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This article has an accompanying continuing medical education activity, also eligible for MOC credit, on page e148. Learning Objective–Upon
completion of this activity, successful learners will be able to compare the difference in prevalence of advanced liver ﬁbrosis in different healthcare
settings, explain the most appropriate use of noninvasive ﬁbrosis scoring systems in primary care, and identify the most important predictor of
progression to end stage liver disease in NAFLD/NASH patients.

BACKGROUND & AIMS:

Noninvasive scoring systems for ﬁbrosis are increasingly used in the clinic and in research
because of their ease of use, accessibility, and low cost. However, test performance characteristics were established in groups of patients with a high prevalence of advanced ﬁbrosis; little is
known about diagnostic accuracy in low-risk populations.

METHODS:

In a cross-sectional study, 922 members of a general ambulatory population in Hong Kong
(randomly selected; 18–70 years old) underwent clinical assessment from May 2008 through
December 2010. All participants completed a standard questionnaire that collected information
on age, sex, and history of smoking and alcohol use. Results of fasting blood tests and transient
elastography were used as the reference standard to identify patients with advanced ﬁbrosis.
We assessed performance characteristics of 3 noninvasive ﬁbrosis scoring systems: the
nonalcoholic fatty liver disease ﬁbrosis scoring system, the Fibrosis-4 scoring system, and
aspartate transaminase to platelet ratio index, using standard thresholds. To calculate diagnostic test characteristics, we constructed a 2-by-2 table with the presence or absence of
advanced ﬁbrosis according to the transient elastography reading against the presence or
absence of advanced ﬁbrosis according to the scoring systems. Area under the receiver operating curve was calculated to assess overall diagnostic accuracy.

RESULTS:

Of the 922 individuals evaluated by transient elastography, 749 had a valid reading and 15 had
advanced ﬁbrosis (2%). The speciﬁcity of noninvasive scores in detection of advanced ﬁbrosis
approximated 100% (95% conﬁdence interval [CI], 99%–100%), with a negative predictive
value of 98% (95% CI, 97%–99%) for all systems. However, the scoring systems detected
ﬁbrosis with a low level of sensitivity, ranging from 7% (95% CI, 0%–32%) to 13% (95% CI,
2%–40%). Positive predictive values ranged from 50% (95% CI, 7%–93%) to 67% (95% CI,
9%–99%). Their negative likelihood ratios ranged from 0.87 (95% CI, 0.71%–1.06%) to 0.93
(95% CI, 0.82%–1.07%); positive likelihood ratios were uninformative because of the small
number of people with positive scores.

CONCLUSIONS:

