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Abstract
Introduction: Metabolic syndrome (MetS), prediabetes (PreDM) and Fatty Liver 
Disease (FLD) share pathophysiological pathways concerning type 2 diabetes 
mellitus (T2DM) onset. The non-invasive assessment of fatty liver combined with 
PreDM and MetS features screening might provide further accuracy in predicting 
hyperglycemic status in the clinical setting with the putative description of singu-
lar phenotypes. The objective of the study is to evaluate and describe the links of a 
widely available FLD surrogate -the non-invasive serological biomarker Hepatic 
Steatosis Index (HSI)- with previously described T2DM risk predictors, such as 
preDM and MetS in forecasting T2DM onset.
Patients and methods: A retrospective ancillary cohort study was performed 
on 2799 patients recruited in the Vascular-Metabolic CUN cohort. The main out-
come was the incidence of T2DM according to ADA criteria. MetS and PreDM 
were defined according to ATP III and ADA criteria, respectively. Hepatic stea-
tosis index (HSI) with standardized thresholds was used to discriminate patients 
with FLD, which was referred as estimated FLD (eFLD).
Results: MetS and PreDM were more common in patients with eFLD as com-
pared to those with an HSI < 36 points (35% vs 8% and 34% vs. 18%, respectively). 
Interestingly, eFLD showed clinical effect modification with MetS and PreDM 
in the prediction of T2DM [eFLD-MetS interaction HR = 4.48 (3.37-5.97) and 
eFLD-PreDM interaction HR = 6.34 (4.67-8.62)]. These findings supported the 
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1  |  INTRODUCTION

The World Health Organization (WHO) stated that the 
prevention of acquired metabolic disorders is a priority in 
public health.1 In this context, different metabolic disor-
ders were reunited in the so- called metabolic syndrome 
(MetS) to identify individuals at higher risk of disease 
in the clinical setting.2 This condition was defined by 
the presence of 3 or more of the following characteris-
tics: Abdominal obesity, hypertension, low HDL, high 
triglycerides and T2DM diagnosis, impaired glucose tol-
erance or fasting elevated glucose in plasma.3,4 The MetS 
is a cornerstone of cardiovascular risk factor assessment 
which is attributable to the epidemiological association of 
MetS components among individuals.5,6 Besides, MetS has 
demonstrated to be a predictor of Type 2 diabetes mellitus 
(T2DM) and cardiovascular disease.7– 9

Meanwhile, in the past years, some debate has been 
risen about MetS in the pathophysiological arena. Critics 
state that insulin resistance is not the unique mecha-
nism to explain the full complexity of such metabolic 
risk.10 In fact, the release of unspecific and specific ad-
ipocitary and hepatic cytokines are also relevant in met-
abolic disease development while not directly linked to 
insulin resistance.11– 14 Besides, in the clinical scenario, 
the MetS risk is not different from the added risk of the 
MetS components in the T2DM and cardiovascular dis-
ease prediction.15,16 Thus, the concepts of metabolically 
healthy obesity (MHO) and metabolically unhealthy obe-
sity (MUO) might be more accurate concepts to express 
metabolic risk than MetS.17 In the diabetes onset set-
ting, the definition of prediabetes (PreDM) had a better 

performance in T2DM onset prediction than MetS.18– 20 
Thus, the MetS usefulness in metabolic risk prediction 
has become controversial.

Recently, the MetS features have returned to the pipe-
line with the increasing prevalence and mortality impact 
of fatty liver disease (FLD).21 FLD is related to important 
metabolic pathways of the MetS, such as insulin resis-
tance,22 lipid regulation and lipoprotein synthesis, inflam-
matory system dysregulation and specific cytokine release, 
encompassing hepatic metabolic remodelling.23 Also, 
other pathophysiological processes such as mitochondrial 
dysfunction, oxidative stress and disrupted gut- liver axis 
have been linked to FLD and MetS.24 Thus, FLD is often 
described as the MetS reflection in the liver.25 However, 
the finding of lean patients with FLD at a higher risk of 
T2DM and cardiovascular disease,26 the potential meta-
bolic protection of patients with genetic origin of FLD27 
as well as the description of subgroups of patients meet-
ing MetS criteria without FLD28 might point out a specific 
role of liver steatosis in the characterization of metabolic 
risks.29

