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OBJECTIVE

Nonalcoholic steatohepatitis (NASH) is increasingly common in obese patients.
However, its metabolic consequences in patients with type 2 diabetes mellitus
(T2DM) are unknown.

RESEARCH DESIGN AND METHODS

We studied 154 obese patients divided in four groups: 1) control (no T2DM or
NAFLD), 2) T2DM without NAFLD, 3) T2DM with isolated steatosis, and 4) T2DM
with NASH. We evaluated intrahepatic triglycerides by proton MRS (1H-MRS) and
assessed insulin secretion/resistance during an oral glucose tolerance test and a
euglycemic-hyperinsulinemic clamp with glucose turnover measurements.

RESULTS

No significant differences among groups were observed in sex, BMI, or total body
fat.Metabolic parametersworsened progressivelywith the presence of T2DMand
the development of hepatic steatosis, with worse hyperinsulinemia, insulin re-
sistance, and dyslipidemia (hypertriglyceridemia and low HDL cholesterol) in
those with NASH (P < 0.001). Compared with isolated steatosis, NASH was asso-
ciated with more dysfunctional and insulin-resistant adipose tissue (either as
insulin suppression of plasma FFA [33 6 3 vs. 48 6 6%] or adipose tissue insulin
resistance index [9.8 6 1.0 vs. 5.9 6 0.8 mmol/L · mIU/mL]; both P < 0.03).
Furthermore, insulin suppression of plasma FFA correlated well with hepatic
steatosis (r = –0.62; P < 0.001) and severity of steatohepatitis (rs = 20.52; P <

0.001). Hepatic insulin sensitivity was also more significantly impaired among
patients with T2DM and NASH, both fasting and with increasing insulin levels
within the physiological range (10 to 140 mIU/mL), compared with other groups.

CONCLUSIONS

In obese patients with T2DM, the presence of NAFLD is associated with more
severe hyperinsulinemia, dyslipidemia, and adipose tissue/hepatic insulin resis-
tance compared with patients without NAFLD. The unfavorable metabolic profile
linked to NAFLD should prompt strategies to identify and treat this population
early on.

Nonalcoholic fatty liver disease (NAFLD) is an increasingly recognized clinical con-
dition that includes a wide spectrum of liver disease. This ranges from isolated
steatosis to nonalcoholic steatohepatitis (NASH), which can progress to cirrhosis
and eventually hepatocellular carcinoma (1,2). The prevalence of NAFLD inWestern
countries varies from 24 to 42% (3,4). It is rapidly increasing worldwide in parallel
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with the increase in obesity, and the
prevalence of NAFLD among obese indi-
viduals may be as high as ;65% when
measured by proton MRS (1H-MRS) (4).
It is believed to be even higher in pa-
tients with type 2 diabetes mellitus
(T2DM) (3,5), but large studies are lack-
ing. A combination of environmental,
lifestyle, genetic, and metabolic factors
playa role in thepathogenesisofNAFLD (6).
Prior studies have shown that NAFLD

is frequently associated with insulin re-
sistance (7–9), as well as prediabetes
and undiagnosed T2DM (10). Patients
with T2DM and NAFLD often have poor
glycemic control and may require more
insulin to control hyperglycemia (11).
Several cross-sectional studies have re-
ported that patients with NAFLD and
T2DM are at increased risk of develop-
ing more aggressive liver disease, such
as NASH, advanced fibrosis, cirrhosis,
or hepatocellular carcinoma (12–15).
There is also a close relationship be-
tween dyslipidemia and the presence
of adipose tissue and hepatic insulin re-
sistance in patients with NAFLD and
T2DM (16,17). Both conditions are char-
acterized by oversecretion of VLDL
driven by the high flux of fatty acids to
the liver from dysfunctional adipose tis-
sue (18). Increased hepatic VLDL secre-
tion leads to lower HDL cholesterol
(HDL-C) and to small, dense LDL choles-
terol (LDL-C) particles, the typical triad
of NAFLD. It is believed that these met-
abolic abnormalities contribute signifi-
cantly to the increased cardiovascular
disease of this population (19). Whether
the presence of NASH further worsens
this unfavorable metabolic profile re-
mains unclear (16).
The aim of our study was to evaluate

the metabolic effect of having isolated
steatosis or NASH in patients with T2DM
well matched for obesity and major clin-
ical variables, using state-of-the-art
measurements.

