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Abstract

Objective—Hepatic steatosis occurs in up to 78% of patients with type 2 diabetes. Studies
evaluating the effect of metformin on hepatic steatosis are conflicting. Insulin is believed to be
detrimental due to its lipogenic effect. Since insulin and metformin combination is commonly used
for the treatment diabetes, it is important to assess the effect of this combined therapy on hepatic
steatosis. We evaluated the change in hepatic steatosis following initiation of insulin and metformin
in patients with type 2 diabetes.

Methods—Newly-diagnosed, treatment-naive patients with type 2 diabetes had their hepatic
triglyceride (TG) content measured by magnetic resonance spectroscopy at baseline and after 3
months of treatment with BiAsp 30 insulin in combination with metformin. Insulin was administered
twice daily and titrated to achieve normal capillary blood glucose levels. Metformin was titrated
during the first month from 500 mg daily to 1000 mg twice-daily.

Results—The average hepatic TG content in the 19 subjects enrolled was 11.83%%7.61% (range
0.93% to 23.16%)] and correlated with BMI (r=0.567). Three months of treatment reduced hepatic
steatosis by 45%, with 75% of the study subjects achieving a normal level. The change in hepatic
TG content was partially explained by the change in HbAlc (p=0.006) and change in cholesterol
level (p=0.003).

Conclusions—The combined treatment with insulin and metformin reduced significantly hepatic
steatosis in patients with newly-diagnosed type 2 diabetes.
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Non-alcoholic fatty liver disease (NAFLD) is characterized by fatty infiltration of the liver.
This diagnosis represents a disease spectrum from simple steatosis to steatohepatitis. The
prevalence of NAFLD has risen in the last decade parallel with the obesity and type 2 diabetes
epidemics. (1). Previous studies suggest that one-third of the population has NAFLD (2). The
prevalence of NAFLD in patients with type 2 diabetes is even higher. In the Dallas Heart Study,
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63% of subjects with known diabetes or an elevated fasting plasma glucose level had
abnormally elevated hepatic triglyceride (TG) content, similar with previous estimates (2,3).

NAFLD carries a significant risk of morbidity and even mortality. Approximately 50% of
patients with steatohepatitis develop fibrosis, 15% develop cirrhosis, and 3% develop liver
failure (4). If the prevalence of type 2 diabetes will grow as predicted in the next 50 years,
NAFLD will likely become a prominent public health issue and an important cause of cirrhosis
and liver failure. Since there is no established treatment for NAFLD, there is an urgent need
for one.

Metformin, which is thought to improve insulin sensitivity and decrease hepatic TNF-alpha
(5), has been proposed as an effective agent for treatment of NAFLD, but data supporting its
efficacy, especially in patients with type 2 diabetes, are controversial. Several uncontrolled
studies using volunteers without diabetes showed improvement in ALT values, liver histology,
or qualitative measurements of hepatic fatty infiltration (5-8). The two randomized studies
supporting the effectiveness of metformin in the treatment of NAFLD excluded patients with
diabetes (9,10). In the only randomized trial that studied patients with type 2 diabetes,
metformin was found to have a neutral effect on liver fat infiltration (11).

The effect of insulin on human liver steatosis has not been studied. Insulin is considered
lipogenic and is thought to increase liver fat content. Anderwald et al. reported that 3 days of
insulin infusion mediated near-normal glycemia stimulated lipid accumulation in the liver
(12). However, this effect has not been clinically observed in patients with type 1 or type 2
diabetes who are initiated on insulin therapy.

Insulin and metformin are commonly used to treat patients with type 2 diabetes. Given the high
prevalence of NAFLD in this population and the possibility of negative effects of these agents
on hepatic fat accumulation, a study of the safety of these agents is important. This pilot study
evaluates the effect of insulin and metformin on the degree of hepatic steatosis in patients with
newly diagnosed type 2 diabetes.

Research Design and Methods

Study overview

This is a prospective, single-group study evaluating the effects of a 3-month treatment with
insulin and metformin on hepatic steatosis in patients with type 2 diabetes.

Study participants

Treatment

Patients with type 2 diabetes diagnosed within the previous 2 months were recruited from the
Parkland Memorial Hospital Inpatient and Outpatient Services. Inclusion criteria were as
follows: diabetes treatment naive, weight under160 kg (the limit of the magnet size), absence
of any metallic implants or claustrophobia. Exclusion criteria included age <21 years,
HbA1c<7%, creatinine level over 1.5 mg/dl, women seeking pregnancy or not willing to
practice contraception, history of chronic liver disease, lactic acidosis, recent illicit drug use
or alcoholism. The study protocol was approved by the Institutional Review Board of the
University of Texas Southwestern Medical Center and all participants provided written
informed consent prior to the study.