In low-risk populations, negative results from noninvasive scoring systems reliably exclude
advanced ﬁbrosis, without requirements for further tests. Positive test results are often a falsepositive result and should prompt further testing.
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ong-term cohort studies have identiﬁed advanced
ﬁbrosis as the strongest predictor for progression
to cirrhosis in nonalcoholic fatty liver disease (NAFLD).1–5
These individuals have an increased risk of liver failure
and its sequelae that is proportional to the degree of
ﬁbrosis, and is independent of established risk factors,
such as age and diabetic status.1 The ability to accurately
identify those with advanced ﬁbrosis is of considerable
clinical and public health importance, because NAFLD is
the most prevalent liver disease worldwide.6,7 Fibrosis
has traditionally been assessed using liver biopsy as the
reference standard, but this is not feasible for a disease
with high prevalence because of logistics, safety concerns,
and cost.8 This has prompted the development of noninvasive scoring systems, such as the NAFLD Fibrosis Score
(NFS),9 aspartate transaminase to platelet ratio index
(APRI),10 and Fibrosis (FIB)-4.11 These scores use a panel
of readily available anthropometric and biochemical variables and were developed in populations with a high
prevalence of advanced ﬁbrosis up to 30%, with excellent
diagnostic accuracy (positive predictive value of 90% and
negative predictive values of 85% for NFS).9
Because of their ease of use, noninvasive scoring
systems have been increasingly applied to a diverse
array of clinical and research populations where the
prevalence of advanced ﬁbrosis varies. However, given
that test performance is inﬂuenced by the spectrum of
disease in a given population,12 the validity of these
approaches is unclear. Noninvasive scores have been
proposed as a screening tool for ﬁbrosis in primary care
populations,13,14 population-based diabetes clinics,15 and
as part of the diagnostic algorithm for liver disease in
low-risk settings.16 They have also been proposed as a
tool to identify participants for clinical trials in NAFLD17
and to isolate persons with advanced ﬁbrosis in epidemiologic cohorts, to evaluate associations of ﬁbrosis and
mortality.18 In addition, there is discordance on the best
use of these scoring systems in current clinical practice
guidelines. Guidelines from the American Association for
the Study of Liver Diseases recommend that noninvasive
scoring systems should be used to identify patients with
ﬁbrosis irrespective of population prevalence,7 whereas
the European Association for the Study of the Liver states
that noninvasive scoring systems should be used to
identify those with advanced ﬁbrosis who are at low
risk.19 Noninvasive scoring systems have also been
advocated as ﬁrst-line testing in children.19 However,
because diagnostic accuracy has not been studied in lowrisk populations, evidence to support many of these
recommendations is lacking.
In this study, we evaluated the test performance of
noninvasive scores in a general ambulatory population,
and provide data on diagnostic accuracy that can be used
to inform the applicability of noninvasive scores in lowrisk settings.
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Methods
Study Design and Conduct
This cross-sectional study is reported following the
STARD guidelines for diagnostic accuracy research20 and
relevant sections of the Liver-FibroSTARD guidelines.21 As
reported previously,22 between May 2008 and December
2010, members of the general population listed on the
government census in Hong Kong and aged 18–70 were
randomly invited by mail or telephone to participate. Patients were excluded if they had known active malignancy;
positive viral hepatitis serology (hepatitis B surface antigen or hepatitis C antibody); existing decompensated liver
disease; or a secondary cause for fatty liver, such as
tamoxifen or amiodarone. Baseline data were collected
prospectively before the index and reference tests were
performed. All participants provided written, informed
consent and ethical approval was granted by the Clinical
Research Ethics Committee of the Chinese University of
Hong Kong.

Data Collection
All participants underwent clinical history using a
standardized questionnaire that collected information on
age, gender, smoking, and alcohol history. A threshold of
daily alcohol intake of 20 g for men and 10 g for women
was used to exclude fatty liver caused by excess alcohol
intake. Impaired fasting glucose was deﬁned as serum
glucose between 5.6 mmol/L and 6.9 mmol/L. Diabetes
was deﬁned as fasting glucose 7.0 mmol/L or previous
diagnosis of diabetes. Hypertension was deﬁned as blood
pressure >140/90 mm Hg, with the average of 2 measurements taken in the seated position reported. Weight
was recorded on digital scales, and body mass index was
calculated as weight/height2 (kg/m2). Waist circumference was taken at the midpoint between the lowest rib
and top of iliac crest and measured in centimeters. Fasting blood samples were taken by qualiﬁed phlebotomists
in the morning for all participants, and analyses for liver
biochemistry, full blood count, serum triglycerides, iron
studies, and fasting glucose were performed.

