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A B S T R A C T   

Objective: It’s well known that γ-Glutamyltransferase (γ-GGT) and obesity plays an important role in the 
development of preHT. However, the effect of γ-GGT on preHT in populations with different obesity status re-
mains unclear. 
Methods: From February 2014 to January 2018, a total of 20,368 participants were enrolled in this study after 
excluding those with hypertension and liver diseases. Fasting blood samples were collected to measure γ-GGT 
and blood lipid levels and glucose indices. Demographic and clinical parameters such as sex, age, height, weight, 
neck circumference (NC), waist circumference (WC), hip circumference (HC), and body fat ratio (BFR); and 
information on smoking and alcohol consumption were collected by trained medical professionals. 
Results: Participants were divided into three groups based on obesity status. The prevalence of preHT was 83.5 % 
in the obesity group was higher than that in the overweight group (58.9 %) and the normal group (47.1 %). 
γ-GGT in different categories of obesity indices were significantly different, and higher obesity indices were 
found with higher γ-GGT levels. The interaction of γ-GGT and obesity indices such as NC, WC, HC, and BFR on 
the prevalence of preHT was significant (P = 0.028, 0.002, 0.007, and 0.034, respectively). Serum γ-GGT was 
found to be positively associated with preHT in participants with normal and overweight body mass indices. 
Conclusion: Our results indicate that γ-GGT is a risk factor for preHT in participants who are nonobese, and that 
the obesity indices NC, WC, HC, BFR, and γ-GGT were contributing factors in increasing the risk of preHT.   

1. Introduction 

According to the Seventh Report of the Joint National Committee 
(JNC-7) criteria (Chobanian et al., 2003), prehypertension (preHT) is a 
clinical condition characterized by systolic blood pressure (SBP) of 
120–139 mm Hg and diastolic blood pressure (DBP) of 80–89 mm Hg 
(Parthaje et al., 2016). PreHT is a common public health concern 
worldwide and a risk factor for cardiovascular disease, cerebrovascular 
disease (stroke), and end-stage renal disease (Konlan et al., 2022; 
Strilchuk et al., 2020). The Strong Heart Study reported that the inci-
dence of clinical hypertension (HT) in patients with preHT reached 38 % 

(De Marco et al., 2009). Moreover, results of the Framingham Heart 
Study suggested that the risk of HT among patients in the preHT group 
was twice that of patients in the normotensive group (Vasan et al., 
2001). Studies have also confirmed that the risk of cardiovascular dis-
ease is 1.8 times higher in patients with preHT than in those who are 
normotensive (Zhang et al., 2006). Furthermore, the body mass index 
(BMI), body fat ratio (BFR), neck circumference (NC), hip circumference 
(HC), and waist circumference (WC) are significantly higher in subjects 
with HT, revealing that being overweight or obese are characteristics 
that mainly accompany this condition (Albanese et al., 2022). Associa-
tions of elevated BMI with blood pressure that is above the optimal 
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range reinforce obesity as a risk factor for preHT and subsequent HT 
(Albanese et al., 2022). However, whether preHT alone or related risk 
factors are more important in determining the optimal preventive 
strategy remains unknown. 

Serum γ-glutamyltransferase (γ-GGT) is a glycoprotein consisting of 
two proteins and having a molecular weight of 68 kDa (Lee et al., 2004). 
It is found in the liver, kidneys (Xavier Júnior et al., 2022); lungs (Lee 
et al., 2021); pancreas (Long et al., 2017), and vascular endothelium 
(Perticone et al., 2020). γ-GGT has been used as a biological marker to 
indicate alcohol intake or liver cell damage (AlSaid et al., 2015). Studies 
suggest that serum γ-GGT levels links with an increased risk of stroke 
and myocardial infarction (Li et al., 2022). These associations are 
partially explained by known associations of γ-GGT with factors such as 
changes in blood lipids, BMI, HT, insulin resistance, or type 2 diabetes 
and nonalcoholic fatty liver disease, that are recognized in the patho-
genesis of cardiovascular diseases. Researchers in China have found that 
monitoring γ-GGT levels might help in the prevention and monitoring of 
preHT, and obesity and elevated γ-GGT levels are independent risk 
factors for preHT (Zhu et al., 2014; Chun et al., 2013).However, the 
interaction between obesity and γ-GGT in preHT is unclear. In this study, 
we analyzed serum γ-GGT levels in patients with preHT and different 
obesity statuses to determine their association and clinical significance 
in the prevention and control of related diseases. 

