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Purpose: Diabetes is one of the most prevalent chronic diseases in the world, and its prevalence is expected to rise further. To help
understand the utility of the ratio of non-high-density lipoprotein cholesterol to high-density lipoprotein cholesterol (NHHR) in
diabetes prevention, this large-scale longitudinal cohort study aims to explore the association of NHHR with diabetes risk and compare
it as a risk predictor with conventional lipid parameters.

Patients and Methods: This observational study extracted data from the NAGALA longitudinal cohort study conducted in Japan
between 2004 and 2015. Multivariate Cox regression analysis was used to evaluate the association between NHHR and the risk of
diabetes. The dose—response relationship was analyzed by restricted cubic spline (RCS) regression and the potential risk threshold was
estimated. The receiver operator characteristic curve (ROC) was used to analyze and calculate the predictive value and optimal
threshold of NHHR and other conventional lipids for new-onset diabetes.

Results: Of the 15,464 people aged 18-79, 373 (2.41%) were diagnosed with new-onset diabetes during the study period, with
a median age of 46 years. The sensitivity analysis based on multivariate adjustment showed that the independent positive correlation
between diabetes and NHHR was stable in different populations. RCS and ROC analysis indicated that the association between NHHR
and diabetes was non-linear, and the NHHR was a better marker for predicting diabetes risk than other conventional lipid parameters;
Additionally, it is worth noting that an NHHR of approximately 2.74 may be the optimal threshold for intervention in diabetes risk.
Conclusion: In the general population, NHHR is a better marker for predicting diabetes risk than conventional lipid parameters, and
an NHHR of about 2.74 may be the optimal threshold for assessing diabetes risk.
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Introduction

Diabetes is one of the most prevalent chronic diseases in the world and is characterized by a chronic hyperglycemic state
caused by defective glucose metabolism.' According to the latest survey report of the International Diabetes Federation
(IDF), about 463 million people (9.3%) with diabetes have been recorded and diagnosed worldwide, and this number
may reach 700 million (10.9%) by 2045.> Additionally, IDF also pointed out that nearly half of the patients with diabetes
have not been recorded and diagnosed, which will bring a huge burden of disease.* Compared with people without
diabetes, diabetic patients will have a variety of acute and chronic complications, resulting in debilitated and increasing
the hospitalization rate and economic burden. In addition, this chronic hyperglycemia state also significantly increases the

1,5,6

risk of cerebrovascular and cardiovascular diseases and malignant tumors in patients with diabetes, ~-° which is the main
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cause of death and shortening of life expectancy.”® Therefore, early identification of individuals at high risk of
developing diabetes is of great significance to reduce the incidence and related complications of diabetes.

In addition to obvious disorders of blood glucose metabolism, diabetic patients are often accompanied by athero-
sclerotic lipid abnormalities, which are characterized by increased levels of non-high-density lipoprotein cholesterol
(non-HDL-C), triglycerides (TG) and decreased levels of high-density lipoprotein cholesterol (HDL-C) concentration.”'’
Observational evidence further confirmed that atherosclerotic lipid abnormalities were independent risk factors for
diabetes.'®'? The ratio of non-HDL-C to HDL-C (NHHR) is a newly developed combination indicator of atherogenic
lipids, which collects information on all atherogenic and anti-atherogenic lipid particles.'*> Some published studies have
also shown that NHHR was significantly better than traditional lipid parameters in evaluating coronary atherosclerosis,
intracranial atherosclerosis and arterial stiffness. NHHR was a good lipid parameter for evaluating the risk of cardio-
vascular and cerebrovascular diseases;'*'> Additionally, further studies in recent years have found that this parameter
can be used to independently assess the risk of nonalcoholic fatty liver disease (NAFLD), chronic kidney disease, and
metabolic syndrome.'®'® These findings suggested that NHHR may be a useful parameter for evaluating metabolism-
related diseases. Considering the extensive impact of diabetes on the body’s metabolism, it may be very meaningful to
further study the value of NHHR in predicting the risk of diabetes, which remains unknown. For the purpose of clarifying
the answer to this question, this study investigated the association between NHHR and diabetes based on the NAGALA
longitudinal cohort dataset, and evaluated the predictive value of NHHR for the future risk of diabetes and the related
optimal threshold.

