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Background: Evidences suggested that gamma-glutamyltransferase (GGT) to high-density lipoprotein cholesterol (HDL-C) ratio 
(GTHR) was a reliable surrogate indicator for fatty liver disease, diabetes, metabolic syndrome. However, the relationship between 
GTHR and the presence of arterial stiffness remains unclear in healthy population. In the present study, we aimed to explore the 
association between GTHR and arterial stiffness (AS) in a health check-up population from Japan.
Methods: This study is a secondary analysis from a health check-up program carried out at Murakami Memorial Hospital, Gifu, Japan 
between March 2004 and December 2012. A total of 912 individuals were included in this study. Patients were divided into three 
groups according to the tertiles of LogGTHR. The univariate linear regression model and the multivariate models were performed to 
explore the association between between LogGTHR and baPWV. Smoothed curve fit analysis was used to explore the linear or the 
nonlinear relationship between LogGTHR and baPWV. The modification and interaction of subgroup were inspected by the likelihood 
ration test.
Results: After adjusting for confounders, there is a nonlinear relationship between LogGTHR and baPWV (β=30.08, 95%CI: −33.12 
to 93.29, P=0.351). The inflection point was 1.43. When K<1.43 (80.37% of the participants), the relationship was positively 
correlated (β=165.15, 95%CI: 62.72 to 267.58, P=0.0016), while when ≥1.43, there was a negative association between LogGTHR 
and baPWV (β= −106.23, 95%CI: –209.25 to −3.21, P=0.0436). Subgroup analysis suggested that LogGTHR was not associated with 
baPWV in any of these subgroups.
Conclusion: In this cross-sectional study, there was a nonlinear positive association between LogGTHR and AS. LogGTHR was 
positively related with baPWV when less than 1.43, while this association was negative when LogGTHR was >1.43.
Keywords: gamma-glutamyltransferase to high-density lipoprotein cholesterol ratio, brachial-ankle pulse wave velocity, arterial 
stiffness

Introduction
Brachial-ankle pulse wave velocity (baPWV) is a reliable indicator for quantitatively assessing the degree of arterial 
stiffness.1 As an independent risk factor for cardiovascular events, baPWV is widely used in health check-ups and 
epidemiological investigations.2 Accumulating evidence suggests that higher baPWV was associated with an increased 
risk of future cardiovascular and cerebrovascular disease,1,3,4 hypertension5 and diabetes.6 Considering the clinical 
significance of baPWV, it is of vital importance to investigate the reliable biomarkers to identify high-risk populations.

Gamma-glutamyltransferase (GGT) is an indicator widely used in clinical practice for evaluating the degree of liver 
function impairment. Evidences suggested a close relationship between GGT and insulin resistance (IR), and an increased 
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GGT was an independent predictor for the risk of Type 2 diabetes.7–9 Moreover, elevated GGT has been shown to 
associate with the chronic inflammatory reaction derived from hypersensitive C-reactive protein (hs-CRP).10 In addition, 
higher GGT was shown as an independent predictor for cardiovascular mortality,11 stroke12 and metabolic syndrome.13 

A lipid indicator, high-density lipoprotein cholesterol (HDL-C) could stimulate glucose uptake and improve β-cell 
function, while a lower HDL-C suggesting decreased β-cell function and IR.14,15 Furthermore, lower HDL-C was also 
a manifestations of metabolic syndrome16 and a risk factor for diabetes.17,18

In recent years, accumulating studies focused on the the predictive value of GGT to HDL-C ratio (GTHR) in 
diabetes,19 nonalcoholic fatty liver disease,20,21 metabolic syndrome21 and cardiovascular disease mortality.22 Moreover, 
diverse relationship including the linear, nonlinear or J-shaped relationships were shown.19–22 Although the exact 
pathogenesis is still undetermined, it is well established that IR was closely associated with AS.23 Considering the 
association between GGT, HDL-C, and IR, we speculated that GTHR may play a role in the development of AS. 
Therefore, we aimed to investigate the relationship between GTHR and AS, to better screen the high risk patients, 
therefore providing an early lifestyle intervention in these patients.

