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ARTICLE DETAILS 

TITLE (PROVISIONAL) The association between serum gamma-glutamyltranspeptidase and 

atherosclerosis: a population-based cross-sectional study 

AUTHORS Hamaguchi, Masahide; Fukuda, Takuya; Kojima, Takao; Ohshima, 
Yasuhiro; Ohbora, Akihiro; Kato, Takahiro; Nakamura, Naoto; Fukui, 
Michiaki 

 

VERSION 1 - REVIEW 

REVIEWER Roger Schindhelm 
Gemini Hospital Den Helder, The Netherlands 

REVIEW RETURNED 25-Jun-2014 

 

GENERAL COMMENTS Thank you for invitation to review this interesting paper. In the 
present study, dr. Fukuda and co-workers studied the cross-
sectional association of gamma-glutamyltransferase with brachial-
ankle pulse wave velocity as surrogate marker of atherosclerosis. 
The authors report a significant positive association between GGT 
and baPVV in women but not in men.  
 
Below are a some comments for the authors to consider in terms of 
editing and improving the manuscript:  
 
Minor comments:  
 
• the commonly used designation for GGT is gamma-
glutamyltranspeptidase  
• co-variate in stead of co-variance  
 
Major comments:  
 
• it would be of interest for the reader if the authors could provide 
some additional information on the baPVV measurements (page 8):  
o performed by a single dedicated operator and if so, the intra-
operator coefficient of variation of the baPVV measurement  
o in case of more than one operator: data on the inter-operator 
coefficient of variation  
• biochemical data (page 9): the authors should provide information 
on the methods and inter- en intra assay CV of each analyte.  
• the statistical analysis section should be expanded (page 10):  
o the rationale for the separate analysis of men and women is based 
on previous studies, however the authors should test for effect 
modification (interaction) in the regression analyses by adding 
interaction terms (sex * GGT)  
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o a similar analysis should be performed to test for interaction by 
fatty liver and if present stratify in the analyses (although the number 
of subjects with fatty liver is low).  
• the univariate associations (Table 3), should be analyzed by 
univariate linear regression analyses (standardized beta’s with 95% 
CI should be presented)  
• the multivariable associations (Table 4), should be analyzed by 
multivariable linear regression analyses (standardized beta’s with 
95% CI should be presented); in addition it would be informative if 
the authors would present a number of models (e.g. model 1: GGT 
adjusted for age; model 2: with additional adjustment for the 
biochemical data; and a final model with adjustment for fatty liver.  
• results section  
o from Table 1 it seems that GGT in men has a non-normal 
distribution, in that case GGT should be log-transformed in the 
(multivariate) regression analyses. In general, variables with a non-
normal distribution should de log-transformed.  
o P-values for the difference of the paramters between men and 
women should be added to Table 1.  
o Table 2 is not very informative and could be omitted  
o Table 3 and 4 please ad 95%-CI’s  
• The discussion should also focus on the role of GGT as a risk 
factor (possible mechanisms) or is GGT merely a risk indicator?  
  

 

REVIEWER Yutaka Shimazu 
Department of Experimental Immunology, World Premier 
International Immunology Frontier Research Center, Osaka 
University, Japan 

REVIEW RETURNED 28-Jun-2014 

 

GENERAL COMMENTS The author clearly showed the association of serum gamma 
glutamyltransferase with atherosclerosis in female, not in male. I 
truly agree with the authors’ results. I just want to ask two questions 
to improve the manuscript.  
 
Minor Revision.  
1. When we look the data shown in table 1 carefully, the deviation of 
GGT in men seems to be quite wide compared to that in female. If 
you divide GGT high patients and low patients in men, can you see 
any relation between GGT and atherosclerosis?  
 
