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Background: In non-alcoholic fatty liver disease (NAFLD), transient elastography (TE) is an accurate non-invasive method to iden-
tify patients at risk of advanced fibrosis (AF). We developed a diabetes-specific, non-invasive liver fibrosis score based on TE to fa-
cilitate AF risk stratification, especially for use in diabetes clinics where TE is not readily available.

Methods: Seven hundred sixty-six adults with type 2 diabetes and NAFLD were recruited and randomly divided into a training set
(n=534) for the development of diabetes fibrosis score (DFS), and a testing set (n=232) for internal validation. DFS identified pa-
tients with AF on TE, defined as liver stiffness (LS) =9.6 kPa, based on a clinical model comprising significant determinants of LS
with the lowest Akaike information criteria. The performance of DFS was compared with conventional liver fibrosis scores (NFS,
FIB-4, and APRI), using area under the receiver operating characteristic curve (AUROC), sensitivity, specificity, positive and nega-
tive predictive values (NPV).

Results: DFS comprised body mass index, platelet, aspartate aminotransferase, high-density lipoprotein cholesterol, and albumin-
uria, five routine measurements in standard diabetes care. Derived low and high DFS cut-offs were 0.1 and 0.3, with 90% sensitivity
and 90% specificity, respectively. Both cut-offs provided better NPVs of >90% than conventional fibrosis scores. The AUROC of
DES for AF on TE was also higher (P<0.01) than the conventional fibrosis scores, being 0.85 and 0.81 in the training and testing
sets, respectively.

Conclusion: Compared to conventional fibrosis scores, DFS, with a high NPV, more accurately identified diabetes patients at-risk of
AF, who need further evaluation by hepatologists.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is highly prevalent
among patients with type 2 diabetes [1,2]. Type 2 diabetes, on
the other hand, is a risk factor for NAFLD progression to cir-

rhosis, hepatocellular carcinoma, and liver mortality [3-5]. In
NAFLD, liver fibrosis is the major determinant of adverse liver
outcomes, and the risk of liver mortality increases exponentially
with higher stages of hepatic fibrosis [6-8]. Therefore, early
identification of those at risk of significant fibrosis is important
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in the management of patients comorbid with NAFLD and type
2 diabetes [9].

Although liver biopsy is still considered the gold standard for
evaluation of NAFLD severity, its limitations and the need for
alternatives such as elastography techniques are being increas-
ingly recognized. In the real-world setting, it is not feasible,
both technically and ethically, to perform liver biopsy in the
large number of stable and asymptomatic patients comorbid
with type 2 diabetes and NAFLD. A recently proposed algo-
rithm advocated that all patients with type 2 diabetes should un-
dergo transient elastography (TE) for assessment of liver fibro-
sis, and those with advanced fibrosis (AF) then be referred to
hepatologists for further investigations [10]. This is based on the
high accuracy of TE in the diagnosis of AF in NAFLD, with the
area under the receiver operating characteristic curve (AUROC)
of up to 0.93 [11]. However, the availability of TE in healthcare
institutions is a major limitation of this approach. Although TE
is quite accessible worldwide in liver clinics, it is not readily
available in most clinics that provide follow-up for the large
number of patients with type 2 diabetes in both primary and
secondary care. Thus, we developed a convenient clinical fibro-
sis score based on TE, specifically for risk stratification in peo-
ple with type 2 diabetes, especially in the setting where TE is
not readily accessible, to identify those most likely to have AF
on TE for referral to hepatologist or prioritization for early TE.

METHODS

Study participants

In this study, all participants were recruited from the diabetes
clinic of Queen Mary Hospital, Hong Kong. Type 2 diabetes
was diagnosed by physicians based on clinical history, bio-
chemical and/or immunological findings. Consecutive patients
who attended diabetes complications screening between Janu-
ary 2017 and December 2019 were invited to come back for a
second visit for TE assessments if they fulfilled all inclusion
and exclusion criteria. Eligible patients were Chinese and aged
between 21 and 80 years. Exclusion criteria consisted of the
presence of active malignancy, concomitant chronic hepatitis B
or C, or documented history of any other liver disease including
alpha-1 anti-trypsin deficiency, Wilson’s disease, autoimmune
hepatitis, drug-induced liver injury, primary biliary cholangitis,
or chronic use of steatogenic medications such as amiodarone,
methotrexate, or tamoxifen. Furthermore, patients with daily al-
coholic consumption of more than 30 g in men or 20 g in wom-
en were also excluded [12]. In total, 1,121 participants with type
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2 diabetes fulfilled all inclusion and exclusion criteria, and con-
sented to come back on a separate day for TE assessments.
Since this study aimed to develop a non-invasive fibrosis score
for patients comorbid with type 2 diabetes and NAFLD, only
participants who had hepatic steatosis as defined by controlled
attenuation parameter (CAP) measurements (see below) during
TE were included. After further excluding 355 participants who
did not have hepatic steatosis on TE, 766 participants comorbid
with type 2 diabetes and NAFLD were eventually included in
this study. The study protocol was approved by the Institutional
Review Board of the University of Hong Kong/Hospital Au-
thority Hong Kong West Cluster (reference number: UW 16-
272). Written informed consent was obtained from all partici-
pants prior to any study related procedures.

