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Michele Nakamura Moore

A RETROSPECTIVE DESCRIPTIVE STUDY OF PAIN SCORES IN
PRE-DIABETIC PATIENTS ON METFORMIN

Obijectives: The purpose was to evaluate pain scores (SF-36 BPS) among pre-
diabetic patients on metformin or placebo to determine if patients on metformin therapy
report less pain (higher SF-36 BPS) than patients on placebo.

Study design: A descriptive retrospective review of pain scores was conducted
using secondary data analyses of the Diabetes Prevention Program (DPP) and Diabetes
Prevention Program Outcomes Study (DPPOS) conducted from 1996 to 2008. Patients
were randomly assigned to placebo, low (850 mg/day) or high dose (1700 mg/day)
metformin groups. Pain scores using the SF-36 BPS standard version were taken before
randomization and annually (year one through four).

Results: Out of 3,819 patients that participated in the original study, 1,056
patients met the current study criteria. The metformin group included 506 patients and
the placebo group included 550 patients. With an alpha level of 0.05 for all analyses,
baseline pain scores between the metformin group and placebo group showed no
significant difference. Year two showed significance between placebo and metformin
pain scores (75.2 vs 78.6). All other years were not significant. Comparing low and
high dose metformin and placebo groups, years one, two and three displayed significant
differences in pain scores. In years one and two, the high dose metformin group reported
less pain than the placebo group (80.7 vs 77.7; 80.1 vs 75.2) and the low dose metformin
group (80.7 vs 71.8; 80.1 vs 68.6). In year three, the high dose metformin group had less
pain than the low dose metformin group (78.4 vs 70.5).

Conclusion: A high metformin dose is associated with lower reported pain in pre-



diabetic patients. This study plays an important part in further advancing the exploration

of metformin’s potential for relieving chronic pain.

Christina Mushi-Brunt, PhD, MPH, Chair
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CHAPTER 1: THE PROBLEM

1.1  Introduction

Diabetes affects over 29.1 million of the United States population according to the
National Diabetes Statistics Report (Centers for Disease Control and Prevention [CDC],
2014). There are two main types of diabetes, type 1 and type 2. Type 1, also called
insulin-dependent diabetes mellitus, is a result of insufficient insulin being secreted and
only accounts for 5% of all diabetes cases. The more common type of diabetes is type 2
in which insulin is produced, but cells do not respond to the insulin. By 2050, diabetes is
projected to affect 33% of the population (Boyle, Thompson, Gregg, Barker, &
Williamson, 2010). The estimated cost of diabetes worldwide in 2014 reached $612
billion with estimated costs of $10,900 per person in the United States according to the
International Diabetes Federation (IDF Diabetes Atlas 6 Edition Revision, 2014).

Pre-diabetes, a precursor to type 2 diabetes, has been estimated to affect 86
million Americans as of 2012 according to the National Diabetes Statistics Report (CDC,
2014). Pre-diabetes is defined by impaired glucose tolerance (IGT) and/or impaired
fasting glucose (IFG) according to the Standards of Medical Care in Diabetes (American
Diabetes Association [ADA], 2014). A diagnosis of pre-diabetes is made when IGT or
IFG is elevated but not enough to be diagnosed as diabetes (Table 1.1).

Both type 2 diabetes and pre-diabetes have been linked to obesity, family history
and inactivity among other factors. Diabetic patients also have a higher risk of high blood
pressure, high cholesterol, heart disease, stroke, blindness, kidney disease, amputation
and early death (Harris, 1995). Among the complications associated with diabetes and

pre-diabetes is chronic pain (Papanas, Vinik, & Ziegler, 2011). Most often it is diagnosed



as painful diabetic neuropathy but can be nociceptive in nature (Lieberman, Peled, &
Shvartzman, 2014). The underlying mechanisms behind both nociceptive and
neuropathic pain are very similar (Chakravarty & Sen, 2010). There are many studies
regarding neuropathic pain in diabetic patients however, the data regarding nociceptive
pain and diabetes is scarce. Therefore, since the underlying mechanisms are similar,

diabetic neuropathy will be the primary pain condition discussed regarding chronic pain

in this population.

Table 1.1 Range of Blood Glucose Levels For Diagnosis of Pre-diabetes or Diabetes

Diagnoses Impaired Glucose Tolerance Impaired Fasting
Glucose

Pre-diabetes 140 mg/dl to 199 mg/dI 100 mg/dl to 125 mg/dI

Type 2 Diabetes 200 mg/dl and over 126 mg/dl and over




1.2 Diabetic Neuropathy

Painful diabetic neuropathy is initiated by constant high blood glucose levels.
This impairs the blood supply to the nerves as well as causes damage to the myelin sheath
of axons. The focus of my work is on peripheral neuropathy that is closely associated
with pain in the extremities. Diabetic autonomic neuropathy affecting vascular tone and
regulation of heart rate will not be examined in this work.

Painful diabetic neuropathy is thought to be a result of abnormal pain processing
caused by the damage to the neurons (mainly peripheral but also can be central)
(Dworkin et al., 2003). This neuronal damage results in abnormal pain processing which
is referred to as central sensitization. This abnormal pain processing results in

unprompted pain, pain from non-painful stimuli and heightened pain.

1.3  Epidemiology and Consequences of Diabetic Neuropathy

In 2007, approximately 18,800 patients with diabetes were hospitalized as a result
of diabetic neuropathy according to the Age-Adjusted Hospital Discharge Rates for
Peripheral Arterial Disease (PAD), Ulcer/Inflammation/Infection (ULCER), or
Neuropathy as First-Listed Diagnosis per 1,000 Diabetic Population, United States,
1988-2007 (Center for Disease Control and Prevention [CDC], 2012). Based on various
self-report studies, the estimated percentage of patients diagnosed with pre-diabetes that
have neuropathic pain (13 — 21%) is similar to the percentage of diabetic patients
diagnosed with painful peripheral neuropathy (8 — 26%) (Papanas et al., 2011). Various
studies in the United States and other countries have shown that this patient population

exhibits high pain levels, poor quality of life and inadequate pain management
(Bouhassira, Letanoux, & Hartemann, 2013 ; DiBonaventura, Cappelleri, & Joshi,
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2011; Jacovides et al., 2014; Sadosky et al., 2013; Taylor-Stokes, Pike, Sadosky,

Chandran, & Toelle, 2011).

1.4  Treating Diabetic Neuropathy

To address the pain associated with diabetic neuropathy, the Food and Drug
Administration (FDA) has approved three medications. These medications are
pregabalin (Lyrica), duloxetine (Cymbalta) and tapentadol HCI (Nucynta ER). These
medications have shown mixed results and may have questionable efficacy and
tolerability (Dworkin et al., 2010). All of these medications have one mechanistic
commonality in that they all target the neuronal synapse.

One novel pain pathway that has not thoroughly been explored in painful diabetic
neuropathy is the mTOR (mammalian target of rapamycin) pathway shown in Figure 1.1.
This pathway does not involve the neuronal synapse but instead is an intracellular pain
pathway found in eukaryotes. mTOR is an intracellular kinase that is made up of two
individual compounds, mMTORC1 (mTOR complex 1) and mTORC2 (mTOR complex 2).
MTOR has been shown to regulate cell growth and cell division, however, mTOR has
also been implicated in the processing of pain. Several studies have found that the
inhibition of mMTOR results in decreased pain (Geranton, et al., 2009; Jiminez-Diaz et al.,
2008). Cui et al. (2014) found that neuropathic pain was decreased in rats when mTOR
was inhibited.

There are many inhibitors of mTOR and one such inhibitor is AMPK (5’

adenosine monophosphate-activated protein kinase) (Zoncu, Eleyan, & Sabatini, 2011).

First discovered in 1973, AMPK was first found to play a role in the inhibition of fatty

acid and cholesterol synthesis (Carlson & Kim, 1973). In addition, AMPK has been
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shown to play roles in exercise, appetite, aging, obesity, cardiovascular disease, cancer
and neurological conditions (Steinberg & Kemp, 2009). Melemedjian et al. (2011)
introduced the concept of AMPK playing a role in the pain pathway. This was further
investigated by Tillu et al. (2012) who showed that activation of AMPK resulted in
blockage of pain sensitization in mice. In a review by Price and Dussor (2013), the
concept of AMPK playing a possible role in the intervention of chronic pain was
discussed.

AMPK is activated when cellular energy levels are low and promotes catabolic
cellular reactions, while inhibiting anabolic cellular reactions (Steinberg & Kemp, 2009).
AMPK is activated via upstream kinases, LKB1 (liver kinase B1), CaMKK (calmodulin-
dependent kinase kinase) and Tak1 kinase (transforming growth factor 3-activated
kinase-1) (Steinberg & Kemp, 2009). AMPK is also pharmacologically activated by
AICAR (5-aminoimidazole-4-carboxamide-1-B-D-ribofuranoside) and novel compounds
AT769662 and OSU-53 in laboratory settings; by resveratrol, an antioxidant found in red
wine; and by metformin, an FDA drug approved for the treatment of type 2 diabetes
mellitus (Corton, Gillespie, Hawley, & Hardie, 1995; Ouyang, Parakhia, & Ochs , 2010).

There are two main mechanisms by which AMPK inhibits mTOR (Figure 1.1).
First, when AMPK is activated, it phosphorylates TSC2 (tuberous sclerosis protein 2 or
hamartin), which inhibits Rheb, a GTP binding protein (Inoki, Kim, & Guan, 2012).
When Rheb is inhibited, mTOR is not activated (Inoki et al., 2012). Secondly, AMPK
also phosphorylates Raptor, a scaffolding protein that is a part of the mTORCL1 portion of
mTOR. When Raptor is phosphorylated, it inhibits mMTORC1 (Inoki et al., 2012).

Several factors can cause mTOR activation resulting in neuropathic pain (Figure

1.1). First, increased glutamate release is seen in neuropathic pain (Kawamata & Omote,
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1996). Glutamate is an excitatory neurotransmitter that activates the mTOR pathway via
the m-Glu (metabotropic glutamate) receptor and the NMDA (N-methyl-D-aspartate)
receptor (Hoeffer & Klann, 2010; Hou & Klann, 2004). Another mTOR activator is
brain derived neurotrophic factor (BDNF) which is present in dorsal root ganglion
neurons. Cao, Byun, Chen, Cai, and Pan (2010) found increased BDNF activity in
diabetic neuropathic-induced rats. BDNF binds to TrkB (tropomyosin-related kinase B)
receptors which activates the mTOR pathway (Nakamura et al., 2006). Lastly, the
mTOR pathway can be activated by substance P, a neuropeptide. Substance P activates
the mTOR pathway via the NK1 (neurokinin-1) receptor (Mayordomo et al., 2012).
Dauch, Yanik, Hsieh, Oh, and Cheng (2012) found increased substance P levels in

diabetic neuropathic mice.



Figure 1.1 AMPK inhibition of mTOR signaling pathways. Adapted from Hay and
Sonenberg, 2004.
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Figure 1.1 Legend:

AMPK 5’ adenosine monophosphate-activated protein kinase
BDNF Brain derived neurotrophic factor

m-Glu Metabotropic glutamate receptor

mTOR Mammalian target of rapamycin

NK-1R Neurokinin 1 receptor

NMDA-R N-methyl-D-aspartate receptor

Trk-B Tropomyosin-receptor kinase B

TSC1 Tuberous sclerosis 1

TSC2 Tuberous sclerosis 2




1.5  Statement of the Problem

Painful diabetic neuropathy affects anywhere from 8% to 26% of the diabetic
population. Pre-diabetic patients also suffer from chronic pain that is often eventually
diagnosed as diabetic neuropathic pain. Two of the three FDA approved medications to
treat painful diabetic neuropathy have shown questionable efficacy and tolerability. The
third medication, tapentadol, was just recently approved by the U.S. Food and Drug
Administration (FDA) on August 28, 2012 to treat diabetic neuropathy. These
medications are pregabalin (Lyrica), duloxetine (Cymbalta) and tapentadol HCI (Nucynta
ER). Mechanistically, all three medications affect the neuronal synapse.

Pregabalin reduces the release of excitatory neurotransmitters, glutamate and
substance P by inhibiting voltage-dependent calcium channels (Field et al., 2006).
Duloxetine is a serotonin and norepinephrine reuptake inhibitor (SNRI), which is thought
to be the major mechanism of action (Koch et al., 2003). Serotonin and norepinephrine
are inhibitory neurotransmitters. Tapentadol HCI was approved by the FDA in 2012 for
the treatment of painful diabetic neuropathy. Tapentadol HCI is a p-opioid receptor
agonist and norepinephrine reuptake inhibitor (Tzchenstke et al., 2007). This medication
allows for the activation of the p-opioid receptor which provides analgesic affects along
with preventing reuptake of norepinephrine, an inhibitory neurotransmitter.

The questionable efficacy and tolerability of pregabalin and duloxetine and the
newness of Tapentadol HCI for the treatment of painful diabetic neuropathy and all three
medication’s similarity in neuronal synapse mechanism, support the potential advantage
of exploring an alternate intracellular pain alleviating medication. One such alternate is
metformin. As mentioned before, metformin activates AMPK. Activation of AMPK

inhibits mTOR which has been implicated in neuropathic pain.



This current investigation of metformin use in pain relief is novel in a human
diabetic population, particularly a pre-diabetic population. Mao-Ying et al. (2014), has
studied the possible effect of metformin and pain relief in a chemotherapy-induced
peripheral neuropathic pain mouse model. This study showed that metformin has a
neuroprotective effect which did protect against onset of pain. There is currently only
one human study that has explored the possible use of metformin in chronic pain relief
(Taylor et al.,2013) . The condition studied was lumbar radiculopathy and metformin use
was correlated with lower pain scores in this pain population.

Even though the patients used in this study may have not been diagnosed with
diabetic neuropathy, it is one of the more common chronic pain conditions associated
with pre-diabetes and diabetes. Therefore, diabetic neuropathy is the primary chronic
pain condition mentioned in this study. As will be discussed in Chapter 2, many chronic
pain conditions have a similar mechanism involving the mTOR pathway. Other chronic
pain conditions such as lumbar radiculopathy, fiboromyalgia and chemotherapy-induced
neuropathy all activate the mTOR pathway resulting in chronic pain. The discussion of
diabetic neuropathy is meant to give a background to the more common chronic pain
condition associated with this pre-diabetic population. The overall objective of this study
IS not to assess metformin use on diabetic neuropathy but rather to gauge metformin’s
correlation with pain scores in a chronic pain population.

