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Relationship between Serum Gamma-glutamyltransferase Levels within Reference
Intervals and the Prevalence of Metabolic Syndrome and Diabetes Mellitus in Adults
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Background: This study was conducted to establish reference intervals (RIs) for serum gamma-glutamyltransferase (GGT), and to evaluate the
association between serum GGT levels within RIs and the prevalence of metabolic syndrome (MetS) and type 2 diabetes mellitus (DM) in men and

women.

Methods: A total of 363 healthy adults (137 men and 226 women) were enrolled for establishing the RIs of serum GGT. A cross-sectional study
was conducted with 919 individuals (519 men and 400 women) to evaluate the associations between gender-specific serum GGT RI quartiles and

prevalence of MetS and DM.

Results: The RIs for serum GGT levels (central 95th percentile ranges) were 9.0-70.6 TU/L and 4.0-31.3 TU/L in men and women, respectively. In
men, the odds ratios (ORs) and 95% confidence intervals (CIs) for the prevalence of MetS in 4 serum GGT quartiles (lowest to highest) were 1.0
(reference), 3.6 (0.7-18.0), 8.8 (2.0-39.1), and 17.4 (4.0-75.3), respectively, while the ORs (95% CIs) for the prevalence of DM were 1.0 (reference),
1.0 (0.3-3.0), 1.7 (0.6-4.6), and 2.6 (1.0-6.6), respectively. In women, the corresponding ORs (95% CIs) were 1.0 (reference), 3.3 (0.6-16.6), 5.8
(1.2-27.3), and 18.8 (4.3-82.2) for MetS, respectively, and 1.0 (reference), 1.6 (0.3-9.7), 1.6 (0.3-9.9), and 8.0 (1.7-36.7) for DM, respectively. These
significant relationships persisted after adjusting for age, alcohol intake, body mass index, and smoking.

Conclusions: Serum GGT levels, even within RIs, were proportionally associated with prevalence of metabolic syndrome and DM in both men
and women. Serum GGT level may be an independent predictor for chronic degenerative diseases.
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Table 1. Clinical and biochemical characteristics of the subjects select-
ed for establishing the reference intervals for serum GGT levels

Characteristics Men* Women* P value by t-test
Number of subjects 137 226

Age (yr) 435+95 4334108 0.823
Systolic BP (mmHg) 1200+80  110.6+10.8 <0001
Diastolic BP (mmHg) 760+7.7 708+ 838 <0.001
Height (cm) 1703+ 5.7 1589 +55 <0.001
Weight (kg) 701+101  57.1+69 <0001
BMI (kg/m?) 241+£30 226+26 <0.001
Total cholesterol (mg/dL) 183.4+315 1819+314 0.659
HDL-cholesterol (mg/dL) 469+107 541+125 <0.001
LDL-cholesterol (mg/dL) 123.0+309 11484312 0.015
Triglyceride (mg/dL) 1208+ 674  887+47.0 <0.001
Fasting glucose (mg/dL) 875194 846+84 0.002
GGT (IU/L) 283+160 132160 <0.001
AST (IU/L) 22816.1 190+ 49 <0.001
ALT (UL 240+ 17  146+62 <0001
Uric acid (mg/dL) 60+ 10 42408 <0.001
GGT (central 95th percentile, lU/L) ~ 9.0-70.6 40-313

*Data are expressed as mean £ S.D.

Abbreviations: GGT, gamma-glutamyltransferase; BP, blood pressure; BMI, body
mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; AST, as-
partate aminotransferase; ALT, alanine aminotransferase.
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Table 2. Clinical and biochemical characteristics of all subjects with o 5|4 % GGT 7| Z71sto) whet A1t} A2
serum GGT levels within the reference intervals & o] SWE o mals Z7lels ofARS UL Lo,

Characteristics Men* Women* P value by t-test BMI, &5 1 gﬁ % Exjé; S AFEQ) T Q2, Q3 W Q49
Age (yr] 47 £10.7 47.1+12.2 0.940 ) .
=) _

Systolic BP (mmHg) 1245+ 139 1163+ 15.5 <0.001 ©0.6-174), 7.6 (1'6'17'4) 12'6 (2.8-57.3), 2|3l AR}k A 2.2
Diastolic BP (nmHg) 778496 73.1£103 <0.001 04-114), 3.1 (0.6-15.2) ¥ 85 (19-39.D& L% Figt gk uk-g
Height (cm) 1703£57 1582+58 <0.001 TAE LFERATHP for trend <0.05). A28 Dicdo]] disia e ¥
Weight (kg) 70.6 £ 9.7 57.5+79 <0.001

