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Abstract
Background: Non-alcoholic fatty liver disease (NAFLD) is the most prevalent hepatic pathology in the world today. Different 
biochemical processes are involved in NAFLD thus, in steatosis there is an accumulation of triglycerides in the hepatocytes. NAFLD 
is associated with alterations in lipoprotein metabolism similar to the atherogenic dyslipidemia (AD) observed in conditions with 
insulin resistance, such as obesity and diabetes. The aim of this study was to determine the relationship between AD and lipid triad 
(LT) and different risk scales for NAFLD in a group of Spanish workers. 
Methods: A descriptive, cross-sectional study in 418,343 Spanish workers, in which different anthropometric parameters, different 
risk scales for NAFLD, AD and LT were evaluated. And we have proceeded to relate these last two parameters with the different 
NAFLD formulas. In the univariate analysis, the t-student test was used, when the variables were quantitative, calculating the 
mean and the standard deviation. When the variables were qualitative, the chi-square test was applied and the prevalences were 
calculated. The possible usefulness of the NAFLD risk scales to be able to predict the appearance of AD and LT was assessed 
using ROC curves, obtaining the area under the curve (AUC) and the cut-off points. 
Results: The mean values of all the NAFLD risk scales used show higher values in persons with AD and LT, both in men and in women. 
In the analysis of the ROC curves, we found that all the formulas used to assess the risk of fatty liver present a good AUC in both 
sexes, both for predicting AD and for the LT, with the exception of the HSI, which presents an AUC that would be evaluated as regular.
Conclusions: There are higher mean values and prevalence of elevated values for all different NAFLD risk scales in persons with AD and LT.

Key words: Non-alcoholic Fatty Liver Disease, Atherogenic dyslipidemia, Lipid triad.

Resumen
Antecedentes: La enfermedad del hígado graso no alcohólico (NAFLD) es la patología hepática más prevalente en el mundo actual. 
En la NAFLD intervienen distintos procesos bioquímicos, así, en la esteatosis se produce una acumulación de triglicéridos en los 
hepatocitos. La NAFLD se asocia a alteraciones en el metabolismo de las lipoproteínas similares a la dislipidemia aterogénica (DA) 
observada en condiciones de resistencia a la insulina, como la obesidad y la diabetes. El objetivo de este estudio fue determinar 
la relación entre la DA y la tríada lipídica (LT) y diferentes escalas de riesgo de NAFLD en un grupo de trabajadores españoles. 
Métodos: Estudio descriptivo, transversal, en 418.343 trabajadores españoles, en el que se han evaluado diferentes parámetros 
antropométricos, diferentes escalas de riesgo para NAFLD, DA y TL y se ha procedido a relacionar estos dos últimos parámetros 
con las diferentes fórmulas de NAFLD. En el análisis univariante se utilizó la prueba t-student, cuando las variables eran cuantitativas, 
calculando la media y la desviación típica. Cuando las variables eran cualitativas, se aplicó el test de chi-cuadrado y se calcularon 
las prevalencias. La posible utilidad de las escalas de riesgo de NAFLD para poder predecir la aparición de DA y TL se valoró 
mediante curvas ROC, obteniendo el área bajo la curva (AUC) y los puntos de corte. 
Resultados: Los valores medios de todas las escalas de riesgo de NAFLD utilizadas muestran valores más elevados en las 
personas con DA y TL, tanto en hombres como en mujeres. En el análisis de las curvas ROC, encontramos que todas las fórmulas 
utilizadas para valorar el riesgo de hígado graso presentan un buen AUC en ambos sexos, tanto para predecir la DA como para el 
TL, a excepción del HSI, que presenta un AUC que sería valorado como regular.
Conclusiones: Existen mayores valores medios y prevalencia de valores elevados para las diferentes escalas de riesgo de NAFLD 
en personas con DA y TL.
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Introduction

