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a b  s  t  r  a  c  t

Introduction and objective:  Non-Alcoholic  Fatty  Liver  Disease  (NAFLD) is a  metabolic  liver  disease  related

to insulin  resistance, which  requires  invasive  methods  for  diagnosis. The aim  of this study was  to analyze

whether  the  use of an  algorithm  involving  both  clinical indices  and  hepatic ultrasound measurements

improves  the  accuracy  for  the  non-invasive  diagnosis  of NAFLD.

Patients  and methods: Cross-sectional  study  with  patients undergoing elective  cholecystectomy.  We col-

lected  anthropometric,  metabolic, liver  biopsy,  and  liver  ultrasonography  data. We calculated  unpaired

t-test and  Pearson’s coefficient,  and areas under  the  receiver-operating  characteristic curves  (AUROC)  for

the  Fatty  Liver  Index  (FLI), Lipid  Accumulation  Product (LAP)  indexes,  right  liver  index  diameter,  and for

predictive  models constructed with  discriminant  analysis.

Results:  One  hundred patients  in groups with  and  without NAFLD.  FLI,  LAP,  right  and  caudate  liver lobe

diameters, and  congestion index  were  higher in NAFLD  group  (p  =  0.011,  p =  0.011, p  =  0.001,  p  =  0.027,

p =  0.009).  The  right  liver  lobe  diameter  had  the highest  AUROC.  Predictive  models  that  combined  sensi-

tivity  and  specificity  for  the clinical  indexes  and liver  ultrasound had an AUROC over 0.7.

Conclusion:  The ultrasonography  measure  of right  liver  lobe diameter  by  itself  can  reliably  identify

patients with  NAFLD  with  a good  sensitivity  and  specificity, however,  this  can be  improved  by  adding

the  LAP mathematical  index  in our population.

© 2020 Fundación  Clı́nica  Médica  Sur, A.C.  Published by  Elsevier  España, S.L.U. This  is an  open  access

article under the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Non-Alcoholic Fatty Liver Disease (NAFLD) is  a  metabolic liver

disease that is closely related to insulin resistance (IR) and highly

linked with comorbidities like the metabolic syndrome [1] and

gallstone disease [2]. In recent years the prevalence of NAFLD has

increased rapidly, emerging as a public health problem worldwide.

In Mexicans, the frequency of NAFLD is between 14.3–17.2% in

asymptomatic people, while the prevalence associated to  metabolic

syndrome is 22.8% [3,4]
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Liver biopsy is  the current clinical gold standard for assessing

liver fat content [5],  in  which presence of steatosis, hepatocel-

lular injury in  the form of ballooning, lobular inflammation and

perisinusoidal fibrosis, usually with a zone 3 distribution are con-

sidered to  be most important histological features of adult NAFLD

[6]. However, this method is invasive and subject to sampling

errors, being not optimal for screening, monitoring, and clinical

decision-making. Noninvasive methods that accurately and objec-

tively quantify liver fat are needed. In that  context, Clinical Indexes

and Doppler Hepatic ultrasound have been recently proposed as

alternative methods for non-invasively diagnosing NAFLD.

Several Clinical Indexes incorporating multiple biochemical and

clinical parameters have been evaluated for the diagnosis of simple

steatosis. To date, perhaps the most promising is  the Fatty Liver

Index (FLI), which incorporates readily available parameters [body

mass index (BMI), waist girth and serum levels of triglycerides and
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�-glutamyl-transpeptidase (GGT)] to detect hepatic steatosis [7].

FLI has shown a  good predictive capacity of NAFLD compared to

ultrasound in different populations, with an accuracy of 0.827 to

0.84 (95% CI 0.822−0.831 and 0.81–0.87) [7–9].  A similar accuracy

has been demonstrated using magnetic resonance as a  standard

test (0.86, 95% CI 0.72−0.99) [10].