Reference Standard: Transient Elastography
Transient elastography (Fibroscan, Echosens, Paris,
France) was used as the reference standard for ﬁbrosis.
Although liver biopsy is the traditional reference standard
for ﬁbrosis, transient elastography measures liver stiffness over an area that is approximately 100 times greater
than liver biopsy, is noninvasive, has no signiﬁcant side
effects,23 and is increasingly used in clinical practice as
the reference standard for ﬁbrosis to avoid liver biopsy.
Assessment of liver stiffness was performed in fasting
state on the same morning as the blood tests and clinical
evaluation for all participants. Measurements were
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performed according to the manufacturer’s instructions
and have been described in detail previously.22 Brieﬂy,
measurements were taken on the right lobe of the liver
through intercostal spaces with the right arm in abduction, by 1 of 2 operators who had performed more than
500 examinations each before the study. They were reported as median values in kilopascal and were considered acceptable if the following criteria were met: success
rate was >60% for each person (deﬁned as number of
successful readings divided by the total number of readings for that person), 10 successful acquisitions were
obtained, and the interquartile range to median ratio of
the 10 acquisitions was <0.3. A threshold of 9.6 kPa was
used to deﬁne advanced ﬁbrosis, consistent with previous
validation studies that have shown a speciﬁcity of >90%
for advanced ﬁbrosis when compared against a reference
standard of liver biopsy.24

Index Tests: Nonalcoholic Fatty Liver Disease
Fibrosis Score, Fibrosis-4, and Aspartate
Transaminase to Platelet Ratio Index
NFS was originally developed in a cohort of predominantly white patients attending tertiary level liver clinics,
with a high prevalence of advanced ﬁbrosis.9 The score
has since been validated in other ethnicities including
Chinese25 and other subgroups, such as those with
morbid obesity.26 NFS was calculated for each person
using the published formula: -1.675 þ 0.037  age
(years) þ 0.094  body mass index (kg/m2) þ1.13 
impaired fasting glucose/diabetes (yes ¼ 1, no ¼ 0) þ
0.99  aspartate transaminase/alanine transaminase ratio - 0.013  platelet count (109/L) - 0.66  albumin
(g/dL). A cutoff of NFS of >0.676 was used as the upper
threshold, and < -1.455 as the lower threshold, because
these thresholds have been previously established to
have maximal diagnostic accuracy according to area under the receiver operating characteristic curve.9 The FIB4 score is a noninvasive ﬁbrosis score consisting of 4
variables (age, alanine transaminase, aspartate transaminase, and platelet count) and was originally developed to assess ﬁbrosis in hepatitis C and human
immunodeﬁciency virus coinfection11 with subsequent
validation in people with NAFLD.27 An upper threshold of
3.25 to rule in advanced ﬁbrosis, and a lower threshold of
1.3 to exclude ﬁbrosis were applied.27 In addition, we
used the APRI, developed in patients with hepatitis C28
and validated in NAFLD,29,30 with a conservative
threshold of 1.0 as the cutoff for advanced ﬁbrosis.29 To
ensure accuracy of calculation of noninvasive scores,
random results were veriﬁed with online calculators.31
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interquartile ranges were calculated for nonnormally
distributed variables. For categorical variables, frequency
tables were constructed and values reported in percentages. To calculate diagnostic test characteristics, a 2-by-2
table was constructed with presence or absence of
advanced ﬁbrosis according to transient elastography
reading, against presence or absence of advanced ﬁbrosis
according to noninvasive scores using the established
thresholds. Sensitivity, speciﬁcity, positive and negative
predictive values, and exact (Clopper-Pearson) 95% CI
were calculated. Although sensitivity and speciﬁcity
inform how well a test differentiates true-positive and
true-negative people within a population, predictive
values inform on how likely a positive or negative test
result is to be correct given the disease prevalence within
that population. Likelihood ratios with 95% CI were
computed to allow interpretation of test results in individual patients, because tests with a positive likelihood
ratio >10 or a negative likelihood ratio <0.1 are considered clinically useful because they substantially change
the posttest probability of disease.32 The overall diagnostic accuracy of noninvasive scores was estimated by
plotting a receiver operating curve of sensitivity versus
1- speciﬁcity, and estimating the area under the curve,
using designated thresholds. We also aimed to assess
diagnostic accuracy using a combination of scores to
determine if this approach offered incremental diagnostic
value; however, this was not possible because of the small
number of positive scores. All statistical analyses were
undertaken in SAS version 9.4 (SAS institute, Cary, NC).

