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Background: In previous studies, the ZJU index was reported to be a superior predictor of nonalcoholic fatty liver disease in the
Chinese population compared to the Fatty Liver Index. However, whether the ZJU Index is significantly associated with diabetes
among Asian populations has not been determined.

Methods: The NAGALA study was carried out at Murakami Memorial Hospital (Gifu, Japan) beginning in 1994. This study included the
data of the subjects who underwent health check-ups from 2004 to 2015. The ZJU Index comprises body mass index (BMI), fasting plasma
glucose, triglyceride, and alanine aminotransferase-to-aspartate aminotransferase (ALT) levels and an adjustment point for females. We
conducted Cox proportional hazard regression to evaluate the association between quartiles of the ZJU Index and the risk of incident diabetes.
Participants: A total of 15,464 individuals who underwent health check-ups were included in this study.

Results: A total of 373 cases of incident diabetes were documented during 93,350 person-years of follow-up. As the ZJU index increased,
the incidence of diabetes gradually increased (P <0.001). According to the multivariable model adjusted for metabolic covariates, the fourth
quartile of the ZJU Index was positively associated with the risk of diabetes compared to the first quartile (HR=2.519, 95% CI=1.297
—4.891). Subgroup analysis revealed that the association between the ZJU index and diabetes risk was significant in subjects aged younger
than 40 years (HR=3.327, 95% CI=1.544—7.171), in females (HR=4.480, 95% CI=1.302—15.419), in individuals with a BMI<25 kg/m?
(HR=3.812, 95% CI=1.992-7.293) and in individuals with a nonregular exercise (HR=2.479, 95% CI=1.193-5.152).

Conclusion: We observed a positive association between the ZJU Index and incident diabetes in the general population.
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Introduction

Diabetes mellitus (DM) is commonly defined as a group of metabolic disorders characterized by chronic hyperglycemia.'
The burden of diabetes is currently expanding at an alarming rate, with projected increases in incidence, prevalence,
mortality, and disability-adjusted life years from 2018 to 2025.> According to estimates from the International Diabetes
Federation Diabetes Atlas, it is estimated that the number of individuals with diabetes will reach 693 million by 2045,
with more than 90% of diabetes cases comprising type 2 diabetes mellitus (T2DM).? Notably, Asia accommodates more
than 60% of diabetic individuals, and this prevalence is closely associated with aging, urbanization, and lifestyle
changes.* Renowned for its detrimental impact on individuals’ well-being, national economies, and healthcare systems,
diabetes remains one of the most significant global health challenges of the 21st century.

In contrast to type 1 diabetes mellitus (T1DM), which is associated with autoimmune conditions,’ the etiology of
T2DM involves multiple factors, including both nonmodifiable and modifiable risk factors.® A positive family history,
sex, ethnicity (such as Asian, Hispanic, or Black American), obesity status, and lifestyle factors (such as physical activity,
alcohol consumption, sleep duration, and dietary habits) are recognized etiological factors for diabetes. In particular,
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various studies have demonstrated a higher incidence of fatty liver in individuals with T2DM.” Patients with nonalco-
holic fatty liver disease (NAFLD) were also found to have an increased risk of developing T2DM;* '° hence, some
researchers suggest a bidirectional relationship between these two metabolic disorders.'' Several scholars also argue that
the term “metabolic-associated fatty liver disease (MAFLD)” should be used instead of NAFLD.'? NAFLD is defined by
the presence of steatosis in more than 5% of hepatocytes, with little or no alcohol consumption.'® Pathogenically, the
association between these two diseases involves insulin resistance, impaired triglyceride metabolism, immune responses,
and subsequent hyperinsulinemia caused by B-cell dysfunction in T2DM patients.'*

Among the commonly used NAFLD predictors, the fatty liver index (FLI) and ZJU index are models that do not
directly include the presence of diabetes mellitus.'>'® A myriad of studies provide evidence that the severity of NAFLD,
assessed by the FLI, predicts the development of diabetes.'”'” However, the FLI was initially developed and validated in
Western populations, raising concerns about its accuracy in assessing NAFLD among the Asian population.?’ A previous
study conducted by our team revealed that the ZJU Index, which comprises four independent risk factors for NAFLD,
namely, body mass index (BMI), fasting plasma glucose, triglyceride, and the alanine aminotransferase-to-aspartate
aminotransferase ratio, and an adjustment point for females, is a superior predictor of NAFLD in the Chinese population
compared to the FLI.?' This raises the following question: can the ZJU Index be considered a novel model for
investigating the association between NAFLD and the onset of diabetes? To date, no research has explored the link
between the ZJU Index and the occurrence of diabetes, suggesting that this topic is worthy of in-depth investigation.

