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Context and Objective: Nonalcoholic fatty liver disease (NAFLD) and its more severe form with
steatohepatitis (NASH) are common in patients with type 2 diabetes mellitus (T2DM). However,
they are usually believed to largely affect those with elevated aminotransferases. The aim of this
study was to determine the prevalence of NAFLD by the gold standard, liver magnetic resonance
spectroscopy (1H-MRS) in patients with T2DM and normal aminotransferases, and to characterize
their metabolic profile.

Participants and Methods: We recruited 103 patients with T2DM and normal plasma aminotrans-
ferases (age, 60 � 8 y; body mass index [BMI], 33 � 5 kg/m2; glycated hemoglobin [A1c], 7.6 � 1.3%).
We measured the following: 1) liver triglyceride content by 1H-MRS; 2) systemic insulin sensitivity
(homeostasis model assessment-insulin resistance); and 3) adipose tissue insulin resistance, both
fasting (as the adipose tissue insulin resistance index: fasting plasma free fatty acids [FFA] � insulin)
and during an oral glucose tolerance test (as the suppression of FFA).

Results: The prevalence of NAFLD and NASH were much higher than expected (50% and 56% of
NAFLD patients, respectively). The prevalence of NAFLD was higher in obese compared with nono-
bese patients as well as with increasing BMI (P � .001 for trend). Higher plasma A1c was associated
with a greater prevalence of NAFLD and worse liver triglyceride accumulation (P � .01). Compared
with nonobese patients without NAFLD, patients with NAFLD had severe systemic (liver/muscle)
and, particularly, adipose tissue (fasting/postprandial) insulin resistance (all P � .01).

Conclusions: The prevalence of NAFLD is much higher than previously believed in overweight/
obese patients with T2DM and normal aminotransferases. Moreover, many are at increased risk of
NASH. Physicians should have a lower threshold for screening patients with T2DM for NAFLD/NASH.
(J Clin Endocrinol Metab 100: 2231–2238, 2015)

Nonalcoholic fatty liver disease (NAFLD) is considered
to be the most common cause of chronic liver dis-

ease in the United States and many parts of the world (1).

However, the prevalence of NAFLD, particularly in patients
with type 2 diabetes mellitus (T2DM), remains unknown.
When screening by means of plasma aminotransferases (as-

ISSN Print 0021-972X ISSN Online 1945-7197
Printed in USA
Copyright © 2015 by the Endocrine Society
Received April 13, 2015. Accepted April 14, 2015.
First Published Online April 17, 2015

Abbreviations: 1H-MRS, magnetic resonance spectroscopy; A1c, glycated hemoglobin;
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index;
BP, blood pressure; DXA, dual energy x-ray absorptiometry; FFA, free fatty acid; FPI, fasting
plasma insulin; HOMA-IR, homeostasis model assessment–insulin resistance; NAFLD, non-
alcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; OGTT, oral glucose tol-
erance test; T2DM, type 2 diabetes mellitus.

O R I G I N A L A R T I C L E

doi: 10.1210/jc.2015-1966 J Clin Endocrinol Metab, June 2015, 100(6):2231–2238 press.endocrine.org/journal/jcem 2231

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/100/6/2231/2829603 by guest on 10 April 2024



partate aminotransferase [AST]/alanine aminotransferase
[ALT]), the prevalence has been reported to be as low as
�15–20% (2) but is reported to be higher and more variable
(20–46%) with the use of liver ultrasound (3, 4). When the
goldstandardmagnetic resonance imagingandspectroscopy
(1H-MRS) technique is used, the prevalence has been re-
ported to be 34% in the general population (5). However, it
iswellestablishedthat theriskofdevelopingNAFLDismuch
higher (�2-fold) in the setting of obesity compared with
healthy nonobese patients (5, 6).

There is very limited information on the prevalence of
NAFLD in patients with T2DM but it is believed to be even
higher. However, this information arises largely from ul-
trasound-based studies in highly selected populations with
predominantly elevated liver transaminases (7–10). The
most important limitations of such studies include the clin-
ic-based recruitment strategy, with the risk of ascertain-
ment bias (ie, screening primarily directed to patients with
abnormal plasma aminotransferases or history of steatosis
attending a liver clinic), and the low sensitivity and spec-
ificity of the liver ultrasound, particularly in obese pa-
tients. In our experience, using a 2-step approach (liver
1H-MRS followed by a liver biopsy when 1H-MRS was
positive), we have found a prevalence of NAFLD � 80%
in obese patients with elevated plasma aminotransferases,
and even higher in the presence of T2DM (11, 12). How-
ever, the prevalence of NAFLD by 1H-MRS in patients
with T2DM and normal plasma aminotransferases is
unknown.

