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Background: Gamma-glutamyl transferase (GGT) and high-density lipoprotein

cholesterol (HDL-C) have been proven to be valuable predictors of type 2

diabetes mellitus (T2DM). The aim of this study was to investigate the

association between GGT/HDL-C ratio and incident T2DM.

Methods: The study retrospectively analyzed 15453 participants from 2004 to

2015. Cox proportional hazards regression models and Kaplan-Meier curves

were used to elucidate the effect of GGT/HDL-C ratio on T2DM. Restricted

cubic spline (RCS) analysis was performed to explore any non-linear correlation

between GGT/HDL-C ratio and the risk of T2DM. The predictive performance

of GGT, HDL-C and GGT/HDL-C ratio for T2DM was evaluated utilizing

receiver-operating-characteristic (ROC) curves.

Results: During a median follow-up of 5.39 years, 373 cases of incident T2DM

were observed. Kaplan-Meier curves showed that the cumulative probabilities

of T2DM increased in the participants with higher GGT/HDL-C ratio

significantly (P < 0.001). Cox models further clarified that high GGT/HDL-C

ratio was an independent risk factor for T2DM (HR = 1.01, 95% CI = 1.00-1.01,

P = 0.011). Linear positive correlation between GGT/HDL-C ratio and the risk of

T2DMwas demonstrated through RCS analysis. In the ROC analysis, GGT/HDL-

C ratio (AUC = 0.75, 95% CI = 0.73-0.77) showed competitive role in the

prediction of T2DM compared with single GGT and HDL-C.

Conclusions: The GGT/HDL-C ratio could serve as a valuable predictor of

T2DM, and the risk of T2DM increases in the condition of higher GGT/HDL-

C ratio.

KEYWORDS
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Introduction

With the improvement of living standards, diabetes mellitus

has become an increasingly common disease, causing a serious

public burden (1). According to the latest statistics from the

International Diabetes Federation, there are at least 537 million

adult living with diabetes mellitus worldwide now, and it is

expected to reach a terrifying 783 million by 2045 (2). Diabetes

mellitus can be mainly divided into type 1 diabetes mellitus

(T1DM) and type 2 diabetes mellitus (T2DM), with the latter

accounting for over 90% (3). Given that T2DM is a preventable

disease, early management of high risk patients was restricted to

the lack of efficient forecasting tools.

The pathogenesis of T2DM is complex, with insulin

resistance and b-cell dysfunction being the most important

(3). Liver is one of the major target organs of insulin. Several

studies have pointed out that liver dysfunction is closely related

to the development of T2DM (4, 5). Gamma-glutamyl

transferase (GGT), a common marker of liver dysfunction, has

been shown to be independently associated with insulin

resistance (6). Further studies have demonstrated that GGT

could be an important predictor of T2DM and that the risk of

T2DM increases with elevated GGT (7, 8).

On the other hand, metabolic syndrome is recognized as an

important risk factor for T2DM and is characterized by the

decline of high-density lipoprotein cholesterol (HDL-C)

concentrations (3). HDL-C has the ability to stimulate glucose

uptake and improve b-cell function, and its decrease can reflect

reduced b-cell function and insulin resistance (9). To date,

multiple works have established that decreased HDL-C levels

are associated with an increased risk of T2DM (9, 10).

GGT/HDL-C ratio was a new indicator proposed by a recent

study (11).The study found that GGT/HDL-C ratio could serve

as a predictor of non-alcoholic fatty liver disease (NAFLD)

prevalence and was more efficient than single GGT or HDL-C

significantly. However, there is still a lack of studies reporting the

association of GGT/HDL-C ratio with other diseases. Therefore,

the aim of this study was to evaluate the predictive performance

of GGT/HDL-C ratio for T2DM compared with single GGT and

HDL-C.
Abbreviations: ALT, Alanine aminotransferase; AST, Aspartate

transaminase; AUC, Area under the curve; BMI, Body mass index; CI,

Confidence interval; DBP, Diastolic blood pressure; DNL, De novo

lipogenesis; FPG, Fasting plasma glucose; GGT, Gamma-glutamyl

transferase; HbA1c, Glycated hemoglobin; HDL-C, High-density

lipoprotein cholesterol; HR, Hazard ratio; NAFLD, Non-alcoholic fatty

liver disease; OGTT, Oral glucose tolerance test; RCS, Restricted cubic

spline; ROC, Receiver-operating-characteristic; SBP, Systolic blood

pressure; T1DM, Type 1 diabetes mellitus; T2DM, Type 2 diabetes mellitus.
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Materials and methods

