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Abstract
Background and aims: The prevalence of non- alcoholic fatty liver disease (NAFLD) is 
increasing globally. This study aimed to determine the prevalence of NAFLD and the 
probability of liver fibrosis in Italian primary care services.
Methods: We carried out a population- based and nested case– control study including 
all individuals aged 18 years and above registered at Italian primary care services. Data 
were collected from the general practitioners' network from 2010 to 2017. NAFLD 
cases were identified via the ICD- 9- CM and Hepatic Steatosis Index score > 36 and 
were matched each up to 10 controls. Other causes of liver diseases were excluded. 
The risk of fibrosis was assessed using the FIB- 4 and NAFLD fibrosis scores (NFS).
Results: NAFLD was present in 9% of the primary care population with high regional 
variability. Among NAFLD subjects: 25% had diabetes, 10% had chronic kidney dis-
ease, 11% had cardiovascular disease and 28% were obese. Furthermore, 30% had 
at least two comorbidities and 13% had cirrhosis. Once cirrhosis was excluded, the 
risk of any degree of fibrosis was 13.8% with NFS and 20.5% with FIB- 4 in subjects 
<65 years.
Conclusions: Even if there is an identification gap in primary care, recorded cases 
with NAFLD have a high frequency of associated comorbidities. Despite regional vari-
ability, a close relation between cirrhosis and NAFLD exists (OR: 3.48, 95% CI: 3.23– 
3.76). Therefore, the use of non- invasive tests should be promoted in primary care as 
a useful tool for the early identification of fibrosis risk, independently of evidence of 
steatosis.
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1  |  BACKGROUND

Non- alcoholic fatty liver disease (NAFLD) is characterized by 
the excessive accumulation of triglycerides in the liver. It is often 
associated with insulin resistance and metabolic syndrome (MetS) 
with common clinical manifestations, such as hypertension, 
dyslipidemia, visceral adiposity and glucose intolerance. NAFLD is 
considered the most common cause of liver injury, with a prevalence 
exceeding 20% in the general population.1

NAFLD's ‘global burden’ is linked to its potential evolution through 
inflammation into non- alcoholic steatohepatitis (NASH) and fibrosis. 
Fibrosis is the determining factor in the natural history of NAFLD. 
Fibrosis is significantly associated with mortality and morbidity from 
cardiovascular diseases, extra- hepatic cancer and major hepatological 
events (i.e., cirrhosis with its complications and hepatocellular carci-
noma).2 Furthermore, the early identification of patients with signifi-
cant fibrosis within a population at risk and the correct management of 
precipitating factors may reduce the increasing request for liver trans-
plantation owing to cirrhosis secondary to NASH.3

Despite the great impact of fibrotic liver disease on the health 
systems, healthcare costs and quality of life,4 no effective treat-
ment has been approved for the management of NASH. The current 
prevalence of NAFLD and NASH in Italy is unknown.5– 7 Therefore, 
the early diagnosis of NASH is a highly recommended strategy.8– 11 
Several NITs have been developed as an alternative to biopsy for 
diagnosing fibrotic NASH. In almost all the guidelines, only two NITs 
have been recommended for diagnosing NAFLD in subjects requir-
ing liver consultation: the NAFLD fibrosis score (NFS) and the FIB- 4 
index.12 Both can help general practitioners (GPs) to identify pa-
tients who need to be referred to a specialist for better stratification 
of liver disease.

Although NAFLD represents an emerging problem with a high 
impact on healthcare systems, it has been reported that many coun-
tries have not prepared specific plans or models of care for this 
chronic condition13,14 and that there is a diagnostic/registration gap 
in primary care in Europe.6

Our study aimed to determine the prevalence of NAFLD and the 
probability of fibrosis using NITs in the Italian adult primary care ser-
vice. The secondary endpoints were the assessment of comorbidi-
ties and the predicting factors of NAFLD.

2  |  MATERIAL S AND METHODS

This is a retrospective study with de- identified cases. The Ethical 
Committee of Fondazione Policlinico Gemelli IRCCS approved the 
study (Study ID 51634, protocol no. 2545/19).

2.1  |  Data source

Data were gathered from the Health Search Database (HSD), created 
for research purposes by the Italian College of General Practitioners 

and Primary Care. The HSD has data from approximately 1 million 
individuals registered anonymously and voluntarily by a network of 
about 1000 GPs. These data are representative of each geographic 
macro area in terms of the number of reference populations. This 
data source contains the patient demographics, linked with an en-
crypted code to clinical records (i.e., diagnoses, procedures and med-
ications), coded using the 9th International Classification of Diseases 
Revision Clinical Modification (ICD- 9- CM), and drug prescriptions 
coded using the Anatomical Therapeutic Chemical classification sys-
tem. This database fulfils the standard quality criteria and has been 
previously used for various epidemiological purposes.6,15,16

2.2  |  Study population

All individuals aged 18 years or older with at least 1 year of clinical 
history in the database from 2008 to 2017 were included in the 
study.