The problem investigated in this study was whether pain scores are lower in pre-

diabetic patients on metformin than those on placebo. Also, the year by year pain scores

were compared between the metformin and placebo groups. In addition, we determined
if there was a dose-response relationship between the dosage of metformin and pain

severity rating. This was done by a retrospective analysis of data collected in the
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Diabetes Prevention Program (DPP) and Diabetes Prevention Program Outcomes Study
(DPPOS) by the National Institute of Diabetes and Digestive and Kidney Diseases
(NIDDK) of the National Institutes of Health (NIH). These studies collected data from
3,234 participants from over 27 clinical centers around the United States from 1996 to

2008.
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1.6 Hypothesis

It was proposed that metformin therapy decreases pain based on previous studies
that have shown that metformin inhibits mTOR via activation of AMPK (Inoki et al.,
2012; Ouyang, Parakhia, & Ochs, 2013). mTOR activation has been implicated in pain
(Geranton et al., 2009; Jimenez-Diaz et al., 2008). The overall hypothesis was that pre-
diabetic patients on metformin have lower pain scores (higher SF-36 BPS) than pre-
diabetic patients on placebo. This retrospective descriptive data analysis of the
association of metformin treatment and pain scores provides a rational basis for future

prospective studies assessing metformin therapy for chronic pain disorders.
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1.7 Purpose and Significance of the Study

The overall purpose of the study was to evaluate the association of metformin
therapy and pain scores in a pre-diabetic population. This was evaluated by comparing
the SF-36 bodily pain scores of a pre-diabetic population on metformin versus a pre-
diabetic population on placebo and also comparing the SF-36 bodily pain scores of a pre-
diabetic population each year in both metformin and placebo groups.

Current FDA approved medications for neuropathic pain associated with diabetes
have shown questionable efficacy and tolerability (Dworkin et al., 2010). All of these
medications also have similar mechanisms in that all target areas of the neuronal synapse
(Field et al., 2006; Koch et al., 2003; Tzchenstke et al., 2007). These factors support the
need and importance of exploring other possible pain relieving medications for painful
diabetic neuropathy. Metformin has been shown to decrease chronic pain in animal
models and other chronic pain conditions. The mechanism used by metformin is an
intracellular mechanism. Because of this different mechanism and much great
tolerability, metformin is a medication that should be explored for its possible pain
relieving properties.

This study is significant in that, to date, no other study has explored the possible
correlation between metformin use and pain scores in a pre-diabetic population.
Although metformin therapy has been used for many years in the diabetic population to
help control blood glucose levels, no study has investigated the possible correlation
between metformin use and pain scores. This study serves as a descriptive study based

on existing data to examine this potential correlation.
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1.8  Scope of the Study / Limitations of the Study

This study is purely retrospective and will only determine whether a correlation
exists between metformin therapy and pain scores in a pre-diabetic population. A
correlation shown between metformin use and decreased pain scores does not indicate
causation. Further, although cellular and molecular signaling is a basis for the action of

metformin, no direct measures of cellular signaling was done in this study.

1.9 Methodology

This was a descriptive, retrospective data analysis comparing pain scores of a pre-
diabetic population on metformin or on placebo and also comparing pain scores of a pre-
diabetic population before metformin therapy and at the end of metformin therapy using
data from the Diabetes Prevention Program and Diabetes Prevention Program Outcomes
Study. The SF-36 Health Survey bodily pain score (SF-36 BPS) was used (Figure 1.2
and Figure 1.3). Bodily pain is measured from a score of 1 (none), 2 (very mild), 3
(mild), 4 (moderate), 5 (severe) to 6 (very severe) and pain interference with work from a
score of 1 (not at all), 2 (a little bit), 3 (moderately), 4 (quite a bit) to 5 (extremely)
(Appendix A). The raw scale scores are then entered into an algorithm which results in a
scale between 0 — 100. A score greater than or equal to 50 indicates normal or low bodily
pain and a score less than 50 indicates higher bodily pain with increases in bodily pain as
the score goes down (Hawker, Milan, Kendzerska, & French, 2011). The SF-36 Health
Survey for bodily pain has been validated as an instrument for measuring pain in a
diabetic population (Jacobsen, De Groot, & Samson, 1993). The minimally important

difference in the SP-36 BPS is three points (Ware et al., 2007).

13



Figure 1.2 SF-36 Measurement Model (Ware, 2000)
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Figure 1.3 SF-36 Scales Measure Physical and Mental Components of Health
(Ware, Kosinski, & Keller, 1994)
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1.10 Summary

Painful diabetic neuropathy affects people diagnosed with type 1 or 2 diabetes and
pre-diabeties (Papanas et al., 2011; Ziegler, 2008). Current FDA approved medications
for painful diabetic neuropathy have had questionable efficacy and tolerability (Dworkin
et al., 2010). All of the approved medications have mechanisms which affect some
aspect of the neuronal synapse. Also, the latest approved medication, tapentadol HCI has
only recently been approved for the treatment of painful diabetic neuropathy and,
therefore, only a few studies have evaluated its efficacy. For that reason, metformin
therapy, with its intracellular pain inhibitory mechanism, high tolerability and low risk
factor, should be explored for its possible correlation to pain scores in this patient

population.
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CHAPTER 2: REVIEW OF THE LITERATURE

2.1  Overview

Current pharmacological treatment of painful diabetic neuropathy include
tricyclic antidepressants, serotonin and norepinephrine reuptake inhibitors, calcium
channel blockers, topical lidocaine and narcotic pain medications such as tramadol and
tapentadol HCI (Dworkin et al., 2010). Many of these treatments are used “off label” in
that they are not officially approved for painful diabetic neuropathy. In addition, some of
the pharmacological treatments used for painful diabetic neuropathy, are used for
treatment of other conditions (such as depression, sleep disturbances and fatigue) that co-
exist with diabetic neuropathy.

The three FDA approved medications for the treatment of painful diabetic
neuropathy are pregabalin, duloxetine and tapentadol HCI. Many of the studies testing
these medications have shown improvement in pain levels however, concerns have risen
regarding their questionable efficacy and tolerability (Dworkin et al., 2010). In addition,
tapentadol HCI has only recently (2012) gained approval for treatment of diabetic
neuropathy so the number of studies regarding its efficacy for diabetic neuropathic pain is
limited. Tables 2.1, 2.2, 2.3 and 2.4 show the summaries of the studies from the last ten
years of pregabalin, duloxetine and tapentadol HCI, along with studies of comparative
and combination therapies involving duloxetine and pregabalin.

The three approved medications for the treatment of painful diabetic neuropathy
have mechanistic commonalities in that they all affect some aspect of the neuronal
synapse. Table 2.5 summarizes each approved medication. Duloxetine is classified as a
serotonin (5-HT) and norepinephrine (NE) reuptake inhibitor (SNRIs). Duloxetine
decreases the reuptake of serotonin and norepinephrine from the synaptic cleft back into
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the presynaptic neuron. Although the mechanism by which duloxetine works is unclear,
besides reuptake inhibition it is thought to involve the alteration of the spinal 5-HT2A
receptors (Mixcoatl-Zecuatl & Jolivalt, 2011). Duloxetine allows more of these
neurotransmitters to remain in the synaptic cleft. Serotonin and norepinephrine are
thought to help decrease pain as a result of causing pain inhibition from descending
pathways of the brain and spinal cord (Millan, 2002). Duloxetine was originally
approved by the FDA in August 2004 for the treatment of depression and was approved
for the treatment of diabetic neuropathic pain in September 2004. It has since been
approved for generalized anxiety disorder, major depressive disorder, fibromyalgia and
chronic musculoskeletal pain.

Pregabalin works by blocking voltage-gated calcium channels at the presynaptic
neurons of the brain and spinal cord so that fewer excitatory neurotransmitters, such as
glutamate and substance P, are released. Pregabalin works by binding to the Type 1 and
2 0,-6 subunits of voltage-gated calcium channels (Taylor, Angelotti, & Fauman, 2007).
Pregabalin is derived from the neurotransmitter, amino butyric acid and was originally
approved in the United States in 2004 for the treatment of partial seizures and
neuropathic pain (including diabetic neuropathy). In 2007, pregabalin was also approved
for fibromyalgia pain.

Tapentadol (Nucynta ER) is a narcotic pain medication that has a dual function of
a p-opioid receptor agonist and norepinephrine reuptake inhibitor (Vadivelu, Timchenko,
Huang, & Sinatra, 2011). It has a weak affinity for the p-opioid receptor which provides

potent pain-relieving affects. It also prevents norepinephrine reuptake which like
duloxetine, allows for increase in norepinephrine allowing for increased pain inhibition.

Tapentadol was first approved by the FDA in 2008 for the treatment of moderate to
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severe acute pain. In 2011, it was approved for the treatment of moderate to severe
chronic pain and in 2012, it was approved for the treatment of neuropathic pain
associated with diabetic peripheral neuropathy.

As noted these three drugs approved for the pain relief of diabetic neuropathy, all
work at the neuronal synapse. These drugs have also shown mixed efficacy and have
questionable tolerability and safety (Dworkin et al., 2010). Vranken et al. (2011) showed
that duloxetine had no significant effect in pain intensity in patients with central
neuropathic pain. Moore, Straube, Wiffen, Derry, & McQuay (2010) reviewed several
randomized clinical trials of pregabalin for acute and chronic pain and found that a
majority of patients found little or no pain relief on pregabalin or will discontinue use due
to adverse effects. Desai et al. (2014) did a systematic review of studies regarding
treatment of diabetic neuropathy with tapentadol and found that there was a high
incidence of discontinuation of tapentadol due to adverse side effects. In addition,
neuropathic pain does not respond well to opiates, thus limiting the affect that tapentadol
may have in diabetic neuropathic pain (Chakravarty & Sen, 2010).

Therefore, it is important that alternate pain alleviating mechanisms be explored
in treating diabetic neuropathic pain. One such possibility is the drug, metformin.

Unlike the other drugs currently approved for painful diabetic neuropathy, metformin has
a high safety profile and tolerability. Literature leading to a possible alternative pain

alleviating mechanism involving metformin therapy in the diabetic neuropathic

population will be reviewed. Note that the literature on cellular and molecular

mechanisms is exclusively from preclinical animal models.
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Table 2.1 Research studies of pregabalin in patients with painful diabetic
neuropathy for the last ten years

Study Results Pain
Scale
Raskin et al. /At the end of the double blind phase, no significant NRS
(2014) difference was found between pregabalin and placebo in
the primary endpoint of mean pain score.
Razazian etal.  |Double-blind parallel clinical trial randomized to VAS
(2014) carbamazepine, venlafaxine or pregabalin. Pregabalin
shown to be superior to the other two drugs in pain
reduction.
\Vasudevan, Naik,|Open label, randomized, parallel group study of NRS
& Mukaddam combination therapy of methylcobalamin, alpha lipoic acid
(2014) and pregabalin versus just pregabalin. Significant
improvement in pain in both groups. No significant
difference noted between groups.
Patel, N., Mishra, [Prospective observational study of patients on VAS
Patel, P., carbamazepine, pregabalin or alpha lipoic acid therapy.
& Dikshit (2014) [The pregabalin group had the best reduction in pain.
Satoh et al. Randomized double blind placebo controlled study of SF-MPQ,
(2011) patients on pregabalin or placebo. Pregabalin shownto [VAS
reduce pain.
Bansal, Bhansali, Randomized, double blind study of patients on varying  [McGill’s
Hota, doses of amitriptyline or pregabalin. Some type of pain  |Likert
Chakrabarti, & |relief was seen in both therapies.
Dutta (2009)
Arezzo, Randomized, double blind, placebo controlled study of ~ |Mean pain
Rosentock, patients treated with pregabalin (600 mg/d) versus score (11-
Lamoreaux, &  |placebo. Patients on pregabalin had reduction in pain. pt scale)
Pauer (2008)
Baron, Prospective, open label, non-controlled study of patients [11-pt
Brunnmuller, with diabetic peripheral neuropathy or postherpetic numerical
Brasser, May, & |neuralgia treated with pregabalin. Patients shown scale
Binder (2008) improvement in pain.
Tolle, Randomized, double blind placebo controlled study of NRS (11-
Freynhagen, patients on placebo or 150, 300, 600 mg/d pregabalin. pt scale)
Versavel, Pain scores for patients on 600 mg/d pregabalin were
Trostmann, & significantly improved.
Young (2008)
Richter et al. Randomized, double blind study of patients on placebo or [VAS or
(2005) pregabalin (150 or 600 mg/d). Patients on pregabalin 600 [the SF-
mg/d showed significant reduction pain scores. MPQ
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Table 2.2 Research studies of duloxetine in patients with painful diabetic
neuropathy for the last ten years

(2007)

time. Duloxetine was still better than routine care in
decreasing bodily pain scores.

Study Results Pain Scale
Kaur et al. Randomized, double-blind, crossover trial of patients VAS (1-
(2011) receiving amitriptyline or duloxetine for 6 weeks and then [100)

a placebo washout period for 2 weeks followed by the

amitriptyline group receiving duloxetine and vice versa.

Similar improvement in pain scores in both drugs were

seen.
Yasudaetal. |Randomized, double-blind, placebo controlled study in BPI
(2011) patients on duloxetine (40 mg or 60 mg/day) or placebo.

Duloxetine patients showed a reduction in pain scores

compared to placebo.
Gao et al. Double-blind, randomized, placebo-controlled study with  |BPI
(2010) patients on duloxetine (60 to 120 mg) or placebo. No

significant difference seen at end point.
Skljarevski et |Open label study of patients on duloxetine (60 mg QD) for [BPI
al. (2009) 8 weeks. Responders continued on this dose while non-

responders placed on 120 mg. Pain reduction was

observed (50% in responders and 31.8% in non-

responders).
Armstrong et al. [Double-blind study of patients on duloxetine (20 mg/d, 60 |SF-36
(2007) mg/d or 60 mg/bid) or placebo. Duloxetine 60 mg/d and  [and BPI

60 mg/bid superior to placebo.
Wernicke et al. |[Extension of the 2006 Wernicke et al study to lengthen the [SF-36

\Wernicke et al.