2. Methods 

2.1. Patient recruitment and exclusion criteria 

This study was carried out from February 2014 to January 2018 on 
20,368 subjects admitted to the second people’s Hospital of Lia-
nyungang. Participants’ ages ranged from 20 to 88 years. Ethics 
approval was obtained from the Ethics Committees of the second peo-
ple’s hospital of Lianyungang, and the study was conducted in accor-
dance with the principles of the Declaration of Helsinki (2001). Written 
informed consent was obtained from all participants. 

The diagnostic criteria for preHT were based on the JNC-7 criteria 
(Chobanian et al., 2003). Normal blood pressure (BP) was defined as not 
being on antihypertensive medication, and having SBP < 120 mm Hg 
and DBP < 80 mm Hg. PreHT was defined as not being on antihyper-
tensive medication and having SBP of 120–139 mm Hg or DBP of 80–89 
mm Hg. Participants with liver diseases such as chronic viral hepatitis, 
autoimmune liver disease, and secondary causes of liver steatosis (e.g., 
the use of systemic corticosteroids), and those with incomplete data 
were excluded. 

All clinical and laboratory data were obtained from an electronic 
database and patient medical records. The physical examination form 
comprised a unified design. Qualified and trained physicians recorded 
the general characteristics, sex, age, and past history of diseases. We 
chose five indices to reflect the obesity status, weight, WC, NC, HC, and 
BFR, and used the measuring methods as detailed subsequently. For 
equal weight distribution, subjects were made to stand with their feet 
25–30 cm apart. During steady breathing, the WC was measured in the 
middle of the iliac crest and the lower margin of the 12th rib; NC was 
measured with a flexible tape in a standardized manner horizontally 
above the cricothyroid cartilage to 1-mm accuracy, and in men, just 
below the laryngeal prominence (Ben-Noun et al., 2001); the hip 
circumference was measured at the most prominent part of the pelvis. 
The BFR was assessed using the electrical impedance method with an 
Inbody 3.0 body composition analyzer (Biospace, Seoul, Korea). Par-
ticipants were in a fasted state, calm, and not wearing shoes or socks 
during the measurements. All indicators were measured three times and 
the average value was used: BMI = weight (kg)/height (m2). After the 
subject had rested for 15 min, SBP and DBP were measured by well- 
trained personnel using a standardized aneroid sphygmomanometer 
and cuffs of appropriate sizes with the subjects’ arms placed at heart 
level while in a sitting position. Three measurements were taken and the 

mean was calculated. 
Blood from the elbow vein was collected in the morning on an empty 

stomach, after fasting for more than 10 h after dinner. Serum γ-GGT, 
alanine aminotransferase (ALT), aspartate aminotransferase (AST), total 
cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol 
(HDL-C), and fasting blood glucose (FBG) levels, and other biochemical 
indices were measured using enzymatic methods with a Hitachi 7600 
automatic biochemical analyzer. The smoking status of “smokers” meant 
that individuals had consumed more than 100 cigarettes in the past year. 
Drinking status of “yes” meant that individuals had consumed more than 
500 mL alcohol in the past year. 

Subjects were categorized into the following 4 groups based on 
physical examination data and γ-GGT levels: Q1, GGT ≤ 12.0 U/L; Q2, 
12.0 U/L < GGT ≤ 17.0U/L; Q3, 17.0 U/L < GGT ≤ 27.0U/L; Q4, GGT 
> 27.0 U/L. They were also categorized into the following 3 groups 
based on BMI (Chinese Society of Health Management, 2018; Pan et al., 
2021): normal group, 18.0 kg/m2 < BMI ≤ 24 kg/m2; overweight group, 
25 kg/m2 < BMI ≤ 27 kg/m2; obesity group, BMI ≥ 28 kg/m2. The 
prevalence of preHT in each group was assessed. 

2.2. Statistical analysis 

The measurement data are expressed as the median and IQR. One- 
way analysis of variance was used to compare differences among 
various metabolic indicators at different BMI levels. Chi-square tests 
were conducted to examine the differences in preHT prevalence across 
various γ-GGT categories. The interaction between obesity indices and 
γ-GGT for the risk of preHT was explored using binary unconditional 
logistic regression. The association between γ-GGT and the risk of preHT 
in different BMI categories was analyzed using the restricted cubic spline 
plot. The statistical software SAS 9.1.3 was used for statistical analysis. 
Two tailed P < 0.05 was considered statistically significant. 

