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ABSTRACT

The hepatic steatosis index (HSI) has demonstrated usefulness in detecting metabolic dysfunction-
associated fatty liver disease (MAFLD). However, in middle-income countries such as Peru, its
predictive capacity has not been validated, nor have optimal cutoff points been established. In this
context, the present study evaluates the HSI as a diagnostic predictor of MAFLD in patients with type
2 diabetes mellitus attending a tertiary hospital in northern Peru. Materials and Methods: A
prospective external validation study of the HSI model was conducted in 175 diabetic patients receiving
outpatient care at the Hospital Regional de Chimbote, Peru, between November and December 2024.
Based on the collected clinical and biochemical data, each patient’s HSI score was calculated using the
original model equation. Subsequently, its predictive performance was evaluated through calibration,
discrimination, and classification analyses. Results: A total of 74.2% of the selected patients were
diagnosed with MAFLD. The HSI model showed good discriminative performance, with an AUC of
0.83 (95% CI: 0.77-0.89) and a calibration slope of 1. In our population, an HSI score <36 had a negative
likelihood ratio of 0.26, ruling out MAFLD, whereas an HSI >44 yielded a positive likelihood ratio of
24.5, confirming the diagnosis. Conclusions: In the present study, the HSI index demonstrated adequate
predictive performance for MAFLD. Owing to its ease of application and low cost, this model represents
a potentially useful tool in middle- and low-income countries, as it contributes to the identification of
type 2 diabetic patients who require diagnostic confirmation of MAFLD through liver ultrasound.

KEYWORDS: Non-alcoholic Fatty Liver Disease; Diabetes Mellitus Type 2; Predictive Models; Index
Steatosis Hepatic.

ABBREVIATIONS:

BMI: body mass index; IC : intervalo de confianza; HbA1: glycosylated hemoglobin A1; SD: standard
deviation; T2D: type 2 diabetes

INTRODUCTION

Metabolic dysfunction associated fatty liver disease (MAFLD) is currently a highly prevalent chronic
illness, given its sustained increase closely linked to the global epidemic of metabolic disorders. In this
context, patients with type 2 diabetes (T2D) represent a special high-risk group, as the prevalence of
MAFLD in this population ranges from 60% to 80% worldwide [1], 56.8% in South America [2], and
18% in Peru [3].

In response to this issue, several noninvasive models have been proposed for the detection of
nonalcoholic hepatic steatosis. Among these, the Hepatic Steatosis Index (HSI) stands out. It was
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developed by Jeong et al. [4] in a general Korean population using abdominal ultrasound as the
reference standard. Initially, 20 variables were evaluated, of which body mass index (BMI), aspartate
aminotransferase (AST), alanine aminotransferase (ALT), the presence of type 2 diabetes mellitus
(T2D), and sex collectively demonstrated the best predictive performance, with an area under the curve
(AUC) of 0.81 (95% CI: 0.80-0.83). The result is expressed on a scale from 0 to 100, referred to as the
Hepatic Steatosis Index (HSI): values <30 rule out fatty liver (negative likelihood ratio = 0.17), whereas
values >36 confirm its presence (positive likelihood ratio = 6.51).

The anthropometric and biochemical parameters included in the HSI model are low-cost and easily
accessible in outpatient medical care. This model has shown adequate predictive ability for hepatic
steatosis in studies conducted in Asian and European populations [5-7]. However, the
sociodemographic characteristics, lifestyle, and clinical-metabolic profiles of these populations differ
from those observed in patients with T2D, in whom its performance has not yet been evaluated. This
gap underscores the need for the present study.

The population in our study meets the diagnostic criteria for both Nonalcoholic Fatty Liver Disease
(NAFLD) and MAFLD. Participants were selected after excluding those with significant alcohol
consumption or other liver diseases, in accordance with the classical definition of NAFLD. In addition,
all participants had T2D, a required criterion for metabolic dysfunction under the MAFLD definition.
This dual correspondence allows our results to be compared with findings from previous studies
conducted under both definitional frameworks.

Adults with T2D are at increased risk of developing MAFLD due to the frequent coexistence of
dyslipidemia, obesity, and insulin resistance [8]. Therefore, the purpose of applying predictive models
such as the HSI is to enable the early and noninvasive identification of patients at risk, facilitating timely
stratification through the indication of imaging studies or the implementation of metabolic management
adjustments. Thus, its main clinical utility lies in serving as a screening tool during the initial evaluation
of patients with T2D.