To be clinically relevant, FLD should be easy to be 
detected and clearly defined. In the FLD detection, bi-
opsy is still considered the gold standard for diagnosis.30 
Nevertheless, cost- effectiveness and risk– benefit balances 
may rise some objections to this approach in the clinical 
setting, particularly in patients at early stages of the dis-
ease.30 Other non- invasive methods of detection of FLD 
such as echography or controlled attenuation parameter 
(CAP©) have been examined with interesting results.31 
However, these tests are not available enough for a wide-
spread disease as liver steatosis. For this reason, simple 
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description of 5 different liver status-linked phenotypes with increasing risk of 
T2DM: Control group (1,5% of T2DM incidence), eFLD patients (4,4% of T2DM 
incidence), eFLD and MetS patients (10,6% of T2DM incidence), PreDM patients 
(11,1% of T2DM incidence) and eFLD and PreDM patients (28,2% of T2DM inci-
dence). These phenotypes provided independent capacity of prediction of T2DM 
incidence after adjustment for age, sex, tobacco and alcohol consumption, obesity 
and number of SMet features with a c-Harrell=0.84.
Conclusion: Estimated Fatty Liver Disease using HSI criteria (eFLD) interplay 
with MetS features and PreDM might help to discriminate patient risk of T2DM 
in the clinical setting through the description of independent metabolic risk 
phenotypes.
[Correction added on 15 June 2023, after first online publication:  The abstract 
section was updated in this current version.]
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serum- based indexes such as Hepatic Steatosis Index (HSI) 
have been validated to detect and stratify patients at risk 
of FLD.32,33

In this regard, clinical definitions of fatty liver dis-
ease such as nonalcoholic fatty liver disease (NAFLD) 
and metabolic associated fatty liver disease (MAFLD) 
are useful to identify patients at hepatic risk, but have 
some practical flaws. NAFLD is restricted to patients 
with no excessive alcohol consumption, which is often 
an underrecognized condition.34 The relationship be-
tween alcohol and liver injury depends on several co-
factors, such as type of alcoholic beverage, drinking 
patterns, duration of exposure and individual suscepti-
bility, rendering quantitative thresholds at least partially 
arbitrary.34 Thus, some pathophysiological overlap with 
alcoholic fatty liver disease in those patients consum-
ing alcohol should be expected, making the concept un-
clear.35 To avoid this controversy, the MAFLD definition 
was proposed to detect patients with fatty liver disease 
of metabolic origin.36 Although useful in the detection 
of patients at hepatic risk, the combination of metabolic 
risk factors in the definition complicates the indepen-
dent evaluation of fatty liver in the development of met-
abolic disease.

The non- invasive estimation of fatty liver disease 
with available and reproducible methods such as HSI— 
estimated fatty liver disease (eFLD)— could be useful 
when added to previously proven risk factors. This ap-
proach may enable to predict the incidence of FLD in the 
clinical context, avoiding availability and conceptual di-
lemmas.32 The objective of this study is to evaluate and 
describe the interplay of eFLD— assessed by HSI— with 
MetS features and PreDM in the prediction of T2DM 
onset.

2  |  PATIENTS AND METHODS

2.1 | Population

The vascular metabolic CUN cohort is a population- based, 
observational retrospective study designed to examine the 
incidence of cardiovascular and metabolic diseases includ-
ing type 2 diabetes, hypertension, obesity, stroke or coronary 
heart disease in a large Southern European population, re-
cording patients from the 1 February 1997 to the 31 December 
2002, and subsequently followed up until 31 December 2012. 
The cohort has been described elsewhere.37

2.2 | Inclusion and exclusion criteria

The vascular metabolic CUN cohort included patients 
who were evaluated for a medical check- up by special-
ists in Internal Medicine. Patients were excluded from 
the general cohort according to the following criteria: 
Age <18 or >90 years old, history of type 1 diabetes 
or latent autoimmune diabetes of the adult, cancer in 
the palliative phase, previously diagnosed liver dis-
ease different from fatty liver disease, excessive alco-
hol consumption according to the hazardous drinking 
criteria,38 familial lipid disorders, extreme (>45 kg/m2) 
body mass index (BMI), as well as an inherited and 
clinically relevant hypercoagulable state. All analysis 
included patients with an initial 8 h- fasting blood test 
evaluation.