Clinical and biochemical assessments
As part of the standard clinical management, all patients from
the diabetes clinic had regular complications assessment to as-
certain their glycaemic control, and detect the presence of car-
diovascular risk factors and diabetic complications. Anthropo-
metric parameters, including body weight, height, body mass in-
dex (BMI), waist circumference (WC), and blood pressure (BP)
were measured. Fasting blood was drawn for plasma glucose,
lipids, glycated hemoglobin (HbAlc), complete blood count,
liver and renal function tests. Albuminuria status was assessed
with a random urine sample, and categorized according to their
urine albumin to creatinine ratio (A1 <3 mg/mmol, A2 3-30 mg/
mmol, and A3 >30 mg/mmol). All patients had regular fundi ex-
amination with retinal photographs and/or assessments by oph-
thalmologists. For those who consented to participate in this
study, smoking status, alcohol consumption, detailed medical,
drug, and family histories were obtained using a standardized
questionnaire. Their prothrombin time was also checked.
Conventional fibrosis scores currently in use, including
NAFLD fibrosis score (NFS), fibrosis-4 (FIB-4) and aspartate
aminotransferase-to-platelet ratio index (APRI), were calculated
using published formula and categorized based on recommend-
ed cut-offs [13].

Definitions of clinical variables and outcomes

Hypertension was defined as BP =140/90 mm Hg or if the par-
ticipant was on anti-hypertensive medications [14]. Dyslipidae-
mia was defined as fasting triglycerides of =1.7 mmol/L, high-
density lipoprotein cholesterol (HDL-C) <1.0 mmol/L in men
or <1.3 mmol/L in women, and low-density lipoprotein choles-
terol =2.6 mmol/L, or if the participant was on lipid lowering
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medications [15]. The diagnoses of coronary heart disease
(CHD) and stroke were based on diagnostic codes from the 9th
edition of the International Classification of Diseases (410,
36.01-10 for CHD and 430-438 for stroke) [16].

Transient elastography

All participants underwent the procedure after fasting for at least
8 hours. CAP and liver stiffness (LS) were measured using Fi-
broscan (Echosens, Paris, France) by two operators with experi-
ence in performing over 500 measurements. The inter-observer
reliability was satisfactory, as reflected by an intra-class correla-
tion of 0.98 for CAP and 0.97 for LS measurements. Both CAP
and LS measurements were represented by the median of 10 re-
liable measurements, defined when the interquartile range (IQR)
was less than 30% and the success rate was more than 60%.
Only CAP values with IQR of more than 40 dB/m were used to
ensure validity of the results [17]. All examinations were done
using the M probe in the first attempt. The XL probe was used if
the BMI was more than 30 kg/m?.

Hepatic steatosis was graded by published CAP cut-offs: mild
steatosis 248 to 267 dB/m, moderate steatosis 268 to 279 dB/m,
and severe steatosis =280 dB/m [18]. AF (F3) and cirrhosis (F4)
were graded by LS cut-offs: F3 9.6 to 11.4 kPa and F4 =11.5 kPa
(M Probe); F3 9.3 to 10.9 kPa and F4 =11.0 kPa (XL Probe) [19].

Statistical analysis

All data were analysed using the R version 3.6.0 (R Foundation
for Statistical Computing, Vienna, Austria) and IBM SPSS Sta-
tistics version 25.0 (IBM Corp., Armonk, NY, USA). In all sta-
tistical tests, two-sided P values <0.05 were considered signifi-
cant. Data not normally distributed (as determined using Kol-
mogorov-Smirnov test) such as triglyceride levels were loga-
rithmically transformed to obtain near normality before analy-
sis. Values were reported as mean=standard deviation, medians
with IQR (for variables with skewed data), or percentages, as
appropriate. Chi-square test was used for comparisons of cate-
gorical variables, while independent ¢ test or analysis of vari-
ance was used for comparisons of continuous variables where
appropriate. Pearson correlation analysis was used to determine
the correlation between LS and other clinical variables.