Methods
Study Population and Data Collection
The data in the present study were obtained from a open access database “DATADRYAD”. Researchers can download 
the raw data freely from the official website (www.Datadryad.org). In this study, we re-analyzed the data from 
a previously published study titled “Association between serum γ-glutamyltranspeptidase and atherosclerosis: 
a population-based cross-sectional study (10.5061/dryad.m484p).” It is a health check-up program carried out by 
Takuya Fukuda et al at Murakami Memorial Hospital, Gifu, Japan between March 2004 and December 2012, which 
aims to improve public health by early screening the patients at high risk of chronic diseases and identifying the potential 
risk factors. The inclusion and exclusion criteria and the study flowchart are shown in Figure 1. A total of 912 individuals 
were included in this study. Written informed consent were obtained from all the participants and the study was 
consistent with the principles of Declaration of Helsinki.

Assessment of baPWV, GTHR and Other Indicators
The indicators included in this study are consistent with the original data file. The demographic characteristics including 
age, sex, body mass index (BMI) were recorded. Comorbidities including blood pressure, smoking, drinking, exercise 

Figure 1 The flowchart of this study.
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situation and fatty liver condition were re-analyzed. The laboratory indicators including alanine aminotransferase (ALT), 
aspartate transaminase (AST), γ-glutamyltranspeptidase (GGT), fasting glucose, uric acid, estimated glomerular filtration 
rate (eGFR), total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C) and high-density 
lipoprotein cholesterol (HDL-C) were compared. The details of blood biochemical testing and the data collection have 
been well described in the original study, therefore we did not repeat it. The automatic waveform analyzer (Colin Medical 
Technology, Komaki, Japan) was used to measure baPWV to assess the degree of AS quantitatively. The method used 
and the notes for attention were described in detail in the original study. In this study, AS was determined when baPWV 
>1400 cm/s according to the previous study.

Statistical Analysis
Continuous variables were shown as mean ±standard deviation or median (quartile), which were compared using one- 
way ANOVA or Kruskal–Wallis H-test, respectively. Categorical data were displayed in percentage, which were 
compared by chi-squared tests. We used the univariate linear regression model to assess the relationship between 
LogGTHR and baPWV. The multivariate models including the unadjusted, minimally adjusted and fully adjusted 
analyses were displayed in this study. The indicators adjusted followed the rules: when added the parameter to this 
model, changed the matched odds ratio by at least 10%.17 Furthermore, we also used a generalized additive model to 
identify the nonlinear relationship. If nonlinear relationship was determined, a two-piecewise linear regression model was 
used to evaluate the threshold effect of LogGTHR on baPWV in terms of the smoothing plot. Recursive method 
calculates automatically the inflection point, where the maximum model likelihood will be used. The stratified linear 
regression models were used to perform subgroup analyses. The modification and interaction of subgroup were inspected 
by the likelihood ration test. All of the data analysis were carried with the R packages. A two-side P-value<0.05 was 
considered statistically significant.

Results
Baseline and Clinical Characteristics
A total of 912 participants were included in this study. Patients were divided to three groups according to the the tertiles 
of the LogGTHR. We discovered that patients in the high LogGTHRG group had a higher incidence of male, fatty liver 
disease, current smoking, ex-smoking, AS, an increased level of BMI, systolic and diastolic blood pressure, AST, ALT, 
γGTP, fasting glucose, uric acid, TC, TG, LDL-C, GTHR, alcohol consumption, baPWV, while a decreased level of 
HDL-C, eGFR (P<0.05) (Table 1). Other indicators including age and ABI were comparable among the three groups 
(P>0.05) (Table 1).

Univariate Analysis
Univariate analysis showed that male, age, SBP, DBP, AST, ALT, fasting glucose, γGGT, uric acid, TC, TG, HDL-C, 
LDL-C and fatty liver were positively associated with AS (P<0.05) (Table 2). We also found that eGFR was negatively 
associated with higher AS (P<0.05) (Table 2). Parameters including BMI, smoking status, alcohol consumption, exercise 
and ABI were not correlated with AS (P>0.05) (Table 2).