The Lipid Accumulation Product (LAP) is  an even simpler

algorithm that takes into account gender, waist girth and fast-

ing triglyceride levels [11],  which has been validated to identify

patients with hepatic steatosis compared to  1H-magnetic res-

onance spectroscopy with accuracy of 0.78 (95% CI 0.72−0.83)

[12].

Moreover, ultrasonography is widely used to diagnosing hep-

atic steatosis, based on  the idea that fat accumulation increases the

echogenicity of the liver [13]. The use of Hepatic Doppler Ultra-

sound has also been proposed as a determinant of diagnosis and

prognosis of NAFLD, due to  the fact that hepatic disease is asso-

ciated with hemodynamic changes in  portal and hepatic artery

flow. Several mechanisms have been proposed to explain these

changes, including inflammation and regeneration mechanisms

[14,15].

Despite the above, currently available methods, both clinic

indexes and imaging, cannot obviate the need for liver biopsy for

diagnosing NAFLD, due to their substantial false positive and false

negative rates. Therefore, the purpose of this study is to analyze

whether the use of an algorithm that involves both clinical indices

and hepatic ultrasound, improves the accuracy for the diagnosis of

NAFLD.

2.  Patients and methods

2.1. Patient information

We  carried out a  cross-sectional study in 100 patients recruited

from the surgery service of the General Hospital Leon, Mexico. The

patients underwent elective laparoscopic cholecystectomy, due to

an ultrasonographic diagnosis of cholecystitis. Participants did not

have history of previously known hepatic diseases, and had not  an

alcohol consumption ≥30 g/day in men  and ≥20 g/day in women

[16] and Metabolic Syndrome criteria were evaluated according the

harmonizing criteria [17].

2.2. Data collection

Waist girth, weight and standing height were obtained before

the surgery, by trained personnel, and BMI  was calculated. Visceral

fat was measured with BC-568 Inner Scan Segmental Body Com-

position Monitor. A venous blood sample was obtained after 12 h

fasting to measure triglycerides and �-glutamyl-transpeptidase by

conventional methods.

2.3. Biopsy and hepatic histology

Liver biopsy samples were obtained by intraoperative incisional

biopsy and were formalin-fixed and paraffin-embedded. Serial

paraffin sections were cut at 4 �m. The slides were stained with

hematoxylin and eosin, Masson trichrome stain and PAS- after dias-

tase digestion. All liver biopsies were interpreted by  experienced

pathologist; only biopsies samples at least 10 mm  long and six por-

tal tracts were included for analysis. Histological assessment was

based on NAFLD activity score according to  Kleiner et al with a range

0−8. The score is  defined as the unweighted sum of the scores for

steatosis (0–3), lobular inflammation (0–3), and ballooning (0–2).

Participants were divided in  two groups of NAFLD activity score,

the group without NAFLD (with activity index of 0–4) and the group

with NAFLD (activity index of 5 or higher) [18].

2.4. Clinical indexes

FLI was  calculated based on the following formula [7]:

FLI = (e0.953 × loge[Triglycerides] + 0.139 × BMI  +  0.718 ×

loge[GGT] + 0.053 × WaistCircumference-15.745)/

(1 + e0.953 × loge[Triglycerides] +  0.139 ×  BMI  + 0.718 ×

loge[GGT] + 0.053 × WaistCircumference-15.745) × 100.

The FLI values were measured into a range from 0 to 100 and

classified into three categories: <30 considered no steatosis, 30–59

in intermediate state and ≥60 with hepatic steatosis [7].

LAP was  calculated by expressing waist enlargement as the mea-

sured Waist Circumference that exceeded a  sex-specific minimum

Waist Circumference value and then multiplying waist enlarge-

ment by the concentration of fasting triglycerides [11] :

LAPformen =  (WaistCircumference[cm]-65)

× (triglycerides[mmol/L])

LAPforwomen = (WaistCircumference[cm]-58)

× (triglycerides[mmol/L])

We used the LnLAP in  order to discriminate between intermedi-

ate and severe steatosis with the up  limited t  values of  4.0  in  males

and 4.4 in females [11].