2.3  |  Case definition

Patients with NAFLD were identified through the ICD- 9- CM diag-
nostic code (571.8)17 and the Hepatic Steatosis Index (HSI) >36,18 
calculated using the last measured parameters. The date of diagnosis 
of NAFLD was considered the study index date.

The HSI score was obtained using the following formula:

Lay Summary

• Forecast epidemiological data suggest that the preva-
lence of NAFLD of 20– 30% in the general population 
will cause a growing incidence of cirrhosis and liver 
cancer.

• The presence of NAFLD was observed in 9% of subjects 
in primary care; this finding underlines a registration gap 
likely owing to non- invasive diagnostic difficulties and 
patient identification.

• The presence of fibrosis is the main driver of hepatic and 
extra- hepatic complications. Moreover, the presence of 
fibrosis in NAFLD may remain undiagnosed, reducing 
treatment options because several physicians are 
unaware of non- invasive tests (NITs) based on a simple 
combination of laboratory results other than liver biopsy 
for stratifying the risk of liver fibrosis.

• This is the first study to evaluate the risk of fibrosis in 
Italian primary care. We provide evidence that strongly 
suggests identifying NAFLD subjects at risk for fibrosis.

• The findings suggest that using NITs in primary care 
services may optimize the appropriate referral of 
NAFLD subjects at risk for fibrosis.
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A value of >36 was used to rule in steatosis and validated in the Italian 
population.18,19

All cases with a history of alcohol abuse or alcohol- related dis-
eases, hepatitis B or C infection, autoimmune liver diseases, primary 
biliary cholangiopathy or hepatic or extra- hepatic neoplasia before 
or on the index date were excluded. Details on the exclusion algo-
rithm were reported in Table S1.

2.4  |  Study population characteristics

The following data were retrieved for each patient: date of birth, 
age, gender, height, weight, blood pressure and laboratory data 
(transaminases, platelet counts, glycaemia, glomerular filtration rate 
[GFR]) assessed 2 years before or 6 months after the index date. The 
most recent results recorded in 2017 were considered.

Comorbidities, such as diabetes, MetS, cerebro- cardiovascular 
diseases, congestive heart failure and HIV, were identified using the 
ICD- 9- CM codes (Table S2). Charlson Comorbidity Index has been 
used for comorbidities.

Cirrhosis was identified using the ICD- 9- CM codes (before or 
after the index date), and/or the presence of oesophageal varices 
was identified using the ICD- 9- CM codes (456.0 and 456.1).

The severity of chronic kidney disease was assessed using the 
KDIGO guidelines: normal (GFR > 90 ml/min/1.73 m2), mild (GFR 60– 
89 ml/min/1.73 m2), moderate (GFR 30– 59 ml/min/1.73 m2), severe 
(15– 29 ml/min/1.73 m2) and end- stage renal disease or kidney failure 
if the GFR <15 ml/min/1.73 m2 or the individual scheduled for ‘dial-
ysis’ or ‘renal transplantation’ in the database.

Polypharmacy was defined as the regular use of at least five con-
current categories according to the WHO Anatomical Therapeutic 
Chemical Classification System,20 prescribed within 3 months be-
fore or after the index date.

2.5  |  Liver fibrosis assessment

The FIB- 4 and NFS were used to assess the probability of the 
presence of liver fibrosis.21,22,23

The scores were calculated as follows:

Since the scores are influenced by age, subjects were divided into 
two groups: those under 65 years old and those 65 years or older.

The probability of advanced fibrosis in the younger subjects 
was defined as low (FIB- 4 < 1.3 or NFS < - 1.455), intermediate (FIB- 
4: 1.3– 2.67 or NFS: −1.455- 0.672) and high (FIB- 4 > 2.67 or NFS 
>0.672). Moreover, for the FIB- 4 score, we used a cut- off of >3.25 
to identify the cases with a higher probability of advanced fibrosis.12

Age- adjusted scores were used for subjects aged 65 years and 
older. A low probability of developing fibrosis was considered when 
the FIB- 4 was <2 or NFS was <−0.12.21

2.6  |  Nested case– control analysis

The first cases of NAFLD identified in the eligibility period were 
matched to 10 controls for age (±5 years), sex, the database's entry 
date and the follow- up duration. This design allowed us to estimate 
the determinants of NAFLD.