Materials and Methods

Study Population and Design

This study was a post-hoc analysis of the NAGALA longitudinal cohort to evaluate the value and threshold of NHHR in
predicting diabetes risk and the correlation between them. The NAGALA longitudinal cohort was established by
Murakami Memorial Hospital in Japan in 1994 and continued to include the general population who received health
screening at the hospital’s physical examination center. Considering that about 60% of these participants attended 1-2
medical checkups every year at Murakami Memorial Hospital and repeated examinations, the NAGALA longitudinal
cohort was established to assess common risk factors for chronic diseases such as diabetes and NAFLD.'® The detailed
study design has been described elsewhere, and the available NAGALA cohort data and its ownership have been
transferred to the Dryad public database by Okamura et al.'® The Dryad database allows different researchers to make
more full use of the dataset based on different assumptions without infringing on the author’s rights. In the previous study
of Okamura et al, they discussed the relationship between ectopic adiposity and diabetes.'® As a post-hoc analysis of the
NAGALA longitudinal cohort, this study aimed to explore the association of NHHR with diabetes. According to the
purpose of the study, we extracted the data of 15,464 participants in the NAGALA cohort from 2004 to 2015, excluding
the miss of baseline covariates (n=863), excessive drinking (n=739, alcohol consumption over 60 g/day for men and 40
g/day for women),?® drug use (n=2321), liver disease (n=416), confirmed impaired fasting glucose or diabetes (n=1131),
and 10 subjects not enrolled in the study for an unknown reason. Informed consent for the use of study data has been
authorized by the participants in previous studies, and the initial study protocol was approved by the Ethics Committee of
Murakami Memorial Hospital.'> As a post-hoc analysis of the NAGALA cohort study, the institutional Ethics Committee
of Jiangxi Provincial People’s Hospital reviewed the current research scheme and exempted the need for repeated ethical
approval and informed consent (review No: 2021-066). All procedures conformed to standards set forth in the
Declaration of Helsinki.

Data Collection

Baseline data were collected at the Murakami Memorial Hospital physical examination center. In short, trained
researchers use standardized self-management questionnaires to collect information about demographic characteristics
[age, blood pressure, sex, body mass index (BMI), weight and waist circumference (WC)], lifestyle factors (smoking
status, drinking status and habit of exercise), disease history and medication history of the participants. Smoking status
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was classified as non-smoking, past smoking, and current smoking based on the time at which baseline data were first
obtained. Drinking status was classified as non or small drinking, light drinking, moderate drinking, and heavy drinking
by the amount of alcohol consumed per week in the past month.?!

Blood samples were taken at least 8 hours after fasting. Biochemical indexes such as alanine aminotransferase (ALT),
hemoglobin Alc (HbAlc), total cholesterol (TC), gamma-glutamyl transferase (GGT), fasting plasma glucose (FPG),
TG, aspartate aminotransferase (AST) and HDL-C were measured by the standard automatic analyzer. Low-density
lipoprotein cholesterol (LDL-C) concentration was calculated by a modified Friedewald equation.”> Non-HDL-C = TC -
HDL-C.*

Definition of Diabetes
During the observation period, diabetes was defined as HbAlc > 6.5%, FPG > 7.0mmol/L, self-reported diabetes
diagnosed by a physician, or having started diabetes medication.”

Statistical Analysis

The baseline characteristics of study participants were described below: According to the type of data distribution,
continuous variables were summarized as median (quartile 1-quartile 3) or mean + standard deviation, and categorical
variables were described as n (%). Differences between baseline data were assessed using the Mann—Whitney test, Chi-
square test or z-test.

To understand the relationship between diabetes and NHHR, we constructed 4 Cox proportional hazard regression
models based on varying degrees of adjustment, and calculated the hazard ratio (HR) and 95% confidence interval (CI) of
NHHR corresponding to diabetes risk.”* All the covariates adjusted in the model have passed the collinearity test
(Supplementary Table 1),%° in which model 1 adjusted BMI, sex and age. Model 2 further adjusted the related variables

of glucose and lipid metabolism on the basis of model 1. Model 3 further adjusted the related variables of liver enzyme
metabolism based on model 2. Model 4 was a fully adjusted model in which all non-collinear covariates were regarded as
confounding factors. To further test the stability of the main analysis results, we performed six sensitivity analyses:*® (1)
To avoid confusion in the prediction of diabetes caused by lipid abnormalities due to baseline fatty liver, we excluded
people with baseline fatty liver. (2) In an effort to reduce the effect of exercise as an intervention on blood lipids, we
limited the study population to those who were not exercising. (3) Considering that the incidence of diabetes is closely
related to the higher age, we further verified the predictive value of NHHR in the risk of diabetes in young and middle-
aged people. (4) With the intention of verifying the stability of this conclusion in non-hypertensive people, we excluded
people with baseline hypertension. (5 and 6) Obesity is an important risk factor for dyslipidemia and diabetes. In order to
verify the association between NHHR and diabetes in non-obese people, we limited the study population to non-central
obesity or BMI less than 25 kg/m?® in the new analysis.