Participants

The original data for this study were obtained from a

publicly available dataset within the DRYAD database (https://

doi.org/10.5061/dryad.8q0p192) (12). The dataset was built by

Okamur et al. based on a medical examination program

conducted at Murakami Memorial Hospital (Gifu, Japan) from

2004 to 2015. This retrospective cohort initially recruited 20944

participants who completed at least 2 scheduled examinations

within a specified time frame. According to the study design of

Okamur et al, participants who met the following criteria had

been excluded: 1. baseline diagnosis of T2DM (n = 323); 2.

baseline fasting plasma glucose (FPG) ≥ 6.1mmol/L (n = 808); 3.

missing data of covariates (n = 863); 4. known liver disease, such

as alcoholic fatty liver disease and viral hepatitis (n = 416); 5.

ethanol consumption over 60g/day for men and 40g/day for

women (n = 739); 6. medication usage (n = 2321) (12). In

addition, 10 participants were excluded by the researchers for

unknown reasons. Thus, the public dataset obtained contained a

total of 15464 participants. Next, 11 participants with missing

HDL-C value were further eliminated in accordance with the

aim of this study. Finally, there were 15453 participants enrolled

in the study cohort. (Figure 1)

The study of Okamur et al. was approved by the Murakami

Memorial Hospital Ethics Committee and all participants signed

an informed consent form (12). This study complied with the

public policy statement of the DRYAD database and was

therefore obtained an ethical exemption according to the

Ethics Committee of Shanghai Tenth People’s Hospital.
Data collection and definition

All participants completed a standardized self-

administration questionnaire to provide medical history and

lifestyle factors including alcohol consumption, smoking status,

and habit of exercise. Additionally, body mass index (BMI),

systolic blood pressure (SBP) and diastolic blood pressure (DBP)

were obtained by physical examination, as well as FPG, glycated

hemoglobin (HbA1c), alanine aminotransferase (ALT),

aspartate transaminase (AST), GGT, HDL-C, cholesterol and

triglycerides by analyzing fasting blood samples.

Meanwhile, Okamur et al. provided clear definitions for the

following indicators (13). Alcohol consumption was estimated

based on the type and amount of alcohol consumed by

participants in the previous month per week and was

categorized into 4 levels: no or minimal (<40g/week), light

(40-140g/week), moderate (140-280g/week) and heavy (>280g/

week). Habit of exercise was defined as regular exercise in any

type more than once a week. Furthermore, fatty liver was

diagnosed by experienced technologists and gastroenterologists
frontiersin.org
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by abdominal ultrasound. Finally, incident T2DMwas defined as

HbA1c ≥ 6.5%, FPG ≥ 7 mmol/L or self-reported.
Statistical analysis

Continuous variables would be described as mean ±

standard deviation if they follow a normal distribution and

compared using the Student’s t-test. Otherwise they would be

reported as median (quartiles) and compared utilizing the

Mann-Whitney U test. Categorical variables were expressed as

frequency (percentage) and evaluated with chi-square test. Then,

GGT/HDL-C ratio was divided into 4 groups based on quartiles,

namely Q1 (<7.20), Q2 (7.20-10.78), Q3 (10.78-17.96) and Q4

(>17.96). Kaplan-Meier curves were applied to visualize the

cumulative probability of T2DM in each group. Next, four

Cox proportional hazards regression models were developed to

investigate the independent effect of GGT/HDL-C ratio on

T2DM, among which three adjusted models contributed to

reducing bias. Model 1 was adjusted for age and gender.

Model 2 was further adjusted for BMI, alcohol consumption,

smoking status and fatty liver on the basis of model 1. Model 3
Frontiers in Endocrinology 03
was further adjusted for habit of exercise, FPG, HbA1c, ALT,

AST, cholesterol, triglycerides, SBP and DBP on the basis of

model 2. Based on model 3, the restricted cubic spline (RCS)

model with 4 knots was employed to explore any non-linear

correlation between GGT/HDL-C ratio and the risk of T2DM.

Finally, in order to assess the efficiency of GGT/HDL-C ratio in

predicting T2DM, receiver-operating-characteristic (ROC)

curves were performed and the best cut-off value were

further obtained.

All statistics and analyses were performed by SPSS (version

26.0) and R software (version 4.0.5). P values (two-sided) below

0.05 were considered to indicate statistical significance.
Results

A total of 15453 participants were recruited into the final

retrospective cohort study. 373 of them (2.41%) developed

incident T2DM after a median follow-up period of 5.39 years.