2.7  |  Data analyses

Descriptive statistics were carried out. Continuous and categorical 
variables were presented as means (standard deviation, SD), 
medians, interquartile ranges or absolute numbers and percentages, 
as appropriate. The prevalence of NAFLD in 2017 was calculated 
as the ratio of the number of cases divided by the total active HSD 
subjects in the same year, considering all cases, and subsequently 
stratified by gender, age, or region of residence. Trends of NAFLD 
incidence and prevalence during 2008– 2017 were considered.

Differences in the demographic and clinical characteristics be-
tween the cases and controls were analysed using the t test. The chi- 
square was used to test for between- group differences among the 
continuous and categorical variables. A conditional logistic model 
was adopted to estimate the univariate and multivariate odds ratio 
(OR) and related 95% CI for each determinant of NAFLD. No impu-
tation was provided for the missing values in the categorical vari-
ables and they were considered a separate category in each model. 
Analyses were performed using Stata v.13.0.

3  |  RESULTS

3.1  |  Characteristics of patients diagnosed with 
NAFLD

The prevalence of NAFLD among the active patients undergoing pri-
mary care (i.e., alive and registered in the GPs' lists) in HSD in 2017 
is shown in Table 1. Among the 918 954 active individuals, 83 981 
(9.14%) had NAFLD, 18309 were identified using the ICD- 9- CM di-
agnostic code, and 65 672 had an HSI score of >36. (Table S3 and S4).

NAFLD was higher present in male than in female subjects (10.2 
vs. 8.2%) and in the older group: 2.6% (18– 27 years) and 14.7% (68– 
77 years). Concerning the region of residence, a certain degree of 
variability was observed (Figure 1). The lowest presence of NAFLD 

HSI=8∗alanine aminotransferase (ALT)∕aspartate aminotransferase (AST)

+BMI (+2 if type 2 diabetes, +2 if female).

FIB − 4 = age
(

[years] x AST
[

U∕L
])

∕
((

PLT
[

109 ∕L
])

x
(

ALT
[

U∕L
])

(1∕2)
)

NFS= −1.675+0.037×age (years)+0.094×BMI
(

kg∕m2
)

+1.13× IFG∕diabetes (yes=1, no=0)+0.99×AST∕ALT ratio−0.013

×platelet (×109∕l)−0.66×albumin (g∕dl)
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was found in Trentino- Alto Adige (3.1%), while the highest was in 
Campania (12.1%). An increasing trend in the prevalence of NAFLD 
was observed in 2018– 2017, while the incidence increased until 
2015 and then decreased (Table S2).

The clinical and demographic characteristics of NAFLD cases 
identified during the eligibility period (2008– 2017) are reported in 
Table 2. Overall, 151 431 subjects with NAFLD were identified, and 
5.6% stemmed from the direct ICD- 9- CM coding system. Most of 
them were 38– 67 years old, and the prevalence decreased after the 
age of 68 years.

Among the cases with NAFLD, 28% were obese; 29.5% had two 
or more comorbidities; 43.7%, polytherapy; 24.7%, diabetes; 2.2%, 
MetS; 11%, cerebro- cardiovascular disease; 4.4%, hearth failure; 
and 0.1%, HIV. Moderate or severe kidney disease was diagnosed in 
10% of subjects with NAFLD.

Cirrhosis was diagnosed in 13.2% of patients with NAFLD under-
going primary care.

The AST/ALT ratio was not available for only 2736 cases and was 
higher than 1.0 in 27.7% of cases with NAFLD.

The probability of fibrosis varied according to the NIT used. For 
subjects younger than 65 years, the probability of fibrosis was 13.8% 
with NFS and 20.5% with FIB- 4, while for the older population, it 
was 10.7% with NFS and 27.6% with FIB- 4 (Figure 2).

3.2  |  Comparison of the clinical 
characteristics of the NAFLD cases and 
matched controls

Cases with NAFLD (n = 67 747) were matched to 252 991 controls 
(Table 3) across all ages (Figure 3A).

The BMI (as a continuous variable and obesity: BMI >30) was 
greater among the cases than in controls, while there was no dif-
ference in systolic and diastolic blood pressure. Except for HIV, 
the proportion of comorbidities was higher among the cases than 
in controls. The presence of cirrhosis and the complications of liver 
diseases were significantly higher among the cases than in controls 

(13.1% vs. 2.5%, p < .001). The proportion of those with renal func-
tional impairment, including kidney failure, was higher in the cases 
with NAFLD than in controls. Greater values for Charlson Index 
were also observed.

