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Abstract

Obijective: This study assessed the impact of diabetes mellitus (DM) on nonalcoholic
fatty liver disease (NAFLD) and nonalcoholic steatohepatitis (NASH) with advanced
fibrosis prevalence in adults with overweight or obesity in the United States.
Methods: Participants (National Health and Nutrition Examination Survey [NHANES]
2015-2016 database) included 834 middle-aged patients with DM (21.7%) and 3,007
without DM (78.3%). NAFLD was defined by Fatty Liver Index (FLI) > 60 or United
States FLI (USFLI) > 30. Moderate-to-high and high risk of advanced fibrosis was de-
fined by fibrosis-4 index (FIB-4) > 1.67 and = 2.67, respectively, and NAFLD fibrosis
scores > 0.676 also indicated a high risk.

Results: NAFLD prevalence increased with BMI. Steatosis was higher in individu-
als with overweight with DM versus without DM (USFLI > 30: 48.3% vs. 17.4%; p
< 0.01) and in individuals with obesity with DM versus without DM (USFLI > 30:
79.9% vs. 57.6%; p < 0.01). DM significantly increased the proportion of individuals at
moderate-to-high risk of fibrosis (FIB-4 > 1.67: 31.8% vs. 20.1%; p < 0.05). In the high
risk of advanced fibrosis group (FIB-4 > 2.67), the risk almost doubled (3.8% vs. 7.1%).
Among individuals with obesity, DM increased the proportion of adults with moder-

AstraZeneca ate and high risk of fibrosis by 1.8- and 2.5-fold, respectively (p < 0.01 and p = 0.39,
respectively, vs. without DM).
Conclusions: In this US cohort, DM modestly impacted steatosis, which was primarily
obesity-driven. DM added a significant risk of fibrosis to individuals with overweight
or obesity, suggesting that screening is imperative in adults with DM.
INTRODUCTION hepatocyte injury, and severe fibrosis. There are ~18.2 million peo-
ple in the United States with DM and NAFLD, with about one-third
Nonalcoholic fatty liver disease (NAFLD) is the most common cause having NASH (1-3). The American Diabetes Association (ADA) recom-
of chronic liver disease in the United States. Individuals with obesity mended screening for advanced fibrosis in all patients with prediabe-
or diabetes mellitus (DM) have the highest risk of developing its more tes or DM with elevated plasma alanine aminotransferase (ALT) and/
severe form, nonalcoholic steatohepatitis (NASH), with inflammation, or hepatic steatosis (4). NAFLD not only predisposes individuals to
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advanced liver diseases (cirrhosis and hepatocellular carcinoma), but it
also is often associated with worse insulin resistance (5), dyslipidemia
(6), DM (7), and cardiovascular disease (CVD) (8). Over the next 20
years, NASH in patients with DM will be responsible for ~812,000
liver-related deaths and ~1.37 million cardiovascular-related deaths,
at an estimated cost of $55.8 billion (1,3).

The diagnosis of NAFLD is usually based on history and serum di-
agnostic panels that combine clinical parameters with routine labo-
ratory tests, followed by imaging and liver biopsy (2,9,10). The Fatty
Liver Index (FLI) (11) and United States FLI (USFLI) (12) are the most
suitable validated diagnostic panels (12). A recent meta-analysis
based largely on liver ultrasonography studies reported a worldwide
prevalence of NAFLD in ~55% of patients with DM (13). However, ul-
trasonography may underestimate steatosis (14). Studies using con-
trolled attenuation parameter (15-19) or magnetic resonance-based
techniques (the gold standard) (20-22) have suggested an even
higher prevalence of steatosis in patients with DM, but access to
these imaging techniques is more costly and often limited. However,
the true target of screening is fibrosis, not steatosis per se, because
fibrosis (not steatosis) is associated with an increased risk of mor-
tality from end-stage liver disease and CVD (8-10,23). Individuals
with DM and elevated ALT or steatosis (4) are especially at risk for
steatohepatitis with advanced liver fibrosis, defined as having either
fibrosis stage F3 (advanced fibrosis) or F4 (cirrhosis) (9). An earlier
diagnosis would facilitate treatment according to current guidelines
with lifestyle management, vitamin E, or pioglitazone (9,10,24,25).
Additionally, many new drugs are under development (26). However,
the true prevalence of advanced fibrosis associated with NASH in
the general US population, or in those with DM, remains unclear.
The most widely accepted blood diagnostic panels are the fibro-
sis-4 index (FIB-4) and NAFLD fibrosis score (NFS) (9,10,27-30), as
they can predict liver-related mortality in patients with NASH (31).
However, their use in patients with DM has suffered from small
sample size, study design heterogeneity, and populations in which
patients with and without DM were analyzed together (15,16,20-
22,30,32). Additionally, few analyses have been performed in the
United States (21,30) or have examined the contributing role of obe-
sity to fibrosis in patients with DM.

We aimed to address the prevalence of steatosis and of NASH-
associated advanced liver fibrosis in a US population, taking advan-
tage of the large, mixed ethnicity population-based data from the
National Health and Nutrition Examination Survey (NHANES) 2015-
2016, which was conducted by the US National Center for Health
Statistics (NCHS) (33-35).

METHODS

Data source

Datafromthe NHANES 2015-2016 cycle collected by the NCHS were

obtained for this study (33,34). The survey combined interviews with
physical examinations designed to provide a cross-sectional view of
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Study Importance

What is already known?

> Individuals with obesity or diabetes mellitus (DM) with
elevated alanine aminotransferase or steatosis are
believed to be at a high risk for steatohepatitis with
advanced liver fibrosis (nonalcoholic steatohepatitis fi-
brosis) and cirrhosis.

> However, this knowledge derives largely from selected
populations and has not yet been demonstrated in a
large cohort in the general US population, in which the
interaction and/or added risk of having both overweight
or obesity and DM for the development of fibrosis re-

mains unclear.

What does this study add?

> In this large US cohort, steatosis was primarily driven by
obesity and was only modestly impacted by DM.

> In contrast, the presence of DM added a significant risk
of advanced fibrosis and about a twofold risk of cirrhosis
to individuals with overweight or obesity.

» Owing to the fact that advanced fibrosis is an estab-
lished risk factor for cirrhosis and increased mortality,

screening is imperative in adults with DM.

How might these results change the direction of
research or the focus of clinical practice?

> This study highlights the additive impact of DM on the
development of steatosis and fibrosis for individuals
with overweight or obesity, as well as the need for im-
proved diagnostic approaches in the future.

