (95% CI)® (referent) (0.74~1.31) (0.89~1.55) (1.02~1.63) (1.02~1.86)

Type 2 diabetes

Cases, n 6 7 9 13 15

Person-years 1,197 971 970 960 1,015

Rate per 1,000 Person-years 5.0 7.2 9.3 135 14.8

Age-adjusted relative risk 1.00 1.43 1.88 2.58 291 0.020
95% CI) (referent) (0.48~4.24) (0.67~5.27) (1.08~6.80) (1.13~7.49)

Multivariate-adjusted relative 1.00 1.47 1.87 2.69 295 0.020
risk (95% CI)' (referent) (0.49~4.42) (0.65~5.42) (1.07~7.46) (1.04~8.37)

Multivariate-adjusted relative 1.00 1.44 1.80 2.55 2.58 0.050
risk (95% CI) (referent) (0.48~4.35) (0.62~5.24) (1.05~7.13) (1.01~7.69)

GGT, gamma-glutamyltransferase. IFG, impaired fasting glucose. * For linear Trend. Model 1; Age-adjusted. ¥ Model 2;

Multiple factors such as age, body mass index, amounts of smoking, alcohol consumption, regular physical exercise,

family history of diabetes, fasting plasma glucose level, hemoglobin level, total cholesterol level, other liver enzymes

(Aspartate transaminase/Alanine transaminase) at the beginning of the study. ¥ Model 3; model 2 plus adjustment for all

of the other liver enzymes (Aspartate transaminase/Alanine transaminase).

1.02~1.86)°]tHP for trend 0.015) (Table 2).
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(referent), 1.44 (95% CI = 0.48~4.35), 1.80 (95% CI
0.62~5.24), 2.55 95% CI = 1.05~7.13), 2.58 (95% CI
1.01~7.69)©]AtHP for trend 0.050) (Table 2).
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IU/L ol gelld F5dagele] WA EE 247+ 0.99
95% CI = 0.74~1.31), 1.17 (95% CI = 0.89~1.55), 1.23
(95% CI = 1.02~1.63), 1.38 (95% CI = 1.02~1.86)°]13)t}
(P for trend 0.015). T3k ARY FaHe] 9= 1.44
(95% CI = 0.48~4.35), 1.80 (95% CI = 0.62~5.24), 2.55
(95% CI = 1.05~7.13), 2.58 (95% CI = 1.01~7.69)°]Ac}
(P for trend 0.050).
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