The Relationship Between GTHR and baPWVs
The univariate linear regression model was performed to investigate the relationship between LogGTHR and baPWV. We 
found that LogGTHR was positively correlated with baPWV in the nonadjusted model (β= 162.94, 95%CI: (confidence 
interval) 110.67 to 215.21, P<0.0001) (Table 3). We also discovered a significant change in minimally adjusted model 
(β= 131.93, 95%CI: 79.56 to 184.30, P<0.0001). However, no statistical significance were found in full adjusted models 
(β= 24.18, 95%CI: −35.99 to 84.34, P=0.4312) (Table 3). In addition, when LogGTHR was considered as categorical 
variable (tertiles), the same trend was also observed in nonadjusted and minimally adjusted model (trend was P<0.001) 
(Table 3).
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The Analyses of Nonlinear Relationship
Since LogGTHR was continuous data, therefore the nonlinear analysis was performed. We discovered that there is 
a nonlinear relationship between LogGTHR and baPWV (β= 30.08, 95%CI: −33.12 to 93.29, P=0.351) after adjusting for 
age, sex, BMI, SBP, DBP, AST, ALT, GGT, uric acid, fasting glucose, TC, HDL-C, LDL-C, eGFR, smoking, and 
exercise status, fatty liver, alcohol consumption, and ABI (Figure 2). The inflection point was 1.43. When K<1.43 
(80.37% of the participants), the relationship was positively correlated (β= 165.15, 95%CI: 62.72 to 267.58, P=0.0016), 

Table 1 Baseline Characteristics of Participants According to LogGTHR Tertiles

Low Middle High P-value

N 304 304 304
Age (years, mean ±SD) 50.61 ± 9.42 51.34 ± 10.11 51.45 ± 9.17 0.497

BMI (kg/m2, mean ±SD) 21.66 ± 2.51 23.29 ± 3.25 24.43 ± 2.94 <0.001

SBP (mmHg, mean ±SD) 114.36 ± 14.26 120.69 ± 14.12 125.69 ± 14.35 <0.001
DBP (mmHg, mean ±SD) 71.19 ± 9.29 76.77 ± 9.47 80.45 ± 9.06 <0.001

AST (IU/L, mean ±SD) 18.16 ± 4.43 19.57 ± 6.46 24.83 ± 10.51 <0.001

ALT (IU/L, mean ±SD) 15.29 ± 4.71 20.49 ± 8.66 32.28 ± 19.10 <0.001
γGTP (IU/L, mean ±SD) 12.55 ± 2.84 19.07 ± 4.64 44.73 ± 34.40 <0.001

FBG (mg/dL, mean ±SD) 93.37 ± 9.30 98.62 ± 17.14 102.16 ± 13.23 <0.001
Uric acid (mg/dL, mean ±SD) 4.43 ± 1.15 5.40 ± 1.31 5.94 ± 1.22 <0.001

TC (mg/dL, mean ±SD) 210.18 ± 34.33 205.19 ± 36.23 214.11 ± 36.87 0.009

TG (mg/dL, mean ±SD) 59.65 ± 29.99 94.62 ± 50.23 145.33 ± 98.66 <0.001
HDLC (mg/dL, mean ±SD) 64.61 ± 13.14 50.37 ± 11.48 45.63 ± 11.84 <0.001

LDL-C (mg/dL, mean ±SD) 123.30 ± 30.38 127.99 ± 32.20 132.88 ± 31.82 <0.001

GTHR 7.70 ± 1.85 14.80 ± 2.53 38.30 ± 29.71 <0.001
Alcohol (g/week) 37.86 ± 90.18 69.94 ± 131.46 114.82 ± 156.48 <0.001

eGFR (mL/min/1.73 m2, mean ±SD) 72.69 ± 12.92 70.22 ± 12.03 68.33 ± 10.71 <0.001

ABI max 27.84 ± 189.57 72.48 ± 316.53 67.75 ± 307.29 0.093
PWV max (cm/s, mean ±SD) 1340.99 ± 207.66 1426.53 ± 244.79 1479.73 ± 263.52 <0.001

Sex (%) <0.001

Male 89 (29.28%) 230 (75.66%) 273 (89.80%)
Female 215 (70.72%) 74 (24.34%) 31 (10.20%)

Current smoker (%) <0.001

No 269 (88.49%) 239 (78.62%) 207 (68.09%)
Yes 35 (11.51%) 65 (21.38%) 97 (31.91%)

