Hou et al. BMC Endocrine Disorders (2025) 25:13 BMC Endocrine Disorders
https://doi.org/10.1186/512902-024-01828-6

Check for
updates

Cardiac metabolic index as a predictor

of new-onset diabetes in non-alcoholic fatty
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Abstract

Objective The purpose of this investigation is to assess the clinical risk linked to the onset of diabetes in individuals
with non-alcoholic fatty liver disease (NAFLD) through the utilization of the cardiac metabolic index (CMI), which

is derived from triglycerides, high-density lipoprotein, height, and waist circumference. Research focusing on the
application of CMI for evaluating diabetes risk among NAFLD patients remains scarce, and an exploration of the
association between CMI and the emergence of diabetes within this demographic has not been conducted. This
investigation aims to illuminate this connection, thereby providing novel insights into the prevention of diabetes
progression in individuals with NAFLD.

Methods Data were procured from a cross-sectional study involving 15,435 participants conducted by the
Japanese government, resulting in a final cohort of 2,503 adults aged 18 and above who met the eligibility criteria
for evaluation. The CMI is determined using the formula: TG (mmol/L) / HDL-C (mmol/L) * WHtR. CMI values were
categorized into quartiles (Q1 to Q4) based on their scores, arranged from low to high. The investigation utilized
logistic regression models, restricted cubic spline analysis, and subgroup analyses, with adjustments made for
continuous models to elucidate the association between CMI and diabetes development among individuals with
NAFLD, as well as the non-linear relationship between CMI and this outcome.

Results The investigation comprised 2,503 subjects with an average age of 44.79+ 8.33 years, of whom 204 were
diagnosed with new-onset diabetes (8.15%). Multivariate logistic regression analysis indicated that within the CM|
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Clinical trial number Not applicable.

diabetes, Risk assessment

quartile groupings, individuals with NAFLD in the uppermost quartile (Q4) exhibited the greatest likelihood of
new-onset diabetes relative to those in the lowest quartile (Q1) (odds ratio, OR=3.239, 95% confidence interval

[CI]: 1.993-5.264, P<0.001). Additionally, escalating CMI values corresponded to an increasing probability of new-
onset diabetes in NAFLD subjects (OR=1.705, 95% Cl: 1.362-2.133, P<0.001). Restricted cubic spline analysis
demonstrated a non-linear connection between CMI and new-onset diabetes in NAFLD patients (P overall <0.001, P
non-linear=0.035), with a risk inflection point identified at a CMI of 0.5554. Subgroup analysis revealed no significant
interactions between gender, age, physical activity, alcohol consumption, or smoking status and the likelihood of
new-onset diabetes in this patient population (P for interaction > 0.05).

Conclusion Findings from this study indicate a notable positive non-linear connection between elevated CMI scores
and the probability of new-onset diabetes in individuals afflicted with NAFLD.

Keywords Cardiac metabolic index (CMI), Longitudinal study, Non-alcoholic fatty liver disease (NAFLD), New-onset

Introduction

Non-alcoholic fatty liver disease (NAFLD) is a metabolic
disorder that has experienced an upward trend in clini-
cal prevalence in conjunction with economic advance-
ment and enhanced living conditions, thereby emerging
as a significant public health concern impacting human
health [1]. NAFLD is acknowledged as one of the princi-
pal pathogenic contributors to chronic liver diseases, with
evidence suggesting that it constitutes approximately 25%
of chronic liver disease occurrences [2]. Non-alcoholic
steatohepatitis (NASH) represents a serious clinical
manifestation that develops from NAFLD [3, 4]. Investi-
gations reveal that around 20-25% of NAFLD cases may
progress to varying degrees of NASH [5], which can cul-
minate in liver fibrosis, cirrhosis, and even liver cancer
[2]. Projections indicate that by 2030, NAFLD cases will
account for 33.5% of the global population, while NASH
cases are expected to comprise 9.02% [6], presenting a
considerable potential threat to human health. Addition-
ally, NAFLD is not solely a metabolic disorder; it has the
capacity to provoke multi-system diseases and is recog-
nized as an independent risk factor for numerous chronic
systemic ailments [7, 8]. Consequently, the prevention
and management of NAFLD hold critical clinical impor-
tance for the advancement of human health.

