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OBJECTIVE

Assess theprevalenceofnonalcoholic fatty liver disease (NAFLD) andof liverfibrosis
associated with nonalcoholic steatohepatitis in unselected patients with type 2
diabetes mellitus (T2DM).

RESEARCH DESIGN AND METHODS

A total of 561 patients with T2DM (age: 606 11 years; BMI: 33.46 6.2 kg/m2; and
HbA1c: 7.56 1.8%) attending primary care or endocrinology outpatient clinics and
unaware of havingNAFLDwere recruited. At the visit, volunteerswere invited to be
screenedbyelastography for steatosis andfibrosisby controlledattenuationparameter
(‡274 dB/m) and liver stiffness measurement (LSM; ‡7.0 kPa), respectively. Secondary
causes of liver disease were ruled out. Diagnostic panels for prediction of advanced
fibrosis, such asAST-to-platelet ratio index (APRI) and Fibrosis-4 (FIB-4) index,were also
measured. A liver biopsy was performed if results were suggestive of fibrosis.

RESULTS

The prevalence of steatosis was 70% and of fibrosis 21% (LSM ‡7.0 kPa). Moderate
fibrosis (F2: LSM ‡8.2 kPa) was present in 6% and severe fibrosis or cirrhosis (F3–4:
LSM‡9.7kPa) in 9%, similar to that estimatedbyFIB-4 andAPRIpanels.Noninvasive
testingwas consistentwith liver biopsy results. ElevatedAST or ALT‡40 units/Lwas
present in a minority of patients with steatosis (8% and 13%, respectively) or with
liver fibrosis (18% and 28%, respectively). This suggests that AST/ALT alone are
insufficientas initial screening.However,performancemaybeenhancedby imaging
(e.g., transient elastography) and plasma diagnostic panels (e.g., FIB-4 and APRI).

CONCLUSIONS

Moderate-to-advancedfibrosis (F2 or higher), an established risk factor for cirrhosis
andoverallmortality, affects at least oneout of six (15%)patientswith T2DM. These
results support theAmericanDiabetes Association guidelines to screen for clinically
significant fibrosis in patients with T2DM with steatosis or elevated ALT.

Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease
(1–3). The more severe form, known as nonalcoholic steatohepatitis (NASH), is
characterized by predominantly lobular necroinflammation, with or without cen-
trilobular fibrosis, whichmay progress to cirrhosis and even hepatocellular carcinoma
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(4,5). In 2019, the American Diabetes
Association (ADA) recommended that
patients with type 2 diabetes mellitus
(T2DM) with elevated plasma ALT levels
or steatosis on liver ultrasound should be
evaluated for NASH and liver fibrosis (6).
The rationale for screening such patients
is based on increasing evidence that
NASH with advanced fibrosis is associ-
ated with liver-related and extrahepatic
morbidityandmortality (7,8). Inaddition,
steatohepatitis is believed to be more
progressive in patients with versus with-
out T2DM (2,9,10). It has also been
associated with an increased risk of car-
diovascular disease, which is already in-
creased in diabetes (11,12). However,
evidence to support such a recommen-
dation in the U.S. is rathermodest, as the
true prevalence of NAFLD, and specifi-
cally of NASH with fibrosis, remains un-
clear. Establishing the magnitude of the
epidemic would be the first step to
develop a sound public health policy.
It is important to highlight that the

focus of screening in NAFLD is to identify
patientswith liver fibrosis at a time in the
natural history when intervention can
potentially prevent the progression to
decompensated cirrhosis. Several ther-
apies today offer such benefit: weight
loss by lifestyle intervention or bariatric
surgery, agents such as vitamin E (in
patients without diabetes), and pioglita-
zone or glucagon-like peptide 1 receptor
agonists (GLP-1RAs) in patients either
with or without diabetes (13–17). A liver
biopsy remains as the gold standard to
assess the severity of disease activity and
stage of liver fibrosis (5,6). However, it is
not a practical first-line approach for
routine screening, as it is associated
with the risks of an invasive procedure
and it is relatively costly and subject to
interpretationchallenges (e.g., variability
of histological reading based on sample
size, location of the liver biopsy, pathol-
ogist expertise, etc.) (18).
Given the limitations of a liver biopsy

for case finding, screening for clinically
significant fibrosis has been centered on
using serum biomarkers or liver imaging.
Several plasma biomarkers and diagnos-
tic panels of liver fibrosis have been tested
(19,20). However, few studies have fo-
cused exclusively on patientswith T2DM.
Among them, a study from France by
Jacqueminet et al. (21) andanother in the
U.S. (22) reported a rate of advanced
fibrosis of ;6% in patients with T2DM.