It was clear that participants with T2DM were older and higher

in the percentage of male than those without T2DM. Meanwhile,

T2DM group involved in more participants with characteristics
FIGURE 1

The flow chart of study participants selection. FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol. T2DM, type 2 diabetes mellitus.
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of heavy alcohol consumption, current smoking, fatty liver and

no exercise habit. In addition, the baseline BMI, FPG, HbA1c,

ALT, AST, GGT, cholesterol, triglycerides, SBP and DBP were

higher but HDL-C was lower in T2DM group. The GGT/HDL-C

ratio was further calculated. Its median was only 10.62 in non-

T2DM group, whereas it reached 21.53 in T2DM group,

showing a dramatically significance (P < 0.001). (Table 1)

Subsequently, GGT/HDL-C ratio was divided into four

groups based on quartiles. It was apparent that the

distribution of GGT/HDL-C ratio in non-T2DM group was
Frontiers in Endocrinology 04
balanced, with each group accounting for approximately 25%.

However, 63.27% of participants with T2DM were in the highest

Q4 group, while only 5.36% were in Q1 group. (Table 1) Kaplan-

Meier analysis was further used to explore the effect of different

levels of GGT/HDL-C ratio on the cumulative probability of

T2DM. Evidently, the cumulative T2DM probabilities increased

in the condition of higher GGT/HDL-C ratio (P <

0.001). (Figure 2)

Next, univariate and multivariate Cox proportional hazards

regression models were constructed to investigate the
TABLE 1 Baseline characteristics of the study participants.

Variables Total (n = 15453) T2DM (n = 373) Non-T2DM (n = 15080) P value

Follow-up duration, years 5.39 (2.70, 9.38) 5.93 (2.97, 8.92) 5.36 (2.69, 9.44) 0.670

Age, years 43.71 ± 8.90 47.14 ± 8.52 43.63 ± 8.89 < 0.001

Gender, n (%) < 0.001

Male 8419 (54.48) 286 (76.68) 8133 (53.93)

Female 7034 (45.52) 87 (23.32) 6947 (46.07)

BMI, kg/m2 22.12 ± 3.13 25.03 ± 3.82 22.04 ± 3.07 < 0.001

Alcohol consumption, n (%) < 0.001

No or minimal 11802 (76.37) 266 (71.31) 11536 (76.50)

Light 1754 (11.35) 40 (10.72) 1714 (11.37)

Moderate 1357 (8.78) 37 (9.92) 1320 (8.75)

Heavy 540 (3.49) 30 (8.04) 510 (3.38)

Smoking status, n (%) < 0.001

Never 9027 (58.42) 145 (38.87) 8882 (58.90)

Past 2949 (19.08) 77 (20.64) 2872 (19.05)

Current 3477 (22.50) 151 (40.48) 3326 (22.06)

Fatty liver, n (%) < 0.001

No 12716 (82.29) 150 (40.21) 12566 (83.33)

Yes 2737 (17.71) 223 (59.79) 2514 (16.67)

Habit of exercise, n (%) 0.048

No 12747 (82.49) 322 (86.33) 12425 (82.39)

Yes 2706 (17.51) 51 (13.67) 2655 (17.61)

FPG, mmol/L 5.16 (4.88, 5.44) 5.72 (5.38, 5.88) 5.16 (4.88, 5.44) < 0.001

HbA1c, % 5.17 ± 0.32 5.53 ± 0.37 5.16 ± 0.32 < 0.001

ALT, IU/L 17.00 (13.00, 23.00) 24.00 (18.00, 39.00) 17.00 (13.00, 23.00) < 0.001

AST, IU/L 17.00 (14.00, 21.00) 20.00 (16.00, 26.00) 17.00 (14.00, 21.00) < 0.001

GGT, IU/L 15.00 (11.00, 22.00) 24.00 (16.50, 36.50) 15.00 (11.00, 22.00) < 0.001

HDL-C, mmol/L 1.46 ± 0.40 1.19 ± 0.33 1.47 ± 0.40 < 0.001

Cholesterol, mmol/L 5.13 ± 0.86 5.43 ± 0.90 5.12 ± 0.86 < 0.001

Triglycerides, mmol/L 0.73 (0.50, 1.12) 1.21 (0.86, 1.93) 0.72 (0.49, 1.11) < 0.001