Double-blind study of patients assigned to duloxetine 60mg

Likert scale

(2006a) QD or duloxetine 60 mg BID or placebo for 12 weeks. (11-
Management of pain was seen in both doses of duloxetine |point)
over placebo.
Wernicke et al. |Parallel, double-blind randomized, placebo-controlled Likert scale
(2006b) study of patients on duloxetine or routine care. Duloxetine |(11-
was better than routine care in decreasing bodily pain point)
scores.
Raskin et al. Parallel, double-blind, randomized, placebo-controlled Likert scale
(2005) study assigned to duloxetine (once or twice daily) or (11-
placebo. Both duloxetine groups showed improvement in [point)
pain scores.
Goldstein, Lu, [Double-blind study of patients assigned to duloxetine (20, [Likert scale
Detke, Lee, & 60 or 120 mg) or placebo. Duloxetine (60 and 120mg) (11-
Iyengar (2005) [showed significant greater improvement than placebo. point)
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Table 2.3 Research studies of tapentadol HCI in patients with painful diabetic

neuropathy
Study Results Pain Scale
Niestersetal. |Randomized, double-blind, placebo controlled study of NRS and
(2014) patients on tapentadol SR or placebo. Significant pain relief[VAS
seen in tapentadol patients.
Vinik et al. Double-blind, placebo controlled, randomized study of NRS
(2014) patients on placebo versus a new formulation of Tapentadol |(Likert
ER. Tapentadol was effective for the management of type)
neuropathic pain.
Schwartz et al.  [Double-blind, placebo controlled, randomized study of NRS
(2011) patients on placebo versus tapentadol. Tapentadol provided
a significant decrease in pain.

Table 2.4 Research studies of pregabalin, duloxetine, comparison and combination
therapies in patients with painful diabetic neuropathy for the last ten years

Study Results Pain Scale
Happich etal.  [Prospective, non-interventional study of patients on BPI
(2014) duloxetine, pregabalin or gabapentin. All pain scores
decreased on all medications with the duloxetine being the
biggest decrease. However, the dosing of pregabalin and
gabapentin was lower than duloxetine.
Tesfaye etal. |Randomized, double-blind parallel study of patients on BPI
(2013) combination duloxetine and pregabalin therapy or max dose
of duloxetine or pregabalin therapy. There was no significant
difference among therapies regarding average pain.
Boyle et al. Double-blind, randomized parallel study in which patients  [BPI
(2012) were randomized into pregabalin, amitriptyline or duloxetine
group. All treatment groups showed decreases in pain with
no one treatment superior to the others.
Devi et al. Prospective, randomized open label study of patients on VAS
(2012) gabapentin, duloxetine or pregabalin. All three groups had
reductions in pain scores with no differences among the
groups.
Tanenberg et al. |(Open-label study of patients randomized to duloxetine, BPI
(2011) pregabalin or combination of duloxetine and gabapentin. No
significant difference in pain reduction found between
duloxetine and pregabalin.
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Table 2.5 Summary of Approved Diabetic Neuropathy Medications

Medication

Classification

Year Approved by FDA
for Diabetic Neuropathy

Duloxetine (Cymbalta)

Serotonin (5-HT) and

norepinephrine (NE) reuptake 2004

inhibitor (SNRI)
Pregabalin (Lyrica) Anticonvulsant 2004
Opioid 2012

Tapentadol (Nucynta)
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2.2 Historical Background

One of the earliest recorded cases regarding pains associated with diabetes was
made in 1798 when physician John Rollo of Britain, described several cases of pains in
patients diagnosed with diabetes (Rollo, 1798). In 1885, William Pavy made an
introductory address regarding diabetes in which he described in detail, the painful
symptoms exhibited by diabetic patients in his care (Pavy, 1885). In his address, he
mentions that the pains appear to be spinal and that there must be an association between
the neural symptoms and pain. He also uses the term “hyperaesthesia” to describe what
we now refer to as hyperalgesia.

In 1887, T. Davies Pryce described what he found to be a degeneration of the
peripheral nerves of a diabetic patient suffering from ulcers of the feet. He attributed this
degeneration to “diabetes and vascular disease.” Walter M. Kraus (1922) wrote a
synopsis regarding studies concerning the pathology of the neurologic symptoms of
diabetes. There was much debate in the scientific community regarding whether the
pathology of diabetic neuritis (now referred to as neuropathy) was a result of lesions in
the spinal cord or lesions in the peripheral nerves. In this report, he believes that the
neuropathy is a result of a spinal cord pathology and not a result of damage to the
peripheral neurons. However, in 1929, Woltman and Wilder compiled a summary of 10
case studies in which neurological tissues of patients with painful diabetic neuropathy
were examined. All the studies showed signs of degeneration and lesions of the
peripheral nerves and spinal cord.

In 1953, Hirson, Feinmann, and Wade, used the term diabetic neuropathy to

include all diabetic patients that undergo some kind of changes to the neurons in which

there are no other explanations for their neurological symptoms. He describes that the
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hyperglycemia results in “irritation, inflammation and degeneration” of the nerves. He
also lists pain as being “the most important clinical manifestation of active diabetic
neuropathy.”

In 1955, Allan Bailey wrote about the involvement that the nervous system must
play in diabetic neuropathy. He proposed that diabetic neuropathy should be divided into
those that are a result of “disturbed metabolism™ and vascular alterations due to diabetes.
As far as the diffuse pain associated with diabetic neuropathy, he suggests that it is “due
to some metabolic disturbance associated with poor control of diabetes.”

Pain associated with diabetes has also been seen in patients with impaired glucose
tolerance (now referred to as pre-diabetes, a term first officially introduced by Jerome
Conn in 1958). This observation has led to the current practice that people with
idiopathic painful neuropathies that have not been diagnosed with diabetes, should be
evaluated for pre-diabetes (Russell & Feldman, 2001). Studies by Murakawa et al.
(2002), Novella, Inzucchi, and Goldstein (2001), Sahin et al. (2008), and Singleton,
Smith, and Bromberg (2001), have shown the association of impaired glucose tolerance
and painful neuropathy. These studies have led to the conclusion that painful neuropathy
associated with diabetes may initiate before the official diagnosis of diabetes.

One of the earliest studies regarding a possible drug therapy for diabetic
neuropathy was published in 1969 by Rull, Quibrera, Gonzalez-Millan, and Lozano
Castaneda. In this double blind crossover study, patients were assigned to either a
carbamazepine (Tegretol) group or a placebo group. Carbamazepine is an anticonvulsant
and was initially found to relieve neuropathic pain associated with trigeminal neuralgia.
Although pain relief was seen in 28 of the 30 patients with carbamazepine treatment,

there were troublesome side effects associated with its use. Many other studies have
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followed regarding possible treatments for painful diabetic neuropathy. These studies
have ranged from vitamin therapy to transcutaneous electrical stimulation. However,
most pharmaceutical therapies have focused on antidepressants and anticonvulsants, such
as duloxetine and pregabalin.

Despite the plentiful case studies regarding painful diabetic neuropathy, the
mechanisms by which the pain originates is not completely agreed upon. What can be
agreed upon is that there are abnormalities of the peripheral and central nervous system.
Diabetes causes damage to the peripheral nerves resulting in hyperexcitability or
sensitization of the neurons. This causes an increase in activation of sodium and calcium
channels of which results in increased release of the excitatory neurotransmitters,
substance P and glutamate (Aslam, Singh, & Rajbhandri, 2014; Veves, Backonja, &
Malik, 2008).

One possibility that may explain the increase in activity of sodium channels
(particularly Nay1.8) in pain signaling neurons may be linked to the metabolite,
methylglyoxal (Bierhaus et al., 2012). Methylglyoxal formation is a result of increased
glycolysis. Type 2 diabetic patients have shown an increase in methylglyoxal and the
amount of increase is correlated to the severity of pain (Bierhaus et al., 2012). In
Bierhaus’ study (2012), it was shown the methylglyoxal causes post-translational
modification of the Nay1.8 channel which resulted in increased neuronal excitability.
Methylglyoxal also slows inactivation of the Nay1.7 channel.

The Cay3.2 isoform of the T-type calcium channel current shows an increase in
amplitude in the neurons of mice with diabetic neuropathy (Jagodic et al., 2007). The
increase in amplitude of these calcium channels amplifies the pain signals of the neurons.

This T-type calcium channel has been shown to be upregulated in diabetic neuropathic
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mice models (Takahashi et al., 2010). It is known that activation of these channels are
implicated in nociceptive signaling (Todorovic & Jevtovic-Todorovic, 2013).

These studies have shown the importance that these sodium and calcium channels
play in the development of diabetic neuropathic pain. Any drugs that would target these
channels would work extracellularly, which is a similarity shared with the current
approved therapies. The proposed metformin therapy would target an intracellular
pathway which is a novel way of helping to relieve diabetic neuropathic pain.

Metformin (dimethylbiguanide) is derived from Galega officinalis, commonly
known as French lilac (Bailey & Day, 2004). Guanidine, its derivative, was used as a
glucose lowering drug in early Europe. Metformin was approved for use in the United
States in 1995. It prevents high glucose levels by reducing the rates of gluconeogenesis
and glycogenesis in the liver and it also suppresses beta oxidation (Krentz & Bailey,
2005). Because of its high tolerability, low side effects and efficacy in lowering blood
glucose, it has become one of the most widely used oral drugs for the treatment of
diabetes and pre-diabetes. Metformin also readily crosses the blood brain barrier, which
is of importance for this study (Labuzek et al., 2010). Although the exact molecular
mechanisms behind the glucose lowering effects of metformin have yet to be determined,
Zhou et al. (2001) has shown in rat models that metformin causes the intracellular
activation of AMPK. It is this activation of AMPK by metformin resulting in the

inhibition of mTOR that may lead to a decrease in pain.
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2.3 Potential Cellular and Molecular Mechanisms

2.31 mTOR Pathway, Pain and Central Sensitization

mTOR is a serine-threonine kinase found in all eukaryotic cells. It is known to
play a role in protein synthesis, cell proliferation and growth. Recently, it has been
shown to be involved in the pain mechanism and synaptic plasticity. In particular, mMTOR
has been implicated in chronic but not acute pain states (Geranton et al., 2009). Cui et al.
(2014) found that the mTOR pathway played a role in the rat neuropathic pain model.
The suspected mechanism underlying mTOR and pain is the fact that mTOR activation
leads to a suppression of potassium channel Ky1.1 in the dendrites of sensory neurons
(Raab-Graham, Haddick, Jan, Y., & Jan, L., 2006). This suppression of Ky1.1 by mTOR
increases the excitability of the sensory neurons (Chi & Nicol, 2007). In addition,
research has shown that the mTOR pathway also plays a role in central sensitization
(Gregory, E., Codeluppi, Gregory, J., Steinauer, & Svensson, 2010; Jimenez-Diaz, et al.,
2008; Shih, Kao, Wang, Yaster, & Tao, 2012). Central sensitization is a suspected
mechanism underlying painful diabetic neuropathy.

Central sensitization occurs when nociception in the central nervous system is
markedly increased. This results in pain from non-painful stimuli (allodynia) and
increased response to painful stimuli (hyperalgesia). Central sensitization also results in
hypersensitivity to pain as well as amplification of pain. Central sensitization has been

shown to occur following peripheral nerve injury and hypoxia (Burchiel, 1984; Devor &

Wall, 1990). Central sensitization results in increased release of glutamate and substance
P, which are excitatory neurotransmitters (Khasabov et al., 2002; Li, W., Wang, & Li, H.,
2014; Moochhala & Sawynok, 1994). Brain derived neurotrophic factor (BDNF) is also

released when sensory fibers are activated (Geng et al., 2010; Lever et al., 2001).
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Glutamate, substance P and BDNF are increased in neuropathic pain. (Cao et al., 2010;
Dauch, Yanik, Hsieh, Oh, & Cheng, 2012; Kawamata & Omote, 1996). Glutamate,
substance P and BDNF set in motion various downstream targets that eventually results
in activation of the mTOR pathway.

When glutamate activates group | metabotropic glutamate receptors (mGIuRs)
and N-methyl-o-asparate (NMDA\) receptors, it initiates the phosphatidylinositol 3-kinase
(PI13K) signaling pathway. Activation of PI3K results in a cascade of events triggering
phosphoinositide-dependent kinase 1 or 2 (PDK 1/2), Akt (also called protein kinase B —
PKB) and then mTOR (Klann & Dever, 2004). Substance P works in a similar manner in
that when it binds to neurokinin 1 receptor (NK1R), it activates the PI3K-PDK 1/2-Akt-
MTOR signaling pathway (Xu et al., 2011). BDNF also activates the PI3K-PDK 1/2 —
Akt-mTOR pathway when it binds to tropomyosin receptor kinase B (TrkB) receptor
(Troca-Marin, Alves-Sampaio, & Montesinos, 2011). Figure 1.1 in Chapter 1 shows
these mechanisms. An additional mechanism of BDNF - mTOR activation - has also
been proposed by Briz et al. (2013), in which calpain-2, a calcium-dependent cysteine
protease, further stimulates the PI3K-PDK 1/2-Akt-mTOR pathway.

MTOR has also been indicated in long term potentiation (LTP). LTP is related to
central sensitization in that LTP is one suspected mechanism behind nociceptive
sensitization in the dorsal horn of the spinal cord. LTP involves the increase of synaptic
receptors over time due to repeated release of excitatory neurotransmitters at the synapse.
Therefore, upon repetition of nociceptive signaling, the overload of excitatory
neurotransmitters results in an increase of synaptic receptors over time. Kelly, Crary, and
Sacktor (2007) showed that inhibition of mTOR blocked protein kinase M zeta which has

been shown to maintain LTP. Activation of protein kinase M zeta has been proven to
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maintain persistent pain states (Asiedu et al., 2011; Li et al., 2011; Marchand et al.,
2011). Thus, inhibition of mTOR leads to decreased synthesis of protein kinase M zeta
and, in turn, LTP of nociceptive sensitization is not maintained.

2.32 AMPK and the mTOR pathway

AMPK (5’ adenosine monophosphate-activated protein kinase), an intracellular
eukaryotic kinase consisting of three subunits (a, B and y), is known to play an important
role in metabolism (Hardie, Hawley, & Scott, 2006). AMPK was first discovered in 1973
when it was found to play a role in inhibition of fatty acid and cholesterol synthesis
(Carlson & Kim, 1973). AMPK is often called the energy sensor of the cell because it is
activated when levels of ATP (adenosine triphosphate) are low. When activated, AMPK
turns off energy consuming process in the cell and turns on energy producing processes.