Morerecently,Repettoetal. (23) reporteda
slightly higher rate of advanced liverfibrosis
(F3–4) inobesepatientswithT2DM.Overall,
diagnostic panels are considered to have
suboptimal sensitivity for identifying early
stages offibrosis (e.g., especially if plasma
AST/ALT are not elevated) but have rea-
sonable specificity to identify precirrhosis
or cirrhosis (F3–4) (4,5) and even predict
liver-related events (24). They also do not
appear to perform as well as in patients
with diabetes presenting to primary care
or endocrinology clinics (25). Among the
imaging modalities, liver stiffness mea-
surement (LSM) by vibration-controlled
transient elastography (VCTE) (FibroScan;
Echosens, Paris, France) has been the
most widely used in gastroenterology
and hepatology clinics. It uses a pulse-
echoultrasound technique toquantify the
speed of mechanically induced shear
wave within liver tissue. LSM has been
well validated to correlate with the se-
verity of fibrosis (4,5). Hepatic steatosis
can also bequantified at the same timeby
measuring the ultrasonic attenuation of
the echo wave, known as controlled at-
tenuation parameter (CAP). While there
are some reports from primary care set-
tings on the prevalence of steatosis and
fibrosis in Europe (26–29) and Asia
(30–33), there is no such information
from randomly screened patients with
T2DM attending outpatient clinics in
the U.S.

The aim of this study was to establish
the prevalence of steatosis and moderate-
to-advanced fibrosis by transient elas-
tography in unselected patients with
T2DM attending a general internal med-
icine, family medicine, or endocrinology
outpatient clinic. Participants as well as
their clinicians were unaware of the
possibility of having NAFLD. We felt
that this information would address a
knowledge gap and be critical to support
(or not) the current ADA Standards of
Care recommendations for the manage-
mentofNAFLD inpatientswithT2DM(6).

RESEARCH DESIGN AND METHODS

Participants
A total of 561 participantswere recruited
from internal medicine, family medicine,
and endocrinology clinics at the Univer-
sity of Florida (UF). Patients were re-
cruited between September 2018 and
July 2020. Patients included were adults
between 21 and 79 years of age, legally
competent to provide written informed

consent, andhadT2DMaccording toADA
guidelines (6).

Exclusion criteria were an established
historyofNAFLD,historyof alcohol abuse
($30 g/day for males and$20 g/day for
females), type 1 diabetes, any liver dis-
easeother thanNAFLD (i.e., hepatitis Bor
C, autoimmunehepatitis, hemochromatosis,
drug-induced hepatitis, etc.), onmedications
that could induce hepatic steatosis (e.g.,
estrogen, amiodarone, methotrexate, ralox-
ifene, glucocorticoids, etc.), being on piogli-
tazoneorGLP-1RAswithin 6months prior to
enrollment,pregnancy/lactation,presenceof
implanted electronic medical device (i.e.,
pacemaker, as VCTE cannot be performed),
or participation in another clinical trialwithin
the preceding 30 days. The study was ap-
provedby theUF Institutional ReviewBoard.

Study Design
This was a cross-sectional study aimed at
evaluating the prevalence of liver fibrosis
(primary outcome) by LSM using VCTE
and liver steatosis among adults without
known NAFLD. At the time of the clinic
visit, volunteers were invited by their
clinician to be screened by transient
elastography for steatosis and fibrosis
byCAP ($274dB/m)andLSM($7.0kPa),
respectively. After the research team
obtained informed consent, they under-
went an in-depth medical history, screening
foralcoholintakebyanAlcoholUseDisorders
IdentificationTestquestionnaire(adoptedby
theWorld Health Organization) and second-
ary causesof liverdiseasebymedical history,
reviewofelectronicmedicalrecords,physical
examination, and laboratory testing. Diag-
nostic panels for the prediction of advanced
fibrosiswerealsomeasured,suchastheAST-
to-platelet ratio index (APRI) and Fibrosis-4
(FIB-4) index. If the patient was not fasting
for $3 h, patients were enrolled but elas-
tography was postponed to a second re-
search visit. Blood work was also deferred
toasecondvisit ifnot fasting forat least10h.
Participants were invited to have a liver
biopsy if the noninvasive workup was sug-
gestive of liver fibrosis.