2.5. Liver ultrasonography

B-Mode and Color Doppler were performed by an experienced

radiologist, using Philips HD7 Ultrasound Machine, with a  con-

vex multifrequency transducer from 2 to 5 MHz. Each subject was

examined after 8–12 h fasting in  the supine and 60◦ left lateral posi-

tions during quiet inspiration and asked to stop breathing during

shallow inspiration for recording the correct spectral Doppler for

at least 6 s.

Measurement of the diameters of the right and caudate lobes

were made in the largest longitudinal extension of each one of

them, considering as normal less than 150 mm  and 50 mm  respec-

tively [19].

Diameter of the portal vein was measured as the largest antero-

posterior size at the intersection with the hepatic artery during

suspended respiration [20]. Diameters less than 12 mm were con-

sidered normal. No patient presented aberrant anatomy of  the

portal vein.

The mean maximum portal vein flow velocity (PFV), was  mea-

sured with respiration suspended, in the center of the vessel at

the intersection of the hepatic artery and portal vein, at an angle

<60◦. The peak velocity curve of the Doppler spectrum from a  sin-

gle cardiac cycle was calculated manually. The five best quality

spectral Doppler traces were considered. Each result was the aver-

age of five measurements. Normal PFV was estimated as ≥24 cm/s

[21]

Congestion index (CI) of the portal vein was calculated by  the

equation

CI = (area/MeanportalBloodVelocity) × 100.
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The normal index was  considered <0.1 [22]

The hepatic artery was visualized by  positioning the ultrasound

probe below the left costal margin and/or right intercostal space.

The color Doppler was positioned to  visualize the right and left

branches of the hepatic artery. Each result was the average of three

to five measurements. The mean of the values obtained in  the right

and left branches of the hepatic artery yielded the hepatic artery

resistive (HARI) and pulsatility index (HAPI), according to the fol-

lowing formulate:

HARI = (peaksystolicvelocity −  enddiastolicvelocity)

/peaksystolicvelocity

HAPI = (peaksystolicvelocity − enddiastolicvelocity)

/meanvelocity

The hepatic artery velocity was performed, considering the nor-

mal  range 30−70  cm/s.

2.6. Statistical analysis

The statistical analysis was performed with Statistics 13.0 ver-

sion. The significance of statistical test was defined at p  <  0.05. For

comparison between with and without NAFLD groups, unpaired t-

test was used. Correlation analysis with Pearson’s coefficient was

used to define the relationship between NAFLD activity score and

quantitative variables. To test the predictive value of the meth-

ods, receiver operating characteristic curves (ROC) were performed

with NAFLD activity index obtained by  biopsy as the reference

method. The areas under the receiver-operating characteristic

curves (AUROC) were calculated for significance variables of Cor-

relation test, LAP, FLI and right liver index diameter. With the

statistically significant variables in the Pearson’s correlation test,

discriminant analysis was performed, and four predictive mod-

els  were constructed for the clinical diagnosis of NAFLD, and the

AUROC were calculated.

2.7. Ethical considerations

The participants signed and informed consent. The study meets

the standards of the Declaration of Helsinki and was  approved by

the Institutional Committee on Bioethics in  Research (CIBIUG-P03-

2017) and Committee on Research Ethics at General Hospital Leon.

3. Results

A total of 100 patients of which 37 patients had diagnosis of

metabolic syndrome undergoing elective laparoscopic cholecys-

tectomy were recruited, and liver biopsy was  obtained to  classify

NAFLD activity score. The range of the score was  0–6 because we  did

not have patients whose histological classification exceeded this

punctuation. A first analysis classifying patients with and without

metabolic syndrome, showed that the degree of NAFLD activity, is

independent of the presence of metabolic syndrome, so in  the rest

of the analyzes the total group of patients was  taken.