All patients received a combination of BiAsp 30 insulin and metformin. Insulin was initiated
at 0.2 units/kg/day divided in 2 daily injections. It was titrated based on the capillary blood
glucose levels obtained by patients 2-4 times daily, targeting a fasting blood glucose level of
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<110 mg/dIl. Metfomin was started at 500 mg/day, and titrated at weekly intervals by 500 mg
to the final dose of 1000 mg twice daily. This titration schedule was chosen to minimize
gastrointestinal side effects and maximize compliance and tolerability. Study participants were
seen in the clinic monthly. Phone contacts were only patient-initiated if questions occurred.
Since statins or other lipid lowering agents might also have an effect on hepatic steatosis
(13), such therapy was not initiated during the 3-month study, but it was continued at same
dose if already taking it.

Measurements

Clinical evaluations were performed at baseline and monthly thereafter. At baseline we
completed a history (including weight and alcohol use history) and physical examination. At
the follow-up visits we assessed weight, history of side effects, compliance, the use of
additional medications, and performed insulin dose adjustments as needed.

Biochemical evaluations, performed at baseline and the end of the study, included blood
glucose level, HbAlc, liver function tests, and lipid profile. All blood samples were obtained
in a fasting state (10-14 hrs), in the morning, processed immediately, stored appropriately and
analyzed within 24 hrs. HbAlc was measured using high performance liquid chromatography
at the Diabetes Laboratory at the University of Texas Southwestern Medical Center at Dallas,
that is certified by the National Glycohemoglobin Standardization Program. The HbA1lc inter-
assay coefficient of variability is <2% and intra-assay variability <0.3%. All other laboratory
measurements were performed by standard assays at a local clinical commercial laboratory
(Quest Diagnostics - Irving, TX).

Hepatic TG content was measured by localized MRS at baseline and the end of the study. MRS
was chosen as it is non-invasive and provides an accurate and reliable quantification of the
hepatic TG content. Liver biopsy is considered the gold standard for diagnosis and
quantification of hepatic steatosis, but it is invasive and carries a significant risk of morbidity
and mortality. Hepatic MRS results highly correlate with the biochemical results obtained from
biopsy specimens in animal studies (14) and human studies (15). The coefficient of variation
of the MRS method is 8.5% (16), which is superior to the reproducibility of the liver biopsy
to determine hepatic fat content (17-19).

Hepatic TG content was measured as described earlier (16). In short, measurements were
conducted with subjects in prone position using a 1.5 Tesla Gyroscan INTERA MR clinical
system (Philips Medical Systems, The Netherlands). The volume of interest (27 cm3) was
selected on sagittal, coronal and axial images through the upper, right liver lobe avoiding major
blood vessels, intra-hepatic bile ducts and the lateral margin of the liver. The voxel size and
position were optimized to prevent a contamination of signal from liver by signal from
abdominal adipose fat. In localized spectroscopy, only signals from the selected element of
volume are collected. Signals from tissues out of volume are not collected. We used a relatively
large voxel size to collect good quality data in a short time to minimize the time the patient
spent in the magnet. Spectra were collected using a Q-body coil and a PRESS sequence for
spatial localization. Data were acquired with the following parameters: interpulse delay T, =
3's, spin echo T, = 25 ms, number of acquisitions per spectrum16, and 1024 data points over
a 1000 Hz spectral width. Areas of resonances from protons of water and methylene groups in
fatty acid chains of the hepatic TG were calculated with line-fit procedure and commercial
software (NUTS — ACORNNMR, Freemont, CA). Signal decay due to spin-spin relaxation
was calculated using mean T, relaxation times for water and fat of 50 ms and 60 ms,
respectively. (14). The unit of measurement is a ratio of signal from fat (f) to total signal from
fat (f) and water (w) [f/(f+w)] and is expressed as %. The upper limit of normal is considered
to be 5.56% (16).
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Statistical analysis

Results

The change in the outcome variables before and after the intervention was analyzed using a
paired t-test. Non-normally distributed data were log transformed before analysis. The analysis
was also confirmed with a non-parametric method (Sign test for paired data). The hepatic TG
content was analyzed as a dependent variable in a linear regression model to evaluate predictors
of its change. All data are shown as mean +/— standard deviation (SD). P<0.05 was considered
significant. Since this was an exploratory single-group pilot study a power calculation was not
performed a priori. Analyses were conducted using SPSS for Windows versions 14.0 (SPSS,
Inc., Chicago, IL) and SAS version 9.1 (SAS Institute, Inc., Cary, NC).

