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Summary
Background: The long-term results of web-based behavioural intervention in non-
alcoholic fatty liver disease (NAFLD) have not been described in patients followed in 
specialised centres.
Aims: To analyse the long-term effectiveness of web education compared with 
the results achieved by a group-based behavioural intervention in the same years 
2012–2014.
Methods: We followed 679 patients with NAFLD (web-based, n = 290; group-based, 
n = 389) for 5 years. Weight loss ≥10% was the primary outcome; secondary out-
comes were attrition, changes in liver enzymes and in biomarkers of steatosis (Fatty 
liver Index) and fibrosis (Fibrosis-4 index).
Results: The cohorts differed in age, education, working status and presence of di-
abetes. Attrition was higher in the web-based cohort (hazard ratio: 1.53; 95% CI: 
1.24–1.88), but not different after adjustment for confounders. Among patients in 
active follow-up, 50% lost ≥5% of initial body weight and 19% lost ≥10%, without dif-
ference between cohorts. Alanine aminotransferase levels fell to within the normal 
range in 51% and 45% of web- and group-based cohorts, respectively. Fatty Liver 
Index declined progressively and, by year 5, it ruled out steatosis in 4.8%, whereas 
24.9% were in the indeterminate range. Fibrosis-4 index increased in both cohorts, 
driven by age, but the prevalence of cases ruling-in advanced fibrosis remained very 
low (around 1%). Improvements in the class of both surrogate biomarkers were as-
sociated with ≥5% weight loss.
Conclusions: Although burdened by attrition, web-based behavioural intervention is 
feasible and effective in NAFLD, expanding the cohort involved in behavioural pro-
grams and reducing the risk of progressive disease.

www.wileyonlinelibrary.com/journal/apt
https://orcid.org/0000-0002-7040-6466
https://orcid.org/0000-0002-1724-498X
https://orcid.org/0000-0002-7735-7847
https://orcid.org/0000-0002-7245-4445
https://orcid.org/0000-0001-6925-5712
https://orcid.org/0000-0002-4748-6867
https://orcid.org/0000-0002-0502-4381
mailto:
https://orcid.org/0000-0003-2407-9860
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:giulio.marchesini@unibo.it
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fapt.17768&domain=pdf&date_stamp=2023-10-16


2  |     PETRONI et al.

1  | INTRODUC TION

Non-alcoholic fatty liver disease (NAFLD) is one of the most common 
and rapidly growing conditions in the world, affecting approximately 
25% of the total adult population.1 Given its possible progression to 
advanced liver disease and hepatocellular cancer, with increasing di-
rect and indirect costs,2,3 NAFLD has become an important matter of 
concern for healthcare systems.1–3 Despite intensive efforts by phar-
maceutical companies, no drugs have so far been approved by regu-
latory agencies, and behaviour treatment aimed at healthy diet and 
habitual physical activity remains the sole effective NAFLD therapy.4

Unfortunately, adherence to behaviour programs remains low.5 
In the obesity and diabetes settings, where most of behaviour inter-
ventions have been developed, patients are trained to healthy diet 
and habitual physical activity via intensive face-to-face meetings or 
multiple group sessions that are very demanding for young individ-
uals in their working life.6 These approaches might result even less 
feasible in young NAFLD individuals, scarcely motivated to change 
lifestyle,7 because they do not perceive a frequently asymptomatic 
liver disease as a threat for future life.8,9

To facilitate treatment adherence, online and offline web-based 
programs,10 as well as apps and other telemedicine systems,11 have 
been developed in the area of metabolic diseases.12,13 They com-
bine up to five technical key components: self-monitoring, coun-
sellor feedback and communication, group support, structured 
programs or individually tailored programs.14 The final aim is to in-
crease awareness and motivation, by facilitating food planning and 
adequate calorie intake, and/or by recording time spent in physical 
activity and the intensity of exercise.15

Inside a European-funded program, in 2013 we expanded an original 
web-based behavioural program mimicking all the activities provided to 
patients attending our group-based obesity and diabetes classes.16 The 
aim was to eliminate space and time constraints that limit attendance to 
hospital, to spare patients' and physicians' time, thus possibly expanding 
behavioural intervention to a much larger community. An initial 2-year 
report was published in 2018, supporting the use of the web-based in-
tervention as possible alternative to hospital attendance.17

As part of the long-term surveillance of our NAFLD cohort, the 
aim of the present report is to provide a comprehensive and criti-
cal analysis of the 5-year real-world effectiveness and of the limits 
of intensive behavioural intervention in NAFLD, carried out either 
as group-based or web-based approach. We report a comparison in 
terms of adherence to follow-up, of successful body weight loss—the 
original primary outcome—and of changes in biochemistry and in sur-
rogate biomarkers of both steatosis and fibrosis in the two cohorts.