Atherosclerosis is an anatomopathological alteration 
characterized by the accumulation of lipids in the walls 
of medium and large calibre arteries1. In its genesis we 
find a prolonged inflammation of the arterial wall due to an 
increased susceptibility to oxidation by free radicals of low 
density lipoproteins (LDL cholesterol)2. This oxidized LDL 
binds to monocytes and both adhere to the arterial intimal 
layer causing an important inflammatory response that is 
responsible for the transformation of these monocytes 
into macrophages. When LDL levels are elevated, these 
macrophages will not be able to eliminate it and will be 
transformed into cells  highly loaded with cholesterol, 
which will be responsible for the formation of atheromatous 
plaque3. At present, lipoproteins rich in triglycerides (TRLs) 
have also been included in this process, which also cause 
endothelial dysfunction and inflammation in the vessel 
wall, and favour atherogenic changes in LDL lipoproteins4 
This whole process develops silently and slowly and will 
only manifest itself clinically when it is at a very advanced 
stage5. For this reason, it is essential to make a diagnosis 
as early as possible, mainly in the so-called subclinical 
atheromatosis phase6 in which the process can still be 
controlled and thus reduce cardiovascular risk. 

Non-alcoholic fatty liver disease (NAFLD) is the most 
prevalent hepatic pathology in the world today7 
and encompasses a series of pathological entities 
ranging from the simple and generally asymptomatic 
accumulation of fat in the hepatocytes (steatosis)8 
through an inflammatory condition (steatohepatitis)9 to a 
process of fibrosis of variable intensity that can lead to 
liver cirrhosis10 and even hepatocarcinoma11. Different 
biochemical processes are involved in NAFLD12; thus, 
in steatosis there is an accumulation of triglycerides in 
the hepatocytes. This accumulation may be due to a 
decrease in the synthesis of very low density lipoproteins 
(VLDL) and an increase in the synthesis of triglycerides in 
the liver, possibly caused by a decrease in the oxidation 
of fatty acids or by an increase in the transport of free 
fatty acids to the liver. Steatohepatitis seems to be due 
to lipoperoxidative damage of hepatocyte membranes 
which, if prolonged over time, can stimulate hepatic 
stellate cells causing a fibrotic picture (cirrhosis) that 
could become malignant (hepatocarcinoma)13.

At present we do not know whether NAFLD is associated 
with atherosclerosis due to common risk factors or 
whether NAFLD independently increases the occurrence 
of atherosclerosis14. Inflammation of visceral fat, 
especially in NAFLD, causes a release of inflammatory 
cytokines and adipokines15-17 and further increases 
insulin resistance (IR)17-19. This inflammatory picture, 
in addition to worsening liver disease, will increase the 
secretion of procoagulant and antifibrinolytic agents that 
play a fundamental role in the genesis and development 
of atherosclerosis20,21. 

NAFLD is associated with alterations in lipoprotein 
metabolism similar to the atherogenic dyslipidemia 
observed in conditions with insulin resistance, such as 
obesity and diabetes22-24, and cardiovascular disease17, 
which is the leading cause of death in patients with 
NAFLD25,26.

In recent years, several studies have found a relationship 
between the plasma atherogenic index and NAFLD 
regardless of obesity27-29.

Based on the above, we can propose that NAFLD 
would be a marker of cardiovascular risk that could be 
expressed by elements of subclinical atherosclerosis: 
early atheroma plaques, flow-mediated vasodilatation, 
and increased carotid intima media thickness.

The aim of this study was to determine the relationship 
between dyslipidemia and lipid triad and different risk 
scales for NAFLD in a group of Spanish workers.

Methods

A descriptive, cross-sectional study was conducted 
between January 2019 and June 2020 in 418,343 
Spanish workers (172,282 women and 246,061 men), 
from different areas of Spain and belonging to various 
employment sectors, essentially hospitality, construction, 
commerce, health, public administration, transport, 
education, industry and cleaning.  The workers were 
selected from those who attended occupational medical 
examinations. 

The inclusion criteria were:
- To be between 18 and 69 years old.
- Belonging to one of the companies included in the study.
- Agreeing to participate in the study.

The flow diagram is shown in figure 1.

Figure 1: flow chart.

421,625 workers start the study

1,897 lack any variable to calculate the CVR

418,343 (246,061 men and 172,282 women) 
finally entered the study

729 are under 18 or over 67 years old

656 do not agree to participate
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Determination of variables
All the variables (anthropometric, clinical and analytical) 
were determined by the different health professionals 
of the different companies. In an attempt to reduce 
interobserver bias, all the measurement processes were 
standardized.

With the person standing and the abdomen relaxed, 
waist circumference was measured by placing the tape 
measure at the level of the last rib and parallel to the floor. 

Blood pressure was obtained after a rest period of at 
least 10 minutes while the person was seated and three 
determinations were made. The mean result pressure 
was obtained with the person seated and after a rest 
period of at least 10 minutes. Three determinations 
were made and the mean of the three was obtained. 
An OMRON M3 sphygmomanometer was used for this 
determination.