In summary, there is a need for comprehensive research on the relationship between the ZJU Index and incident
diabetes, including the specific predictive accuracy of the ZJU Index for diabetes and any variations observed in different
populations. Therefore, this study aimed to thoroughly assess the relationship between the ZJU Index and incident
diabetes in a large cohort of Asian adults.

Methods
Study Cohort

The present study retrieved data from the NAGALA study, which was carried out at Murakami Memorial Hospital (Gifu,
Japan) beginning in 1994. This study included the data of the subjects who underwent health check-ups from 2004 to
2015. This study enrolled 15,464 individuals who underwent health checkups based on the following exclusion criteria:
(i) were taking medications at baseline, (ii) had diabetes or impaired fasting glucose at baseline, and (iii) had incomplete
covariate data. The NAGALA study was approved by the Murakami Memorial Hospital Institutional Ethics Review
Board (IRB2018-09-01), and all participants provided informed consent.

Data Collection
Participants responded to questionnaires about their medical history and lifestyles. Alcohol intake per week was
calculated based on the quantity and type of alcohol consumed in the last month. The definition of alcohol consumption
was alcohol intake greater than 40 g per week.””> A regular physical exerciser was defined as an individual who
participated in any type of activity more than once a week. For smoking status, the participants were categorized into
three groups: never, ex or current. Individuals who had never smoked were defined as nonsmokers; ex-smokers,
participants who had smoked cigarettes in the past but quit smoking until baseline; and current smokers, participants
who smoked at the baseline visit. Experienced nurses were responsible for the measurement of standing height, body
weight and blood pressure. After an overnight fast, venous samples were collected for laboratory tests. The diagnostic
criteria for diabetes mellitus were fasting plasma glucose >7 mmol/L, HbAlc >6.5% or a self-reported history of
diabetes. NAFLD was defined as the presence of fatty liver without other causes of chronic liver disease, including
hepatitis B or hepatitis C infection or genetic, autoimmune or drug-induced liver disease. The ultrasonographic
presentation of fatty liver included liver and kidney echo contrast, deep liver attenuation, liver brightness and vessel
blurring. The ZJU index was calculated using the following formula:'>

ZJU Index = BMI (kg/m?) + fasting plasma glucose (mmol/L) + triglyceride (mmol/L) + 3 x alanine aminotransferase
(IU/L)/aspartate aminotransferase (IU/L) ratio (+2, if female).

716 hetps: Diabetes, Metabolic Syndrome and Obesity 2024:17

Dove!


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

Dove Wu et al

Statistical Analyses

The data are presented as medians (interquartile ranges) due to skewed distributions or as proportions. Participants were
stratified into four groups based on the quartile of the ZJU Index. To compare the clinical features among groups, one-
way ANOVA and the chi-square test were used. After stratification, we conducted Cox proportional hazard regression to
evaluate the association between quartiles of the ZJU Index and the risk of incident diabetes. We subsequently conducted
Cox proportional hazard regression to evaluate the association between quartiles of the ZJU Index and the risk of incident
diabetes. The proportional hazard hypothesis was tested. The covariates adjusted in Model 1 were age and sex. In Model
2, additional covariates were included: BMI, systolic blood pressure, diastolic blood pressure, smoking status, alcohol
intake, physical activity, high-density lipoprotein-cholesterol, triglycerides and glycated hemoglobin Alc. Additionally,
we performed subgroup analyses based on age, sex, BMI, physical activity and NAFLD status to further test the
interactive effects of these conditions on the association between the ZJU Index and diabetes risk. K—M curves displaying
the cumulative incidence of diabetes stratified by the ZJU index were generated, and the Log rank test was used to
compare the differences among groups. All the statistical analyses were performed using SPSS 26.0 software (SPSS, Inc.,
Chicago, IL). P <0.05 (2-tailed test) was considered to indicate statistical significance.