2  | MATERIAL S AND METHODS

2.1 | Patients

The study involved individuals with ultrasonography-diagnosed 
NAFLD attending the Unit of Metabolic Diseases and Clinical 

Dietetics, University of Bologna, from January 2012 to December 
2014. During this period a web-based behavioural modification 
program was available, funded as part of the subproject FP7/2007–
2013 FLIP (Fatty Liver—Inhibition to Progression), under grant 
agreement No. HEALTH-F2-2009-241762. They were part of the 
NAFLD cohort attending the outpatient service, a second-level 
centre for obesity and diabetes. According to our procedures, all 
NAFLD cases were routinely invited to enter a group-based behav-
ioural modification program following initial assessment, diagnostic 
procedures and motivational interviewing.18 Patients who agreed 
to treatment entered and completed the behavioural modification 
program (group-based intervention—GBBI); individuals who could 
not attend the program were provided with a user-id and a password 
to access a web-based intervention (WBBI), largely reproducing the 
protocol and the tools of GBBI. In addition, the study included a 
small group of patients (n = 25), enrolled into the web program fol-
lowing NAFLD diagnosis at the department of Gastroenterology, 
University of Turin.

The socio-demographic and clinical data of the present NAFLD 
cohort are described in Table 1. This long-term (5-year) follow-up 
analysis reports the effectiveness of interventions in 389 GBBI 
and 290 WBBI individuals until December 2019, when the SARS-
COV-2 pandemic caused a disruption of hospital procedures. After 
enrolment in either program, all patients attended the clinic for 
follow-up visits every 6–12 months, according to disease sever-
ity, but no specific therapy for their liver disease. In the course of 
the years, patients with type 2 diabetes (30.7% of total) received 
drugs with possible hepatic effects: metformin, 73.1%; pioglita-
zone, 5.4%; glucagon-like peptide-1 receptor agonists, 3.8%; insu-
lin, 6.8%; di-peptidyl-peptidase-4 inhibitors, 6.4%; sodium-glucose 
cotransporter-2 inhibitors, 2.9% (all drugs, no differences between 
WBBI and GBBI).

The study was initially approved by the ethical committee of 
Sant'Orsola-Malpighi Hospital, Bologna, as an interventional, 
non-pharmacologic study (No. 79/2009/U/Oss), and patients 
signed an informed consent before entering the program. Long-
term comparison with the standard treatment (GBBI) is part of 
an internal audit to test the effectiveness of WBBI on specific 
outcomes.

2.2 | Weight loss programs

The protocols of both GBBI and WBBI are extensively reported in 
the original publication.17 Both programs were not aimed at a severe 
calorie restriction, but at maintaining a control on long-term calorie 
intake aimed at progressive weight loss. The suggested calorie intake 
was between 1500 and 1800 calorie intake in males and between 
1200 and 1500 in women, depending on BMI. No specific dietary 
plan was prescribed, but individualised advice was provided during 
follow-up visits to favour adherence. The web program required ac-
tive participation to proceed and included a report on completeness 
of the five modules. Adherence to dietary counselling and habitual 
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     |  3PETRONI et al.

TA B L E  1   Socio-demographic, clinical and biochemical values in NAFLD cases available for long-term follow-up.

Total (n = 679) Web-treated (n = 290) Group-treated (n = 389) p valuea

Sex (males, %) 52.9 (49.0–56.5) 63.1 (57.2–68.3) 45.2 (40.2–50.1) <0.001

Age (years) 50.3 ± 11.6 46.5 ± 11.5 53.1 ± 10.9 <0.001

BMI (kg/m2) 33.6 ± 6.0 33.9 ± 6.0 33.0 ± 6.0 0.339

BMI class

Overweight (%) 29.2 (25.8–32.8) 31.7 (26.5–37.1) 27.2 (22.9–31.7) 0.146

Obesity (%) 70.8 (67.2–74.1) 68.3 (62.5–73.2) 72.8 (68.0–76.8)