Besides its role in carbohydrate, lipid and protein metabolism, AMPK has been
found to play a role in aging, obesity, cardiovascular disease, cancer and neurological
conditions (Steinberg & Kemp, 2009). The large body of recent research has focused on
AMPK s role in cancer, cardiovascular disease and obesity. However in 2011,
Melemedjian et al. introduced the concept of AMPK playing a role in neuropathic pain
conditions. This study hypothesized that AMPK may have a potential effect on neuron

excitability. Nerve injury was induced in mice and rats. Enhanced mTOR activation was

seen in those rodent models that had induced nerve injury. AMPK was then activated in
these mice and mTOR phosphorylation decreased. With the decrease of mTOR,
excitability of the sensory neurons also decreased. This study led to the conclusion that
activation of AMPK decreased phosphorylation of mMTOR which “led to a full reversal of
neuropathic allodynia.” (Melemedjian et al., 2011)

The mechanism for AMPK inhibition of mTOR was investigated by Inoki et al.
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(2012). Activation of AMPK results in phosphorylation of TSC2, which inhibits Rheb,
thereby preventing mTOR from being activated. AMPK activation also phosphorylates
Raptor, which inhibits mTORC1, one of the components of mTOR.

2.33  Metformin and AMPK

Metformin is a drug widely used for the treatment of type 2 diabetes mellitus and
metabolic syndrome (insulin resistance, pre-diabetes). Although all the mechanisms
underlying metformin actions in the treatment of diabetes remain uncertain, metformin
has been shown as an indirect activator of AMPK. In 2010, Ouyang et al. determined
that metformin activation of AMPK is through the inhibition of AMP deaminase. By
inhibiting AMP deaminase, AMP levels increase in the cell. This increase in AMP levels
causes phosphorylation and activation of AMPK.

2.34  Pain and Metformin

In the Melemedjian et al. study (2011), some of the nerve injured mouse models
were then treated with metformin (200 mg/kg/day) for seven days. These metformin
treated mice showed a complete reversal of pain symptoms that were induced by the
nerve injury. Upon analysis of the nerve tissue, the metformin treated mice showed a

decrease in the phosphorylation of mMTOR. This decrease was metformin dose dependent.

In a single case observation Labuzek, Liber, Marcol, and Okopien (2012) and
Labuzek, Liber, Suchy, and Okopien (2013) noticed decreased pain in a patient upon
administration of metformin. The patient was diagnosed with Decrum’s disease and had
pain scores of 8/10, 6/10 and 7-8/10 during the initial visit, during the previous week, and
over the previous month. The patient was diagnosed with type 2 diabetes mellitus and
metformin therapy (starting at 2550 mg a day and increased to 3,000 mg a day) was

initiated. Pain scores were then evaluated three times during the following month on
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metformin therapy and the pain scores were 1-2/10, 1/10 and 1-2/10.

Russe et al. (2013) showed that activation of AMPK with AICAR and metformin
elicited anti-inflammatory and anti-nociceptive effects in mouse models similar to that of
ibuprofen. Taylor et al. (2013) published a retrospective chart review on patients with
lumbar radiculopathy. Pain outcomes were compared in 46 patients on metformin and 94
patients not on metformin. Pain questionnaires were given to patients upon initial visit to
a pain specialist. Metformin use was associated with a decrease in lumbar radiculopathic
pain. This seminal study provides compelling rationale for my hypothesis that metformin

therapy will be correlated to decreased pain scores in pre-diabetic patients.
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2.4 Review of Similar Studies

Mao-Ying et al. (2014) showed that metformin decreased chemotherapy-induced
neuropathic pain in mice models. Cancer patients develop pain, numbness and tingling in
the hands and feet as a result of chemotherapy treatment. In this study, metformin
therapy or saline was given to mice seven days before administration of the
chemotherapy drugs, cisplatin or paclitaxel. The hind paw withdrawal response using the
Von Frey test was used to measure mechanical allodynia. Administration of metformin
almost completely prevented mechanically induced pain normally seen with cisplatin and
paclitaxel administration. The study also concluded that metformin also had a
neuroprotective effect by reducing loss of peripheral nerve endings.

Taylor et al. (2013) did a retrospective chart review of patients diagnosed with
lumbar radiculopathy. Patients diagnosed with lumbar radiculopathy were given a pain
questionnaire upon their initial to a pain specialist. In this questionnaire, pain
characteristics, current pain, total overall pain and pain effect on daily life was examined.
Electronic health records were used to perform a chart review of these patients and
treatment of the patients with metformin was noted.

There were 94 patients who served as controls and 46 patients who met the
metformin group criteria. The onset of pain did not differ between the groups, however,
the patients on metformin therapy did report a considerably reduced current pain score. In
addition, many of the other pain characteristics showed a decrease in the metformin
group.

Russe et al. (2013) showed that it is the activation of the catalytic a2 subunit of
AMPK by metformin or AICAR that may be responsible for the anti-inflammatory and

anti-nociceptive effects. Nociception and inflammation was induced by formalin or
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zymosan injected into the hind paws of mice. AMPK was then activated by
administration of metformin or AICAR. Another group of mice were given ibuprofen
instead of metformin or AICAR.

The treatment of the mice by metformin or AICAR showed significant decreases
in nociceptive response similar to treatment by ibuprofen. To determine what subunit of
AMPK is activated by metformin and AICAR, AMPKa2 knockout mice were subjected
to the same protocol. The absence of anti-nociceptive and anti-inflammatory effects in
these knockout mice provide very compelling evidence for the role of AMPK.

Labuzek et al. (2013) noted in a case report of a patient with Decrum’s disease
that administration of metformin significantly reduced pain intensity. Decrum’s disease,
also known as lipomatosis dolorosa or adiposis dolorosa, is an extremely rare disorder
that results in many painful lipomas. The patient was newly diagnosed with type 2
diabetes and therefore was placed on metformin therapy. Unpredictably, the patient post-
metformin therapy, showed a phenomenally reduced intensity of pain scores from nine to
three following four months of metformin therapy.

Tiliu et al. (2012) studied the activation of AMPK by resveratrol and found that
AMPK activation resulted in decreased signaling in sensory neurons which resulted in
decreased acute pain and decreased chronic pain. In the study, mice were assessed for
paw withdrawal thresholds. Incisions were made on the mice. The mice then received an
injection of resveratrol. After recovery, paw withdrawal thresholds were measured at
different time periods post surgery. Some of the mice were also given injections of IL-6
(interleukin-6) or PGE: (prostaglandin E2) with and without resveratrol. The IL-6 served
to simulate acute sensitization and PGE2 serves to simulate persistent sensitization.

Trigeminal ganglion (TG) neurons from the mice were removed and exposed to
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increasing concentrations of resveratrol at different time points. Also to test whether or
not resveratrol’s activation of AMPK was Sirtl dependent, a Sirtl inhibitor was applied.
The TG neurons were also treated with resveratrol and IL-6.

Several significant findings occurred in the incision-induced mice. First, was
that resveratrol activates AMPK and this activation suppressed ERK and mTOR
signaling.

This activation was dose and time dependent. Second, IL-6 pain induction was reduced
by resveratrol. Third, incision induced allodynia was inhibited by resveratrol. Fourth,
resveratrol blocked chronic nociceptive sensitization.

This study was the first to show that activation of AMPK resulted in suppression
of ERK and mTOR signaling which leads to inhibition of not only acute pain but also
chronic pain states. It also showed that activation of AMPK may be a novel way of
treating acute and chronic pain.

Melemedjian et al. (2011) showed that activation of AMPK by metformin and
AT769662 inhibited protein synthesis in nerve injured rats and mice which resulted in
decreased neuropathic pain. Spinal nerve ligation was done on rats and paw withdrawal
thresholds were measured. Rats were given metformin or A7969662 (an investigational
compound) and paw withdrawal thresholds were done again. The sciatic nerves of the
rats were then excised for analysis. Mouse trigeminal ganglia were also excised and
analyzed.

The nerve injury stimulated restructuring of the translational processing in the
sensory neuron. By analyzing the mouse trigeminal ganglia, it was found that metformin
activated AMPK and AMPK inhibited the mTOR pathway but did not affect the ERK
pathway. Metformin influenced the mTOR pathway by inhibiting the elF4F complex
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formation. elF4F is a protein that brings the mRNA to the ribosome for translation. This
inhibition of translation also decreased the excitability of the sensory neurons. This “led
to full reversal of neuropathic allodynia.”

This study is significant in that it showed that metformin administration inhibits
the mTOR mechanism. This inhibition in the mTOR mechanism decreased excitability
of the sensory neurons injured by spinal nerve ligation. Therefore, administration of
metformin resulted in decreased neuropathic pain. This study also showed that how
metformin works to decrease pain is through inhibition of the mTOR pathway and not the
ERK pathway.

Obara et al. (2011) subjected mice to peripheral nerve injury, local inflammation
by injection of carrageenan and mechanical hypersensitivity by injection of capsaicin.
Cold stimulation was also done using the acetone test and heat stimulation was also
tested. Some of the mice were given injections of CCI-779 (temsirolimus) or Torinl
which are both mTOR inhibitors. Paw withdrawal thresholds in all mice were measured.
The skin from the hind paw around the foot pads and the dorsal roots were dissected out
to be analyzed for mTOR and p-mTOR (phosphorylated mTOR). Lumbar dorsal spinal
cord and dorsal roots were also removed after injections of CCI-779/Torinl.

Mice that received injections of CCI-779 showed reduced mechanical and cold
hypersensitivity by inhibiting mTORCL in the spinal cord and dorsal roots. CCI-779
injection was also shown to decrease mTORC1 activity in the hippocampus. However,
injection of CCI-779 did not affect glial or cytokine activity. Unlike CCI-779 which
only inhibits mMTORC1, Torinl inhibits both mMTORC1 and mTORC2. Administration
of Torinl produced similar results as CCI-779 in that it reduced mechanical and cold

hypersensitivity after nerve injury.
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This study shows that inhibition of mMTOR results in inhibition of mechanical and
cold hypersensitivity. It also shows that inhibition of mMTORC1 alone results in decreased
hypersensitivity. This further supports the idea that the mTOR pathway plays an
important role in nociception and may be the key to controlling chronic pain.

Asante, Wallace, and Dickenson (2010) studied mTOR activity in deep dorsal
horn spinal neurons in rats. Just as in the other studies, spinal nerve injury was induced
in the treatment group, cold hypersensitivity was invoked using acetone and paw
withdrawal tests were performed. In this study CCI-779 was used to inhibit mTOR.
After electrophysiology testing, the parts of the spinal cord at the level at L4, L5 and L6
was removed and analyzed for mTOR. As in the more recent studies, inhibition of mTOR
was shown to reduce mechanically induced hypersensitivity. However, what makes this
study unique is the result that mTOR signaling plays an important role in neuronal
plasticity, which could result in chronic pain hypersensitivity and central sensitization.
This could be a key factor in persistent pain states.

Geranton et al. (2009) showed that inhibition of the mTOR pathway affected
chronic pain states but not acute pain states. mTOR was inhibited in rats by
administration of rapamycin. Inhibition of mTOR resulted in decreased spread of the

pain signaling to undamaged neural tissues in addition to reducing mechanical pain

sensitivity. This study also showed the mTOR is widely present in myelinated A-fibers
but only present in very few C-fibers. The significant finding of this study is that
inhibition of mMTOR resulted in decreased afferent sensitivity and decreased central
plasticity.

Jimenez-Diaz et al. (2008) showed that the mTOR pathway exists in neuronal

sensory fibers. mTOR has long been shown to play a role in neural plasticity and
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memory. This study examined whether or not the mTOR pathway plays a role also in
sensory neurons. The results show that the mTOR pathway is active in A-fibers but only
in a certain small population of C-fibers. Because the mTOR pathway is associated with
protein translation, inhibition of this pathway resulted in decreased central amplification

of pain.
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2.5 Need for the Study

No study has investigated the correlation that metformin has with pain scores in a
pre-diabetic population. Studies regarding metformin administration have shown
decreased pain. Taylor et al. (2013) and Labuzek et al. (2013) have shown a correlation
between metformin use and decreased pain in human populations but most studies
regarding metformin and decreased pain have been done in animal models. No study to
date has explored the correlation between metformin and pain in human pre-diabetic
patients. This study will explore whether administration of metformin, a widely used
FDA drug already approved for type 2 diabetes mellitus, is correlated with decreased pain
scores in a pre-diabetic population.

In addition, this study proposes an alternate medication for relieving chronic pain
in a pre-diabetic population. Three current FDA approved medications for painful
diabetic neuropathy include an SNRI, an anticonvulsant and an opioid. This study
focuses on metformin’s possible correlation in pain relief. Because of the questionable
efficacy and decreased tolerability of the FDA-approved medications, it is of utmost

importance that other pain mechanisms be explored in this pain population.
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2.6  Confounding Variables

Several variables could affect self-report pain scores. Most variables that could
affect pain scores were controlled by the exclusion criteria of the study. However, there
are variables that could affect self-reporting of pain scores. These variables are gender,
age, race and BMI (body mass index). Several studies have shown that these variables
may have an effect on self-reported pain scores.

Green et al. (2003) did a literature review on studies pertaining to emergency pain
care, postoperative pain, cancer pain and chronic nonmalignant pain and whether racial
and ethnic disparities existed with regards to pain perception, assessment and treatment.
The results of this study found racial and ethnic disparities in all categories regarding
pain.

Krueger and Stone (2008) conducted a telephone-based survey of 3,982 people
and asked them to rate their pain from zero to six. The results of the study showed that
average pain ratings increased with age. Interestingly, however, they found little
differences in the average pain ratings between males and females.

Hitt, McMillen, Thornton-Neaves, Koch, and Cosby (2007) did a cross-sectional
study to assess the correlation between obesity and self-reported pain. Using data from
the Southern Pain Prevalence Study in 2004, Hitt et al. found that adults with a BMI
greater than 30 experienced more pain than adults with BMI less than 30. In addition, as
the BMI increased, their average pain increased.

Raftery, Smith-Coggins, and Chen (1995) conducted a prospective cohort study in
which participants who arrived in the emergency department with a headache, neck pain
or back pain were evaluated to determine if patient gender or health care provider gender

influenced the number, type and dosage of medications received for their pain. The main
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finding of this study showed that female patients tended to perceive more pain than their
male counterparts. Female patients also received more medications and stronger

medications than males.
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2.7 Summary

This chapter presents a summary of the potential cellular and molecular
mechanisms, historical background, review of relevant studies and the need for the
current study. It is apparent through the review of the literature that the connection
between AMPK activation through metformin may inhibit the mTOR pathway, which
may decrease pain. No study to date has linked metformin treatment to decreased pain in
a pre-diabetic population.