The present study enrolled patients from this cohort 
excluding those with prevalent T2DM diagnosed by ADA 
criteria20 or under glucose lowering treatment, cardio-
vascular or any renal impairment. Patients with missing 
variables concerning age, sex and parameters concerning 
cardiovascular risk factors to evaluate MetS and HSI were 
also excluded. The research was conducted according to 
the standards of the Declaration of Helsinki on medical 
research and was approved by the Ethics Committee of 
the University of Navarra, weaving the need of informed 
consent (CEI 30/2015).

2.3 | Main variables

Patients were categorized into estimated fatty liver dis-
ease (eFLD) when scoring HSI > 36 points as calculated 
according to the following formula32:

Prediabetes was defined according to published cri-
teria, using a fasting glucose >100 mg/dL as cut- off.20 
HbA1c was not used to select patients with prediabetes 
due to the small quantity of patients (n = 16) with HbA1c 
values at baseline, which is consistent with the availabil-
ity and validation of the technique at the recruitment 
dates.

The diagnosis of T2 DM was based on ADA criteria 
Standards of Medical Care in Diabetes: (i) A1C ≥ 6.5 in 
a NGSP certified laboratory, (ii) fasting plasma glucose 
≥126 mg/dL, (iii) 2 h plasma glucose ≥200 during an OGTT 
or (iv) hyperglycaemic symptoms with a random plasma 
glucose >200 mg/dL.20

HSI = 8 × (ALT∕AST) + BMI ( + 2, if female; + 2, if diabetes mellitus).
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2.4 | Covariables

Data regarding medical history, health- related behav-
iours and blood biochemical measurements were re-
trieved at each patients' visit. Health- related behaviours 
including cigarette smoking (none, former smoker or 
current smoker) and daily alcohol intake (yes/no) were 
obtained by physicians at the consultation, as reported 
elsewhere.37 Metabolic syndrome features were recorded 
as described in the ATP III criteria except for waist cir-
cumference, which was substituted by BMI and included 
as overweight according to WHO criteria due to the lack 
of waist circumference measurements. Anthropometric 
measurements and determinations of biochemical pa-
rameters including fasting plasma glucose (FPG), total 
cholesterol (TC), triglycerides (TG), HDL- cholesterol 
(HDL- C), and LDL- cholesterol (LDL- C) and liver en-
zymes (ASAT and ALAT) were obtained and analysed 
as described elsewhere.37 No precise measure of alco-
hol consumption was registered in the medical records. 
Nevertheless, due to the importance of alcohol consump-
tion in fatty liver evolution and known impact on T2DM 
development we distributed patients into 2 main groups 
according to alcohol consumption: (i) Daily or almost 
daily consumers of some amount of alcohol but not ful-
filling the criteria of hazardous drinking (‘Daily alcohol 
consumption’) and (ii) sporadic or no alcohol consumers 
for those who did not declare alcohol consumption in a 
daily basis. Patients under blood pressure control and tri-
glyceride control drugs were recorded.

Regarding the retrospective condition of the analysis 
and the heterogeneity of the population, there was no de-
fined follow- up strategy. Nevertheless, patients were en-
couraged to repeat a medical check- up at least every year.