The probability of fibrosis varied according to the NITs used. The 
probability of fibrosis was intermediate– high in 10.46% of NAFLD 
cases and 14.7% of controls in subjects aged <65 years (Figure 3B) 
and 11.7% of NAFLD cases and 14.7% of controls in subjects aged 
>65 years (Figure 3C). In the same population, the FIB- 4 identified 
that 16.7% of NAFLD cases aged <65 had an intermediate– high risk 
of fibrosis compared with 28.5% of controls (Figure 3D). In subjects 
aged >65 years, the probability of fibrosis was 31.6% in NAFLD 
cases and 42.6% in controls using the FIB- 4 (Figure 3E).

3.3  |  Factors associated with the 
presence of NAFLD

When the conditional logistic regression was used (Table 4), obe-
sity had a higher adjusted OR (aOR: 2.3, 95% CI: 2.49– 2.64) in the 
NAFLD group than in related controls. Blood pressure did not show 
any association with NAFLD occurrence. MetS (aOR; 2.3, 95% CI: 
1.9– 2.8), cerebro/cardiovascular disease (aOR: 1.4, 95% CI: 1.3– 1.5), 
heart failure (aOR: 1.1, 95% CI: 1– 1.2) and liver complications, such 
as cirrhosis (aOR: 3.7, 95% CI: 3.5– 4), were significantly associated 
with the odds of having NAFLD. The risk of NAFLD increased ac-
cording to the severity of kidney disease. Patients with a very low 
GFR (<15) had a 6.7- fold greater risk of NAFLD than subjects with 
normal kidney function.

Therefore, the increased Charlson Index associated with an un-
expected protective effect may be ascribed to the strong associa-
tions observed for the covariates mentioned above. The concurrent 
use of five or more medications was significantly associated with 
NAFLD occurrence. Besides the BMI, multivariate analysis did not 
show any difference in the OR for the other cofactors considered.

When only the cohort of younger individuals was considered, 
the number of obese cases was significantly higher (aOR: 3.1, 95% 

F I G U R E  1  Prevalence and incidence of NAFLD according to sex (A) and variability of NAFLD prevalence rate among Italian regions (B).
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    |  2637MIELE et al.

CI: 2.8– 3.6) among cases than in controls. MetS (aOR: 1.7, 95% CI: 
1.1– 2.8), cerebro/cardiovascular disease (aOR: 1.5, 95% CI; 1.2– 1.9), 
end- stage CKD (≤15) (aOR: 3.5, 95% CI: 2.3– 5), and liver complica-
tions, such as cirrhosis (aOR:15.4, 95% CI: 13– 1.2), were significantly 
associated with NAFLD.

We also performed a multivariable analysis matched by region 
(Table 5) to explain the variability observed. Indeed, NAFLD was 
associated with MetS (aOR: 4.44, 95% CI: 3.41– 5.77), cerebro/car-
diovascular disease (aOR: 1.48, 95% CI: 1.38– 1.58) and heart failure 
(aOR: 1.2, 95% CI: 1.09– 1.31) and cirrhosis (aOR: 3.48, 95% CI: 3.23– 
3.76). Even in this multivariable analysis, NAFLD has been associated 
with worsening kidney function and polypharmacy use.

4  |  DISCUSSION

The epidemiological models developed on NAFLD suggest that the inci-
dence of liver- related complications will double in the next few years.24 
To our knowledge, this is the first study investigating the burden of 
NAFLD in the Italian primary care setting using real- world data. More 
than 94% of cases with NAFLD were identified using the HSI, which 
had been previously indicated as a predictor of NAFLD in the Italian 
population.18,19 This observation shows that many cases go undetected 
and/or unreported, which could be ascribed to the lack of a specific 
ICD- 9- CM code, thus placing GPs in a difficult position on how to re-
cord the condition and, consequently, how to best identify patients.25

In recent years, scientific societies have focused on the awareness 
of NAFLD, especially in subjects with simple steatosis at high risk of 
progression to NASH because of the need for close monitoring and ur-
gent therapeutic intervention. Owing to confusion over the term non- 
alcoholic,11 recently, a panel of experts suggested renaming NAFLD 
with metabolic dysfunction- associated fatty liver disease,26 a term that 
could enhance attention to liver diseases associated with metabolic con-
ditions and the need for NITs in monitoring these patients over time.27

Description n (%)/mean ± SD

5+ 66 181 (43.7)

No therapy 17 253 (11.39)

Liver cirrhosis 20 022 (13.22)

AST/ALT 0.9 ± 0.51

Patients aged ≤65 years

FIB- 4 1.1 ± 2.02

NFS −3.12 ± 4.52

Patients aged >65 years

FIB- 4 1.91 ± 2.18

NFS −1.59 ± 1.83

Abbreviations: ALT, aminotransferase; AST, aspartate aminotransferase; 
BMI, body mass index; GFR, glomerular filtration rate; NA, not 
available; NFS, NAFLD fibrosis score.