Results
Study Cohort
The selection of the study cohort is shown in Figure 1.
Of 3000 people invited to participate, 1069 responded
(36% response rate), of which 147 participants were
excluded because of hepatitis B or C infection or contraindication to imaging.22 Overall, 922 people underwent
clinical assessment, blood tests, and transient elastography. A further 163 people were excluded because of a
lack of valid transient elastography measurements,
similar to success rates in other populations,33 either
because 10 successful acquisitions were not obtained
(n ¼ 60) or the interquartile range to median ratio was
inadequate for a valid reading (n ¼ 103). A total of 759
people completed a successful scan. A further 10 people
did not have the full set of variables required for calculation of scores, leaving a total of 749 people with both valid
transient elastography and score calculation as the study
cohort. Despite these exclusions, the remaining population seemed to be typical of the population at large.34

Statistical Analysis
Patient Characteristics
For descriptive statistics, the means and 95% conﬁdence interval (CI) were estimated for normally distributed continuous variables, and the median and

The demographic and clinical characteristics of the
study population are shown in Table 1. The mean age
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Figure 1. Study cohort.
MRI, magnetic resonance
imaging.

was approximately 48 years old, with slightly more males
than females (55% vs 45%). The mean body mass index
was 22.6 kg/m2, with prevalence of diabetes of approximately 1 in 20 persons (4.5%). Median liver enzymes
were in the normal range (alanine transaminase, 22;
interquartile range, 17–31). The median Fibroscan score
in the overall population was 4.2 kPa (interquartile
range, 3.6–5.2).

Receiver Operating Curves For Noninvasive
Fibrosis Scores
A receiver operating curve was constructed to
demonstrate the trade-off between sensitivity and speciﬁcity at differing thresholds of positive noninvasive
ﬁbrosis scores (Supplementary Figures 1–3). The area
under the receiver operating curve was estimated at 0.63
for NFS (95% CI, 0.46–0.81), 0.64 for FIB-4 (95% CI,
0.45–0.84), and 0.71 for APRI (95% CI, 0.56–0.88).

Sensitivity, Speciﬁcity, and Predictive Values at
Upper and Lower Thresholds
Of the 749 persons with valid transient elastography
results, 15 had readings >9.6 kPa, resulting in a

prevalence of advanced ﬁbrosis of approximately 2% in
the general population. Using the upper thresholds, only 1
person also had a positive NFS, and 2 people had a positive
FIB-4 and APRI score (Table 2). For the NFS, the sensitivity
for advanced ﬁbrosis was estimated at 7% (95% CI, 0–32),
with a speciﬁcity approximating 100% (95% CI,
99.2–100) (Table 3). The positive predictive value was
estimated at 50% (95% CI, 1–99), indicating that for every
positive result, another would be a false-positive result;
however, the true value is uncertain because of the wide
CI. The negative predictive value was 98% (95% CI,
97–99). For FIB-4 and APRI, the sensitivity was 13% (95%
CI, 2–40) for both, with speciﬁcity for both that also
approximated 100% (99–100) and a negative predictive
value of 98% (97–99) (Table 3). When the lower thresholds for NFS and FIB-4 were applied, the sensitivities
increased as expected; for NFS and FIB-4, sensitivity 33%
(95% CI, 9–57) for both. The speciﬁcity was reduced; for
NFS, 91% (88–92) and for FIB-4, 87% (85–90). The
negative predictive value of the scores remained at 98%
for both upper and lower thresholds (Table 3).