RESEARCH DESIGN AND METHODS

Subjects
We recruited a total of 154 subjects for
this study. Of these, 18 subjects without
T2DM or NAFLD were used as obese
healthy control subjects, while 10 extra
nonobese healthy control subjects were
included as a reference for metabolic
measurements. All underwent amedical
history, physical examination, routine
chemistries, and electrocardiography.

Body weight (62%) and physical activity
were stable for at least 3months prior to
the study as assessed by validated ques-
tionnaires (Nutritionquest, Berkeley, CA).
Subjects were excluded if they had a his-
tory of alcohol abuse ($30g/day formen,
$20 g/day for women, or a standardized
Alcohol Use Disorders Identification Test
[AUDIT] questionnaire$8) or liver (other
than isolated steatosis or NASH), heart,
pulmonary, and/or renal disease. In-
formed written consent was obtained
from each patient prior to participation.
Some of the patients in this cohort have
been included in previous reports regard-
ing the role of NAFLD in ethnicity (7) and
on plasma aminotransferases (5,20).

Study Design
Metabolic measurements were per-
formed at the clinical research unit and
included the following: 1) measurement
of fasting plasma glucose, insulin, and
free fatty acid (FFA) concentration and
A1C, lipid profile, and routine chemis-
tries; 2) 2-h 75-g oral glucose toler-
ance test (OGTT) with blood drawn
every 30 min for plasma glucose, insulin,
C-peptide, and FFA concentration to esta-
blish the diagnosis of T2DM according to
the American Diabetes Association criteria
(21) and to calculate insulin secretion
and hepatic insulin extraction; 3) total
body fat by DXA; 4) measurement of
intrahepatic triglycerides by 1H-MRS; 5)
measurement of total plasma adiponec-
tin (n = 78); 6) measurement of adipose
tissue insulin resistance index (Adipo-
IRi: calculated as fasting plasma insulin
[FPI] 3 FFA concentration) and sup-
pression of plasma FFA by low-dose
insulin infusion during the euglycemic-
hyperinsulinemic clamp; 7) measurement
of liver and muscle insulin sensitivity
(euglycemic-hyperinsulinemic clamp
with [3-3H]glucose): basal and hepatic
insulin resistance (suppression of en-
dogenous glucose production [EGP; pri-
marily hepatic] by low-dose insulin
infusion) and insulin-stimulated periph-
eral (muscle) glucose uptake (Rd); 8) an
index of hepatic insulin resistance (HIRi:
calculated as FPI 3 EGP); and 9) a liver
biopsy to establish the diagnosis of defi-
nite NASH by histology.

Liver and Total Body Fat Content by
1H-MRS

For themeasurement of intrahepatic tri-
glycerides, we acquired localized proton
nuclear magnetic resonance spectra of

the liver using methodology previously
described (5,22,23). Briefly, three voxels
of 30 3 30 3 30 mm were localized in
different areas of the liver avoiding ves-
sels and bile ducts. Intrahepatic triglyc-
eride content was calculated as fat
fraction (area under the curve [AUC]
fat peak/[AUC fat peak + water peak])
using commercial software (NUTS,
Acorn NMR Inc.). Measurements were
corrected for T1 and T2 relaxation as
previously described (24). An intrahe-
patic triglyceride content of .5.5%
was considered diagnostic of NAFLD (4).