The analytical parameters were obtained by venipuncture 
after prolonged fasting (at least 12 hours) and applying 
different techniques: enzymatic for cholesterol, 
triglycerides and glycemia and precipitation with dextran 
sulfate Cl2Mg for HDL. LDL values were obtained by 
indirect methods applying the Friedewald formula. All 
parameters were expressed in mg/dL.

Different NAFLD and risk scales were calculated:

- Fatty liver index (FLI)30

Low risk <30, moderate 30-59 high risk ≥ 60

- Hepatic steatosis index (HSI)31 
8 × AST/ALT + BMI + 2 if diabetes + 2 if woman. Low risk 
<30, moderate 30-59, high risk ≥ 36. 

- Zhejiang University index (ZJU index)32

BMI + Glycaemia (mmol L) + Triglycerides (mmol L) +3 
AST/ALT +2 if woman.
Low risk < 32, moderate 32-37,9 high ≥ 38. 

- Fatty liver disease index (FLD)33 
BMI+ Triglycerides + 3 × ( AST/ALT) +2 × Hyperglycaemia 
(present=1; absent=0).
Low risk < 28,  moderate 28-36,9  high ≥ 37. 

- Framingham steatosis index (FSI)34

FSI = -7,981 + 0,011 x age – 0,146 x sex (woman =1, 
man =0) + 0,173 x BMI + 0,007 x triglycerides + 0,593 x 
hypertensión (yes = 1, no = 0) + 0,789 x diabetes (yes = 
1, no = 0) + 1,1 x AST/ALT ratio ≥ 1,33 (yes = 1, no = 0)

- Korean steatosis index (KSI)35

- Lipid accumulation product (LAP)36

Men: (waist (cm) - 65) x (triglycerides (mMol)). Women: 
(waist (cm) - 58) x (triglycerides (mMol)). High risk ≥ 42.7 

Atherogenic dyslipidemia was defined as the coexistence 
of triglyceride values above 150mg/dL with low HDL 
values (less than 40mg/dL in men and less than 50 mg/
dL in women) and normal LDL values.  If LDL values 
higher than 160 mg/dL were also added, a lipid triad was 
considered37.

If the person had consumed at least one cigarette daily 
(or its equivalent in other forms of consumption) in the last 
30 days or had quit smoking less than one year ago, the 
person was considered to be a smoker. 

Based on the 2011 National Classification of Occupations 
(CNO-11) and taking into account the criteria of the 
Spanish Society of Epidemiology38, three social classes 
were determined: I. Managers, university professionals, 
athletes and artists; II. Intermediate occupations; III. 
Manual workers.

Ethical considerations and aspects
The ethical standards of the institutional research 
committee and the 2013 Declaration of Helsinki 
were respected throughout the study. Anonymity and 
confidentiality of the data collected could be guaranteed 
at all times. The study had the approval of the Research 
Ethics Committee of the Balearic Islands (CEI-IB): IB 
4383/20. The data of each of the workers included in 
the study were coded and only the person responsible 
for the study could know the identity of each person. 
The research team undertook to comply strictly with the 
Organic Law 3/2018, of December 5, on the protection 
of personal data and guarantee of digital rights, 
guaranteeing the participant in this study the exercise 
of the rights of access, rectification, cancellation and 
opposition of the data collected.

Statistical analysis
In the univariate analysis, the t-student test was used, 
when the variables were quantitative, calculating the 
mean and the standard deviation. When the variables 
were qualitative, the chi-square test was applied and the 
prevalences were calculated. The possible usefulness 
of the non-alcoholic fatty liver risk scales to be able to 
predict the appearance of atherogenic dyslipidemia and 
lipid triad was assessed using ROC curves, obtaining 
the area under the curve (AUC) and the cut-off points 
with their sensitivity, specificity and Youden’s index. 
Multivariate analysis was performed using multinomial 
logistic regression. Statistical analysis was performed 
using the SPSS 28.0 program, with p<0.05 being the 
accepted level of statistical significance.