The study population was randomized 7:3 into training and
testing sets using the R sampling package. The elements sam-
pled were allocated across the four strata of LS so that the pro-
portion of elements in each stratum was identical between the
training and testing sets. The training set was used to develop a
diabetes-specific non-invasive fibrosis score, diabetes fibrosis
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score (DFS), while the testing set was used for internal valida-
tion. In the training set, multivariable logistic regression analy-
sis was performed to evaluate the independent determinants of
LS =F3 with their respective odds ratio (OR) and 95% confi-
dence interval. Variables that were statistically significant in
univariate analysis were included in the multivariable logistic
regression, and DFS was developed based on a clinical model
with the lowest Akaike information criteria (AIC), indicating
the most parsimonious model in the multivariable logistic re-
gression analysis. By employing repeated five-fold cross-vali-
dation in the training set, data were split into five subsets with
100 repeats to estimate the cross-validated AUROC. Three di-
agnostic cut-offs of DFS for =F3 on TE were derived, which
included an optimal cut-off based on the point with maximum
Youden j index (y) on ROC curve with y=[sensitivity—(1-speci-
ficity)], a low cut-off with 90% sensitivity, and a high cut-off
with 90% specificity. The AUROC of DFS, as well as the sensi-
tivity, specificity, positive (PPV) and negative predictive values
(NPV) using the three cut-offs were validated in the testing set.
Dominance analysis was performed to determine the relative
importance of each variable in the logistic regression model,
based on the average of coefficient of determination R* [20].

In both training and testing sets, the diagnostic performance
of each conventional non-invasive fibrosis score, including their
AUROC, sensitivity, specificity, PPV, and NPV values, was de-
termined. The AUROC:s of DFS and conventional non-invasive
fibrosis tests were compared using DeLong method.

RESULTS

A total of 766 participants comorbid with type 2 diabetes and
NAFLD were included in this study to develop a non-invasive
fibrosis score for type 2 diabetes. They were randomly divided
into 534 in the training set, and 232 in the testing set.

Of these 766 participants, 62.4% and 19.5% of them had se-
vere hepatic steatosis and =F3 fibrosis (AF or cirrhosis) on TE,
respectively. There were no significant differences in the demo-
graphics, clinical, biochemical and TE findings between the
training and testing sets of participants (Table 1).