2.5 | Statistical analyses

Categorical variables were reported as percentages. 
Student's t- test, one- way ANOVA or chi- square test was 
implemented to compare the baseline characteristics of 
study participants. Different Cox proportional- hazard 
analysis was carried out to estimate the univariate hazard 
ratio (HR) and their 95% confidence interval (CI) of T2DM 
of different variables. A comprehensive clinical and sta-
tistical analysis of these results was performed to gener-
ate clinically relevant interactions between variables by 
using Cox Regression analyses, to screen for independent 
risk phenotypes as described: (i) control group (No eFLD, 
no MetS and no PreDM), (ii) patients with eFLD (eFLD 
with no MetS and no PreDM), (iii) patients with eFLD and 
MetS (eFLD and 3 MetS features with no PreDM), and (iv) 
patients with PreDM and no eFLD and (v).

Finally, a multivariate Cox regression model was fitted 
to test the prediction capacity of incident T2DM of these 
phenotypes after adjustment for relevant variables. Harrel 
C test was applied to explore the discrimination capacity 
of survival models. All statistical analyses were performed 
with SPSS version 20 (IBM Corp. Released 2011. IBM SPSS 
Statistics for Windows, Version 20.0: IBM Corp), whose 
manuals were used for statistical test guidance. All p val-
ues are two- tailed, and statistical significance was set at 
the conventional cut- off of p  <  0.05.

3  |  RESULTS

A total of 2799 patients fulfilled the inclusion criteria and 
conformed the study cohort. All patients accounted at 
least a follow- up of 1 month, with a median follow- up of 
104 months and a 90.7% of patients followed for more than 
1 year. In the analyses of this cohort, baseline characteris-
tics are reported according to eFLD criteria (Table 1). Thus, 
eFLD was associated with older age, male sex, higher pro-
portion of alcohol consumption, active or former smokers, 
and all the features regarding the MetS in both continuous 
and discrete variable evaluation (p < 0.01). As expected, pa-
tients with eFLD were more likely to have higher levels of 
liver enzymes and a higher HSI index, with a higher propor-
tion of patients suffering MetS (p < 0.01). Finally, statisti-
cally significant differences were found between subgroups 
in the incidence of T2DM (p < 0.01) as shown (Table 1).

A higher proportion of eFLD patients was as well found 
within the group of MetS features, with a higher preva-
lence of fatty liver disease in patients with overweight 
(82% vs. 17%), hypertension (68% vs. 32%), elevated blood 
glucose (71% vs. 28%), low HDL (70% vs 30%) and high tri-
glycerides (82% vs. 18%) using ATP III criteria (Figure S1). 
Only 49 patients were using blood pressure lowering 
drugs, and none of the patients reported to use triglyceride 
lowering drugs. No further analysis was performed con-
cerning treatment due to the lack of sufficient statistical 
power to evaluate this concept. In a similar manner, an in-
creasing higher proportion of eFLD patients were detected 
as MetS features were more prevalent, being the eFLD rate 
of 12% in those with no MetS features, 50% in those with 1 
characteristic, 73% in those with 2 characteristics, 82% in 
those with 3 characteristics, 92% in patients with 4 char-
acteristics and 100% in patients with all the MetS features. 
(Figure S2).

A univariate Cox regression evaluation of age, sex, 
daily alcohol consumption, smoking status, MetS features 
as sole variables, the total number of MetS accumulated 
by each patient, MetS diagnosis and eFLD was performed 
(Table  2). All the studied variables were predictors of 
T2DM, with a high statistically significant value (p < 0.01).
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Then, the analysis of the most discriminative charac-
teristics, accounting for PreDM, number of MetS features, 
MetS prevalence and eFLD according to HSI were evalu-
ated in the prediction of T2DM incidence. As previously 
mentioned, a higher number of MetS characteristics was 
related to a proportionally higher risk of T2DM develop-
ment. However, patients with elevated fasting glucose 
showed a different risk of T2DM incidence than the rest of 
the population. Among them, patients with eFLD showed 
a higher risk than those with PreDM alone, suggesting an 
effect modification association between both character-
istics. Furthermore, patients with normal fasting plasma 
glucose had different risk depending on their eFLD status, 

increasing proportionally to MetS features accumulation. 
Interestingly, patients with eFLD appeared to induce a 
potential risk increase in comparison with those with ap-
parently healthy liver in patients with MetS, suggesting 
another potential interplay. Noteworthily, both interac-
tion models, eFLD –  PreDM and eFLD –  MetS were found 
statistically significant (Figure 1).