> Based on the current findings, the American Diabetes
Association guidelines that recommend screening for
nonalcoholic fatty liver disease in individuals with el-
evated alanine aminotransferase or steatosis are a first

step in the right direction.

the health status of adults in the United States. The NHANES inter-
views collected data on demographic, socioeconomic, and medical
conditions, whereas the physical examinations consisted of physi-

ological measurements and laboratory testing.

Participants

Participants were selected if they were 218 years old and had
undergone a medical examination (Figure 1). Of the 9,971 par-
ticipants surveyed during the NHANES 2015-2016 cycle, a total
of 3,841 were 218 years old, had available medical examination
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N = 9971

NHANES 2015-2016 survey participants

Participants excluded due to:
* Lack of medical laboratory values (N = 4236)

v

« Significant alcohol consumption (N = 460)
* BMI <25 kg/m? (N = 1434)

N = 3841

Participants 218 years old with medical
examination and laboratory results,
no evidence of significant alcohol
consumption, and BMI 225 kg/m?

A 4

| Overweight population N = 1696 |

v v

A 4

| Obese population N = 2145 |

I
v '

Overweight* without
diabetes N = 1433

Overweight* with
diabetes N = 263

Obese without diabetes
Class 1 (BMI 230 to <35 kg/m?) = 878
Class 2 (BMI 235 to <40 kg/m?) = 413
Class 3 (BMI 240 kg/m?)

N =1574 Obese with diabetes
N =571

=283

FIGURE 1 Flow diagram of NHANES participants and study subgroups. NHANES = National Health and Nutrition Examination Survey

and laboratory results, no evidence of significant alcohol con-
sumption (<2 drinks/d for men and <1 drink/d for women), and
a BMI = 25 kg/mz. There were 1,696 participants with over-
weight (BMI = 25-<30) and 2,145 participants with obesity (BMI
> 30) included in the analysis. The population with overweight
was composed of 263 participants with DM, defined as having a
self-reported physician diagnosis of DM, receipt of DM medica-
tions, or glycated hemoglobin (HbA1c) = 6.5%, and there were
1,433 participants with no evidence of DM. The population with
obesity was composed of 571 participants with evidence of DM
and 1,574 participants “without DM.” Hypertension was defined
from the physical exam data as systolic blood pressure > 140
mm Hg and/or diastolic blood pressure 2 90 mm Hg. CVD was
a patient-reported diagnosis of coronary heart disease, angina,

heart attack, or stroke.

Study measures

The presence of NAFLD was predicted using two indices: the FLI,
comprising triglycerides, BMI, gamma-glutamyl transferase (GGT),
and waist circumference (11), and the more recently developed
USFLI (12), comprising age, ethnicity, GGT, waist circumference,
fasting glucose, and fasting insulin (4). FLI was calculated as follows:

FLi= (e%%°% x log, [Triglycerides| + 0.139 x BMI + 0.718 x log, [GGT|
+ 0.053 x Waist Circumference — 15.745)
/(1 + €%%%% x log, [Triglycerides| + 0.139 x BMI + 0.718 x log, [GGT]
+ 0.053 x Waist Circumference — 15.745) x 100

An FLI cutoff value of > 60 was used to denote NAFLD (11). For
FLI values > 60, the reported sensitivity, specificity, positive predic-
tive value (PPV), and negative predictive value (NPV) are 44%, 90%,
67%, and 76%, respectively (36).

Owing to the fact that NHANES is a US database, we also es-
tablished USFLI scores, believed to be more precise in assessing
steatosis (12), at least as validated in US populations and consider-
ing relevant variables such as insulin resistance (i.e., fasting plasma
glucose and insulin) and ethnicity. USFLI (12) was calculated using
the following formula, where Non-Hispanic Black and Mexican
American have a value of 1 if the participant is of that ethnicity and
0 if not of that ethnicity:

USFLI:(e’O‘SOB x Non—Hispanic Black + 0.3458 x Mexican American
+0.0093 x Age + 0.6151 X log, [GGT| + 0.0249
x Waist Circumference + 1.1792 x log, [Insulin]
+ 0.8242 x log, [Glucose| — 14.7812)/(1 + e™08073
x Non—Hispanic Black + 0.3458 x Mexican American
+0.0093 x Age + 0.6151 x log, [GGT] + 0.0249
x Waist Circumference + 1.1792 x log, [Insulin] + 0.8242
x log, [Glucose] — 14.7812) x 100

A USFLI cutoff value of 230 was used to diagnose fatty liver,
with a reported sensitivity, specificity, likelihood ratio positive, and
likelihood ratio negative values of 62%, 88%, 5.2, and 0.43, respec-
tively (12).

The USFLI could be used only in a subset of NHANES partic-
ipants, as serum fasting insulin was unavailable in 58% of study
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participants. Therefore, we focused on FLI for the overall population
analysis.

The FIB-4, NFS, and aspartate aminotransferase (AST)-to-
platelet ratio index (APRI) were chosen as the diagnostic panels to
identify participants with advanced fibrosis, as these are well vali-
dated, supported by the literature (9,10,27-29,31,37,38), and most
widely used in clinical practice. NFS, FIB-4, and APRI were calcu-

lated as follows:

FIB -4 = Age(years) X AST(U/L)/PIateIet(x 109/L) X VALT (U/L)

NFS = -1.675 + 0.037 x Age (years) + 0.094 x BMI (kg/m?) + 1.13 x
(Impaired Fasting Glucose or DM) + 0.99 x (AST/ALT) - 0.013
x Platelet (x 10%/L) - 0.66 x Albumin (g/dL), in which Impaired
Fasting Glucose or DM had a value of 1 if the participants had
impaired fasting glucose and O if they did not

APRI = [(AST/Upper Limit of Normal AST Range) x 100] /Platelet (109/L)