Aol A] 1.2 (0.4-3.6), 2.2 (0.8-6.0) X 35 (1.3-9.3), 18] 31 oJRA}-
BMI (kg/m?) 243128 230+30 <0.001 }‘ 01] “ ( ) ( ]) = ( ) E] o 0% }

= _

Total cholesterol (mg/dl) 18364325 18124326 0258 oA 16 (0.2-10.0), 24 (0.2:9.3) B 6.1 (1.3-29.8)= B5F= )3t 2
HDL-cholesterol (mg/dL) 450+ 106 5244122 <0001 = HeEPHTHP for trend < 0.05).
LDL-cholesterol (mg/dL) 1225+ 320 1149+ 323 <0.001
Triglyceride (mg/dL) 137.2+£799 97.1+64.4 <0.001 9 =t
Fasting glucose (mg/dL) 92.7+19.7 88.8+20.7 0.004 L =
GGT (IU/Y) 305+ 15.1 13.6£6.0 <0.001
AST (1Y) 236+86 202460 <0001 olF oA SE FAEN A 2 B BEA Ak
ALT (IU/L) 244+135 159+78 <0.001 i]ﬂgl 7;];(.]2_ “HOH F /\“E]U]—Z(ﬂ‘ ,%FH = %‘7]—5‘]—7] _ﬂgH /:él'—l———’:[L
Uric acid (mg/dL) 6.0+ 1.1 43409 <0.001 _ _

7 H 2 AR Qe a7k 96t
Metabolic syndrome (%) 9.2 105 0527 (hr wlashA| ek R AR S E"]_?—“}E Feiohs
Type 2 DM (%) 75 5 0.114 Z2 AAM T AJeke] A Z2ALof| A= w9 a3t ¢5toltt. Clini-
*Data are expressed as mean + S.D, unless otherwise stated. cal and Laboratory Standards Institute (CLSI)Oﬂ A Fa7e)
Abbreviations: GGT, gamma-glutamyltransferase; BP, blood pressure; BMI, body 220 o5 21 RETEE HEle. olal ZIA
mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; AST, as- =o= H o E,_J__7H7<ﬂ(referer1ce 1r1d1v1dual).4 = T]OH e
partate aminotransferase; ALT, alanine aminotransferase; DM, diabetes mellitus. HH 22 7|H(direct sampling techniques)2- 0]-8-& 218 7353]

Table 3. Clinical and biochemical characteristics of male and female subgroups according to the quartiles of sex-specific serum GGT reference in-
tervals

Quartiles (Q) of serum GGT

Men (N=519) Pvalue Women (N=400) Pvalue
Qr* Q2* Q3* 04* by Q1* Q2* Q3* o4* by
(<191U/) (20-261U) (27-411U) (42-701UjL) ANOVA  (<9|uj)  (10-121U) (13-171UJL) (18-311Uj) ANOVA
Number of subjects 140 122 133 124 107 102 100 91
Age (yr) 474+134 469+107 469+94  467+86 0956 449+122 462+11.6 47.1+£120 5064125 0007
BMI (kg/m?) 230+25 240425 247427 258429 <0001 219+25 228+27 233429 241434 <0001
Current smoker (%) 136 17.2 18.1 234 0041 00 10 10 33 0.209
Drinker (> 1 time/month) (%)) 593 61.5 729 710 0043 215 235 230 24.2 0974
Hypertension (%) 17.1 28.7 28.6 28.2 0073 103 108 200 28.6 0.001
Metabolic syndrome (%) 14 49 1.3 20.2 <0.001 19 59 10.0 26.4 <0.001
Type 2 DM (%) 50 49 83 12.1 0098 19 29 30 132 0.001
Total cholesterol (mg/dL) 17274319 17884308 189.1+310 1949+318 <0001 1765+334 17604292 1820+303 19174355 0002
HDL-cholesterol (mg/dL) 459+107 463+110 444+103 434+103 0105 553+145 527+£100 5324122 4784102 <0001
LDL-cholesterol (mg/dL) 11324301 11814300 12804336 131.3+312 <0001 1099+317 109.0+28.1 11554295 1266+374 <0001
Triglyceride (mg/dL) 10614503 1242+659 1445+886 17754916 <0001 761+282 912+417 965+51.9 128941045 <0001
Fasting glucose (mg/dL) 890+ 138 908+177 936%222 9794237 0002 837+78 859+11.6 890+263 9794283 <0001
GGT (IU/L) 147433 229419 329+44 530+81 <0001 74+16 109+08 149+14 226+42 <0001
AST (IUL) 206+47 2324114 234459 275496 <0001 188+49 189+43  203+48 233484 <0001
ALT (IU/Y 176458 214497 2534105 338+193 <0001 13.1+48 139449 163+58 210+119 <0001
Uric acid (mg/dL) 558+1.18 594+096 608+107 624+1.12 <0001  41+08 42409  44+10 44409 0010