The objective of the present study is to evaluate the predictive performance of the HSI model for the
detection of MAFLD in patients with T2D receiving outpatient care at a tertiary hospital in northern
Peru.

METHODS
Study Design and Setting

This external validation study was conducted prospectively, collecting clinical and biochemical data
from patients with T2D attending the outpatient endocrinology clinic of the Eleazar Guzman Barron
Regional Hospital (HREGB), a tertiary-level hospital located in the city of Chimbote, northern Peru,
between November and December 2024.

Population

Patients with a previous diagnosis of type 2 diabetes (T2D), aged >25 years, and without a history of
significant alcohol consumption (=30 g/day in men and >20 g/day in women) were included.

Those with a history of viral hepatitis (A, B, or D), chronic liver disease, thyroid disorders, Cushing’s
syndrome, use of hepatotoxic drugs within the previous six months, renal replacement therapy or
hemodialysis, as well as pregnant or breastfeeding women, were excluded.

Sample Size

The sample size was determined according to the recommendation by Peduzzi and Concato [9], who
proposed a minimum of 10 events per independent variable included in a logistic regression model.
Considering that the HSI model includes five predictors, a minimum of 50 hepatic steatosis events was
estimated to be necessary. Assuming an expected prevalence of 60% hepatic steatosis among patients
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with T2D [5], a minimum of 84 participants was calculated; however, our final sample consisted of 175
participants.

Preparacion de los datos

Los datos fueron registrados en una hoja de calculo de Microsoft Excel, protegida con contraseia y
acceso restringido exclusivamente a los investigadores. Posteriormente, se reviso la base de datos para
asegurar la integridad de la informacion, verificando que cada paciente cuente con los datos completos
requeridos en el estudio, eliminando registros duplicados o incompletos.

Data Preparation

The data were recorded in a password protected Microsoft Excel spreadsheet with access restricted
exclusively to the investigators. The database was subsequently reviewed to ensure information
integrity by verifying that each patient had all the required study data and that duplicate or incomplete
records were removed.

Outcome

The predicted outcome, corresponding to the presence of hepatic steatosis, was determined categorically
using abdominal ultrasound as the reference standard. The procedure was performed by a single
certified radiologist (CMP: 12061297; RNE: 039824) using a VINNO X2 ultrasound device, serial
number U0212HY010.

Predictor Variables

The multivariate predictive HSI model includes weight (kg), height (cm), sex (male/female), presence
of diabetes, aspartate aminotransferase (AST), and alanine aminotransferase (ALT). Anthropometric
variables were obtained directly from the “Diabetes Follow-up Forms” [10], which were prospectively
collected by nursing staff from the “Diabetes Epidemiological Surveillance” program, previously
trained by the research team.

Procedures

Patients with T2D were identified through the Diabetes Epidemiological Surveillance program at
HREGB. Those who met the inclusion criteria and signed informed consent were prospectively
evaluated by the research team. At the first contact, anthropometric measurements were performed
following the standardized protocol of the Ministerio de Salud del Peru [11]. Subsequently, within 72
hours, a fasting blood sample (=8 hours) was obtained to determine AST (mg/dL) and ALT (IU/L).
Samples were processed at the HREGB laboratory following its “Manual de Procedimientos del area
de Bioquimica” [12], using automated kinetic methods with internal quality control.

The presence of hepatic steatosis was assessed according to the protocol “Evaluacion de esteatosis
hepatica por atenuacion ecografica” [13]. The radiologist was blinded to the clinical and biochemical
data, while the nursing staff and laboratory technicians were unaware of the ultrasound findings, in
order to prevent review bias.

Statistical Analysis
To evaluate the predictive performance of the HSI model, a single dataset was used and exported to the

R statistical software (version 4.4.1). For external validation, the HSI model was applied to each T2D
patient using its original equation [4], defined as:

ALT
HSI = S(E) + IMC + 2(ifitis T2D) + 2(ifitis Female)
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To evaluate the model’s performance, measures of calibration, discrimination, and classification were
employed.

Model calibration was evaluated using the calibration slope, comparing predicted probabilities with
observed outcomes within each risk decile. Calibration was considered adequate when the slope ranged
from 0.9 to 1.1; acceptable, with slight under or overestimation, when the slope was between 0.8-0.9 or
1.1-1.2; and recalibration was indicated when the slope was below 0.8 or above 1.2 [14].