FLI = (e0.953*log  (triglycerides) + 0.139*BMI + 0.718*log  (GGT) + 0.053*waist circumference  

- 15.745) / (1 + e0.953*log  (triglycerides) + 0.139*BMI + 0.718*log  (GGT) + 0.053*waist 

circumference  - 15.745) x 100
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Results

Table I shows that slightly more than 58% of the people 
included in the study were men. The average age is 
40 years, with the majority grouped between 30 and 
49 years of age. Slightly more than 75% of the people 
belong to social class III and slightly more than 33% are 
smokers. The clinical and analytical variables show more 
favourable values in women.

Table II shows that the mean values of all the non-
alcoholic fatty liver disease risk scales used show higher 
values in persons with atherogenic dyslipidemia and lipid 
triad, both in men and in women.

Table III shows the same trend regarding the prevalence 
of high-risk values for non-alcoholic fatty liver disease 
with all the scales used.

Table IV shows the results of the multinomial logistic 
regression according to which the risk of developing 
atherogenic dyslipidemia and lipid triad taking into 
account the values of the different non-alcoholic fatty liver 
disease risk scales is considerably higher in persons at 
high risk. The highest ORs correspond to LAP.

Figure 2 and table V show the results of the ROC 
curves. The highest areas under the curve were found 
for the triglyceride/HDL scale with values very close to 1.

Table I: Characteristics of the population.

  Women n=172,282 Men n=246,061 Total n=418,343  
  Mean (SD) Mean (SD) Mean (SD) p-value

Age (years) 39.6 (10.8) 40.6 (11.1) 40.2 (11.0) <0.0001
Height (cm) 161.8 (6.5) 174.6 (7.0) 169.4 (9.3) <0.0001
Weight (kg) 66.2 (14.0) 81.4 (14.7) 75.1 (16.2) <0.0001
Waist circumference (cm) 74.8 (10.6) 86.2 (11.1) 81.5 (12.2) <0.0001
SBP (mmHg) 117.4 (15.7) 128.2 (15.5) 123.7 (16.5) <0.0001
DBP (mmHg) 72.6 (10.4) 77.8 (11.0) 75.6 (11.0) <0.0001
Total colesterol (mg/dL) 190.6 (35.8) 192.6 (38.9) 191.8 (37.7) <0.0001
HDL-c (mg/dL) 56.8 (8.7) 50.3 (8.5) 53.0 (9.1) <0.0001
LDL-c (mg/dL) 116.1 (34.8) 118.0 (36.7) 117.2 (35.9) <0.0001
Triglycerides (mg/dL) 89.1 (46.2) 123.7 (86.4) 109.5 (74.6) <0.0001
Glycaemia 87.8 (15.1) 93.3 (21.3) 91.0 (19.2) <0.0001
ALT (U/L) 20.2 (13.6) 31.0 (20.2) 26.6 (18.6) <0.0001
AST (U/L) 18.2 (7.9) 24.4 (13.3) 21.7 (11.7) <0.0001
GGT (U/L) 20.4 (19.7) 35.8 (39.3) 29.6 (33.6) <0.0001

  % % % p

18-29 years 20.7 18.8 19.6
30-39 years 29.7 27.6 28.4
40-49 years 29.6 30.1 29.9
50-70 years 20.0 23.6 22.2
Social class I 6.9 4.9 5.7
Social class II 23.4 14.9 18.4
Social class III 69.7 80.3 75.9
Non-smokers 67.2 66.6 66.9
Smokers 32.8 33.4 33.2

SBP systolic blood pressure. DBP diastolic blood pressure. HDL-c high density lipoprotein-cholesterol. LDL-c low density lipoprotein-cholesterol. ALT aspartate 
transaminase. ALT alanine transaminase  GGT gammaglutamyl transferase.

Table II: Mean values of NAFLD and liver fibrosis risk scales according presence or absence of atherogenic dyslipidemia and lipid triad by sex.

   Women     Men    

  Non AD n=165,431 Yes AD n=6,851   Non AD n=227,030 Yes AD n=19,031  

  Mean (SD) Mean (SD) p-value Mean (SD) Mean (SD) p-value

FLI 16.7 (20.1) 56.4 (27.7) <0.0001 34.6 (25.6) 76.0 (20.0) <0.0001
HSI 36.0 (6.7) 42.0 (7.4) <0.0001 36.4 (6.6) 41.8 (7.0) <0.0001
ZJU 36.6 (5.9) 43.8 (6.9) <0.0001 36.7 (5.4) 43.0 (6.0) <0.0001
FLD 29.8 (5.7) 36.4 (6.5) <0.0001 31.7 (5.2) 37.4 (5.5) <0.0001
FSI 0.1 (0.1) 0.4 (0.2) <0.0001 0.2 (0.2) 0.5 (0.2) <0.0001
KSI 1.9 (1.5) 2.1 (1.1) <0.0001 2.8 (1.5) 4.4 (1.01) <0.0001
LAP 16.3 (14.4) 60.8 (39.3) <0.0001 27.5 (26.5) 82.8 (54.9) <0.0001