2. In this study, the author excluded 66 females who received 
hormone replacement therapy. How about the serum GGT level of 
this groups? How about baPWV of this group. I think these are very 
important points.  
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VERSION 1 – AUTHOR RESPONSE 

To Reviewer: 1 

Minor comments: 

• the commonly used designation for GGT is gamma-glutamyltranspeptidase 

• co-variate in stead of co-variance 

 

Response 

Thank you for your kind suggestion. According to your suggestion, we revised these technical terms. 

 

Major comments: 

• it would be of interest for the reader if the authors could provide some additional information on the 

baPWV measurements (page 8): 

 

Response 

Thank you for your kind suggestion. We are in line with you. We added some additional information 

on the baPWV mesurements in the “measurement of baPWV” section (Page 7-8, line 143-144, 148-

154); 

“An automatic waveform analyzer (Colin Medical Technology, Komaki, Japan) was used to measure 

baPWV and ABI according to a previously reported methods.17” 

“Electrocardiogram electrodes were placed on both wrists, and a heart sound microphone was placed 

over the left edge of sternal border. The cuffs were wrapped on both the brachia and ankles and 

connected to a plethymographic sensor that determines volume pulse form and an oscillometric 

pressure sensor that measures blood pressure. 

The path lengths from the suprasternal notch to the brachium (Lb) and from the suprasternal notch to 

the ankle (La) were calculated based on the patient’s height.” 

 

o performed by a single dedicated operator and if so, the intra-operator coefficient of variation of the 

baPWV measurement 

o in case of more than one operator: data on the inter-operator coefficient of variation 

 

Response 

Thank you for your kind suggestion. We added the intra- and inter-operator coefficient of variation of 

the baPWV measurement in the “measurement of baPWV” section as follows (Page 8, line 158-160); 
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“The intra- and inter-observer coefficients of variation were reported to be 10.0% (r=0.87, p<0.01) and 

8.4% (r=0.98, p<0.01), respectively.17” 

 

• biochemical data (page 9): the authors should provide information on the methods and interen intra 

assay CV of each analyte. 

 

Response 

Thank you for your comment. We added the explanation in the “Data collection and measurement ” 

section as follows (Page 8, line 172-174). 

“MODULAR ANALYTICS (Hitachi High-Technologies Corp. Ltd., Tokyo, Japan) which was broadly 

used for biochemical analysis in Japan. The accuracy of the equipment is maintained the 

manufactures trained tequnitians, and the The 95% confidential interval of measurements are set 

within the manufactures restrictions. For example The 95% confidential interval of measured GGT is 

set within ± 2.2U/L.” 

 

• the statistical analysis section should be expanded (page 10): 

 

Response 

The reviewer 1 gave us some important comments in regards with statistics. For responding these 

comments, we added some explanations in the statistical analysis section (Page 10, line 212-219) 

“The relationships of baPWV with logarithmic transformation of GGT (log2 GGT), age, BMI, systolic 

blood pressure or other variables were examined by univariate linear regression analyses. We applied 

multivariable linear regression analyses to examine the relationship of log2 GGT and baPWV after 

adjusting co-variate as follows ;model 1: adjusted for age; model 2: with additional adjustment for 

BMI, systolic blood pressure and biochemical data; model 3 with adjustment for smoking states, 

physical activities, presence of fatty liver and menopausal state for females, which was defined as the 

primary outcome of the study.” 

 

o the rationale for the separate analysis of men and women is based on previous studies, however 

the authors should test for effect modification (interaction) in the regression analyses by adding 

interaction terms (sex * GGT) 

 

Response 

Thank you for the advice. We checked the association between sex * GGT and ba PWV, and the 

relationship were not statistically significant. However, we separated the subjects by sex according to 

previous studies. 
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o a similar analysis should be performed to test for interaction by fatty liver and if present stratify in 

the analyses (although the number of subjects with fatty liver is low). 