Clinical characteristics were significantly different
between participants with =F3 fibrosis and those without
In the training set of 534 participants, 104 (19.5%) had =F3 fi-
brosis. Those with =F3 fibrosis were more likely to be ever-
smokers (P=0.028), had significantly higher BMI (£<0.001),
WC (P<0.001), serum triglyceride (P=0.032), alanine amino-
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Table 1. Clinical Characteristics of the Study Participants in Training and Testing Sets
Characteristic All Training set Testing set (trainin éD v\fltlégti ng set)
Number 766 534.(70) 232 (30) -
Clinical variable
Male sex, % 50.8 49.6 53.4 0.331
Age, yr 59.4+10.3 59.3+10.1 59.7£10.6 0.653
Ever smoker, % 24.4 22.7 28.4 0.087
Duration of diabetes, yr 16.6+9.2 16.4£9.0 17.1£9.6 0.346
BMI, kg/m? 28.6+4.5 28.61+4.6 28.4+4.3 0.597
WC, cm 97.6+11.7 97.9+12.1 97.0+10.7 0.359
Systolic BP, mm Hg 136+16 137£16 135+16 0.187
Diastolic BP, mm Hg 78+10 78+10 7719 0.064
Biochemical variable
HbAlc, % 7712 77112 77+£13 0.500
TC, mmol/L 4.084+0.86 4.061+0.80 4.12+0.99 0.390
HDL-C, mmol/L 1.16£0.29 1.17£0.29 1.13+0.29 0.105
LDL-C, mmol/L 2.124+0.73 2.09+0.69 2.184+0.80 0.122
TG*, mmol/L 1.49 (1.07-2.10) 1.58 (1.09-2.11) 1.50 (1.07-2.11) 0.847
eGFR, mL/min/1.73 m? 81.8+£25.8 82.7+25.3 79.8+27.0 0.154
ALT, U/L 29.84+19.8 30.0£19.6 29.4420.4 0.672
AST, U/L 25.1+11.2 25.1£11.0 25.0+11.8 0.901
Albumin, g/L 448+3.2 448+3.2 447+3.3 0.859
Platelets, X 10°/L 261.3+67.1 260.9£66.1 262.3+69.4 0.793
Medical history, %
Hypertension 83.9 84.3 83.2 0.708
Dyslipidaemia 95.4 95.1 96.1 0.547
CHD 18.0 18.4 17.2 0.713
Stroke 2.0 1.7 2.6 0.405
Diabetes microvascular complications
Diabetes retinopathy, % 482 47.6 49.6 0.610
UACR (A2 or above), % 48.3 47.0 51.3 0.275
UACR?, mg/mmol 3.14(0.81-14.5) 3.07 (0.76-14.0) 3.53 (0.88-18.5) 0.277
Transient elastography
Steatosis, % 0.390
Mild 10.2 9.4 12.1
Moderate 27.4 28.5 25.0
Severe 62.4 62.1 62.9
Liver stiffness, % 0.998
FO/F1 40.2 40.1 40.1
F2 40.3 40.4 40.1
F3 7.8 79 7.8
F4 11.7 11.6 12.0
=F3 19.5 19.5 19.8 0.910
Anti-diabetic agents related to NAFLD, %
Pioglitazone 12.6 11.4 15.1 0.159
SGLT?2 inhibitors 15.9 15.2 17.7 0.384
GLP-1RA 1.3 1.7 0.4 0.297
Values are expressed as number (%), mean+standard deviation, or median (interquartile range). Albuminuria category was classified according to urine
albumin to creatinine ratio: A1 <3 mg/mmol, A2 3-30 mg/mmol, and A3 >30 mg/mmol.
BMI, body mass index; WC waist circumference; BP, blood pressure; HbA 1¢, glycated hemoglobin; TC, total cholesterol; HDL-C, high-density lipopro-
tein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; eGFR, estimated glomerular filtration rate; ALT, alanine aminotransfer-
ase; AST, aspartate transaminase; CHD, coronary heart disease; UACR, urine albumin to creatinine ratio; NAFLD, non-alcoholic fatty liver disease;
SGLT2, sodium-glucose co-transporter 2; GLP-1RA, glucagon-like peptide-1 receptor agonist.
*Log-transformed before analysis.
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Table 2. Clinical Characteristics of the Study Participants in the Training Set (n=534)
_ LS = F3
Variable All P value
No Yes
Number 534 430 104 -
Clinical variable
Male sex, % 49.6 48.6 53.8 0.337
Age, yr 59.3+10.1 59.6+10.0 58.0+£10.5 0.135
Ever smoker, % 22.7 20.7 30.8 0.028
Duration of diabetes, yr 16.4+9.0 16.5+£9.3 15.6+7.9 0.365
BMI, kg/m? 28.6+4.6 27.8+4.0 32.0+5.3 <0.001
WC, cm 97.9+12.1 95.6+£9.9 107.1£15.7 <0.001
Systolic BP, mm Hg 137+16 137£17 138+ 16 0.397
Diastolic BP, mm Hg 79+10 79+10 80+9 0.279
Medical history, %
Hypertension 84.3 84.7 82.7 0.622
Dyslipidaemia 95.1 95.6 93.3 0.326
CHD 18.4 18.6 173 0.759
Stroke 1.7 1.9 1.0 0.523
Biochemical variable
HbAlc, % 7.7+1.2 7.6+1.2 7713 0.462
TC, mmol/L 4.06+0.81 4.07£0.83 3.9940.71 0.334
HDL-C, mmol/L 1.1740.29 1.1940.29 1.08+0.30 0.001
LDL-C, mmol/L 2.09+0.69 2.11£+0.70 2.021+0.64 0.239
TG*, mmol/L 1.48 (1.08-2.11) 1.42 (1.07-2.04) 1.66 (1.19-2.40) 0.032
ALT, U/L 30.0£19.6 269+17.1 43.0£23.8 <0.001
AST, U/L 25.1£11.0 22.9+8.7 34414142 <0.001
eGFR, mL/min/1.73 m? 8274253 82.7+25.5 83.0+24.7 0.920
Albumin, g/L 44.8+3.2 44.813.1 44.61£3.3 0.460
Platelets, X 10°/L 261.0£66.1 266.0£65.9 242.0+63.5 0.001
Transient elastography
CAP 314.0+41.0 306.0+38.2 344.0+38.5 <0.001
Diabetes microvascular complications
Diabetes retinopathy, % 47.6 45.8 54.8 0.102
UACR category =A2, % 47.0 433 62.5 <0.001
UACR?, mg/mmol 3.07 (0.76-14.0) 2.55(0.59-11.3) 6.55 (1.88-27.6) <0.001
Anti-diabetic medications related to NAFLD, %
Pioglitazone 11.4 10.7 14.4 0.284
SGLT?2 inhibitors 15.2 15.1 154 0.945
GLP-1RA 1.7 14 2.9 0.290
Fibrosis scores
APRF* 0.24 (0.18-0.32) 0.22 (0.17-0.28) 0.35 (0.27-0.49) <0.001
FIB-4* 1.06 (0.80-1.44) 1.03 (0.77-1.40) 1.27 (0.92-1.67) <0.001
NFS -1.04+1.22 -1.15+1.21 —0.59+1.15 <0.001
Values are expressed as mean+standard deviation or median (interquartile range). Albuminuria category was classified according to urine albumin to
creatinine ratio: A1 <3 mg/mmol, A2 3-30 mg/mmol, and A3 >30 mg/mmol.
LS, liver stiffness; BMI, body mass index; WC waist circumference; BP, blood pressure; CHD, coronary heart disease; HbAlc, glycated hemoglobin;
TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; ALT, alanine amino-
transferase; AST, aspartate transaminase; eGFR, estimated glomerular filtration rate; CAP, controlled attenuation parameter; UACR, urine albumin to
creatinine ratio, NAFLD, non-alcoholic fatty liver disease; SGLT2, sodium-glucose co-transporter 2; GLP-1RA, glucagon-like peptide-1 receptor ago-
nist; APRI, aspartate aminotransferase-to-platelet ratio index; FIB-4, fibrosis-4; NFS, NAFLD fibrosis score.
“Log-transformed before analysis.
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transferase (ALT) and aspartate aminotransferase (AST) levels
(both P<0.001), degree of albuminuria (P<0.001), and CAP mea-
surements (P<0.001), compared to those with <F3 fibrosis. On
the other hand, their serum HDL-C and platelet count were signifi-
cantly lower (P=0.001 and P<0.001, respectively) (Table 2).