 Non LT n=170,566 Yes LT n=1,716 p-value Non LT n=240,669 Yes LT n=5,392 p-value

FLI 17.9 (21.4) 55.1 (27.6) <0.0001 37.0 (27.0) 78.5 (19.1) <0.0001
HSI 36.2 (6.9) 41.1 (6.9) <0.0001 36.7 (6.7) 41.5 (6.8) <0.0001
ZJU 36.8 (6.1) 43.5 (6.6) <0.0001 37.0 (5.6) 43.8 (6.3) <0.0001
FLD 30.0 (5.9) 35.9 (6.1) <0.0001 31.9 (5.3) 38.0 (5.7) <0.0001
FSI 0.1 (0.2) 0.4 (0.3) <0.0001 0.2 (0.2) 0.5 (0.3) <0.0001
KSI 2.0 (1.5) 3.9 (1.0) <0.0001 2.8 (1.5) 4.5 (1.0) <0.0001
LAP 17.6 (17.0) 64.0 (51.1) <0.0001 30.3 (29.5) 99.5 (82.0) <0.0001

FLI Fatty liver index. HSI Hepatic steatosis index. ZJU Zhejiang University index. FLD Fatty liver disease. FSI Framingham steatosis index. KSI Korean steatosis index LAP 
Lipid accumulation product. AD atherogenic dyslipidemia. LT lipid triad.
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Table III: Prevalence of high values of NAFLD and liver fibrosis risk scales according presence or absence of atherogenic dyslipidemia and lipid triad by sex.

   Women     Men    

  Non AD n=165,431 Yes AD n=6,851   Non AD n=227,030 Yes AD n=19,031  

  Mean (SD) Mean (SD) p-value Mean (SD) Mean (SD) p-value

FLI high 6.1 49.2 <0.0001 19.6 80.2 <0.0001
HSI high 43.2 78.9 <0.0001 47.4 80.0 <0.0001
ZJU high 33.5 79.7 <0.0001 35.3 80.5 <0.0001
FLD high 42.9 48.5 <0.0001 44.3 47.3 <0.0001
KSI high 48.9 88.1 <0.0001 67.6 96.1 <0.0001
LAP high 21.9 86.9 <0.0001 31.7 92.8 <0.0001

  Non LT n=170,566 Yes LT n=1,716 p-value Non LT n=240,669 Yes LT n=5,392 p-value

FLI high 23.0 83.6 <0.0001 7.4 46.3 <0.0001
HSI high 44.4 77.8 <0.0001 49.1 79.0 <0.0001
ZJU high 35.0 79.0 <0.0001 37.6 83.3 <0.0001
FLD high 44.4 55.3 <0.0001 45.6 57.4 <0.0001
KSI high 50.3 92.3 <0.0001 69.1 96.8 <0.0001
LAP high 23.9 85.7 <0.0001 35.2 92.4 <0.0001

FLI Fatty liver index. HSI Hepatic steatosis index. ZJU Zhejiang University index. FLD Fatty liver disease. KSI Korean steatosis index. LAP Lipid accumulation product AD 
atherogenic dyslipidemia. LT lipid triad.

Table V: Areas under the curve and cutoff points of the different NAFLD risk scales for predicting atherogenic dyslipidemia and lipid triad.