Waist circumference (cm) 106.7 ± 11.3 108.0 ± 13.6 105.7 ± 11.3 0.022

Hypertension (%) 42.8 (39.0–48.5) 33.6 (28.2–39.0) 49.6 (44.5–54.4) <0.001

Diabetes (%) 30.7 (27.3–34.2) 16.3 (12.3–20.8) 41.4 (36.5–46.2) <0.001

Prediabetes (IFG/IGT, %) 31.4 (27.9–35.0) 27.7 (22.5–33.1) 34.1 (29.4–39.0) 0.08

Education (%)

Primary 1.6 (0.9–2.8) 0.7 (0.1–2.2) 2.3 (1.1–4.2) <0.001

Secondary 12.5 (10.2–15.1) 7.6 (4.9–11.0) 16.2 (12.8––20.0)

Vocational 48.6 (44.8–52.3) 49.3 (43.4–54.9) 48.1 (43.0–52.9)

Degree 37.3 (33.6–40.9) 42.4 (38.7–48.0) 33.4 (28.8–38.1)

Employment status (%)

Student 2.4 (1.4–3.7) 4.2 (2.3–6.9) 1.0 (0.3–2.4) <0.001

Housewife 6.6 (4.9–8.7) 2.4 (1.1–4.7) 9.8 (7.1–13.0)

Employed 62.4 (58.6–65.9) 65.7 (59.9–70.8) 59.9 (54.8–64.5)

Self-employee 18.4 (15.6–21.5) 24.6 (19.8–29.7) 13.9 (10.7–17.5)

Retired 10.2 (8.1–12.6) 3.1 (1.5–5.6) 15.4 (12.1–19.2)

Fasting biochemistry

Glucose (mg/dL) 111.2 ± 32.9 101.1 ± 25.2 118.5 ± 36.7 <0.001

Glycosylated haemoglobin (%) 6.64 ± 2.78 6.31 ± 3.22 6.81 ± 2.54 <0.001

AST (mU/mL) 34.2 ± 17.1 31.2 ± 17.1 36.5 ± 16.9 <0.001

ALT (mU/mL) 53.9 ± 30.8 47.2 ± 28.7 58.8 ± 31.1 <0.001

GGT (mU/mL) 55.1 ± 45.9 51.5 ± 53.9 57.7 ± 38.9 0.088

Total cholesterol (mg/dL) 212.1 ± 42.6 205.1 ± 42.4 217.3 ± 42.7 <0.001

HDL-cholesterol (mg/dL) 47.1 ± 13.4 45.8 ± 10.5 48.0 ± 15.2 0.036

Triglycerides (mg/dL) 179.7 ± 118.5 164.5 ± 139.8 190.9 ± 96.7 <0.001

LDL-cholesterol (mg/dL) 126.4 ± 45.9 124.6 ± 43.5 127.8 ± 47.6 0.366

Platelets (109/L)b 217.5 ± 45.6 228.0 ± 62.8 210.7 ± 27.5 <0.001

Surrogate markers

Fatty liver index (score) 82.5 ± 17.2 81.6 ± 17.1 83.1 ± 17.2 0.247

FLI ≥ 60 (steatosis) 88.7 (86.0–90.8) 88.4 (83.9–91.5) 88.9 (85.3–91.6) 0.689

FLI (indeterminate) 10.3 (8.1–12.7) 10.9 (7.6–14.9) 9.8 (7.1–13.0)

FLI < 30 (no steatosis) 1.0 (0.5–2.0) 0.7 (0.1–2.3) 1.3 (0.5–2.8)

FIB-4 (score)b 1.19 ± 0.57 1.02 ± 0.50 1.21 ± 0.58 <0.001

FIB-4 < 1.30 (no severe fibrosis) 65.9 (61.4–69.9) 76.5 (69.6–81.7) 59.1 (53.2–64.4) <0.001

FIB-4 (indeterminate) 32.0 (27.9–36.2) 22.5 (16.8–28.7) 38.1 (32.6–43.7)

FIB-4 ≥ 2.67 (severe fibrosis) 2.1 (1.1–3.7) 1.1 (0.2–3.4) 2.7 (1.3–5.1)

Note: Data are presented as means ± SD or as prevalence (95% CI).
aStudent t test or χ2 test.
bN = 478 (Web = 187; Group = 291).
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4  |     PETRONI et al.

physical activity was quantitatively measured at the end of the in-
tensive program (4–6 months after enrolment).17 Questionnaires 
were no longer used to quantitate food intake, as well as engage-
ment in habitual physical activity after the first few months.