Euglycemic-Hyperinsulinemic Clamp

For the euglycemic-hyperinsulinemic
clamp (25), after an overnight fast sub-
jects were studied at the research unit
as previously described (26) with the in-
fusionof [3-3H]glucose tomeasure glucose
turnover. After the basal equilibration pe-
riod, insulinwas administered as a primed-
continuous infusion at 10mU/m2 zmin for
120 min to assess suppression of endoge-
nous (primarily hepatic) glucose produc-
tion, followed by an insulin infusion rate
of 80 mU/m2 z min for 120 min to assess
insulin-stimulatedmuscle glucose disposal
(Rd). A variable 20% glucose infusionmain-
tained the plasma glucose at ;90–100
mg/dL. Only patients at San Antonio, TX,
underwent this procedure (n = 56).

Liver Biopsy

An ultrasound-guided liver biopsy was
performed in patients with a diagnosis
of NAFLD by 1H-MRS (n = 86), as all these
patients were considered to have high
risk of NASH owing to the presence of
T2DM. Biopsies were evaluated by a pa-
thologist who was blinded to the sub-
jects’ identity or clinical information.
Histologic characteristics for the diagno-
sis of NASHwere determined using stan-
dard criteria (27).

Metabolic Index Calculations
EGP and Rd were calculated as previ-
ously reported (7,26,28). Indexes of he-
patic (HIRi = FPI 3 EGP) and adipose
tissue (Adipo-IRi = FFA3 FPI) insulin re-
sistance were calculated based on the
linear relationship between the rise in
FPI level and inhibition of plasma EGP
and FFA in healthy subjects, respectively
(29). The higher the rate of EGP and of
fasting plasma FFA levels, respectively,
the greater the severity of both liver and
adipose tissue insulin resistance. Exper-
imental validation has previously been
published by our group (7,17,30–32).
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To estimate hepatic insulin extraction,
we used the incremental C-peptide–
to–insulin AUC ratio calculated by the
trapezoidal rule during the OGTT as previ-
ously described (33). Insulin secretion was
calculated as the C-peptide–to–glucose
AUC ratio (3100) during the OGTT.

Analytical Methods
Plasma glucose was measured by the
glucose oxidasemethod (Analox glucose
analyzer; Analox Instruments, Lunenburg,
MA). Plasma insulin and C-peptide con-
centrationweremeasuredby radioimmu-
noassay (Siemens, Los Angeles, CA). A1C
was measured by high-performance liq-
uid chromatography (TOSOHG-7). Plasma
glucose radioactivity was measured from
deproteinizedplasma samplesprecipitated
from barium hydroxide/zinc sulfate (26).
Finally, total plasma adiponectin was mea-
sured by immunoassay (Milliplex MAP,
EMD Millipore Corporation, Billerica, MA).

Statistical Analysis
All values are reported as the mean 6
SEM for continuous variables and n (%)
for categorical variables. Comparison
among groups was performed using
ANOVA (Bonferroni post hoc analysis for
pairwise comparisons) or Kruskal-Wallis
for continuous variables according to
their distribution or Pearson x2 or Fisher
exact test for categorical variables. Pearson
or Spearman correlations were per-
formed based on the characteristics and
distribution of the variables. A P value
of ,0.05 (two-tailed) was considered
statistically significant. All statistical cal-
culations were performed using Stata
11.0 (StataCorp, College Station, TX) and
JMP, version 11 (SAS Institute, Cary, NC).

RESULTS

Subject Characteristics
The clinical and biochemical character-
istics of subjects who participated in the
study are shown in Table 1. They were
divided in four groups according to the
presence or absence of T2DM and the
severity of NAFLD: 1) obese control sub-
jects (without T2DM or NAFLD), 2)
obese patients with T2DM without
NAFLD, 3) obese patients with T2DM
and isolated steatosis, and 4) obese pa-
tients with T2DM and NASH. As can be
observed, there were no significant dif-
ferences in important clinical character-
istics such as sex, BMI, and total body fat
among the groups. Age was statistically
different among the groups, but this

difference was of marginal clinical
importance.

