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Background:  The  relation  between  liver  fibrosis  scores  and  health  outcomes  in older  people  has  been
barely  investigated.  We  aimed  to  evaluate  the  association  of  four  liver  fibrosis  scores  (fibrosis-4  -FIB-
4-, NAFLD  fibrosis  score  -NFS-,  BARD  and  aspartate  aminotransferase/alanine  aminotransferase  ratio
-AST/ALT-)  with  mortality  and  incident  disability  at 6 years  in  an  older  population.
Methods: We  studied  962  individuals  aged  ≥65  (mean  age  74.4;  female  55.5%)  with  a  mean  follow-up  of
95.7  months,  enrolled  in the InCHIANTI  study.  The  relationship  between  liver  fibrosis  scores  and  mortality
and  disability  was  assessed  through  Cox  and log-binomial  regressions.
Results:  NFS  and FIB-4  were  associated  with  higher  overall  (aHR  ranging  1.38–1.78  for  intermediate  risk
of fibrosis  and  1.60–2.02  for  high  risk)  and  cardiovascular  (aHR  ranging  1.76–2.90  for  intermediate  and

2.22–2.42  for  high  risk)  mortality.  AST/ALT  and  BARD  were  only  associated  with  overall  mortality.  Only
NFS  and FIB-4  high  risk  classes  were  associated  with  incident  disability  (aRR  ranging  1.93–2.76).  Despite
poor  sensitivity,  all scores  showed  high  specificity  (ranging  0.88–0.95).
Conclusion:  Higher  risk of liver fibrosis  is  associated  with  higher  risk  of  poor  health  outcomes.  Liver  fibrosis
scores may  help  to  stratify  the  risk  and,  mainly,  identify  elderly  patients  with  favorable  prognosis.

© 2019  Editrice  Gastroenterologica  Italiana  S.r.l.  Published  by Elsevier  Ltd.  All  rights  reserved.
. Introduction

Chronic liver diseases (CLDs) have reached epidemic propor-
ions in Western countries with relevant health and economic
onsequences [1]. While the burden of hepatitis C virus (HCV) is
upposed to significantly decrease due to the availability of highly
ffective direct-acting antiviral drugs, alcoholic consumption still
epresents a common cause of CLD, and non-alcoholic fatty liver
isease (NAFLD) has already become the most common liver dis-
ase in parallel with the relentless increase of prevalence of obesity,

yslipidemia and diabetes mellitus [1].

The burden of CLD is expected to further increase as a result of
opulation aging, because older age is associated with many risk
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factors for CLD or CLD progression to liver cirrhosis [2]. Indeed,
the prevalence of CLD is high among older people, and NAFLD has
its peak prevalence (30%) in the seventh decade of life, suggest-
ing that CLD may  be a relevant problem in this age group [2–4].
In turn, CLD is characterized by a low-grade chronic inflammation,
that may  underpin the association between CLD and other condi-
tions. For example, CLD has been associated with cardiovascular
disease independently of the shared metabolic risk factors, with
risk increasing with the progression of liver disease in terms of
fibrosis [5,6]. In older people, the same mechanism may  be also
associated with reduction of muscle mass and frailty [7].

Independently of the etiology, liver fibrosis progression to cir-
rhosis can be considered as the most important prognostic indicator
in CLD subjects [8,9]. Accordingly, adequately staging CLD rep-
resent a leading issue to stratify the risk of patients and tailor

effective healthcare strategies. To this purpose, liver biopsy is the
gold standard for the staging and, in selected case, for the diagno-
sis of CLD, but it is an invasive procedure that cannot be routinely
performed. Alternative approaches are based on the use of non-
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nvasive tests of liver fibrosis, i.e. imaging methods and combined
cores of clinical and serum indicators. Among these scores, the
brosis-4 (FIB-4) score [10] and the aspartate aminotransferase
AST) to alanine aminotransferase (ALT) ratio (AST/ALT ratio) [11]
re made up of mainly “liver-specific” variables such as age, ALT,
ST and platelets. Conversely, the NAFLD fibrosis score (NFS) [12]
nd the BARD [13] were specifically constructed in NAFLD patients
nd also include more “general” variables (such as BMI, impaired
asting glucose or diabetes mellitus and albumin), that are well-
nown to be per se associated with mortality and not necessarily
ia liver fibrosis. Beside their reasonable accuracy in detecting
dvanced liver fibrosis, these scores have been recently associated
ith overall, cardiovascular and liver-specific mortality in large
opulation-based studies, both when restricted to NAFLD subjects
14–16], and when extended to the entire population [17], but no
ata are available on the elderly population, especially with respect
o functional outcomes, such as disability, that are of particular
nterest in this age group.

Our hypothesis is that liver fibrosis scores may  be associated
ith mortality and incident disability in the general population of

lder people, and that, compared to NFS and BARD, indices includ-
ng “liver-specific” variables (FIB-4 and AST/ALT ratio) would show
n at least comparable association when potential confounders are
aken into account.