3. Results 

3.1. Participants and baseline characteristics 

Table 1 shows that indicators such as age and BP, and blood lipid, 
uric acid, AST, and ALT levels varied at different BMI levels. In addition, 
these differences showed a linear trend with increasing BMI. In partic-
ular, HDL levels decreased with increasing BMI. Among the three 
groups, the obesity group had the highest prevalence of preHT and the 
normal group had the lowest prevalence; 83.5 % of subjects had preHT 
in the obesity group. Smoking status and alcohol consumption were 
significantly different at different BMI levels. 

3.2. γ-GGT at different levels of obesity indices and among both sexes 

The scatter plots were to show that the associations between serum 
γ-GGT and obesity indices in both sexes. Males had higher γ-GGT levels 
than women, and subjects with higher obesity indices also had higher 
γ-GGT levels (Fig. 1). 

3.3. Prevalence of preHT at different BMIs and serum γ-GGT levels 

The prevalence of preHT increased with an increase in BMI, 
regardless of γ-GGT levels. Moreover, the prevalence of preHT increased 
with increasing BMI at all four γ-GGT levels, and this increase was sta-
tistically significant (Table 2). In the normal and overweight groups, the 
prevalence of preHT increased with increasing γ-GGT levels; however, 
this trend was not observed in the obesity group. 

3.4. Serum γ-GGT levels and the risk for preHT at different BMIs 

Serum γ-GGT levels associated positively with preHT at normal and 
overweight BMI levels (Table 3). Furthermore, this independent risk 
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remained after adjusting for risk factors such as age, and blood glucose, 
blood lipid, and uric acid levels. Nonetheless, serum γ-GGT was not 
associated with the risk of preHT in subjects who were obese. 

3.5. Interaction effect on the prevalence of preHT 

Fig. 2 shows the interaction between obesity indices and γ-GGT with 
respect to the prevalence of preHT. Subjects with the highest obesity 
indices and highest γ-GGT levels were found to have the highest prev-
alence of preHT. Significant interactions on preHT were found between 
NC and γ-GGT (P = 0.028, Fig. 2A), WC and γ-GGT (P = 0.002, Fig. 2B), 
HC and γ-GGT (P = 0.007, Fig. 2C) and BFR and γ-GGT (P = 0.034, 
Fig. 2D). 

3.6. Serum γ-GGT level influences the prevalence of preHT at different 
BMIs 

We assessed the association between γ-GGT and the prevalence of 
preHT using the restricted cubic spline plot in different BMI categories. 
The risk of preHT was found to increase with increasing γ-GGT levels 
(Fig. 3). This trend was observed in subjects who were of normal weight 
or overweight; however, there was no relationship between γ-GGT and 

the risk of preHT in subjects who were obese (Fig. 3D). 

4. Discussion 

In this study, we analyzed the association of serum γ-GGT levels in 
participants with preHT and different obesity indices. Our study shows 
that the prevalence of preHT in normal and overweight categories of 
BMI increases with increasing γ-GGT levels, but in the obesity category, 
the relationship between the risk of preHT and γ-GGT was not evident 
although the enrolled subjects had the highest prevalence of preHT. This 
finding may be attributed to the interaction between BMI and γ-GGT 
leading to the risk of preHT. Except for BMI, which reflects the complete 
obesity status of an individual, we found that obesity indices such as NC, 
WC, HC, and BFR were associated with γ-GGT levels, and that the 
interaction of obesity indices and γ-GGT played a role in the prevalence 
of preHT. To the best of our knowledge, this is the first report to show 
that the risk of preHT caused by serum γ-GGT levels gradually decreases 
with increasing BMI and that the interaction of serum γ-GGT and obesity 
indices has an effect on the prevalence of preHT in Chinese adults. 