We chose the traditionally accepted cutoffs to define the relative
risk of having clinically significant fibrosis for each panel. Participants
with FIB-4 < 1.3 were considered as being at the lowest risk of ad-
vanced liver fibrosis, followed by those with FIB-4 > 1.3 and <1.67.
The cutoff of 21.67 was chosen based on a prior cohort we studied
that indicated the cutoff of 21.67 as a good discriminatory value to
identify those with clinically relevant fibrosis among patients with DM
(29). Participants with FIB-4 > 1.67 to < 2.67 were classified as having
a moderate risk, whereas those with FIB-4 > 2.67 were classified as
having a high risk of advanced liver fibrosis (F3 or higher; 2F3) based
on the literature (9,10,27-29,31). For NFS, we also used accepted
cutoffs for the risk of liver fibrosis (9,10,27-29,31). An NFS value of
<-1.455 was considered as low risk, -1.455 to 0.676 as intermediate
risk, and >0.676 as high risk for advanced liver fibrosis (=F3). The re-
ported areas under the receiver operating characteristic curve for the
diagnosis of advanced fibrosis have been reported to be 0.78 to 0.80
for FIB-4 and 0.72 to 0.75 for NFS (28-31). For instance, based on a
recent analysis by Anstee et al. (27), for a threshold of <1.3 for FIB-4,
the sensitivity, specificity, PPV, and NPV were 82%, 57%, 83%, and
56%, respectively. In contrast, FIB-4 with a cutoff value of 22.67 has
a sensitivity of 36%, specificity of 93%, PPV of 93%, and NPV of 37%.
A cutoff of <-1.455 for NFS is able to detect advanced fibrosis with
a sensitivity of 89%, specificity of 37%, PPV of 85%, and NPV of 46%.
NFS with a threshold value > 0.676 had a sensitivity, specificity, PPV,
and NPV of 88%, 89%, 93%, and 26%, respectively.

At upper and lower cutoff values (<0.50, >1.50), APRI has been
reported to have a sensitivity of 31%, specificity of 99%, PPV of
67%, and NPV of 94% (29).

Statistical analyses
The data were analyzed using descriptive statistics. Health indices

were used to approximate the prevalence of NAFLD and NASH with
fibrosis among populations of participants with overweight and
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participants with obesity. Group comparisons were made using the
x? test for categorical measures and the Student t test for continu-
ous measures. Comparisons involving steatosis and fibrosis indices
were adjusted for multiple comparisons using the Holm-Bonferroni
method. Categorical measures were reported as percentages, and
continuous measures were reported as mean (SD) values. Logistic
regression models examining the impact of DM on fibrosis while
controlling for age were performed. Corresponding odds ratios
(ORs) and 95% confidence intervals (Cls) are reported.

Analyses were conducted using the survey weights provided
with the NHANES data. The weights were used to account for the
complex survey design, including nonresponse and oversampling of
certain age and ethnic groups. Weighting of the NHANES data pro-
duced results that were representative of the US noninstitutional-
ized civilian resident population. Statistical analyses were performed
using SAS version 9.4 (SAS Institute Inc., Cary, North Carolina).

RESULTS

Data were collected from 3,841 participants = 18 years old with-
out evidence of significant alcohol consumption and BMI = 25. Of
these, a total of 2,145 participants (56%) had a diagnosis of obesity,
and 1,696 (44%) had overweight. Among included participants, 834
(21.7%) had a self-reported physician diagnosis of DM, were taking
DM medications, or had HbAlc > 6.5%, a prevalence consistent
with previous Centers for Disease Control and Prevention reports
in patients with higher BMI and older age (https://www.cdc.gov/
diabetes/pdfs/data/statistics/national-diabetes-statistics-report.
pdf).

Table 1 shows the baseline characteristics and risk factors for the
development of NAFLD, categorized into participants with either
overweight or obesity with or without DM. CVD and hypertension
were significantly more prevalent in participants with overweight or
obesity with DM versus without DM (p < 0.05-0.001). Patients with
DM were older versus those without DM. In the group of individuals
with overweight, there were fewer female participants with DM ver-
sus without DM (p < 0.05). There were no significant differences in
ethnicity between the groups; this is representative of a typical US
population. Metabolic parameters (HbA1lc, glucose, and lipids) were
worse, as expected, in those with DM versus without DM.

Prevalence of hepatic steatosis (NAFLD)

Table 2 summarizes the NAFLD and liver fibrosis indices across the
different cohorts. A diagnosis of hepatic steatosis by FLI > 60 was
observed more frequently among individuals with obesity with DM
versus without DM (94.4% vs. 90.1%; p = 0.396). This was higher
than that in the participants with overweight with DM (52.4%) or
without DM (32.5%; p = 0.074 vs. with DM).

When hepatic steatosis was calculated using USFLI > 30, a sim-
ilar trend was observed but with an overall lower prevalence of
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TABLE 1 Baseline characteristics of the NHANES populations with overweight and obesity

Population with overweight!

Population with obesity*

Without DM (n = 1,433)

Age (y), mean (SD) 48(9.2)
Sex, female (%) 47
Ethnicity (%)
Non-Hispanic White 64.7
Non-Hispanic Black 10.1
Hispanic™ 16.4
Other " 8.8
BMI (kg/m?), mean (SD) 27.4(0.7)
History of CVDT (%) 6.3
HypertensionTT1T (%) 25.4
DM (%) NA
Glucose (mg/dL), mean (SD) 93(7.3)
HbA1c (%), mean (SD) 5.4(0.2)
Total cholesterol (mg/dL), mean (SD) 199 (21)
HDL (U/L), mean (SD) 56(9)
LDL (U/L), mean (SD) 119 (11)
Triglycerides (mg/dL), mean (SD) 158 (83)
ALT (U/L), mean (SD) 25 (6)
AST (U/L), mean (SD) 25(5)
Platelet count (10%/L), mean (SD) 233 (26)

With DM (n = 263)

Without DM (n = 1,574)

With DM (n = 571)

63 (4.4)** 46 (9.0) 57 (5.9)**
32.2** 55.3 55.3

58.2 61.6 58.2

11.3 12.5 16.6

213 19.3 17.8

9.2 6.6 7.4

27.7 (0.2) 35.9 (5.0) 37.0 (3.0)*
21.5** 7.2 23.17**
42.8** 29.5 43.7**
100.0 NA 100.0

144 (12.0)*** 96 (7.4) 149 (20.5)***
7.3(0.4)*** 5.5(0.2) 7.3(0.6)***
178 (7)** 195 (19) 185 (12)**
50 (3)** 50(7) 46 (4)*

96 (4)*** 118 (11) 106 (6)***
185 (22) 171 (58) 208 (43)*
28 (3)* 29 (10) 29 (5)

27 (2) 26 (5) 29 (8)*
225 (10) 247 (28) 239 (18)*

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CVD, cardiovascular disease; DM, diabetes mellitus; HbA1c, glycated
hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NA, not applicable; NHANES, National Health and Nutrition Examination

Survey.
TBMI 2 25 to <30 kg/m?.
*BMI 2 30 kg/m?.

SSelf-reported based on physician diagnosis and/or taking DM medications.

THispanic includes “Mexican American” and “other Hispanic.”