The model’s discriminative ability was assessed using the area under the ROC curve (AUC), interpreted
as non-informative when AUC < 0.5, indicating poor discrimination for values between 0.5 and 0.7,
and good discrimination when AUC > 0.7 [15].

The stratification and classification performance of the HSI model was evaluated using likelihood ratios
(LR). Positive LR (LR+) values close to or above 10 were considered strong evidence to confirm the
presence of disease, whereas negative LR (LR-) values near or below 0.1 indicated a high probability
of its absence [16].

The stratification and classification performance of the HSI model was evaluated using likelihood ratios
(LRs). Positive likelihood ratio (LR+) values close to or greater than 10 were considered strong
evidence for confirming the presence of the disease, whereas negative likelihood ratio (LR—) values
near or below 0.1 indicated a high probability of its absence [16].

Since all participants had a diagnosis of T2D, a variable included in the original HSI model equation, a
sensitivity analysis was performed excluding this variable. The objective was to determine whether its
omission affected the discriminative power of the index (AUC, sensitivity, and specificity) for the
identification of MAFLD.

The expected prevalence of hepatic steatosis used for the sample size calculation was 60%, a value
considered appropriate to avoid extreme class imbalance. Consequently, no class imbalance correction
techniques were applied.

To explore equity in model performance, subgroup-stratified analyses were conducted. The model’s
discriminative and classification performance were evaluated according to sex, presence of
comorbidities, glycemic control (HbAlc > 7%, poor control), and duration of T2D (> 10 years, long-
standing disease). Statistical comparisons of AUCs between subgroups were performed using DeL.ong’s
test, with p < 0.05 considered statistically significant. These analyses allowed the identification of
potential variations in model performance across different subgroups.

Ethical Approval

The study protocol was approved by the Ethics Committee of the School of Human Medicine at
Universidad Nacional del Santa and by the Ethics Committee of HREGB. The study was conducted in
accordance with the principles of the Declaration of Helsinki [17] and the Council for International
Organizations of Medical Sciences guidelines [18]. Informed consent was obtained from all
participants.

RESULTS
Participant Flow

During the study period, out of 348 diabetic patients, a total of 250 were randomly selected who were
scheduled for outpatient care in the endocrinology department. After applying the selection criteria, 232
met the requirements and were given the informed consent form; among them, 215 agreed to participate.
These patients had their blood samples collected and processed the day after the first contact.
Subsequently, 200 had available laboratory results and were scheduled to undergo abdominal
ultrasound within a maximum of two days. Ultimately, the final sample consisted of 175 patients
(Figure 1).
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Descriptive Characteristics of the Study Population

When the normality test was applied to the quantitative variables, only BMI showed a parametric
distribution, whereas the remaining variables followed a nonparametric distribution.

In the studied population, the mean BMI was 29.62 + 4.73 kg/m?, indicating a predominance of
overweight and obesity. The median AST and ALT levels were 22 U/L (IQR: 17-33) and 30 U/L (IQR:
19-32), respectively, values that were generally within normal limits. The median HbA1 was 6.6%
(IQR: 6.2-7.0), suggesting that most participants had adequate glycemic control. Among the 175
patients, 130 (74.2%) presented MAFLD, confirmed by ultrasonography, 125 (71.4%) were women,
and 112 (64%) had no associated comorbidities.

Patients with hepatic steatosis showed significantly higher values of BMI, waist circumference, ALT,
AST, GGT, triglycerides, capillary glucose, and HbA1 (p < 0.05). Although liver enzyme levels
remained within reference ranges, they were close to the upper limits, and hypertriglyceridemia was
also observed. Capillary glucose levels were elevated in both groups, while mean HbA1 values were
below 7% in both, yet significantly higher among those with steatosis. No significant differences were
found in age, duration of T2D, sex, or presence of comorbidities (p > 0.05) (Table 1).

The diagnosis of MAFLD was more frequent in females than in males, with 95 cases (76%) versus 35
cases (70%), respectively. Regarding comorbidity status, 48 patients with comorbid conditions (76.1%)
had MAFLD, compared to 82 cases (73.2%) among those without comorbidities. Concerning glycemic
control, MAFLD was observed in 50 patients (84.7%) with poor control (HbAlc > 7%) and in 80
patients (68.7%) with good control (HbAlc < 7%). Finally, with respect to disease duration, 87 patients
(79%) with long-standing T2D and 43 (66%) with shorter disease duration were found to have MAFLD.