Study Measures

VCTE

VCTE testing was performed in the clinic
with a FibroScanequippedwithbothMand
XL probes (model 530 compact; Echosens).
This was performed by experienced
research-only operators trained and certified
by the manufacturer. An automatic probe
selection tool is embedded in the device
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software that recommends the appropriate
probe for each patient according to the real-
time assessment of the skin-to-liver capsule
distance. They were placed in a supine
position with the right arm fully ab-
ducted. Once the liver area was defined,
measurements were performed by scan-
ning the right liver lobe through an in-
tercostal space.At least 10measurements
at the same spot were performed with
one single probe on each participant.
Simultaneous CAP and LSM were ob-
tained. CAP measured liver ultrasonic
attenuation at 3.5 MHz on both M
and XL probes (signals being acquired
by the FibroScan). The principle of CAP
measurement has been described else-
where (34). Resultswere computed only
when the associated LSM was valid and
using the same signals as the one used
to measure liver stiffness. The perfor-
mance characteristics of VCTE for the
evaluation of NAFLD have been report-
ed elsewhere (35). Measurement of
LSM was considered reliable only if
the interquartile range/median ratio
was ,30% and success rate was
.60%. Results of CAP and LSM were
expressed in decibels per meter (dB/m)
and kilopascals (kPa), respectively.
Presence of liver fibrosis was defined

as follows: mild (F1) if LSM $7.0–8.1 kPa,
moderate fibrosis (F2) if $8.2–9.6 kPa,
advanced fibrosis (F3) if $9.7–13.5 kPa,
and cirrhosis (F4) if$13.6 kPa, accord-
ing to a previous landmark study (36)
and adopted in other epidemiological
studies (27). Patients were considered
to have steatosis (secondary outcome)
based on FibroScan if CAP $274 dB/m
and divided into mild, moderate, and
severe steatosis defined as CAP 274–
289 dB/m (S1 5 mild), 290–301 dB/m
(S25moderate), and$302dB/m (S35
severe), respectively.

Liver Biopsy

Considering that screening was being con-
ducted in a predominantly obese pop-
ulationwith T2DMat a high risk of having
NASHwithadvancedfibrosis,anultrasound-
guided liver biopsy was considered and
discussed with each patient based on
clinical risk criteria and, in particular, in
those with a VCTE of $7.0 kPa and
AST $20 units/L. If the initial VCTE
was of $7.0 kPa and AST #20 units/L,
a repeat VCTE after 10 h of fasting was
performed (this test was used as the final
VCTE fordiseaseprevalence) and laboratories

repeated (i.e., AST/ALT and biomarkers of
liver fibrosis). Participants were invited to
have a liver biopsy if the results were
consistent with a moderate-to-severe risk
of fibrosis. All patients who underwent a
liver biopsy had a VCTE$8.2 kPa. Biopsies
were evaluated by a single pathologist who
was blinded to the subjects’ identity or
clinical information (P.B.). Histologic char-
acteristics for the diagnosis of NASH were
determined using standard Clinical Research
Network criteria (4).

Metabolic Measurements and Fibrosis

Diagnostic Panel

We measured fasting plasma glucose,
HbA1c, lipids, AST, and ALT. For the eval-
uation of significant liver fibrosis, we
used the APRI and FIB-4 as diagnostic
scores. We calculated the APRI as fol-
lows: APRI 5 (100 3 AST/upper limit of
normal AST)/platelets (3109/L) (37). The
APRI was categorized as absence of liver
fibrosis if APRI was ,0.5 or presence of
fibrosis if APRI$0.5. We also calculated
the FIB-4 as: (age [years] 3 AST [units/
L])/(platelet count [109/L]3 square root of
ALT [units/L]). Participants with FIB-4 ,1.3
wereconsideredasbeingat the lowest riskof
advanced liver fibrosis, $1.67 to ,2.67 as
havingamoderaterisk,whilethosewithFIB-4
$2.67were classified as having a high risk of
advanced liver fibrosis (F3 or F4). Both APRI
andFIB-4werechosenasdiagnosticpanelsas
theyhavebeenwell-validatedandsupported
by the literature (4,5).