SBP, mmHg 114.49 ± 14.97 122.03 ± 15.59 114.31 ± 14.91 < 0.001

DBP, mmHg 71.58 ± 10.50 77.18 ± 10.23 71.44 ± 10.47 < 0.001

GGT/HDL-C 10.78 (7.20, 17.96) 21.53 (13.12, 34.23) 10.62 (7.15, 17.58) < 0.001

P for trend < 0.001

Q1 3863 20 (5.36) 3843 (25.48)

Q2 3863 42 (11.26) 3821 (25.34)

Q3 3863 75 (20.11) 3788 (25.12)

Q4 3864 236 (63.27) 3628 (24.06)
front
ALT, alanine aminotransferase; AST, aspartate transaminase; BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; GGT, gamma-glutamyl transferase;
HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood pressure; T2DM, type 2 diabetes mellitus.
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independent effect of GGT/HDL-C ratio on incident T2DM. In

the univariate Cox model, elevated GGT/HDL-C ratio would

increase the risk of T2DM (HR = 1.02, 95% CI = 1.01-1.02, P <

0.001). Similarly, the risk of T2DM was significant higher in

groups Q2, Q3 and Q4 with higher GGT/HDL-C ratios

compared to Q1 group, with Q4 group being 11.60 times

higher than Q1 group (HR = 11.60, 95% CI = 7.35-18.31, P <

0.001). Model 1 and model 2, which were further adjusted for

some covariates, showed similar results. The final model 3

adjusting for all covariates illustrated that GGT/HDL-C ratio

was still an independent risk factor for T2DM as a continuous

variable (HR = 1.01, 95% CI = 1.00-1.01, p = 0.011).

Interestingly, when GGT/HDL-C ratio was considered as a

categorical variable, no statistical difference was shown

between Q2 and Q3 groups and Q1 group, but the risk of

T2DM in Q4 group still was demonstrated to be 1.97 times

higher than Q1 group (HR = 1.97, 95% CI = 1.13-3.44,

P = 0.018). (Table 2)

RCS model was established based on model 3 to examine

whether there was a non-linear correlation between GGT/HDL-
Frontiers in Endocrinology 05
C ratio and the risk of T2DM. Obviously, GGT/HDL-C ratio was

linearly correlated with the risk of T2DM due to a P for non-

linear of 0.333. And the risk of T2DM increased with elevated

GGT/HDL-C ratio. (Figure 3)

Finally, ROC analysis was utilized to elucidate the predictive

performance of GGT/HDL-C ratio in incident T2DM.

Apparently, GGT/HDL-C ratio (AUC = 0.75, 95% CI = 0.73-

0.77) was a better predictor when compared with single GGT

(AUC = 0.71, 95% CI = 0.68-0.73, P < 0.001) or single HDL-C

(AUC = 0.72, 95% CI = 0.69-0.74, P = 0.010). (Figure 4) In

addition, the best cut-off value for GGT/HDL-C ratio was 17.92

(sensitivity of 0.638, specificity of 0.758).
Discussion

Inbrief, thiswas thefirst study to explore the associationbetween

GGT/HDL-C ratio and the risk of T2DM. Furthermore, the large

population-based retrospective cohort study demonstrated that

GGT/HDL-C ratio was linearly correlated with the risk of T2DM
FIGURE 2

Kaplan-Meier curves for the cumulative T2DM probability according to different GGT/HDL-C ratio. Q1, < 7.20; Q2, 7.20-10.78; Q3, 10.78-17.96;
Q4, >17.96. GGT, gamma-glutamyl transferase; HDL-C, high-density lipoprotein cholesterol; T2DM, type 2 diabetes mellitus.
frontiersin.org
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and that the risk of T2DM increased in the condition of higherGGT/

HDL-C ratio. GGT/HDL-C ratio could serve as a valuable predictor

of T2DM with better predictive performance compared to single

GGT and HDL-C.

T2DMand its complications have become a serious threat to the

quality of life of patients. Recent studies on the epidemiology of

T2DMhave revealednumerous risk factors, such as genetics, obesity,
Frontiers in Endocrinology 06
metabolic syndrome, unhealthy diet, unhealthy lifestyle habits,

smoking and alcohol consumption, and these factors interact in

the development and progression of T2DM (3). Given the

preventable character of T2DM and the high clinical benefits of

early diagnosis and treatment, it is essential and important to screen

high-risk individuals through simple and practical indicators (14).

Currently, researchers have developed a variety of novel predictive
FIGURE 3

The correlation between GGT/HDL-C ratio and the risk of T2DM evaluated by restricted cubic splines. CI, confidence interval; GGT, gamma-
glutamyl transferase; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; T2DM, type 2 diabetes mellitus.
TABLE 2 Cox proportional hazards regression analysis for the association between GGT/HDL-C ratio and incident T2DM.

