Journal of Preventive Medicine and Public Health
January 2010, Vol. 43, No. 1, 18-25

eL

doi: 10.3961/jpmph.2010.43.1.18

I AkA Al €3
—Glutamyltransferase%}
A HAETHe FHA

Association Between Gamma-Glutamyltransferase and
Hypertension Incidence in Rural Prehypertensive Adults

Jun-Hyun Hwang', Ji-Yeon Shin', Byung-yeol Chun?, Duk-Hee Lee',
Keon-Yeop Kim', Wee-hyun Park®, Shung-chull Chae’

'Department of Preventive Medicine, School of Medicine, Kyungpook National University, ’Health Promotion Research Center, Kyungpook
National University, *Department of Internal Medicine, School of Medicine, Kyungpook National University

Objectives: Prehypertension is associated with a higher risk of developing hypertension compared with normotension. Yet,
factors predicting the development of hypertension among prehypertensive people are ill-understood. This prospective cohort
study was performed to examine if serum gamma-glutamyltrasferase (GGT) within a normal range can predict the future risk

of hypertension among prehypertensive adults.

Methods: Study subjects were 293 prehypertensive persons >30-years-of-age who participated in a community-based health
survey in 2003 and who were followed up in 2008. Sex-specific quartiles of baseline serum GGT were used to examine

association with 5-year hypertension incidence.

Results: Baseline serum GGT within normal range predicted the risk of developing hypertension for 5 years only in
prehypertensive women. Adjusted relative risks were 1.0, 3.7, 3.6, and 6.0 according to quartiles of baseline serum GGT (P for
trend <0.01). This pattern was similarly observed in non-drinkers. However, serum GGT was not associated with incident
hypertension in men. Different from serum GGT, baseline serum alanine aminotransferase, another well-known liver enzyme,

did not predict the risk of incident hypertension in both genders.

Conclusions: Even though baseline serum GGT within normal range strongly predicted the future risk of hypertension, it was
observed only in women, Although underlying mechanisms of this association are currently unclear, serum GGT can be used
to select a high risk group of hypertension in prehypertensive women.
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Table 1. Comparison between follow-up loss and
study subjects

Follow-up loss Study

subjects subjects  p-value'
(n=115) (n=293)
Sex (%) 0.01
Male 53.0 39.2
Female 47.0 60.8
Age (yr) 50.7+9.9 541+89  <0.01
Education (%)* <0.01
<Elementary school 38.1 54.3
Middle school 221 28.7
>High school 39.8 17.0
BMI (kg/m?) 23.6+3.0 23.8+3.0 0.43
Alcohol (%) 0.15
Non-drinker 58.3 65.9
Drinker 41.7 341
Smoking (%) <0.01
Non-smoker 49.6 64.2
Ex-smoker 8.7 11.6
Current-smoker 417 24.2
Regular exercise (%) 0.17
>3 times per week 19.1 15.4
1 to 2 times per week 113 6.8
Never 69.6 77.8
Salty food preference (%) 0.98
Hasty 174 18.1
Moderate 47.0 471
favorite 35.6 34.8
Family history of HTN (%) 13.0 174 0.28
GGT (UL) * 16.0[10.0~33.0] 16.0[11.0~28.0] 0.68
SBP (mmHg) 124.4+6.3 125.5+6.2 0.11
DBP (mmHg) 80.1+4.7 79.8+4.6 0.48

BMI: body mass index, HTN: hypertension, GGT: gamma-glutamyltrans
ferase, SBP: systolic blood pressure, DBP: diastolic blood pressure

* Only 113 subjects among follow-up loss subjects had information on
education.

* p-value calculated by chi-square test or independent t-test except
GGT

 p-value calculated by Wilcoxon rank sum test and values are median
[Interquartile range].
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Table 2. Baseline characteristics of the study subjects by quartiles of serum gamma-glutamyltransferase levels

Serum GGT quartiles at baseline

Male Female.
Characteristics 1 2 3¢ 4" 1 2m 3¢ 4"
Quartile Quartile Quartile Quartile  P-trend  Quartile Quartile Quartile  Quartile  P-trend
(<17 (17-23 (24-46 (>46 (<9 (9-12 (13-19 (>19
U/L) U/L) U/L) U/L) U/L) U/L) U/L) U/L)
No 28 29 29 29 50 35 49 44
Age (yr) 534+11.6 534+9.1 54.8+9.3 54.2+9.3 0.63 52.0+8.9 539+7.6 549+88 56.4+6.9 <0.01
Education (%)* 0.68 0.80
<Elementary school 10.7 13.8 13.8 17.2 62.0 71.4 69.4 75.0
Middle school 10.7 34 6.9 0.0 26.0 20.0 24.5 20.4
>High school 78.6 82.8 79.3 82.8 12.0 8.6 6.1 4.6
Alcohol (%) 0.02 0.17
Non-drinker 46.4 51.7 34.5 20.7 90.0 80.0 85.7 77.3
Drinker 53.6 48.3 65.5 79.3 10.0 20.0 143 22.7
Smoking (%)* <0.01 0.81
Non-smoker 35.7 17.2 6.9 35 98.0 94.3 93.9 95.4
Ex-smoker 28.6 34.5 379 10.3 0.0 0.0 2.0 2.3
Current-smoker 35.7 48.3 55.2 86.2 20 57 41 23
BMI (kg/m?) 22.0+23 284+24 245+3.0 234+33 0.03 23.7+29 24.0+27 241+34 249+3.1 0.06
Regular exercise (%)* 0.68 0.69
>3 times per week 10.7 13.8 13.8 17.2 18.0 14.3 20.4 114
1 to 2 times per week 10.7 34 6.9 0.0 12.0 8.6 6.1 4.5
Never 78.6 82.8 79.3 82.8 70.0 771 735 84.1
Salty food preference (%)* 0.92 0.13
Hasty 14.3 10.4 17.2 6.9 26.0 114 184 29.5
Moderate 50.0 58.6 48.3 55.2 40.0 57.2 51.0 27.3
favorite 35.7 31.0 34.5 37.9 34.0 31.4 30.6 432
Family history of HTN (%) 14.3 13.8 20.7 17.2 0.61 28.0 22.9 12.2 9.1 <0.01
SBP (mmHg) 126.7+£5.5 127.1+7.0 124.6+5.1 123.8+5.5 0.02 123.2+6.4 126.4+5.6 126.4+7.0 126.3+5.7 0.02
DBP (mmHg) 79.6+44 804+47 815+4.6 80.3+4.2 0.38 79.7+3.9 79.3+45 792455 792+4.8 0.64