According to these results, five clinically relevant phe-
notypes were derived in the prediction of T2DM incidence 
as follows: (i) control group (No eFLD, no MetS and no 
PreDM), (ii) patients with eFLD (eFLD with no MetS and 
no PreDM), (iii) patients with eFLD and MetS (eFLD and 
3 MetS features with no PreDM), (iv) patients with PreDM 

T A B L E  1  The study cohort characteristics including demographics, metabolic syndrome features, hepatic steatosis assessment and 
clinical outcomes.

Variables Total
No eFLD 
[HSI < 36]

eFLD 
[HSI ≥ 36] p Valuea

Demographics (mean ± SD or n, %) [Reference values] n = 2799 n = 1196 n = 1603

Age, years ± SD 53.3 ± 13.1 52.2 ± 15.1 54.1 ± 11.4 <0.01

Sex, female (%) 1160 (41%) 631 (53%) 529 (33%) <0.01

Daily alcohol [yes/no] (%) 1034 (37%) 370 (31%) 664 (41%) <0.01

Never smoker (%) 1072 (38%) 501 (42%) 571 (36%) <0.01

Metabolic syndrome features

BMI ± SD, kg/m2 [Reference range < 25 kg/m2] 26.7 ± 4.4 23.4 ± 2.6 29.1 ± 3.9 <0.01

Overweight [BMI > 25 kg/m2], % 1744 (62%) 309 (26%) 1435 (89%) <0.01

SBP, mmHg±SD [Reference range < 140 mmHg] 129.4 ± 44.5 124 ± 35 132 ± 50 <0.01

DBP, mmHg±SD [Reference range < 90 mmHg] 80.4 ± 16.7 77 ± 22 82 ± 10 <0.01

Hypertension [SBP > 135 mmHg or DBP > 85 mmHg or active 
treatment], %

1223 (44%) 398 (33%) 825 (51%) <0.01

Fasting plasma glucose ± SD [Reference range < 100 mg/dL] 95.4 ± 12.1 92 ± 11 97 ± 12 <0.01

Hyperglycaemia/PreDM [Fasting plasma glucose > 100 mg/dL], % 763 (27%) 216 (18%) 547 (34%) <0.01

Fasting plasma triglycerides ± SD [Reference range < 150 mg/dL] 98.3 ± 57.7 80 ± 48 111 ± 60 <0.01

Hypertriglyceridemia [p- Triglycerides > 150 mg/dL], % 358 (13%) 65 (5%) 293 (18%) <0.01

Fasting plasma HDL levels±SD [Reference range < 40 mg/dL 
or < 50 mg/dL]

56.0 ± 14.9 60 ± 15 53 ± 13 <0.01

Low HDL [p HDL < 40 mg/dL or < 50 mg/dL], % 445 (16%) 134 (11%) 311 (19%) <0.01

Fasting LDLc, mg/dL ± SD 151.2 ± 38.4 144 ± 37 156 ± 38 <0.01

Average number of MetS features ± SD 1.62 ± 1.19 0.94 ± 0.98 2.13 ± 1.07 <0.01

Metabolic Syndrome (≥3 features) 654 (23%) 98 (8.2%) 556 (35%) <0.01

Hepatic steatosis index (HSI)

ASAT (UI/L) ± SD [Reference range 1– 25 UI/L] 14.6 ± 13.2 13.4 ± 9.7 15.5 ± 15.2 <0.01

ALAT (UI/L) ± SD [Reference range 1– 29 UI/L] 19.6 ± 22.5 13.1 ± 9.5 24.5 ± 27.6 <0.01

HSI, points ± SD [Reference range < 36 points] 37.9 ± 6.5 32.21 ± 2.65 42.09 ± 5.12 <0.01