Likelihood Ratios
For test accuracy at the upper threshold, the negative
likelihood ratios ranged from 0.87 to 0.93, suggesting
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Table 1. Characteristics of Population With Valid Transient
Elastography
Characteristic
Age, y (mean, SD)
Sex, males, %
Current smoker, %
Hypertension, %
Diabetes, yes, %
Presence of either diabetes or IFG, %
Anthropometry
BMI, kg/m2 (mean, SD)
Waist circumference, cm (mean, SD)
Biochemistry
ALT (IU/L, median, IQR)
AST (IU/L, median, IQR)
Albumin, g/L (mean, SD)
Fasting glucose, mmol/L (mean, SD)
Platelets, x 109/L (mean, SD)
Triglycerides, mmol/L (mean, SD)
Ferritin, mmol/L (median, IQR)
Test results, transient elastography
Transient elastography score, kPa
(median, IQR)
Interquartile range (median, IQR)
Index test results
NFS (median, IQR)
FIB-4 (median, IQR)
APRI (median, IQR)

All participants
(n ¼ 749)
47.8 (10.5)
55
9.7
14.1
4.5
15.7
22.6 (3.4)
80.8 (11.8)
22
19
45.2
5.0
242
1.25
360

(17–31)
(17–23)
(2.6)
(3.9)
(57)
(3.8)
(121–701)

4.2 (3.6–5.2)
0.7 (0.4–0.9)
-2.87 (-3.52 to -2.11)
0.84 (0.62–1.10)
0.21 (0.17–0.26)

ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass
index; IFG, impaired fasting glucose; IQR, interquartile range; SD, standard
deviation.

that when the noninvasive score test result is negative,
the posttest probability of disease is not substantially
altered (Table 3). The positive likelihood ratios were
high for all tests; however, the CIs were very wide
because of the small number of people with positive test
results indicating a high level of uncertainty in these
estimates. Using the lower threshold resulted in reduced
positive likelihood ratios with no meaningful change in
the negative likelihood ratios (Table 3).

Diagnostic Algorithm for Clinical Practice Using
the Nonalcoholic Fatty Liver Disease Fibrosis
Score
Figure 2 shows a suggested diagnostic algorithm for
the use of NFS according to the expected population
prevalence of advanced ﬁbrosis. Although a negative
result generally indicates the absence of advanced
ﬁbrosis with a high degree of certainty across all populations, positive predictive values are highly variable.

Discussion
The results of the current population-based study of
noninvasive scores for the evaluation of ﬁbrosis in
NAFLD have important implications for clinical practice.

Table 2. Frequency Table for Persons With Positive or
Negative Tests Results According to Reference
(Transient Elastography) and Index (Noninvasive
Fibrosis Scores) Test Results Using the
Recommended Upper Thresholds
Reference test positive Reference test negative

NFS
FIB-4
APRI

Index test
positive

Index test
negative

Index test
positive

1
2
2

14
13
13

1
2
1

Index test
negative Total
733
732
733

749
749
749

We demonstrate that in low-risk cohorts, a negative
result using noninvasive scoring systems is associated
with a very high speciﬁcity approximating 100% (95%
CI, 99–100) and negative predictive value of 98%, indicating that people without advanced ﬁbrosis can be
conﬁdently excluded, and with minimal chance of a
missed diagnosis. When a lower threshold for exclusion
of advanced ﬁbrosis with the NFS or FIB-4 test was
applied, the speciﬁcity and negative predictive values did
not change to a clinically meaningful extent. Tests with a
high speciﬁcity and negative predictive value are useful
in clinical settings, because diagnostic uncertainty is
minimized and follow-up testing can be avoided. This is
particularly helpful in NAFLD, where the conﬁrmatory
tests are either risky, such as liver biopsy,8 or expensive
with limited availability, such as transient elastography.
In contrast, the sensitivity and positive predictive
values of noninvasive ﬁbrosis scores were low and
imprecise. Using the upper threshold for NFS and FIB-4,
the positive predictive value was estimated at 50% with
a wide CI, indicating that further testing is needed to
distinguish true cases from false positives. The clinical
implications of a high number of false positives depend
on attributes of the conﬁrmatory test. such as side effects, in addition to the degree of anxiety associated with
a false-positive diagnosis.35 The positive likelihood ratio
was high but imprecise because of the small number of
people with positive test results and the true estimate
remains uncertain, whereas the negative likelihood ratio
was estimated with a high degree of precision and
approximated 1.0, irrespective of whether upper or
lower thresholds were used. This reﬂects the very low
sensitivity regardless of threshold, in the context of a
preserved test speciﬁcity. Furthermore, we did not ﬁnd
evidence to suggest that 1 score was substantially more
accurate than another in this population.
These data concur with previous studies of diagnostic
accuracy of noninvasive scores that consistently
demonstrate a high speciﬁcity and negative predictive
value with upper thresholds irrespective of prevalence,29
but sensitivity and positive predictive values vary widely,
resulting in different recommendations for follow-up
management. In a tertiary liver clinic population where
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Table 3. Test Performance Characteristics of Noninvasive Fibrosis Scores in the General Population Where the Prevalence of
Advanced Fibrosis Is Low (n ¼ 749)