Diabetes has been recognized as an important risk fac-
tor for the presence and severity of steatohepatitis (NASH)
and fibrosis (13). However, the mechanisms relating
T2DM and NAFLD/NASH, especially in the setting of
normal plasma aminotransferases, are unclear at the pres-
ent time. Fracanzani et al (14) reported that T2DM and
insulin resistance were factors closely associated with the
severity of liver disease in patients with normal liver en-
zymes. However, this study only included a minority of pa-
tients with T2DM and normal plasma aminotransferases
(n � 7; 11%). Of note, the role of glycemic control on the
development of NASH and severity of liver disease has not
been carefully assessed in this population before (15).

The purpose of our study was to determine the preva-
lence of NAFLD in patients with T2DM and normal
plasma aminotransferases and to determine the role of
glycemic control and other metabolic factors associated
with insulin resistance on the severity of liver disease.

Research Design and Methods

Subjects
We screened a total of 170 patients with T2DM without a

prior diagnosis of NAFLD and after excluding other causes of

liver disease. A total of 38 patients were excluded because they
did not have a liver 1H-MRS performed, and 29 patients were
excluded for having elevated plasma aminotransferase levels. A
total of 103 patients with T2DM were enrolled onto this study.
Patients were recruited from responses to local newspaper ad-
vertisements or from people attending clinics at the University of
Texas Health Science Center and Audie L. Murphy Veterans’
Affairs (VA) Medical Center at San Antonio, Texas or at the
University of Florida and Malcom Randall VA Medical Center
at Gainesville, Florida. Forty-six patients were recruited from
San Antonio, Texas, and fifty-seven from Gainesville, Florida.

Participants were in good general health without evidence of
any chronic disease as determined by medical history, physical
examination, routine blood chemistries, urinalysis, and electro-
cardiography (other than T2DM or the metabolic syndrome).
No patient had evidence of clinically significant chronic kidney
disease or cardiovascular disease.

Volunteers were excluded if they had a history of significant
alcohol consumption (� 20 g/d in women or � 30 g/d in men),
any previous diagnosis of chronic liver disease (hepatitis B or C,
autoimmune hepatitis, hemochromatosis, Wilson disease, drug-
induced disease, or other), type 1 diabetes, or a history of clin-
ically significant renal, pulmonary, or heart disease (New York
Heart Classification � Grade II). The study was approved by
local institutional review boards, and a written informed consent
was obtained from each patient prior to participation. Diabetes
status was defined based upon medical history or laboratory
results following standard criteria (16). Some of the patients
were previously included in other reports assessing the role of
ethnicity (12), and insulin resistance (11, 17, 18) on the patho-
genesis of NAFLD.

Study design
Metabolic studies were performed either at the Frederic C.

Bartter Clinical Research Unit (San Antonio, Texas) or at the
Malcom Randall VA Medical Center (Gainesville, Florida).
Baseline measurements included: 1) fasting plasma glucose, gly-
cated hemoglobin (A1c), lipid profile, plasma aminotransferases,
fasting plasma insulin (FPI), and free fatty acids (FFA); 2) total
body fat by dual-energy x-ray absorptiometry (DXA); 3) liver
triglyceride content by 1H-MRS; 4) 75-g oral glucose tolerance
test (OGTT) to establish the diagnosis of diabetes according to
current guidelines from the American Diabetes Association; and
5) liver histology to establish the diagnosis of NASH.

Measurements of total body and liver triglyceride
content

Total body fat was measured by DXA (Hologic Inc.). For the
quantification of liver triglyceride content a localized 1H-nuclear
magnetic resonance spectra of the liver was obtained using meth-
odology previously described (17, 18). A voxel of 30 � 30 � 30
mm was positioned in three areas of the liver, avoiding vascular
and biliary structures, using an echo time/repetition time/angle of
30 milliseconds/2000 milliseconds/90 degrees. The diagnosis of
NAFLD was established when liver triglyceride content was
greater than 5.5% (5).