HT is currently one of the most serious public health problems 
worldwide (Nugroho et al., 2022; Pattanittum et al., 2021), and subse-
quent cardiovascular, cerebrovascular, and end-stage renal diseases 
could impose a significant burden on patients (Ngamjarus et al., 2010). 
In 2003, the definition of preHT was first proposed in the Seventh Report 
of the Joint National Committee on Prevention, Detection, Evaluation, 
and Treatment of High Blood Pressure (JNC-7) (Chobanian et al., 2003). 
Studies have confirmed that preHT is more likely to progress to clinical 
HT than normal BP (Banga et al., 2019). In China, the prevalence of 
preHT and HT is increasing with the development of society and the 
aging of the population (Wang et al., 2019). Additionally, clustering of 
risk factors for cardiovascular disease was observed in Han and Mon-
golian adults with preHT (Li et al., 2017). Among the many risk factors 
that can lead to preHT, the role of obesity factors has gradually surfaced. 
Previous studies have confirmed that every 10 % increase in BMI can 
lead to an increase of 2.75 mm Hg of SBP (Yang et al., 2023). Moreover, 
the risk of HT within 4 years increases by 50 % in men and 40 % in 
women with every 3 % increase in BMI (Timpson et al., 2009). The 
indices reflective of obesity in individuals, such as NC, WC, HC, and BFR, 
have been proven to be positively associated with HT and preHT in 
previous studies. Our results showed that higher obesity indices were 
associated with a higher prevalence of preHT. Except for the obesity 
indices, γ-GGT was also a risk of HT. 

Studies have shown that an increase in serum γ-GGT in healthy in-
dividuals is a risk factor for all-cause death and cardiovascular disease 
death (Kengne et al., 2012; Ninomiya et al., 2024:e032276.; Wu et al., 
2022). Additionally, an increase in serum γ-GGT levels highly links with 
metabolic syndrome, and metabolic syndrome itself can further promote 
the occurrence and development of atherosclerosis and cardiovascular 
diseases (Olszewska-Słonina, 2021). Serum γ-GGT is an important 
reference diagnostic index indicative of liver disease and disorders of the 
biliary tract, especially cholestasis (Arora et al., 2019). As γ-GGT is 
present in cells of the liver, gallbladder, kidneys, pancreas, intestine, 
heart, brain, and prostate, among others, it has been studied in various 
contexts. For instance, this enzyme is associated with pancreatitis, 
myocardial damage, renal failure, and diabetes, or while taking certain 
drugs (Lee et al., 2004; Perticone et al., 2020; Li et al., 2022). 

Although the mechanism of how serum γ-GGT causes preHT is un-
clear (Takemura et al., 2021), a few explanations have been provided. 
First, serum γ-GGT is regarded as a reliable marker of oxidative stress 
(Bulusu and Sharma, 2016). It plays a vital role in maintaining the 
intracellular defense mechanism by initiating the catabolism of extra-
cellular glutathione (Koenig and Seneff, 2015). γ-GGT is also the main 
antioxidant in mammalian cells. Studies have shown that the oxidative 
stress response in vascular smooth muscles and vascular endothelial 
cells through vasoconstriction and sodium retention can cause an in-
crease in BP (Bulusu and Sharma, 2016). Second, insulin resistance plays 

Table 1 
The distribution of selected socio-demographic, serological indicator and 
anthropometric characteristics of participants with aged 20–88 years in study 
urban areas of Lianyungang, China, 2018 (N = 20,368).   

BMI   

Normal Overweight Obesity P 

n 11,127 7336 1905  
Sex(male), n(%) 4759(43.2) 3282(44.8) 876(45.9) <0.001a 

Age(years) 42.0[38.0 
~ 47.0] 

44.0[39.0 ~ 
51.0] 

46.0[39.0 
~ 52.0] 

<0.001b 

SBP (mmHg) 114.0 
[105.0 ~ 
120.5] 

120.0[114.0 
~ 128.0] 

123.0 
[118.0 ~ 
130.0] 

<0.001b 

DBP (mmHg) 74.0[68.0 
~ 80.0] 

78.0[72.0 ~ 
82.0] 

80.0[75.0 
~ 83.0] 

<0.001b 

FPG(mmol/L) 4.9[4.6 ~ 
5.2] 

5.0[4.7 ~ 5.4] 5.1[4.8 ~ 
5.5] 

<0.001b 

Fins(μU/ml) 6.4[4.6 ~ 
8.7] 

8.8[6.3 ~ 
11.8] 

13.3[9.8 ~ 
17.2] 

<0.001b 

TC(mmol/L) 4.9[4.4 ~ 
5.5] 