Intrahepatic triglyceride content was
higher in patients with NAFLD (either
isolated steatosis or NASH) compared
with the other two groups. However,
plasma aspartate aminotransferase lev-
els and alanine aminotransferase levels
were only increased in patients with
NASH. Of note, there was no difference
in intrahepatic triglyceride content be-
tween control subjects and patients
with T2DM without NAFLD.

Fasting plasma glucose levels and A1C
were similarly elevated in patients with
T2DM (with or without NAFLD) com-
pared with control subjects (all P #
0.05). Moreover, the use of metformin,
sulfonylureas, and insulin was not differ-
ent between patients with T2DM. The
presence of isolated steatosis or NASH
in patients with T2DM was not associ-
ated with worse blood pressure control,
more antihypertensive medication use,
or higher total cholesterol or LDL-C. How-
ever, patients with NASH and T2DM
had higher plasma triglyceride levels
and a trend toward lower HDL-C com-
pared with the other patients with T2DM
or obese control subjects without T2DM.
This occurred despite similar use of statins
among groups. Clinical characteristics of
nonobese healthy control subjects used
as a reference formetabolicmeasurements
were as follows: age 43 6 4 years, BMI
25.86 0.9 kg/m2, 50% males, and intra-
hepatic triglyceride content 1.7 6 0.5%.

Insulin Sensitivity Parameters

Adipose Tissue

Because adipose tissue has an important
role in the pathogenesis of NAFLD, we
closely examined adipose tissue insulin
sensitivity, expressed either as the
Adipo-IRi or the suppression of plasma
FFA by low-dose insulin infusion during
the euglycemic-hyperinsulinemic clamp.
As observed in Fig. 1A and B, patients
with T2DM without NAFLD showed adi-
pose tissue insulin resistance similar to
that of nondiabetic obese control sub-
jects without NAFLD. In patients with iso-
lated steatosis or NASH, we observed a
stepwise worsening of adipose tissue in-
sulin resistance examined either fasting
(Fig. 1A) or during a low-dose insulin in-
fusion (Fig. 1B), suggesting an important
association between dysfunctional adi-
pose tissue and the severity of liver dis-
ease. In support of this, total plasma

adiponectin levels showeda trend toward
lower values with progression of the se-
verity of liver disease (11.961.4 vs. 9.36
1.5 vs. 9.561.5 vs. 7.860.7mg/mL; P for
trend 0.04).

Liver

As can be observed in Fig. 1C, fasting
insulin resistance at the level of the liver
(expressed as the HIRi: EGP 3 insulin
concentration) was worse in all obese
groups compared with nonobese sub-
jects without NAFLD. (See dotted line
in Fig. 1C.) The most significant increase
was seen with the presence of T2DM and
NASH. Indeed, as shown in Fig. 2, this
was more evident when the changes in
EGP were assessed by plasma insulin
concentration during fasting and dur-
ing the euglycemic-hyperinsulinemic
clamp. At baseline, all groups showed
similar fasting EGP, although FPI was
much higher in patients with T2DM
and steatosis or NASH, suggesting worse
hepatic insulin resistance in both
groups. With a relatively small increase
in plasma insulin (low-dose insulin
clamp), patients with diabetes showed
an ;35% reduction in EGP, while it de-
creased much more (;55%) in the con-
trol groupwithout diabetes. Finally, during
the high-dose step of the euglycemic-
hyperinsulinemic clamp, patients with
NASH failed to completely suppress EGP
as the rest of the groups did despite
higher insulin levels.

Skeletal Muscle

Skeletalmuscle insulin sensitivity (Rd) was
also found to decrease in a stepwiseman-
ner from obese control subjects without
NAFLD to patients with T2DM without
NAFLD, T2DM with isolated steatosis,
or T2DM with NASH (10.4 6 1.2 vs.
7.7 6 0.8 vs. 6.4 6 0.9 vs. 4.8 6 0.4
mg z kg LBM21 z min21, respectively;
P , 0.001).