2.3 | Methods

The primary outcome for analysis was originally set at 10% weight 
loss. Many secondary outcomes were also tested: (a) attrition rates 
(continuers vs. cases lost to follow-up); (b) per cent changes in body 
mass index (BMI); (c) return of alanine aminotransferase (ALT) levels 
within normal values (defined according to the updated reference 

values of ≤31 mU/mL in males and ≤19 in females)19; (d) changes in 
surrogate biomarkers of steatosis (Fatty Liver Index—FLI)20 and fi-
brosis (fibrosis-4 index—Fib-4)21 and category of FLI and Fib-4 as 
derived from most recent guidelines.22

2.4 | Statistical analysis

Descriptive statistics was made by computing means ± standard 
deviation for the entire, the WBBI and the GBBI cohorts. For nomi-
nal data, the prevalence and the 95% confidence interval were cal-
culated. Comparison between groups was carried out by Student t 
test for unpaired data and chi-square test, whenever appropriate. 

F I G U R E  1   Attrition in the course 
of follow in subjects enrolled in the 
group-based (GBBI) and the web-based 
behavioural intervention (WBBI). Note 
that differences were no longer significant 
when adjusted for confounders.

TA B L E  2   Paired comparison of non-invasive tests in subjects last seen at follow-up and in 5-year completers, compared with 
corresponding entry values.

Fatty liver index No steatosis Indeterminate Steatosis p value

Class at entry n (%) 4 (0.8) 52 (10.6) 436 (88.6) <0.001

Class at end of follow-up n (%) 23 (4.7) 117 (23.8) 352 (71.5)

Class at entry in completers n (%) 2 (0.6) 30 (9.7) 277 (89.6) <0.001

Class at 5-year in completers n (%) 15 (4.9) 77 (24.9) 217 (70.2)

Fibrosis-4 Index No advanced fibrosis Indeterminate Advanced fibrosis p value

Class at entry n (%) 265 (64.0) 140 (33.8) 9 (2.2) <0.001

Class at end of follow-up n (%) 234 (56.5) 177 (42.8) 3 (0.7)

Class at entry in completers n (%) 187 (61.9) 110 (36.4) 5 (1.7) <0.001

Class at 5-year in completers n (%) 166 (54.9) 134 (44.4) 2 (0.7)

Alanine aminotransferasesa Above normal limits Within normal limits p value

Class at entry n (%) 479 (85.3) 83 (14.7) <0.001

Class at end of follow-up n (%) 336 (59.8) 226 (40.2)

Class at entry in completers n (%) 263 (83.2) 53 (16.8) <0.001

Class at 5-year in completers n (%) 162 (51.3) 154 (48.7)

aNote that for alanine aminotransferase levels also values at 6-month follow-up were available. ALT ≤ 31 in males and ≤19 in females were considered 
normal limits, according to Prati et al.19
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     |  5PETRONI et al.

Attrition rates were tested for differences by Kaplan–Meier and 
Cox proportional hazard methods analysis. Longitudinal changes 
in clinical data were also compared by repeated-measures anova, 
considering subjects in active follow-up. Factors associated with 
primary and secondary outcomes (dependent variable) were tested 
by logistic regression analysis, having type of intervention and con-
founders as independent variables. Given the large differences in 
baseline values between WBBI and GBBI groups, in a sensitivity 
analysis outcomes were also tested after adjustment for propensity 
score. The score was calculated by binary logistic analysis having 
socio-demographic and clinical data (age, sex, education, work-
ing status, BMI, ALT and presence of diabetes) as independent 
variables.

3  | RESULTS

3.1 | Baseline data

In general, the whole cohort (Table 1) was characterised by a larger 
prevalence of females in the WBBI group, as well as older age, lower 
education and different working status, and higher comorbidity 
rates, as also supported by different biochemistry, with similar obe-
sity rates. The presence of steatosis was confirmed in nearly 90% of 
cases by FLI, with very few cases classified as indeterminate or no 
steatosis. FIB-4 was higher in the GBBI group, but very few cases 
ruled-in significant fibrosis.