In addition, this study opens up a new possible medication in relieving diabetic
chronic pain and may have implications for other chronic pain conditions. The review of
the literature discusses the current studies related to the intracellular mechanisms of
metformin, AMPK and mTOR as well as studies showing metformin’s pain reducing
effect on animal models. The next chapter will discuss the methodology utilized for this

study.
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CHAPTER 3: METHODOLOGY

3.1 Introduction

The purpose of this chapter is focused on the research design, hypothesis,
population of interest, subject selection, instrumentation and procedures used for this
study. The goal for conducting this research was to analyze the pain scores, as measured
by the SF-36 Health Survey of Bodily Pain Scores (SF-36 BPS), of pre-diabetic patients
who were randomized to either the metformin group or the placebo group. It was
hypothesized that the metformin patients would have less pain (higher SF-36 BPS) than
the placebo patients annually.

This study used quantitative research methods. Quantitative research was
descriptive based on specific inclusion and exclusion criteria which will be described in

Section 3.3 Research Design.

3.2  Primary Study

The Diabetes Prevention Program (DPP) and Diabetes Prevention Program
Outcomes Study (DPPOS) were conducted from 1996 to 2001 (DPP) and from 2002 to
2008 (DPPOS) by the National Institute of Diabetes and Digestive and Kidney Diseases
(NIDDK) of the National Institutes of Health (NIH) (Diabetes Prevention Program
Research Group, 1999 & 2000; Diabetes Prevention Program Research Group et al.,
2009; Fujimoto & Diabetes Prevention Program Research Group, 2000; Ratner &
Diabetes Prevention Program Research Group, 2006; Rubin et al., 2002). The DPP
recruited participants from over 27 clinical centers around the United States. Participants

were randomized into a metformin group, placebo group or lifestyle intervention group.
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The DPPOS was a follow up study to the DPP which occurred after a one year
washout/bridge period (Diabetes Prevention Program Research Group et al., 2009).

The DPP included 3,234 participants of which 1,082 were assigned to the placebo
group, 1,073 were assigned to the metformin group and 1,079 were assigned to the
lifestyle group (Knowler et al., 2002). The demographics for the participants in the DPP
are presented in Table 3.1. The target population of this study was a pre-diabetic
population, which was defined as fasting plasma glucose (FPG) of less than 126 mg/dl
and a two-hour post-load plasma glucose of greater than 140 mg/dl but less than 200
mg/dl. The results of this study showed that lifestyle intervention and metformin
treatment both reduced the incidence of pre-diabetic patients developing diabetes
(Knowler et al., 2002).

The DPPOS included 2,766 of the original DPP participants of which 932 were
from the placebo group, 924 were from the metformin group and 910 were from the
lifestyle group. The demographics for the participants in the DPPOS are presented in
Table 3.1. The results showed that lifestyle intervention and metformin treatment
prevented or delayed the onset of diabetes for 10 years (Diabetes Prevention Program

Research Group, 2009).
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Table 3.1 Demographic Data from the Diabetes Prevention Program and Diabetes
Prevention Program Outcomes Study

Demographic DPP Participants DPPOS Participants
(N = 3234) (N = 2766)
Gender
Male 1043 (32.3%) 888 (32.1%)
Female 2191 (67.7%) 1878 (67.9%)
Race
White 1768 (54.7%) 1506 (54.4%)
African American 645 (19.9%) 559 (20.2%)
Hispanic 508 (15.7%) 424 (15.3%)
American Indian 171 (5.3%) 153 (5.5%)
Asian 142 (4.4%) 124 (4.5%)
Average Age (years) 50.6 £ 10.7 55.2+10.3
Average Weight (kg) 94.2 +20.3 95.6 = 20.2 (Men)
90.3 £ 21.0 (Women)
Average BMI (kg/m?) 34.0+6.7 31.1 £5.9 (Men)
34.2 £ 7.2 (Women)

Source: Knowler et al., 2002; Diabetes Prevention Program Research Group, 2009.
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3.3  Research Design

We conducted secondary data analyses of the Diabetes Prevention Program (DPP)
and Diabetes Prevention Program Outcomes Study (DPPOS) using the measurements
listed in Section 3.6.

The eligibility criteria for the Primary Study were as follows (Diabetes Prevention
Program Research Group, 1999):

1) age > 25 years;

(2)  body mass index (BMI) >24 kg/m? (> 22 kg/m? among Asian
Americans);

3) impaired glucose tolerance (IGT) defined as two-hour plasma glucose of
140— 199 mg/dl based on 75-g oral glucose tolerance test);

4) elevated fasting plasma glucose (FPG) defined as < 126 mg/dl, except
in the American Indian centers.

Inclusion criteria for the present study were as follows:

1) eligibility criteria for the Diabetes Prevention Program.

2) SF-36 BPS, initial score and at least one annual score up until year four.

3) > 80% compliance to either metformin or placebo (medication
adherence was documented at annual visits by a medication adherence interview [See
Appendix F]).

Exclusion criteria were the following (Diabetes Prevention Program Research
Group, 1999):

Q) diabetes (FPG > 126 mg/dl) at baseline (including ever using

antidiabetic medication other than during pregnancy);
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(2 cardiovascular disease (hospitalization for treatment of heart disease in
past 6 months; New York Heart Association Functional Class > 2; left bundle branch
block or third degree AV (atrioventricular) block; aortic stenosis; systolic blood pressure
> 180 mmHg or diastolic blood pressure > 105 mmHg);

3) cancer requiring treatment in the past 5 years, unless the prognosis is
considered good;

4) renal disease (creatinine > 1.4 mg/dl for men, or > 1.3 mg/dl for women,
or urine protein > 2+);

(5) anemia (hematocrit < 36% in men or < 33% in women);

(6) hepatitis (based on history or serum transaminase elevation);

(7 other gastrointestinal disease (pancreatitis, inflammatory bowel disease);

(8) recent or significant abdominal surgery;

9) pulmonary disease with dependence on oxygen or daily use of
bronchodilators;

(10)  chronic infection (e.g., human immunodeficiency virus, active
tuberculosis);

(11) conditions or behaviors likely to affect conduct of the trial (unable to
communicate with clinic staff; unwilling to accept treatment assignment by
randomization; participation in another intervention research project that might interfere
with DPP; weight loss of > 10% in past 6 months for any reason except postpartum

weight loss; unable to walk 0.25 miles in 10 min);

(12)  pregnant, nursing, intend to become pregnant, unwilling to take

contraception;

48



(13) major psychiatric disorder, such as schizophrenia;

(14)  excessive alcohol intake, either acute or chronic (average consumption of
3 or more alcohol containing beverages daily; consumption of 7 or more alcoholic
beverages within a 24 hour period in the past 12 months; clinical assessment of alcohol
dependence based on two or more positive responses to the CAGE questionnaire);

(15) current use of thiazide diuretics, B-blockers, niacin,
glucocorticoids, selective serotonin re-uptake inhibitors, other prescription
weight-loss medications;

(16) thyroid disease;

(17)  other endocrine disorders (e.g., Cushing’s syndrome, acromegaly);

(18) fasting plasma triglyceride > 600 mg/dl, despite treatment.

3.4  Hypotheses
Central Hypothesis. Pre-diabetic patients at the end of metformin therapy,
whether low dose (850 mg/day) or high dose (1,700 mg/day), will report less pain (as
indicated by higher SF-36 BPS) than pre-diabetic patients in the placebo group annually
(years 1-4).
The following specific aims and hypotheses evaluated the central hypothesis:
Primary Aim. Evaluate the annual pain scores (SF-36 BPS) of pre-diabetic
patients on metformin therapy and the placebo at each annual visit (years 1 — 4).
Hypothesis 1A: Pre-diabetic patients on metformin (regardless of dose)
will report less pain (measured by higher SF-36 BPS) compared to pre-diabetic
patients in the placebo group at each annual visit (years 1 - 4).
Secondary Aim 1. Compare the pain scores among pre-diabetic patients on
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placebo, low dose (850 mg/day) metformin therapy and high dose (1,700 mg/day)
metformin therapy at each annual visit.

Hypothesis 2A: The high dose (1,700 mg/day) metformin group will
report the least pain (highest SF-36 BPS) compared to the placebo and low dose
(850 mg/day) metformin groups at each annual visit.

Secondary Aim 2. Compare pain scores within each study group from baseline
through year four of the study.

Hypothesis 3A: Placebo patients will report greater pain at year one, two,
three and four compared to baseline.

Hypothesis 3B: Low dose (850 mg/day) metformin patients will exhibit
no change in pain when comparing baseline, year one, year two, year three and
year four pain scores.

Hypothesis 3C: High dose (1,700 mg/day) metformin patients will report
less pain when comparing year one, year two, year three and year four pain scores

to baseline.
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3.5

Population of Interest

The target population of this study was an adult, pre-diabetic population which

included individuals with a fasting plasma glucose (FPG) of less than 126 mg/dl and a

two-hour post-load plasma glucose of greater than 140 mg/dl but less than 200 mg/dl.

The specific eligibility and exclusion criteria are described in Section 3.2 Research

Design. Participants in the original DPP study were followed up quarterly for adverse

symptoms including uncontrolled hyperglycemia. If such was the case, a fasting blood

glucose (FPG) was done in order to determine of the patient still met the study criteria.

Additionally, the inclusion criteria for this current secondary data analyses included

patients with an initial pain score (SF-36 BPS) and at least one annual pain score along

with confirmed compliance of medication adherence at annual follow up.

3.6

Measurements
Measurements for this study included the following:
1) Bodily Pain - SF-36 BPS initially and at least one annual visit.

The DPP/DPPOS utilized the SF-36 Health Survey, a 36-item short form
health survey which measures health related quality of life. It also contains a
component measuring the intensity of and interference caused by bodily pain
(Hawker, Milan, Kendzerska, & French, 2011). The SF-36 Health Survey for
Bodily Pain (SF-36 BPS) has been validated as an instrument for measuring pain
in a diabetic population (Jacobsen et al., 1993). Self-reported bodily pain
intensity is rated from a score of 1 (none), 2 (very mild), 3 (mild), 4 (moderate), 5
(severe) to 6 (very severe). A score is also obtained by reported pain interference

with work rated from a score of 1 (not at all), 2 (a little bit), 3 (moderately), 4
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(quite a bit) to 5 (extremely). The raw scale scores are then entered into an
algorithm which results in a scale between 0 — 100 (http://www.sf-
36.0org/demos/SF-36.html). A score greater than or equal to 50 indicates normal
or low bodily pain and a score less than 50 indicates higher bodily pain. Bodily
pain is classified as higher as the SF-BPS score decreases (Hawker, Milan,
Kendzerska, & French, 2011). The population mean of the SF-36 BPS is 75.2
with a standard deviation of 23.7 (Ware, 2000). Only 0.6% of the study
population had the lowest possible SF-BPS score, indicating very severe and
extremely limiting pain and 31.9% of the population reported the highest possible
score which is no pain or limitations due to pain (Ware, 2000). The minimally
important difference in the SP-36 BPS is three points (Ware et al., 2007). The
summary of measures concerning each component of the SF-36 is shown in
Appendix D.

(2 Metformin Therapy - dosage of metformin (850 mg/day or 1,700 mg/day)
administered orally.

3) Medication compliance > 80% (based on medication adherence interview
[Appendix F]).

4) Demographics - gender, age (< 40, 40-44, 45-49, 50-54, 55-59, 60-64,
65+), race (Caucasian, African-American, Hispanic, Other) and BMI (<30, 30-35,
35+). Several studies have shown differences in pain based on gender, age, race
and BMI (Green et al., 2003; ; Hitt et al., 2007; Krueger & Stone, 2008; Raftery et

al., 1995).
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3.7 Current Study Procedures

A retrospective data analysis was conducted using the data obtained from the
Diabetes Prevention Program (DPP) and Diabetes Prevention Program Outcomes Study
(DPPOS). The data used for this study included participants who were at least 80%
compliant with the metformin and placebo treatment regimen throughout the study.
Compliance was monitored at each annual visit through a patient interview. The DPP
lifestyle group was not included in this study as the effect of lifestyle intervention on pain
scores was not the primary objective of interest of this study. There were 506 compliant
patients in the metformin group (53 on 850 mg/day; 425 on 1,700 mg/day; 28 on mixed
doses) and 550 compliant patients in the placebo group. The entire metformin group
started on a dose of 850 mg per day and if this dose was tolerated (no gastrointestinal side
effects), the dose was increased after four weeks to 850 mg twice per day, for a total of

1,700 mg/day. The placebo group was adjusted likewise in parallel to the metformin

group.

3.8 Institutional Review Board Approval

The 27 clinical centers and the DPP Coordinating Center obtained institutional
review board approvals to conduct the DPP/DPPOS. Individuals provided written
informed consent prior to participating in the study (Diabetes Prevention Program
Research Group, 1999). As no direct contact was made between the investigator and the
patients for the current study, an exempt status review was requested and obtained from
the Indiana University Institutional Review Board (see Appendix B for approval letters).

In addition, approval to obtain and analyze the data was obtained from the National

Institute of Diabetes and Digestive and Kidney Diseases (see Appendix C for approval
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letters). The de-identified dataset was free of personal patient information.

3.9  Statistical Analysis

Analyses were performed using SPSS version 22.0 (IBM Corp., Armonk NY).
Descriptive statistics were used to show means, standard deviations, minimums and
maximums. The research questions were examined using inferential statistics,
specifically the Student’s independent t-tests, one-way analysis of variance (ANOVA)
and repeated measures analysis of variance (ANOVA). Because initial pain scores
were evaluated before randomization into the placebo and metformin groups,
independent t- tests were conducted comparing the initial pain scores and annual
(years one through four) pain scores of the placebo and metformin (combined low
dose [850 mg/day] and high dose [1,700 mg/day]) groups. ANOVAs were conducted
to examine differences among the placebo, low dose (850 mg/day) metformin and high
dose (1,700 mg/day) metformin groups. Repeated measures ANOVAS were
conducted to compare the yearly change in pain scores of each study group. Pearson’s
chi-square analysis was performed to determine if confounding factors played a role in
the results obtained in the study.

Analysis of Hypothesis for the Primary Aim. The primary aim of this study
was to evaluate the annual pain scores (SF-36 BPS) of pre-diabetic patients on metformin
therapy and the placebo at each annual visit (years 1 —4). The initial and annual end pain
scores (as measured by SF-36 BPS) for years one through four of pre-diabetic patients
was analyzed. Metformin therapy patients’ annual reported pain was hypothesized to be

less than the placebo group (as indicated by an increase in SF-36 BPS). Pain scores
before initiation of metformin or placebo therapies was hypothesized to not be
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significantly different.