Baseline hepatic TG content was measured in 19 participants with newly diagnosed type 2
diabetes. Three volunteers no longer met inclusion criteria after enrollment and did not
complete the study, 4 volunteers completed the treatment but due to scheduling conflicts the
second MRS study was not performed. These volunteers' baseline characteristics did not differ
significantly from those who completed the study. Twelve patients completed the treatment
and had all evaluation repeated at the end of the study. The characteristics of these participants
are shown in Table 1. All participants reported alcohol intake <6 drinks/week in the prior 6
months. The average BMI was in the obese range (34.9+4.7 kg/m?) and everyone had a BMI
>25 kg/m?. The average weight loss in the 6 months prior to diagnosis of diabetes and
enrollment in the study was 8.7 kg. A weight gain of 2.1 kg occurred during the study. This
gain was expected and in most part represented a regain of the weight lost prior to the diagnosis
of diabetes and initiation of treatment.

During the course of the study HbAlc improved by 5.1%, achieving recommended targets in
all patients (range 5.2-6.6%). The average dose of insulin required was 0.51 units/kg/day (55.42
+20.02 units/day).

Cholesterol and triglyceride levels improved from baseline, but the change was not statistically
significant (p=0.281 and 0.210, respectively).

The most common treatment related side effects were gastrointestinal in nature, related to the
initiation of metformin treatment. Symptoms were self-limited in all volunteers and titration
to the target dose was achieved without exception. Minor hypoglycemic episodes were rare
and mostly occurred in the first month after the initiation of insulin treatment. There were no
severe hypoglycemic episodes. Compliance with the treatment was excellent (over 95% for
both insulin and metformin).

Hepatic TG content

At baseline 79% of patients had hepatic steatosis (i.e. hepatic TG content >5.56%), with the
average content of 11.83+7.6% (range 0.93 to 23.16). Hepatic TG content was reduced by 45%
(p<0.001 compared with no change) after treatment, and it normalized in 75% of volunteers
(Figure 1). Liver transaminases (AST and ALT) improved significantly, as well (Table 1).

The baseline hepatic TG correlated with BMI (r=0.567, p=0.011), but did not correlate with
age, ALT, HbAlc, cholesterol or triglyceride levels (Figure 2).

The change in hepatic TG content (percent change from baseline) was analyzed as a dependent
variable in a linear regression model with the changes in HbAlc and cholesterol level as

covariates. This model had R2=0.717, and the change in HbA1c (beta= —0.13+/-0.04, p=0.006)
and cholesterol level (beta= 0.007+/-0.002, p=0.003) were significant predictors of the change
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in hepatic TG content. The change in weight or ALT level did not correlate with the change in
hepatic TG content.

Discussion

We found that individuals with newly diagnosed type 2 diabetes and poor glycemic control
have an elevated hepatic TG content (a measure of hepatic steatosis). After 3 months of
treatment with insulin and metformin a 45% reduction in hepatic TG content was observed.
These findings were partially explained by the change in HbAlc and serum cholesterol level.
The decrease in hepatic TG content was associated with an improvement in hepatic function,
as liver transaminase levels (AST and ALT) normalized in all patients.

Few studies have evaluated treatment effects on hepatic steatosis in patients with type 2
diabetes. The degree of improvement in this study (45%) is comparable with results seen with
the most effective treatments for hepatic steatosis. Agents from the thiazolidinedione class
(troglitazone, rosiglitazone, pioglitazone) are thought to be the most effective intervention for
this condition. These agents have produced improvements in the hepatic TG level ranging from
39% (20) to 51% (11) after 3 months of therapy, and 54% (21) after 6 months of therapy. Since
insulin and metformin is a common combination treatment for patients with uncontrolled type
2 diabetes, we wanted to evaluate its effect on hepatic steatosis. Metformin activates pyruvate
kinase and fatty acid beta oxidation and inhibits the expression of enzymes important in
lipogenesis, at least in animal models (22). When studied in vivo, metformin's effect on hepatic
steatosis has not been consistently beneficial, while insulin, although not specifically studied
in humans, is thought to have a deleterious effect. In fact, when metformin was evaluated in
patients with type 2 diabetes in a randomized double-masked study against rosiglitazone, it
was found to produce no change in hepatic TG content (11). Our findings are unexpected in
this context, but suggest that initiation of insulin therapy in combination with metformin is not
deleterious to the liver and even improves steatosis by a comparable degree as the
thiazolidinediones (11).