3.2 | Attrition rates

A high attrition rate was observed soon after enrolment—more 
marked in the WBBI cohort—with nearly 20% of patients either not 
completing the behaviour program or missing the first 6-month con-
trol visit (only 562 patients available at follow-up). From that time 
on, attendance continued to decline sharply in both cohorts during 
the first 3 years (493 at year 1, 421 at year 2 and 338 at year 3) and 
stabilised thereafter (Figure  1). The population available to long-
term follow-up (continuers) was older than the cohort lost to follow-
up, had higher rates of hypertension, diabetes, a poorer educational 
status and was characterised by lower involvement in working ac-
tivities (Table 2). Attrition rates were moderately higher in females, 
irrespective of treatment group (55.6% vs. 50.4% in male; p = 0.190). 
At multivariable logistic regression analysis, attrition was signifi-
cantly reduced by older age (OR: 0.76, 95% CI: 0.64–0.91 per dec-
ade), by the presence of pre-existing or newly developed diabetes 
(OR: 0.33; 95% CI: 0.22–0.49) and weight loss ≥5% (OR: 0.87, 95% 
CI: 0.75–0.99) and in retired people versus subjects actively working 
(OR: 0.45; 95% CI: 0.20–1.00), without any association with educa-
tion or type of intervention. By the end of the observation period, 
205 GBBI- and 115 WBBI-treated cases were available for analysis 
(52.7% and 39.7% of cases, respectively; p < 0.001). Cox propor-
tional hazard analysis confirmed a higher attrition rate in WBBI 

versus GBBI (HR: 1.53; 95% CI: 1.24–1.88; p < 0.001) (Figure  1), 
which, however, was not significantly different after adjustment for 
age, gender, prevalence of pre-existing and newly developed diabe-
tes, education, job involvement and BMI at baseline (HR: 1.03; 95% 
CI: 0.78–1.35; p = 0.833).

3.3 | Weight loss

The time course of weight loss in relation to treatment group is de-
picted in Figure 2. Weight loss reached a peak around 4%–5% in the 
whole population that remained in the programs in the period be-
tween year 2 and 5, without significant differences between groups 
(WBBI: −5.0 ± 6.6 vs. −4.0 ± 6.6 in GBBI; p = 0.075). By year 5, 50% 
of cases in active follow-up had lost 5% or more of their initial body 
weight and 19% had lost 10% or more, whereas 8% had remained 
relatively stable (±2% of initial body weight). Only a few patients 
were able to reach a normal weight at last follow-up (n = 30; 4.4%) 
but many more moved from obesity to the overweight class at 
(n = 84, 17.5% of subjects with obesity at enrolment). The primary 
outcome (10% weight loss) in the 5-year observation period was to-
tally unrelated to the type of intervention (WBBI: OR: 0.99, 95% CI: 
0.62–1.57). Of note, only 8.8% of GBBI and only 2.6% of WBBI in-
dividuals had increased their body weight by 5% or more (p = 0.035, 
Fisher's exact test).

3.4 | Biochemistry

At entry, alanine aminotransferases were within the normal range 
only in 48 GBBI- and 64 WBBI-enrolled patients (12.3% and 22.1%; 
p < 0.001). In the course of follow-up ALT declined by approximately 

F I G U R E  2   Per cent weight loss in NAFLD subjects enrolled 
in the group-based (GBBI) and the web-based behavioural 
intervention (WBBI). Data are plotted as mean ± 95% CI. The 
number of cases available at each time point is reported in the 
table.
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6  |     PETRONI et al.

50% in both groups and normalised also in a large proportion of pa-
tients lost to follow-up (40%) (Table 2). By the end of the observation 
period, they were in the normal range in 51% and 45% of the two 
groups, respectively (p = 0.352). Similar changes were observed in 
aspartate aminotransferase (AST) levels (Figure 3) and in γ-glutamyl-
transpeptidase (GGT) concentrations (not reported in details).

No differences in the time course of total cholesterol, HDL-
cholesterol, triglyceride, LDL-cholesterol were observed during 
follow-up. Also fasting glucose and blood pressure were similar in 
GBBI- and WBBI-treated cases at the end of the observation period. 
HbA1c levels declined by 0.18 ± 1.19% in GBBI cases (p vs. baseline, 
0.034) and increased by 0.08 ± 0.81% in WBBI group (p vs. baseline, 
0.344), possibly driven by a moderately larger number of newly de-
tected diabetes at follow-up (n = 31 in GBBI vs. 17 in WBBI; HR: 1.62; 
95% CI: 0.90–2.94; p = 0.108). Finally, in continuers, GGT decreased 
on average by 14 U/L (p < 0.001) and platelet count was minimally 
reduced (Baseline, 214 ± 46 × 109/L; 60-month, 208 ± 29; p = 0.024).