Ex-smoker (%) <0.001

No 216 (71.05%) 137 (45.07%) 108 (35.53%)
Yes 88 (28.95%) 167 (54.93%) 196 (64.47%)

Exercise (%) <0.001

No 212 (71.14%) 248 (83.50%) 259 (86.05%)
Yes 86 (28.86%) 49 (16.50%) 42 (13.95%)

Fatty liver (%) <0.001

No 288 (94.74%) 206 (67.76%) 152 (50.17%)
Yes 16 (5.26%) 98 (32.24%) 151 (49.83%)

Postmenopausal state (%) 0.070

No 102 (47.44%) 24 (32.43%) 12 (38.71%)
Yes 113 (52.56%) 50 (67.57%) 19 (61.29%)

Arterial stiffness (%) <0.001

No 206 (67.76%) 168 (55.26%) 133 (43.75%)
Yes 98 (32.24%) 136 (44.74%) 171 (56.25%)

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; AST, aspartate transaminase; 
ALT, alanine aminotransferase; γGTP, γ-glutamyltranspeptidase; FBG, fasting blood glucose; TC, total cholesterol; TG, triglyceride; 
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; GTHR, gamma-glutamyltransferase to 
high-density lipoprotein cholesterol ratio; eGFR, estimated glomerular filtration rate; ABI, ankle-brachial index; PWV, pulse wave 
velocity.
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Table 2 The Results of Univariate Analysis

Statistics Effect size (β) P

Sex, (%) 0.0038
Male 592 (64.91%) 1

Female 320 (35.09%) −49.44 (−82.79, −16.09)

Age (years) 51.13 ± 9.57 12.95 (11.50, 14.39) <0.0001
BMI (kg/m2) 23.13 ± 3.12 4.95 (−0.16, 10.06) 0.0579

SBP (mmHg) 120.25 ± 14.96 8.43 (7.51, 9.35) <0.0001

DBP (mmHg) 76.14 ± 10.01 11.29 (9.87, 12.71) <0.0001
AST (IU/L) 20.85 ± 8.09 3.40 (1.44, 5.37) 0.0007

ALT (IU/L) 22.69 ± 14.29 1.50 (0.38, 2.61) 0.0086
γGTP (IU/L) 25.45 ± 24.42 1.01 (0.36, 1.66) 0.0024

FBG (mg/dL) 98.05 ± 14.06 4.21 (3.10, 5.31) <0.0001

Uric acid (mg/dL) 5.26 ± 1.38 22.77 (11.25, 34.30) 0.0001
TC (mg/dL) 209.82 ± 35.97 0.71 (0.27, 1.16) 0.0017

TG (mg/dL) 99.87 ± 74.93 0.44 (0.23, 0.65) <0.0001

HDLC (mg/dL) 53.54 ± 14.60 −1.33 (−2.42, −0.23) 0.0176
LDL-C (mg/dL) 128.06 ± 31.69 0.66 (0.16, 1.17) 0.0098

Current smoker (%) 0.9936

No 715 (78.40%) 0
Yes 197 (21.60%) −0.16 (−39.02, 38.70)

Ex-smoker (%) 0.1192

No 461 (50.55%) 0
Yes 451 (49.45%) 25.42 (−6.52, 57.36)

Alcohol (%) 74.12 ± 132.57 0.07 (−0.05, 0.19) 0.2837

Exercise (%) 0.4132
No 719 (80.25%) 0

Yes 177 (19.75%) 16.65 (−23.21, 56.52)

Fatty liver (%) <0.0001
No 646 (70.91%) 0

Yes 265 (29.09%) 93.74 (59.03, 128.46)

eGFR (mL/min/1.73 m2) 70.41 ± 12.04 −6.39 (−7.65, −5.12) <0.0001
ABI max 56.03 ± 277.64 0.04 (−0.02, 0.10) 0.1899

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; AST, aspartate transaminase; ALT, alanine aminotransferase; γGTP, γ- 
glutamyltranspeptidase; FBG, fasting blood glucose; TC, total cholesterol; TG, triglyceride; 
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, 
estimated glomerular filtration rate.