We used the InCHIANTI dataset to estimate the association
etween non-invasive liver fibrosis scores and mortality (both
verall and cause-specific) and 6-years incident disability in a pop-
lation of older subjects.

. Methods

.1. Data source and sample selection

We  used data from InCHIANTI study, a prospective population-
ased study of randomly selected 1453 subjects living in the Chianti
rea (Greve in Chianti and Bagno a Ripoli, Tuscany, Italy), aiming
t investigating the factors contributing to the decline of mobility
n older persons. The project was designed by the Laboratory of
linical Epidemiology of the Italian National Research Council on
ging (INRCA, Florence, Italy) and the study protocol was  ratified
y INRCA Ethical Committee. The eligible participants were firstly

nterviewed at their homes on their health, physical and cognitive
tatus. Then, physical examination and blood tests were performed
t the study clinic. Comorbid diseases were ascertained examining
linical history, medical records and medication use. The first wave
f study started in 1998 (baseline evaluation) and participants were
ollowed up with evaluation every 3 years. A detailed description
f the study design has been previously published [18].

From the original study population (N 1453), we  selected partic-
pants aged more than 65 years (N 1155). Thereafter, we removed
atients (N 193) with any missing data in variables necessary for
he computation of the liver fibrosis scores (NFS, FIB-4, BARD and
ST/ALT ratio; Supplementary Table 1). The final sample size was
62.

.2. Variable measurement

Data on variables needed to calculate liver fibrosis scores and
elieved to affect mortality and incident disability were retrieved
rom the baseline evaluation. The Charlson Comorbidity Index was
omputed to represent the global burden of diseases [19]. Data on

he following blood tests were also collected: ALT, AST, platelets,
erum albumin, creatinine, total and low-density-lipoprotein (LDL)
holesterol, triglycerides, fibrinogen, interleukin-6 (IL-6), high-
ensitivity C-reactive protein (hs-CRP), tumor necrosis factor
. / Digestive and Liver Disease 51 (2019) 1330–1336 1331

(TNF)-alpha and oxidized LDL. Glomerular filtration rate was  esti-
mated through the CKD-EPI formula. Smoking habit (pack-years)
and alcohol consumption (grams per day) were measured based
on interview data. Physically active patients were considered those
performing at least moderate exercise once or twice a week or light
exercise more than 4 times per week.’

Liver fibrosis scores were computed according to suggested for-
mulas (Supplementary Table 1), that included age, AST, ALT and
platelets for FIB-4; age, BMI, impaired fasting glycaemia or dia-
betes mellitus, AST to ALT ratio, platelets and albumin for NFS;
BMI, AST to ALT ratio and diabetes mellitus for BARD; AST and
ALT for AST/ALT ratio. The originally described cut-points were
used for BARD (<2 and >3) and AST/ALT ratio (<0.8 and >1), while
age-specific cut-points for subjects aged 65 or more were used
for NFS (<0.12 and >0.676) and FIB-4 (<2 and >2.67), as suggested
by McPherson et al. [20]. Consequently, patients were categorized
into 3 groups, i.e. those with low probability (score < lower cut-
off), intermediate probability and high probability (score > upper
cut-off) for advanced fibrosis.

Since data on ultrasonographic presence of liver steatosis were
not available, the Fatty Liver Index (FLI), a validated algorithm to
predict ultrasonographic liver steatosis based on BMI, waist cir-
cumference, triglycerides and GGT, was calculated for all subjects
and was  used to rule in hepatic steatosis with the cut-off ≥60 [21].

Frailty was  assessed according to Fried et al.’ criteria and par-
ticipants were considered frail if meeting 3 or more criteria and
pre-frail if meeting 1 or 2 criteria [22]. Sarcopenia was defined,
according to EWGSOP, as the presence of low muscle mass, plus
low muscle strength or low physical performance; conversely, the
presence of low muscle mass with normal muscle strength and
normal physical performance was defined as pre-sarcopenia [23].
Tomography (pQCT), that evaluated the cross-sectional muscle and
fat areas of the calf scanned at the 66% of the tibial length starting
from the tibiotarsal joint. Low muscle mass was, then, assess with
the lowest gender-specific tertile of the residuals of a linear regres-
sion model that predicted the dependent variable muscle mass area
(in cm2) from height (in cm)  and fat mass area (log value of cm2;
independent variables) [24]. Disability was  defined as loss of one of
the basic activities of daily living (ADL) at baseline and at 6 years’
follow-up: dressing, moving in and out of bed, using the toilet,
washing, eating, and control urine and fecal continence [25].