 

Response 

Thank you for the advice. We checked the association between sex * fatty liver and ba PWV, and the 

relationship was statistically significant. As you said that the number of subjects with fatty liver is low, 

but the proportion of fatty liver in the current study was not so different from the proportion which was 

reported previously (Hamaguchi M, Kojima T, Takeda N, et al.The metabolic syndrome as a predictor 

of nonalcoholic fatty liver disease. Ann Intern Med 2005;143:722–8.). At first, we would like to 

separate the subjects according to the presence of fatty liver. However, the number of females with 

fatty liver was so low as 45 subjects. 

 

• the univariate associations (Table 3), should be analyzed by univariate linear regression analyses 

(standardized beta’s with 95% CI should be presented) 

 

Response 

Thank you for the advice. According to the reviewer’s suggestion, we analyzed the univariate 

associations by urivariate linear regression analyses and changed Table 3 to Table 2. 

 

• the multivariable associations (Table 4), should be analyzed by multivariable linear regression 

analyses (standardized beta’s with 95% CI should be presented); in addition it would be informative if 

the authors would present a number of models (e.g. model 1: GGT adjusted for age; model 2: with 

additional adjustment for the biochemical data; and a final model with adjustment for fatty liver. 

 

Response 

Thank you for the advice in regards with multivariate analysis. According to the reviewer’s comments, 

we prepared three models of multivariate analysis, and added the results in new table 3. 

 

• results section 

o from Table 1 it seems that GGT in men has a non-normal distribution, in that case GGT should be 

log-transformed in the (multivariate) regression analyses. In general, variables with a non-normal 

distribution should de log-transformed. 

 

Response 

Thank you for the advice. According to the reviewer’s suggestion, we transformed GGT into log2 GGT 

and analyzed the multivariate regression analyses and added the sentence in the “Statistical analysis” 

section. (Page 10, line 207-208) 
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“Because of the skewed distribution of GGT, data were normalized by logarithmic transformation for 

further statistical analysis.” 

 

o P-values for the difference of the parameters between men and women should be added to Table 1. 

 

Response 

Thank you for your comment. According to the reviewer’s suggestion, we added P-value to Table 1. 

 

o Table 2 is not very informative and could be omitted 

 

Response 

Thank you for the advice. According to the reviewer’s suggestion, we omitted Table 2 and wrote in the 

text only. (Page 11, line 239-243) 

“The mean of log2 GGT and baPWV were respectively 3.78 IU/l in premenopausal females vs 3.96 

IU/l in postmenopausal females (p<0.01) and 1265.7 ± 180.4 cm/s in premenopausal females vs 

1473.1 ± 247.8 cm/s in postmenopausal females (p<0.001). Interestingly, age was associated with 

log2 GGT after adjusting fatty liver just in females, but not in males.” 

 

o Table 3 and 4 please ad 95%-CI’s 

 

Response 

Thank you for the advice. According to the reviewer’s suggestion, we added 95%CI to those Tables. 

 

• The discussion should also focus on the role of GGT as a risk factor (possible mechanisms) or is 

GGT merely a risk indicator? 

 

Response 

Thank you for your comment. We added our consideration about the role of GGT as a risk on 

atherosclerosis in the “Discussion” section. (Page 13, line 282-302) 

“GGT is the enzyme responsible for the extracellular catabolism of glutathione.28 GGT is found not 

only in the liver but in other organ tissues, including the kidney, lung, pancreas and vascular 

endothelium.1 The hydrolysis of glutathione originates cysteinyl-glycine, which is a powerful reductant 

of Fe3+, able to simultaneously generate Fe2+ and a free thiyl radical. Thereafter, oxygen reactive 

species, by the same reaction, lead to LDL oxidation and likely contribute to other processes of 

atherosclerosis, such as metalloproteinase activation, cell proliferation, and apoptosis.29 In fact, 

catalytically active GGT has been found within atherosclerotic cerebral, carotid from autoptic studies 
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and surgical endoarterectomy, colocalized with oxidized low density lipoproteins and CD68+ foam 

cells.30 31 32 It suggests that the pathogenetic action of GGT may involve its localization inside the 

arterial wall. 