Table 3 Relationship Between GTRH and baPWV in Different Models

Nonadjusted (β, 95%CI, P) Adjust I (β, 95%CI, P) Adjust II (β, 95%CI, P)

LogGTRH 162.94 (110.67, 215.21) <0.0001 131.93 (79.56, 184.30) <0.0001 24.18 (−35.99, 84.34) 0.4312
LogGTRH Tertile

Low 1 1 1

Middle 85.53 (47.41, 123.65) <0.0001 66.18 (29.74, 102.61) 0.0004 26.08 (−7.82, 59.97) 0.1320
High 138.74 (100.62, 176.86) <0.0001 114.82 (76.06, 153.57) <0.0001 38.81 (−2.67, 80.28) 0.0670

P for trend <0.001 <0.001 0.122
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while when ≥1.43, there was a negative association between LogGTHR and baPWV (β= −106.23, 95%CI:-209.25 to 
−3.21, P=0.0436). (Table 4).

Subgroup Analyses
The subgroup analysis were shown in Table 5. We found that the test for interactions were significant for sex and fatty 
liver disease (P<0.05). Meanwhile while, no statistical significance were found in age, current smoking, exercise status, 
alcohol consumption, BMI and uric acid (P>0.05) (Table 5). We adjusted the menopausal status in female patients in the 
subgroup analysis, and found that the effect size of GTHR on baPWV was not altered (P>0.05) (Table 5).

Discussion
In the present study, we found GTHR was not associated with baPWV in the fully adjusted model. However, after 
adjusting for confounders, there is a nonlinear relationship between GTHR and baPWV. The inflection point was 21.06. 
When K<21.06, GTHR was positively correlated with baPWV, while when ≥21.06, the association was not statistically 
different. To the best of our knowledge, this is the first study to explore the potential relationship between the GTHR 
and AS.

Figure 2 The relationship between GTHR and baPWV. A nonlinear relationship between them was detected after adjusting for age, sex, BMI, SBP, DBP, AST, ALT, uric acid, 
fasting glucose, TC, TG, LDL, eGFR, smoking, and exercise status, fatty liver, alcohol consumption and ABI.

Table 4 The Results of Two-piecewise Linear 
Regression Model

Model 1 A linear effect of LogGTHR

Effect size (β) 95%CI P

30.08 (−33.12, 93.29) 0.351

Model 2 Nonlinear effect

Inflection point of LogGTHR

<1.43 165.15 (62.72, 267.58) 0.0016

≥1.43 −106.23 (−209.25, −3.21) 0.0436
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AS was suggested as an early sign for the evaluation of vascular damage, which is strongly associated with poor 
prognosis in patients with cardiovascular disease.24 In addition, patients with AS are more predisposed to develop 
hypertension, diabetes, obesity, and metabolic syndrome.25–28 Although AS is the result of joint action of various factors, 
IR may play a role in this process via low grade inflammation and oxidative responses, causing endothelial damage and 
AS formation.29,30 Traditionally, the hyperinsulinemic euglycemic clamp is the gold standard for evaluating the status of 
IR.31 Due to the high expenses, the complex and time-consuming assessment process, it is not an ideal method for the 
diagnosis of IR in routine clinical practice.31 Recently, some novel and simple indicators have been reported to be 
surrogates of IR, such as triglyceride-glucose index (TyG). Compared with the hyperinsulinemic-euglycemic clamp, the 
TyG index has been widely used in all individuals regardless of their insulin treatment status.32 Since then, the 
association between IR and AS have been widely discussed. IR derived from HOMA index,33 TyG34 and TyG-BMI35 

have been associated with the presence of AS.

Table 5 Effect Size of GTHR on baPWV in Subgroups

X= GTHR

N PWVMAX

Sex

Male 592 116.44 (44.74, 188.14) 0.0015
Female 320 304.71 (189.82, 419.61) <0.0001