5.0[4.5 ~ 5.7] 5.1[4.7 ~ 
5.7] 

<0.001b 

TG (mmol/L) 0.9[0.6 ~ 
1.4] 

1.4[0.9 ~ 2.0] 1.8[1.3 ~ 
2.5] 

<0.001b 

HDL cholesterol 
(mmol/L) 

1.4[1.2 ~ 
1.6] 

1.2[1.0 ~ 1.3] 1.1[0.9 ~ 
1.2] 

<0.001b 

LDL cholesterol 
(mmol/L) 

2.8[2.4 ~ 
3.4] 

3.0[2.6 ~ 3.5] 3.1[2.6 ~ 
3.5] 

<0.001b 

SUA(μmol/L) 208.7 
[189.4 ~ 
274.2] 

269.3[214.7 
~ 304.2] 

310.4 
[247.0 ~ 
481.2] 

<0.001b 

ALT(U/L) 8.9[4.1 ~ 
24.3] 

15.8[8.7 ~ 
29.4] 

21.3[14.2 
~ 49.7] 

<0.001b 

GOT(U/L) 11.4[7.6 ~ 
29.9] 

16.1[9.4 ~ 
37.6] 

19.1[11.3 
~ 48.4] 

<0.001b 

γ-GGT(U/L) 15.0[12.0 
~ 22.0] 

24.0[17.0 ~ 
39.0] 

33.0[22.0 
~ 50.0] 

<0.001b 

Smoking,n(%) 2331(20.9) 1395(19.0) 384(20.2) 0.006a 

No-smoking, n(%) 8796(79.1) 5941(81.0) 1521(79.8) 
Drinking, n(%) 4345(39.1) 3015(41.1) 856(44.9) <0.001a 

No-drinking, n(%) 6782(60.9) 4321(58.9) 1049(55.1) 
Prehypertension, n 

(%) 
5240(47.1) 5236(71.4) 1590(83.5) <0.001a 

Normotension, n(%) 5891(52.9) 2100(28.6) 315(16.5) 

Notion: a: The Chi-square test; b: The ANOVA test; SBP: systolic blood pressure; 
DBP: diastolic blood pressure; FPG: fasting plasma glucose; Fins: fasting insulin; 
TC: total cholesterol; TG: triglyceride; HDL: high-density lipoprotein; LDL: low- 
density lipoprotein; SUA: serum uric acid; ALT: alanine transaminase; GOT: 
glutamic oxalacetic transaminase; γ-GGT: γ-gamma glutamyl transpeptidase. 
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an important role in the relationship between serum γ-GGT and preHT, 
because serum γ-GGT is an important indicator of fatty liver and insulin 
resistance (Bulusu and Sharma, 2016; Koenig and Seneff, 2015). Studies 
have shown that fat cells secrete leptin to stimulate sympathetic nerves 
by regulating the secretion of hormones in the hypothalamus, causing 
rapid heart rhythm and an increase in BP (Machado et al., 2022). In this 

study, we divided BMI into three levels, namely, normal, overweight, 
and obesity, and explored the relationship between serum γ-GGT and 
preHT at these levels. The results showed that at normal BMI, the in-
crease in serum γ-GGT was significant in the prehypertensive phase, 
suggesting that when the body weight is normal, an increase in serum 
γ-GGT is one of the causes of preHT. This is because serum γ-GGT reflects 
the oxidative response in the body. This important indicator of stimu-
lation is more sensitive to the effect of BP when the body weight is 
normal. Studies have shown that many pathological mechanisms can 
cause HT, such as increased cardiac output (Khanna et al., 2022); plasma 
volume expansion (Gyselaers, 2022); sodium retention, sympathetic 
nerve stimulation and renin-angiotensin-aldosterone system activation 
(De Bhailis and Hypertension, 2005), insulin resistance, adipokine 
imbalance, extravascular fat dysfunction, and sleep apnea syndrome in 
individuals who are considered obese. Inflammation/oxidative stress is 
one of the pathological mechanisms, but its effect is relatively weak-
ened. This was also reflected in our study. An increase in serum γ-GGT 
led to a relative lowering of the risk of preHT, although the prevalence in 
this weight status was the highest (Fig. 3). 