3.5 | Surrogate biomarkers

The scores of FLI and FIB-4 and their changes during the observa-
tion period are presented in Figure 4 and Table 2, together with per-
centage of cases ruling-in, ruling-out or being in the indeterminate 
range according to the cut-offs defined in the methods. FLI declined 

progressively and, by the end of follow-up, score values ruled out 
steatosis in 4.9% of cases, whereas 24.9% more were in the indeter-
minate range (no difference between treatment groups).

FIB-4 scores showed a progressive increase in both cohorts, 
largely driven by the increase in age and quantitatively larger (not 
significantly) in the WBBI cohort. Nonetheless, considering the 
lower average FIB-4 score at entry in WBBI, FIB-4 remained signifi-
cantly lower in WBBI throughout the treatment period. The prev-
alence of cases ruling-in advanced fibrosis (FIB-4 ≥ 2.67) remained 
very low (around 1%), but the number in the intermediate range in-
creased in the whole cohort from 31.4% at baseline to 44.4%. When 
split according to type of treatment, the distribution at 60-month 
follow-up was 46.0%, 53.5% and 0.5% (rule-out, indeterminate, 
rule-in) in GBBI versus 72.1%, 26.9% and 1.0% in WBBI, respectively 
(p < 0.001).

By logistic regression analysis, improvement by one or more class 
in FLI was associated female sex (OR: 2.20; 95% CI: 1.12–4.28), with 
5% weight loss (OR: 4.21; 95% CI: 2.99–5.94) and negatively with 
entry BMI (OR: 0.58; 95% CI: 0.52–0.66), not with age, education, 
working status, presence of diabetes and type of treatment (WBBI: 
OR: 1.40; 95% CI: 0.71–2.77).

Similarly, improvement in FIB-4 class was associated with age 
(OR: 1.05; 95% CI: 1.01–1.09) and with 5% weight loss (OR: 1.31; 
95% CI: 1.06–1.61), not with gender, education, working status, 
BMI at entry or type of treatment (WBBI: OR: 0.62; 0.29–1.31). 
Deterioration in FIB-4 class was solely associated with age (OR: 
1.04; 95% CI: 1.01–1.07), not with any other confounder. However, 
there was a remarkable trend in favour of a reduced risk of fibrosis 
progression in subjects treated by WBBI (OR: 0.53; 95% CI: 0.28–
1.01; p = 0.053).

3.6 | Sensitivity analysis by propensity score

In a sensitivity analysis, the risk of attrition and of changes in sur-
rogate biomarkers was tested after adjustment for propensity score. 
The risk of attrition, although moderately increased in the WBBI co-
hort, was not significantly increased (OR: 1.27; 95% CI: 0.89–1.81). 
Improvements in FLI and FIB-4 by one class or more were also not 
different in the two cohorts (WBBI: OR: 1.29; 95% CI: 0.78–2.15 and 
OR: 0.70; 95% CI: 0.33–1.50, respectively). The analysis confirmed 
a trend towards a reduced risk of FIB-4 deterioration in the WBBI-
treated cohort (OR: 0.57; 95% CI: 0.30–1.07; p = 0.082) and no dif-
ferences in ALT normalisation (OR: 1.15; 95% CI: 0.76–1.72).

4  | DISCUSSION

The main results of the present study are: (a) web-based educa-
tion may be confidently used to promote healthy lifestyles, thus fa-
vouring weight loss, as a surrogate for intensive behavioural group 
treatment in patients with NAFLD who are reluctant to hospital-
based intervention; (b) although attrition remains a crucial issue in 

F I G U R E  3   Changes in alanine (upper panel) and aspartate 
(lower panel) aminotransferase levels in the two groups of subjects 
enrolled in the group-based (GBBI) and the web-based behavioural 
intervention (WBBI). Data are plotted as mean ± 95% CI. No 
differences were observed between groups. For number of cases, 
see Figure 1. Note that liver enzyme levels were higher in the GBBI- 
versus the WBBI-treated cohort at entry.
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behaviour treatment—and even more in the web intervention—fol-
lowing treatment a remarkable proportion of patients attain and 
maintain a satisfactory weight loss, which is associated with stabil-
ity or even improvement in surrogate biomarkers of steatosis and 
fibrosis after 5 years, consistent with low risk of progression. This 
conclusion is based on the ability of non-invasive tests to predict 
the natural history of NAFLD, and large studies recently confirmed 
that FIB-4 values predict both liver and non-liver-related events.23,24 
In addition, at least one study reported that retesting may also be 
useful to predict liver disease progression/regression,25 and inter-
national guidelines recommend biomarkers for continuous manage-
ment of low-risk NAFLD individuals.22,26