We also used a restricted cubic spline (RCS) of 5 knots at the 5th, 35th, 50th, 65th, and 95th percentiles to flexibly
model the association of NHHR with diabetes and preliminarily assess the threshold of NHHR for predicting the risk of
diabetes.

To further evaluate the value of NHHR in predicting diabetes, we constructed a receiver operating characteristic
(ROC) curve to evaluate the predictive ability of NHHR and other lipid parameters to the future occurrence of diabetes,
and compared the difference in area under the curve with different parameters by DeLong test.?’

Analyses were performed in Empower Stats (R) version 2.0. and R software version 3.4.3. All P values are 2-sided
and a P value of <0.05 was considered statistically significant.

Results

A total of 15,464 healthy adults with normal baseline glucose were included in the study (mean age was 43.71 years, and
54.51% were men). During a mean observation period of 6.13 years, diabetes was diagnosed in 373 participants (286
men and 87 women), with an incidence of 2.41%. Table 1 summarizes the general characteristics of participants’ initial
registration physical examination information based on whether diabetes was diagnosed during the follow-up. It can be
seen that in people with diabetes, their age, ALT, TG, weight, non-HDL-C, WC, HbAlc, GGT, BMI, NHHR, AST, TC,
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Table | Baseline Characteristics of Diabetes and Non-Diabetes Groups

Non-Diabetes Diabetes P-value

No. of subjects 15,091 373
Sex <0.001

Female 6947 (46.03%) 87 (23.32%)

Male 8144 (53.97%) 286 (76.68%)
Age, years 42.00 (37.00-50.00) 46.00 (41.00-53.00) <0.001
Weight, kg 59.40 (51.60-67.90) 69.00 (60.00-78.00) <0.001
BMI, kg/m? 22.04 (3.07) 25.03 (3.82) <0.001
WC, cm 76.26 (8.97) 85.08 (10.20) <0.001
ALT, U/L 17.00 (13.00-23.00) 24.00 (18.00-39.00) <0.001
AST, U/L 17.00 (14.00-21.00) 20.00 (16.00-26.00) <0.001
GGT, U/L 15.00 (11.00-22.00) 24.00 (17.00-36.00) <0.001
HDL-C, mmol/L 1.42 (1.17-1.71) 1.13 (0.96-1.32) <0.001
Non-HDL-C, mmol/L 3.59 (3.004.23) 420 (3.574.82) <0.001
NHHR 2.50 (1.86-3.39) 3.71 (2.86—4.78) <0.001
TC, mmol/L 5.12 (0.86) 5.43 (0.90) <0.001
LDL-C, mmol/L 3.03 (2.55-3.55) 3.46 (2.93-3.95) <0.001
TG, mmol/L 0.72 (0.49-1.11) 1.21 (0.86—1.93) <0.001
FPG, mmol/L 5.15 (0.41) 5.61 (0.36) <0.001
HbAlc, % 5.16 (0.32) 5.53 (0.37) <0.001
SBP, mmHg 114.31 (14.91) 122.03 (15.59) <0.001
DBP, mmHg 71.44 (10.47) 77.18 (10.23) <0.001
Fatty liver 2518 (16.69%) 223 (59.79%) <0.001
Habit of exercise 2658 (17.61%) 51 (13.67%) 0.048
Drinking status <0.001

Non or small 11,539 (76.46%) 266 (71.31%)

Light 1718 (11.38%) 40 (10.72%)

Moderate 1323 (8.77%) 37 (9.92%)

Heavy 511 (3.39%) 30 (8.04%)
Smoking status <0.001

Non 8886 (58.88%) 145 (38.87%)

Past 2875 (19.05%) 77 (20.64%)

Current 3330 (22.07%) 151 (40.48%)

Abbreviations: BMI, body mass index; WC, waist circumference; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT,
gamma-glutamyl transferase; HDL-C, high-density lipoprotein cholesterol; TC, total cholesterol; Non-HDL-C, non-high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; NHHR, non-high-density lipoprotein cholesterol to high-density
lipoprotein cholesterol ratio; HbAlc, hemoglobin Alc; FPG, fasting plasma glucose; SBP, systolic blood pressure; DBP, diastolic blood
pressure.