Participants were divided in  two groups of NAFLD activity score,

the group without NAFLD (with activity index of 0–4) and the group

with NAFLD (activity index of 5–6). Systolic pressure, BMI, visceral

fat and serum triglyceride levels were higher in  the group with

NAFLD (p = 0.027, p =  0.025, p = 0.032 and p =  0.033 respectively).

With respect to  the clinical indexes, FLI and LAP were higher in  the

NAFLD group with the same statistical significance (p  =  0.011). The

liver ultrasound measurements showed that  the right and caudate

liver lobe diameters and congestion index were higher in  the NAFLD

group (p =  0.001, p =  0.027, and p  =  0.009 respectively) (Table 1).

Then, we evaluated the correlating factors with NAFLD activ-

ity score, and found positive correlation with FLI (p = 0.012), LAP

(p  = 0.005), and right liver lobe diameter (p  =  0.002) (Table 2)

We calculated the AUROC for the variables and we  found

that FLI,  LAP and right liver lobe diameter had larger AUROC

values and p <  0.05 (Table 3). The other parameters had an

Table 1

Characteristics of patients with and without NAFLD.

Without NAFLD

(Activity Index 0−4)

N  =  83

mean ± SD

With

NAFLD

(Activity Index 5−6)

N =  17

mean  ± SD

t  p

Age, years 37.00 ± 11.81 40.41 ± 11.45 −1.09 0.278

Systolic  pressure, mmHG  117.69 ± 12.70 125.47 ± 14.42 −2.24 0.027

Diastolic  pressure, mmHG 71.80 ± 10.58 75.17 ± 8.64 −1.20 0.232

BMI,  kg/m2 27.81 ± 5.26 30.96 ± 4.71 −2.28 0.025

Visceral  fat, % 6.92 ± 3.22 10.30 ± 9.90 −2.18 0.032

Waist  girth, cm 93.38 ± 10.68 101.88 ± 9.24 −1.97 0.051

Glucose,  mmol/L 5.34 ± 1.04 5.89 ±  1.39 −1.89 0.061

Total  Cholesterol, mmol/L 4.04 ± 0.89 4.36 ±  0.08 −1.29 0.197

HDL-Cholesterol, mmol/L 1.23 ± 0.49 1.16 ±  0.28 0.53 0.596

LDL-Cholesterol, mmol/L 2.32 ± 0.76 2.35 ±  0.64 −0.17 0.867

Triglycerides, mmol/L 1.46 ± 0.86 1.99 ±  1.13 −2.17 0.033

FLI,  % 53.54 ± 28.36 72.71 ± 23.45 −2.60 0.011

LAP  3.74 ± 0.68 4.25 ±  0.65 −2.60 0.011

Right  liver lobe diameter, mm 142.80 ±  12.22 153.59 ± 12.63 −3.30 0.001

Caudade  liver lobe diameter, mm  24.01 ± 8.80 29.35 ± 9.48 −2.25 0.027

Congestive Index 0.45 ± 0.18 0.72 ± 0.65 −2.66 0.009

Portal  diameter, mm 8.07 ± 1.80 8.70 ± 2.71 −1.18 0.239

Portal  Velocity cm/s 18.71 ± 4.41 18.28 ± 5.84 0.34 0.731

HAPI  1.19 ± 0.40 1.66 ±  2.36 −1.72 0.088

HARI  0.69 ± 0.19 0.61 ± 0.10 1.70 0.092

Velocity  hepatic artery, cm/s 49.34 ± 23.40 40.29 ± 24.46 1.44 0.153

BMI: Body Mass Index, FLI: Fatty Liver Index, LAP: Lipid Accumulation Product, HAPI: hepatic artery pulsatility index, HARI: hepatic artery resistive index. Data are presented

as  mean ± SD.