Results

Baseline Characteristics

Table 1 shows the clinical characteristics of the participants stratified by quartiles of the ZJU index. With increasing ZJU
index, participants exhibited elevated proportions of drinkers and smokers, along with higher BMIs; blood pressure; total
cholesterol; triglycerides; plasma glucose; and glycated hemoglobin Alc. Conversely, HDL-C levels decreased as the
ZJU index increased.

Table | Baseline Characteristics of the Study Population

Variables Quartile of ZJU Index P value
QI (n=3868) Q2 (n= 3872) Q3 (n=3864) Q4 (n= 3860)
Age (years) 40 (35-47) 43 (37-50) 44 (38-52) 43 (38-50) <0.001
Gender (female, %) 78.0 55.0 30.8 18.1 <0.001
Body mass index 18.79 (17.93—19.58) 20.97 (20.26-21.65) 22.82 (22.03-23.63) 25.56 (24.38-27.24) <0.001
Drinkers (%) 14.0 21.7 29.1 299 <0.001
Smoking (%) <0.001
Never 76.4 64.5 50.6 41.9
Past smoker 9.8 17.3 232 26.1
Current smoker 13.8 18.2 26.1 32,0
Physical active (%) 157 20.2 18.7 15.4 <0.001
Systolic blood pressure (mmHg) 105 (97-113) 111 (102—-120) |16 (108—125) 123 (114-132) <0.001
Diastolic blood pressure (mmHg) 65 (60-71) 69 (63-75) 73 (67-79) 78 (72-84) <0.001
Total cholesterol (mmol/L) 4.78 (4.27-5.35) 4.97 (4.45-5.56) 5.17 (4.60-5.72) 5.38 (4.81-5.97) <0.001
HDL-C (mmol/L) 1.66 (1.42—1.94) 1.53 (1.29-1.78) 1.34 (1.14-1.59) I.16 (0.99—1.35) <0.001
Triglyceride (mmol/L) 0.49 (0.36-0.67) 0.63 (0.46-0.86) 0.84 (0.60-1.16) 1.24 (0.86—1.80) <0.001
Fasting plasma glucose (mmol/L) 4.88 (4.66-5.11) 5.05 (4.83-5.33) 5.22 (45.00-5.50) 5.44 (5.16-5.66) <0.001
(Continued)
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Table 1 (Continued).

Variables Quartile of ZJU Index P value
QI (n=3868) Q2 (n= 3872) Q3 (n= 3864) Q4 (n= 3860)

Glycated hemoglobin Alc (%) 5.10 (4.90-5.40) 5.10 (4.90-5.40) 5.20 (4.94-5.40) 5.20 (4.90-5.50) <0.001

ZJU index 26.79 (25.76-27.54) 29.59 (28.91-30.22) 3231 (31.54-33.07) 36.45 (35.10-38.57) <0.001

Notes: The first, second, third and fourth quartiles of the ZJU index were <28.25, 28.26-30.87, 30.88-33.96, and >33.96, respectively. The data are presented as medians
(interquartile ranges) or proportions.
Abbreviation: HDL-C, high-density lipoprotein cholesterol.

Association Between the ZJU Index and Incident Diabetes

A total of 373 cases of incident diabetes were documented during 93,350 person-years of follow-up (Table 2). The
median follow-up duration to onset of diabetes was 5.9 years in this study. There was a clear positive correlation between
the ZJU Index and the incidence of diabetes. According to the univariate model, the risk of diabetes development
increased gradually with increasing age from the first quartile to the second, third and fourth quartiles. According to the
multivariable-adjusted model, accounting for only age and sex, the ZJU index was positively correlated with diabetes
risk. Although the association attenuated after adjusting for multiple potential confounders in the same multivariate
analysis, compared with the first quartile, the fourth quartile of the ZJU Index continued to show a positive association
with the risk of diabetes (HR: 2.519, 95% CI: 1.297-4.891). K-M curves showed that the cumulative hazard ratio (HR)
of diabetes was significantly greater in individuals with a higher ZJU index (Log rank test P <0.001) (Figure 1).