Vital status was available for all participants up to April 2010.
Causes of death were registered through the International Clas-
sification of Disease (ICD)-9 code. Cause-specific mortality was
considered for causes exceeding a 2.5% absolute mortality: cardio-
vascular (defined with ICD-9 codes from 390 to 459), cancer (ICD-9
codes from 140 to 239), respiratory (ICD-9 codes from 460 to 519).

2.3. Analytical approach

The main baseline characteristics of the study population were
shown according to the 3 risk classes of the liver fibrosis scores.
Comparison were carried out using ANOVA test or Kruskal–Wallis
test for continuous variables, as appropriate, and by �2 test for cat-
egorical variables. Then, to examine the longitudinal association
between liver fibrosis scores the risk of disability at 6 years and
overall and cause-specific mortality, we performed a log-binomial
regression and Cox proportional hazard regressions, respectively.
Multivariable models were adjusted for the following potential
confounding factors: age, sex, BMI, arterial hypertension, diabetes
mellitus, COPD, CHF, total cholesterol, Charlson comorbidity index,
physical activity, alcohol consumption, smoking, IL-6 and TNF-

alpha. Interaction terms were entered in the models to evaluate
whether risk estimates may  change across categories of predicted
presence of ultrasonographic liver steatosis (as estimated by FLI
≥60) and alcohol consumption (below or above 30 g/day for males
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Table  1
Characteristics of study participants, according to FIB-4, NFS, BARD and AST/ALT ratio risk classes.

Low risk Interm risk High risk p

NFS
N (%) 711 (73.9%) 112 (11.6%) 139 (14.5) –
Age  (years), mean (SD) 73.2 (6.5) 76.3 (6.8) 78.4 (7) <0.001
Sex  (female), n (%) 403 (56.7%) 72 (64.3%) 59 (42.4%) 0.001
BMI  (kg/m2), mean (SD) 26.8 (3.7) 28.6 (4.4) 29.9 (4.5) <0.001
Hypertension, n (%) 460 (64.7%) 80 (71.4%) 96 (69.1%) 0.274
Diabetes mellitus, n (%) 53 (7.5%) 29 (25.9%) 51 (36.7%) <0.001
eGFR  (mL/min), mean (SD) 72.2 (13.5) 68.8 (14.1) 67.4 (15.1) <0.001
Smoke (Pack-year), mean (SD) 12.4 (20.6) 10.8 (18.5) 14.2 (22.3) 0.643
Alcohol consumption (g/day), median (IQR) 12 (20.4) 12 (16.8) 12 (31.2) 0.331
Physically active, n (%) 291 (41.1%) 38 (33.9%) 38 (27.5%) 0.007
Sarcopenia, n (%) 51 (7.8%) 14 (13.5%) 19 (15.7%) 0.009
Frailty, n (%) 53 (7.5%) 11 (9.8%) 26 (18.7%) <0.001
Disability at baseline, n (%) 29 (4.1%) 5 (4.5%) 15 (10.8%) 0.004
Disability at 6 years follow-up, n (%) 55 (9.8%) 9 (11.7%) 20 (22%) 0.003
Follow-up (months), mean (SD) 98.7 (25.8) 89 (34.7) 86.1 (32.7) <0.001
Deaths, n (%) 203 (28.6%) 49 (43.8%) 78 (56.1%) <0.001
CV-deaths, n (%) 76 (11%) 24 (22.2%) 39 (29.5%) <0.001
Cancer deaths, n (%) 48 (6.9%) 12 (11.1%) 14 (10.6%) 0.155
Respiratory deaths, n (%) 18 (2.6%) 2 (1.9%) 5 (3.8%) 0.631

FIB-4
N  (%) 687 (71.4%) 193 (20.0%) 82 (8.6%) –
Age  (years), mean (SD) 73.1 (6.3) 76.4 (6.9) 80 (7.2) <0.001
Sex  (female), n (%) 408 (59.4%) 93 (48.2%) 33 (40.2%) <0.001
BMI  (kg/m2), mean (SD) 27.7 (4.1) 26.9 (4.1) 26.3 (3.9) 0.001
Hypertension, n (%) 457 (66.5%) 128 (66.3%) 51 (62.2%) 0.735
Diabetes mellitus, n (%) 101 (14.7%) 24 (12.4%) 8 (9.8%) 0.388
eGFR  (mL/min), mean (SD) 72.2 (13.8) 69.2 (13.5) 65.8 (14.1) <0.001
Smoke (Pack-year), mean (SD) 12.3 (20.2) 11.5 (20.4) 16.3 (23.6) 0.126
Alcohol consumption (g/day), median (IQR) 12 (19.2) 12 (25.2) 12 (32.7) 0.275
Physically active, n (%) 260 (38%) 81 (42.2%) 26 (32.1%) 0.275
Sarcopenia, n (%) 47 (7.5%) 19 (10.7%) 18 (24.7%) <0.001
Frailty, n (%) 55 (8%) 24 (12.4%) 11 (13.4%) 0.073
Disability at baseline, n (%) 27 (3.9%) 15 (7.8%) 7 (8.5%) 0.033
Disability at 6 years follow-up, n (%) 50 (9.2%) 18 (13%) 16 (32.7%) <0.001
Follow-up (months), mean (SD) 98.1 (26.9) 93 (30) 82 (33.2) <0.001
Deaths, n (%) 196 (28.5%) 77 (39.9%) 57 (69.5%) <0.001
CV-deaths, n (%) 76 (11.4%) 38 (20.5%) 25 (32.1%) <0.001
Cancer deaths, n (%) 46 (6.9%) 17 (9.2%) 11 (14.1%) 0.064
Respiratory deaths, n (%) 19 (2.8%) 1 (0.5%) 5 (6.4%) 0.024