Diabetes mellitus (DM) is a systemic and chronic con-
dition that has emerged as the third most significant
threat to human health, trailing only cardiovascular dis-
eases and cancers [9]. Data from research indicate that in
2021, approximately 540 million individuals aged 20 and
older worldwide were affected by diabetes, with projec-
tions suggesting that this figure may escalate to 780 mil-
lion by 2045 [10]. The prevalence of NAFLD among
obese and diabetic populations surpasses 80%, with stud-
ies indicating a strong correlation between NAFLD and
diabetes, as both conditions are known to influence and
aggravate one another [11]. The underlying mechanism
is characterized by NAFLD contributing to heightened

insulin resistance, which progresses to diabetes, while
diabetes additionally facilitates the onset and clinical
advancement of NAFLD [12].

Current investigations have conducted preliminary
analyses on the interrelations among diabetes, lipid
metabolism, and body indices, establishing positive cor-
relations between the risk of diabetes and factors includ-
ing body mass index (BMI), waist circumference (WC),
waist-to-height ratio (WHtR), the total cholesterol to
high-density lipoprotein cholesterol ratio (TC/HDL-C),
and the triglycerides to high-density lipoprotein choles-
terol ratio (TG/HDL-C), although the clinical predictive
significance of these indices remains constrained [13].
The cardiac metabolic index (CMI), introduced by Waka-
bayashi et al. in 2015 [14], has been tentatively associated
with diabetes within the general population [15]. Nev-
ertheless, the relationship between CMI and new-onset
diabetes in NAFLD patients has yet to be explored. Con-
sequently, this study intends to examine the link between
CMI and the emergence of new-onset diabetes in indi-
viduals with NAFLD, seeking to provide novel perspec-
tives and direction for preventing and treating related
disorders.

Methodologies

Data source

This investigation is predicated on a secondary statisti-
cal analysis of data obtained from the DRYAD database
(https://datadryad.org/stash), specifically a dataset co
ntributed by Okamura et al. in 2019 [16]. The dataset is
derived from a long-term longitudinal investigation that
included 15,464 residents in Japan, with follow-up con-
ducted over a five-year period. The cohort consists of
8,430 men and 7,034 women, thereby providing a bal-
anced demographic structure (link: https://datadryad.or
g/stash/dataset/ doi: https://doi.org/10.5061/dryad.8q0
p192#citations). Publicly shared by the authors, the data
set permits researchers to utilize it for non-commercial
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scientific inquiries and the dissemination of findings,
contingent upon proper citation. It encompasses 21
baseline demographic and clinical indicators, including
fatty liver status, smoking behaviors, hemoglobin Alc
(HbAlc), BMI, alcohol consumption, physical activity,
new-onset diabetes, age, and gender.

Study participants and study design

The data utilized for this analysis is derived from the
dataset published by Okamura in 2019 [16], which was
developed from a health screening initiative commenced
by Murakami Memorial Hospital in Japan in 1994. This
program was designed to identify independent risk fac-
tors associated with chronic diseases, resulting in data
extraction covering the years from 2004 to 2015, encom-
passing a total of 15,464 samples. The research investi-
gates the link between CMI and diabetes development
among NAFLD subjects, following the inclusion and
exclusion criteria outlined below. Inclusion Criteria: (1)
Adults aged 18 years and above; (2) Diagnosed with fatty
liver; (3) Participation in follow-up without any loss to
follow-up. Exclusion Criteria: (1) Individuals under the
age of 18; (2) Patients diagnosed with alcoholic fatty liver
disease, various hepatitis types, or other liver disorders
(excluding NAFLD) during initial screening; (3) Alcohol
consumption exceeding 60 g per day for men or 40 g per
day for women; (4) Absence of core baseline data or clini-
cal indicators (including height, weight, exercise habits,
alcohol intake, WC, and abdominal ultrasound results);
(5) Individuals exhibiting diagnosed with diabetes dur-
ing the initial screening; (6) Individuals lack follow-up
data. Based on these criteria, 2741 participants were
identified from the original dataset of 15,464 samples
published by Okamura [16]. Of these, 235 patients were
excluded because their alcohol consumption exceeded
60 g per day for men and 40 g per day for women. Fur-
thermore, three patients with NAFLD were excluded
due to the absence of critical data, such as WC measure-
ments. Consequently, the final analysis comprised 2,503
non-alcoholic fatty liver patients who fulfilled the study
criteria. The process of patient selection is depicted in
Fig. 1. The original dataset and associated study received
ethical approval from the ethics committee of Murakami
Memorial Hospital, and all participants provided written
informed consent prior to enrollment [16]. Given that
this investigation constitutes a secondary analysis of pub-
licly accessible data from Okamura [16], it was exempt
from further ethical review.