Subgroup Analyses

According to our subgroup analyses (Table 3), the ZJU index-associated risk of diabetes remained significant for
individuals aged younger than 40 years (HR=3.327, 95% CI=1.544-7.171), females (HR=4.480, 95% CI=1.302
—15.419), individuals with a BMI<25 kg/m2 (HR=3.812, 95% CI=1.992—7.293) and nonregular exercisers (HR=2.479,
95% CI=1.193-5.152). These associations also did not differ due to the presence of NAFLD. None of these conditions
significantly disrupted the association between the ZJU Index and diabetes incidence.

Discussion

The use of a noninvasive scoring system to predict the incidence of diabetes has been attempted by various
authorities.”>** Nevertheless, recent studies have unequivocally established a strong association between diabetes and
NAFLD.?® NAFLD patients have been shown to exhibit a twofold greater risk of acquiring diabetes, regardless of obesity
or other prevalent metabolic risk factors.® In terms of outcomes, individuals with cooccurring DM and NAFLD are
susceptible to cardiovascular and liver-related consequences, as are those with the most advanced stages of liver

Table 2 Hazard Ratios for Diabetes Based on Quartiles of the ZJU Index at Baseline

Events/Person-Year | Univariate Model Multivariate Model
Model | Model 2
Ql 15/22,930 REF REF REF
Q2 37/23,218 2.393 (1.313-4.316)** 2.104 (1.151-3.845)** 1.493 (0.809-2.755)
Q3 67/23,634 4.216 (2.409-7.381)*+* 3.401 (1.917-6.035)**+* 1.463 (0.794-2.695)
Q4 254/23,568 15.832 (9.404-26.654)*** | 13.360 (7.772-22.964)*** | 2.519 (1.297-4.891)**

Notes: Model | was adjusted for age and sex at baseline. Model 2 was additionally adjusted for BMI, systolic blood pressure, diastolic
blood pressure, smoking status, alcohol intake, physical activity, high-density lipoprotein-cholesterol, triglycerides and glycated hemoglobin
Alc. # P <0.01, ¥** P <0.001.

7 I 8 https:

Dove!

Diabetes, Metabolic Syndrome and Obesity 2024:17


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

Dove Wu et al

ZJU index quartile == Quartile 1 == Quartile 2 © Quartile 3 =+ Quartile 4

- 02{ p<0.0001
©
N
©
<
2
©
>
€ 0.1
'S}
0.0
0 25 5 7.5 10 12.5
Time (years)
Number at risk

@ Quartile 13862 2937 2098 1384 733 25
©
3 Quartile 2{3858 2910 2076 1422 830 34
X
[}
2 Quartile 313852 2951 2115 1457 884 34
)
N Quartile 43857 2886 2065 1479 927 39

0 2.5 5 7.5 10 12.5

Time (years)

Figure 1 K-M curves of participants according to the quartile of the ZJU index.

disease.?®*’ Hence, predicting the incidence of diabetes, especially in a population possibly accompanied by NAFLD, is
of paramount clinical significance.

In this study, we proposed the use of the ZJU index as a predictive marker of diabetes occurrence in patients with
varying risks of NAFLD. Intriguingly, our findings revealed a positive association between the ZJU Index and T2DM
incidence, even after we controlled for other variables. To further understand the correlation and trend of the ZJU index
and incidence of diabetes, we conducted a subgroup analysis stratified by age, sex, BMI, NAFLD incidence and physical
activity. The consistent results among the different groups with distinct stratification variables underscored the equally
robust association between the ZJU index and diabetes incidence. Lifestyle factors affect the risk of developing
diabetes.”® Previous studies have shown that smoking not only increases the risk of diabetes but also increases the
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Table 3 Subgroup Analyses of the Association Between the ZJU Index and Risk of Incident Diabetes

Univariate Model

Multivariate Model

P for

Interaction

Model | Model 2
Stratified by age 0.152
Age <40 years

Ql REF REF REF

Q2 2.340 (1.146-4.778)* 2.120 (1.036—4.337)* 1.482(0.717-3.064)