Correlations
To further evaluate the role of adipose
tissue in the development and progres-
sion of NAFLD, we assessed the associa-
tion between adipose tissue insulin
resistance, expressed as suppression of
FFA during the low-dose insulin clamp,
and hepatic steatosis and liver histology
expressed as the composite of steatosis,
inflammation, and hepatocyte necrosis
or NAFLD activity score. We observed a
strong inverse correlation between adi-
pose tissue insulin sensitivity expressed
as the suppression of plasma FFA by
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low-dose insulin and the amount of in-
trahepatic triglyceride accumulation
quantified by 1H-MRS (r = 20.62; P ,
0.001) (Fig. 3A), as well as the severity of
the NAFLD activity score (rs =20.52; P,
0.001) (Fig. 3B).Of note, the latterwas not
only driven by steatosis, as necroinflam-
mation (combination of inflammation and
ballooning) was also well correlated with
suppression of plasma FFA by low-dose
insulin (rs =20.51; P , 0.001).

Insulin Secretion and Hepatic
Insulin Clearance
We studied the factors that may lead to
the increased FPI in our population, a
common abnormality of patients with
isolated steatosis or NASH, and which
may be the result of increased insulin
secretion, decreased insulin clearance,
or a combination of both. We observed a
;1.5- to 2.5-fold increase in the FPI in
patients with T2DM and isolated steatosis
or NASH (Table 1). We next evaluated in-
sulin secretion and hepatic insulin clear-
ance during the OGTT. Insulin secretion
(incremental C-peptide AUC/glucose AUC)

was equally impaired in patients with
T2DM regardless of the presence or ab-
sence of isolated steatosis or NASH (obese
control subjects 36.26 14.5, T2DM with-
out NAFLD 5.26 0.9, T2DMwith isolated
steatosis 6.0 6 1.0, and T2DM with
NASH 5.5 6 0.8; all P # 0.001 for com-
parisons against control subjects). Hy-
perinsulinemia in patients with NASH
was mainly driven by reduced hepatic
insulin clearance and not by increased
insulin secretion, as hepatic insulin clear-
ance, estimated as incremental C-peptide
AUC/insulin AUC, was similar between
control subjects and patients with T2DM
withoutNAFLD (10.86 1.4 vs. 10.86 1.5;
P = 0.99) and only significantly decreased
in patients with NASH (6.2 6 0.6; P =
0.001 against control subjects).

CONCLUSIONS

Because NAFLD in T2DM is increasingly
common in middle-aged obese patients
and carries an increased risk of cirrhosis
and cardiovascular disease, we wanted
to evaluate the metabolic effect of
NAFLD in this population. The advantage

of the current study is having combined
state-of-the-artmetabolicmeasurements
with quantification of intrahepatic triglyc-
erides (1H-MRS) and liver histology. In
particular, we wanted to determine
whether the presence of NASH was asso-
ciated with a worse metabolic profile
compared with isolated steatosis. Our
main finding is that the development
and progression of liver disease in pa-
tients with T2DM (i.e., without NAFLD →
isolated steatosis → NASH) are associ-
ated with more severe insulin resistance
in adipose tissue (Fig. 1A and B). This find-
ing highlights the important role of
lipotoxicity in the development and pro-
gression of NAFLD (2,16,17). Supporting
this concept, insulin-induced suppression
of plasma FFA correlated strongly with
the amount of intrahepatic triglycerides
measured by 1H-MRS (Fig. 3A), as well
as with the severity of liver disease on
histology (Fig. 3B). The current findings
are consistent with prior reports about
the role of adipose tissue insulin resis-
tance in both lean (34) and obese (17)
patients with NAFLD. If adipose tissue

Table 1—Demographic and clinical characteristics of patients

Obese controls without T2DM or NAFLD
(n = 18)

Obese with T2DM

No NAFLD
(n = 50)

Isolated steatosis
(n = 21)

NASH
(n = 65)