  Women AD Women LT

  AUC-cutoff-sensib-specif-Youden index AUC-cutoff-sensib-specif-Youden index

FLI 0.850 (0.842-0.859)-24-77.7-76.2-0.539 0.834 (0.818-0.851)-24-77.5-74.5-0.520
HSI 0.739 (0.726-0.752)-38.1-69.3-68.3-0.376 0.709 (0.685-0.733)-38.1-67.3-67.3-0.346
ZJU 0.800 (0.789-0.811)-39.2-73.8-72.8-0.466 0.788 (0.768-0.807)-39.2-73.1-71.3-0.444
FLD 0.794 (0.783-0.805)-32.2-72.8-72.4-0.452 0.778 (0.758-0.798)-32.2-71.0-71.0-0.420
FSI 0.856 (0.847-0.865)-0.17-80.8-80.5-0.613 0.846 (0.829-0.864)-0.17-78.7-74.2-0.529
KSI 0.885 (0.875-0.895)-3-87.5-71.7-0.592 0.874 (0.855-0.893)-3-87.7-68.8-0.565
LAP 0.888 (0.878-0.898)-27.9-81.7-81.7-0.634 0.875 (0.855-0.894)-27.9-79.9-79.6-0.595

  Men AD Men LT

FLI 0.824 (0.817-0.831)-55.9-74.9-74.5-0.494 0.840 (0.827-0.853)-61-76.6-76.3-0.529
HSI 0.729 (0.719-0.738)-38.1-69.0-66.2-0.352 0.707 (0.688-0.726)-38.4-66.4-66.0-0.324
ZJU 0.794 (0.786-0.803)-39.2-73.5-72.6-0.461 0.802 (0.787-0.818)-39.7-74.0-73.9-0.479
FLD 0.792 (0.783-0.800)-34.0-73.2-72.4-0.456 0.796 (0.781-0.812)-34.5-74.0-73.2-0.472
FSI 0.838 (0.831-0.845)-0.25-76.5-75.9-0.524 0.861 (0.848-0.874)-0.25-83.2-73.4-0.566
KSI 0.835 (0.828-0.842)-3-93.2-51.5-0.447 0.827 (0.812-0.841)-3-93.5-52.5-0.460
LAP 0.871 (0.865-0.877)-44-79.9-79.9-0.598 0.880-(0.867-0.892)-47-81.7-81.7-0.634

FLI Fatty liver index. HSI Hepatic steatosis index. ZJU Zhejiang University index. FLD Fatty liver disease. KSI Korean steatosis index. LAP Lipid accumulation product AD 
atherogenic dyslipidemia. LT lipid triad. AUC área under the curve. Sensib sensibility. Specif specificity.

Table IV: Multinomial logistic regression.

  Atherogenic dyslipidemia Lipid triad

  OR (95% CI) OR (95% CI)

FLI low 1 1
FLI moderate 1.81 (1.65-1.99) 1.97 (1.64-2.36)
FLI high 2.09 (1.81-2.41) 2.09 (1.57-2.77)
HSI low 1 1
HSI moderate 1.45 (1.37-1.52) 1.53 (1.46-1.60)
HSI high 1.63 (1.52-1.71) 1.70 (1.62-1.79)
ZJU normal 1 1
ZJU high 1.88 (1.64-2.17) 2.46 (1.87-3.25)
FLD normal 1 1
FLD high 1.27 (1.20-1.33) 1.23 (1.10-1.35)
KSI normal 1 1
KSI high 2.81 (2.26-3.48) 2.97 (1.91-4.60)
LAP normal 1 1
LAP high 7.64 (6.65-8.78) 6.28 (4.73-8.33)

FLI Fatty liver index. HSI Hepatic steatosis index. ZJU Zhejiang University index. 
FLD Fatty liver disease. KSI Korean steatosis index. LAP Lipid accumulation product. 
AD atherogenic dyslipidemia. LT lipid triad.
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Figure 2: ROC curve.

FLI Fatty liver index. HSI Hepatic steatosis index. ZJU Zhejiang University index. FLD Fatty liver disease. KSI Korean steatosis index. LAP Lipid accumulation producto 
AD atherogenic dyslipidemia. LT lipid triad.

Discussion

The present study was performed in 418,343 workers 
from different autonomous communities of Spain (Balearic 
Islands, Canary Islands, Andalusia Valencian Community, 
Madrid, Catalonia, Castilla y León, Castilla La Mancha, 
and Basque Country) belonging mainly to labour sectors 
of public administration, health, construction, and 
commerce. The participants were selected from labour 
medical examinations between the months of January 
2019 and June 2020 of the different companies that 
participated in the study.

In the sample (Table I) it stands out that a third of the 
population were smokers, with an equal distribution 
between men and women. More than half of the sample 
is between 30 and 49 years of age, and 80% of the men 
correspond to social class III. And the average of the 
clinical and analytical variables presents more favourable 
results in women.

