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NAFLD.12 13 Furthermore, NAFLD has been suggested 
to be an independent risk factor for cardiovascular 
disease.12 14 15 Hydroxy-methyl-glutaryl-coenzyme A 
(HMG-CoA) Reductase Inhibitors or statins are the 
mainstay of primary and secondary prevention of 
cardiovascular disease.16–18 Patients with NAFLD have 
higher probability of having an indication for statin 
treatment than patients without NAFLD (~twofold). 
Previous studies have shown that statins can modify liver 
transaminases levels, demonstrating both increases or 
decreases, though the clinical significance of this finding 
is unclear.19 Since most NITs for assessing liver fibrosis 
are based on either AST or the calculation of some form 
of AST to ALT ratio, there is the possibility that statins, by 
modifying transaminases,20–23 could modify the perfor-
mance of these NITs in predicting liver fibrosis. Indeed, a 
common question among primary care providers (PCPs) 
is if FIB-4 is still valid in patients on statins. In addition, 
more advanced NAFLD stages are associated with higher 
prevalence of metabolic risk factors, especially diabetes 
and dyslipidaemia, which are the main determinants of 
statin indication.17 24 Thus, assessing the impact of statin 
treatment on non-invasive prediction of liver fibrosis is 
critical to understand the performance of these NITs as 
triage methods in NAFLD referral pathways

The aim of this study was to assess if statins modify NITs 
predictions of fibrosis (determined by VCTE) in patients 
referred from PC for NAFLD assessment. A secondary 
aim was to assess the prevalence of statin indication and 
current use in patients with NAFLD from our referral 
base.

METHODS
Study population selection
We prospectively collected data from asymptomatic 
patients referred from PC through a standardised 
pathway for patients with suspected NAFLD in Edmonton, 
Canada. Patients were triaged in a nurse-led hepatology 
triage clinic as previously described.25 This study included 
patients referred from November 2016 to October 2019.

Clinical, laboratory and VCTE assessment
All patients completed their laboratory tests according 
to the American College of Gastroenterology to rule out 
alternative liver diagnosis.26 Medical history was obtained 
by the Registered Nurse who, in this pilot phase of the 
referral programme, performed VCTE in every patient. 
A single operator performed all the VCTE tests with a 
Fibroscan 502 touch (M Probe or XL Probe; Echosens, 
France) device. We included in this study patients with a 
final diagnosis of NAFLD after excluding other potential 
causes of liver disease.

We considered different thresholds for classifying 
patients as suspected of having advanced fibrosis based 
on VCTE: 8 kPa, 10 kPa, 12 kPa and 16 kPa. Each has been 
proposed to define advanced fibrosis, favouring higher 
sensitivity and NPV for lower thresholds, or higher Va
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specificity and positive predictive value for higher thresh-
olds. The 16 kPa threshold, in addition, has been recently 
proposed as an indication to initiate hepatocellular carci-
noma (HCC) screening.27–31 Unreliable VCTE results 
were defined as having fewer than 10 valid shots or IQR/
median value greater than 30% with a VCTE median 
of 7.1 kPa or higher.32 Lab values and clinical data were 
collected from the local EMR and transferred to a dedi-
cated excel database.

Determination of statin indication
We used the Canadian Cardiovascular Society guidelines 
to evaluate how many patients in our sample had an indi-
cation for a statin.17 Details of how patients were classified 
as requiring a statin are provided in online supplemental 
material 1.

Non-invasive tests
The NITs were used as continuous variables. However, 
we also tested the previously described thresholds for 
low-risk for fibrosis to assess NPVs. FIB-4 was calcu-
lated as described in Sterling et al.6 Patients with FIB-4 

less than 1.3 were considered as having low risk for 
advanced fibrosis, while those with higher FIB-4 values 
were considered to be intermediate/high risk patients 
requiring further assessment. Hepamet was calculated 
as described in Ampuero et al with a threshold 0.12 to 
define low risk.11 This threshold is roughly equivalent to 
the 1.3 FIB-4 threshold, according to our previous study 
showing a pointwise risk of VCTE >8 of ~12% in patients 
with a FIB-4 of 1.3.25 NFS was calculated as described in 
McPherson et al with a threshold of −1.455 defining as 
low risk.7

Statistical analysis
Median (IQR) was used to describe the numerical vari-
ables, whereas absolute and relative frequencies were 
used to describe the categorical variables. The impact 
of current statin treatment on the association between 
NITs and different thresholds of VCTE was modelled 
using logistic regression (detailed in online supple-
mental material 2). To further assess whether the effect 
of statins could be explained by the different clinical 