OGTT
After a 10-hour overnight fast, baseline blood samples were

obtained for determination of fasting plasma glucose, insulin and
FFA concentrations. After the administration of 75 g of glucose,
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samples were collected every 30 minutes for up to 120 minutes
to determine plasma glucose, insulin, and FFA concentrations.

Liver biopsy
An ultrasound-guided liver biopsy was performed in patients

diagnosed with NAFLD by 1H-MRS and at high risk of NASH
due to elevated liver triglyceride content (�5.5%) in the setting
of T2DM, once all other causes of liver disease were ruled out.
Both are considered risk factors for NASH, particularly in the
presence of obesity and insulin resistance. However, if patients
had less than 5.5% liver triglyceride content by 1H-MRS, a liver
biopsy was not performed to avoid this invasive procedure in
cases with borderline or mild steatosis, which, in the setting of
normal liver aminotransferases was believed at the time of study
design to be infrequently associated with NASH and not justify
performing a liver biopsy. Histopathological characteristics for
the diagnosis of NASH were determined using standard criteria
(19). Biopsies were evaluated by an experienced pathologist who
was unaware of the patients’ identity or any clinical information.

Analytical methods
Plasma glucose was measured bedside by the glucose oxidase

method (Analox Glucose Analyzer; Analox Instruments). Other

samples were placed on ice, processed within 15–20 minutes and
frozen at �80°C until final analysis. Plasma insulin concentra-
tion was determined by RIA (Siemens), FFA by standard color-
imetric methods, and A1c level was measured using high-perfor-
mance liquid chromatography (Tosoh G7; Tosoh Corporation).
The normal value for plasma AST and ALT levels was the clinical
laboratory reference of less than 40 U/L.

Calculations
During the fasting state, we calculated an index of adipose

tissue insulin resistance (Adipo-IRindex � fasting FFA � FPI
[mmol/L � �U/mL]). As insulin is a strong inhibitor of lipolysis,
the rationale for this index is based on the linear relationship
between the increase in FPI level and inhibition of plasma FFA in
healthy subjects. As extensively validated in prior reports (11,
12, 18), the implication is that the higher the fasting plasma FFA
levels for a given FPI, the greater the severity of adipose tissue
insulin resistance. During the postprandial state, we measured
the suppression of plasma FFA concentration over the 120 min-
utes following the ingestion of 75 g of glucose (OGTT). The
postprandial suppression of FFA was calculated as follows:
([FFA min120 � FFA min0]/FFA min0) � 100.

Table 1. Clinical Characteristics of Nonobese and Obese Patients with T2DM and Normal Liver Aminotransferases

Nonobese
(n � 31)

Obese
(n � 72) P

Age, y 60 � 8 60 � 8 .72
Sex (male) 87% 78% .28
Ethnicity .07

Hispanic 23% 31%
Caucasian 48% 59%
African American 26% 10%
Asian 3% 0%

BMI, kg/m2 27.6 � 1.8 35.4 � 3.8 �.001
Total body fat 32 � 6% 38 � 7% �.001
Plasma AST, IU/L 20 (16–27) 22 (19–25) .64
Plasma ALT, IU/L 23 (17–23) 23 (20–30) .44
Plasma alkaline phosphatase, IU/L 61 � 14 66 � 17 .26
Liver triglyceride contenta 3% (2–11%) 7% (3–14%) .05
Prevalence of NAFLDa 36% 56% .06
Duration of T2DM, y 8 (5–12) 6 (2–10) .12
A1c 6.6% (6.1–7.6%) 6.9% (6.4–7.8%) .24
Fasting plasma glucose, mg/dL 130 (113–164) 133 (116–158) .93
HOMA-IR 1.7 (1.1–3.2) 3.0 (1.9–4.6) .02
Treatment

Metformin 92% 77% .14
Sulfonylurea 58% 44% .23
Insulin 21% 27% .55

Systolic BP, mm Hg 128 � 17 138 � 17 .02
Diastolic BP, mm Hg 78 � 10 77 � 8 .78
Antihypertensive medications 73% 90% .04
Plasma cholesterol, mg/dL 156 � 38 158 � 37 .82
Plasma triglycerides, mg/dL 104 (78–137) 120 (86–174) .14
Plasma LDL-C, mg/dL 89 � 31 87 � 29 .82
Plasma HDL-C, mg/dL 43 � 13 40 � 9 .10
Statin use 96% 75% .03

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol.