Statistical Analysis
Datawere summarized in percentages for
categorical variables and as mean 6 SE
for numeric variables. Categorical varia-
bles were compared by performing the
x2 or Fisher exact test. For comparisons
between two groups, we performed
Kruskal-Wallis or Student t test for nu-
meric variables, depending on variables’
distribution. Comparisons among three or
more groups were performed with ANOVA
(Bonferroni method for post hoc test-
ing) or Kruskal-Wallis test. Pearson or
Spearman correlations were used for nu-
merical variables according to their char-
acteristics. A two-tailed P value,0.05 was
consideredtoindicatestatisticalsignificance.
Analyses were performed with JMP Pro
15.0.0 software (SAS Institute Inc., Cary,NC).

RESULTS

Clinical Characteristics
A total of 647 participants qualified for
the study. A flow diagram is included in

Supplementary Fig. 1. Of those, 72 failed
to complete the VCTE evaluation and
were excluded, 5 had unreliable Fibro-
Scan, and 9 participants were mistakenly
included after a secondary review iden-
tified that they were on medications in
the exclusion criteria. There was no
adverse event related to the use of
VCTE. The final cohort included data
from 561 patients (Table 1). Of the total
of 561 patients evaluated by VCTE,
234 (42%) were done with the M probe
and 327 (58%) with the XL probe. VCTE
readings were valid (per the manufac-
turer’s suggestions with at least 10 valid
individual measurements) in 99% of pa-
tients, and the few failures were mostly
with the XL probe. Within the 561 pa-
tients with a valid FibroScan, patients
assessed with the XL probe had a signif-
icantly higher BMI than patients mea-
sured by theMprobe (36.36 4.6 vs. 29.3
6 5.4 kg/m2; P , 0.0001). Participants
were recruited from general internal med-
icine (21%;n5122), familymedicine (49%;
n 5 268), and endocrinology/diabetes
(30%; n 5 171) outpatient clinics.

The BMI distribution included 8% of
leanparticipants, 26%ofoverweight, and
66% that were obese. The mean fasting
plasma glucosewas 1436 61mg/dL, and
HbA1c was 7.5 6 1.8%, with patients
evenly distributed among those with an
HbA1c $7.0% (52%) versus ,7.0% (48%).
Ofnote, therewasno significantdifference
in the prevalence of steatosis (CAP $274
dB/m; yes/no: 56%vs.44%;not significant)
by HbA1c ,7.0% or $7.0%.

MeanAST andALTwere 21610units/
L and 24 6 16 units/L, respectively. Of
note,overall, only6%and10%ofpatients
with steatosis and fibrosis had an AST or
ALT $40 units/L, respectively (Fig. 1B),
suggesting that this cutoff is too high and
of limited clinical value to identify these
patients in primary care clinics. With a
lower cutoff of AST andALT of$30units/
L, it increased to 13% and 22%, respec-
tively. Finally, 40% of patients with fi-
brosis had a plasma AST $26 units/L, a
cutoff that in prior work from our group
helped identify patients at greater risk of
clinically significant liver fibrosis (25).

Prevalence of Liver Fibrosis

The prevalence of suspected liverfibrosis
in patientswith T2DMwas 21% (i.e., “any
fibrosis”or fromF1 [LSM$7.0 kPa] to F4)
(Fig. 1A). When analyzed by severity of
fibrosis stages (Fig. 2A), theprevalence of
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mild fibrosis (F1) was 6.5%, moderate
fibrosis (F2) 5.6%, severe fibrosis (F3)
6.2%, and cirrhosis 3.0% (F4). Only a
minority of patients with F2 or higher
hadanelevatedASTorALT ($40units/L):
AST, 18%andALT, 28%.Wealso analyzed
AST and ALT per fibrosis stage:

for AST 5 F0: 20 6 8 units/L; F1: 23 6
10units/L; F2:28612units/L; F3: 376
23 units/L; and F4: 236 8 units/L; and

for ALT5 F0: 226 12 units/L; F1: 276
14 units/L; F2: 30 6 17 units/L; F3:
49 6 39 units/L; and F4: 21 6
7 units/L.

When biochemical diagnostic panels
were assessed, APRI was normal in 49%
and in the “indeterminate zone” in 38%
of patients, while positive ($0.5) in only
13%. FIB-4 led to overall similar results,
with 57% of all patients having the panel
within the normal range and 38% in the
“indeterminate zone,” while 5% were
classified in the advanced fibrosis group
(FIB-4 $2.67).