TMOther includes “non-Hispanic Asian” and “other race, including multi-racial” categories.

VD was a patient-reported diagnosis of coronary heart disease, angina, heart attack, or stroke.

Ty pertension was defined from the physical exam data as systolic blood pressure = 140 mm Hg and/or diastolic blood pressure 290 mm Hg.

*p < 0.05 vs. without DM; **p < 0.01 vs. without DM; ***p < 0.001 vs. without DM. The without DM group was used as the reference group within
the population with overweight and obesity.

NAFLD (Table 2). In participants with overweight, the prevalence of
steatosis was higher in participants with DM (48.3%) versus without
DM (17.4%; p < 0.01), with a similar trend in patients with obesity
(79.9% vs. 57.6%, respectively; p < 0.01).

In order to further explore the role of obesity, we examined
proportions of steatosis by different BMI categories of individu-
als with DM versus without DM. Figure 2 illustrates that the pro-
portion of individuals with steatosis increased with BMI, either
measured by FLI 2 60 (not shown) or USFLI = 30, increasing pro-
portionally with obesity class and only marginally impacted by DM
status at higher BMI levels, with a plateau when BMI reached ~35
and not significantly different in BMI > 30 with USFLI or with FLI
(data not shown).

However, there was a discordance in prevalence between patients
with obesity with steatosis using FLI versus USFLI. With USFLI > 30,
the proportion of individuals nearly doubled from class 1 to class 3

obesity, the highest percentage being recorded among those with
class 3 obesity (BMI > 40; 84.8% and 90.9%, without DM and with
DM, respectively; Figure 2). In contrast, FLI > 60 appeared to indicate
that nearly all participants with class 2 obesity (99.3%) and all partici-
pants with class 3 obesity (100%) had steatosis (nonsignificant vs. class
2; p < 0.001 vs. class 1 obesity). When only patients with DM were
considered with either index, a similar pattern evolved when stratified
by BMI category, with the highest increase in steatosis among patients
with overweight with DM (with ~50% having steatosis; Figure 2).
When the role of glycemic control was examined (Figure 3 and
Supporting Information Table S1), there was no further impact of worse
glycemic control on the prevalence of steatosis by FLI when comparing
patients with HbA1c < 7.0% versus uncontrolled DM (data not shown).
When examining steatosis by USFLI > 30, we observed an increase in
steatosis with uncontrolled DM (80.6% in patients with HbA1c > 8.0%
vs. 64.6% in controlled DM with a HbA1c < 7.0%; p = 0.41 vs. <7.0%).
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TABLE 2 Hepatic steatosis and fibrosis indices among participants

Overweight group’ Obesity group* Overall
Without DM With DM® Without DM With DM*® Without DM With DM
(n=1,433) (n = 263) (n=1,574) (n=571) (n = 3,007) (n=834)
Steatosis indices
FLI > 60 (%) 32.5 52.4 90.1 94.4 62.6 82.6"
USFLIT > 30 (%) 174 48.3** 57.6 79.9** 38.4 70.8™"
Advanced fibrosis risk stratification
FIB-4 < 1.3 (%; lowest risk) 56.1 38.3 66.7 49.7* 61.5 46.4*
FIB-4 > 1.3 to < 1.67 (%""; low risk) 19.5 27.8 17.3 19.3 18.4 21.8
FIB-4 > 1.67 to < 2.67 (%)"™; 19.0 241 13.7 24.9* 16.3 24.7
moderate risk)
FIB-4 = 2.67 (%; high risk of advanced 54 9.7 24 6.1 3.8 71
fibrosis)
FIB-4 = 1.67 (%; moderate-to-high 24.3 33.9 16.1 31.0** 20.1 31.8*
risk)
NFS < -1.455 (%) 70.8 12.6*** 53.7 9.7*** 61.9 10.5%**
NFS -1.455 to 0.676 (%) 27.0 68.4*** 39.8 56.2** 33.7 59.7***
NFS > 0.676 (%) 2.2 18.9** 6.4 34. 1% 4.4 29.8%**

Abbreviations: DM, diabetes mellitus; FIB-4, fibrosis-4 index; NFS, nonalcoholic fatty liver disease fibrosis score; USFLI, United States Fatty Liver
Index.

TBMI = 25 to <30 kg/m?.

*BMI = 30 kg/m?.

$Self-reported based on physician diagnosis and/or taking DM medications.

TUSFLI measurements required fasting insulin data, which were not available for all participants of the survey.

M Cutoff based on Bril et al. (30).

*p < 0.05 vs. without DM; **p < 0.01 vs. without DM; ***p < 0.001 vs. without DM; p values adjusted for multiple comparisons using the Holm-
Bonferroni method.

100.0 4
90.9* 90.9*
90.0 84.81
80.0
70.0
60.0
50.0 4 48.3*
40.04
30.0
20.04 174
10.04
0.0-

42.2t

Proportion (%)

BMI225t0 <30 BMI230to <35  BMI 235 to <40 BMI 240
BMI (kg/m?)
M Without DM (USFLI 230, %) B With DM (USFLI 230, %)

FIGURE 2 Prevalence of steatosis by BMI in participants with DM (orange bars) vs. without DM (blue bars). Values in participants with
DM (orange bars) vs. without DM (blue bars) were higher only in the BMI = 25 to <30 category (*p < 0.01 for participants with DM vs.
without DM at the same BMI category). All values in participants with BMI = 30 were significantly higher than in participants with BMI >
25 to <30 (Tp < 0.01 for participants without DM vs. BMI 2 25 to <30 and #p < 0.01 for participants with DM vs. BMI = 25 to <30), except
for participants with DM and BMI = 30 and <35. P values were adjusted for multiple comparisons. DM = diabetes mellitus; USFLI = United
States Fatty Liver Index

Prevalence of advanced liver fibrosis advanced liver fibrosis, followed by a low risk if the FIB-4 was 2
1.3 to <1.67.
As detailed in the “Study measures” section, we stratified pa- The risk of moderate-to-advanced fibrosis by FIB-4 was much

tients by either FIB-4 or NFS, following validated cutoffs (9,10,27- higher in individuals with DM versus those without DM (31.8% vs.
29,31). A FIB-4 < 1.3 was considered as the lowest risk of 20.1%; p < 0.05; Table 2 and Figure 4). A moderate risk of advanced
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100.0 -
90.0
80.0
70.04 64.6
60.0-
50.0
40.0
30.0
20.0
10.0-

0.0

Proportion (%)

74.9

<7.0%

>7.0% to <8.0%
HbA1c

>8.0%

B With DM (USFLI 230, %)