Test

Cutoff

NFS

0.676
—1.455
3.25
1.3
1.0

FIB-4
APRI

Sensitivity
%
95% CI
7
33
13
33
13

(0–32)
(9–7)
(2–40)
(9–57)
(2–40)

Speciﬁcity
%
95% CI
100
91
100
87
100

(99–100)
(88–92)
(99–100)
(85–90)
(99–100)

PPV
%
95% CI
7
50
5
67

(50–99)
(1–12)
(7–93)
(0–10)
(9–99)

NPV
%
95% CI
98
99
98
98
98

(97–99)
(97–99)
(97–99)
(97–99)
(97–99)

þLR
Estimate
95% CI
49
3.5
49
2.6
98

(3–746)
(0.9–6.2)
(7–325)
(0.7–4.6)
(9–1021)

-LR
Estimate
95% CI
0.93
0.73
0.87
0.76
0.87

(0.82–1.07)
(0.47–1.00)
(0.71–1.06)
(0.49–1.03)
(0.71–1.06)

LR, likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.

the prevalence of advanced ﬁbrosis exceeded 30%,
positive predictive values were estimated at 90% with a
positive likelihood ratio of 11,9 suggesting a high degree
of conﬁdence in the diagnosis. In a separate liver clinic
cohort where the prevalence of advanced ﬁbrosis was
20%, the positive predictive values were lower at
30%–37%.29 In population-based type 2 diabetics where
the prevalence of advanced ﬁbrosis was 5%, the positive
predictive values of FIB-4 and APRI were 13%.36 Followup testing for a positive test result may include transient
elastography, magnetic resonance spectroscopy, or liver
biopsy, all associated with substantial cost, inconvenience, or risk, but whether these approaches improve
patient-important outcomes has not been studied. In
general, diagnostic tests should not just be considered
within a narrow framework of test accuracy, but before
they are recommended for widespread use, should be

supported by evidence that they ultimately improve
patient outcomes and are cost effective.37 These conclusions are best established by testing within the
framework of a randomized clinical trial.38
Our ﬁndings also inform the use of noninvasive
scores for the case detection of advanced ﬁbrosis in large
epidemiologic studies. In a recent examination of the
National Health and Nutrition Survey in the US cohort,
3.2% of the population or 1.4 million Americans were
classiﬁed as having advanced ﬁbrosis according to the
standard threshold using the NFS. This group was found
to have a threefold increase in cardiovascular mortality
compared with those with a negative score.18 Given the
low positive predictive value found in the current study,
more than half of those with a positive test result are
likely to be a false-positive result, making accurate conclusions about mortality difﬁcult to calculate. Similarly,