Evaluacion del modelo HSI original

En nuestra poblacion, el modelo HSI original mostré un AUC de 0,83 (IC95%: 0,77-0,89) (Figura 2),
lo que evidencia una buena capacidad discriminativa del modelo HSI para identificar MAFLD. En
cuanto a la calibracion, la pendiente fue de 1,00 (IC95%: 0,64-1,36; p < 0,000) y el intercepto de 0,000
(IC95%: -0,47 a 0,47) (Figura 3), indicando una adecuada concordancia entre las probabilidades
predichas y las observadas.

Evaluation of the Original HSI Model

In our study population, the original HSI model demonstrated an AUC of 0.83 (95% CI: 0.77-0.89)
(Figure 2), indicating good discriminative ability for identifying MAFLD. Regarding calibration, the
slope was 1.00 (95% CI: 0.64-1.36; p < 0.001) and the intercept was 0.000 (95% CI: -0.47 to 0.47)
(Figure 3), showing an adequate agreement between predicted and observed probabilities.

The stratification and classification performance of the original HSI model in our population,
considering a score range from 0 to 100, showed that a Youden-adjusted cutoff value of <36 (LR- =
0.26; sensitivity = 92%) effectively ruled out the presence of MAFLD, whereas an HSI >44 (LR+ =
24.5; specificity = 98%) would confirm the diagnosis. Intermediate HSI values (36-44) would require
abdominal ultrasonography for diagnostic confirmation (Table 2).

Sensitivity analysis

Following the sensitivity analysis, the modified HSI model (excluding the T2D variable) showed an
AUC of 0.83 (95% CI: 0.77-0.89) in our population. Regarding calibration, the slope was 1.00 (95%
CI: 0.64-1.36; p < 0.001) with an intercept of 0.000 (95% CI: -0.47 to 0.47).These results indicate that
excluding this variable from the sample did not affect the model’s discriminative ability or calibration
for detecting MAFLD in patients with T2D.

Subgroup analysis
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When the comparative analysis was performed by sex, the AUC was 0.82 (95% CI: 0.70-0.94) in males
and 0.84 (95% CI: 0.77-0.91) in females (p = 0.814). According to the presence of comorbidities, the
AUC was 0.87 (95% CI: 0.78-0.96) in patients with comorbidities and 0.80 (95% CI: 0.72-0.88) in
those without comorbidities (p = 0.272). Regarding glycemic control, the AUC was 0.80 (95% CI: 0.72—
0.88) in patients with good glycemic control and 0.89 (95% CI: 0.81-0.98) in those with poor control
(p = 0.114). Finally, with respect to T2D duration, the AUC was 0.87 (95% CI: 0.79-0.94) in patients
with long-standing T2D and 0.78 (95% CI: 0.67—-0.90) in those with shorter disease duration (p = 0.230)
(Table 3, Figure 4).

Los puntos de corte del modelo HSI original ajustados a nuestra poblacion mantuvieron su robusto
desempefio predictivo segin sexo, presencia de comorbilidad o el estado de control glucémico. En todos
los subgrupos, valores intermedios de HSI con puntaje entre 36 - 44 corresponden a una zona
indeterminada (Tabla 3).

The cutoff points of the original HSI model, adjusted to our population, maintained their robust
predictive performance across sex, presence of comorbidities, and glycemic control status. In all
subgroups, intermediate HSI scores between 36 and 44 corresponded to an indeterminate zone (Table
3).

DISCUSSION

In the present external validation study, the HSI model for detecting MAFLD in patients with T2D
showed an AUC of 0.83. This value slightly exceeds that reported by Lee et al. [4] in the general Korean
population, where the AUC was 0.812 in the derivation cohort and 0.819 in the internal validation
cohort. This similarity in performance suggests that the model maintains adequate discriminative ability
in a population with different sociodemographic, lifestyle, and clinical-biochemical characteristics,
even in a higher-risk group such as patients with T2D.

Regarding calibration, our population showed an adequate agreement between predicted and observed
probabilities, indicating that the model preserves its predictive ability in patients with T2D. This finding
is relevant, as T2D is a known risk factor for MAFLD and could have potentially influenced the index’s
performance in this homogeneous cohort. Nevertheless, the sensitivity analysis, excluding the T2D
variable from the model, demonstrated that its removal did not alter either the discriminative ability or
the calibration (AUC = 0.83; slope = 1), thereby reinforcing the generalizability of the HSI, even in
settings where T2D is present.