Analyses were performed to determine whether or not the initial and mean annual
end reported pain scores among the metformin group (both low dose [850 mg/day] and
high dose [1,700 mg/day] combined) and placebo group were significantly different.
Independent t-tests were done to compare the initial and annual pain scores (years one
through four) of both the placebo and combined metformin groups. All analyses used p-
values of less than 0.05 to determine if the means were statistically significant.

The analysis of the initial pain scores before administration of metformin or
placebo should show that the pain scores are not statistically significantly different (p-
value > 0.05) to establish that metformin and placebo patients began with similar pain
scores. Conversely, a statistically significant difference in pain scores (p-value of less
than 0.05) at each annual (following baseline) recording of pain scores after
administration of metformin (low [850 mg/day] and high [1,700 mg/day] dose combined)
or placebo should serve to confirm the hypothesis of the primary aim.

Analysis of Hypotheses for Secondary Aim 1. The secondary aim 1 of this
study was to evaluate pain scores among pre-diabetic patients on placebo, low dose (850
mg/day) metformin therapy and high dose (1,700 mg/day) metformin therapy at each
annual visit.

The mean annual pain scores, of years one through four, for each group (placebo,
low dose [850 mg/day] metformin and high dose [1,700 mg/day] metformin) were
analyzed. It was hypothesized that pre-diabetic patients on a higher dose (1,700 mg/day)
of metformin would report less pain (higher SF-36 BPS) than patients on the lower dose
(850 mg/day) of metformin and placebo.

To test this hypothesis, one-way analysis of variances (ANOVAs) were performed

55



comparing the initial pain scores and the average annual end pain scores of the placebo
group compared to the higher dose (1,700 mg/day) of metformin and to the lower dose
(850 mg/day) of metformin at a p-value of less than 0.05. The annual mean pain scores
of the groups were then compared in order to determine if a difference would be observed
among of the all groups.

Analysis of Hypotheses for Secondary Aim 2. The secondary aim 2 of this
study was to compare the pain scores within each study group from baseline through year
four. Baseline through year four pain scores within the placebo, low dose (850 mg/day)
metformin and high dose (1,700 mg/day) metformin groups were further analyzed. For
the placebo group, it was hypothesized that the SF-36 BPS would decrease indicating
more reported pain annually (years 1- 4) compared to the initial pain scores using p-value
< 0.05. However, it was hypothesized that pain for years one through four would remain
the same for the low dose (850 mg/day) metformin group and be less (increase in SF-36
BPS) for the high dose (1,700 mg/day) metformin group when compared to the initial
pain scores.

Analyses using a repeated measures analysis of variances (ANOVAS) were
performed comparing the average annual pain scores of baseline, year one, two, three and
four of the placebo group. The same was done for the low dose (850 mg/day) metformin
group and high dose (1,700 mg/day) metformin group. These analyses were performed
using an a = 0.05 significance level. These analyses were done to determine if there was
a change in annual pain scores within each individual group.

Analysis of Confounders. Gender, age, race and BMI (body mass index) were
analyzed for possible confounding. Raftery et al. (1995) noted that female patients in the

emergency room indicated more pain and the health care providers also perceived that
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female patients had more pain than their male counterparts. Krueger and Stone (2008)
found that the average pain rating increased with age. Hitt et al. (2007) showed that
adults with a body max index (BMI) greater than 30 are more likely to report
experiencing pain than normal or underweight counterparts. Green et al. (2003) found
racial and ethnic differences in pain perception, assessment and treatment for subjects
experiencing chronic, acute and cancer pain. Pearson’s Chi-square analyses were
performed for each of these potential confounding variables and compared at an o = 0.05
significance level. Separate Pearson’s Chi-square analyses were performed for the
metformin and placebo groups by gender, age, race and BMI categories. These analyses
were performed to determine if gender, age, race or BMI category played a role in the

results of this study.
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3.10 Summary

This chapter summarizes the secondary data analyses that were used in evaluating
the central hypothesis and primary aims. Eligibility, inclusion and exclusion criteria for
the study were explained. The detailed primary and secondary aims along with the
specific hypotheses were discussed. The study procedures and types of statistical
analyses used to test each hypothesis were described in this chapter. The next chapter

will discuss the results in relation to the central hypothesis, primary and secondary aims.
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CHAPTER 4: RESULTS

4.1  Demographics

Two-thousand fifty-seven adult, pre-diabetic patients were enrolled in the
metformin and placebo arms of the Diabetes Prevention Program (DPP) and Diabetes
Prevention Program Outcomes Study (DPPOS). Of the original 2,057 patients, only
1,056 patients met the criteria for the present study.

Table 4.1 summarizes the demographic characteristics of the current study
population. Of the study population, the majority was female (64.7%). The age
distribution ranged from less than 40 to greater than 65 years of age. The largest age
group was those between 45-49 years old (21.3%) followed by 50-54 year olds (19.9%).
The remaining age group percentages are as follows: 55 and 59 years old (13.8%), 40
and 44 years old (13.7%), 60 and 64 years old (11.2%), 65 years of age or older (10.3%)
and less than 40 years old (9.8%). The race distributions were: 62% Caucasian, 18%
African-American, 15.2% Hispanic and 4.8% classified as other. The majority of the
population included in the analysis had a body mass index (BMI) greater than 30. Nearly

30.3% of the sample had a BMI between 30 and 35 and 36% had a BMI greater than 35.
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Table 4.1 Demographic Characteristics of the Study Population

Demographics Placebo Metformin
Gender

Male 179 194
Female 371 312
Age

Less than 40 52 51
40 — 44 72 73
45 — 49 129 96
50 — 54 93 117
55— 59 86 60
60 — 64 65 53
65 and over 53 56
Race

Caucasian 349 306
African-American 91 99
Hispanic 81 79
Other 29 22
BMI Group

Less than 30 183 173
30 to less than 35 167 153
35+ 200 180

4.2  Frequency of Initial Pain Scores

Table 4.2 shows the descriptive statistics for the initial pain scores of all study
patients. Figure 4.1 shows the frequency distribution of each initial pain score of all
patients included in the study. Tables 4.3 and 4.4 show the descriptive statistics of initial
pain scores for the placebo group, low dose (850 mg/day) metformin group and high dose
(1,700 mg/day) metformin group, respectively. Figure 4.2 shows the frequency
distribution of each initial pain score of the placebo patients. Figure 4.3 shows the
frequency distribution of each initial pain score of the low dose (850 mg/day) metformin
patients. Figure 4.4 shows the frequency distribution of each initial pain score of the high

dose (1,700 mg/day) metformin patients.
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Table 4.2 Descriptive Statistics of Initial Pain Scores of All Study Patients

All Study Patients N = 1056
Mean 79.1
Median 84.0
Mode 100.0
Standard Deviation 18.8
\Variance 354.4

Figure 4.1 Frequency Distribution of Initial Pain Scores of All Study Patients
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Figure 4.2 Frequency Distribution of Initial Pain Scores of Placebo Patients

Frequency

Histogram
200
150
100
7 /| f\\
0 T T = T T T
200 40.0 80.0 80.0 100.0 1200
Placebo

62

Mean =7316
Std. Dev. =19.409
M= 550



Figure 4.3 Frequency Distribution of Initial Pain Scores of Low Dose (850
mg/day) Metformin Patients
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Figure 4.4 Frequency Distribution of Initial Pain Scores of High Dose
(1,700 mg/day) Metformin Patients
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4.3  Confounders

In order to minimize possible confounding in the study, statistical analyses were
performed with the metformin and placebo groups. The analysis was conducted to
determine whether specific variables (gender, age, race and body mass index (BMI)) may
have influenced results of the study. Previous studies (referenced in Chapter 3) have
shown differences in the pain experience based on gender, age, race and BMI. The
findings pertaining to the confounders are summarized in Table 4.1.

Gender. There were 683 females and 373 males in the study. In the placebo
group, there were 371 females and 179 males. The metformin group consisted of 312
females and 194 males. A Pearson Chi-Square analysis was done and a p-value of 0.049
was observed. Because the p-value was extremely close to p-value < 0.05, the
standardized residual was calculated. It was determined that no one variable dominated
over the others. The standard residuals for the placebo group were -1.1 for males and 0.8
for female and for the metformin group, 1.1 for males and -0.8 for females (Table 4.3).

Age. There were seven age categories in the study (Table 4.1). A Pearson Chi-
Square analysis was done for the metformin and placebo groups versus the age
categories. A p-value of 0.069 was calculated indicating that metformin and placebo
groups are independent of age (Table 4.3).

Race. There were four race categories in the study (Table 4.1). A Pearson Chi-
Square analysis was done for the metformin and placebo groups versus race categories. A
p-value of 0.509 was calculated indicating that metformin and placebo groups are

independent of race (Table 4.3).

Body Max Index (BMI). There were three categories of BMI groups in the study

65



Table 4.1). A Pearson Chi-Square analysis was done for the metformin and placebo
groups versus BMI groups. A p-value of 0.945 was calculated indicating that metformin

and placebo groups are independent of BMI groups (Table 4.3).

Table 4.3 Pearson Chi-Square Analysis of Potential Confounding Variables of
Gender, Age, Race and BMI of Metformin and Placebo Groups.

\Variable p — value
Gender 0.049*
Age 0.069
Race 0.509
BMI 0.945

*Standard residuals: Placebo group = -1.1 for males and
0.8 for female; Metformin group, 1.1 for males and -0.8 for females.
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4.4 Initial Pain Scores and Annual End Pain Scores of Metformin or
Placebo Treatment

Analysis of Initial Pain Scores. Initial pain scores using the SF-36 BPS were
taken upon eligibility screening for the original DPP study (Table 4.4). This screening
was performed prior to randomization into the metformin or placebo groups. Because of
this, an independent Student’s t-test was done as part of the analyses along with a one-
way analysis of variance (ANOVA). Using the independent Student’s t-test, the initial
pain scores of the metformin and placebo groups were analyzed for statistical
significance at p-value < 0.05. There was no statistically significant difference in the
placebo group’s baseline pain scores (M = 78.2, SD = 19.4) and metformin group’s

baseline pain scores [(M = 80.0, SD = 18.1); t(1054)= 1.603, p = 0.109; Table 4.5].

Table 4.4 Initial Pain Scores for the Placebo and Metformin Groups

Group N Mean SD SEM
Placebo 550 78.2 194 0.83
Metformin 506 80.0 18.1 0.807
850 mg/day 53 78.5 18.3 2.51
1700 mg/day 425 80.5 18.2 0.88
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Table 4.5 Independent T-Tests of Initial and Annual Pain Scores for the Placebo
and Combined Metformin Groups

Initial | Year1l | Year2 | Year3 | Year4
Levene’s Test for |F 3.55 1.05 1.72 3.14 1.70
Equality of
\ariances p 0.060 0.306 0.006 0.077 0.192
t-test for Equality |t 1.60 1.41 2.65 0.984 1.03
of Means
df 1054 1051 1049 1035 645
p 0.109 0.158 | 0.008* | 0.325 0.305
Mean 1.86 1.71 3.36 1.22 1.66
Difference
SE 1.16 1.21 1.27 1.24 1.62
Difference
95% CI of the Lower -0.416 | -0.666 0.868 -1.21 -1.52
Difference
Upper 4.13 4.09 5.86 3.66 4.84

*significant at p < 0.05

A one-way analysis of variance (ANOVA) was performed to examine whether
initial pain scores (using the SF-36 BPS) among the placebo, low dose (850 mg/day)
metformin and high dose (1,700 mg/day) metformin groups were different. An alpha
level of 0.05 was used for all analyses.

The test for homogeneity of variance was not significant [Levene F(2, 1025) =
1.70, p = 0.18] indicating that this assumption underlying the application of ANOVA was

met. The one-way ANOVA of the initial pain scores revealed no statistically significant

difference in the initial pain scores of the placebo, low dose (850 mg/day) metformin and
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high dose (1,700 mg/day) metformin groups [F(2, 1025) = 1.95, p = 0.14] (Table 4.6).

Table 4.6 Analysis of Variance Summary Table of Initial Pain Scores for the
Placebo, Low Dose (850 mg/day) Metformin and High Dose (1700 mg/day)
Metformin Groups

Sum of Mean Square

Squares df F p - value
Between 1385.935 2 692.967 1.95 0.143
groups n?=0.01
Within 364180.610 1025 355.298
groups
Total 365566.545 1027

Analysis of Annual End Pain Scores. Pain scores were recorded in the parent
study using the SF-36 BPS at each annual visit. These average pain scores are reported in
Table 4.7. All patients included in the study had at least one annual follow up during the
course of the study, with some patients having follow-up data for up to six years. In
conducting the analyses it was determined that follow up years five and six had too small
of a sample size (Metformin n = 115; Placebo n = 114 and Metformin n = 3, Placebo n =
5, respectively), to include in the end analyses, therefore only years one through four
were used as part of the analyses.

The mean pain scores for the placebo, low dose (850 mg/day) metformin and high

dose (1,700 mg/day) metformin groups were analyzed at years one, two, three and four.

Independent t-tests between placebo and the combined metformin groups were performed
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to compare pain scores for each year. In addition, one-way ANOVAs were done

comparing the individual group mean pain scores for each year. An alpha level of 0.05

was used for all analyses.

Table 4.7 Descriptives of Annual Average End Pain Scores for the Placebo, Low
Dose (850 mg/day) Metformin and High Dose (1,700 mg/day) Metformin Groups

95%ClI
Group N Mean SD SEM Lower Upper
Year One
Placebo 550 77.7 20.3 0.86 76.0 79.4
850 mg 53 71.8 21.7 2.99 65.8 77.8
1700 mg 423 80.7 18.4 0.89 78.9 82.5
Year Two
Placebo 549 75.2 21.8 0.93 73.4 77.0
850 mg 52 68.6 20.6 2.86 62.8 74.3
1700 mg 423 80.1 18.9 0.92 78.3 81.9
Year Three
Placebo 540 76.2 20.8 0.89 74.4 78.0
850 mg 51 70.5 20.8 2.91 64.7 76.4
1700 mg 418 78.4 18.8 0.92 76.6 80.2
Year Four
Placebo 339 74.8 215 1.17 72.5 77.1
850 mg 27 715 20.9 4.03 63.2 79.8
1700 mg 263 76.9 19.5 1.20 74.6 79.3

70




Year One Pain Scores. For year one, the independent t-test showed that there was
not a significant difference in year one placebo pain scores (M = 77.7, SD = 20.3) and
year one combined metformin group pain scores [(M = 79.4, SD = 18.9); t(1051)= 1.412,
p = 0.158; Table 4.5]. For the year one ANOVA, the test for homogeneity of variance
was not significant [Levene F(2, 1023) = 2.74, p = 0.065] indicating that this assumption
underlying the application of ANOVA was met. The one-way ANOVA of year one pain
scores (Table 4.8) revealed significance among the three groups [F(2, 1023) =6.24, p =
0.002]. Post hoc comparisons using Tukey procedures were performed to determine
which pairs of the three group means differed. These results are shown in Table 4.9 and
indicate two differences. The high dose (1,700 mg/day) metformin group (M = 80.7)
reported less pain (higher SF-36 BPS) than the placebo group (M = 77.7) with a p-value
of 0.047. The high dose (1,700 mg/day) metformin group (M = 80.7) also reported less
pain than the low dose (850 mg/day) metformin group (M = 71.8) with a p-value of
0.005. The effect size, eta squared (n?), for this finding was 0.01 (” of 0.01). The
Cohen’s d for year one placebo and high dose (1,700 mg/day) metformin groups was
0.15 (Cohen’s Uz of 56%) and the Cohen’s d for year one low dose (850 mg/day)
metformin and high dose (1,700 mg/day) metformin groups was 0.44 (Cohen’s Uj of

67%).