Figure 1  Effect of statin treatment on FIB-4-based prediction of different clinically relevant VCTE thresholds (8, 10, 12 and 
16 kPa). Patients taking a statin had a higher risk of having probabilities of high VCTE than patients not on a statin, but this 
difference attenuated for higher thresholds. VCTE, vibration controlled transient elastography.
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profile of patients rather than the statin treatment, we 
conducted additional logistic regression models adjusted 
by age, diabetes status (classified as normal, pre-diabetes 
and diabetes), and BMI. To further understand the rela-
tion of statin treatment and NITs predictions of fibrosis 
we used linear regression (detailed in online supple-
mental material 3). R statistical software (R Foundation 
for Statistical Computing, Vienna, Austria) was used to 
conduct the analysis with rms33 and ggplot234 packages.

RESULTS
Baseline characteristic of the patients
Of the 934 patients referred to the triage clinic, 856 
were classified as having NAFLD. All patients underwent 
VCTE, and 832 patients had reliable VCTE measure-
ments. Of the 129 patients who were on a statin, 82 were 
on rosuvastatin, 35 on atorvastatin, 9 on simvastatin and 
3 on pravastatin (table 1). One hundred and thirty-eight 
additional patients had indications for statin treatment 
according to the Canadian Cardiovascular Society guide-
line for primary prevention from cardiovascular events 
but were not on a statin treatment (table 1).

Table 1 shows the baseline characteristics of the patients, 
according to whether they were on a statin and whether 
they had an indication for a statin (vs no indication). 
Online supplemental material 4 shows the characteristics 

of those on lipophilic statins (atorvastatin or simvastatin) 
and those on hydrophilic statins (rosuvastatin or pravas-
tatin). Patients with indications for a statin were older 
and more frequently had diabetes than patients without 
indication for a statin. There were no differences in liver 
enzymes or liver function tests between those with indica-
tion and those without indication. For every NIT (FIB-4, 
Hepamet, NFS and VCTE), the median value for those 
with statin indication was higher than those without 
indication for a statin. In addition, the prevalence of 
advanced fibrosis according to VCTE (using different 
definitions as shown in table  1) was higher in patients 
with an indication for a statin than the patients without 
indication for a statin.

Patients with an indication for statin but not on a statin 
had comparable characteristics to those patients that 
were actually on a statin, except for their lipid profile 
(table 1).

Effect of statin use on FIB-4 based predictions of VCTE, with 
thresholds of 8, 10, 12 and 16 kPa
To assess if statins modify FIB-4 based predictions of 
VCTE, we modelled with logistic regression the associa-
tion between FIB-4 and VCTE adjusting for statin treat-
ment. For any given value of FIB-4, patients on a statin 
had higher probabilities of having a VCTE value  >8 or 

Figure 2  Effect of statin on FIB-4-based prediction of different clinically relevant VCTE thresholds (8, 10, 12 and 16 kPa) after 
adjusting for age, BMI and diabetes. Adjusting for BMI, diabetes and age almost completely abrogated these differences, 
suggesting that these were related to patients’ profile rather to a specific effect of statins. BMI, body mass index; VCTE, 
vibration controlled transient elastography.
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10 kPa (figure 1). Of note, there was no significant inter-
action between FIB-4 and statins, indicating that the 
effect of statins on FIB-4 predictions was homogeneous 
across values of FIB-4.

We previously showed that age, BMI and diabetes status 
modify the association between FIB-4 and VCTE.25 In this 
study the patients on statins were older, had a higher 
BMI, and more frequently had diabetes (table 1). Thus, 
to assess if the effect of statins on FIB-4 based predictions 
were the results of these differences in patient character-
istics, we modelled again the effect of statins, in this case 
adjusting by BMI, diabetes status and age.

After adjusting for BMI, diabetes and age, the effect of 
statins was markedly blunted. At VCTE of 8 kPa, patients 
on statins still had higher probabilities of having VCTE 
>8 kPa, but when higher VCTE thresholds were tested, 
the difference between patients on statins and not on 
statins were negligible and non-significant (figure 2).

To further analyse potential confounding factors by 
indication, we assessed if statin treatment still altered 
FIB-4 predictions within the subset of patients with 
indications for statins (that were comparable in every 
patient characteristic except for the lipid profile). In this 
subgroup of patients, the effect of statins on FIB-4 predic-
tions behaved similarly as in the adjusted analysis with 
the full sample, showing some effect only with the VCTE 
threshold of 8 kPa. The difference was progressively 
attenuated with higher VCTE thresholds and became not 
significant (online supplemental material 5).