Similarly, regarding classification ability, the cutoff points adjusted for our population (<36 and >44)
maintained strong predictive performance, with an LR- of 0.26 (sensitivity: 92%) and an LR+ of 24.5
(specificity: 98%), respectively. These values outperform the results obtained with the original
thresholds proposed by Lee et al. (<30 and >36) [4]. The observed difference may be attributed to the
distinct sociodemographic, lifestyle, and clinical-biochemical characteristics between the two
populations: the higher mean BMI and the presence of T2D in our cohort likely shifted the HSI
distribution toward higher values.

In the study by Fennoun et al. [19] conducted in Morocco, the HSI demonstrated excellent predictive
ability for detecting MAFLD in patients with T2D (AUC = 0.97; sensitivity: 89.5%; specificity: 95.2%;
cutoff >36). In our population, the AUC was 0.83, indicating good performance, albeit lower, possibly
due to differences in sample characteristics, as Fennoun’s hospital-based cohort also exhibited poorer
glycemic control. The adjusted cutoff points proposed in our study (<36 and >44) optimized the model’s
classification ability without compromising its calibration, supporting the utility and reproducibility of
the HSI across different settings and emphasizing the importance of adapting its thresholds to the
specific characteristics of each population.

In the study by Okada et al. [20], conducted in the general Japanese population, the HSI demonstrated
good predictive performance for detecting MAFLD in the subgroup of patients with T2D (AUC = 0.84),
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a result similar to that observed in our population (AUC = 0.83). However, unlike the Asian context of
Okada’s study, where the model was applied without modification, our findings revealed the need to
adjust the cutoff points (<36 and >44) to optimize predictive classification.

Similarly, Chen et al. [21] reported a moderate performance of the HSI for detecting MAFLD in the
subgroup of U.S. patients with T2D, with an AUC of 0.719, sensitivity of 88.1%, and specificity of
46.0%, using a cutoff point >38.08. In contrast, in our population, the HSI demonstrated better
predictive performance. These differences may be explained by sociodemographic, lifestyle, and
clinical-biochemical variations between populations, particularly the higher prevalence of central
obesity and dyslipidemia in our population, which may enhance the model’s discriminative ability.

Finally, subgroup analysis revealed that the discriminative ability of the HSI was slightly higher in
women, patients with comorbidities, those with poor glycemic control (HbAlc >7%), and those with
long-standing T2D (=10 years). However, these differences were not statistically significant (p > 0.05),
suggesting an equitable predictive performance of the HSI model across different clinical scenarios in
patients with T2D. Similarly, Lee et al. [4] reported comparable AUC values in men and women (0.816
and 0.808, respectively), indicating that sex does not influence the model’s discriminative performance.

Clinical Implications

From a clinical standpoint, the HSI model retains its usefulness in our population as a noninvasive,
accessible, and low-cost tool, particularly in settings where access to imaging methods is limited. The
application of the HSI model could help reduce the need for hepatic ultrasound, prioritizing those with
indeterminate results (HSI between 36 and 44).

Limitations

Although this is the first external validation study of the HSI model in a Peruvian cohort, its single-
center design may limit the generalization of the findings to other populations with different
sociodemographic characteristics or levels of healthcare.

Conclusions

The HSI model demonstrated adequate ability to identify MAFLD in patients with type 2 diabetes,
showing good calibration and consistent performance across clinical subgroups. The cutoff points
adjusted for our population (<36 and >44) optimized its classification capacity, defining an intermediate
zone (36—44) that requires ultrasound confirmation. These findings support the usefulness of the HSI
as a noninvasive, accessible, and reproducible tool for MAFLD screening in clinical settings with
limited resources.

Recommendations

It is recommended to conduct prospective, multicenter studies with larger sample sizes to confirm the
predictive ability and generalizability of the HSI in other middle and low income countries.

Funding:

This research was funded through the 1st Call 2024 for the selection process of economic grants for the
development of academic and research activities, organized by the Vice-Rectorate for Research of the
Universidad Nacional del Santa (Resolution No. 508-2024-CU-R-UNYS).

Conflict of interest: The authors declare that they have no economic or non-economic conflicts of
interest.