TA B L E  2  (Continued)TA B L E  2  Characteristics of non- alcoholic fatty liver disease 
cases in the Italian General Practitioners' cohort

Description n (%)/mean ± SD

Subjects with NAFLD 151 431

ICD- 9- CM 8449 (5.6)

Hepatic Steatosis Index >36 142 982 (94.4)

Gender

Female 74 573 (49.25)

Male 76 858 (50.75)

Age (years) 57.15 ± 15.74

Age groups

18– 27 6243 (4.12)

28– 37 12 343 (8.15)

38– 47 23 070 (15.23)

48– 57 31 022 (20.49)

58– 67 35 839 (23.67)

68– 77 28 835 (19.04)

78– 87 12 558 (8.29)

88+ 1521 (1.00)

Follow- up (months) 33.19 ± 28.63

BMI (kg/m2) 29.44 ± 6.82

Obesity

BMI ≤30 71 237 (47.04)

BMI >30 42 314 (27.94)

NA 37 880 (25.01)

Blood pressure (mmHg)

Systolic blood pressure 134.04 ± 16.97

Diastolic blood pressure 81.34 ± 9.53

Comorbidities

Diabetes 37 413 (24.71)

Metabolic syndrome 3329 (2.2)

Cerebro/cardiovascular disease 16 632 (10.98)

Heart failure 6669 (4.4)

HIV 146 (0.1)

Kidney function (GFR)

Normal (≥90) 25 381 (16.76)

Mild (60– 89) 110 882 (73.22)

Moderate (30– 59) 14 379 (9.5)

Severe (15– 29) 429 (0.28)

Kidney failure (<15) 360 (0.24)

Charlson comorbidities

0 18 194 (12.01)

1 5116 (3.38)

2 83 496 (55.14)

>2 44 625 (29.47)

Polypharmacy (concurrent medications)

<5 67 997 (44.9)

(Continues)
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2638  |    MIELE et al.

From our study, the presence of NAFLD was in 9% of the active 
population in primary care in 2017, with significant regional variabil-
ity that could be partially explained by social and cultural differences 
in diet and lifestyle. This variability was present in other studies on 
other chronic diseases.28

Historical data on the prevalence of fatty liver in Italy from the 
Dionysos study are from a general population cohort in a differ-
ent historical period, with different lifestyles and in the age group 
12– 65 years, and from an Italian regional district.29 To the best 
of our knowledge, our study represents the first epidemiological 
study in Italian primary care services and also focuses on regional 
variability.

The low prevalence (9%) confirms the identification/registration 
gap at the primary care level. This phenomenon seems to be related 
not only to the low awareness of NAFLD; however, it may be as-
cribed to structural elements, such as the lack of the disease- specific 
code and the failure or partial recording in the electronic database of 
the data of patients who did not consent to share anonymized data 

for the calculation of the diagnosed indices above as well as the lack 
of recording of imaging parameters and liver function tests. The lack 
of data entry is certainly influenced by the low confidence in primary 
care in diagnosing NAFLD, which, in the absence of a specific code, 
is still not perceived as an important disease with the potential risk 
of evolution. Of course, it should be considered that guidelines on 
using NITs to identify cases at risk of fibrosis have only recently been 
published in Italy.30 The progressive increase in the prevalence and 
incidence of NAFLD cases may be explained by the increased pri-
mary care physicians' focus on liver disease in programs to identify 
HCV cases for treatment with direct antiviral drugs. The reduction 
in incidence could be explained by the stable population in primary 
care. The database used in primary care is unable to identify individ-
uals with NASH who are likely to be included in NAFLD diagnosis. 
The diagnosis of NASH is based on the finding of steatosis, inflam-
mation and ballooning on histological examination of liver biopsy. 
The absence of an administrative code and specific therapy probably 
further reduces the possibility of identifying cases in primary care.

F I G U R E  2  Probability of fibrosis according to NAFLD fibrosis score (NFS) and FIB- 4. Percentage of subjects at low, intermediate and high 
risk of fibrosis. NFS distribution in individuals (A) younger than 65 years and (B) older than 65 years. FIB- 4 distribution individuals (C) younger 
than 65 years and (D) older than 65 years.
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The prevalence of NAFLD increased with age up to 78 years. 
This might be explained by the increased hospitalization rate or 
institutionalization of subjects who no longer receive GP con-
sultations. A similar trend was observed in women, whereas in 
men, the prevalence increased up to 67 years. Until this age, the 
overall prevalence was higher in men and then became greater 
in women.