Continuous variables are expressed as mean � SD or median (interquartile range) according to their distribution.

Categorical variables are expressed as percentage.
a Measured by 1H-MRS.
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Statistical analysis
Normal distribution was assessed for all variables by the Sha-

piro-Wilk and Skewness/Kurtosis methods. Continuous vari-
ables were reported as mean � SD or median (interquartile
range) according to their distribution, whereas categorical vari-
ables were expressed as a percentage. Comparisons between
groups were performed using �2 (or Fisher’s exact test) for cat-
egorical variables and an unpaired t test or a nonparametric test
(ie, Mann-Whitney U test) for continuous variables according to
their distribution. When comparisons were performed among
more than two groups, the ANOVA and Kruskal-Wallis tests
were used. Statistical significance was considered at P � .05.
Statistical analyses were performed using STATA version 11.0
(StataCorp) and JMP version 11 (SAS Institute, Inc.).

Results

Patient characteristics
A total of 103 subjects with T2DM were recruited, and their

baseline characteristics are summarized in Table 1. As a whole,
subjects were predominantly obese, accounting for almost 70%
of our participants. Patients were divided according to their body
mass index (BMI) into two groups: nonobese and obese (mean
BMI, 27.6 � 1.8 kg/m2 vs 35.4 � 3.8 kg/m2; P � .001). A
statistically significant difference in total body fat by DXA was
found between groups (32 � 6 vs 38 � 7%; P � .001). Glycemic
control (and use of diabetes medications) was similar in nono-
bese and obese patients (A1c, 6.6% [6.1–7.6%] vs 6.9% [6.4–
7.8%]; P � .24, and fasting plasma glucose, 130 [113–164]
mg/dL vs 133 [116–158] mg/dL; P � .93). Compared with obese
patients, insulin resistance (expressed as the homeostasis model
assessment–insulin resistance [HOMA-IR]) was lower in nono-
bese patients (1.7 [1.1–3.2] vs 3.0 [1.9–4.6]; P � .02), as was the
trend for lower liver triglyceride content measured by 1H-MRS
(nonobese, 3% [2–11%] vs obese, 7% [3–14%]; P � .05).

Prevalence of NAFLD and NASH
The prevalence of NAFLD (by 1H-MRS) for the entire cohort

was 50%. As can be observed in Figure 1, liver triglyceride con-
tent was correlated with obesity (r � 0.29; P � .003), and this
remained true after adjusting for age, sex, and diabetes control
(A1c) (r � 0.20; P � .04). Also, the prevalence of NAFLD was
associated with an increasing BMI per group (P � .001 for
trend). Of note, this prevalence was relatively high, even in nono-
bese patients with T2DM and normal aminotransferase levels
(36%).

To assess the factors that contribute to liver triglyceride ac-
cumulation, we divided patients according to the presence or
absence of NAFLD. As observed in Table 2, both groups were
well matched for most relevant clinical variables (ie, sex, dura-
tion of diabetes, dyslipidemia, and blood pressure [BP]), but pa-
tients with NAFLD had a trend toward a higher A1c (6.6% [6.0–
7.7%] vs 6.9% [6.5–7.9%]; P � .07). A total of 66 participants
did not undergo a liver biopsy: 43 because they had less than
5.5% liver triglyceride content by 1H-MRS and 23 patients who
refused to a liver biopsy in the setting of normal liver transami-
nases. Of note, when patients who refused a liver biopsy were
compared with those who underwent a liver biopsy, no signifi-
cant differences were found between groups (data not shown).
The mean NAFLD activity score was 3.2 � 1.3 and the fibrosis

stage was 0.5 � 0.7 among all patients undergoing a liver biopsy
(simple steatosis and NASH). The prevalence of NASH was
56%. Supplemental Table 1 summarizes the clinical character-
istics of patients with and without NASH.