Conventional non-invasive fibrosis scores had overall
suboptimal correlation with LS measurements

Participants with =F3 fibrosis had significantly higher APRI,
FIB-4, and NFS than those without (0.35 vs. 0.22, 1.27 vs. 1.03,
—0.59 vs. —1.15, respectively; All P<0.001) (Table 2).

The Pearson correlation analysis of LS measurements in the
training set of participants is summarised in Table 3. Although
all the conventional non-invasive fibrosis scores showed signifi-
cantly positive correlation with LS, the correlation was greater
with APRI (»=0.43, P<0.001) than FIB-4 (»=0.17, P<0.001)
or NFS (r=0.15, P<0.001).

DEFS to identify those who would have AF or cirrhosis on TE
Repeated five-fold cross-validated logistic regression analysis
of the training set was performed and included age, ever smok-
er, BMI, AST, ALT, HDL-C, triglyceride, platelet count, and al-
buminuria category, the variables with significant difference be-
tween participants with and without =F3 fibrosis on univariate
analysis (Table 2). The variables that were independently asso-
ciated with =F3 fibrosis on TE were BMI (OR, 1.21; P<0.001),
AST levels (OR, 1.09; P<0.001), platelet count (OR, 0.99;
P=0.023), as well as albuminuria category A2 or above (OR,
1.80; P=0.029) (Tables 4, 5). Variables were selected in DFS
based on the model with the best performance, as reflected by
the lowest AIC values, which included BMI, platelet count,
AST, albuminuria and HDL-C levels in the following equation:
DFS=exp(-7.6575+0.1889 X BMI+0.0867 X AST-0.7167 X
HDL-C-0.0057XPLT+0.5880 if UACR =A2)/(1+[-7.6575+
0.1889XBMI+0.0867XAST-0.7167XHDL-C-0.0050 X
PLT+0.5881 if UACR =A2)).

In dominance analysis, the relative importance of each vari-
able in DFS, in descending order, was AST (R*=0.138), BMI
(R*=0.108), albuminuria (R*=0.018), platelet count (R*=0.016),
and HDL-C levels (R*=0.011). DFS identified =F3 fibrosis on
TE with an AUROC of 0.85. We derived three DFS cut-off val-
ues based on a prevalence of 17.7% for =F3 fibrosis on TE, a
rate that was previously reported in a study of NAFLD with
type 2 diabetes in Hong Kong [19]. These included a low DFS
cut-off of 0.1 with 90% sensitivity, 58.1% specificity, 35.1%
PPV, and 96.8% NPV; a high DFS cut-off of 0.3 with 90%
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Table 3. Pearson Correlation Analysis of Liver Stiffness Mea-
surements with Clinical Variables and Conventional Fibrosis
Scores of the Participants in the Training Set (n=534)
Liver stiffness, kPa
Variable
r P value

Clinical variable

Age, yr —0.07 0.125

BMI, kg/m’ 0.40 <0.001

WC, cm 0.42 <0.001

Duration of diabetes, yr -0.04 0.326

Systolic BP, mm Hg 0.07 0.109

Diastolic BP, mm Hg 0.05 0.250
Biochemical variable

HbAlc, % 0.09 0.033

TC, mmol/L —-0.09 0.044

HDL-C, mmol/L -0.16 <0.001

LDL-C, mmol/L —0.12 0.008

TG*, mmol/L 0.13 0.002

ALT, U/L 0.42 <0.001

AST, U/L 0.47 <0.001

eGFR, mL/min/1.73 m? -0.01 0.845

Albumin, g/L 0.02 0.633

Platelets, X 10°/L -0.13 0.003

UACR?, mg/mmol 0.18 <0.001
Transient elastography

CAP 0.40 <0.001
Fibrosis scores

APRI® 0.43 <0.001

NFS 0.15 <0.001

FIB-4* 0.17 <0.001
BMI, body mass index; WC waist circumference; BP, blood pressure;
HbA lc, glycated hemoglobin; TC, total cholesterol; HDL-C, high-den-
sity lipoprotein cholesterol; LDL-C, low-density lipoprotein cholester-
ol; TG, triglyceride; ALT, alanine aminotransferase; AST, aspartate
transaminase; eGFR, estimated glomerular filtration rate; UACR, urine
albumin to creatinine ratio; CAP, controlled attenuation parameter;
APRI, aspartate aminotransferase-to-platelet ratio index; FIB-4, fibro-
sis-4; NFS, non-alcoholic fatty liver disease (NAFLD) fibrosis score.
‘Log-transformed before analysis.