Age (years) 53 6 2 60 6 1* 57 6 1 55 6 1

Sex (male/female), % 56/44 84/16 71/29 78/22

BMI (kg/m2) 34.3 6 0.7 34.0 6 0.5 35.4 6 0.8 36.5 6 0.5

Total body fat by DXA (%) 36 6 2 35 6 1 38 6 2 37 6 1

Fasting plasma glucose (mg/dL) 105 6 2 139 6 7* 137 6 8* 146 6 5*

A1C (%) 5.7 6 0.1 7.0 6 0.2* 6.8 6 0.2* 7.2 6 0.2*

Diabetes medication (%)
Metformin 76 58 70
Sulfonylureas 39 11 48
Insulin 24 35 24

FPI (mU/mL) 8 6 2 9 6 1 12 6 2 19 6 2*,^

HOMA 1.9 6 0.4 3.1 6 0.4 4.3 6 1.0 6.8 6 0.7*

Liver fat by 1H-MRS (%) 3 6 1 3 6 1 15 6 2*,# 15 6 1*

AST (IU/L) 29 6 4 25 6 2 26 6 2 50 6 4*,^

ALT (IU/L) 31 6 6 28 6 3 32 6 3 66 6 6*,^

Systolic BP (mmHg) 127 6 4 139 6 3* 128 6 2 135 6 2

Diastolic BP (mmHg) 76 6 2 80 6 1 74 6 1 78 6 1

On BP medication (%) 65 91 72 91

Total cholesterol (mg/dL) 173 6 7 153 6 4 164 6 11 170 6 6

Triglycerides (mg/dL) 108 6 14 122 6 8 135 6 13 215 6 19*,^

LDL-C (mg/dL) 104 6 5 87 6 3 97 6 10 92 6 5

HDL-C (mg/dL) 47 6 3 41 6 1 40 6 2 38 6 1*

Use of statins (%) 53 71 67 69

Data are mean 6 SEM unless otherwise indicated. ALT, alanine aminotransferase; AST, aspartate aminotransferase; BP, blood pressure.
Symbols represent P values from Bonferroni adjustment for multiple comparisons: *P # 0.05 compared with control subjects; #P , 0.05
compared with T2DM without NAFLD; ^P , 0.05 compared with T2DM and isolated steatosis.
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insulin resistance is indeed adriver of lipo-
toxicity in NAFLD and NASH, and possibly
of mitochondrial dysfunction (35,36),
treatment strategies targeting adipose
tissue dysfunction (i.e., either by weight
loss and/or pharmacological agents, such
as thiazolidinediones) will likely play a
greater role in the future.
In subjects without diabetes, the he-

patic insulin resistance index, a measure
of liver resistance in the fasting state,
was already ;30% increased (worse) in
obese control subjects versus nonobese
subjects without a fatty liver (dotted line
in Fig. 1C). However, it was in patients
with T2DM and NASH that we observed
the most significant impairment in he-
patic insulin sensitivity. This was fur-
ther confirmed when the interaction
between changes in EGP and plasma
insulin concentration was carefully

analyzed during the two-step euglycemic-
hyperinsulinemic clamp (Fig. 2). Previous
studies assessing insulin sensitivity
with the euglycemic-hyperinsulinemic
clamp technique reported the associa-
tion between steatosis and hepatic in-
sulin resistance (11,18,31). However,
this study goes further by establishing a
close relationship between the severity of
liver disease on histology (i.e., steatohe-
patitis) with worse hepatic insulin resis-
tance and other metabolic abnormalities
in patientswithNAFLD.Of particular inter-
est was the pronounced hyperinsuline-
mia associated with the development of
steatohepatitis (Table 1). Interestingly,
hyperinsulinemia was better explained
by impaired hepatic insulin extraction/
clearance rather than increased insulin
secretion in patients with T2DM and
NAFLD. This is in accordancewithprevious
reports by our group (33) and others (37).

The presence of NASH in patients with
T2DM was associated with more severe
hypertriglyceridemia but with no dif-
ferences in blood pressure or glycemia
(Table 1). These results have important
clinical implications, as they suggest that
identification of patients with T2DM
and NASH may highlight a subgroup of
subjects in need of early and/or more ag-
gressive lipid-lowering therapy and car-
diovascular risk factor management.
However, the cardiovascular consequences
of elevated plasma triglycerides in patients
with T2DM and NASH remain unclear.