Data collection and measurements

This investigation is conducted as a secondary statistical
analysis of data sourced from publicly available databases,
with all information extracted from the dataset published
by Okamura [16]. The dataset encompasses demographic
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characteristics, physical examination data, and results
from blood tests. Smoking status is classified into three
categories: non-smokers, occasional smokers, and regu-
lar smokers. Alcohol consumption is classified into three
frequency categories: none, low, and moderate; individu-
als identified as heavy drinkers in the original study were
excluded according to the previously outlined alcohol
consumption criteria [16, 17]. Exercise habits are defined
by participants’ engagement in any form of exercise more
than once per week [18]. Based on abdominal ultrasound
findings and established clinical diagnostic criteria for
fatty liver, participants are categorized as either having
or not having fatty liver [19]. The original study supplies
data regarding participants’ BMI, WC, and weight, with
height being calculated using the BMI formula. The CMI
is determined using the formula: TG (mmol/L) / HDL-C
(mmol/L) * WHtR. CMI quartiles are computed and clas-
sified into Q1 to Q4.

Statistical analysis

Statistical analyses for the present investigation were
executed utilizing SPSS 22.0 and R 4.3.2 software. Con-
tinuous variables were articulated as means and standard
deviations if they followed a normal distribution; oth-
erwise, they were reported as medians (P50) along with
interquartile ranges (P25, P75). Categorical variables
were represented as frequencies and percentages. Chi-
square tests were employed to compare categorical vari-
ables between groups. For continuous variables, ANOVA
was utilized when the data were normally distributed,
whereas Mann-Whitney tests were utilized for non-nor-
mally distributed data. Logistic regression analyses were
conducted to evaluate the link between CMI and the risk
of new-onset diabetes in NAFLD patients, with results
expressed as odds ratios (OR) and 95% confidence inter-
vals (95% CI). Both unadjusted and adjusted models for
confounding variables were implemented to confirm the
stability of the model. Model 1 adjusted for sex and age;
Model 2 included exercise habits; Model 3 accounted
for GGT, AST, TC, FPG, SBP, DBP, height, and ethanol
consumption. Confounding factors were selected based
on two principles: (1) previous relevant studies were
consulted to identify essential confounders [20-23]; (2)
confounders that, when included in the model, resulted
in an OR change exceeding 10% compared to the origi-
nal model were selected [24, 25]. Restricted cubic spline
analysis was employed to explore the linear associa-
tion between CMI and the incidence of diabetes among
NAFLD patients. Subgroup analyses were executed uti-
lizing stratified logistic regression models for variables
such as gender, age, exercise, alcohol consumption, and
smoking. Continuous variables were converted into cat-
egorical variables according to clinically significant cut
points, with age divided into two groups (<60 years and
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Fig. 1 Diagram of participant enrollment process

260 years). Interaction analyses were conducted to assess
potential interactions within the model [26]. Receiver
operating characteristic curves and area under the curve
were utilized to evaluate the clinical predictive power
of CMI concerning the onset of diabetes in NAFLD
patients. A p-value of <0.05 was deemed statistically sig-
nificant across all analyses.

Results

Baseline characteristics

In this investigation, the 2,503 patients with non-alco-
holic fatty liver who satisfied the specified criteria were
separated into four groups according to their CMI,
employing quartiles for the analysis of baseline data. The
participants had a mean age of 44.79+8.33 years, com-
prising 2,025 men (80.9%) and 478 women (19.1%). Sta-
tistical comparisons between groups indicated significant

differences in various parameters, including gender,
exercise habits, smoking status, incidence of new-onset
DM, BMI, WC, ALT, AST, weight, GGT, HDL-C, total
cholesterol (TC), triglycerides (TG), fasting plasma glu-
cose (FPG), height, systolic blood pressure (SBP), dia-
stolic blood pressure (DBP), and ethanol consumption
(P<0.05). Among these parameters, BMI, WC, ALT, AST,
weight, GGT, TC, TG, height, SBP, DBP, and ethanol
consumption exhibited a progressive increase from Q1
to Q4, whereas HDL-C demonstrated a gradual decline
across the quartiles, with all comparisons attaining statis-
tical significance. Comprehensive results are depicted in
Table 1.