REFERENCES

WWW.DIABETICSTUDIES.ORG 162


http://www.diabeticstudies.org/

The Review of DIABETIC STUDIES
Vol. 21 No. 3 2025

1. Caballeria L, Toran P. Epidemia de esteatosis hepatica: un analisis desde la atencion primaria. Aten
Primaria. 2019;51(9):525-6. doi:10.1016/j.aprim.2019.09.002.

2. Younossi Z, Tacke F, Arrese M, Sharma BC, Mostafa I, Bugianesi E, et al. Global perspectives on
nonalcoholic fatty liver disease and nonalcoholic steatohepatitis. Hepatology. 2019;69(6):2672-82.
doi:10.1002/hep.30251.

3. Centro Nacional de Epidemiologia, Prevencion y Control de Enfermedades. Casos notificados de
diabetes segun tipo de diabetes, Pert [Internet]. Lima: CDC Pert; 2024 [citado 2025 ago 28].
Disponible en: https://app7.dge.gob.pe/maps/sala_diabetes/

4. Lee JH, Kim D, Kim HJ, Lee CH, Yang JI, Kim W, et al. Hepatic steatosis index: a simple
screening tool reflecting nonalcoholic fatty liver disease. Dig Liver Dis. 2010;42(7):503-8.
doi:10.1016/5.d1d.2009.08.002

5. Okada A, Yamada G, Kimura T, Hagiwara Y, Yamaguchi S, Kurakawa KI, et al. Diagnostic ability
using fatty liver and metabolic markers for metabolic-associated fatty liver disease stratified by
metabolic/glycemic abnormalities. J Diabetes Investig. 2023;14(3):463-78. doi:10.1111/jdi.13966.

6. Chen J, Mao X, Deng M, Luo G. Validation of nonalcoholic fatty liver disease (NAFLD)-related
steatosis indices in metabolic-associated fatty liver disease (MAFLD) and comparison of the diagnostic
accuracy between NAFLD and MAFLD. Eur J Gastroenterol Hepatol. 2022;35(4):394-401.
doi:10.1097/MEG.0000000000002497.

7. Liu J, Duan S, Wang C, Wang Y, Peng H, Niu Z, et al. Optimum non-invasive predictive indicators
for metabolic dysfunction-associated fatty liver disease and its subgroups in the Chinese population: a
retrospective case-control study. Front Endocrinol (Lausanne). 2022;13:1035418.
doi:10.3389/fend0.2022.1035418.

8. Zarean E, Goujani R, Rahimian G, Ahamdi A. Prevalence and risk factors of non-alcoholic fatty liver
disease in southwest Iran: a population-based case-control study [Internet]. Clin Exp Hepatol.
2019;5(3):224-31. doi:10.5114/ceh.2019.87635.

9. Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR. A simulation study of the number of
events per variable in logistic regression analysis. J Clin Epidemiol. 1996;49(12):1373-9.
doi:10.1016/s0895-4356(96)00236-3.

10. Ministerio de Salud. Norma Técnica de Salud para la Vigilancia Epidemiologica de Diabetes, NTS
N.° 210-MINSA/CDC-2024 [Internet]. Lima: MINSA; 2024 [citado 2025 Oct 15]. Disponible en:
https://www.gob.pe/institucion/minsa/normas-legales/5206615-114-2024-minsa

11. Ministerio de Salud; Instituto Nacional de Salud. Guia técnica para la valoracion nutricional
antropométrica de la persona adulta [Internet]. Lima: MINSA, INS; 2012 [citado 2025 ago 28].
Disponible en: https://alimentacionsaludable.ins.gob.pe/sites/default/files/2017-
02/GuiaAntropometricaAdulto.pdf

12. Garcia M. Manual de toma de muestras, examenes de laboratorio clinico. Nuevo Chimbote (Pert):
Hospital Regional Eleazar Guzman Barrén, Laboratorio Central; 2021.

13. Ruiz M, Garcia D, Amat P, Bodlak P, Martinez P, Ripollés G, et al. Evaluacion de la esteatosis
hepatica mediante el uso de imagenes de atenuacion (ATI) con ecografia. SERAM. 2022;1(1).
Disponible en: https://piper.espacio-seram.com/index.php/seram/article/view/8471

14. Neeman T. Clinical Prediction Models: A Practical Approach to Development, Validation, and
Updating by Ewout W. Steyerberg [resefia del libro]. Int Stat Rev. 2009;77(2):320-1.
doi:10.1111/.1751-5823.2009.00085 22.x.