Next, we assessed the impact of statin treatment on 
the NPVs of FIB-4 <1.3 for different thresholds of VCTE. 
FIB-4 was <1.3 in 85% of the patients not on statins and 
64% of patients on statins. Table 2 shows the NPVs of a 
FIB-4 <1.3 for different VCTE thresholds. Statins had a 
small impact on the FIB-4 NPVs for detecting a VCTE <8, 
which became negligible for VCTE thresholds of 10, 12 
or 16.

Finally, to further understand how statins, BMI, age 
and diabetes interplay to modify the association between 

FIB-4 and VCTE, we conducted a multiple linear regres-
sion analysis as detailed in online supplemental material 
3. For a given value of FIB-4, patients on a statin had only 
a slightly higher mean VCTE value than those not on a 
statin but the difference was small and non-significant 
(p=0.339). BMI had a significant and major impact on 
the FIB-4-based predictions of VCTE. The higher the 
BMI, the higher the predicted mean VCTE. In the case 
of diabetes status, only the diagnosis of diabetes but not 
pre-diabetes had significant effects on predicted mean 
VCTE as compared with normal patients. The predicted 
mean VCTE for a given FIB-4 value was higher in diabetes 
patients than in patients with pre-diabetes or euglycaemia 
(online supplemental material 3).

Effect of statin use on Hepamet and NFS-based predictions 
of VCTE
We additionally tested whether statins impacted 
Hepamet score and NFS. The effect of statins on the 
association between Hepamet and VCTE was compa-
rable to that observed with FIB-4. For a given value of 
Hepamet, patients on statins had higher probabilities of 
having VCTE >8 compared with patients not on statins. 
The effect of statins on Hepamet became attenuated 
for higher clinically relevant VCTE values of 10, 12 and 
16 kPa (figure 3). Ninety-one per cent of patients not on 
statins and 73% of the patients on statins were classified 
as low risk by Hepamet (<0.12). Table 2 shows the NPVs 
of Hepamet <0.12 for different VCTE thresholds for liver 
fibrosis and these predictions were minimally impacted 
by statins.

The effect of statins on NFS-based prediction of VCTE 
was distinct from the effect of FIB-4 and Hepamet predic-
tions. Indeed, statins did not alter the association between 
NFS and VCTE even at a low VCTE threshold (8 kPa) 
(figure 4). However, NFS classified a smaller proportion 
of patients as low risk (83% on statins and 49% not on 
statins) than FIB-4 and Hepamet, while the NPVs were 
comparable to those of FIB-4 and Hepamet.

DISCUSSION
In this study, we assessed the potential impact of statin 
treatment on an NAFLD referral pathway to triage 
NAFLD patients who need a hepatology referral. We 
specifically tested the potential modifying effect on statins 
on three NITs: FIB-4, Hepamet and NFS. In our study, 
patients who were taking a statin had a higher probability 
of having VCTE >8 for a given value of FIB-4 (though 
this difference was less marked when using higher VCTE 
thresholds to define advanced liver fibrosis). We show 
here that this was mainly related to the higher baseline 
risk (and hence, pretest probability) of liver fibrosis in 
patients taking statins. Patients on a statin were older, 
more frequently had diabetes and had a higher BMI. 
Second, the effect of statins on the association between 
Hepamet and VCTE was similar to FIB-4, while it was 
much less marked for NFS. Overall, statin treatment had 

Table 2  The difference between NPV of patients with or 
without a statin among different NITs

Statin status VCTE >8 VCTE >10 VCTE >12 VCTE >16

FIB-4 <1.3 NPVs

 � Statin 89% 94% 96% 100%

 � No statin 92% 95% 98% 99%

HEPAMET <0.12 NPVs

 � Statin 85% 93% 94% 99%

 � No statin 92% 95% 98% 99%

NFS <−1.455 NPVs

 � Statin 90% 91% 95% 99%

 � No statin 93% 96% 98% 99.6%

NFS, NAFLD Fibrosis Score; NITs, non-invasive tests; NPV, 
negative predictive value; VCTE, vibration controlled transient 
elastography.
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a negligible impact on NPVs of these NITs, and there-
fore, do not question the value of these NITs as a first step 
in the referral pathway. Finally, we show that more than 
half of patients with a clinical indication for a statin were 
not on a statin at the time of referral.