Multivariate logistic regression analysis
This investigation utilized multivariate logistic regres-
sion analysis to assess the link between CMI and the
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Table 1 Baseline characteristics of patients included according to CMI quartile
Variable Q1(<0.344) Q2(0.344~0.556) Q3(0.556~0.877) Q4(>0.877) P
Gender <0.001
Female(478) 204(42%) 132(28%) 87(18%) 55(12%)
Male(2025) 422(21%) 494(24%) 539(27%) 570(28%)
Exercise 0.044
No(2126) 520(24%) 518(24%) 544(26%) 544(26%)
Yes(377) 106(28%) 108(29%) 82(22%) 81(21%)
Alcohol 0.165
Never(2085) 539(26%) 520(25%) 514(25%) 512(24%)
Light(285) 65(23%) 65(23%) 79(28%) 76(26%)
Moderate(133) 22(16%) 41(31%) 33(25%) 37(28%)
Smoking <0.001
Never(1183) 368(31%) 313(27%) 265(22%) 237(20%)
Past(637) 148(23%) 166(26%) 178(28%) 145(23%)
Heavy(683) 110(16%) 147(21%) 183(27%) 243(36%)
New Diabetes Mellitus <0.001
No(2299) 599(26%) 583(25%) 576(25%) 541(23%)
Yes(204) 27(13%) 43(21%) 50(25%) 84(41%)
Age 44.,00[38.00,51.00] 49,00[39.00,51.00 44.00[38.00,51.00] 43,00[38.00,50.00] 0.136
BMI 24.00[22.27,25.85] 24.79[23.12,26.75 25.54[23.89,27.84] 26.02[24.25,28.32] <0.001
wc 82.00[77.00,87.00] 84.90[80.30,90.00 86.50[82.00,91.00] 87.80[83.50,94.00] <0.001
ALT 23.00[17.00,31.00] 26.00[19.00,37.00 29.00[21.00,40.00] 32.00[24.00,46.00] <0.001
AST 19.00[15.00,23.00] 20.00[16.00,25.00 21.00[17.00,26.00] 22.00[18.00,28.00] <0.001
Weight 67.10[60.00,73.60] 70.20[63.90,77.10 73.55[66.50,80.30] 74.70[68.60,82.90] <0.001
GGT 18.00[14.00,25.00] 22.00[16.00,30.00 2400[1 8.00,34.00] 28.00[21.00,40.00] <0.001
HDL-C 42[1.26,1.62] 1.19[1.07,1.34] .10[0.98,1.22] 0.93[0.84,1.05] <0.001
TC 520[4 55574] 5.38[4.84,5.84] 551[4 91,6.15] 5.64[5.09,6.18] <0.001
TG 0.69[0.55,0.82] 1.05[0.91,1.21] 46[1.29,1.65] 2.27[1.91,2.85] <0.001
HbA1c% 5.30[5.10,5.50] 5.30[5.10,5.50] 5. 30[5 10,5. 50] 5.35[5.10,5.50] 0.875
FPG 5.33[5.11,5.61] 5.38[5.16,5.66] 5.38[5.16,5.66] 5.50[5.22,5.72] <0.001
Height 167.20[159.60,172.90] 168.75[162.80,173.20] 168.90[164.00,173.50] 170.20[165.60,174.40] <0.001
SBP 119.50[110.00,128.50] 21.25[112.50,131.00] 124.00[115.50,134.00] 124.50[115.50,134.00] <0.001
DBP 75.00[68.50,81.00] 76.50[70.50,83.50] 78.50[72.50,85.50] 79.00[72.00,86.00] <0.001
Ethanol consumption 1.00[0.00,22.00] 1.00[0.00,36.00] 1.00[0.00,54.00] 4.20[1.00,54.00] <0.001

Group variables were expressed by frequency and percentage, Quantitative variables are represented using quartiles

WC: Waist circumference; BMI: Body mass index; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma glutamyl transferase; HDL-C: High-
density lipoprotein cholesterol; TC: Total cholesterol; TG: Triglyceride; HbA1c%: Hemoglobin Alc; FPG: Fasting plasma glucose; SBP: Systolic blood pressure; DBP:

Diastolic blood pressure; CMI: Cardiaometabolic Index

risk of developing new-onset diabetes among patients
diagnosed with NAFLD. Findings from the unadjusted
model revealed a positive correlation between CMI and
the clinical risk of new diabetes in this patient population
(OR=1.876, 95% CI: 1.526-2.306). When Q1 was des-
ignated as the reference group, the risk of new diabetes
was observed to escalate by 1.636 times (OR=1.636, 95%
CI: 0.998-2.683) for Q2, by 1.926 times (OR =1.926, 95%
CI: 1.189-3.118) for Q3, and by 3.445 times (OR =3.445,
95% CI: 2.199-5.396) for Q4. The adjusted models, which
included Model 1 (adjusted for sex and age), Model 2
(Model 1 + exercise habits), and Model 3 (Model 2+ GGT,
AST, TC, FPG, SBP, DBP, height, and ethanol consump-
tion), the marked positive connection between CMI and
the clinical risk of new diabetes was maintained. Treat-
ing CMI as a continuous variable and adjusting for all

relevant confounders indicated that each 1-unit increase
in CMI was linked to a 1.705-fold higher likelihood of
new-onset diabetes in patients with NAFLD. Compre-
hensive results are depicted in Table 2.

Restrictive cubic spline analysis and threshold effect
analysis

This investigation undertook a comprehensive analysis of
the link between CMI and the onset of diabetes in indi-
viduals with NAFLD, employing restrictive cubic spline
analysis. Upon adjusting for all relevant confounders, a
non-linear positive connection was identified between
CMI and the risk of developing new diabetes (P over-
all<0.001, P non-linear=0.035). The threshold value
of CMI for the clinical risk of new-onset diabetes was
established at 0.5554. Notably, when CMI surpasses this
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Table 2 Logistic regression analysis results for the association between the CMI and new diabetes mellitus from non-alcohol fatty liver

disease

Vairable Unadjusted Model Model 1 Model 2 Model 3

CMI 1.876(1.526~2306)  <0.001 1.923(1.560~2371)  <0.001 1.913(1.551~2359)  <0.001 1.705(1.362~2.133)  <0.001
Q1 Ref Ref Ref Ref

Q2 1.636(0.998 ~2.683) 0.051 1.693(1.029~2.785) 0.038 1.694(1.029~2.787) 0.038 1.678(1.005~2.803) 0.048
Q3 1.926(1.189~3.118)  0.008 2.062(1.264~3365)  0.004 2.029(1.234~3.313)  0.005 1.890(1.137~3.141) 0014
Q4 3.445(2.199~5.396) <0.001 3.774(2.378~5.991) <0.001 3.714(2.338~5.899) <0.001 3,239(1.993 ~5.264) <0.001
Pfortrend  3.141(2.151~4.586)  <0.001 3399(2304~5.016)  <0.001 3.343(2.264~4.936)  <0.001 2.877(1.905~4.345)  <0.001

Model 1:adjust Sex and Age; Model 2: Model 1+ Habit of exercise ; Model 3: Model 2+ GGT, AST, TC, FPG, SBP, DBP, Height, Ethanol consumption

threshold, the risk of new diabetes increases progres-
sively with rising CMI values, as illustrated in Fig. 2. The
analysis indicated that for CMI>0.5554, each incremen-
tal unit increase in CMI corresponded to a 50.5% rise in
the risk of new-onset diabetes among individuals with
NAFLD (OR=1.505, 95% CI: 1.155-1.962). Comprehen-
sive results are depicted in Table 3.

Subgroup analyses

This investigation employed subgroup and interac-
tion analyses to examine the link between CMI and the
onset of diabetes in patients with NAFLD across vari-
ous subgroups. The findings from the interaction anal-
ysis revealed that the correlation between CMI and
new-onset diabetes did not display statistical significance
across the different subgroups. Notably, factors includ-
ing gender (Female/Male), age (<60/260), exercise (No/
Yes), alcohol consumption (Light/Moderate/Never), and
smoking status (Heavy/Never/Past) did not markedly
affect the relationship between CMI and new diabetes
in patients with non-alcoholic fatty liver (all interaction
P>0.05). Additionally, the association between CMI and
new diabetes was consistent across all subgroups, indi-
cating a high degree of stability and reliability. Compre-
hensive results are depicted in Fig. 3.