Patients inwhomLSMandAPRIand/or
FIB-4 suggested liverfibrosiswere invited
to have a liver biopsy. Among patients at
risk for liver fibrosis, 39% were not in-
terested in additional imaging or confir-
matory laboratories (to confirm need
for a biopsy), 22% had an AST ,20
units/L (criteria for not doing a biopsy
as significantfibrosiswas highly unlikely),
while 6% declined a liver biopsy after
studies suggested a high probability of
fibrosis. Another 5% were on medica-
tions (e.g., anticoagulants) or had med-
ical conditions that prevented from
performing a biopsy, and 4% (n 5 5)
did not meet all inclusion/exclusion cri-
teria upon second review and were dis-
qualified from the study (e.g., recently
added GLP-1RAs or other medications).
Four patients were not biopsied at the
principal investigator’s discretion, as LSM
was between 7.0 and 7.4 kPa and had
normal AST/ALT plus a clinical profile not
suggestive of being at risk for significant
fibrosis. Among those with LSM $7.0,
21 had a liver biopsy (all had LSM $8.2
kPa). Their profile is summarized in
Supplementary Table 1. The average
BMI was 37.1 6 6.7 kg/m2, HbA1c 7.5 6
1.5%, AST 34 6 4 units/L, and ALT 44 6
8 units/L. Mean CAP was 351 6 38 dB/m
and LSM 10.3 6 2.2 kPa. The clinical
characteristics among the 63 participants
whodid not have a liver biopsywere similar
to those who were biopsied, but with even
more volunteers being obese and with a
highermeanLSM(13.466.4kPa;P50.06)
(Supplementary Table 1). Liver fibrosis was
confirmed by biopsy in all but two of the
patients (90% of those biopsied), who also
did not have steatohepatitis.

Prevalence of Liver Steatosis

The prevalence of NAFLD based on tran-
sient elastography was 70% (CAP $274
dB/m) (Fig. 1A). The distribution of mild
(S1), moderate (S2), and severe (S3)
steatosis was 9%, 7%, and 54%, respec-
tively (Fig. 3A). There was a significant
correlation between BMI and steatosis

Table 1—Patient characteristics

Clinical parameters (n 5 561)

Age (years) 60 6 11

Sex (male/female) 44/56

BMI (kg/m2) 33.4 6 6.2

Overweight 26

Obese 66

Ethnicity
Caucasian 57
African American 30
Hispanics 7
Asian 4
Other/not reported 2

HbA1c (%) 7.5 6 1.8

Fasting plasma glucose (mg/dL) 143 6 61

Systolic blood pressure (mmHg) 134 6 16

Diastolic blood pressure (mmHg) 79 6 9

Total cholesterol (mg/dL) 166 6 49

Triglycerides (mg/dL) 156 6 137

LDL cholesterol (mg/dL) 89 6 39

HDL cholesterol (mg/dL) 47 6 12

AST (units/L) 21 6 10

ALT (units/L) 24 6 16

Mean CAP (dB/m) 305 6 63

Mean LSM (kPa) 6.2 6 3.4

Diabetes medications
Metformin 76
Sulfonylureas 24
SGLT2 inhibitors 7
DPP-4 inhibitors 14
Insulin 38

Lipid-lowering agents
Statins 67
Fibrates 4
Ezetimibe 1

Data aremean6 SE or %. DPP-4, dipeptidyl peptidase 4; SGLT2, sodium–glucose cotransporter 2.

Figure 1—A: Proportion of patients with T2DM screened in the outpatient clinical setting having liver
steatosis (measured by CAP) and with liver fibrosis (LSM by VCTE). B: Proportion of patients with
steatosis and fibrosis having plasma AST or ALT levels $40 units/L. Total number of patients: 561.
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by CAP (r2 5 0.20; P , 0.001) and to a
lesser degree between BMI and liver
fibrosis by LSM (r2 5 0.12; P , 0.001).
The proportion of patients with steatosis
increased to 40% with a BMI $40 kg/m2.
Only 8% and 13% of patients with steatosis
had AST and ALT levels $40 units/L, re-
spectively (Fig. 3B).
The presence of fibrosis (F1 or higher

or LSM $7.0 kPa) occurred in 10% of
patients with mild steatosis (S1), 23% of
those with moderate steatosis (S2), and
30%when steatosis was severe (S3) (P,
0.05 for S1 and S2 vs. S3). Less than 10%
of patients with fibrosis had mild or
moderate (S1 or S2) steatosis, compared
with 59%with F1, 81%with F2, 83%with
F3, and 87% with F4. Steatosis by CAP
with fibrosis by VCTE was present in

62 out of 67 with F2–F3 (93%) and in
14 out of 15 with F4 (93%). The greatest
discordance with steatosis occurred in
those with mild fibrosis: 29 out of
37 (78%) with S1. However, all had a
CAP of.250 dB/m, suggesting that they
did have some degree of liver fat
accumulation.