FIGURE 3 Prevalence of steatosis by HbA1lc in adults with type 2 DM, measured by USFLI = 30. USFLI = 30 in patients with HbA1c >
8.0% or HbA1c > 7.0% to <8.0% was not significantly different than in the reference group (p > 0.05 vs. <7.0%). HbAlc data were missing
for 18 individuals; these patients were not included in the analysis. P values were adjusted for multiple comparisons. DM = diabetes mellitus;

HbA1c = glycated hemoglobin; USFLI = United States Fatty Liver Index

DM

No DM

FIGURE 4 Individuals with and without DM with moderate-to-high risk of liver fibrosis. *At moderate-to-advanced risk of fibrosis (FIB-4

> 1.67). Tp < 0.01 vs. without DM. DM = diabetes mellitus

liver fibrosis (FIB-4 > 1.67 to <2.67) was observed in 13.7% to 19% of
participants with overweight or obesity without DM versus a much
higher risk in those with DM (24.1%-24.9%; Table 2 and Figure 5A).
Advanced fibrosis (FIB-4 > 2.67 or 2F3) was ~twofold higher in pa-
tients with overweight with DM versus without DM, with a simi-
lar increase in patients with obesity with DM versus without DM
(2.6-fold increase; both nonsignificant; Table 2 and Figure 5B). Taken
together, DM doubled the risk of advanced liver fibrosis; however,
given the small number of patients in each group (from 51 patients
with obesity to 81 patients with overweight with DM), it fell short of
statistical significance.

In contrast to FIB-4, NFS appeared to classify many more pa-
tients with DM into either a moderate risk (NFS = -1.455-0.676 or
“gray zone”) or high risk (NFS > 0.676) of having advanced liver fi-
brosis (Table 2). Strikingly, the risk of advanced fibrosis increased
~sixfold in patients with obesity with DM versus without DM (34.1%
vs. 6.4%; p < 0.001; Table 2).

When the role of glycemic control was examined, the prevalence
of fibrosis by FIB-4 > 1.67 or <2.67 did not increase with worse gly-
cemic control; in fact, the proportion of patients with a FIB-4 > 2.67
was unexpectedly lower at a higher HbA1c (>8.0%; see Supporting
Information Table S1).

Participants with DM were significantly older compared with
those without DM in both the overweight (mean age = 62.8 vs.
47.5 y; p < 0.0001) and obese cohorts (57.1 vs. 46.0 y; p < 0.0001).
However, we examined the influence of DM on the prevalence of
fibrosis using logistic regression models controlling for age. In these
analyses, DM was still associated with a twofold increase in the pro-
portions at moderate-to-high risk of fibrosis in patients with obesity
(FIB-4 2 1.67; OR = 2.06; 95% Cl: 1.30-3.25) and a greater than five-
fold increase in the proportions with advanced fibrosis as measured
by NFS > 0.676 in both the overweight (OR = 5.66; 95% Cl: 3.02-
10.61) and obese groups (OR = 5.70; 95% Cl: 3.74-8.68). There were
too few patients with DM < 45 years of age to draw any significant
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FIGURE 5 (A) Proportion of individuals at moderate risk (FIB-4 > 1.67 to <2.67) of having NASH with liver fibrosis (risk of fibrosis stage
F2), and (B) proportion of patients at high risk (FIB-4 > 2.67) of having NASH with advanced liver fibrosis (risk of fibrosis stage F3 [advanced
fibrosis] or F4 [cirrhosis]). *p < 0.05. P values were adjusted for multiple comparisons. FIB-4 = fibrosis-4 index; NASH = nonalcoholic

steatohepatitis

conclusion (23 patients with overweight and 112 patients with obe-
sity). However, in the age subgroup of 45 to 64 years, more patients
with DM compared with those without DM had a FIB-4 > 1.67 in
both those with obesity (8.6% vs. 26.3%, respectively; p < 0.01) or
with overweight (10.4% vs. 17.7%, respectively; p = 0.303). Advanced
fibrosis (FIB-4 > 2.67) in the age subgroup of 45 to 64 years was also
higher when comparing individuals with overweight or obesity with
DM versus without DM (5.3% vs. 1.1%), although the result was not
statistically significant (p = 0.109). In the smaller group of individuals
> 65 years old (n = 479), the prevalence of moderate-to-advanced
fibrosis was not significant, although there was a ~30% greater prev-
alence of advanced fibrosis in individuals with obesity with DM ver-
sus without DM (11.2% vs. 8.8%, respectively; p = 0.469).

DISCUSSION

This study offers a novel examination in the US population of the
role of DM regarding its association with steatosis and liver fibrosis
and considering the confounding role of obesity. The key findings
can be summarized as follows: (1) liver steatosis is primarily associ-
ated with excessive adiposity (higher BMI) and more modestly asso-
ciated with DM; (2) type 2 DM (T2DM) promotes advanced fibrosis
among individuals who already have overweight or obesity; and (3)
common tools used to screen for steatosis (FLI vs. USFLI) and fibrosis
(FIB-4 vs. NFS) showed discordant results in individuals with obesity
with DM, calling for their critical reappraisal. Collectively, these find-
ings validate the 2021 ADA recommendations (4) regarding the need
for screening adults with T2DM for advanced fibrosis in the pres-
ence of elevated ALT levels or steatosis.

Although obesity and DM may be associated with a higher risk
of steatosis (5,6,15), no prior study, to our knowledge, had sep-
arated both risk factors in a large US population to establish their
relative impact. A key observation was that the impact of obesity

on steatosis seemed to plateau at a BMI of ~35 kg/m? (Figure 2),
with modest (by USFLI) or no worsening (by FLI) beyond this point.
There was a discordance between USFLI and FLI, the latter appar-
ently “overdiagnosing” steatosis (e.g., ~99% of patients with BMI 2
35 having steatosis by FLI). While a confirmatory liver imaging study
was unavailable, the reported prevalence of NAFLD using imaging is
~60% in adults with a BMI of 30 to 40 (39) and between ~60% and
~80% in those with BMI > 40 (40,41). Steatosis, assessed by liver bi-
opsy at the time of bariatric surgery, has been reported to be present
in 79% (42) to 83% (43) of individuals with a BMI between 46 and 56.
Therefore, a prevalence of steatosis by FLI 2 90% is highly unlikely
in a cohort of less individuals with less severe obesity (Table 2 and
Figure 2). This high prevalence with FLI is likely because BMI is part
of the FLI index calculation. Therefore, caution must be exercised
when using FLI for the diagnosis of NAFLD in populations predomi-
nantly of individuals with obesity. In contrast, USFLI appeared to be
in better agreement with liver imaging and biopsy prevalence rates.
Finally, DM increased the risk of steatosis largely when BMI < 35.0
(Figure 2), whereas only the worse glycemic control increased the
proportion of patients with steatosis (HbAlc > 8.0%; Figure 3), as
previously described by Portillo et al. (44).