More than half of NAFLD patients had at least two coexisting 
chronic conditions. Diabetes (24.7%) and cerebrovascular and/or 
cardiovascular diseases (11%) were the most prevalent conditions 
identified respectively. These results are consistent with the find-
ings from EU cohorts, and diabetes appears to have a significantly 
higher prevalence in NAFLD patients than in the general Italian 
population (8.3%). Our findings confirm recent observations on 
the UK biobank, which evaluated non- invasively that steatosis 
is associated with a higher risk of major cardiovascular events.31 
MetS is associated with NAFLD, confirming the importance of in-
sulin resistance as the underlying causal factor in the absence of 
diabetes.

We obtained a correlation between severely impaired kidney 
function and NAFLD, as recently reported in a large meta- analysis32 
and a registry study where a reduction in the GFR was associated 
with an increase in FIB- 4 and NFS values.33

The high proportion of patients with polypharmacy was not 
surprising, as patients with NAFLD had concomitant comorbidities, 

TA B L E  3  Characteristics of the non- alcoholic fatty liver disease 
cases and related controls

Description

Cases 
(n = 67 747),  
n (%)/mean ± SD

Controls 
(n = 252 991),  
n (%)/mean ± SD

Diagnosis of NAFLD

ICD- 9- CM 4628 (6.83)

HSI 63 119 (93.17)

Follow- up (months) 45.07 ± 31.05 51.18 ± 32.68

Gender

Female 32 177 (47.5) 118 510 (46.8)

Male 35 570 (52.5) 134 481 (53.2)

Age (years) 56.13 ± 18.19 55.54 ± 19.04

Age groups

18– 27 4133 (6.1) 14 419 (5.7)

28– 37 8152 (12.03) 36 283 (14.34)

38– 47 11 631 (17.17) 48 666 (19.24)

48– 57 11 637 (17.18) 42 482 (16.79)

58– 67 10 923 (16.12) 34 032 (13.45)

68– 77 11 235 (16.58) 33 349 (13.18)

78– 87 8676 (12.81) 34 099 (13.48)

88+ 1360 (2.01) 9661 (3.82)

BMI 29.01 ± 7.4 25.59 ± 6.84

Obesity

BMI ≤30 33 316 (49.18) 72 600 (28.7)

BMI >30 16 692 (24.64) 13 647 (5.39)

NA 17 739 (26.18) 166 744 (65.91)

Blood pressure (mmHg):

Diastolic blood pressure 80.6 ± 9.72 78.56 ± 9.84

Systolic blood pressure 132.66 ± 17.13 129.95 ± 18.92

Comorbidities

Diabetes 6472 (9.55) 21 220 (8.58)

Metabolic syndrome 913 (1.35) 440 (0.17)

Cerebro/cardiovascular 
disease

6343 (9.36) 11 786 (4.66)

Heart failure 2968 (4.38) 7272 (2.87)

HIV 73 (0.11) 290 (0.11)

Cirrhosis 8850 (13.06) 6344 (2.51)

Kidney functional 
impairment (GFR):

Normal (≥90) 12 061 (17.8) 145 154 (57.38)

Mild (60– 89) 48 485 (71.57) 88 072 (34.81)

Moderate (30– 59) 6814 (10.06) 17 061 (6.74)

Severe (15– 29) 224 (0.330 1539 (0.61)

Kidney failure (<15) 163 (0.24) 1165 (0.46)

Charlson Index

0 8826 (13.03) 116 954 (46.23)

1 2416 (3.57) 17 557 (6.94)

2 36 830 (54.36) 62 051 (24.53)

(Continues)

Description

Cases 
(n = 67 747),  
n (%)/mean ± SD

Controls 
(n = 252 991),  
n (%)/mean ± SD

>2 19 675 (29.04) 56 429 (22.3)

Polypharmacy (concurrent 
medications)

<5 31 640 (46.7) 31 246 (12.35)

5+ 27 062 (39.95) 33 222 (13.13)

No therapy 9045 (13.35) 188 523 (74.52)

Level of fibrosis

Raised ALT (UNL: 19 
UI/L for female and 
30 UI/L for male)

38 917 (58.89) 22 637 (38.42)

AST/ALT 0.9 ± 0.41 1.2 ± 0.8

Subjects aged ≤65 years:

FIB- 4 0.93 ± 0.58 1.52 ± 2.42

NFS −3.57 ± 7.23 −5.29 ± 15.63

Subjects aged 
>65 years:

FIB- 4 2.07 ± 2.59 2.65 ± 3.73

NFS −1.39 ± 1.62 −1.49 ± 2.16

Note: Cases identified via ICD9- CM.
Abbreviations: ALT, aminotransferase; AST, aspartate aminotransferase; 
BMI, body mass index; GFR, glomerular filtration rate; NA, not 
available; NFS, NAFLD fibrosis score.