BARD
N  (%) 71 (7.4%) 778 (80.8%) 113 (11.8%) –
Age  (years), mean (SD) 71 (5.1) 74.5 (6.9) 75.4 (6.8) <0.001
Sex  (female), n (%) 32 (45.1%) 436 (56%) 66 (58.4%) 0.165
BMI  (kg/m2), mean (SD) 28.5 (3.8) 26.7 (3.7) 31.9 (3.3) <0.001
Hypertension, n (%) 41 (57.7%) 508 (65.3%) 87 (77%) 0.015
Diabetes mellitus, n (%) 14 (19.7%) 69 (8.9%) 50 (44.2%) <0.001
eGFR  (mL/min), mean (SD) 74.2 (18.9) 63.4 (19) 71.3 (19.8) <0.001
Smoke (Pack-year), mean (SD) 18.2 (26.3) 12.1 (20) 11.6 (20.4) 0.062
Alcohol consumption (g/day), median (IQR) 16.8 (25.2) 12 (20.1) 12 (26.4) 0.053
Physically active, n (%) 34 (48.6%) 304 (39.2%) 29 (25.7%) 0.004
Sarcopenia, n (%) 0 (0%) 78 (11%) 6 (5.9%) 0.006
Frailty, n (%) 4 (5.6%) 70 (9%) 16 (14.2%) 0.113
Disability at baseline, n (%) 4 (5.6%) 39 (5%) 6 (5.3%) 0.968
Disability at 6 years follow-up, n (%) 4 (6.6%) 70 (11.9%) 10 (12.2%) 0.45
Follow-up (months), mean (SD) 104.6 (22.3) 95.6 (28.3) 90.8 (31.8) <0.001
Deaths, n (%) 15 (21.1%) 271 (34.8%) 44 (38.9%) 0.036
CV-deaths, n (%) 5 (7.4%) 111 (14.7%) 23 (20.7%) 0.049
Cancer deaths, n (%) 4 (5.9%) 60 (8%) 10 (9%) 0.753
Respiratory deaths, n (%) 1 (1.5%) 20 (2.7%) 4 (3.6%) 0.689

AST/ALT ratio
N (%) 98 (10.2%) 248 (25.8%) 616 (64.0%) –
Age  (years), mean (SD) 70.7 (5) 72.2 (5.9) 75.8 (7.1) <0.001
Sex  (female), n (%) 47 (48%) 122 (49.2%) 365 (59.3%) 0.008
BMI  (kg/m2), mean (SD) 29.5 (3.9) 28.5 (3.9) 26.7 (4) <0.001
Hypertension, n (%) 64 (65.3%) 168 (67.7%) 404 (65.6%) 0.819
Diabetes mellitus, n (%) 29 (29.6%) 42 (16.9%) 62 (10.1%) <0.001
eGFR  (mL/min), mean (SD) 76.3 (18.9) 72 (19.3) 60.6 (18) <0.001
Smoke (Pack-year), mean (SD) 17.3 (25.7) 13.7 (21.2) 11.2 (19.3) 0.048
Alcohol consumption (g/day), median (IQR) 16.8 (26.4) 12 (26.4) 12 (19.2) 0.044
Physically active, n (%) 43 (44.3%) 111 (44.9%) 213 (34.7%) 0.009
Sarcopenia, n (%) 0 (0%) 16 (7%) 68 (12.2%) <0.001
Frailty, n (%) 5 (5.1%) 20 (8.1%) 65 (10.6%) 0.164
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Table  1 (Continued)

Low risk Interm risk High risk p

Disability at baseline, n (%) 6 (6.1%) 9 (3.6%) 34 (5.5%) 0.462
Disability at 6 years follow-up, n (%) 7 (8.2%) 13 (6.6%) 64 (14.3%) 0.011
Follow-up (months), mean (SD) 105 (20.5) 97.3 (28.4) 93.6 (29.3) <0.001
Deaths, n (%) 20 (20.4%) 69 (27.8%) 241 (39.1%) <0.001
CV-deaths, n (%) 6 (6.4%) 22 (9.1%) 111 (18.6%) <0.001
Cancer deaths, n (%) 6 (6.4%) 22 (9.1%) 46 (7.7%) 0.674
Respiratory deaths, n (%) 1 (1.1%) 8 (3.3%) 16 (2.7%) 0.521