Variables Univariate analysis Multivariate analysis

Model 1 Model 2 Model 3

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

GGT/HDL-C 1.02 (1.01, 1.02) < 0.001 1.01 (1.01, 1.02) < 0.001 1.01 (1.00, 1.01) < 0.001 1.01 (1.00, 1.01) 0.011

P for trend < 0.001 < 0.001 < 0.001 0.007

Q1 Ref Ref Ref Ref

Q2 2.22 (1.30, 3.78) 0.003 2.13 (1.25, 3.63) 0.005 1.80 (1.05, 3.09) 0.034 1.29 (0.75, 2.23) 0.356

Q3 4.04 (2.47, 6.62) < 0.001 3.72 (2.27, 6.10) < 0.001 2.28 (1.33, 3.89) 0.003 1.27 (0.74, 2.18) 0.392

Q4 11.60 (7.35, 18.31) < 0.001 10.49 (6.64, 16.58) < 0.001 4.30 (2.50, 7.37) < 0.001 1.97 (1.13, 3.44) 0.018
front
Model 1 was adjusted for age and gender. Model 2 was further adjusted for BMI, alcohol consumption, smoking status and fatty liver on the basis of model 1. Model 3 was further adjusted
for habit of exercise, FPG, HbA1c, ALT, AST, cholesterol, triglycerides, SBP and DBP on the basis of model 2. ALT, alanine aminotransferase; AST, aspartate transaminase; BMI, body mass
index; CI, confidence interval; DBP, diastolic blood pressure; FPG, fasting plasma glucose; GGT, gamma-glutamyl transferase; HbA1c, glycated hemoglobin; HDL-C, high-density
lipoprotein cholesterol; HR, hazard ratio; SBP, systolic blood pressure; T2DM, type 2 diabetes mellitus.
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markers, including triglycerides, phospholipids, aromatic amino

acids, branched-chain amino acids, hexoses and more (15).

Recently, numerous researchers have suggested that liver

enzymes could be potential predictors of the incidence of diabetes

(16, 17). Liver enzymes arewidely used in clinical practice to evaluate

liver functionandhave theadvantageofbeingeconomical andeasy to

test. It is well known that liver dysfunction is strongly associatedwith

theprevalenceofT2DM(5).On theonehand, liver plays a key role in

the regulation of glucose homeostasis, as insulin can effectively

stimulates hepatic glycogen synthesis and reduces hepatic glucose

production (4, 18). On the other hand, insulin has the ability to

directly affect lipid metabolism in hepatocytes, for example by up-

regulating genes in the de novo lipogenesis (DNL) pathway and

decreasing the export of very low density lipoproteins (4, 19).

Intriguingly, human insulin resistance is highly correlated with

hepatic steatosis, a phenomenon known as “selective hepatic

insulin resistance” (20, 21). Furthermore, the interaction between

insulin resistance and NAFLD is reciprocal. Insulin resistance

promotes intrahepatic lipid accumulation and liver damage, while

lipid accumulation and cytokine release in turnpromote intrahepatic

insulin resistance (22). Therefore, as common markers of liver

function, blood ALT, AST and GGT levels have all been shown to
Frontiers in Endocrinology 07
correlatewith insulin resistance and the risk of T2DM, amongwhich

GGT displays the strongest correlation (16, 17, 23). In recent years,

several large cohort studies demonstrated the excellent predictive

performance of GGT for T2DM (24, 25). And a Mendelian

randomization study provided genetic evidence for a causal role of

GGT in the development of T2DM (8). In addition to being able to

indirectly reflect insulin resistance by representing liver dysfunction

and intrahepatic lipid accumulation, GGT is also present in other

tissues and is involved in oxidative stress through the regulation of

glutathione, which is associated with the pathophysiological

processes of diabetes (26, 27). It has been suggested that elevated

GGTvalues indicate subclinical inflammation in thebody,whichalso

contributes to the development of T2DM (28). Not only is GGT

positively associated with a number of inflammatory agents, such as

C-reactive protein and interleukin-6, but itself also mediates the

conversion of leukotriene C4 to leukotriene D4, which enhances the

development of inflammation (25, 29).