The role of advanced fibrosis as a predictor of future cirrhosis
is well established (23,27). Screening for NASH in adults with DM
is aimed at identifying those with advanced fibrosis (F = 3) at high
risk of cirrhosis (9,24,25). However, because noninvasive diagnos-
tic panels/imaging techniques cannot reliably identify steatohep-
atitis, clinicians depend on steatosis or ALT to identify patients
at risk of developing NASH with fibrosis. Moreover, point-of-care
imaging is not widely available in non-hepatology settings, which
creates a greater need for serum diagnostic panels to guide re-
ferrals to hepatologists. FIB-4 and NFS are the most widely used,
but their performance has not been carefully assessed before in
a large US population categorized by obesity and DM status. A
key finding is that the NFS likely “overreads” the prevalence of
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advanced fibrosis (2F3). The observed 18.9% and 34.1% preva-
lence of advanced fibrosis in individuals with overweight and obe-
sity with DM, respectively, is higher than in any prior study (20-22)
and unlikely to be accurate. Having BMI as well as DM (yes/no)
embedded in the NFS calculation appears to be the reason. The
prevalence of advanced liver fibrosis (2F3) in adults with obesity
and DM has ranged from ~6% to 20% (20-22,30). The 8.7% preva-
lence rate of 2F3 in individuals with obesity with DM in this study
is in agreement with reports using magnetic resonance elastog-
raphy (7%) (20) or liver biopsy (~5%) (13,16) but lower than with
elastography (15,16,32). Diagnostic panels may underperform
in terms of sensitivity for advanced fibrosis in patients with DM
(29,31), with ~40% of individuals falling in an indeterminate zone
(21.3 and <2.67). This limits its usefulness for primary care referral
to a specialist. Recently, Bril et al. (29) identified a FIB-4 cutoff
(21.67) that could reduce the indeterminate zone to about half,
along with reducing the need for referral to a specialist. However,
AST = 38 IU/L had a similar specificity. Future studies will need
to validate its clinical value. Finally, age = 65 years increases the
prevalence of advanced fibrosis, and higher predictive cutoffs
(e.g., FIB-4 > 2.0) have been recommended to minimize false pos-
itives in older patients. Still, when APRI was used (which does not
include age in the equation), results were similar to those reported
with FIB-4 (data not shown).

Finally, our results are in line with prior limited available recent
data work in patients with T2DM screened in the outpatient setting
by vibration-controlled transient elastography (VCTE). Lomonaco
et al. (45) reported a prevalence of steatosis of 70% and advanced
fibrosis of 9% (liver stiffness measure > 9.7 kPa) in 561 participants
with T2DM. In a cohort of patients from the NHANES Il undergo-
ing VCTE screening, Ciardullo et al. (46) reported, in 825 patients
with T2DM, a prevalence of steatosis of 74% and advanced fibrosis
(liver stiffness measure = 9.7 kPa) of 15.4%. The prevalence of ste-
atosis in the DM group in the current study (70.8% by USFLI) was
comparable with the aforementioned results (Table 2 and Figure 3).
However, that of advanced fibrosis (7.1% by FIB-4 > 2.67) was
somewhat lower but comparable with that in an analysis from the
same NHANES database from 2005 to 2016 (18), in which the pro-
portion of those with advanced fibrosis was 5.9% when using FIB-4
and higher but similar to ours when using NFS (26.8% compared
with 29.8% in our analysis, both likely overestimating the risk of
advanced fibrosis). It is likely that a proportion of patients in the
subgroup with a FIB-4 2 1.67 to < 2.67 would account for missed
patients with fibrosis observed in the higher proportion of patients
by VCTE imaging. Of note, a limitation of the study is not having a
confirmatory liver biopsy. This is a challenge for any large screen-
ing study. It is known that the relatively low sensitivity and PPV
of blood-based testing is a limitation of blood-based approaches
that calls for complementary strategies for patients at high risk of
advanced liver disease (such as individuals with obesity, metabolic
syndrome, and/or T2DM).

In summary, this study highlights the additive impact of DM
on the development of steatosis and fibrosis for individuals with

overweight or obesity, as well as the need for improved diagnostic
approaches in the future. Based on the current findings, the ADA
guidelines that recommend screening for NAFLD in individuals with

elevated ALT or steatosis are a first step in the right direction.O

ACKNOWLEDGMENTS

This study was funded by AstraZeneca. The authors thank the pa-
tients, their families, and all investigators involved in this study.
Medical writing support was provided by Debasri Mukherjee of
Cactus Life Sciences (part of Cactus Communications), which was
funded by AstraZeneca plc. Data analysis was conducted by Sumit
Verma and Qian Li of Evidera.

CONFLICT OF INTEREST

DB has nothing to disclose. EMR is a former employee of AstraZeneca
plc. MES is an employee of Evidera, which received consult-
ing fees related to this work. SSS is an employee of Medlmmune,
LLC. KC has received research support as principal investigator
for the University of Florida from Cirius Therapeutics, Echosens,
Inventiva, Novartis International AG, Novo Nordisk A/S, Poxel SA,
and Zydus Pharmaceuticals, Inc. KC is also a consultant for Allergan
plc, Altimmune, Arrowhead Pharmaceuticals, AstraZeneca plc,
Bristol Myers Squibb, Boehringer Ingelheim, Coherus BioSciences,
Eli Lilly and Company, Fractyl Health, Inc., Hanmi Healthcare,
Genentech, Inc., Gilead Sciences, Inc., Intercept Pharmaceuticals,
Janssen Pharmaceuticals, Pfizer, Inc., Prosciento, Inc., Madrigal

Pharmaceuticals, and Novo Nordisk A/S.

AUTHOR CONTRIBUTIONS

DB contributed to the analysis of the results and to the writing
and critical revisions of the manuscript. EMR contributed to the
analysis of the results and critical revisions of the manuscript. MES
contributed to data analysis and critical revisions of the manu-
script. SSS contributed to critical revisions of the manuscript. KC
contributed to the study design, analysis of the results, and to the
writing and critical revisions of the manuscript. KC is the guarantor
of this work and, as such, takes responsibility for the integrity of
the data and the accuracy of the data analysis. All authors had ac-
cess to the data and approved the final version of the manuscript

for submission.