GGT: gamma-glutamyltransferase, BMI: body mass index, HTN: hypertension, SBP: systolic blood pressure, DBP: diastolic blood pressure

* p-trend means p-value.
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Table 3. Relative risks (RRs) and 95% confidence
intervals (Cls) for incidence of hypertension (HTN)
during the follow-up periods by quartiles of baseline
serum gamma-glutamyltransferase (GGT) levels

Serum GGT quartiles
15( 2nd 3rd 4th

_ , _ , p for
Sexr  Quartile Quartle Quartle Quartle  gng
(<17 (17-23  (24-46  (>46
U/L) U/L) U/L) U/L)
Male
Case/N 6/28 8/29 6/29 5/29
(HTN%) (214%) (27.6%) (20.7%) (17.2%)
Crude 1.0 1.3 1.0 0.8 0.57
RR (0532) (0.4-2.6) (0.32.3)
Adjusted 1.0 12 0.3 05 0.19
RR' (0.3-49) (0.1-1.9) (0.1-2.4)
Adjusted 1.0 12 0.3 05 0.19
RR' (0.35.1) (0.1-1.9) (0.1-2.8)
(<9 912 (1319  (>19
UL) UL) UL) UL)
Female
Case/N 7/50 14/35 18/49 19/44
(HTN%) (14.0%) (40.0%) (36.7%) (43.2%)
Crude 1.0 29 2.6 3.1 <0.01
RR (1.364) (12-57) (1.4-6.6)
Adjusted 1.0 3.7 3.6 6.0 <0.01
RR* (1.2-10.9) (1.3-10.1) (2.0-17.9)
Adjusted 1.0 3.9 4.2 7.8 <0.01
RR? (1.3117) (14-12.1) (2.4-25.0)

* Adjusted for age, education, body mass index, alcohol intake,
cigarette smoking, exercise, salt intake and family history of
hypertension.

* Additional adjustment for serum alanine aminotransferase.
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Baseline survey (2003)
N=1.806

Normotensives Prehypertensives Hypertensives
N=394 (21.8%) N=642 (35.6%) N=770 (42.6%)

Exclusion criteria
f—{ 1. Missing data in serum GGT (N=170)
2. Positive past history of CAD or stroke (N=64)

Study subjects
N=408

Repeat survey (2008)
N=293

Normotensives Prehypertensives Hypertensives
N=70 (23.9%) N=140 (47.8%) N=83 (28.3%)

Figure 1. Frame of study design.

The number of final study subjects is 293 and follow-up rate is
71.8%. During the 5-year follow-up period, 28.3% of the
prehypertensives developed hypertension.

GGT : gamma-glutamyltransferase, CAD : coronary artery
disease

Table 4. Relative risks (RRs) and 95% confidence
intervals (Cls) for incidence of hypertension (HTN)
during the follow-up periods by quartiles of baseline
serum alanine aminotransferase (ALT) levels

Serum ALT quartiles
15( 2nd 3rd 4lh p for
Sexr i i i i
Quartile Quartile Quartile Quartile  ong
(<34 (34-37  (38-46 (>46
U/L) U/L) U/L) U/L)

Male
Case/N 4/30 11/28 6/28 4/29
(HTN%) (13.3%) (39.3%) (21.4%) (13.8%)
Crude 1.0 3.0 1.6 1.0 0.66
RR (1.1-82) (0.5-5.1) (0.3-3.8)
Adjusted 1.0 34 0.7 0.5 0.18
RR* (0.8-14.6) (0.1-36) (0.1-2.9)
Adjusted 1.0 3.7 0.7 04 0.18
RR* (0.8-16.7) (0.1-3.7) (0.1-2.5)
(<30 (30-34  (35-39 (>39
U/L) U/L) U/L) U/L)
Female

CaseN 839 1954 11/39  20/46
(HTN%) (205%) (35.2%) (28.2%) (43.5%)

Crude 1.0 1.7 14 2.1 0.06
RR (08-35) (0.6-3.1) (1.1-4.3)
Adusted 1.0 20 1.3 238 0.11
RR* (07-55) (04-3.9) (1.0-7.7)
Adusted 1.0 1.8 11 2.0 0.42
RR (075.1) (0.4-34) (0.7-6.0)

* Adjusted for age, education, body mass index, alcohol intake,
cigarette smoking, exercise, salt intake and family history of
hypertension.

* Additional adjustment for serum gamma-glutamyltransferase.
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