The use of internet to educate patients has long been tested 
in the area of chronic diseases, driven by the need for continuous 
lifestyle improvement requiring multiple interventions and the large 
number of patients at risk.27 Following the reports of the seminal 
Diabetes Prevention Study28 and Diabetes Prevention Program,29 
the methodology of behavioural modification to induce weight loss 
have been translated from the hospital setting into the web with 
different results. In a large meta-analysis, Joiner et al reviewed 22 
studies and 26 interventions, including web-based and mobile phone 
applications, text messages, DVDs, telephone calls, telehealth video 
conferencing and video on-demand programing.30 The majority of 
studies included post-baseline behavioural support provided by 
counsellors remotely or face-to-face, as we did at any control visit to 

our WBBI cohort. Weight loss averaged 4% after 15 months and was 
moderately higher in subjects given post-baseline support, particu-
larly when provided in person (−4.65% of initial body weight). Later, 
three meta-analyses confirmed the positive results,31–33 providing 
evidence that eHealth is feasible and effective in the short term. In 
short-term interventions, an individualised web-based intervention 
limited to training support was also considered in NAFLD setting.34 
When delivered to a cohort of 41 patients (93.2% of enrolled cases), 
the exercise program (8-week intervention) produced an increase in 
physical fitness (VO2 peak) and decreased aminotransferase levels, 
markers of inflammation, surrogate scores of steatosis and fibrosis 
(including FLI and FIB-4) and transient elastography.34 Body weight 
decreased as well during intensive intervention, but a remarkable 
weight regain was observed by the end of follow-up (12 weeks). In 
the present study, body weight continued to decline in subjects who 
remained in the programs, although only few reached the desired 
target. This underlines the importance of continuous care for the 
treatment of obesity.35 Reinforcement by pharmacologic treatment 
might be a future suitable option.36

As for any weight loss intervention, attrition and weight regain 
during follow-up remain critical issues. Attrition was very large in 
the first 3 years and stabilised thereafter. Initial attrition might stem 
from unpreparedness to the demanding procedures associated with 
weight loss intervention (food choices and calorie counting, physical 
activity measures) and poor motivation, despite accurate selection 

F I G U R E  4   Changes in Fatty Liver Index and Fibrosis-4 score (upper panels) in subjects enrolled in the group-based (GBBI) and the 
web-based behavioural intervention (WBBI) and per cent of total cases classified as ruling-in, ruling-out or indeterminate for steatosis and 
advanced fibrosis (lower panels). Number of cases: for FLI, see Figure 1; for FIB-4 score the total numbers decreased from 478 at entry 
(WBBI, n = 187; GBBI, n = 291) to 302 after 60 months (WBBI, n = 104; GBBI, n = 198). Note the progressive shift towards lower steatosis 
score and the constantly low number of cases fitting the criteria for advanced fibrosis.
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by motivational interviewing in the baseline assessment,18 also 
adapted for group setting in our department.37 We described even 
higher attrition rates soon after enrolment in a multicentre Italian 
study involving treatment of patients with obesity, independent of 
NAFLD, and in the long-term attrition rates exceeded 80%;35 the 
present data indicate that NAFLD is not sufficiently perceived as a 
robust additional factor stimulating adherence, in keeping with the 
scarce preparedness of both patients and healthcare institutions to 
manage NAFLD treatment.38 A recent study showed that knowl-
edge of liver fibrosis stage is a drive to adherence to behavioural 
strategies;39 the low severity of disease, as measured by FIB-4 in our 
patients, might have contributed to diminish motivation and adher-
ence. In general, we could not find any baseline difference between 
continuers and drop-outs at follow-up in terms of liver disease, not 
even raised liver enzymes, a mark of disease usually perceived as 
important by NAFLD patients. The only significant factors increas-
ing attrition were socio-demographic parameters likely to influence 
time to dedicate to treatment—not completely resolved by WBBI–, 
together with diabetes, a disease perceived as significantly harm-
ing future life. A detailed analysis of diabetes in our NAFLD cohorts 
has already been published; the risk of newly detected diabetes was 
indeed reduced by intervention in comparison with rates expected 
from the literature.40

In the mid-term, attrition remained high. A post hoc analysis of 
attrition between one- and 3-year follow-up failed to demonstrate 
differences in per cent weight loss between continuers and individ-
uals lost to follow-up; thus, also unsatisfied results do not seem to 
be a likely reason for attrition,41 as suggested in other settings.42 
Finally, after 3 years, attrition was no longer a problem and NAFLD 
patients' loyalty was nearly complete.