98.43 (−29.13, 226.00)a 0.1316

Current smoker
No 715 166.46 (109.02, 223.89) <0.0001

Yes 197 177.97 (44.40, 311.53) 0.0097

Ex-smoker
No 461 140.71 (68.26, 213.16) 0.0002

Yes 451 188.73 (106.95, 270.50) <0.0001

Alcohol group
Low 294 226.78 (111.48, 342.09) 0.0001

Middle 304 183.12 (93.32, 272.93) <0.0001

High 301 126.32 (44.41, 208.23) 0.0027
Exercise

No 719 187.79 (131.51, 244.08) <0.0001

Yes 177 101.50 (−31.06, 234.07) 0.1352
Fatty liver

No 646 169.44 (106.07, 232.81) <0.0001

Yes 265 5.26 (−112.36, 122.88) 0.9302
Age tertile

Low 288 167.00 (108.14, 225.86) <0.0001

Middle 309 115.83 (61.07, 170.60) <0.0001
High 315 195.74 (79.97, 311.52) 0.0010

BMI tertile
Low 304 205.00 (106.43, 303.58) <0.0001

Middle 304 209.86 (106.45, 313.27) <0.0001

High 304 59.88 (−31.75, 151.51) 0.2013
Uric acid tertile

Low 298 212.68 (111.20, 314.15) <0.0001

Middle 308 168.43 (72.13, 264.73) 0.0007
High 306 81.07 (−22.27, 184.41) 0.1252

Note: Above model adjusted for age, sex, BMI, SBP, DBP, AST, ALT, GGT, uric acid, fasting 
glucose, TC, LDL, eGFR, smoking and exercise status, fatty liver, alcohol consumption and 
ABI. In each case, the model is not adjusted for the stratification variable. aAdjusted 
menopausal status + age, sex, BMI, SBP, DBP, AST, ALT, GGT, uric acid, fasting glucose, 
TC, LDL, eGFR, smoking, and exercise status, fatty liver, alcohol consumption.
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In the present study, we first reported the nonlinear relationship between LogGTHR and AS. We discovered that 
LogGTHR was positively related with baPWV when less than 1.43, while this association was negative when LogGTHR 
was >1.43. Evidence suggested that GGT and HDL-C were reliable parameters for evaluating IR.7–9,14,15 A higher GTHR 
means a higher GGT or a lower HDL-C, therefore, elevated GTHR is associated with IR. In a more recent cross-sectional 
study, which included 1665 Type 2 diabetes patients, the authors suggested that GTHR had a superior predictive value 
than TyG for the presence of metabolic syndrome.36 This indicated that GTHR was also a reliable indicator for evaluating 
IR, therefore, could be used a risk factor for AS. The association between GTHR, a surrogate marker of IR, and AS is 
also supported by the pathophysiological mechanism. Patients with IR had a disorders of glucose and lipid metabolism, 
causing vascular endothelial dysfunction and oxidative stress, therefore bringing in the vascular remodeling and arterial 
stiffness.37 In addition, chronic inflammation was often found in the phase of IR, which may lead to the damage of 
vascular endothelial dysfunction, resulting in the development of AS.38 In the present study, we suggested that when less 
than 1.43, logGTHR was positively associated and IR was an important pathogenesis in this association. However, this 
association was negative when LogGTHR was more than 1.43. An increased GTHR affects the arterial stiffness up to 
a certain point beyond which factors such as hepatic dysfunction and medication effects counterbalance the association, 
reflecting the saturation. The exact nature of this correlations could not determined by the present study. However, 
considering GTHR as an indicator for IR, patients with high risk of AS could be early identified when LogGTHR 
was <1.43.

Our study has several limitations: (1) This is a cross-sectional study; therefore, causal relationships could not be 
determined. (2) Since the data were acquired from the published sources, variables not included in the dataset could not 
be adjusted, which may have a influence on the results. (3) In our study, we used baPWV >1400 cm/s for the 
determination of AS, so the results should be interpreted in this context. (4) The participants were healthy check-up 
individuals from Japan, so it is unclear whether these results could apply to other populations.

Conclusion
There is a nonlinear relationship between LogGTHR and baPWV in the present study. LogGTHR was positively related 
with baPWV when <1.43, while this association was negative when LogGTHR was >1.43. Large scale, multicenter, 
prospective cohort studies are still needed to confirm our conclusions.

Abbreviations
GTHR, gamma-glutamyltransferase to high-density lipoprotein cholesterol ratio; IR, insulin resistance; baPWV, brachial- 
ankle pulse wave velocity; AS, arterial stiffness.
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