Groups compared by Kruskal–Wallis test for continuous variables and by �2 test for categorical variables. BMI, body mass index; COPD, chronic obstructive pulmonary
disease;  eGFR, estimated glomerular filtration rate by CKD-EPI formula; CHF, congestive heart failure; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDL,
low  density lipoprotein; hs-CRP, high sensitivity C reactive protein; TNF-alpha, tumor necrosis factor alpha; SD, standard deviation; IQR, interquartile range.
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ig. 1. Distribution of liver fibrosis scores’ risk classes across categories of frailty an
p  values are for chi-squared test; post-hoc chi-squared comparison with Bonferron
f  sarcopenia in BARD high compared to intermediate risk class: p = 0.48).

nd 20 g/day for females). In addition, sensitivity analyses were run
ncluding only subjects with FLI ≥60 and with low alcohol con-
umption. The proportional hazard assumption of Cox regressions
as tested through the inspection of Schoenfeld residuals.

We  also examined the discriminative capacities of liver scores in
redicting mortality and disability, calculating the c-statistics of the
ox models and the area under the receiver operating characteristic
urve (AUC) of the log-binomial models. Sensitivity and specificity
ere also calculated. All analyses were performed using R 3.3.3

oftware for Mac  (R Foundation).

. Results

.1. Baseline characteristics

General characteristics of participants according to the liver
cores risk classes at baseline are presented in Table 1 and Sup-
lementary Table 2. The mean age was 74.4 years (SD: 6.9), and
5.5% were women. Prevalence of intermediate and high risk score
aried according to specific liver score (20.0% and 8.5% for FIB-4,
1.6% and 14.4% for NFS, 80.9% and 11.7% for BARD, 25.8% and 64%
or AST/ALT ratio). Relationships with demographic, anthropomet-
ic and clinical characteristics were variable depending on the liver
core taken into account and no variable was found to be uniformly
ifferent in high risk patients compared to other risk categories. In

eneral, persons in higher risk classes had more adverse metabolic
haracteristics with a greater burden of comorbidities and a more
ronounced inflammatory profile (Table 1). Apparently, there were
ome exceptions, that could be explained by the consideration of
openia.
ction was  performed to verify the statistical significance of the reduced prevalence

potential confounders. For instance, the observed lower BMI  values
in higher FIB-4 classes are basically mediated by the confounding
effect of age, as older subjects tend to have lower BMI  and are more
represented in the high risk group (data not shown). As reported in
Fig. 1, the prevalence of frailty and sarcopenia increased from low
to high risk classes for NFS (from 7% to 19%, p < 0.001, and from 8%
to 16%, p < 0.01, respectively), FIB4 (from 8% to 13%, p < 0.05, and
from 7% to 25%, p < 0.001, respectively). Sarcopenia, but not frailty,
was associated with BARD (from 0% in low risk to 6% in high risk
class, p < 0.01) and AST/ALT ratio risk classes (from 0% in low risk
to 12% in high risk class, p < 0.001).

3.2. Liver fibrosis scores and mortality

Over a mean follow-up of 95.7 months, 330 subjects (34.4%)
died, 139 (14.9%) for cardiovascular disease, 74 (7.9%) for neo-
plasms and 25 (2.7%) for respiratory disease.

As reported in Table 2, mortality risk increased in people with
intermediate (HR 1.51, 95%CI 1.16–1.96, for overall mortality and
HR 1.96, 95%CI 1.33–2.9, for CV mortality) and high risk (HR 2.86,
95%CI 2.12–3.85, for overall mortality and HR 3.57, 95%CI 2.27–5.62,
for CV mortality) of fibrosis according to FIB-4 compared to those at
low risk, even after correction for potential confounders (for overall
mortality, aHR in intermediate risk class 1.34, 95%CI 1.02–1.77 and
aHR in high risk class 2.02, 95%CI 1.47–2.77; for CV mortality, aHR

in intermediate risk class 1.76, 95%CI 1.17–2.64, and aHR in high
risk class 2.22, 95%CI 1.36–3.6).

The same relationship was also observed for NFS intermedi-
ate (for overall mortality: HR 1.64, 95%CI 1.2–2.24 and aHR 1.78,



1334 A. De Vincentis, L. Costanzo, U. Vespasiani-Gentilucci, et al. / Digestive and Liver Disease 51 (2019) 1330–1336

Table  2
Longitudinal associations between liver scores’ risk classes at baseline and incidence of overall and cause-specific mortality and disability at 6 years’ follow-up.