PRIOR ABSTRACT PUBLICATION

An abstract of this work has been presented as a poster at the
Endocrine Society Annual Scientific Meeting (ENDO) 2019 confer-
ence, March 23 through 26, 2019, in New Orleans, Louisiana, and
at the European Association for the Study of Diabetes (EASD) 2019
conference, September 16 through 20, 2019, in Barcelona, Spain.

DATA AVAILABILITY STATEMENT

Data underlying the findings described in this manuscript may be ob-
tained in accordance with AstraZeneca plc’s data sharing policy de-
scribed in the following link: https://astrazenecagrouptrials.pharm
acm.com/ST/Submission/Disclosure


https://astrazenecagrouptrials.pharmacm.com/ST/Submission/Disclosure
https://astrazenecagrouptrials.pharmacm.com/ST/Submission/Disclosure

LIVER FIBROSIS IN DIABETES AND NAFLD

ORCID

Kenneth Cusi

https://orcid.org/0000-0002-8629-418X

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Cusi K. Time to include nonalcoholic steatohepatitis in the
management of patients with type 2 diabetes. Diabetes Care.
2020;43:275-279.

Budd J, Cusi K. Non-alcoholic fatty liver disease: what does the pri-
mary care physician need to know? Am J Med. 2020;133:536-543.
Younossi ZM, Tampi RP, Racila A, et al. Economic and clinical bur-
den of nonalcoholic steatohepatitis in patients with type 2 diabetes
in the U.S. Diabetes Care. 2020;43:283-289.

American Diabetes Association. Comprehensive medical evalua-
tion and assessment of comorbidities: Standards of Medical Care in
Diabetes 2021. Diabetes Care. 2021;44(suppl 1):S40-S52.
Gastaldelli A, Cusi K. From NASH to diabetes and from diabe-
tes to NASH: mechanisms and treatment options. JHEP Rep.
2019;1:312-328.

Bril F, Sninsky JJ, Baca AM, et al. Hepatic steatosis and insulin resis-
tance, but not steatohepatitis, promote atherogenic dyslipidemia in
NAFLD. J Clin Endocrinol Metab. 2016;101:644-652.

Ortiz-Lopez C, Lomonaco R, Orsak B, et al. Prevalence of prediabe-
tes and diabetes and metabolic profile of patients with nonalcoholic
fatty liver disease (NAFLD). Diabetes Care. 2012;35:873-878.
Targher G, Byrne CD, Tilg H. NAFLD and increased risk of cardio-
vascular disease: clinical associations, pathophysiological mecha-
nisms and pharmacological implications. Gut. 2020;69:1691-1705.
Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and manage-
ment of nonalcoholic fatty liver disease: practice guidance from the
American Association for the Study of Liver Diseases. Hepatology.
2018;67:328-357.

European Association for the Study of the Liver (EASL); European
Association for the Study of Diabetes (EASD); European Association
for the Study of Obesity (EASO). EASL-EASD-EASO Clinical
Practice Guidelines for the management of non-alcoholic fatty liver
disease. Diabetologia. 2016;59:1121-1140.

Bedogni G, Bellentani S, Miglioli L, et al. The Fatty Liver Index: a sim-
ple and accurate predictor of hepatic steatosis in the general popula-
tion. BMC Gastroenterol. 2006;6:33. doi: 10.1186/1471-230X-6-33
Ruhl CE, Everhart JE. Fatty liver indices in the multiethnic United
States National Health and Nutrition Examination Survey. Aliment
Pharmacol Ther. 2015;41:65-76.

Younossi ZM, Golabi P, de Avila L, et al. The global epidemiology of
NAFLD and NASH in patients with type 2 diabetes: a systematic
review and meta-analysis. J Hepatol. 2019;71:793-801.

Bril F, Ortiz-Lopez C, Lomonaco R, et al. Clinical value of liver ultra-
sound for the diagnosis of nonalcoholic fatty liver disease in over-
weight and obese patients. Liver Int. 2015;35:2139-2146.

Koehler EM, Plompen EPC, Schouten JNL, et al. Presence of diabe-
tes mellitus and steatosis is associated with liver stiffness in a gen-
eral population: the Rotterdam study. Hepatology. 2016;63:138-147.
Kwok R, Choi KC, Wong G-H, et al. Screening diabetic patients for
non-alcoholic fatty liver disease with controlled attenuation pa-
rameter and liver stiffness measurements: a prospective cohort
study. Gut. 2016;65:1359-1368.

Unalp-Arida A, Ruhl CE. Transient elastography-assessed he-
patic steatosis and fibrosis are associated with body composi-
tion in the United States (published online February 4, 2021).
Clin  Gastroenterol  Hepatol.  2021;51542-3565(21)00110-5.
doi:10.1016/j.cgh.2021.02.009

Ciardullo S, Sala |, Perseghin G. Screening strategies for non-
alcoholic fatty liver disease in type 2 diabetes: insights from
NHANES 2005-2016. Diabetes Res Clin Pract. 2020;167:108358.
doi:10.1016/j.diabres.2020.108358

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Obesity [lo} "NRVIF L

Kim D, Cholankeril G, Loomba R, et al. Prevalence of nonalcoholic
fatty liver disease and hepatic fibrosis among US adults with predi-
abetes and diabetes, NHANES 2017-2018 [published online March
5, 2021]. J Gen Intern Med. doi:10.1007/s11606-021-06677-w.
Doycheva I, Cui J, Nguyen P, et al. Non-invasive screening of dia-
betics in primary care for NAFLD and advanced fibrosis by MRl and
MRE. Aliment Pharmacol Ther. 2016;43:83-95.

Cusi K, Sanyal AJ, Zhang S, et al. Non-alcoholic fatty liver disease
(NAFLD) prevalence and its metabolic associations in patients
with type 1 diabetes and type 2 diabetes. Diabetes Obes Metab.
2017;19:1630-1634.

Arab JP, Barrera F, Gallego C, et al. High prevalence of undiagnosed
liver cirrhosis and advanced fibrosis in type 2 diabetic patients. Ann
Hepatol. 2016;15:721-728.

Younossi ZM, Stepanova M, Rafig N, et al. Nonalcoholic steatofi-
brosis independently predicts mortality in nonalcoholic fatty liver
disease. Hepatol Commun. 2017;1:421-428.