Because of the hypothesis that hyperinsulinemia is an etiological factor for fat accumulation
in the liver and plasma insulin levels are elevated after subcutaneous insulin administration,
our data seem contradictory. There are possible biological explanations for these observations.
First, by providing the insulin required for maintenance of normoglycemia through a
subcutaneous route, the first pass through the liver of a large amount of endogenously produced
insulin is avoided. Thus more insulin is available at peripheral action sites, and less insulin
passes through the liver to stimulate hepatic lipogenesis. Second, our volunteers had newly
diagnosed type 2 diabetes with poor metabolic control (reflected by an average baseline HbAlc
of 11.2%), and presented with uncontrolled hyperglycemia which is due to insulin deficiency.
In the context of insulin deficiency, the lipogenic pathways in the peripheral tissues is
decreased, lipolysis is increased, resulting in high levels of circulating free fatty acids. Hepatic
lipogenesis is increased in the presence of high circulating free fatty acids which may explain
the elevated intra-hepatic TG levels present at baseline in our patients. Following initiation of
treatment, hyperglycemia was reversed, metabolic control improved, and insulin deficiency
was no longer present. Thus the peripheral lipogenic pathways were activated in the presence
of insulin and the fat transiently deposited in ectopic sites (i.e. liver) was now redirected to its
natural storage place, the peripheral adipose tissue. This hypothesis is consistent with the
correlation we found between the improvement in glycemic control (change in HbAlc) and
change in hepatic TG content.

We recognize several limitations to our study. First this is a single group study, designed as a
pilot study to evaluate if an insulin-based treatment is detrimental on hepatic steatosis, so we
cannot draw firm conclusions on the effectiveness of therapy in the absence of a control arm.
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Thus we are unable to discern if the beneficial effects seen were due to the effect of insulin,
that of metformin, the improvement in metabolic control overall regardless of the intervention,
or even chance alone. Changes of such magnitude due to chance alone are unlikely as the
variability of the method is low (less than 10%) (16) and previous studies also report similar
magnitude changes with other interventions which are considered effective (11,20,21,23). In
our study, the improvement in metabolic control was large, with an average decrease in HbAlc
of 5.14%. Such results are not attainable in practice with any therapeutic combination except
one that is insulin based. In patients with diabetes and poor metabolic control it would be
inappropriate to withhold insulin treatment and monotherapy is no longer a desirable choice
for these complex patients. Even though the mechanistic question is not answered by this study,
from a practical standpoint we showed that treatment of patients with newly diagnosed type 2
diabetes with an insulin-based regimen has a beneficial effect on hepatic steatosis. It remains
an open question if these results persist with continuous long term therapy. Further studies
addressing these questions are needed.

Second, the MRS-based hepatic TG content measurement technique does not provide any
information on the presence of coexistent hepatic structural damage (e.g. steatohepatitis,
fibrosis), so we do not know if the observed improvement in hepatic steatosis is associated
with histological improvement. Yet hepatic biopsies are not clinically recommended in our
study population, and the method used has the advantage of being noninvasive, well tolerated
by patients, as well valid and reproducible (14,24).

Despite these limitations, this is the first study that reports on the effect of an insulin-based
treatment regimen on the hepatic TG content in patients with type 2 diabetes.

In conclusion, combined therapy with insulin and metformin in patients with newly diagnosed
type 2 diabetes and poor metabolic control had a beneficial effect on the hepatic TG content
within 3 months of therapy. These results suggest that treatment with insulin does not worsen
hepatic steatosis in patients with type 2 diabetes.
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Figure 1.

Individual hepatic triglyceride levels at baseline and after 3 months of treatment. Black lines
= data on volunteers who completed the study (n=12), Black circles = data on volunteers who
only had a baseline evaluation (n=7).
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Scatter plot showing the correlation between baseline hepatic TG content and BMI (n=19).
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Clinical and biochemical characteristics of volunteers at baseline and after 3 months of treatment. (n=12) Results

are mean+/—SD.

Parameter Baseline 3-month P value
Age (years) 43.67+7.8
Gender:

Male N(%0) 10 (83)

Female N(%) 2(17)
Race:

White N(%0) 3(25)

Hispanic N(%) 6 (50)

African American N(%b6) 3(25)
Weight (kg) 106.21+16.0 108.28+15.8 0.313
HbA1C (%) 11.21+2.1 6.07+0.4 <0.0001
Total Cholesterol (mg/dl) 177.3+53.2 162.8+40.8 0.281
Triglyceride (mg/dl) 165.3+77.5 134.1458.8 0.210
AST (1U/) 31.2+18.7 17.4+4.6 0.031
ALT (1U/l) 44.7+32.3 20.2+6.8 0.015
Dose of insulin (U/day) 55.4+20.02
Hepatic TG content (%) 11.12+7.7 6.1+6.6 <0.0001
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