CONCLUSIONS

This study is the first of its kind in the U.S.
aiming to establish the magnitude of the
disease burden in random patients with
T2DMseeking regular outpatient care.By
determining the extent of the problem
and the diagnostic gap despite recent
ADA guidelines (6), we hoped to help
shape future management strategies.
The strengths of the study include: 1)
the systematic screening approach of
unselected patients in the outpatient
setting; 2) having carefully established
the presence of NAFLD (i.e., by ruling out
by direct patient contact and electronic
medical record review all secondary
causes of liver disease), something dif-
ficult for epidemiological studies based
solely onmailed questionnaires or phone
interviews; 3) use of a combined point-
of-care imaging (transient elastography)
and blood biomarker panel approach;
and 4) a confirmatory strategy of a liver
biopsy in those suspected of advanced
liver fibrosis from noninvasive testing.
Therefore, the study design offered a
robustway to establish the prevalence of
NAFLD in patients with T2DM in the “real
world.” The truly alarming finding was
that almost one in six participants (15%)
had unsuspectedmoderate-to-advanced
fibrosis (F2 or higher) (Fig. 2A).

Steatosis was present in almost three
out of four patients (Fig. 1A) and was
more common in those with higher BMI.
A 70% prevalence in patients with T2DM
is higher than in studies based on ultra-
sound (in which reported prevalence
rates are ;55%) (3). The higher rate
of steatosis by CAP was expected, as
the sensitivity of ultrasonography is sub-
optimal todetectmild-to-moderate stea-
tosis (38), therefore missing patients
with mild (S1) or moderate (S2) steatosis
but in close agreement with the 54% of
patients who had severe steatosis (S3)
(Fig. 3A). Our results also align well to
those observed by other investigators
using transient elastography in European
(26–29) and Asian (30–33) cohorts, as
well aswithMR-based studiesperformed

in the U.S. (39–41). It is also similar to
those recently reported in patients with
diabetes from the National Health and
Nutrition Examination Survey 2015–
2016 database using plasma steatosis
indices, such as the U.S. Fatty Liver Index
(23). A higher BMI correlated with worse
steatosis and, to a lesser extent, with
fibrosis. Most patients with moderate-
to-advanced fibrosis (F2 or higher) had
severe steatosis (S3). A CAP of$302 dB/m
(S3) usually corresponds to $10% liver
fat by MR-based techniques and is con-
sistent with prior work suggesting that
more steatosis beyond this level has a
modest association with worse steato-
hepatitis or fibrosis (42). With the lim-
itations of a cross-sectional study, this
study suggests a link between the long-
term risk of advanced fibrosis and the
presence of obesity and “lipotoxicity”
(2,9,43).

Increasing evidence suggests that the
fibrosis stage at diagnosis is closely as-
sociated with future risk of cirrhosis and
mortality (4,5,7,8). The finding that 15%
of patients screened and unknown to
have NAFLD had moderate-to-advanced
fibrosis (F2 or higher) is a key finding that
should trigger a call to action by all
clinicians taking care of patients with
T2DM. In contrast, mild fibrosis (F1) is
currently viewed as early stage in the
natural history of the disease that most
times will not progress to cirrhosis. How-
ever, while the determinants of fibrosis
progression and regression in NASH are
poorly understood (44), in the setting of
obesity and T2DM, it is possible that
many patients with early disease (F1)
are at risk for being “rapid progressors”
to more severe liver disease, as sug-
gested in some studies (45–47). That
one in six patients with unsuspected
disease already had fibrosis supports
the notion that patients with obesity
and diabetes are at the highest risk
and in need of more aggressive screen-
ing. These results help explainwhy;50%
of patients with NASH from cryptogenic
cirrhosis have T2DM (48) and diabetes is
so prevalent in patients with NASH need-
ing liver transplantation (49). Recent
studies highlight the increasing burden
of NASH in patients with T2DM (50).