Bril F, Cusi K. Management of nonalcoholic fatty liver disease
in patients with type 2 diabetes: a call to action. Diabetes Care.
2017;40:419-430.

Stefan N, Haring HU, Cusi K. Non-alcoholic fatty liver disease:
causes, diagnosis, cardiometabolic consequences, and treatment
strategies. Lancet Diabetes Endocrinol. 2019;7:313-324.

Younossi ZM, Loomba R, Rinella ME, et al. Current and future ther-
apeutic regimens for nonalcoholic fatty liver disease and nonalco-
holic steatohepatitis. Hepatology. 2018;68:361-371.

Anstee QM, Lawitz EJ, Alkhouri N, et al. Noninvasive tests accu-
rately identify advanced fibrosis due to NASH: baseline data from
the STELLAR trials. Hepatology. 2019;70:1521-1530.

Singh A, Gosai F, Siddiqui MT, et al. Accuracy of noninvasive fibro-
sis scores to detect advanced fibrosis in patients with type-2 di-
abetes with biopsy-proven nonalcoholic fatty liver disease. J Clin
Gastroenterol. 2020;54:891-897.

Bril F, McPhaul MJ, Caulfield MP, et al. Performance of plasma bio-
markers and diagnostic panels for nonalcoholic steatohepatitis and
advanced fibrosis in patients with type 2 diabetes. Diabetes Care.
2020;43:290-297.

Kim D, Kim WR, Kim HJ, et al. Association between noninvasive fibro-
sis markers and mortality among adults with nonalcoholic fatty liver
disease in the United States. Hepatology. 2013;57:1357-1365.
Siddiqui MS, Yamada G, Vuppalanchi R, et al. Diagnostic accuracy of
noninvasive fibrosis models to detect change in fibrosis stage. Clin
Gastroenterol Hepatol. 2019;17:1877-1885.e1875. doi:10.1016/j.
cgh.2018.12.031

Lai L-L, Yusoff WNIW, Vethakkan SR, et al. Screening for non-alcoholic
fatty liver disease in patients with type 2 diabetes mellitus using tran-
sient elastography. J Gastroenterol Hepatol. 2019;34:1396-1403.
Chen TC, Clark J, Riddles MK, Mohadjer LK, Fakhouri THI. National
Health and Nutrition Examination Survey, 2015-2018: Sample de-
sign and estimation procedures. Vital and Health Statistics, series 2,
no. 184. National Center for Health Statistics; 2020.

Zipf G, Chiappa M, Porter KS, Ostchega Y, Lewis BG, Dostal J et al.
National Health and Nutrition Examination Survey: Plan and op-
erations, 1999-2010. Vital and Health Statistics, series 1, no. 56.
National Center for Health Statistics; 2013.

Chen TC, Parker JD, Clark J, Shin HC, Rammon JR, Burt VL. National
Health and Nutrition Examination Survey: Estimation procedures,
2011-2014. Vital and Health Statistics, series 2, no. 177. National
Center for Health Statistics: 2018.

Castellana M, Donghia R, Guerra V, et al. Performance of fatty liver
index in identifying non-alcoholic fatty liver disease in population
studies. A meta-analysis. J Clin Med. 2021;10:1877. doi:10.3390/
jcm10091877

Vilar-Gomez E, Chalasani N. Non-invasive assessment of non-
alcoholic fatty liver disease: clinical prediction rules and blood-
based biomarkers. J Hepatol. 2018;68:305-315.


https://orcid.org/0000-0002-8629-418X
https://orcid.org/0000-0002-8629-418X
https://doi.org/10.1186/1471-230X-6-33
https://doi.org/10.1016/j.cgh.2021.02.009
https://doi.org/10.1016/j.diabres.2020.108358
https://doi.org/10.1007/s11606-021-06677-w
https://doi.org/10.1016/j.cgh.2018.12.031
https://doi.org/10.1016/j.cgh.2018.12.031
https://doi.org/10.3390/jcm10091877
https://doi.org/10.3390/jcm10091877

1960 H
ELERWIESE Obesity o

38.
39.
40.
41.

42.

43.

44,

LIVER FIBROSIS IN DIABETES AND NAFLD

Lee J, Vali Y, Boursier J, et al. Prognostic accuracy of FIB-4, NAFLD
fibrosis score and APRI for NAFLD-related events: a systematic re-
view. Liver Int. 2021;41:261-270.

Browning JD, Szczepaniak LS, Dobbins R, et al. Prevalence of he-
patic steatosis in an urban population in the United States: impact
of ethnicity. Hepatology. 2004;40:1387-1395.

Udelsman BV, Corey KE, Lindvall C, et al. Risk factors and prevalence
of liver disease in review of 2557 routine liver biopsies performed
during bariatric surgery. Surg Obes Relat Dis. 2019;15:843-849.
Coccia F, Testa M, Guarisco G, et al. Noninvasive assessment
of hepatic steatosis and fibrosis in patients with severe obesity.
Endocrine. 2020;67:569-578.

Kleiner D, Berk P, Hsu J, et al. Hepatic pathology among patients
without known liver disease undergoing bariatric surgery: observa-
tions and a perspective from the longitudinal assessment of bariat-
ric surgery (LABS) study. Semin Liver Dis. 2014;34:98-107.
Mummadi RR, Kasturi KS, Chennareddygari S, et al. Effect of bar-
iatric surgery on nonalcoholic fatty liver disease: systematic review
and meta-analysis. Clin Gastroenterol Hepatol. 2008;6:1396-1402.
Portillo-Sanchez P, Bril F, Maximos M, et al. High prevalence of non-
alcoholic fatty liver disease in patients with type 2 diabetes mellitus
and normal plasma aminotransferase levels. J Clin Endocrinol Metab.
2015;100:2231-2238.

45.

46.

Lomonaco R, Godinez Leiva E, Bril F, et al. Advanced liver fibrosis
is common in patients with type 2 diabetes followed in the out-
patient setting: the need for systematic screening. Diabetes Care.
2021;44:399-406.

Ciardullo S, Monti T, Perseghin G. High prevalence of advanced
liver fibrosis assessed by transient elastography among U.S. adults
with type 2 diabetes. Diabetes Care. 2021;44:519-525.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section.

How to cite this article: Barb D, Repetto EM, Stokes ME,
Shankar SS, Cusi K. Type 2 diabetes mellitus increases the
risk of hepatic fibrosis in individuals with obesity and
nonalcoholic fatty liver disease. Obesity (Silver Spring).
2021;29:1950-1960. https://doi.org/10.1002/0by.23263



https://doi.org/10.1002/oby.23263