71



Table 4.8 Analysis of Variance Summary Table for Pain Scores for the Placebo,
Low Dose (850 mg/day) and High Dose (1700 mg/day) Metformin Groups in Year

One

Sum of Mean Square

Squares df F p - value
Between 4784.937 2 2394.469 6.237 0.002*
groups n?=0.01
Within 392422.837 1023 383.6
groups
Total 397207.774 1025

*significant at p < 0.05

Table 4.9 Tukey’s HSD Test For Year One Pain Scores of Placebo, Low Dose
(850 mg/day) and High Dose (1,700 mg/day) Metformin Groups

95%ClI
Group 1 Group 2 Mean SEM P Lower | Upper
Difference
Placebo 850 mg 5.92 2.82 0.09 -0.69 12.5
Placebo 1700 mg 3.01 1.27 0.047* -5.98 -0.03
Oewn = 0.15
850 mg 1700 mg 8.92 2.85 0.005* -15.6 -2.23
dewen = 0.44

*significant at p < 0.05
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Year Two Pain Scores. For year two, the independent t-test showed a significant
difference in year two placebo pain scores (M = 75.2, SD = 21.8) and year two combined
metformin group pain scores [(M = 78.6, SD = 19.4); t(1050)= 2.645, p = 0.008; Table
4.5]. For the year two ANOVA, the test for homogeneity of variance was significant
[Levene F(2, 1021) = 5.74, p = 0.003] indicating that this assumption underlying the
application of ANOVA was not met (Table 4.10). In instances where heterogeneity of
variance is observed, the Welch and Brown-Forsythe tests are recommended as
alternatives (Stevens, 1999; Tomarken & Serlin, 1986). Therefore, the Welch [F(2,
141.4) = 11.7, p = 0.000] and Brown-Forsythe tests [F(2, 205.8) = 11.4, p = 0.000] both
revealed a significance among the three groups (Table 4.11). Post hoc comparisons using
Tamhane procedures were performed to determine which pairs of the three group means
differed. These results are given in Table 4.12 and indicate two statistically significant
differences. The high dose (1,700 mg/day) metformin group (M = 80.1) had less pain
(higher SF-36 BPS) than the placebo group (M = 75.2) with a p-value of 0.001. The high
dose (1,700 mg/day) metformin group (M = 80.1) also had less pain than the low dose
(850 mg/day) metformin group (M = 68.6) with a p-value of 0.001. The Cohen’s d for
year two placebo and high dose (1,700 mg/day) metformin groups was 0.24 (Cohen’s Us
of 59.5%). Cohen’s d for year two low dose (850 mg/day) metformin and high dose

(1,700 mg/day) metformin groups was 0.58 (Cohen’s Us of 72%).
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Table 4.10 Levene’s Test of Homogeneity of Variances for Year Two Pain Scores
of Placebo, Low Dose (850 mg/day) and High Dose (1700 mg/day) Metformin

Groups

Levene Statistic

dfl

df2

p-value

5.74

1021

0.003*

*significant at p < 0.05

Table 4.11 Robust Tests of Equality of Means for Year Two Pain Scores of
Placebo, Low Dose (850 mg/day) and High Dose (1700 mg/day) Metformin Groups

Statistic dfl df2 p - value
Welch 11.7 2 141.4 0.000*
Brown-Forsythe 114 2 205.8 0.000*

*significant at p < 0.05; n°= 0.02

Table 4.12 Tamhane’s Test for Year Two for Placebo, Low Dose (850 mg/day)
Metformin and High Dose (1700 mg/day) Metformin Groups

95%ClI
Group 1l |Group 2 Mean SEM P Lower Upper
Difference
Placebo 850 mg 6.64 3.00 0.089 -0.72 14.0
Placebo |1700 mg 4.86 1.31 0.001* -7.99 -1.74
Josen = 0.24
850 mg 1700 mg 115 3.00 0.001* -18.9 -4.15
desen = 0.58

*significant at p < 0.05

74



Year Three Pain Scores. For year three, the independent t-test showed that there
was not a significant difference in year three placebo group pain scores (M = 76.2, SD =
20.8) and year three combined metformin group pain scores [(M = 77.4, SD = 19.0);
t(1035) = 0.984, p = 0.325; Table 4.5]. For the year three ANOVA analysis, the test for
homogeneity of variance was not significant [Levene F(2, 1006) = 2.00, p = 0.136]
indicating that this assumption underlying the application of ANOVA was met. The one-
way ANOVA of year three pain scores (Table 4.13) revealed a significance among the
three groups [F(2, 1006) = 4.12, p = 0.016]. Post hoc comparisons using Tukey
procedures were used to determine which pairs of the three group means differed. These
results are presented in Table 4.14 and indicate that the high dose (1,700 mg/day)
metformin group (M = 78.4) reported less pain (p = 0.021) than the low dose (850
mg/day) metformin group (M = 70.5). The effect size for this finding was small (n°=
0.01; ®? = 0.006). The Cohen’s d for year three low dose (850 mg/day) metformin and

high dose (1,700 mg/day) metformin groups was 0.40 (Cohen’s U3 of 65.5%).
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Table 4.13 Analysis of Variance Summary Table of Pain Scores for the Placebo,
Low Dose (850 mg/day) and High Dose (1700 mg/day) Metformin Groups in Year

Three

Sum of Squares df Mean Square F p - value
Between 3300.787 2 1650.4 4.12 0.016*
groups n?=0.01
Within 402859.907 1006 400.5
groups
Total 406160.694 1008

*significant at p < 0.05

Table 4.14 Tukey’s HSD of Year Three Pain Scores for the Placebo, Low Dose
(850 mg/day) and High Dose (1,700 mg/day) Metformin Groups

95%CI
Group1 |Group 2 Mean SEM P Lower | Upper
Difference
Placebo  [850 mg 5.69 2.93 0.127 -1.19 12.6
Placebo |1700 mg 2.21 1.30 0.207 -5.27 0.847
850 mg (1700 mg 7.91 2.97 0.021* -14.9 -0.94
Jewer = 0.40

*significant at p < 0.05
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Year Four Pain Scores. For year four, the independent t-test showed that there
was not a significant difference between year four placebo group pain scores (M = 74.8,
SD = 21.5) and year four combined metformin group pain scores [(M = 76.5, SD = 19.5);
t(645) = 1.027, p = 0.305; Table 4.5]. For the year four ANOVA, the test for
homogeneity of variance was not significant [Levene F(2, 626) = 1.34, p = 0.263]
indicating that this assumption underlying the application of ANOVA was met. The one-
way ANOVA of the initial pain scores (Table 4.15) revealed no significance among the
three groups [F(2, 626) = 1.32, p = 0.27] indicating that there was no difference in year
four pain scores of the placebo, low dose (850 mg/day) metformin and high dose (1,700
mg/day) metformin groups.
Table 4.15 Analysis of Variance Summary Table for Pain Scores for the Placebo,

Low Dose (850 mg/day) and High Dose (1,700 mg/day) Metformin Groups in
Year Four

Sum of Mean Square

Squares df F p - value
Between 1120.329 2 560.164 1.318 0.269
groups
Within 266145.137 626 425.152
groups
Total 267265.466 628
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4.5  Annual Pain Scores for Placebo, Low Dose and High Dose
Metformin Therapy

Placebo Patients. A repeated measures one-way analysis of variance (ANOVA)
was used to examine pain scores (using the SF-36 BPS) of placebo patients at baseline,
year one, two, three and four. Only the placebo patients that had pain scores for baseline
and years one through four were analyzed. The descriptives are shown in Table 4.16. An
alpha level of 0.05 was used for all analyses.

Mauchly's Test of Sphericity indicated that the assumption of sphericity had been
violated [¥%(9) = 24.4, p = 0.004; Table 4.17]. The Greenhouse-Geisser estimate of
sphericity (g) is 0.966. Therefore, a repeated measures ANOVA with a Huynh-Feldt
correction was performed. Results of the analysis revealed that the mean pain scores
differed statistically between time points [F(3.916, 1311.875) = 4.264, p = 0.002; Table
4.18]. Post hoc tests using the Bonferroni correction further revealed that pain scores
differed between initial pain scores (M = 77.7, SD = 19.7) and year two pain scores (M =
73.7, SD = 22.8) at p = 0.012 (Table 4.19). Reported pain scores also differed between
year one (M =77.4, SD = 21.3) and year two (M =73.7, SD = 22.8) at p = 0.021 (Table

4.19). n®was 0.013 which indicates a small effect.
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Table 4.16 Pain Score Values of the Placebo Patients for Baseline Through Year

Four
95%CI

Placebo N Mean SD SEM Lower | Upper
Baseline 336 77.7 19.7 1.08 75.6 79.8
Year One 336 77.4 21.3 1.16 75.2 79.7
Year Two 336 73.7 22.8 1.24 71.3 76.1
Year Three 336 75.9 21.2 1.15 73.6 78.2
Year Four 336 4.7 21.5 1.17 72.4 77.0

Table 4.17 Mauchly’s Test of Sphericity for Placebo Group at Baseline Through

Year Four
Greenhouse-
Mauchly’s W Approx y° df p-value Geisser (g)
0.929 24.4 9 0.004* 0.966

*significant at p < 0.05

Table 4.18 Huynh-Feldt Correction for Placebo Group at Baseline Through Year

Four
Type 111 SS df Mean Square F p —value | Partial | Power
2
n
3999.877 3.916 1021.408 4.264 0.002* 0.013 0.925

*significant at p < 0.05
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Table 4.19 Post Hoc Bonferroni Correction for Placebo Group at Baseline

Through Year Four

95%ClI
Groupl |Group?2 Mean SEM P Lower Upper
Difference
Baseline  [Year 1 0.244 1.11 1.00 -2.92 341
Year 2 3.99 1.22 0.012* 0.551 7.42
Year 3 1.79 1.21 1.00 -1.62 5.20
Year 4 3.01 1.15 0.092 -0.235 6.26
Year 1 Year 2 3.74 1.21 0.021* 0.326 7.16
Year 3 1.55 1.20 1.00 -1.86 4.95
Year 4 2.77 1.23 0.245 -0.693 6.23
Year 2 Year 3 2.20 1.22 0.725 -5.64 1.25
Year 4 0.973 1.22 1.00 -4.41 2.46
Year 3 Year 4 1.22 1.04 1.00 -1.72 4.16

Low Dose (850 mg/day) Metformin Patients. A repeated measures one-way

analysis of variance (ANOVA) was used to examine pain scores (using the SF-36 BPS)

of low dose (850 mg/day) metformin patients at baseline, year one, two, three and four.

The descriptives are shown in Table 4.20. An alpha level of 0.05 was used for all

analyses.

Mauchly's Test of Sphericity indicated that the assumption of sphericity had not

been violated [¥*(9) = 10.2, p = 0.333; Table 4.21] suggesting that the assumption of

sphericity underlying the application of ANOVA was met. The repeated measures

ANOVA revealed no statistically significant differences among all of the analyzed years

for the low dose metformin group [F(4, 104) = 1.55, p = 0.195] (Table 4.22).
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Table 4.20 Descriptives of Low Dose (850 mg/day) Metformin Patients for
Baseline Through Year Four

95%CI
Low Dose Metformin N Mean SD SEM Lower Upper
Baseline 27 77.0 21.7 4.17 68.5 85.6
Year One 27 67.2 21.9 4.21 58.6 75.9
Year Two 27 66.6 18.8 3.61 59.2 74.0
Year Three 27 71.7 22.6 4.35 62.8 80.7
Year Four 27 71.5 20.9 4.03 63.2 79.8

Table 4.21 Mauchly’s Test of Sphericity for Low Dose (850 mg/day) Metformin
Baseline Through Year Four

Mauchly’s W Approx y’ df p-value

0.658 10.2 9 0.333
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Table 4.22 Repeated Measures Analysis of Variance for Low Dose (850 mg/day)
Metformin Baseline Through Year Four

Type 11l Sum| df Mean F p Partial | Power

of Squares Square Tl2

Sphericity] 1909.852 4 477.463 1.55 0.195 0.056 0.463
Assumed

Error 32128.548 | 104

High Dose (1,700 mg/day) Metformin Patients. A repeated measures one-way
analysis of variance (ANOVA) was used to examine pain scores (using the SF-36 BPS)
of high dose (1,700 mg/day) metformin patients at baseline, year one, two, three and four.
The descriptives are shown in Table 4.23. An alpha level of 0.05 was used for all
analyses.