TA B L E  3  (Continued)
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2640  |    MIELE et al.

especially those older than 65 years.34 Since using several drugs may 
cause additional liver injury, special attention should be paid when 
prescribing a new drug to a patient with NAFLD.

We obtained a high prevalence of advanced compensated liver 
disease and/or compensated cirrhosis (13%) in cases with NAFLD. 
This implies that an urgent, specific check and the promotion of 
actions devoted to the early identification of patients at risk of 

fibrosis using NITs is required, as scientific societies have already 
suggested.27 The use of NITs in primary care may help GPs identify 
NAFLD subjects with significant fibrosis, especially those <65 years, 
requiring in- depth evaluation by specialistic consultation. In fact, 
our results, which align with those of other studies conducted in a 
primary care setting, revealed that 20.5% of NAFLD subjects had 
an intermediate– high probability of fibrosis that would require more 

F I G U R E  3  Distribution of non- alcoholic fatty liver disease (NAFLD) subjects according to age and fibrosis index categories. Distribution 
of individuals according to (A) age groups, (B) NAFLD fibrosis score (NFS) in younger than 65 years and (C) NFS in older than 65 years, (D) 
FIB- 4 in younger than 65 years and (E) FIB- 4 in older than 65 years.
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specific clinical investigation.27 More interestingly, the probability 
of advanced fibrosis in the non- NAFLD population aged <65 years 
varied between 4.4% with NFS and 8.6% with FIB- 4. The percentage 
of advanced fibrosis was increased in people >65 years; this could be 
linked to the inclusion of age in the algorithm of NFS and FIB- 4, as 
there is probably an underestimation of subjects with NAFLD in the 
control group. Certainly, the FIB- 4 and NFS approach to a primary 
care population may overestimate the risk of fibrosis. A recent inter-
national multicentre analysis documented that the use of FIB- 4 and 
NFS may be associated with increased false positives in the general 
population at low risk of fibrosis.35 The proportion of false positives 
was as high as one- third of the study population, particularly in sub-
jects aged >65. The proportion of false positives raised up to 30%, 
mainly in subjects aged >65.35

The increased proportion of fibrosis is responsible for both 
the progression of the disease and the increased mortality.36 
Approximately 40% of NAFLD subjects with fibrosis may prog-
ress to more severe forms, as observed in long- term follow- up 
studies.37 As reported in the literature, it should be emphasized 
that NITs have prognostic significance for both cardiovascular 
events and progression to cirrhosis and hepatocellular carcinoma 
(HCC).38

Our study has some limitations. First, it was a retrospective 
study. Second, the ultrasonography diagnosis of fatty liver was not 
always available in the database. However, cases were identified 
using the ICD- 9- CM code and validated his cut- off of 36. Owing 
to the study's retrospective nature, we cannot exclude unrecog-
nized conditions of viral hepatitis from HCV or HBV. Chronic viral 
hepatitis is registered in the primary care database because it has 
a unique identification code, and the focus in the study period to 
identify cases to be linked to care for initiation of antiviral thera-
pies has been incremental since 2015 in primary care in Italy after 
the new direct antiviral drugs became available for all patients. 
Another weakness of the study is certainly the determination of 
alcohol consumption. Although no quantitative score is applied, 
at the time of data collection for the primary care database, al-
cohol consumption was collected based on self- report and family 
member testimony and was declared inappropriate if it exceeded 
20 g per day. Third, data on FIB- 4 and NFS were unavailable in 
the whole population, which may be explained by the fact that 
assessment and/or recording of liver biochemical tests are often 
confined only to subjects with abnormal liver function. Moreover, 
NITs usually overestimate the risk of fibrosis in elderly subjects. 
Therefore, it should be used cautiously for fibrosis screening in 
subjects older than 65 years. NITs are not the most accurate diag-
nostic tools for the identification of fibrosis. However, it must be 
kept in mind that elastography is a method not available in primary 
care, and there is a high level of agreement that the use of NITs, 
in particular FIB- 4, may be useful in excluding the risk of fibrosis. 
Additionally, in Italy, recent guidelines30 provide, as suggested by 
the European Association for the Study of the Liver,27 a two- step 
referral pathway (NITs and elastography based on FIB- 4) to reduce 
the risk of overestimation with NITs.
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5  |  CONCLUSION