Our study had some limitations. First, it was a retrospective survey, 
and we failed to establish a cause-effect relationship between risk factors 

Fig. 1. Scatter plot to show that the associations between serum γ-GGT levels and obesity indices among participants aged 20 to 88 in urban areas of Lianyungang, 
China in 2018, based on both sexes (N = 20,368). (A): The scatter plot of serum γ-GGT levels and BFR in different genders. (B): The scatter plot of serum γ-GGT levels 
and NC in different genders. (C): The scatter plot of serum γ-GGT levels and WC in different genders. (D): The scatter plot of serum γ-GGT levels and WHR in different 
genders. (E): The scatter plot of serum γ-GGT levels and HC in different genders. (F): The scatter plot of serum γ-GGT levels and BMI in different genders. 

Table 2 
The chi-square test and linear association test were used to investigate the prevalence of prehypertension among participants aged 20 to 88 in urban areas of Lia-
nyungang, China in 2018, based on different levels of serum γ-GGT and obesity status (N = 20,368).     

BMI     

Normal Overweight Obesity P for trend 

γ-GGT Q1 Prehypertension, n(%) 1572(36.8) 632(60.5) 95(83.3) <0.001  
Normotension, n(%) 2703(63.2) 412(39.5) 19(16.7) 

Q2 Prehypertension, n(%) 1483(47.3) 1060(68.4) 248(84.1) <0.001  
Normotension, n(%) 1650(52.7) 489(31.6) 47(15.9) 

Q3 Prehypertension, n(%) 1286(55.7) 1631(72.2) 470(81.6) <0.001  
Normotension, n(%) 1021(44.3) 627(27.8) 106(18.4) 

Q4 Prehypertension, n(%) 899(63.5) 1913(76.9) 777(84.5) <0.001   
Normotension, n(%) 517(36.5) 572(23.1) 143(15.5) 

P for trend   <0.001 <0.001 0.534   

Table 3 
The multiple Logistic regression analysis was performed to explore the associ-
ation between serum γ-GGT and the risk of prehypertension among participants 
aged 20 to 88 in urban areas of Lianyungang, China in 2018, based on different 
BMI status (N = 20,368).   

Model 1 Model 2 

Categories OR 95 %C.I OR 95 %C.I 

Normal  1.450 1.397 ~ 1.504  1.129 1.066 ~ 1.196 
Over weight  1.281 1.221 ~ 1.344  1.129 1.051 ~ 1.212 
Obesity  1.035 0.908 ~ 1.180  0.948 0.794 ~ 1.132 

Model 1: No adjustment. 
Model 2: Adjustment for sex, age, FBG, TG, TC, HDL, LDL, UA, smoking and 
alcohol consumption. 
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and the development of preHT. Second, there may have been recall bias, 
resulting in differences in the information provided. Third, this study 
was performed in the North China and Han nationality population. 

Although many studies agreed with our result, the causal relationship 
between γ-GGT and preHT need to verify using experiment or further 
study. 

Fig. 2. Using the multiple Logistic regression analysis to explore the interaction effect of obesity indices and serum γ-GGT on the prevalence of prehypertension 
among participants aged 20 to 88 in urban areas of Lianyungang, China in 2018 (N = 20,368). (A): Interaction between γ-GGT and NC affects the prevalence of 
preHT. (B): Interaction between γ-GGT and WC affects the prevalence of preHT. (C): Interaction between γ-GGT and HC affects the prevalence of preHT. (D): 
Interaction between γ-GGT and BFR affects the prevalence of preHT. 

Fig. 3. Using the restricted cubic spline plot to explore the relationship between serum γ-GGT and the risk of preHT among participants aged 20 to 88 in urban areas 
of Lianyungang, China in 2018, based on different BMI categories (N = 20,368). (A): Relationship between γ-GGT and the risk of preHT in all participants. (B): 
Relationship between γ-GGT and the risk of preHT in subjects with normal BMI. (C): Relationship between γ-GGT and the risk of preHT in subjects with overweight. 
(D): Relationship between γ-GGT and the risk of preHT in subjects with obesity. Note: ln GGT: serum γ-GGT was transferred by ln. 
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Our results indicate differences between serum γ-GGT levels and the 
risk of preHT at different BMI levels, and the positive interaction effect 
of obesity indices and γ-GGT responsible for the prevalence of preHT. 
These finds suggest that close attention should be paid to changes in 
γ-GGT levels and obesity indices in nonobese individuals to prevent the 
occurrence of preHT. 
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