Traditionally, HDL-C has often been considered to be strongly

associated with cardiovascular events (30). However, several studies

pointed to the association of lower HDL-C with higher incidence of

T2DM in recent years, suggesting that HDL-C could be a valuable

predictor of T2DM (31, 32). Meanwhile, a wide-angled mendelian
FIGURE 4

ROC curves of GGT, HDL-C and GGT/HDL-C ratio to predict incident T2DM. (a) The P value of GGT compared with GGT/HDL-C ratio. (b) The P
value of HDL-C compared with GGT/HDL-C ratio. AUC, area under the curve; GGT, gamma-glutamyl transferase; HDL-C, high-density
lipoprotein cholesterol; ROC curve, receiver-operating-characteristic curve; T2DM, type 2 diabetes mellitus.
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randomization study elucidated that HDL-C was a protective factor

for T2DM (33). HDL-C has the capacity to regulate skeletal muscle

glucose uptake and b-cell insulin secretion, since some researchers

discovered that intravenous HDL-C significantly reduced plasma

glucose concentrations (32, 34, 35). At the same time, HDL particles

act asmajor receptors of cholesterol and contribute to the protection

of b-cells from apoptosis due to cholesterol accumulation by

promoting cholesterol efflux (9). HDL-C also has antioxidant and

anti-inflammatory properties that directly increase b-cell survival
through inhibition of apoptosis caused by oxidized low density

lipoprotein and inflammatory factors (10). Besides this, HDL-C

can reflect genomic changes, for example, changes in HMGCR

polymorphisms can lead to a reduction in HDL-C, which is

thought to be associated with the risk of T2DM (36). ABCA1 gene

variants are capable of contributing to T2MD development by

reducing HDL-C levels leading to b-cell lipotoxicity (37). In

addition to concentration, the particle size of HDL has been

proved to be associated with the maintenance of glucose

homeostasis. Large spherical HDL was negatively associated with

worsening insulin resistance, while smaller TAG-rich HDL particles

were positive associated with elevated blood glucose (38, 39).

Given that most researchers currently hypothesized that GGT is

positively and HDL-C is negatively correlated with T2DM, it is

suspected that the combined GGT/HDL-C ratio might possess

better predictive performance compared with the individual

metrics. The results of the ROC analysis in this study validated the

assumptionwell for thefirst time.A recent research reported a similar

result that explored the predictive performance ofGGT/HDL-C ratio

for the risk of NAFLD (11).They found the AUC of GGT/HDL-C

ratiowas0.799,whichwashigher thansingleGGT(AUC=0.773)and

singleHDL-C(AUC=0.726) significantly. Inaddition, thebest cut-off

value was 21.3, slightly higher than in this study. It is not difficult to

understand the better predictive performance of GGT/HDL-C ratio

for NAFLD compared with T2DM, as GGT and HDL-C have a

stronger association with NAFLD. Regardless, GGT and HDL-C are

common in clinical testing for non-diabetic patients, so the GGT/

HDL-C ratio is indeed a convenient and cost-effective index to screen

forT2DM.At the same time, the best cut-off value for theGGT/HDL-

Cratiowas17.92,whichmeans it is important to focusonpopulations

whoseGGT/HDL-Cratio isover17.92, because theyareathighriskof

T2DM. Guidance from clinical practitioners on improving their

lifestyle and promoting healthy diet and physical activity is essential

to help them achieve early prevention or delay of T2DM.

There were also some potential limitations to this study. Firstly,

this was a retrospective study. The principal drawback was that it was

unable to eliminate unknownbiases, such as dietary habits and family

history of diabetes, even after adjusting for numerous covariates.

Secondly, it was impossible to consider the impact of fluctuating

changes in certain indicators on the study results during the follow-up

period, since several indicators, including GGT and HDL-C, were

only obtained at the baseline examination. Thirdly, this study only

included the Japanesepopulation.However, the risk scores of diabetes

developed based on specific ethnic group may not be applicable to
Frontiers in Endocrinology 08
other ethnic groups, and therefore the conclusions obtainedmaybe of

limited value to non-Japanese populations (40). Fourth, the oral

glucose tolerance test (OGTT) test was not considered by the

original investigators as a routine item for the diagnosis of T2DM,

which could have contributed to the low incidence of diabetes even

after a follow-up period of more than 5 years.
Conclusion

Compared with single GGT and HDL-C, GGT/HDL-C ratio

is a more valuable predictor of T2DM, and the risk of T2DM

increases in the condition of higher GGT/HDL-C ratio. For

clinical application, doctors should provide timely guidance to

the medical prevention of T2DM in the future for those with

GGT/HDL-C ratios above 17.92 particularly.
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