Q3 4.346 (2.234-8.456)*+* 3.673 (1.864-7.236)*** 1.613 (0.784-3.318)

Q4 20.621 (11.228-37.872)*+* 18.112 (9.644-34.015)*** 3.327 (1.544-7.171)**

Age 240 years

Ql REF REF REF

Q2 1.729 (0.917-3.260) 1.597 (0.845-3.020) 1.246 (0.648-2.394)

Q3 2.695 (1.494-4.863)*+* 2.325 (1.272-4.250)** I.121 (0.577-2.176)

Q4 10.024 (5.823—17.255)*** 8.980 (5.106—15.793)*** 2.092 (0.994-4.401)

Stratified by sex 0.141
Male

Ql REF REF REF

Q2 1.275 (0.565-2.879) 1.250 (0.554-2.822) 0.902 (0.397-2.052)

Q3 1.733 (0.818-3.672) 1.655 (0.781-3.507) 0.737 (0.338-1.610)

Q4 6.681 (3.297—13.533)*** 6.747 (3.330—13.670)*** 1.313 (0.579-2.976)

Female

Ql REF REF REF

Q2 3.125 (1.286-7.596)* 2.744 (1.126-6.688)* 2.101 (0.834-5.293)

Q3 7.668 (3.259—18.037)%** 6.028 (2.541—14.297)%** 2.804 (1.020-7.702)

Q4 28.207 (12.686—62.720)*+* 22.745 (10.166—50.888)*+* 4.480 (1.302—15.419)**
Stratified by BMI 0.899
BMI <25 kg/m?

Ql REF REF REF

Q2 2.377 (1.305-4.331)** 2.001 (1.093-3.665)* 1.761 (0.955-3.245)

Q3 4.304 (2.459-7.535)%* 3.223 (1.799-5.775)%** 2.066 (1.126-3.788)

Q4 11.806 (6.803—20.488)*** 9.337 (5.176—16.840)*** 3.812 (1.992-7.293)***

BMI 225 kg/m?

Ql REF REF REF

Q2 1.830 (0.369-9.070) 1.834 (0.362—9.300) 0.855 (0.148-4.924)

Q3 1.671 (0.361-7.737) 1.562 (0.320-7.624) 0.628 (0.298-4.032)

Q4 3.661 (0.855—15.681) 3.751 (0.815-17.256) 0.513 (0.255-4.783)

(Continued)
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Table 3 (Continued).

Univariate Model Multivariate Model P for
Interaction
Model | Model 2
Stratified by NAFLD 0.538
No
Ql REF REF REF
Q2 2.246 (1.223—4.124)** 1.807 (0.978-3.338) 1.914 (0.966—3.793)
Q3 3.599 (2.021-6.411)*** 2.475 (1.357-4.514)** 2.178 (0.946-5.013)
Q4 6.449 (3.624—11.478)*** 4.694 (2.559-8.609)*+* 3.622 (1.207-10.862)*
Yes 0.415
Ql REF REF REF
Q2 1.298 (0.480-3.511) 1.277 (0.472-3.452) 1.929 (0.839-4.436)
Q3 1.822 (0.742-4.477) 1.767 (0.719-4.342) 1.812 (0.753-4.358)
Q4 7.525 (3.30817.119)%+* 7.954 (3.495—18.103)*** 3.100 (1.158-8.302)*
Stratified by physical activity 0.872

Nonregular exerciser

Ql REF REF REF

Q2 2.486 (1.273-4.856)* 2.199 (1.122-4.306)* 1441 (0.728-2.853)
Q3 4578 (2.456-8.532)%%* 3.658 (1.937-6.908) 1467 (0.746-2.882)
Q4 16.296 (9.468-30.26 | ¥ 13.992 (7.663-25.549)%* 2479 (1.193-5.152)

Regular exerciser

Ql REF REF REF

Q2 1.981 (0.512-7.661) 2253 (1.153-4.404)* 1.864 (0.456-7.619)
Q3 2.849 (0.784-10.354) 3.861 (2.068-7.208)*" 1206 (0.270-5.374)
Q4 10.905 (3.333-35.677)%* 15.002 (8.386-26.838)"** 2.125 (0.410-11.018)