Even if there is still an identification/registration gap for NAFLD 
in primary care, we found a high probability of fibrosis in NAFLD 
subjects in Italy. Owing to its burden, the increased awareness of 
NAFLD is an urgent need for primary care physicians because of the 
lack of standard disease codification methods, training and shared 
guidelines with specialists. Our data suggest that many cases with 
NAFLD have clinical comorbidities (cerebro- cardiovascular and kid-
ney diseases), which have a high impact on the quality of life and 
health system costs and may help explain the delay in referral for 

liver specialists. An interesting finding is a close association between 
cirrhosis and renal function deterioration. This should lead us to rec-
ommend extensive use of NITs also in order to identify early cases, 
including those with cirrhosis to be referred to hepatology centers. 
The deterioration of renal function and its association with NAFLD, 
widely reported in the literature, combined with the use of polyphar-
macy, should be a further element of awareness of the complexity 
of this type of patient and the need for a multidisciplinary approach, 
as recommended by the recent multi- stakeholder position paper.14

Implementing simple NITs (FIB- 4 and NFS) in all the software 
used in primary care or automated laboratory reports may optimize 

Overall

Crude OR AOR (95% CI) AORa (95% CI)

Obesity

BMI ≤ 30 (reference) – – – 

BMI > 30 2.62 (2.53– 2.71) 2.33 (2.2– 2.47) – 

NA 0.21 (0.2– 0.21) 0.39 (0.37– 0.41) – 

Blood pressure (mmHg)

Diastolic pressure 1.02 (1.02– 1.02) 1.01 (1.01– 1.02) 1.01 (1.01– 1.02)

Systolic pressure 1.01 (1.01– 1.01) 1.01 (1– 1.01) 1.01 (1.01– 1.01)

Comorbidities

Metabolic syndrome 8.51 (7.31– 9.91) 3.25 (2.47– 4.27) 4.44 (3.41– 5.77)

Cerebro/cardiovascular 
disease

2.26 (2.16– 2.36) 1.48 (1.37– 1.58) 1.48 (1.38– 1.58)

Heart failure 1.49 (1.4– 1.58) 1.11 (1.01– 1.21) 1.2 (1.09– 1.31)

HIV 0.83 (0.61– 1.12) 0.64 (0.33– 1.24) 0.54 (0.27– 1.07)

Cirrhosis 6.24 (5.98– 6.51) 3.86 (3.56– 4.18) 3.48 (3.23– 3.76)

Kidney function (GFR)

Normal (≥90) – – – 

Mild (60– 89) 1.57 (1.28– 1.94) 1.52 (1.05– 2.19) 1.68 (1.19– 2.38)

Moderate (30– 59) 2.32 (1.93– 2.78) 1.75 (1.28– 2.41) 1.73 (1.28– 2.34)

Severe (15– 29) 6.65 (6.34– 6.98) 5.89 (5.02– 6.9) 6.1 (5.25– 7.09)

Kidney failure (<15) 7.87 (7.65– 8.09) 7.14 (6.13– 8.31) 7.28 (6.31– 8.39)

Charlson Comorbidities Index

0 (reference)

1 1.93 (1.83– 2.04) 0.75 (0.66– 0.85) 0.8 (0.71– 0.9)

2 8.98 (8.7– 9.27) 0.51 (0.43– 0.6) 0.51 (0.44– 0.6)

>2 6.02 (5.81– 6.24) 0.21 (0.18– 0.25) 0.22 (0.19– 0.26)

Polypharmacy (concurrent 
medications)

No therapy (reference) – – – 

<5 29.75 
(28.53– 31.03)

25.31 
(23.55– 27.22)

25.95 
(24.19– 27.83)

5+ 39.83 
(37.96– 41.79)

36.62 
(33.85– 39.61)

37.86 
(35.09– 40.86)

Note: Non- alcoholic fatty liver disease cases n = 62 025 and controls n = 16 395.
Abbreviations: AOR, adjusted OR; BMI, body mass index; GFR, glomerular filtration rate; NA, not 
available; OR, odds ratio.
aBMI is excluded.

TA B L E  5  Determinants of non- 
alcoholic fatty liver disease occurrence 
(matched by region)
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the fast identification of patients at risk for liver and non- liver- 
related complications needing a specialistic consultation. Therefore, 
the role of GPs is crucial in correctly prescribing referrals to a liver 
specialist in this scenario.
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