As for weight regain, the importance of treatment failure during 
extended care is well-documented and also in the course of eHealth 
interventions, again with a better outcome when face-to-face meet-
ing are added to technology-based interventions.43 A very recent 
systematic review and meta-analysis confirmed that in-persons in-
terventions were associated with a reduced weight regain compared 
with technology-based approaches.44 We did not observe any rel-
evant weight regain in the long-term in patients who remained in 
the program, but data might be biased by attrition, that continued 
throughout the observation period, although at lower rates. Any 
possibility to adjust data of subjects lost to follow-up in epidemi-
ological studies of obesity is biased by unpredictable changes after 
program stop. We can only remark that a non-negligible proportion 
of our compliant patients achieved a significant weight loss, favoured 
by continuing reinforce at follow-up visits and weight loss translated 
into a significant reduction of biomarker-assessed fatty liver and 
stability or improvement of fibrosis, independent of treatment type.

Weight loss was the most significant factor associated with fa-
vourable changes in steatosis, as measured by FLI. Epidemiological 
and clinical studies have consistently associated reduced BMI and/or 
reduced waist circumference to lower steatosis rates, measured by 
ultrasounds,45 proton-magnetic resonance spectroscopy46 and also 
histology.47 Thus, improved FLI should not be regarded as a mere 

mathematical result, considering that waist circumference is part of 
the algorithm. We observed a progressive shift in continuers from 
the stages ruling-in or indeterminate for steatosis to lower grades, 
in keeping with reduced fat in the liver. This condition was also as-
sociated with reduced liver enzymes, expression of a reduced liver 
cell suffering from fatty infiltration, as well as with a lower risk of 
newly detected diabetes,40 possibly reducing the stimulus to disease 
progression. Diabetes per se is indeed a marker of progressive liver 
disease, also increasing the predictive ability of biomarkers.48 All 
events (improved FLI stage, regression of liver enzyme and reduced 
risk of de novo diabetes) were independent of the type of interven-
tion, after correction for confounders.

The severity of fibrosis, measured by FIB-4 score, remained sta-
ble or showed a moderate shift towards the indeterminate stage, 
driven by a minimal decrease of platelets and population ageing. 
The negative effects of age on FIB-4 classification were probably 
counterbalanced by the higher adherence of the elderly to lifestyle 
changes, and age indeed was positively associated with improved 
FIB-4 stage. The cross-sectional association of Fib-4 score with his-
tologic data is well-documented; longitudinal analyses of FIB-4 val-
ues measured during a drug intervention trial and following bariatric 
surgery confirmed an association between reduced FIB-4 and histo-
logical improvement49,50 and the beneficial effects of weight loss.51 
These results lend support to our data confirming the association 
between weight loss, irrespective of treatment type, and FIB-4 im-
provement. It would be important to strengthen these results with 
longitudinal measurements of liver stiffness, now the gold-standard 
for fibrosis or magnetic resonance elastography.52 Unfortunately, 
stiffness by transient elastography was measured only in a minority 
of cases at time of enrolment, and data were insufficient for analy-
sis, whereas magnetic resonance elastography is not available in our 
hospital.

The low grade of fibrosis in our setting indicates that the large 
NAFLD population observed in the setting of diabetes and obesity 
units is probably different from that observed in Liver Units, more 
prone to severity and progression, despite the well-documented 
importance of diabetes as liver disease modifier.53,54 The number 
of cases at risk, free living and in the working age, was the primary 
reason for translating the educational program into the web. Weight 
loss, independently of treatment, also resulted in a decreased occur-
rence of newly detected diabetes, as well as better diabetes manage-
ment and glucose control in individuals with NAFLD and diabetes, 
likely to improve prognosis further.40

In conclusion, the long-term analysis of the cohort enrolled into 
a weight loss program either via group-based or web-based be-
havioural techniques gives a complete picture of the limits and the 
results of real-world interventions. It confirms the positive effects of 
intensive efforts to promote behavioural changes; only a limited pro-
portion of cases will achieve complete remission of the ongoing liver 
damage, but progression is probably smoothened. The healthcare 
personnel of metabolic units, long trained to educational activities 
aimed at weight loss, remains an important nod in the network re-
sponsible for NAFLD management, as suggested by Clinical Practice 
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Guidelines,22,38 in order to reduce the burden of disease and to ac-
celerate the public health agenda for NAFLD response.55,56
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