When evaluating the mean values of NAFLD and liver 
fibrosis according to different risk scales (FLI, HSI, 
ZJU, FLD, FSI, KSI, LAP) and their correlation with the 
presence or absence of atherogenic dyslipidemia, we 
found a close relationship between the population with 
atherogenic dyslipidemia and all formulas evaluated 
for the risk of NAFLD and liver fibrosis. With highly 
significant differences between the group of women with 
atherogenic dyslipidemia compared to the group that did 
not present it (all values p<0.0001). The same results 
can be observed in the sample that corresponds to 
the male population. Other authors found a relationship 
between NAFLD and atherogenic dyslipidemia assessed 
by other means, however not in such large samples nor 
in statistical significance as in our study39-41.

In that same table (Table II) we have reflected the results 
obtained between the relationship of presenting Lipid 
triad and the risk of NAFLD and liver fibrosis evaluated 
with the same formulas. The results are identical to those 
obtained for atherogenic dyslipidemia. With a link between 

the Lipid triad and the risk of NAFLD and liver fibrosis 
with high statistical significance, values p<0.0001 in all 
formulas and for both sexes. This association between 
NAFLD and liver fibrosis with elevated lipid levels has also 
been described by other autors40-42.

At present, some studies have found a difference between 
the sexes in the relationship between atherogenic 
dyslipidemia and NAFLD43,45. Given the results obtained, 
we wanted to assess the prevalence of high values of 
NAFLD and liver fibrosis risk scales according to the 
presence or absence of atherogenic dyslipidemia and 
lipid triad by sex (Table 3). We have been able to verify 
that shows the same trend regarding the prevalence of 
high-risk values for non-alcoholic fatty liver disease with 
all the scales used. This coincides with the study carried 
out by Li et al28.

In the multinomial logistic regression for the low, 
moderate and high risks of the different formulas studied, 
we have obtained that both the presence of atherogenic 
dyslipidemia and the Lipid triad are related to a higher 
risk in all the evaluated formulas. With an OR ranging 
between 1.27 (FLD High) and 7.64 (LAP High) for 
atherogenic dyslipidemia, and between 1.23 (FLD High) 
and 6.28 (LAP High) for the Lipid triad, all with a narrow 
95% confidence interval. 

In the analysis of the ROC curves, we found that all the 
formulas used to assess the risk of fatty liver present a 
good AUC (range between 0.794 and 0.888) in women 
to predict atherogenic dyslipidemia, with the exception of 
the HSI, which presents an AUC of 0.739. and therefore 
it would be valued as regular. It presents the same 
behaviour in its male partners, where the AUC oscillates 
between 0.792 and 0.871, with also regular results for 
the HSI, which obtains an AUC value of 0.729.

In the assessment of the AUC of the ROC curves for 
the predictive value of the Lipid triad, the results are 
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very similar with AUC values ranging between 0.778 
and 0.875 for women, and between 0.796 and 0.880 
for men. Except for the HSI formula which again offers 
regular results in both sexes.

If we examine the results, we find that the highest AUC 
for atherogenic dyslipidemia occurs with LAP in both 
men and women, and that it is these results that are also 
accompanied by a better Younden index. This indicates 
a lower probability of error in the test. When evaluating 
the different formulas to estimate the predictive value of 
the Lipid triad, the one that offers the best results in both 
sexes is again LAP with the highest AUC results and a 
Younden index of 0.634 for men and 0.595 in women.

Although the relationship between NAFLD and the 
atherogenic dyslipidemia and Lipid triad is known, the 
Gold Standard for the diagnosis of NAFLD continues to 
be liver biopsy. We wanted to demonstrate the validity 
of 7 formulas for the indirect assessment of NAFLD with 
the prediction of atherogenic dyslipidemia and Lipid 
triad. This allows us to have a non-aggressive method 
to predict these events and to be able to establish the 
appropriate preventive treatment.

Strengths and limitations
The main strengths of our research are the large sample 
size, which exceeds 418,000 workers, and seven 
different NAFLD risk scales analysed.

The main limitation is that NAFLD was not determined by 
objective tests but by risk scales.

Conclusions

There are higher mean values and prevalence of elevated 
values for all different NAFLD risk scales in persons with 
atherogenic dyslipidemia and lipid triad.
In the ROC curves, we observed that all scales NAFLD 
risk scales allow us to adequately classify the presence of 
atherogenic dyslipidemia and lipid triad, with the highest 
areas under the curve for the LAP scale.
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