Discussion
This longitudinal study, encompassing 2,503 participants,
represents a significant advancement in exploring the
association between CMI and the onset of diabetes in
individuals with NAFLD. The results indicate a statisti-
cally significant non-linear positive correlation between
CMI and the occurrence of new diabetes cases within
this population. Notably, this association persists even
when CMI is examined as a categorical variable, thereby
enhancing the robustness of the conclusions drawn. This
research offers essential insights into the complex role
of CMI in the pathogenesis of diabetes in the context of
NAFLD, supplying valuable information regarding the
implications of lipid metabolism in this clinical setting.
The connection between lipid metabolism and the
onset of diabetes, along with the advancement of NAFLD,
has garnered significant interest in recent years. CMI, a

clinical marker derived from lipid profiles, is increasingly
acknowledged for its association with metabolic disor-
ders, including diabetes and stroke. Numerous investi-
gations have recorded associations between heightened
CMI levels and the emergence of metabolic diseases [27,
28]. NAFLD is marked by excessive lipid accumulation in
the liver, frequently accompanied by mitochondrial dys-
function [29, 30], which has been correlated with notable
disturbances in lipid metabolism [31, 32]. This condition
not only exacerbates hepatic fat accumulation but also
serves a vital function in the onset of insulin resistance,
a fundamental element in the pathophysiology of diabe-
tes. Diabetes is defined by increased blood glucose levels,
primarily resulting from diminished insulin sensitivity
and a progressive decline in B-cell function [33]. Studies
indicate that disruptions in lipid metabolism can trigger
B-cell dysfunction, emphasizing lipid metabolism irregu-
larities as essential factors in the onset of diabetes [34].
Moreover, the literature suggests that abnormal lipid
metabolism can initiate chronic inflammatory responses
[35]. These inflammatory processes can interfere with
insulin signaling pathways, thereby fostering insulin
resistance [36]. In individuals with simple NAFLD, the
ongoing metabolic inflammation associated with lipid
dysregulation may progressively undermine insulin sig-
naling, ultimately leading to the development of diabetes
[31, 32].

CMI, derived from the formula: [TG(mmol/L)/
HDL - C(mmol/L)]*WHLtR, has been evidenced to pos-
sess a positive correlation with the WHtR, which serves
as an effective indicator of abdominal obesity [26]. Both
abdominal obesity and disorders of lipid metabolism
are known to considerably exacerbate insulin resistance,
indicating that CMI could act as a novel biomarker for
evaluating the risk of diabetes onset and progression
[26—-37]. Current research has demonstrated significant
associations between CMI and various health conditions,
including cardiovascular disease and renal disease [27,
38—40]. Preliminary evidence further suggests a poten-
tial connection between CMI, diabetes, and NAFLD
[37, 41]. Despite the well-documented link between
NAFLD and diabetes, the precise relationship between
CMI and the onset of new diabetes cases in individuals
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Fig. 2 Association between CMI and new diabetes mellitus from non-alcohol fatty liver disease

Table 3 Threshold effect analysis of the CMI on new diabetes
mellitus from non-alcohol fatty liver disease

CMI 0Odds ratios (95%CI) P
Turning point (K) 0.5554

CMI<K 8.821(1.092~71.321) 0.041
CMI>K 1.505(1.155~1.962) 0.002

P for log likelihood ratio test <0.001

with NAFLD has not been thoroughly examined, render-
ing our study pioneering in this aspect. Unique to our
research is the utilization of data from a large-scale, long-
term cohort study, which confirms a significant statistical
link between CMI and the onset of diabetes in NAFLD
patients. Importantly, even after adjusting for numerous
confounding variables, the association persists, empha-
sizing the close interplay between lipid metabolism and
the onset of diabetes in this patient population. Addi-
tionally, subgroup analyses strengthen the stability and
reliability of our findings across various demographic
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Variable Count Percent(%) OR (95% Cl) P value P for interaction
Gender : 0.668
Female 478 19.1 > 1.72(0.99t0 2.97) 0.053
Male 2025 80.9 E — 1.96 (1.56 to 2.45) <0.001
Age : 0.221
<60 2396 95.7 : ——> 1.82 (1.47 t0 2.25) <0.001
260 107 4.3 i ——> 3.32(1.29t0 8:51) 0.013
Exercise : 0.764
No 2126 84.9 i ——> 1.89 (1.511t02.36) <0.001
Yes 377 15.1 n:—> 1.72 (0.96 to 3.07) 0.068
Alcohol : 0.69
Light 285 11.4 i —> 240 (1.27 to 4.52) 0.007
Moderate 133 5.3 : > 2.37 (0.47 to 11.95) 0.297
Never 2085 83.3 E ——> 1.81(1.45t02.25) <0.001
Smoking 0.58
Heavy 683 213 | ———> 1.75(1.26t0 2.43) 0.001
Never 1183 47.3 i ————— 1,63 (1.16t0 2.29) 0.005
Past 637 254 i ——> 2:20 (1.40 to 3.46) 0.001
Overall 2503 100 | —> 1.88 (1.53t02.31) <0.001
S R