15. Hanley JA, McNeil BJ. The meaning and use of the area under a receiver operating characteristic
(ROC) curve. Radiology. 1982; 143(1):29-36. doi:10.1148/radiology.143.1.7063747.

16. Deeks JJ, Altman DG. Diagnostic tests 4: likelihood ratios. BMJ. 2004;329(7458):168-9.
doi:10.1136/bm;j.329.7458.168.

17. World Medical Association. World Medical Association Declaration of Helsinki: Ethical
Principles for Medical Research Involving Human Subjects. JAMA. 2013;310(20):2191-4.
doi:10.1001/jama.2013.281053

18. Organizaciéon Panamericana de la Salud; Consejo de Organizaciones Internacionales de Ciencias
Meédicas (CIOMS). Pautas éticas internacionales para investigacion relacionada con salud en seres
humanos. 4* ed. Ginebra: CIOMS; 2017 [citado 2025 ago 28]. Disponible en: https://cioms.ch/wp-
content/uploads/2017/12/CIOMS-EthicalGuideline SP_ INTERIOR-FINAL.pdf

WWW.DIABETICSTUDIES.ORG 163


http://www.diabeticstudies.org/

The Review of DIABETIC STUDIES
Vol. 21 No. 3 2025

19. Fennoun H, Mansouri SE, Tahiri M, Haraj NE, Aziz SE, Hadad F, et al. Interest of hepatic steatosis
index (HSI) in screening for metabolic steatopathy in patients with type 2 diabetes. Pan Afr Med J.
2020;37:270. doi: 10.11604/pam;j.2020.37.270.9087.

20. Okada A, Yamada G, Kimura T, Hagiwara Y, Yamaguchi S, Kurakawa KI, et al. Diagnostic ability
using fatty liver and metabolic markers for metabolic-associated fatty liver disease stratified by
metabolic/glycemic abnormalities. J Diabetes Investig. 2023;14(3):463-78. doi:10.1111/jdi.13966.

21. Chen J, Mao X, Deng M, Luo G. Validation of nonalcoholic fatty liver disease (NAFLD)-related
steatosis indices in metabolic-associated fatty liver disease (MAFLD) and comparison of the diagnostic
accuracy between NAFLD and MAFLD. Eur J Gastroenterol Hepatol. 2022;35(4):394-401.
doi:10.1097/MEG.0000000000002497.

TABLES Y FIGURES

Table 1. Comparison of clinical, anthropometric, and biochemical variables according to the
presence of hepatic steatosis.(n = 175).

WITH WITHOUT

HEPATIC HEPATIC STATISTICA p-
VARIABLE STEATOSIS STEATOSIS L TEST* VALUE

(n=130) (N =45) b

| | | | T

HSI (score) 83 30 w= 65,8 0,000
BMI (kg/m?) 30,81 26,17 t=-8,21 0,000
Time since diagnosis 12 10 =-1,50 0341
(years)
Age (years) 62 64 w=23159 0,425
Waist circumference (cm) 102 94 w=1086 0,000
ALT (U/L) 32 17 w=1220 0,000
AST(U/L) 24,5 18 w=1699 0,000
GGTP (U/L) 36 19 w=1189 0,000
Triglycerides (mg/dl) 210 105 w=943,5 0,000
Preprandial capillary 168,5 150 w=2065 0,003
glucose (mg/dl)
HbA1 (%) 6,7 6,4 w=1744 0,000
Female sex 95 (54.3%) 30 (17.1%) x*=0,67 0,412
With comorbidity 48 (27.4%) 15 (8.6%) x*=0,19 0,665

a. The p-value for parametric quantitative variables was calculated using the Student’s t-test (t); for
nonparametric quantitative variables, the Wilcoxon test (w) was used; and for qualitative variables, the
Chi-square test (y*) was applied.
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b. Statistically significant difference at p < 0.05, indicating an association between the variable and
hepatic steatosis.

Table 2. Risk stratification of the HSI model for the diagnosis of hepatic steatosis in patients with
type 2 diabetes mellitus.

ADJUSTED
PREDICTIVE  yoy CUTOFF  n(%) SEN (%) SP(%) LR+ LR-
MODEL
POINT *
I I | | | I |
>36 150 (86%) 92 31 133 0,26
HSI in our
lati
popuiation >44 63 (36%) 49 98 245 0,52

|
a. The optimal cutoff point was calculated based on the highest Youden index.