NFS FIB-4 BARD AST/ALT ratio

HR (95%CI) aHR (95%CI) HR (95%CI) aHR (95%CI) HR (95%CI) aHR (95%CI) HR (95%CI) aHR (95%CI)

Overall M
Low risk ref ref ref ref ref ref ref ref
Interm risk 1.64 (1.2–2.24) 1.78 (1.29–2.47) 1.51 (1.16–1.96) 1.34 (1.02–1.77) 2.43 (1.38–4.27) 1.49 (0.81–2.72) 1.8 (1.07–3.04) 2.02 (1.19–3.44)
High  risk 2.14 (1.64–2.78) 1.6 (1.21–2.1) 2.86 (2.12–3.85) 2.02 (1.47–2.77) 2.9 (1.55–5.42) 1.81 (1.10–2.93) 2.61 (1.61–4.22) 1.74 (1.06–2.86)

CV  mortality
Low risk ref ref ref ref ref ref ref ref
Interm risk 2.32 (1.47–3.67) 2.9 (1.8–4.66) 1.96 (1.33–2.9) 1.76 (1.17–2.64) 2.21 (0.9–5.41) 0.97 (0.38–2.46) 1.53 (0.62–3.77) 1.15 (0.46–2.86)
High  risk 3.24 (2.2–4.77) 2.42 (1.61–3.64) 3.57 (2.27–5.62) 2.22 (1.36–3.6) 3.29 (1.25–8.66) 1.23 (0.45–3.38) 3.34 (1.47–7.59) 1.27 (0.54–2.96)

RR  (95%CI) aRR (95%CI) RR (95%CI) aRR (95%CI) RR (95%CI) aRR (95%CI) RR (95%CI) aRR (95%CI)

Disability at 6 yearsa

Low risk ref ref ref ref ref ref ref ref
Interm risk 1.39 (0.64–2.7) 1.37 (0.62–2.71) 1.3 (0.69–2.32) 1.3 (0.68–2.35) 6.25 (1.38–110.5) 2.80 (0.60–49.9) 1.64 (0.52–7.2) 1.31 (0.42–5.79)
High  risk 2.04 (1.11–3.57) 1.93 (1.13–2.93) 3.69 (1.95–6.57) 2.76 (1.38–5.19) 5.8 (1.06–107.6) 2.33 (0.40–44.2) 3.41 (1.26–13.98) 1.49 (0.53–6.23)

Adjusted(a-) models corrected for age, sex, body mass index, arterial hypertension, diabetes mellitus, chronic obstructive pulmonary disease, congestive heart failure, total
c ke, IL-6 and TNF-alpha. Age was not considered in models with NFS and FIB4 and diabetes
m ecause already included in the liver scores, themselves.
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Table 3
Sensitivity, specificity and c-statistics/AUC for occurrence of adverse outcomes at
6  years according to liver score risk classes, frailty, sarcopenia and disability at
baseline.

Sensitivity Specificity c-Statistics (95%CI)

Death
NFS 0.24 0.88 0.6 (0.57–0.63)
FIB-4 0.17 0.93 0.6 (0.57–0.63)
BARD 0.15 0.89 0.53 (0.5–0.56)
AST/ALT ratio 0.74 0.38 0.57 (0.54–0.6)
Frailty 0.27 0.95 0.59 (0.57–0.62)
Sarcopenia 0.26 0.94 0.59 (0.56–0.61)
Baseline disability 0.17 0.98 0.56 (0.54–0.58)

CV-death
NFS 0.27 0.88 0.62 (0.57–0.66)
FIB-4 0.16 0.94 0.61 (0.56–0.65)
BARD 0.14 0.89 0.54 (0.51–0.58)
AST/ALT ratio 0.83 0.38 0.6 (0.56–0.63)
Frailty 0.37 0.95 0.63 (0.59–0.67)
Sarcopenia 0.34 0.94 0.6 (0.55–0.64)
Baseline disability 0.24 0.98 0.59 (0.55–0.62)

Sensitivity Specificity AUC (95%CI)

Incident disability
NFS 0.21 0.89 0.57 (0.51–0.62)
FIB-4 0.2 0.95 0.59 (0.53–0.66)
BARD 0.11 0.89 0.53 (0.5–0.56)
AST/ALT ratio 0.79 0.4 0.57 (0.54–0.6)
Frailty 0.18 0.97 0.58 (0.53–0.62)
holesterol, Charlson comorbidity index, physical activity, alcohol consumption, smo
ellitus and body mass index were not considered in models with NFS and BARD, b
a Disable patients (N 49) at baseline were excluded.