VLDL oversecretion and hypertriglyceride-
mia are well-established abnormalities in
NAFLD (2,6,16,18), but the role of steato-
hepatitis had been less carefully studied.
Thecurrentwork confirms that the severity
of NASH on liver histology closely corre-
lates with plasma triglyceride levels and
expands on the role of NASH in T2DM.
In a recent study by Arulanandan et al.
(38), metabolic changes correlated more
strongly with increasing levels of intrahe-
patic triglycerides than liver histological
features. However, the authors studied
mostly patients without diabetes and did
not perform a direct comparison of iso-
lated steatosis versus NASH. In addition,
differences in BMI among groups could
have confounded the interpretation of
these results. However, it is possible that
the increased atherogenic risk of obese pa-
tientswithNAFLD ismore closely related to
their worse apolipoprotein B–to–A1 ratio
(and smaller LDL-C particle size), which cor-
relates better with the severity of hepatic
steatosis rather than necroinflammation
(39). Clearly more work to understand
the role of atherogenic dyslipidemia in
NAFLD ismuchneeded, given the consider-
able debate about the role of NASH in car-
diovascular disease (16,19,40).

The presence of NAFLD in T2DM con-
tinues to be overlooked by clinicians,
but there is an increased aware-
ness about the negative health conse-
quences of steatohepatitis. Several
studies have reported that fatty liver

Figure 1—A: Adipo-IRi (FPI3 fasting FFA con-
centration). B: Percentage suppression of
plasma FFA concentration by low-dose in-
sulin infusion. C: HIRi (FPI concentration 3
fasting endogenous [primarily hepatic] glu-
cose production). Dotted lines represent
mean values for nonobese healthy subjects
from the group.

Figure 2—Changes in endogenous (primarily hepatic) glucose production and plasma insulin
concentration during the low- and high-dose euglycemic-hyperinsulinemic clamp. Arrows rep-
resent progression from obese control subjects without NAFLD to obese patients with T2DMand
NASH during fasting (top arrow) as well as low-dose (middle arrow) and high-dose (bottom-right
arrow) insulin infusion.
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disease is common in patients with T2DM
(4,12,40,41). In a large Italian study (19),
the prevalence of NAFLD was estimated
to be as high as 69.5% among patients
with T2DM. Of note, cardiovascular dis-
ease was much more common compared
with occurrence in patients without
fatty liver. However, the true prevalence
was uncertain, as patients were recruited
within a tertiary hospital setting and
results confounded by an incom-
plete screening for secondary causes of
hepatic steatosis and the screening lim-
itations of liver ultrasound with subop-
timal sensitivity and specificity. More
recently, Williamson et al. (42) reported
on the prevalence and risk factors for
NAFLD from a large, randomly selected
study in patients with T2DM from
Edinburgh, Scotland. Among 939 patients
aged 61–76 years, the prevalence of NAFLD
by ultrasoundwas 42.6%. Higher BMI, A1C,
and plasma triglycerides were important
factors associated with the development
of NAFLD. In our hands, using the gold-
standard liver 1H-MRS technique, we
have identified that 56% of obese
patients with T2DM and normal liver
enzymes have NAFLD (5). Therefore,
screening and early diagnosis of hepatic
steatosis in patients with diabetes may
be important to establish timely inter-
vention in this high-risk population.
In summary, in middle-aged obese

patients with T2DM, the presence of
NAFLD is associated with hyperinsuline-
mia and more severe adipose tissue and
hepatic insulin resistance, as well as
worse atherogenic dyslipidemia. The
clinical implication is that the pres-
ence of NAFLD in patients with T2DM
should alert the health care provider to

institute a more aggressive lifestyle
intervention and consider strategies
to minimize high cardiovascular risk.
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