The role of insulin sensitivity in the development
of NAFLD

Patients with NAFLD were consistently more insulin resistant
than their counterparts without NAFLD, both systemically
(HOMA-IR, 2.2 [1.2–3.5] vs 3.8 [2.3–5.2]; P � .001) and at the
level of adipose tissue (Adipo-IRindex, 5.8 � 3.6 vs 2.5 � 1.9
mmol/L ° �U/mL; P � .0001). In Figure 2 we assessed degree of
adipose tissue insulin resistance during the fasting (Adipo-
IRindex) and postprandial (suppression of FFA during the OGTT)
states, dividing patients according to NAFLD and obesity status.
In the fasting state, we found a stepwise increase in adipose tissue
insulin resistance with the presence of obesity and NAFLD
(Adipo-IRindex; P � .002). A similar finding was observed during
the postprandial state, when we examined the suppression of
plasma FFA concentration after the oral glucose load in the same
groups (P � .01).

Relationship between diabetes control and hepatic
triglyceride content

To assess whether diabetes control is related to the severity of
hepatic steatosis, we examined the relationship between plasma
A1c concentration and liver triglyceride content. We observed an
association between them (r � 0.27; P � .005; Figure 3A), that
was more evident when patients were divided into four groups
according to their plasma A1c level: �6.0, 6.0–6.4, 6.5–8.4, and
�8.5%. In doing so, there was a clear stepwise increase in the

Figure 1. Relationship between BMI and liver triglyceride content
measured by 1H-MRS. A, Correlation between BMI and liver
triglyceride content. B, Prevalence of NAFLD according to different BMI
groups (n � 31, 34, 29, and 9, respectively).
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prevalence of NAFLD from 27, 42, 52, and 73%, respectively
(P � .01; Figure 3B). Of note, the correlation of A1c and liver
triglyceride content was independent of age, sex, and BMI when
a multivariate analysis was performed. Moreover, plasma A1c

was also correlated with fibrosis stage on liver histology (r �
0.37; P � .02). However, plasma A1c levels did not correlate with
hepatic inflammation (r � 0.13; P � .41), ballooning of hepa-
tocytes (r � 0.24; P � .14), or overall liver disease activity, as
standardized by the NAFLD activity score (r � 0.12; P � .53).
Consistent with the plasma A1c concentration findings, the fast-
ing plasma glucose level correlated with the severity of hepatic
fibrosis (r � 0.35; P � .04), but not to steatosis (r � �0.20; P �
.25), inflammation (r � 0.07; P � .22), or hepatocyte ballooning
(r � 0.08; P � .66).

Discussion

Although obesity and T2DM are believed to be associated
with an increased prevalence of NAFLD, no prior studies
have examined this in asymptomatic patients with T2DM
and normal liver aminotransferase levels, a population
that most healthcare providers consider free of liver dis-

ease. However, most physicians are unaware that plasma
aminotransferases, and often even liver ultrasound, the
usual tests to assess liver disease in clinical practice, are not
sensitive for the diagnosis of NAFLD (20). We believed
that it was clinically relevant to establish the prevalence of
NAFLD and NASH in this population, not only because
T2DM is considered a major risk factor for the develop-
ment of steatohepatitis (NASH) and liver fibrosis (21), but
also because NAFLD may potentially worsen the risk of
micro- (22) and macrovascular (23, 24) disease in patients
with diabetes. This study is unique by screening such pa-
tients with the gold-standard technique of 1H-MRS, per-
forming a liver biopsy when possible to assess for NASH,
and establishing the prevalence of both NAFLD and
NASH in a predominantly obese population with diabetes
and normal aminotransferase levels. It also examined the
role of insulin resistance, particularly in adipose tissue, as
an underlying mechanism at play in this setting, and ex-
tending prior observations in this regard (18). The major
findings are that NAFLD and NASH occur much more

Table 2. Clinical Characteristics of Patients with T2DM and Normal Liver Aminotransferases with or without NAFLD

No-NAFLD
(n � 52)