FPG and blood pressure levels were significantly higher at the time of early physical examination (all P < 0.05).
Additionally, this group of people was significantly more likely to have fatty liver and to continue smoking and drinking,
while fewer people had exercise habits.

Table 2 shows the relationship of NHHR with new-onset diabetes in the general population. It can be seen that from
the unadjusted model to the fully adjusted model, NHHR has always maintained a positive correlation with diabetes. In
the fully adjusted model (Model 4), the risk of developing diabetes increased by 18% (95% CI: 1.07-1.30) for each 1 unit
increase in NHHR. Further sensitivity analysis showed that the positive correlation between NHHR and new-onset
diabetes was stable in people without fatty liver, people without exercise habits, young and middle-aged people, people
with normal blood pressure, people without central obesity and non-obese people. In summary, NHHR was a stable
independent predictor of emerging diabetes.

To detect any possible linear or non-linear dependence in the regression model, we also used 5-knots RCS to study
the shape of the dose—response relationship between NHHR and diabetes risk. As can be seen in Figure 1, the correlation
between NHHR and diabetes risk was not a one-way linear relationship, and we found that when NHHR was about 2.74,
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Table 2 Cox Regression Analyses for the Association Between the Non-High-Density Lipoprotein Cholesterol to High-Density
Lipoprotein Cholesterol Ratio and Incident Diabetes in Different Models

Hazard Ratios (95% Confidence Interval)
No. of Subjects Unadjusted Model Model | Model 2 Model 3 Model 4
Main study 15,464 1.64 (1.55, 1.74) 1.34 (1.24, 1.44) 1.27 (1.16, 1.38) 1.27 (1.16, 1.39) 1.18 (1.07, 1.30)
Sensitivity- | 12,716 1.50 (1.34, 1.67) 1.25 (1.09, 1.44) 1.20 (1.03, 1.39) 1.20 (1.03, 1.39) 1.23 (1.05, 1.45)
Sensitivity-2 12,747 1.68 (1.58, 1.80) 1.35 (1.24, 1.47) 1.28 (1.16, 1.40) 1.28 (1.16, 1.41) 1.21 (1.09, 1.33)
Sensitivity-3 14,741 1.66 (1.56, 1.76) 1.33 (1.23, 1.44) 1.26 (1.15, 1.39) 1.27 (1.16, 1.39) 1.17 (1.06, 1.30)
Sensitivity-4 14,491 1.67 (1.56, 1.78) 1.33 (1.23, 1.45) 1.24 (1.13, 1.37) 1.25 (1.13, 1.38) I.16 (1.04, 1.28)
Sensitivity-5 12,932 1.58 (1.44, 1.73) 1.33 (1.19, 1.50) 1.20 (1.06, 1.36) 1.17 (1.02, 1.34) I.15 (1.01, 1.33)
Sensitivity-6 13,441 1.64 (1.52, 1.78) 1.37 (1.24, 1.51) 1.27 (1.14, 1.43) 0.27 (1.13, 1.42) 1.26 (1.11, 1.42)

Notes: Model | adjusted for age, sex and BMI; Model 2 adjusted for model | plus TC, FPG and HbAIc; Model 3 adjusted for model 2 plus ALT, AST and GGT; Model 4
adjusted for model 3 plus fatty liver, habit of exercise, drinking status, smoking status and SBP. Note I: (1) sensitivity-1: excluding subjects with a baseline diagnosis of fatty
liver; (2) sensitivity-2: excluding subjects with exercise habits at baseline; (3) sensitivity-3: excluding subjects more than 60 years of age at baseline; (4) sensitivity-4: excluding
subjects whose baseline SBP = 140 mmHg or DBP = 90 mmHg; (5) sensitivity-5: excluding subjects whose baseline BMI = 25 kg/m?; (6) sensitivity-6: excluding subjects whose
baseline WC 2 90cm in male or 2 80cm in female. Note 2: Fatty liver was not included in model 4 of sensitivity-1; Habit of exercise was not included in model 4 of
sensitivity-2.

the HR corresponding to the risk of diabetes was about 1; when NHHR was greater than 2.74, the risk of diabetes
increased gradually.