Values in bold are statistically significant figures.
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Table  2

Correlating factors with NAFLD activity score.

r-Value p-Value

FLI 0.250 0.012

LAP  0.282 0.005

Right  liver lobe diameter, mm  0.376 0.002

Caudate  liver lobe diameter, mm  0.233 0.058

Congestion Index 0.116 0.351

Portal  diameter, mm  0.036 0.725

Portal  Velocity, cm/s −0.075 0.460

HAPI  0.032 0.753

HARI  −0.153 0.129

Velocity hepatic artery, cm/s −0.095 0.350

FLI: Fatty Liver Index, LAP: Lipid Accumulation Product, HAPI: hepatic artery pul-

satility index, HARI: hepatic artery resistive index.

Values in bold are statistically significant figures.
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Fig. 1. ROC curve for NAFLD correlated factors. LAP: lipid accumulation products.

FLI: Fatty liver index.

AUROC value smaller and p > 0.05.(Caudate liver lobe diame-

ter AUROC = 0.653, p =  0.126; Congestion Index AUCROC =  0.649,

p = 0.135; Portal diameter AUROC =  0.593, p =  0.351; Portal Veloc-

ity AUROC = 0.384, p =  0.246; HAPI AUROC = 0.461, p =  0.699; HARI

AUROC = 0.330, p =  0.088; Velocity hepatic artery =  0.263, p =  0.18).

FLI, LAP and right liver lobe diameter were tested to analyze

their sensitivity and specificity (Fig.  1).

Then, we calculated the Kappa coefficient and found that the

measurement of the right liver lobe diameter (RLLD) had the high-

est sensibility, specificity, AUROC and Kappa compared to FLI and

LAP (Table 3).

Using the discriminant analysis, three models were constructed

to analyze the combined sensitivity and specificity for the clinical

indexes and liver ultrasound measurements. The results are  shown

in the Table 4. The first model was constructed using FLI, LAP and

Right liver lobe diameter, the second one used FLI and Right liver

lobe diameter, the third was constructed using LAP and Right liver

lobe diameter and the fourth used FLI and LAP. The three models

that used both clinical indexes and liver ultrasound measurements

have and AUROC over 0.7 (Table 4 and Fig. 2).

4.  Discussion

The progression of NAFLD is potentially reversible in  the ini-

tial stages. Therefore, its early identification is of  the utmost

importance. NAFLD prevalence is increasing worldwide, remaining

underdiagnosed in most populations. The search of non-invasive

diagnostic methods for NAFLD has become important in  recent

times, however, to date none of them has been adequate to supply

the liver biopsy.

Ultrasound represents a  non-invasive and widely available tool

in  the detection of NAFLD. Several studies have reported that sever-

ity of fatty liver is associated with liver vascular injuries [23],

proposing that the Doppler liver is  a  useful tool for NAFLD diagnosis.

Our results show that, among the performed Doppler measure-

ments, only the congestive index was  higher in  the group with

NAFLD. This is  in line with other study proposing that the increase

of congestive index in presence of NAFLD is  probably due to  an

increase in  the portal diameter as a compensatory effect [24]. Other

reports show that the portal vein flow velocity [25–27], hepatic

artery resistive index [28–31] and hepatic artery pulsatility index

[32] correlate negatively with NAFLD severity, however we  did not

find this measurements were associated with NAFLD.

Our results show that the simple measurement with conven-

tional ultrasound of the right hepatic lobe diameter is  a good clinical

marker based on its AUROC value. There is  increasing evidence of

functional heterogeneity in the individual liver lobes in several hep-

atic diseases and toxic injury [33–35]. Few studies have compared

the percentage of fat accumulated in the different lobes of the liver

in patients with NAFLD, showing that in NAFLD the accumulation

of fat within the liver tends to be  diffuse but the distribution may

be non-uniform, even in diabetic patients [36]  as in  not diabetic

patients [37]. Recent data indicate that both adults and teenagers

with NAFLD regardless of their age, hepatic fat is stored preferen-

tially in the right lobe probably due to the streamline of  blood flow

to the right liver [38,39].