Clinical outcomes

Follow- up (months) ± SD 104 ± 59 108 ± 59 101 ± 59 <0.01

Incident T2DM, % 249 (9%) 39 (3%) 210 (13%) <0.01

Abbreviations: ALAT, Alanine aminotransferase; ASAT, Aspartate aminotransferase; BMI, Body Mass Index; DBP, Diastolic blood pressure; eFLD, estimated 
fatty liver disease; HDL, High density lipoprotein; HSI, Hepatic steatosis index; LDL, Low density lipoprotein; MetS, Metabolic syndrome; PreDM, Prediabetes 
mellitus Type 2; SBP, Systolic blood pressure; SD, Standard deviation; T2DM Type 2 diabetes mellitus.
ap value of chi- square evaluation for qualitative variables or Student's t- test for quantitative variables.
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and no eFLD and (v) patients with PreDM and eFLD. The 
proportion of each phenotype in the study population as 
well as the increasing incidence of T2DM among sub-
groups is shown (Table S1. Figure S3).

These phenotypes were evaluated in a multivariate 
Cox Regression model, which showed independent risk of 
T2DM when adjusted by age, sex, smoking and drinking 
status, obesity assessed by BMI with an increasing risk of 
T2DM depending on the accumulation of MetS features, 
with a c- Harrel test result of 0.84 (Figure 2).

Finally, a clinical evaluation of metabolic risk was pro-
posed for the evaluation of patients at risk of T2DM ac-
cording to the results of the present study (Figure S4).

4  |  DISCUSSION

The current study supports that the assessment of es-
timated fatty liver disease might predispose to T2DM. 
Specifically, eFLD, using an easy to perform index such 
as HSI, in combination with previously described risk 
factors, as PreDM and MetS features, might provide the 
description of 5 clinical phenotypes of T2DM risk. These 
clusters of patients were independent from age, sex, 
MetS features, daily alcohol consumption and smoking 

status and provided a c- Harrell discrimination capacity 
of 0.84.

The description of these risk subgroups could have an 
impact in the clinical setting by adding the fatty liver con-
cept in a feasible and controversy- free manner to the met-
abolic risk stratification, while providing a cost- effective 
tool to precision medicine. Besides, these findings support 
an independent added risk of FLD in patients at met-
abolic risk. Furthermore, the interplay between eFLD 
in and MetS or PreDM in the prediction of T2DM onset 
highlights the importance of understanding the bioener-
getic efficiency and metabolic flexibility mechanisms in 
the liver to provide further understanding and to facilitate 
intervention in the clinical setting.14

The distribution of metabolic risk in our cohort is com-
parable to previously published populations in the MetS 
scenario.39 Metabolic risk factors were more prevalent 
in patients with MetS than in those without MetS while 
patients with eFLD had a higher proportion of MetS fea-
tures. The interactive role of eFLD in MetS consequences 
has been proven in different situations. In the epidemi-
ological field, NAFLD has demonstrated to be related to 
T2DM development.39 Furthermore, a bi- directional re-
lationship between MetS features and NAFLD has been 
proposed in terms of T2DM incidence.40 This interplay is 

T A B L E  2  Univariate Cox regression analysis in the prediction of incident T2DM concerning lifestyle, metabolic syndrome signatures 
and eFLD (n = 2799).

Variables HR of T2DM (CI 95%) p Value c-  Harrell

Smoking status
[Never smoker yes/no]

0.73 (0.56– 0.95) 0.02 0.54

Daily alcohol consumption
[yes/no]

1.66 (1.30– 2.13) <0.01 0.57

Overweight
[BMI > 25 kg/m2]

4.19 (2.92– 6.01) < 0.01 0.63

Obesity
[BMI > 30 kg/m2]

3.60 (2.80– 4.63) < 0.01 0.64

Hypertension
[SBP > 135 or DBP > 85 mmHg or active treatment]

2.17 (1.68– 2.80) < 0.01 0.61

Hyperglycaemia/PreDM
[Fasting plasma glucose >100 mg/dL]