Elevated serum GGT might indicate increment of oxidative stress at the vascular endothelium. 

Expression of GGT gene, certain mRNA subtypes, is increased during oxidative stress33 and GGT 

protein produced in the inflammatory atheroma within the vascular endothelial wall acts as a strong 

reducing agent of iron, with stepwise development of the super-oxide ion and hydrogen peroxide.1 In 

fact, one isoform of GGT protein detected in supernatant of plaque homogenates was comparable 

with serum GGT and a significant correlation was observed between plaque GGT deposits and 

corresponding GGT levels.32 That result may indicate elevated serum GGT is partially caused by 

GGT protein produced in the plaque corresponded to oxidative stress. GGT proteins produced in the 

endothelium cell may have a significant effect on GGT levels, because total weight of the endothelium 

cell of the whole body would be equal to that of the liver.34” 

To Reviewer: 2 

Minor Revision. 

1. When we look the data shown in table 1 carefully, the deviation of GGT in men seems to be quite 

wide compared to that in female. If you divide GGT high patients and low patients in men, can you 

see any relation between GGT and atherosclerosis? 

Response 

Thank you for your comment. According to your suggestion, we analyzed the difference of groups 

between GGT low patients (L; n=295, log2 GGT 3.99±0.33(IU/l)) and GGT high patients (H; n=297, 

log2 GGT 5.23±0.72(IU/l)) in men. As a result, there were no significant differences in age 

(49.8±10.1(L) vs 51.1±9.5(H), p=0.10), but baPWV was higher in GGT high patients (H) than GGT low 

patients significantly (1453.3±251.8(cm/s)(H) vs 1369.5±222.4(cm/s)(L), p<0.001) and in fact, Log2 

GGT correlated with baPWV after adjusted with age (model 1 in Table 3). However, this significant 

correlation disappeared after adjusted by co-variate (model 2 and model 3 in Table 3). 

 

2. In this study, the author excluded 66 females who received hormone replacement therapy. How 

about the serum GGT level of this groups? How about baPWV of this group. I think these are very 

important points. 

 

Response 

Thank you for your comment. According to your suggestion, we analyzed the difference of groups 

between females who received hormone replacement therapy and females who did not receive it. 

There were no differences of log2 GGT and baPWV between those groups. Based on this result, we 

added sentences in “Participants” section. (Page 11, line 243-247) 

“Moreover, we analyzed the difference of groups between females who received hormone 

replacement therapy and females who did not receive it because GGT levels might be influenced by 

estrogen. As a result, there were no differences of log2 GGT and baPWV between those groups.” 
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VERSION 2 – REVIEW 

REVIEWER Roger Schindhelm 
Gemini Hospital Den Helder/Alkmaar Medical Center 

REVIEW RETURNED 18-Aug-2014 

 

GENERAL COMMENTS English language should be checked. 
 
I thank the authors for their response to my comments.  
 
Some minor points should be addressed, in addition, the manuscript 
should be proof read to improve English language and grammar:  
 
Abstract:  
 
Page 2, Line 24: after adjusting fatty liver → after adjusting for fatty 
liver  
 
Page 2, Line 32: by a standardized criteria → by standardized 
criteria (remove a)  
 
Page 2, Line 39: estimated glomerular ratio → estimated glomerular 
filtration rate  
 
Page 2, Line 49-51: the last sentence of the conclusion should be 
rephrased.  
 
Introduction:  
 
Page 4, Line 25: could predicts → could predict  
 
Page 4, Line 33, 34: It has been controversial … atherosclerosis → 
In fact, the association of the increased level of serum GTT with 
atherosclerosis seems (is) controversial.  
 
Page 4, Line 37-38: it has been … GGT with baPWV → it has been 
unclear whether the association between GGT and baPWV differs 
between men and women.  
 