According to the Canadian Cardiovascular Society, 
statins are indicated for any patient over the age of 40 with 
diabetes, which explains why most of our patients with an 
indication for a statin had more frequently diabetes and 
were older.17 Our adjusted models show that the higher 
probability of VCTE >8 kPa for any FIB-4 value could be 
mostly explained by the difference in baseline charac-
teristics rather than the effects of the statin itself. When 
we assessed the effects of statins on FIB-4-based predic-
tion of VCTE in patients with an indication for statins, 
the prediction difference was not significantly different 
between those with an indication for a statin and were 
taking a stain compared with those with an indication for 
a statin that were not taking a statin. The above analysis 
provided further supportive evidence that statin treat-
ment itself has a minimal impact on FIB-4 prediction of 

liver fibrosis, acknowledging the limitation that in this 
study fibrosis was indirectly assessed by VCTE and not by 
liver biopsy.

Statins effect on Hepamet-based predictions was 
comparable to that of FIB-4-based predictions, whereas 
NFS predictions were minimally altered. This can be 
explained by the fact that neither Hepamet nor FIB-4 
include BMI in their calculation, while this is included 
in NFS. We have shown before and show again here that 
BMI has a pronounced effect on NITs based predic-
tion of advanced fibrosis25 (online supplemental mate-
rial 3). Since BMI was different in patients with and 
without statins, this differential effect between the three 
NITs is not unexpected. However, in all three NITs, the 
effect of statins markedly attenuated for higher thresh-
olds of VCTE (10, 12 and 16 kPa). These higher thresh-
olds are probably more in keeping with current trends 
in the stratification of patients with NAFLD, since the 
rate of liver related events is negligible in patients with 
VCTE <10 or 12 kPa.35 36 Furthermore, recent guidelines 
for HCC screening in patients with NAFLD suggest a 

Figure 3  Effects of statin on Hepamet-based prediction of different clinically relevant VCTE thresholds (8, 10, 12 and 16 kPa). 
Patients taking a statin had a higher risk of having probabilities of high VCTE than patients not on a statin, but this difference 
attenuated for higher thresholds. Vertical dashed line represents the 0.12 threshold. VCTE, vibration controlled transient 
elastography.
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VCTE measurement of 16.1 kPa as the threshold for initi-
ating screening.31

Previous studies have shown that statins were under 
prescribed in patients with NAFLD, with 44%–74% 
of patients with indication for a statin not receiving 
a statin.37–39 Several explanations might account for 
this. The most important one could be that PCPs may 
be concerned about statin liver toxicity in NAFLD 
patients with baseline serum aminotransferases eleva-
tion.40 Another explanation could be that, at the time 
of referral, PCPs could be awaiting hepatologist assess-
ment to decide if statins are contraindicated. In our 
study, some patients may have been misclassified as 
having an indication for a statin. Indeed, in a subset 
of the patients, our definition of statin indication 
was based on thorough modelling with the data that 
was available to us (online supplemental material 1), 
though we show that the impact of this modelling on 
the calculation of statin indication was minimal. We 
did not explore the reasons for non-prescription of 
statins which is a limitation of the study. Moreover, no 

information about any previous therapy with statins 
or any potential adverse reactions resulting in statin 
discontinuation was collected. Finally, the indica-
tion of statin in our study was based on the Canadian 
Cardiovascular Society which has some differences 
from the American Heart Association guidelines and 
the European guidelines (that would have resulted in 
higher numbers of statin indication, and therefore, 
higher rates of underprescription).24 41

In conclusion, we have found that statin treatment 
had only a minor effect on the ability of NITs (FIB-4, 
Hepamet and NFS) to predict advanced liver fibrosis. 
This effect was relevant only when a low threshold 
of VCTE (8 kPa) was used to classify patients with 
advanced fibrosis, but not with higher thresholds of 
10, 12 or 16 kPa. Our data demonstrate that perfor-
mance of FIB-4, Hepamet and NFS as a first step in 
a referral pathway for NAFLD is not significantly 
affected by statin use. Furthermore, only half of the 
patients referred through the pathway with an indi-
cation for a statin were taking a statin, which calls for 

Figure 4  Effect of statins on NFS-based prediction of different clinically relevant VCTE thresholds (8, 10, 12 and 16 kPa). 
Statin use did not affect NFS predictions of VCTE at any thresholds. The dashed line represents the threshold −1.455. NFS, 
NAFLD Fibrosis Score; VCTE, vibration controlled transient elastography.
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a further understanding of the factors determining 
this finding and strategies to optimise cardiovascular 
prevention, which is still the main cause of morbidity 
and mortality in NAFLD.
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