7.97 (6.05– 10.51) <0.01 0.76

Hypertriglyceridemia
[Plasma triglycerides >150 mg/dL]

3.15 (2.39– 4.14) < 0.01 0.59

Low HDL
[Plasma HDL < 40 mg/dL or < 50 mg/dL]

1.67 (1.24– 2.25) <0.01 0.54

Estimated fatty liver disease (eFLD)
[HSI > 36 points]

4.31 (3.06– 6.07) <0.01 0.65

Number of MetS features
[Sum up of MetS features]

2.25 (2.03– 2.49) <0.01 0.78

Metabolic syndrome
[MetS features ≥3]

5.98 (4.64– 7.72) <0.01 0.72

Abbreviations: BMI, Body Mass Index; DBP, Diastolic blood pressure; eFLD, estimated fatty liver disease; HDL, High density lipoprotein; HR, Hazard ratio; 
HSI, Hepatic steatosis index; MetS, Metabolic syndrome; PreDM, Prediabetes mellitus Type 2; SBP, Systolic blood pressure; T2DM Type 2 diabetes mellitus.
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F I G U R E  1  Analysis of the interplay 
between baseline eFLD, PreDM and MetS 
in the prediction of incident T2DM. *p 
value for 2 way ANOVA evaluation.

F I G U R E  2  Cox regression 
multivariate model in the prediction of 
incident T2DM and Kaplan– Meier plot for 
adjusted clinical phenotypes.
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described in our cohort as an independent risk factor for 
patients without MetS. In patients with more than two 
metabolic risk factors, a potential modification of effect of 
eFLD was found, providing a potential risk excess of eFLD 
in patients with metabolic syndrome.40

The pathophysiological role of NAFLD as an enhancer 
of the metabolic disease burden is plausible due to the key 
role of the liver in both insulin resistance and dyslipidae-
mia through different mechanisms.24 In fact, hepatic insulin 
resistance, where insulin activation of glycogen synthase is 
impaired,41 would also be expected to redirect glucose into 
lipogenic pathways and further promote MetS and T2DM 
incidence. In this context, elevated diacylglycerol in the 
liver was related PKCε activity in the liver of obese patients 
with NAFLD, linking hypertriglyceridemia or dyslipidae-
mia, obesity and insulin resistance to fatty liver dysfunc-
tion.42 Furthermore, the contribution to plasma glucose 
of gluconeogenesis which is impaired in NAFLD43 and is 
not directly dependent of insulin resistance44 might pro-
vide pathophysiological explanation to the special impact 
of NAFLD in patients with prediabetes. A potential role of 
metabolic protection could be referred to the genetic predis-
position to NAFLD27 due to the dual role of genetics in FLD 
related metabolic risk.27 Thus, the proposal of a phenotypi-
cal approach to metabolic disease including FLD could help 
to shed light to this concept if further research is conducted.

The evaluation of an easy to perform and validated test 
such as HSI, which only includes ASAT, ALAT, BMI and sex, 
in the liver status stratification of patients makes our results 
highly reproducible and of a clinical impact32,33 in contrast 
to other less accessible methods of liver assessment such as 
echography, transient liver elastography or liver biopsy which 
might neither efficient nor justifiable in this population.30 
Although limited, as it was established based on the sub-
optimal reference standard of echographic findings,45 HSI 
demonstrated discrimination capacity of different pheno-
types of patients in terms of T2DM development risk. In fact, 
previous studies had demonstrated the HSI capacity to strat-
ify MetS patients in terms of quality of life (QoL) response 
to lifestyle modulation.33 Nevertheless, the present results 
might have further implications in the clinical setting due to 
the use of a stronger outcome such as T2DM, which leads to 
a recognized cardiovascular disease burden.39 Besides, some 
queries could be mentioned due to the dependence of HSI to 
adiposity and T2DM diagnosis. In this context, the develop-
ment of the final Cox regression model included obesity as 
an adjustment criterion. In the same manner, although HSI 
has been linked to T2DM including the baseline diagnosis of 
this entity as part of the final score, patients with T2DM at 
baseline were excluded to avoid bias. Finally, the use of an 
estimation of FLD in a clinically based stratification of risk, 
might provide further applicability of the results in order to 
standardize NAFLD assessment in the metabolic disease pre-
vention arena with impact on glucose remodelling.