NAFLD
(n � 51) P

Age, y 61 � 7 58 � 8 .02
Sex, male 83% 78% .58
Ethnicity .001

Hispanic 15% 41%
Caucasian 58% 55%
African American 25% 4%
Asian 2% 0%

BMI, kg/m2 31.4 � 4.1 34.7 � 5.03 �.001
Plasma AST, IU/L 20 (17– 24) 23 (16–26) .10
Plasma ALT, IU/L 20 (16–25) 28 (22–33) �.001
Plasma alkaline phosphatase, IU/L 63 � 13 71 � 24 .43
Liver triglyceride contenta 3% (2–4%) 14% (8–16%) �.001
Duration of T2DM, y 7 (2–11) 7 (3–10) .91
A1c 6.6% (6.0–7.7%) 6.9% (6.5–7.9%) .07
Fasting plasma glucose, mg/dL 126 (113–160) 137 (117–160) .31
HOMA-IR 2.2 (1.2–3.5) 3.8 (2.3–5.2) �.001
Treatment
Metformin 83% 80% .65

Sulfonylurea 44% 51% .50
Insulin 23% 28% .55

Systolic BP, mm Hg 133 � 16 137 � 18 .22
Diastolic BP, mm Hg 78 � 8 77 � 9 .49
Antihypertensive medications 85% 86% .93
Plasma cholesterol, mg/dL 150 � 32 164 � 40 .04
Plasma triglycerides, mg/dL 103 (78–134) 142 (96–195) .002
Plasma LDL-C, mg/dL 85 � 25 91 � 34 .28
Plasma HDL-C, mg/dL 42 � 9 40 � 12 .46
Statin use 82% 79% .75

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol.

Continuous variables are expressed as mean � SD or median (interquartile range) according to their distribution.

Categorical variables are expressed as percentage.
a Measured by 1H-MRS.
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frequently than anticipated, and seem closely associated
with dysfunctional adipose tissue. Taken together, these
findings have important clinical implications to the man-
agement of patients with T2DM.

The association between diabetes and NAFLD is com-
plex, but prospective studies have found that the presence
of NAFLD has negative metabolic effects and is associated
with a 3- to 5-fold increased risk of developing T2DM (25,
26). Several studies using liver ultrasound have reported
that obese patients with T2DM may often have hepatic
steatosis (�60–70%) (7–10) but the real prevalence has
remained uncertain given the low overall sensitivity/spec-
ificity of liver ultrasound in obese patients (27).

Studies from hepatology clinics, many of which have
likely included patients with advanced liver disease or cir-
rhosis, have reported the presence of NASH in patients
with normal plasma aminotransferases (14, 28), but none
had focused on patients with T2DM, leaving the real mag-
nitude of the problem in asymptomatic patients with di-

abetes unknown. Beyond these studies in highly selected
populations, our goal was to establish the prevalence in
overall healthy patients with T2DM with normal amino-
transferases. This is a group wrongfully considered to be
unaffected by liver disease, even when many of these pa-
tients have a cluster of risk factors for NAFLD. In the first
study reporting on the prevalence of NAFLD in T2DM
with normal aminotransferases, we were stunned by the
very high prevalence of NAFLD (50%), and greater than
this when obese patients alone were considered. More-
over, the very high prevalence of NAFLD in overweight
subjects with normal plasma aminotransferase concentra-
tion was unexpected (36%). However, these results are
consistent with the only prior study using 1H-MRS in pa-
tients with T2DM (29), in which two thirds had normal
plasma aminotransferases. However, this study had no
metabolic measurements or liver histology.

Of note, in our cohort, the prevalence of NASH was
found to be 56%. This high prevalence, even in unsus-
pected patients, places all patients with T2DM at a high
risk of steatohepatitis, and may help explain epidemio-
logical studies that have reported a 2- to 3-fold increase in
the risk of future end-stage liver disease and hepatocellular
carcinoma in patients with diabetes (30). For instance,
Casey et al (31), reported a high prevalence of fibrosis
(35%) on transient elastography in 74 Australian patients

Figure 2. The role of obesity and NAFLD on adipose tissue insulin
sensitivity. A, Adipo-IRindex (Adipo-IRindex � fasting plasma FFA �
fasting plasma insulin concentration). B, Percentage suppression of
plasma FFA concentration after an OGTT. Patients with NAFLD had
worse adipose tissue insulin resistance when compared with those
without NAFLD (No-NAFLD). Results are expressed as the mean �
SEM. P-value represents P for trend (n � 7, 10, 16, and 49,
respectively).