specificity, 56.7% sensitivity, 54.9% PPV, and 90.6% NPV, as
well as an optimal cut-off based on Youden index of 0.2, which
yielded 80.8% sensitivity, 78.8% specificity, 45% PPV, and
90.6% NPV (Tables 4, 5). Using the optimal DFS cut-off of 0.2,
31.3%, and 30.6% of the participants had =F3 fibrosis in the
training and testing sets, respectively.
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DFS was more accurate than conventional scores for
identifying the risk of AF on TE in patients with type 2
diabetes

In both training and testing sets, the AUROCS of DFS were sig-
nificantly higher than any of the conventional fibrosis scores
(Fig. 1). In the testing set of 232 participants, the AUROC of

Table 4. DFS for =F3 Fibrosis in Study Participants Derived
from Repeated Fivefold Cross-Validated Logistic Regression
Analysis in the Training Set (n=543)

Variables in DFS OR (95% CI) P value
BMI, kg/m? 1.21(1.14-1.28) <0.001
HDL-C, mmol/L 0.98 (0.96-1.01) 0.140
AST,U/L 1.09 (1.06-1.12) <0.001
Platelet, X 10°/L 0.99 (0.991-0.999) 0.023
UACR =A2,% 1.80 (1.05-3.03) 0.029

The derivation analysis also included age, ever smoker, BMI, AST, ala-
nine aminotransferase, HDL-C, triglyceride, platelet count, and albu-
minuria category. Variables were selected in DFS based on Akaike in-
formation criteria.

DFS=exp(-7.6575+0.1889 X BMI+0.0867 X AST—0.7167XHDL-
C-0.0057XPLT+0.5880 if UACR =A2)/(1+[-7.6575+0.1889 X
BMI+0.0867X AST-0.7167 X HDL-C-0.0050 X PLT+0.5881 if UACR
=A2)).

DEFS, diabetes fibrosis score; OR, odds ratio; CI, confidence interval; BMI,
body mass index; HDL-C, high-density lipoprotein cholesterol; AST, as-
partate aminotransaminase; UACR, urine albumin-to-creatinine ratio.

DES to identify =F3 fibrosis on TE was 0.81, which was better
than that of APRI (0.73, P=0.03), FIB-4 (0.56, P<0.001), or
NFS (0.54, P<0.001). Application of the low, optimal and high
DFS-cut-offs of 0.1, 0.2, and 0.3 to the testing sample yielded
similar performance as observed in the training set. DFS, irre-
spective of the cut-off used, provided superior NPVs (more than
90%) than any of the conventional fibrosis scores with similar
PPV (Table 6). In a subgroup analysis with participants stratified

Table 5. Performance of DFS to Identify =F3 Fibrosis in Study
Participants in the Training Set Using Different Cut-off Values
(n=543)

High DFS  Low DFS  Optimal DFS
cut-off* cut-off® cut-off®

AUROC of DFS (95% CT) 0.85(0.77-0.93)

Cut-off value 0.3 0.1 0.2
PPV, % 54.9 35.1 45.0
NPV, % 90.6 96.8 95.0
Accuracy, % 84.1 68.8 79.2
Sensitivity, % 58.1 90.0 80.8
Specificity, % 90.0 58.1 78.8

DES, diabetes fibrosis score; AUROC, area under the receiver operating
characteristic curve; CI, confidence interval; PPV, positive predictive
value; NPV, negative predictive value.

*High DFS cut-off with 90% specificity; *Low DFS cut-off with 90%
sensitivity; ‘Optimal DFS cut-off determined by Youden j index.
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Fig. 1. Receiver operating characteristic curves of diabetes fibrosis score and conventional fibrosis scores for the identification of =F3 fi-
brosis on transient elastography in study participants of the (A) training and (B) testing sets. Data shown were area under the receiver operat-
ing characteristic curve of each non-invasive fibrosis score with 95% confidence interval in parentheses. DFS was used as referent for com-
parison with each conventional non-invasive fibrosis score. DFS, diabetes fibrosis score; APRI, aspartate aminotransferase-to-platelet ratio
index; FIB-4, fibrosis-4; NFS, non-alcoholic fatty liver disease (NAFLD) fibrosis score. *P<0.001; °P<0.05.
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Table 6. Diagnostic Performance of Diabetes Fibrosis Score and Conventional Fibrosis Scores to Identify =F3 Fibrosis on Transient
Elastography in Training and Testing Sets