Figure 2. Diagnostic algorithm describing predictive values of a positive or negative NFS in populations with a different
prevalence of advanced ﬁbrosis. Recommendations for follow-up testing are shown. Positive NFS is >0.676, negative is
< -1.455. Data for primary care population taken from current study, data for type 2 diabetic population taken from Armstrong
et al,15 and data for high-prevalence population taken from Angulo et al.9 NPV, negative predictive value; PPV, positive
predictive value.
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although current international clinical practice guidelines suggest that noninvasive scores should be used for
case ﬁnding,7 our and other data suggest that on the
contrary, these tests have highest diagnostic yield when
used to exclude advanced ﬁbrosis in low-risk people
rather than for case detection.
Although it is accepted that predictive values vary
with the population tested, our data have also shown a
change in sensitivity and speciﬁcity that should be
explained. The sensitivity of the NFS was estimated at
43% in the original cohort,9 whereas it was 7% in our
study. Sensitivity and speciﬁcity vary when the disease
severity differs, a phenomenon known as spectrum
bias.39 This arises because diagnostic tests are usually
developed in cohorts with a severe form of the disorder
and tested against a normal group, making the disease
easy to detect, which optimizes diagnostic accuracy.
However, when the same test is applied to a population
where the disease spectrum includes less obvious cases,
the sensitivity falls.39 Changes in sensitivity and speciﬁcity and predictive values should be expected when
applying these scoring systems to a low-risk population.
The major limitation to this study was the small number of people with positive test scores. Although this
truthfully reﬂected the low prevalence within the general
population, sensitivity and positive predictive values could
not be calculated with precision, and the range within
which we can be 95% conﬁdent that the true value lies, is
extremely wide. A larger sample size can overcome this but
it is challenging to perform a large number of transient
elastography scans in the general population using the
rigorous methodology of the present study. Indeed,
assuming a test sensitivity of 50%, the sample size
required for a 95% CI width of 10% in a population where
the prevalence is 2% approximates 20,000 persons.40 In
addition, we undertook transient elastography as the
reference standard for ﬁbrosis, because liver biopsy is not
a feasible test in large studies, and measurement error may
be associated with this approach. To accurately determine
the degree of measurement error, data on the results of all
3 tests in the same population are needed; these data
would be very difﬁcult to obtain. Despite this, measurement error caused by a suboptimal reference standard is
likely to result in misclassiﬁcation of patients with bias of
results towards the null, resulting in underestimation of
test accuracy. Our population consisted of those with
exclusively Asian ancestry, and whether these results can
be generalized to other ethnic populations, such as white
persons, is unclear. Finally, selection bias may have
affected our results because there are no data available on
nonrespondents to know if they are comparable; however,
the participants seemed to reﬂect the population at large.34
There were several strengths to our approach, including a
large, general population based sample; an absence of time
delay between index and reference tests meaning that
disease status was unchanged; and reporting was performed according to standard recommendations,20 such
that the methodology and results are explicit.
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Although these data provide important information
for the interpretation of noninvasive scores in low-risk
populations, they do not support the widespread adoption of noninvasive scoring systems for ﬁbrosis screening
in such situations as primary care. Further research
regarding whether the use of noninvasive scores can
ultimately improve patient-important outcomes is
needed. In addition, whether scores can be used in a
serial manner, and how much change represents a true
change in disease status, is unknown. Validation of our
results in other ethnic cohorts would also be helpful.
In conclusion, noninvasive ﬁbrosis scoring systems
can reliably exclude the presence of advanced ﬁbrosis in
low-risk populations without the need for further testing,
and with minimal risk of a missed diagnosis. However,
scoring systems are insufﬁciently sensitive for case
detection. Positive test results are associated with a high
rate of false positives and should prompt further testing.
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Note: To access the supplementary material accompanying this article, visit the online version of Clinical
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Supplementary Figure 1. ROC curve for diagnostic accuracy
of NFS in a population with a low prevalence of advanced
ﬁbrosis. ROC, receiver operating characteristic curve.

Supplementary Figure 2. ROC curve for diagnostic accuracy
of FIB-4 score in a population with a low prevalence of
advanced ﬁbrosis. ROC, receiver operating characteristic
curve.
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Supplementary Figure 3. ROC curve for diagnostic accuracy
of APRI score in a population with a low prevalence of
advanced ﬁbrosis. ROC, receiver operating characteristic
curve.