*Data are expressed as mean £ S.D, unless otherwise stated.
Abbreviations: GGT, gamma-glutamyltransferase; BP, blood pressure; BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; AST, aspartate ami-
notransferase; ALT, alanine aminotransferase; DM, diabetes mellitus.
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Table 4. Odds ratios and 95% confidence intervals for the prevalence of metabolic syndrome according to quartiles of sex-specific serum GGT Rls

in men and women

Quartiles (Q) of serum GGT

Ptrend
Q1 Q2 Q3 Q4
Men (<191U/Y) (20-26 1U/V) (27-411U) (42-701U/L)
Number of subjects (N=519) 140 122 133 124
GGT (IU/L) (mean + SD) 147 £33 229t19 329+ 44 530£8.1
Qdds ratio (95% Cl)
Model 1* 1 3.6(0.7-18.0) 8.8(2.0-39.1) 17.4 (40-753) <0.001
Model 2* 1 3.9(0.8-20.1) 10 (2.2-45.6) 20.6 (4.7-90.9) <0.001
Model 3* 1 33(0.6-17.4) 7.6(1.6-35.3) 12.6 (2.8-57.3) <0.001
Women (<91U/L) (10-121U/L) (13-171U/1) (18-311UJL)
Number of subjects (N=400) 107 102 100 91
GGT (IU/L) (mean £ SD) 741116 109+0.8 149+13 226142
Odds ratio (95% Cl)
Model 1* 1 3.3(0.6-16.6) 5.8(1.2-27.3) 18.8 (4.3-82.2) <0.001
Model 2* 1 3.2(0.6-163) 5.5(1.2-26.0) 15.8 (3.6-69.8) <0.001
Model 3* 1 22(0.4-11.4) 3.1(0.6-15.2) 85 (1.9-39.1) 0.001

*Model 1, crude odds ratio; Model 2, model 1 plus adjustment for age; Model 3, model 2 plus adjustment for body mass index, alcohol intake, and smoking.
Abbreviations: Cl, confidence intervals; GGT, gamma-glutamyltransferase.

Table 5. Odds ratios and 95% confidence intervals for the prevalence of diabetes mellitus according to quartiles of sex-specific serum GGT refer-

ence intervals in men and women

Quartiles (Q) of serum GGT

Ptrend
Q1 Q2 Q3 04
Men (<191U/1) (20-26 1UJL) (27-41 IUJL) (42-70 U/
Number of subjects (N=519) 140 122 133 124
GGT (IU/L) (mean % SD) 147433 229419 329+44 530+ 8.1
Qdds ratio (95% Cl)
Model 1* 1 1.0 (03-3.0) 1.7 (0.6-4.6) 2.6 (1.0-6.6) 0.099
Model 2* 1 1.2 (0.4-3.6) 2.2 (0.8-6.0) 35(1.3-93) 0.033
Model 3* 1 1.2 (0.4-3.6) 2.2 (0.8-6.0) 35(1.3-93) 0.033
Women (<91U/) (10-121U/L) (13-171U/1) (18-311U/L)
Number of subjects (N=400) 107 102 100 91
GGT (1U/L) (mean = SD) 741+16 109+08 149413 226+42
Odds ratio (95% Cl)
Model 1* 1 1.6 (0.3-9.7) 1.6 (0.3-9.9) 8.0 (1.7-36.7) 0.001
Model 2* 1 1.6 (0.2-10.0) 1.4(0.2-9.3) 6.1(1.3-29.8) 0.012
Model 3* 1 1.6 (0.2-10.0) 1.4(0.2-9.3) 6.1(1.3-29.8) 0.012

*Model 1, crude odds ratio; Model 2, model 1 plus adjustment for age; Model 3, model 2 plus adjustment for body mass index, alcohol intake, and smoking.
Abbreviations: Cl, confidence intervals; GGT, gamma-glutamyltransferase.

el QIeH2AlL el olafet 1 AFg e Ao 2 o
Aro] = #al R ch(reference population)& 5= Zl0] ofH
3L A o] MAstE 2 djrho] HARL 243he] He

AL AR A7 L5 Hok 2 04—?01]/\1%
A}

BIAEF A} W3 AnkAlS
A AR AEE et HHZﬂEd%

st s 4%@ Zof 95 9)590] o3t BF
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