Score AUROC (95% CI) Cut-off Sensitivity, %  Specificity, % PPV, % NPV, %
Training set (n=534)
DFS 0.85(0.77-0.93) 0.1 90.0 58.1 35.1 96.8
0.2 80.8 78.8 45.0 95.0
0.3 56.7 90.0 54.9 90.6
APRI 0.78 (0.73-0.83) 1 5.8 99.8 86.2 83.1
FIB-4 0.62 (0.56-0.68) 1.30 46.2 70.2 25.0 85.9
3.25 3.8 99.8 80.3 82.8
NES 0.63 (0.57-0.68) —1.455 75.0 384 20.8 87.7
0.676 11.5 94.9 32.7 83.3
Testing set (n=232)
DFS 0.81(0.74-0.87) 0.1 87.0 55.9 29.8 95.2
0.2 65.2 78.0 38.9 91.2
0.3 47.8 88.7 47.6 88.8
APRI 0.73 (0.65-0.81) 1 43 99.5 64.9 82.9
FIB-4 0.56 (0.46-0.66) 1.30 41.3 73.7 252 86.0
3.25 22 99.5 48.6 82.5
NES 0.54 (0.44-0.64) —1.455 65.2 34.9 17.8 823
0.676 8.7 94.1 24.1 82.7

=F3 fibrosis was defined as liver stiffness =9.6 and = 9.3 kPa with M and XL probe, respectively.
AUROC, area under the receiver operating characteristic curve; PPV, positive predictive value; NPV, negative predictive value; DFS, diabetes fibrosis
score; APRI, aspartate aminotransferase-to-platelet ratio index; FIB-4, fibrosis-4; NFS, non-alcoholic fatty liver disease (NAFLD) fibrosis score.

Table 7. Subgroup Analysis Showing the Diagnostic Performance of DFS to Identify =F3 Fibrosis, with Participants Stratified by the
Median HbA 1¢ Cut-off in Training and Testing Sets

Score Cut-off Sensitivity, % Specificity, % PPV, % NPV, %

Training set
HbAlc <7.5% (n=273)

DFS 0.1 86.0 64.9 36.8 95.1
0.2 74.0 79.1 45.7 92.8
0.3 52.0 88.6 52.0 88.6

HbAlc =7.5% (n=261)
DFS 0.1 81.5 533 333 96.0
0.2 81.5 80.8 512 94.7
0.3 61.1 89.0 57.9 90.3

Testing set

HbAlc <7.5% (n=112)
DFS 0.1 80.0 59.8 30.2 932
0.2 50.0 83.7 40.0 88.5
0.3 40.0 91.3 50.0 87.5

HbAlc =7.5% (n=120)
DFS 0.1 88.5 532 343 94.3
0.2 76.9 723 73.5 91.9
0.3 57.7 85.1 51.7 87.9

=F3 fibrosis was defined as liver stiffness =9.6 and =9.3 kPa with M and XL probe, respectively.
DEFS, diabetes fibrosis score; HbAlc, glycated hemoglobin; PPV, positive predictive value; NPV, negative predictive value.
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by the median HbAlc cut-off of 7.5%, the diagnostic perfor-
mance of DFS was also similar among those with HbA1c above
and below 7.5% in both training and testing sets (Table 7).

We also performed further analyses that defined =F3 fibrosis
at a lower LS cut-off of =8.0 kPa (M Probe) and =5.8 kPa (XL
Probe), or included only participants with more severe steatosis
defined as CAP =288 dB/m [19,21,22]. The AUROC of DFS in
both analyses, although attenuated, remained superior to most
conventional fibrosis scores, with NPVs more than 90% regard-
less of the cut-off used (Supplemental Tables S1, S2).

DISCUSSION

Although TE is advocated as a reliable and accurate surrogate
of liver biopsy, it is not readily available in most diabetes clinics
[23,24]. In this study, we have developed DFS based on TE, a
non-invasive fibrosis score specifically for use in patients co-
morbid with type 2 diabetes and NAFLD. We demonstrated that
DEFS was superior to conventional fibrosis scores in identifying
those, among the large number of patients with type 2 diabetes,
who would have =F3 fibrosis on TE and therefore indicated for
referral to hepatologists for further investigations. In addition,
the high NPV of DFS was particularly useful to screen out those
without AF in type 2 diabetes.

In this study, DFS performed better than three commonly
used non-invasive fibrosis scores, APRI, FIB-4, and NFS, in
identifying AF in patients comorbid with type 2 diabetes and
NAFLD. One possible explanation was that DFS, unlike the
other three fibrosis scores, was developed on data obtained from
patients with type 2 diabetes. Furthermore, DFS, but not the
others, included albuminuria, another chronic diabetic compli-
cation. It should be noted that a close relationship exists be-
tween NAFLD and chronic kidney disease in type 2 diabetes
[25-27]. In this study, we further demonstrated that albuminuria
was an independent determinant of LS measurements in pa-
tients with type 2 diabetes. Indeed, albuminuria was the third
most important variable in DFS based on dominance analysis.