How tobest identify patients at risk for
liver fibrosis early on in primary care and
diabetes clinics remains a challenge but
is also an opportunity, asmost have a disease
stage likely reversible with treatment

Figure 2—A: Severity of liver fibrosis (LSM) in
patients with T2DM screened in the out-
patient clinical setting, divided into four
stages: mild (F1), moderate (F2), severe or
precirrhosis (F3), and cirrhosis (F4). B: Pro-
portion of patients with moderate-to-advanced
fibrosis ($F2) having elevated plasma AST or
ALT levels. C: Proportion of patients with
a low risk, indeterminate risk, or high risk of
advanced liver fibrosis by the fibrosis di-
agnostic panel APRI score. Total number of
patients: 561.
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(F1–F3) (Fig. 2A). Use of APRI or FIB-4 to
identify patients with fibrosis was helpful
but primarily in the minority of patients
with elevated AST or ALT (Figs. 2B and
3B), as expected from their formulas being
strongly based on plasma aminotrans-
ferases. This is different than in liver
clinics, where an elevated AST and ALT
are the most common cause for referral.
This reality calls for a different diagnostic
approach in primary care clinics, where
imaging may play a bigger role. The
prevalence of moderate-to-advanced fi-
brosis among patients with diabetes has
been usually lower using blood diagnos-
tic panels (23,26,27,51) than in studies
based on elastography either from Eu-
rope (26–29) or Asia (30–33). Koehler
et al. (26) found in a population-based
study in Rotterdam that 17.2% of pa-
tients with diabetes and steatosis had
moderate-to-advanced fibrosis, more
than twofold higher than those with
steatosis but without diabetes. Sporea
et al. (27) reported an even higher prev-
alence of moderate-to-advanced fibrosis
(21%) in 524 patients screened by elas-
tography with T2DM from Romania.
Prevalence rates of moderate-to-advanced
fibrosis have ranged between 17% and
21% by elastography-based studies from
Hong Kong (32), Vietnam (31), and Ma-
laysia (30). Our results are overall com-
parable to these earlier studies, although
only one prior study in Chinese patients
(32) attempted to do a confirmatory liver
biopsy if fibrosis was suspected by non-
invasive testing. We found that a liver
biopsy confirmed the presence of fi-
brosis in the vast majority of patients
and supported the validity of a combined
blood and elastography noninvasive
approach in the primary care setting.
While a limitation is that a minority of

patients underwent a liver biopsy, the
clinical, laboratory, and imaging char-
acteristics of these patients was similar
to those who refused it. Indeed, the no-
biopsy group had more obese patients
and had a higher mean LSM on elastog-
raphy, suggestive of perhaps even more
severe liverdiseaseand likely toalsohave
significant liver fibrosis (Supplementary
Table 1).

There are many agents for NASH un-
dergoing development and some in late
stages awaiting FDA approval (52,53).
Even today, when there are no Food and
Drug Administration–approved agents,
early diagnosis is relevant, as reversal
of steatohepatitis and even fibrosis are
possible by weight loss with lifestyle in-
tervention or bariatric surgery (9,12). In
addition, vitamin E has proven effective in
patients without diabetes (54). Some
medications for the treatment of diabetes
allow a dual approach of treating both
diabetes and NASH (9–11). Pioglitazone is
recommended as an option per current
guidelines (5,6) in either patients with
(17,55,56) or without (54,57) diabetes.
Emerging evidence with GLP-1RAs makes
it likely that this class of agents will also
play a significant role in the future (58).
However, the impact of hyperglycemia in
patients with T2DMand NASH remains to
be fully established (2,9,10).

In conclusion, this study offers com-
pelling evidence that NASH is a major
health problem for patients with T2DM.
An early diagnosis is important since
there are current interventions that
may halt or reverse the disease, with
more soon to become available. These
results call to more forcefully implement
the recent ADA guidelines about identi-
fying hepatic fibrosis in patients with
T2DM with steatosis or elevated ALT

(6). Patient and physician awareness
of the hepatic and extrahepatic compli-
cations of NASH and reversing current
diagnosis and treatment inertia will be
the only way to avert the looming
epidemic of cirrhosis in patients with
diabetes.
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(S3). B: Proportion of patients with steatosis having elevated plasma AST or ALT levels. Total number of patients: 561.
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