5%CI 1.29–2.47; for CV mortality: HR 2.32, 95%CI 1.47–3.67 and
HR 2.9, 95%CI 1.80–4.66) and high risk classes (for overall mortal-
ty: HR 2.14, 95%CI 1.64–2.78, and aHR 1.6, 95%CI 1.21–2.1; for CV

ortality: HR 3.24, 95%CI 2.2–4.77 and aHR 2.42, 95%CI 1.61–3.64).
Also AST/ALT ratio risk classes were associated with overall mor-

ality with HR 1.8 (95%CI 1.07–3.04) in intermediate risk class, and
.61 (95%CI 1.61–4.22) in high risk class; the corresponding aHR
ere 2.02 (95%CI 1.19–3.44) and 1.74 (95%CI 1.06–2.86), respec-

ively. No association was present with CV mortality. Conversely,
nly BARD high risk class showed an increased overall and CV
ortality (HR 2.90, 95%CI 1.55–5.42, and 3.29, 95%CI 1.25–8.66

or overall and CV mortality, respectively), that was confirmed in
djusted models for overall mortality (aHR 1.81, 95%CI 1.10–2.93,
or BARD), but not for CV mortality. No association was  found with
egard to mortality for neoplasms and respiratory diseases (Sup-
lementary Table 3). No interaction was found between mortality
nd FLI ≥60 or excessive alcohol consumption. Sensitivity analy-
es after excluding subjects with excessive alcohol consumption
>30 g/day for male and >20 g/day for females) or selecting only
ubjects with high probability of liver steatosis (FLI ≥60) did not
hange the strength of observed associations with mortality (Sup-
lementary Tables 4–5).

.3. Liver fibrosis scores and incident disability

Seventy-one (11.1%) subjects became disabled at 6 years’ follow-
p. As reported in Table 2, FIB-4 high risk for liver fibrosis showed

 significant association with incident disability (RR 3.69, 95%CI
.95–6.57), even after correction for potential confounders (aRR
.76, 95%CI 1.38–5.19).

In the same way, participants with high risk of fibrosis accord-
ng to NFS, BARD and AST/ALT ratio had an increased incidence
f disability at 6 years (RR 2.04, 95%CI 1.11–3.57, for NFS; RR 5.80,
5%CI 1.06–107.6, for BARD; RR 3.41, 95%CI 1.26–13.98, for AST/ALT
atio). These associations were confirmed in adjusted models only
or NFS (aRR 1.93, 95%CI 1.13–2.93). In line with the results on

ortality, we found no interaction between FLI ≥60 and excessive
lcohol consumption with incident disability. Sensitivity analyses

fter excluding subjects with excessive alcohol consumption or
electing only subjects with high probability of liver steatosis (FLI
60) did not change the strength of observed associations with

ncident disability (Supplementary Tables 4–5).
Sarcopenia 0.22 0.96 0.59 (0.54–0.64)

3.4. Predictive properties of liver fibrosis scores

Table 3 shows discriminative capacities for the adverse out-
comes of interest at 6 years’ follow-up. NFS, FIB-4 and BARD high
risk classes evidenced high specificity (0.88–0.94 for overall and
CV mortality and 0.89–0.95 for disability), while poor sensitivity
(0.14–0.27 for overall and CV mortality and 0.11–0.21 for disabil-
ity) and c-statistics/AUCs (0.53–0.62 for overall and CV mortality
and 0.53–0.59 for disability).

Overall, discriminative performances were substantially com-
parable to those shown for frailty (c-statistics of 0.59 and 0.63 for
overall and CV mortality and AUC of 0.58 for disability), sarcopenia

(c-statistics of 0.59 and 0.60 for overall and CV mortality and AUC
of 0.59 for disability) and baseline disability (c-statistics of 0.56 for
mortality and 0.59 for CV mortality).
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. Discussion

The present study indicates that older persons classified by non-
nvasive scores as having higher risk of liver fibrosis are also at
ncreased risk for mortality and incident disability. The strength of
he association was similar using “liver-specific” scores (FIB-4 and
ST/ALT ratio) and other scores including more “general” risk fac-

ors. While FIB-4 and NFS were associated with both mortality and
isability, BARD and AST/ALT ratio were associated with mortal-

ty, but not with incident disability. To note, observed associations
ere independent of coexisting diseases and other known risk fac-

ors. Specificity towards all the outcomes was high, while we found
oor sensitivity and c-statistics/AUCs.

Hitherto, liver fibrosis scores have been suggested as surrogate
rognostic tools in epidemiological studies, showing strong associ-
tion with liver and non-liver related mortality [14–17]. However,
he proportion of older subjects included in previous studies was
egligible. Thus, our study contributes to the literature by extend-

ng to an older population the data on the prognostic role of liver
brosis scores.

The FIB-4, i.e. the score including mainly liver related variables,
etained consistent associations with all the outcomes, also after
orrection for potential confounders. This finding is also strength-
ned by the concomitant observed association of AST/ALT ratio
ith mortality, that is in keeping with recent studies pointing at

he prognostic role of liver specific tests, such as ALT, in the aging
opulation [26].