Fig. 3 Subgroup analysis for the association between CMI and new diabetes mellitus from non-alcohol fatty liver disease

factors, including age, gender, exercise habits, and alco-
hol consumption. These results carry substantial clinical
implications. Identifying CMI as a significant predic-
tor of new-onset diabetes in NAFLD patients may pro-
mote early intervention strategies. Routine monitoring
of CMI could enable healthcare practitioners to pinpoint
at-risk individuals and implement preventive measures,
potentially enhancing patient outcomes. Moreover, com-
prehending the pathways linking CMI to diabetes may
pave the way for innovative therapeutic strategies aimed
at lipid metabolism to reduce diabetes risk. In conclu-
sion, this study reveals a significant non-linear associa-
tion between CMI and the risk of new-onset diabetes in
patients with NAFLD. Elevated CMI levels are linked to
an increased clinical risk of diabetes development, high-
lighting the critical role of lipid metabolism in this con-
text. In this study, the Cardiometabolic Index (CMI) is an
emerging comprehensive metric used to assess the meta-
bolic health and cardiovascular risk in diabetes patients.
CMI is typically calculated as the ratio of waist circum-
ference to triglycerides (TG) and high-density lipoprotein
cholesterol (HDL-C), reflecting the state of abdominal
obesity, insulin resistance, and lipid metabolism abnor-
malities [14]. These metabolic disturbances are prevalent
in diabetes and are major contributors to cardiovascular
diseases and other complications. Studies have shown
that diabetes patients with higher CMI are more likely

to develop atherosclerosis, hypertension, and coronary
heart disease, as well as microvascular complications
such as diabetic nephropathy and retinopathy [14, 27, 28,
41]. Additionally, changes in CMI over time may predict
disease progression and long-term outcomes. Due to its
simplicity and reliance on easily obtainable parameters,
CMI has increasingly been recognized as a valuable tool
for risk stratification and management in diabetes. Regu-
lar assessment of CMI may constitute a vital element in
the risk evaluation and prevention of diabetes in patients
with NAFLD, ultimately enhancing the management of
this widespread condition.

Study strengths and limitations

This investigation represents a secondary analysis of
longitudinal data derived from a five-year follow-up
involving 15,464 residents in Japan, aimed at investigat-
ing independent risk factors for chronic diseases, thus
enhancing the scientific credibility of the data. Previous
research has only preliminarily established connections
between CMI and diabetes or NAFLD independently,
without exploring the relationship between CMI and
new-onset diabetes in NAFLD. Consequently, this study
innovatively investigates this association. Multivari-
able logistic regression, subgroup analyses, and inter-
action analyses were employed, further affirming the
stability and reliability of the findings. These results offer
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significant references for the risk assessment and preven-
tion of diabetes in patients with NAFLD. However, as the
data is specific to Japanese residents, the findings may be
more applicable to this demographic, presenting limited
generalizability to other ethnic groups. Future research
will involve the collection of additional data from diverse
populations to validate these findings.

Although this investigation presents meaningful obser-
vations, several constraints need to be recognized. The
analysis focuses on a particular sample group, potentially
limiting the applicability of the outcomes to additional
populations. Future studies should seek to validate these
results across diverse demographic groups and investi-
gate the underlying biological mechanisms mediating the
relationship between CMI and new-onset diabetes. In
this study, we did not further reduce confounding bias by
matching non-MASLD participant cohorts.Our research
team will collect localized data in future studies and con-
duct a separate study using propensity score matching,
applying MASLD as the diagnostic criterion, to address
the limitations of the current study. Additionally, longitu-
dinal studies tracking CMI changes over time, and their
impact on diabetes progression would further clarify the
clinical significance of this index.

Conclusion

The results indicate a robust non-linear correlation
between CMI and the emergence of new-onset diabe-
tes in individuals with NAFLD, with elevated CMI levels
linked to an increased clinical risk for diabetes. Consis-
tent dynamic evaluations of CMI, paired with custom-
ized intervention strategies, may assist in managing and
mitigating the risk of diabetes among individuals with
NAFLD.
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