Figure 3. Relationship between glycemic control on liver triglyceride
content measured by 1H-MRS. A, Correlation between plasma A1c

levels and liver triglyceride content. B, Prevalence of NAFLD among
patients with a broad spectrum of plasma A1c levels (n � 15, 19, 54,
and 15, respectively).
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with T2DM and a suspected diagnosis of NAFLD. When
authors performed a liver biopsy in these patients sus-
pected of having fibrosis, 92% had NASH and 75% ad-
vanced liver fibrosis. In a study from India, Prashanth et al
(32) reported that 62% of patients with T2DM had a fatty
liver when screened by liver ultrasound, of which approx-
imately two thirds had NASH and one third had fibrosis
on liver histology. In a small study from Brazil, Leite et al
(33) also reported a high prevalence of NASH (78%) and
fibrosis (55%) in 98 patients with T2DM who underwent
a diagnostic liver biopsy. If these finding are confirmed in
larger studies, it would call for proposing early screening
for NAFLD/NASH of all patients with T2DM. Although
at the present time clinically available biomarkers, imag-
ing techniques (ie, ultrasound) and diagnostic panels lack
ideal specificity/sensitivity for widespread clinical use, this
is likely to change in the near future.

Insulin resistance and lipotoxicity play a major role in
the development of NAFLD (20, 34). Prior work from our
laboratory (18), established that hepatic steatosis corre-
lates most strongly with dysfunctional/insulin-resistant
adipose tissue and not obesity per se. Consistent with this,
and as shown in Figure 2, we observed a strong trend (P �
.002) in the fasting state for the Adipo-IRindex (fasting
plasma FFA � plasma insulin), with the presence of obe-
sity, as well as NAFLD, being major factors. As such,
obese subjects with NAFLD had an almost 3-fold worse
Adipo-IRindex compared with nonobese subjects without
NAFLD, who were at the other end of the metabolic spec-
trum. A similar trend, indicative of insulin resistance and
an impairment in adipose tissue lipolysis was observed by
the lack of normal plasma FFA suppression during the
75-g oral glucose load, worse in those affected by obesity
or NAFLD (P � .04). Taken together, it is clear that the
presence of NAFLD is closely associated with a state of
“sick,” dysfunctional, and insulin-resistant adipose tissue
and that lipotoxicity plays a major role in the pathogenesis
of NAFLD in patients with T2DM.

We also examined in this cohort of patients the role of
hyperglycemia. It has been established that the prolonged
exposure to elevated plasma glucose levels can cause tox-
icity and activate pathways that can induce apoptosis, and
that diabetes has been associated with worse NASH (15,
20, 35). The relationship between plasma A1c concentra-
tion and liver triglyceride content (Figure 3A), as well as
the higher prevalence of NAFLD associated with hyper-
glycemia (Figure 3B), are novel findings that suggests that
hyperglycemia may play a significant role in the develop-
ment of hepatic steatosis and necroinflammation, al-
though there are likely a number of additional mecha-
nisms (ie, insulin resistance/hyperinsulinemia, chronic
inflammation, oxidative stress, hepatotoxic cytokines)

(15, 20). Hepatic steatosis in patients with T2DM is as-
sociated with more difficult-to-control hyperglycemia,
worse insulin resistance, and the need for higher insulin
doses (36). Clearly, prospective studies are needed to un-
derstand the role of reversing hyperglycemia and gluco-
toxicity on hepatic steatosis, necroinflammation, and fi-
brosis in patients with T2DM and NAFLD.

Our study has some limitations. Although this is the
first study looking specifically at patients with T2DM and
normal liver aminotransferases, we have a relatively small
sample size compared with studies examining only the
presence of NAFLD and normal aminotransferases in the
general population. We also acknowledge that our patient
population was predominantly obese males. Therefore,
results of this study should be confirmed with larger
studies including a greater percentage of nonobese
participants.

In summary, we have shown that the prevalence of NA-
FLD in patients with T2DM and normal aminotransferase
levels is higher than previously believed. Moreover, ap-
proximately half the patients had NASH, the more severe
form of fatty liver disease. If these results are confirmed in
larger studies, it will change the current paradigm that
patients with T2DM and normal liver aminotransferase
levels have a low probability to develop severe liver dis-
ease. Finally, it suggests that patients with T2DM may
need early screening for liver disease and that, as health
care providers, we may have to reconsider current practice
of guiding management for NAFLD/NASH based largely
onplasmaaminotransferase levels inpatientswithT2DM.
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