NFS confirmed the same relationships of FIB-4, while BARD was
ssociated with mortality, but not with CV mortality and disability
n multivariable models. In any case, the observation that scores
FIB-4 and AST/ALT ratio) made up of purely liver-specific variables
howed similar associations with scores (i.e. NFS and BARD) also
ncluding general variables possibly associated with mortality, sup-
orts the concept that liver-related factors may  play, together with
ther shared risk factors, an important and independent role in
he pathophysiological underpinnings mediating the occurrence of
he studied adverse outcomes. Surprisingly and apparently in con-
rast with this hypothesis, the associations of liver fibrosis scores
ere also independent of IL-6 and TNF-alpha, probably indicating

hronic low-grade liver inflammation may  impact on health status
hrough different pathways, not involving the classical mediators.

In line with observations in the younger population, older
atients at “intermediate risk” for fibrosis show increased mor-
ality, particularly with scores allowing the correction with
ge-specific thresholds for discrimination of low from intermediate
lass (NFS and FIB-4).

With respect to cause-specific mortality, no association was
ound with respiratory and cancer mortality, as also reported by
ther similar studies [15,16].

To our knowledge, this is the first study showing the associa-
ion between liver fibrosis scores and disability. Many liver-related
actors may  interact with aging promoting a vicious circle leading
o physical impairment and ultimately disability. Indeed, insulin
esistance, which is the pathophysiological background of NAFLD,
ut also the consequence of all CLDs [27,28], is responsible for the

ncreased inflammatory response that characterizes obesity and
iabetes mellitus. Inflammatory cytokines, such as interleukin-6
nd TNF�, activate muscle breakdown to generate amino-acids for
nergy, but also favor a progressive decrease in muscle mass, i.e.
arcopenia [29]. Among younger NAFLD patients, low muscle mass
as independently associated with NASH and significant fibrosis

30], which in turn may  contribute to the overactive, insufficiently

egulated and persistent inflammatory response that is typical of
ging [7]. Moreover, sarcopenia is a key factor for the development
f frailty and both have been linked to falls, functional decline, dis-
bility and mortality in the elderly [31]. Our data support these
. / Digestive and Liver Disease 51 (2019) 1330–1336 1335

observations, showing that people in high risk classes of liver fibro-
sis scores have higher concentration of inflammatory markers and
more comorbidities. Furthermore, the observation of an increased
prevalence of frailty and sarcopenia in more advanced liver fibrosis
risk classes probably reinforces the concept that liver fibrosis may
increase the risk of disability through reduced muscle mass and
physical function.

The sensitivity of the scores was low, and therefore liver fibrosis
score cannot be used to identify people who  will actually experi-
ence the outcomes. On the other hand, the specificity was  high,
allowing identifying with confidence elderly people who  are less
likely to experience the outcomes. These predictive capacities were,
actually, in line with those observed for frailty, sarcopenia and dis-
ability and confirmed in many other studies [32–34], suggesting
high risk classes of liver fibrosis scores along with classical elderly-
specific factors could not be useful for screening purposes, rather
than to rule out elderly subjects with more adverse prognosis.

Some potential limitations must be considered in the interpreta-
tion of our results. First, none of the deaths was  attributed to liver
disease and we  could not analyze the association of liver scores
with this outcome. Second, even though factors related to the spe-
cific etiology of liver disease (i.e. NAFLD, alcoholic or viral) may
influence the observed study associations with mortality and dis-
ability, we  could only partially take them into account, since limited
data were available. For instance, the median alcohol intake of our
population was relatively low, but around one third of subjects
showed an elevated daily consumption. Therefore, we adjusted
all our analyses for alcohol use and a sensitivity analyses exclud-
ing excessive alcohol users did not show significant change in the
observed risk estimates. We  did not have any information on mark-
ers of viral hepatitis. However, the prevalence of viral hepatitis
among rural elderly populations in Central and Northern Italy has
been reported to be around 3% [35], and it is likely to have had
a limited impact on our results. Moreover, no information about
prevalence of actual liver steatosis, detected by ultrasonography,
was available. To address this limitation, we  used as surrogate the
FLI, finding no effect modification when this variable was  taken
into account. Sensitivity analyses was also carried out only select-
ing subjects at high risk of liver steatosis (FLI ≥60). As assumed also
in a similar study [17], considering the limited impact of other eti-
ologies, it is plausible that the background liver disease would be
NAFLD in the majority of the subject.

In conclusion, our study showed that elderly subjects at higher
risk of fibrosis are also at increased risk of overall and cardiovascular
mortality, and incident disability, independently of comorbidi-
ties and other potential confounders. The observed associations
were similar in scores including “liver-specific” variables (FIB-4
and AST/ALT ratio) compared to those including more “general”
risk factors (NFS and BARD). Despite poor sensitivity, liver fibro-
sis scores showed clinically relevant specificity. Therefore, liver
scores might be used along with established risk factors (sarcopenia
and/or frailty) as an aid to stratify the risk of dying or becoming dis-
abled and to identify those subject with more favorable prognosis.
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