With respect to caudate lobe diameter, we found that this was

higher in  the group with NAFLD. Others reports indicate that an

increase of volume caudate lobe is a  main parameter of severe fibro-

sis in NAFLD [40],  however we did not have patients presenting

hepatic fibrosis.

With respect to mathematical clinical indexes, FLI proved to  be

a good marker for NAFLD, as reported in previous studies, which

compared FLI to  NAFLD diagnosis by hepatic ultrasound and H-

magnetic resonance [41–43]. The LAP index showed low sensitivity

and a  limited AUROC for the diagnosis of NAFLD in our  cohort. In

contrast other studies have reported a  higher AUROC of  LAP, com-

pared to NAFLD diagnosis with ultrasound [42]  and and 1H-magnet

resonance spectroscopy [12]. To our knowledge, this is the first

study that  evaluate the effectiveness of this mathematical index

Table 3

Sensitivity and specificity of NAFLD correlated factors.

Variable Sensitivity Specificity AUROC p Lower limit Upper limit Kappa

Right liver lobe diameter 0.71 0.70 0.729 0.003 0.606 0.852 0.61

LAP  0.41 0.79 0.693 0.013 0.552 0.834 0.32

FLI  0.71 0.51 0.704 0.009 0.567 0.841 0.34

LAP: Lipid Accumulation Products. FLI: Fatty Liver Index. AUROC: Areas Under the Receiver-Operating characteristic Curves.

Values in bold are statistically significant figures.
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Table  4

NAFLD Predictive Models AUROC.

AUROC Standard Error p 95% CI

Lower limit Upperlimit

Model 1: FLI, LAP, Right liver lobe diameter 0.726 0.065 0.004 0.597 0.854

Model 2: FLI, Right liver lobe diameter 0.721 0.065 0.004 0.593 0.849

Model 3: LAP, Right liver lobe diameter 0.737 0.062 0.002 0.616 0.859

Model 4: FLI, LAP 0.636 0.081 0.801  0.478 0.795

FLI: Fatty Liver Index. LAP: Lipid Accumulation Product. AUROC: Areas Under the Receiver-Operating characteristic Curves.

Values in bold are statistically significant figures.
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Fig. 2. ROC curve for NAFLD Predictive Models. Model 1: Fatty Liver Index, Lipid Accumulation Products and Right Liver Lobe Diameter. Model 2: Fatty  Liver Index and Right

Liver  Lobe Diameter. Model 3: Lipid Accumulation Products and Right Liver lobe Diameter. Model 4: Fatty Liver Index and Lipid Accumulation Products.

vs liver biopsy, and the first one in Mexican population analyzing

these variables together.

We decided to  examine predictive models in order to identify

the best combination of variables that improve the AUROC in  our

population. We  tested four algorithm models including the param-

eters that best correlated with the NAFLD activity score. Only three

models which included both clinical indexes and liver ultrasound

measurements, have AUROC over 0.7, considered an acceptable dis-

criminative capacity for a clinical test. The model that include LAP

and right liver lobe diameter exceeded the effectiveness of isolated

measurement of the right liver lobe diameter. We  propose that

development of  a new predictive score of NAFLD, involving LAP and

the diameter of  the right hepatic lobe, could be an easily accessible,

non-invasive measurement for the early diagnosis of the disease,

reducing costs and increasing the viability of the timely manage-

ment of the disease. This non-invasive tool could be used in first

level medical care by limiting the progression of the disease.

In conclusion, according our  results, ultrasonographic measure

of right liver lobe diameter by  itself is  able to reliably identify

patients with NAFLD with a  good sensitivity and specificity. More-

over, its diagnostic efficiency can be improved by adding the LAP

mathematical index in  our population.
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