Using ROC curve analysis, we assessed the accuracy of NHHR and other conventional lipid parameters for predicting
future diabetes events (Table 3). As shown in Figure 2, NHHR showed moderate accuracy in predicting future diabetes

10.0 - P for non-linearity: <0.001

2.0

1.0

Hazard ratio of diabetes

0.5

Ref NHHR:2.74

T T T T
2 4 6 8

NHHR

Figure | Hazard ratios (95% confidence intervals) for the non-linear relationship between NHHR and the risk of diabetes.
Abbreviation: NHHR, non-high-density lipoprotein cholesterol to high-density lipoprotein cholesterol ratio.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15 heeps: 1681

Dove:


https://www.dovepress.com
https://www.dovepress.com

Sheng et al Dove

Table 3 Areas Under the Receiver Operating Characteristic Curves for Each Lipid Parameter in Identifying Diabetes

AUC 95% CI Low 95% CI Upp Best Threshold Specificity Sensitivity
HDL-C 0.7193* 0.6937 0.7448 1.3279 0.5969 0.7534
TC 0.6048* 0.5754 0.6342 5.3659 0.6302 0.5442
TG 0.7269* 0.7008 0.7531 0.8750 0.6218 0.7373
Non-HDL-C 0.6808* 0.6542 0.7074 3.8053 0.5949 0.6729
LDL-C 0.6496* 0.6217 0.6774 3.2534 0.6179 0.6086
NHHR 0.7405 0.7158 0.7651 2.7367 0.5776 0.7936

Note: *P<0.05, compare with NHHR.
Abbreviations: AUC, area under the curve; HDL-C, high-density lipoprotein cholesterol; TC, total cholesterol; Non-HDL-C, non-high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; NHHR, non-high-density lipoprotein cholesterol to high-density lipoprotein cholesterol ratio.

events in the general population, and NHHR was a better lipid-related parameter for predicting diabetes risk than
conventional lipid parameters (all DeLong P < 0.05). Also, to be mentioned that in the ROC analysis, we determined that
the optimal threshold for predicting diabetes risk by NHHR was 2.7367, a finding similar to the threshold estimated in the

RCS regression analysis.

Discussion
Our post-hoc analysis of the NAGALA longitudinal cohort dataset showed an independent positive correlation between
NHHR and diabetes risk, and sensitivity analysis further suggested that such an independent positive correlation was
stable ROC analysis results suggested that NHHR had better accuracy in predicting future diabetes risk than other
conventional lipid parameters, and the optimal threshold of NHHR was calculated to be 2.7367. Additionally, we further
found through RCS that NHHR was not a one-way linear relationship with diabetes; when NHHR was about 2.74, the
HR of diabetes risk was about 1.

Atherosclerotic lipid abnormality is a very common metabolic disorder in patients with diabetes, and the prevalence
rate is about 72-85%.2%2° These lipid abnormalities usually indicate an increased risk of cardiovascular disease in
patients with diabetes.” In addition, atherosclerotic lipid abnormalities (high non-HDL-C, TG level and low HDL-C

ROC curve for diabetes

o
]
©
© |
> o
=
:‘5
C
Q
w < |
o
——NHHR :0.7405
N —TG :0.7269
S T ——HDL-C :0.7193
——Non-HDL-C:0.6808
LDL-C :0.6496
o —TC :0.6048
e
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure 2 Receiver operating characteristic curve analysis of diabetes-related lipid parameters.
Abbreviations: NHHR, non-high-density lipoprotein cholesterol to high-density lipoprotein cholesterol ratio; HDL-C, high-density lipoprotein cholesterol; non-HDL-C,
non-high-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol.
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level) are strong independent risk factors for developing diabetes in non-diabetic populations,'®'? and appropriate lipid-
lowering treatment can effectively reduce the risk of diabetes.”>* Recently, some studies have pointed out that the
combination of non-HDL-C and HDL-C was significantly better than conventional lipid parameters in predicting
atherosclerosis-related diseases.'*>'> Given that NHHR contains all the information about atherogenic and anti-
atherosclerotic lipid particles, this parameter may better represent the balance between atherogenic and anti-
atherosclerotic lipoproteins. Additionally, in an observational study in South Korea, Kim et al also found that NHHR
also has good diagnostic performance in identifying insulin resistance.'® These findings strongly suggested that NHHR
may be used not only to assess the risk of atherosclerosis but also to assess the risk of glucose metabolic disorders.