To our knowledge, DFS is among the very few non-invasive
fibrosis scores specifically developed for patients with type 2
diabetes [28-30]. In 2015, Bazick et al. [28] developed a clinical
model using 446 patients with type 2 diabetes and biopsy-prov-
en NAFLD from the NASH Clinical Research Network studies.
The model identified AF on liver histology with an AUROC of
0.803, 57% sensitivity, 80.2% PPV, and 75.1% NPV, with a
fixed 90% specificity. That model, however, required a total of
13 clinical parameters for calculation, including age, BMI,
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waist-to-hip ratio, albumin, globulin, alkaline phosphatase,
AST, ALT, direct and total bilirubin levels, haematocrit and
platelet counts, as well as serum insulin, a parameter not rou-
tinely measured in clinical practice [28]. A subsequent French
study involving a community-based population of 669 partici-
pants with type 2 diabetes developed a predictive score for sig-
nificant fibrosis (i.e., =F2), based on age, BMI and serum gam-
ma-glutamyl transpeptidase (GGT) levels and yielded an AU-
ROC of 0.712 [29]. Recently, a clinical prediction model with
AUROC of 0.86, similarly for AF on liver histology in type 2
diabetes, was reported by Bril et al. [30]. This model, though
much simpler, consisted of the measurement of cytokeratin-18
(CK-18) levels, which is also not readily available in routine
clinical settings. Moreover, DFS, with an AUROC of 0.85 and
0.81 in the training and testing sets, respectively, was developed
as a first-line tool to optimize risk stratification among patients
with type 2 diabetes for further hepatic investigations, especially
in clinics where even TE is not available. Most importantly,
DFS only required BMI, AST and HDL-C levels, platelet count
and albuminuria category, five clinical parameters commonly
measured as part of the standard of care in diabetes manage-
ment [31,32]. Therefore, the use of DFS could facilitate a con-
venient and potentially more cost-effective risk stratification
strategy, given the large volume of patients comorbid with type
2 diabetes and NAFLD.

Previous studies have shown that high serum triglyceride and
low HDL-C levels were associated with NAFLD [33]. Indeed,
in our study, participants with =F3 fibrosis had significantly
higher serum triglyceride and lower HDL-C levels than those
without. However, statistically, we found that the inclusion of
HDL-C, but not triglyceride levels, into the clinical model re-
sulted in the best performance, as reflected by the lowest AIC
values, and was therefore included in DFS.

The strengths of the current study include the wide spectrum
of NAFLD severity represented in our study population, well
characterized diabetic complications profile in all study partici-
pants. It also takes into consideration anti-diabetic agents with
reported beneficial effects in NAFLD, such as pioglitazone,
glucagon-like peptide-1 receptor agonists and sodium glucose
co-transporter 2 inhibitors [34-37].

There were, however, some limitations in our study. First, the
outcome of AF was based on TE but not on liver biopsy. None-
theless, in our study, the prevalence of =F3 fibrosis on TE in
our study population was 19.6%, a rate similar to those reported
in studies that staged hepatic fibrosis using liver histology [30].
Secondly, our findings that were derived from an exclusively
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Chinese, hospital clinic-based population might not be general-
izable to patients of other ethnic groups, or with less complicat-
ed diabetes and shorter disease duration. Third, some biochemi-
cal parameters such as GGT and insulin levels were not mea-
sured in our cohort, rendering it difficult to compare the perfor-
mance of DFS with other recently developed non-invasive fi-
brosis tests [28,29]. Moreover, the PPVs of DFS were low, be-
ing only 30% to 50%. However, since DFS was developed to
optimize risk stratification and streamline referrals to hepatolo-
gists for TE, a high NPV of more than >90% might be relative-
ly more important. Finally, although DFS was internally vali-
dated with reproducible diagnostic accuracies, it should be ex-
ternally validated using an independent population, preferably
with a multi-ethnic cohort and larger sample size, to confirm
our findings.

Over the years, NAFLD has gradually become an important,
yet often overlooked, diabetic complication [38]. Importantly,
given that more than 70% of patients with type 2 diabetes may
be comorbid with NAFLD, and TE is not widely available, ear-
ly risk stratification with a convenient and accurate non-inva-
sive fibrosis test as the first line assessment would allow timely
referral to hepatologists for further investigations. Where TE is
available for patients of the diabetes clinic but involves a long
waiting list, DFS can also be used to identify those who should
be prioritized for earlier TE. Moreover, those with a greater
likelihood of AF could be offered anti-diabetic agents that have
been shown to improve hepatic fibrosis, liver dysfunction and/
or steatosis, as well as new treatments for NAFLD when clini-
cally available [34-35,37,39-41]. Although further studies are
required to validate our findings, we have demonstrated that
there is considerable potential to incorporate DFS, which con-
sists of five simple measurements available in routine clinical
practice, into the standard of care in diabetes management, to
prevent the long-term adverse liver outcomes in patients with
type 2 diabetes.
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