The current research has some limitations. The retro-
spective recollection of data and the absence of control on 
medical interventions may reduce the merit of these results. 
Besides, some uncontrolled facts could disturb the accuracy 
of the study due to the recruitment of patients in a real- life 
scenario. The reduced number of patients under pharmaco-
logical treatment for metabolic alterations such as lipid and 
blood pressure lowering drugs may introduce a further bias 
in the eFLD single modification of effect role, due to their 
potential effect on both eFLD and T2DM development. 
Nevertheless, the low number of patients under active 
treatment is plausible, as patients were recruited in the first 
visit to the medical centre, with few or no previous medical 
evaluation at all. The evaluation of the effect of interven-
tions in metabolic control was not possible as therapeutic 
changes were not recorded on data curation. Nevertheless, 
these concepts should affect in a reduction of risk of stab-
lished conditions and thus, to an underestimation of the ef-
fect of baseline characteristics on the further development 
of T2DM. Besides, the multivariate adjustments of the final 
model may help to reduce this bias. In this context, the in-
clusion of well- defined variables in the multivariate model 
might reinforce the utility of a phenotype- based approach 
to metabolic risk in the clinical setting.

The absence of waist circumference measurement may 
also bias our results. In fact, the use of BMI and the ad-
justment of the final model using obesity (BMI > 30 kg/
m2) could help to mitigate the potential effect of this in-
accuracy in the results, while using a common adiposity 
marker in the clinical setting. Although some collinearity 
could be assumed with HSI, the fact of both being inde-
pendent predictors of T2DM incidence in the final model 
highlights the potential capacity of discrimination of both 
concepts and thus the contribution of their evaluation in 
a precision medicine context. Furthermore, the qualita-
tive assessment of alcohol consumption might contribute 
to the potential inaccuracy of the study. Nevertheless, a 
consideration of alcohol drinking status is necessary to 
provide valid investigation in the FLD setting.30,38 The 
independent capacity of daily alcohol consumption (as 
described in the material and method setting) to predict 
T2DM in the final model and the exclusion of patients with 
hazardous alcohol consumption provide some internal va-
lidity to the results. However, further prospective analysis 
should be performed to describe the influence of a grams 
per day alcohol assessment of alcohol consumption in this 
setting. Some concern could be raised due to the classifica-
tion of prediabetes using a unique glucose determination. 
Although this is consistent with the ADA criteria20 and an 
8- hour- fasting was ensured in all the patients, this issue 
might provide some inaccuracy. However, the differences 
between phenotypes according to this classification and 
the simplicity of assessment contribute to the reproduc-
ibility of the study. Despite these potential limitations, the 
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methodology of the study, with a non- negligible sample 
size and follow- up, a teaching hospital as a source of pa-
tients, the use of precise and previously validated tools in 
the adjustment of models and the plausibility of the re-
sults provide further support to our hypotheses.

To sum up, the non- invasive eFLD assessment in 
patients at risk of T2DM might provide a useful patient 
phenotyping tool in the clinical setting with implica-
tions in patient surveillance. Besides, these results 
could be of higher interest in the mid- term with the 
development of a NAFLD specific therapeutic arma-
mentarium.46 Thus, the evaluation of the impact in 
T2DM incidence of different NAFLD drug therapies in 
both PreDM and MetS patients using FLD estimation 
might provide further practical value to the current 
results.

5  |  CONCLUSION

Estimated fatty liver disease using HSI might play an in-
teractive role on PreDM and MetS features capacity to pre-
dict T2DM incidence. Indeed, five discriminating T2DM 
risk phenotypes were identified including eFLD. These 
risk subgroups showed potential value in the clinical sur-
veillance of patients at metabolic hazard.
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