Abbreviations: HSI = Hepatic Steatosis Index; % = number of patients with HSI > cutoff point; SEN
= sensitivity; SP = specificity; LR+ = positive likelihood ratio; LR— = negative likelihood ratio.

Table 3. Subgroup risk stratification of the HSI model for the diagnosis of hepatic steatosis in
patients with type 2 diabetes mellitus.

ADJUS
TED
HSI . SEN SP(% . p-
cutor ™% %) ) LR+ LR- AUC (IC95%) VALUE®
F
POINT®
| | ] 1
MALE SUBGROUP (n=50)
>36 43(86%) 91 27 125 033 0,82 (IC95%: 0,70-0,94)
>44 20(40%) 54 93 7,71 0,49

0,814
FEMALE SUBGROUP (n = 125)
>36 107(86%) 92 33 137 0,24 0,84 (IC95%: 0,77-0,91)
>44 43(34%) 45 99 45 0,56

SUBGROUP WITH COMORBIDITY PRESENT (n=63)

>36 53(84%) 92 40 1,53 0,19 0,87 (IC95%: 0,78-0,96)

>44 25(37%) 52 99 52 0,48
0,272

SUBGROUP WITHOUT COMORBIDITY (n=112)
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>36 91(81%) 91 27 1,25 033 0,80 (IC95%: 0,72-0,88)

>44 85(76%) 45 97 15 0,57

SUBGROUP WITH GOOD GLYCEMIC CONTROL (HbA1 <7%) (n=116)

>36 96(83%) 90 33 1,34 030 0,80 (IC95%: 0,72-0,88)
0,114
>44 36(31%) 44 97 14,6 0,58
7

SUBGROUP WITH POOR GLYCEMIC CONTROL (HbA1 >7%) (n= 59)
>36 54(92%) 94 22 1,21 027 0,89 (IC95%:0,81-0,98)
>44 27(46%) 54 99 54 046
SUBGROUP WITH LONG-STADING T2D (Disease duration >10 years )(N=110)
>36 96(87%) 93 35 143 020 0,87 (IC95%: 0,79-0,94)

_ 0,230
>44 44(40%) 51 99 51 0.49

SUBGROUP WITH SHORTER T2D DURATION (Disease duration <10 years)
(n=65)

>36 54(83%) 89 27 1.22 0.41 0,78 (1C95%: 0,67-0,90)

>44 19(29%) 42 95 8.40 0.61

| |
a. The optimal cutoff point was calculated based on the highest Youden index.

Abbreviations: n = participants; HSI = Hepatic Steatosis Index; % = number of patients with HSI >
cutoff point; SEN = sensitivity; SP = specificity; LR+ = positive likelihood ratio; LR— = negative
likelihood ratio.
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Figure 1. Patient selection flowchart

Vol. 21 No. 3 2025

Patients with a diagnosis of type 2 diabetes
. scheduled during the studv period (n = 348) )

Random selection

»
»

Pacientes con diagnéstico de DM-tipo 2
seleccionados para anamnesis (n=250)

Selection criteria

»
|

—

Patients with a diagnosis of type 2 diabetes
selected for anamnesis (n = 250)

Informed consent

|

Order for blood tests (AST, ALT,
GGT)
(15 patients did not undergo the

Patients included in the study (n=215)

»
>

\4

Order for liver ultrasound
(25 patients did not undergo the

Patients with compl

(n=200)

ete laboratory results

»
»

Patients with complete laboratory and
ultrasound results (n=175)

[ Patients included in the statistical analysis

(n=175)

J

Figure 2. ROC curve of the HSI predictive model for the diagnosis of hepatic steatosis in patients

with type 2 diabetes mellitus.
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Figure 3. Calibration curve of the HSI model for the diagnosis of hepatic steatosis in patients with
type 2 diabetes mellitus.
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Figure 4. ROC curves of the HSI model for the diagnosis of hepatic steatosis in patients with type
2 diabetes mellitus, according to subgroup analysis.
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Note: The analysis included subgroups by sex, presence (1) or absence (0) of comorbidities, glycemic
control (HbAlc <7% vs. >7%), and duration of T2D (long and short evolution). The AUC values (95%
CI) for each subgroup are shown.
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