Notes: Model | was adjusted for age and sex at baseline. Model 2 was additionally adjusted for BMI, systolic blood pressure, diastolic blood
pressure, smoking status, alcohol intake, physical activity, high-density lipoprotein-cholesterol, triglycerides and glycated hemoglobin Alc. *
P <0.05, ** P <0.01, *** P <0.001.

risk of mortality and diabetic complications in patients with diabetes.”” More frequent alcohol intake lowers the risk of
diabetes®® while heavy drinking is reported to increase diabetes risk.>’

To determine the presence of NAFLD in the Chinese population, our team developed the “ZJU Index” in 2015, with the
aim of providing an alternative to ultrasonography and screening patients indicated for CT and MRL'® Compared with the
Fatty Liver Index (FLI), the ZJU Index offers a comparable level of simplicity, as all its components are easily accessible, and
it outperforms the FLI in predicting NAFLD incidence. The exclusion of waist circumference from the ZJU Index has been

demonstrated to contribute to its independence across different races and ethnicities,****

whereas the addition of fasting
plasma glucose values to the model fosters a closer relationship between NAFLD and T2DM.* In this study, we demonstrated
the effectiveness of the ZJU index in predicting the occurrence of diabetes in patients susceptible to NAFLD.

Both the univariate and multivariate Cox proportional hazard models demonstrated that the ZJU index is reliably

associated with an increased incidence of diabetes. According to our stratified model, our study further revealed that the
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ZJU index was indisputably correlated with NAFLD and diabetes incidence, regardless of age, sex, BMI, NAFLD status
and physical activity. K-M analysis further revealed that patients in higher quartiles of the ZJU Index had a greater
cumulative risk of developing diabetes over time. The significant difference in diabetes incidence among all four
quartiles of the ZJU Index was demonstrated by a p value of <0.01 according to the Log rank test.

The ZJU index allows early identification of people at risk for T2DM, which is important for patients prone to
NAFLD to make lifestyle changes or start treatment earlier. This could help to prevent or delay the onset of T2DM,
which would have a significant impact on their health and well-being. In addition, the NRS-2002 can serve as a screening
tool for both NAFLD and T2DM, thereby reducing unnecessary tests and procedures.

Our study has several strengths. First, the “DATADRYAD” database utilized in this retrospective study can provide
a relatively large sample size that yields more robust estimates and enhances the generalizability of the findings. The
database contains data from a Japanese population, which provides valuable insights for investigating the hypothesis that
the ZJU Index is more well adapted for the Asian population. Second, we rigorously adjusted for statistical baselines to
ensure the reliability of the results. Third, to ensure the validity of the findings, we performed subgroup analyses between
the ZJU Index and incident diabetes incidence to enhance the understanding of potential effect modifications by different
factors. Furthermore, the use of Kaplan—Meier curves and cumulative hazard functions facilitates a clear and compre-
hensive visualization of survival probabilities and the cumulative risk of diabetes incidence over time.

Nonetheless, there are several limitations in our study. As a retrospective observational analysis, this study can
demonstrate only an association inference rather than establish a causal relationship between the ZJU Index and the risk
of diabetes. Moreover, although the utilization of Japanese data solidifies our finding that the ZJU index can predict the
incidence of NAFLD and DM in the Asian population, further research is needed to validate its generalizability. Finally,
in our model, the ZJU index can predict the risk of diabetes incidence but cannot be used to evaluate the outcome or
prognosis of diabetes patients. Consequently, the efficiency and accuracy of the ZJU Index in this respect should be
interpreted and investigated.

Through this study, we found a compelling positive association between the ZJU Index and incident diabetes in the
Asian population. These findings can prompt early attention to the occurrence of diabetes in NAFLD patients and vice
versa, facilitating timely implementation of therapeutic approaches. However, additional evidence must be gathered to
validate the versatility of the ZJU index across diverse populations.

Strengths and Limitations of This Study
The strengths of this study include its longitudinal population-based design.

According to our model, the ZJU index can predict the risk of diabetes incidence but cannot be used to evaluate the
outcome or prognosis of diabetes patients.
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