Methods:  
 
Page 5, Line 51: in a spine position → in a supine position  
 
Page 6, Line 55,56: analytical CV (intra and inter-assay) of all 
biochemical parameters (GGT, AST, ALT, glucose, TG, HDL, LDL 
(calculated LDL?), uric acid, creatinine) should be presented.  
 
Page 7, Line 21: estimated glomerular filtration ratio → estimated 
glomerular filtration rate  
 
Page 8/Page 10: multivariate → multivariable  
 
Results:  
 
Page 9, Line 8: records of clinical → records with clinical  
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Page 10: co-variate → co-variates  
 
Discussion:  
 
Page 11, Line 10: independent on age → independent of age  
 
Page 13, Line 14: didn’t check → did not measure 
 
 

 

 

VERSION 2 – AUTHOR RESPONSE 

 

 

To Reviewer: 1  

 

Abstract:  

 

Page 2, Line 24: after adjusting fatty liver → after adjusting for fatty liver  

 

Response  

Thank you for your kind proofreading. We revised the sentence.  

 

Page 2, Line 32: by a standardized criteria → by standardized criteria (remove a)  

 

Response  

Thank you for your kind proofreading. We removed “a”.  

 

Page 2, Line 39: estimated glomerular ratio → estimated glomerular filtration rate  

 

Response  

Thank you for your kind proofreading. We revised the terms.  

 

Page 2, Line 49-51: the last sentence of the conclusion should be rephrased.  

 

Response  

Thank you for your kind suggestion. We felt the last sentence redundant, so we cut it.  

 

Introduction:  

 

Page 4, Line 25: could predicts → could predict  

 

Response  

Thank you for your kind proofreading. We revised the term.  

 

Page 4, Line 33, 34: It has been controversial … atherosclerosis → In fact, the association of the 

increased level of serum GGT with atherosclerosis seems (is) controversial.  

 

Response  
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Thank you for your kind proofreading. We revised the sentence.  

 

Page 4, Line 37-38: it has been … GGT with baPWV → it has been unclear whether the association 

between GGT and baPWV differs between men and women.  

 

Response  

Thank you for your kind proofreading. We revised the sentence.  

 

Methods:  

 

Page 5, Line 51: in a spine position → in a supine position  

 

Response  

Thank you for your kind proofreading. We corrected the misspelling.  

 

Page 6, Line 55,56: analytical CV (intra and inter-assay) of all biochemical parameters (GGT, AST, 

ALT, glucose, TG, HDL, LDL (calculated LDL?), uric acid, creatinine) should be presented.  

 

Response  

Thank you for your comment. We added the explanation in the “Data collection and measurement ” 

section as follows. Because intra and inter-assay variability were the same numerical value, we 

described intra-assay variability.  

“Analytical coefficients of variation for GGT, aspartate transaminase (AST), alanine aminotransferase 

(ALT), plasma glucose, triglycerides, high-density lipoprotein cholesterol (HDL-C), low-density 

lipoprotein cholesterol (LDL-C), uric acid and creatinine were 2.0, 1.9, 1.7, 1.2, 2.3, 2.1, 2.5, 0.9 and 

1.4%, respectively.”  

 

Page 7, Line 21: estimated glomerular filtration ratio → estimated glomerular filtration rate  

 

Response  

Thank you for your kind proofreading. We corrected the misspelling.  

 

Page 8/Page 10: multivariate → multivariable  

 

Response  

Thank you for your kind proofreading. We corrected the misspelling.  

 

Results:  

 

Page 9, Line 8: records of clinical → records with clinical  

 

Response  

Thank you for your kind proofreading. We revised the term.  

 

Page 10: co-variate → co-variates  

 

Response  

Thank you for your kind proofreading. We revised the term.  

 

Discussion:  

 

Page 11, Line 10: independent on age → independent of age  
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Response  

Thank you for your kind proofreading. We revised the term.  

 

 

Page 13, Line 14: didn’t check → did not measure  

 

Response  

Thank you for your kind proofreading. We revised the term. 
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