Although the relationship of NHHR with vascular disease has been fully studied,'®'? the data on the association of
NHHR with diabetes is limited. In this study, we found that NHHR was an independent risk factor for diabetes, a finding
that is similar to several previous studies.®' > It is worth mentioning that in a recent study by Han et al, they also found
that the dynamic changes of NHHR were also closely related to diabetes,*® suggesting that NHHR may be a relatively
stable indicator for assessing the risk of diabetes. To further verify the stability of the relationship of NHHR with
diabetes, six sensitivity analyses were performed in the present study, and the results showed that the relationship of
NHHR with diabetes remained stable in different populations.

To further explore the value and optimal threshold of NHHR in predicting diabetes, we also constructed the ROC
curve and RCS regression model. The results showed that NHHR was more accurate in predicting the future risk of
diabetes than other conventional lipid parameters, and 2.74 may be a potential intervention threshold for diabetes risk. As
far as we know, this study proved for the first time that the accuracy of NHHR in predicting the risk of diabetes was
better than other lipid parameters, and the optimal threshold of NHHR for predicting the risk of diabetes was determined
for the first time by RCS regression model and ROC analysis.

Diabetes is one of the most common chronic diseases in the world, and its prevalence is increasing rapidly due to
significant lifestyle changes and an aging population.'”** It is estimated that the number of people suffering from
diabetes worldwide is about 463 million, and 60% of them live in Asia.**® Therefore, it is necessary to identify the risk
of diabetes through reliable markers at an early stage. It is very easy to obtain serum lipid parameters in the clinic, and
calculating NHHR is also relatively simple.”* Considering that this parameter was superior to other lipid parameters in
predicting future diabetes risk and had high accuracy, we suggest that more attention should be paid to the evaluation of
NHHR, and that NHHR should be directly displayed in the biochemical analysis report like other lipid parameters.

The current study has some limitations: (1) Due to the difficulty of conducting oral glucose tolerance tests widely in
the general population, a 2-hour oral glucose tolerance test was not performed in this study to detect diabetes cases,
which may have led to an underestimate of the actual incidence of diabetes.”” However, from the perspective of the
reverse argument, the independent positive correlation between diabetes and NHHR was still stable after strict statistical
adjustment in the case of lower incidence, which further suggested that the relationship between the two was very stable
and credible. (2) Type of diabetes was not distinguished in the current study, which may limit the extrapolation of the
results. However, based on previous epidemiological studies, the current findings may be more applicable to patients with
type 2 diabetes, since the prevalence of type 1 diabetes is extremely low.*® (3) Admittedly, there were still some
covariables that have not been recorded or measured in the dataset of this study, so the possibility of unmeasured or
unknown confounders cannot be completely excluded. (4) This study mainly analyzed the predictive value of baseline
NHHR recorded during the initial physical examination for future diabetes events. However, it is not clear whether the
dynamic change of NHHR during follow-up is better than NHHR alone at baseline. To be sure, the single lipid
measurement information recorded for the first physical examination has a good predictive value for assessing the risk
of future diabetic events, and is acceptable from an economic point of view. (5) The current research population is mainly
Japanese, so the results of this study should be used cautiously in other races, and more studies from different races are
needed.

In addition to the limitations, there are several advantages worth mentioning in the current research: (1) This study
confirmed for the first time that NHHR was superior to other conventional lipid parameters in predicting the risk of
diabetes. (2) For the first time, this study found that the association between NHHR and the risk of diabetes was non-
linear, and NHHR was about 2.74 may be the best threshold for assessing diabetes risk. (3) The sample size of this study
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is larger than that of similar studies, and the follow-up time is longer. Further sensitivity analysis suggested that the
independent positive correlation between NHHR and diabetes risk has good stability.

Conclusion

In conclusion, the current study has found that NHHR was a stable independent predictor of future diabetes events, and
that NHHR was more accurate in predicting future diabetes risk than other conventional lipid parameters. Additionally, it
is worth noting that 2.74 may be the optimal threshold for NHHR to assess the risk of diabetes. Our study provides useful
evidence for primary prevention in patients with a high risk of diabetes, and it may be of great significance to include
NHHR in the assessment of diabetes risk in the clinic.
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transferase; FPG, fasting plasma glucose; TC, total cholesterol; GGT, gamma-glutamyl transferase; HbAlc, hemoglo-
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