Mauchly's Test of Sphericity indicated that the assumption of sphericity had not
been violated [ ¥%(9) = 13.2, p = 0.154; Table 4.24] indicating that the assumption of
sphericity underlying the application of ANOVA was met. The repeated measures
ANOVA revealed no significance among the five time points for the high dose (1,700
mg/day) metformin group [F(4, 1032) = 1.03, p = 0.088] indicating no statistical
difference in baseline, year one, year two, year three and year four pain scores in the high

dose metformin group (Table 4.25).
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Table 4.23 Descriptives of High Dose (1,700 mg/day) Metformin Patients for
Baseline Through Year Four

95%ClI
High Dose Metformin N Mean SD SEM Lower | Upper
Baseline 259 79.7 18.8 1.17 77.4 82.0
Year One 259 79.8 18.9 1.17 77.5 82.1
Year Two 259 79.0 19.7 1.22 76.6 81.4
Year Three 259 78.3 18.8 1.17 76.0 80.6
Year Four 259 76.7 194 1.21 74.3 79.1

Table 4.24 Mauchly’s Test of Sphericity for High Dose (1,700 mg/day) Metformin
Baseline Through Year Four

Mauchly’s W ADDrox v2 df p-value
pprox x

0.950 13.2 9 0.154

Table 4.25 Repeated Measures Analysis of Variance for High Dose (1,700
mg/day) Metformin Baseline Through Year Four

Type 11l Sum| df Mean F p Partial | Power

of Squares Square 112

Sphericity 1680.113 4 420.028 2.03 0.088 0.008 0.609
Assumed

Error 213795.887 | 1032
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4.6 Summary

The primary aim of this study was to assess whether pre-diabetic patients on
metformin therapy reported lower pain scores than pre-diabetic patients given a placebo.
In addition to this primary aim, the dosage of metformin was also evaluated in order to
determine if the dosage correlated to lower reported pain. A graph summarizing all
average initial and annual pain scores is shown in Figure 4.5.

Figure 4.5 Average Annual Pain Scores For Placebo, Low Dose (850 mg/day) and
High Dose (1,700 mg/day) Metformin Groups

Annual Pain Scores
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In order to test the hypotheses, Student’s independent t-tests, one-way ANOVAs
and repeated measures ANOVAs were completed. The confounding variables of gender,
age, race and BMI were also evaluated in order to determine if these variables played a
role in the observed outcomes. The results of these statistical analyses were presented in

this chapter and these results will be discussed in the next chapter.
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CHAPTER 5: DISCUSSION

Although metformin therapy has been used for many years in the diabetic
population to help control blood glucose levels, the authors are not aware of any studies
that have investigated the possible correlation between metformin use and pre-diabetic
patients’ pain scores. Previous research has shown that metformin decreases chronic pain
in animal models and in human populations experiencing certain chronic pain conditions.
Based on the intracellular mechanism of metformin, coupled with its greater tolerability,
metformin is a medication that warrants further research pertaining to its potential pain
relieving properties.

The overall purpose of the study was to evaluate the association of metformin
therapy and pain scores in a pre-diabetic population. This association was evaluated by
comparing the SF-36 bodily pain scores of a pre-diabetic population undergoing
metformin therapy versus a pre-diabetic population taking a placebo. Further evaluation
of this association was conducted by comparing the SF-36 bodily pain scores of the pre-
diabetic population annually. It was hypothesized that the metformin patients would
report less pain than the placebo patients annually. This chapter summarizes the findings
from the study, presents conclusions drawn from these findings and proposes next steps

for future research.
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5.1  Analysis of the Primary Aim

Hypothesis #1A: Pre-diabetic patients on metformin (regardless of dose) will

have less pain (measured by higher SF-36 BPS) compared to pre-diabetic

patients on placebo at each annual visit (years 1 - 4).

Year two (Table 4.5) showed a significant difference [t(1050)= 2.645, p = 0.008]
between placebo pain scores (M = 75.2, SD = 21.8) and combined metformin pain scores
(M =78.6, SD = 19.4). However, all other years did not indicate statistical differences.
The initial pain scores between the two groups were not statistically significant [t(1054)=
1.603, p = 0.109]. The results of the analyses show that pre-diabetic patients on
metformin had less pain compared to pre-diabetic patients on placebo only at year two.
Possible explanations for this result will be discussed later in this chapter. This study
does not totally support previous animal and human studies which have found a reduction
in pain through the use of metformin.

Metformin, through the activation of AMPK, has been shown to decrease chronic
pain in animal models. A complete reversal of pain in mice on metformin therapy was
found by Melemedjian et al. (2011). Russe et al. (2013) showed anti-nociceptive effects
in mice models on metformin. Mao-Ying et al. (2014) used metformin to reduce pain in
mice with neuropathic pain induced by chemotherapy. This association between
metformin treatment and pain reduction is not only limited to animal models but has also
been reported in a human population. A decrease in lumbar radiculopathic pain in
humans on metformin therapy was shown in a study by Taylor et al. (2013). In addition,

a single case observation of a patient with Decrum’s disease, which results in painful

lipomas, showed a decrease in pain on metformin therapy (Labuzek et al., 2012; Labuzek
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etal., 2013).

To the author’s knowledge, the present study appears to be the first to explore
metformin use for the reduction of chronic pain in a pre-diabetic population. This study
indicated that metformin therapy is correlated to less reported pain in this population in
year two. The chronic pain in this population, can manifest itself nociceptively
(primarily by skeletal muscle pain) but more commonly as painful diabetic neuropathy
(Lieberman et al., 2014; Papanas et al., 2011). However, it should be noted that both
nociceptive pain and diabetic neuropathic pain have similar mechanisms involving
activation of mTOR which is important in the mechanism through which metformin
relieves pain (Chakravarty & Sen, 2010).

The hypothesis of pre-diabetic patients on metformin therapy having less pain
than pre-diabetic patients on placebo, however, was only confirmed in year two of this
study. There was no difference found between the placebo and metformin groups in
years one, three and four. This finding could be the result of combining both high dose
(1,700 mg/day) and low dose (850 mg/day) metformin groups. The 850 mg/day dose of
metformin may be too low to make a difference in pain thus affecting the results. In
addition, the 1,700 mg/day high dose is not the recommended maintenance dose of
metformin which is 2,000 mg/day. These possible affects is addressed in the analysis of

secondary aim 1.
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5.2  Analysis of Secondary Aim 1

Hypothesis #2A: The high dose metformin group (1,700 mg/day) will have the

least pain (highest SF-36 BPS) compared to placebo and low dose (850 mg/day)

metformin groups at each annual visit.

The annual pain scores for each year were compared among the placebo, low dose
(850 mg/day) metformin and high dose (1,700 mg/day) metformin groups (Table 4.7)
separately. The initial pain scores of all three groups were not statistically different [F(2,
1025) = 1.95, p = 0.14; Table 4.6]. This is what was hypothesized as it was expected that
there would be no differences in pain scores prior to administrating either treatment or
placebo therapy.

Year one pain scores exhibited a significant difference among the three groups
[F(2, 1023) = 6.24, p = 0.002; Table 4.8]. Post hoc analyses revealed two significant
differences (Table 4.9). The high dose (1,700 mg/day) metformin group (M = 80.7) had
less pain (higher SF-36 BPS) than the placebo group (M = 77.7) with a p-value of 0.047.
The high dose (1,700 mg/day) metformin group (M = 80.7) also had less pain than the
low dose (850 mg/day) metformin group (M = 71.8) with a p-value of 0.005. These
results support the hypothesis that the high dose metformin group had the least pain
compared to the placebo and low dose metformin groups. This finding was replicated in
the year two pain score analysis.

The results of analysis of the year three pain scores differed slightly from those of
years one and two and did not entirely support the hypothesis. While year three pain
scores for the three groups were statistically significant [F(2, 1006) = 4.12, p = 0.016;
Table 4.13], Tukey post hoc analyses determined that the high dose metformin group (M

= 78.4) had less pain than the low dose metformin group (M = 70.5) with a p-value of
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0.021. However, the high dose metformin group was not statistically significantly
different from the placebo group (M = 76.2; p = 0.207). It was hypothesized that the
high dose metformin group should have less pain than both the low dose metformin and
placebo groups. The later was not the case.

Analysis of year four pain scores revealed no significance among all three
groups [F(2, 626) = 1.32, p = 0.27; Table 4.15]. This result does not support the
hypothesis of secondary aim 1. Because of this result, a post hoc power analysis was
done (Table 5.1) indicating very low power across all group comparisons. The
comparison between the placebo and low dose metformin groups had a post hoc power
of 12.1%; the placebo and high dose metformin groups had a post hoc power of 24%;
and the low dose metformin and high dose metformin groups had a post hoc power of
25%. These findings suggest that despite the large overall sample size for this study,
the reduced sample size for the annual analyses may have played a role in the non-
significant results.

Table 5.1 Post Hoc Power Analyses for Year Four (Placebo N = 339; 850 mg/day N
=27; 1,700 mg/day N = 263)

Post
Group 1 Group 2 | hoc Power

Placebo 850 mg 12.1%

Placebo 1700 mg 24%

850 mg 1700 mg 25%
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To summarize, although it was hypothesized that the high dose metformin group
would report less pain than the placebo and low dose metformin groups at each annual
visit, a significant difference among high dose metformin, low dose metformin and
placebo was only seen in years one and two . In year three, a statistical significance was
found only between the high dose metformin group and low dose metformin group. One
possible explanation for this discrepancy may lie in patient recall of pain. The annual
pain scores rely on the patient’s recall of pain. Previous studies have found that there can
be inconsistencies in patient’s self-report of pain. Jamison, Sbrocco, and Parris (1989)
reported that relying on the memory of chronic pain patients to accurately evaluate pain
levels resulted in an overestimation of their pain intensity. Although the Jamison et al.
(1989) study population was not the same as our study population, their study did include
back pain patients which is a similar population used in the Taylor et al. (2013) study of
lumbar radiculopathic pain patients. Recall that Taylor et al. (2013) reported a decrease
in lumbar radiculopathic pain upon administration of metformin.

This study utilized the SF-36 Brief Pain Score to rate pain. The SF-36 BPS is
available in standard (4 weeks) and acute (1 week) recall versions. This study utilized the
standard version and therefore relied on the patient’s recall of pain levels of the previous
four weeks. Keller et al. (1997) compared both the standard and acute versions of the SF-
36 and found that the acute version of the SF-36 was a more reliable form to utilize. Due
to the use of the SF-36 standard version to measure pain in this study, it may not be
reliable enough to truly measure the true pain level at each annual visit.

Statistically significant change of pain score in year one and two on high dose

(1,700 mg/day) metformin treatment compared to placebo and low dose (850 mg/day)

metformin treatment along with significant changes seen between high dose metformin
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patients and low dose metformin patients in year three provides support for the
relationship that metformin has in decreasing pain. Because this study utilized the less
reliable standard version of the SF-36 BPS, a future study of yearly pain scores of
metformin patients using the acute version of the SF-36 would be appropriate to
determine if reported pain would indeed decrease. Additionally, utilizing pain diaries,
which require the subject to record pain levels on a daily basis, would also be another
alternative means of ensuring greater accuracy in pain scores. This would eliminate the
need for patients to rely on their recollection of pain levels over an extended period of
time.

Another factor that may play a role regarding the correlation of metformin to
lower reported pain is the dose of metformin. Metformin can be prescribed at 850 mg
once a day up to a maximum dose of 2,550 mg a day (Bristol-Myers Squibb, 2008;
Appendix E). The maximum dose used in this study (1,700 mg/day) was below the
recommended maintenance dose of metformin which is 2,000 mg a day (Bristol-Myers
Squibb, 2008; Appendix E).

Patients on the metformin arm of this study were initially given a dose of 850 mg
of metformin to start. If the medication was well tolerated, this dose was increased to
850 mg twice a day for a total of 1,700 mg/day. Although most patients (N = 425) did
move on to the higher 1,700 mg/day dose, fifty-three patients remained on the lower 850
mg/day dose. Twenty-eight patients were on mixed doses and were not used for this part

of the analysis.

There is the possibility that the 850 mg a day dose given to the low dose
metformin group is too low of a dose to have a significant impact on pain scores. If 850

mg a day is too low, the low dose metformin group’s pain scores would more likely be
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closer to that of the placebo group. One animal study was found that tested the dose-
dependent relationship of metformin and pain. Melemedjian et al. (2011) treated mouse
sensory neurons with 2 mM or 20 mM metformin for one hour. This study found a dose
dependent increase in the phosphorylation of AMPK. The higher dose of metformin
caused increased phosphorylation of AMPK.

In the initial part of the Melemedjian et al. (2011) study, rats were given 200
mg/kg/day of metformin for seven days. The rats weighed 250 to 300 grams for a dosage
of 50 to 60 mg of metformin a day. This showed a resolution of induced-neuropathic
allodynia. If this dosage was adjusted for a human equivalent dose, it would equal 13,600
mg of metformin/day for a 150-pound person, which is over the maximum dose of 1,700
mg used in this study and over the maximum dose (2,550 mg) that can be prescribed.

As noted, this study used a maximum dose of 1,700 mg of metformin per day and
showed a significant difference in pain score when compared to a lower dose (850
mg/day) of metformin in years one, two and three. However, the high dose used in this
study is lower than the recommended maintenance dose of 2,000 mg/day (Bristol-Myers
Squibb, 2008). Use of the maintenance dose of 2,000 mg/day up to the maximum dose
of 2,550 mg/day is hypothesized to yield even better results on patient pain scores based

on this study’s dose-dependent findings.

An additional factor to consider is the use of extended release metformin. The
starting dose of the extended release metformin is 500 to 1,000 mg per day with a max
dose of 2,500 mg daily and a maintenance dose of 2,000 mg per day (Bristol-Myers
Squibb, 2008). This is also higher than the dosage used for this study. The extended
release version slowly releases the active drug over the dosing period. In addition, the

extended release version of metformin has been shown to have fewer gastrointestinal side
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effects than immediate release metformin (Blonde, Dailey, Jabbour, Reasner, & Mills,
2004).

Despite the lower-than-maintenance-dose of metformin used in this study along
with the use of the immediate release metformin instead of the extended release version,
this study still showed a significant decrease in pain with the 1,700 mg/day dose in years
one, two and three. This outcome is the most seminal result of this study. No other
study has found a correlation between dosage of metformin and less reported pain in a

chronic pain human population.
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5.3  Analysis of Secondary Aim 2

Hypothesis #3A: Placebo patients will have more pain (lower SF-36 BPS) at year

one, two, three and four compared to baseline.

Hypothesis #3B: Low dose (850 mg/day) metformin patients will have no change

in pain when comparing baseline, year one, year two, year three and year four

pain scores.

Hypothesis #3C: High dose (1,700 mg/day) metformin patients will have less

pain (higher SF-36 BPS) when comparing year one, year two, year three and year

four pain scores to baseline.

The placebo group’s baseline, year one, two, three and four pain scores were
compared using repeated measures ANOVA. The same was done for the low dose (850
mg/day) metformin and high dose (1,700 mg/day) metformin groups. Because not all
patients in this study followed up for all four years, only patients who had baseline, year
one, two, three and four pain scores were used for this analysis.

The placebo group (N = 336) pain scores differed between initial pain scores and
year two pain scores (p = 0.012) and year one pain scores and year two pain scores (p =
0.021) (Table 4.20). The pain increased from the initial score (M = 77.7) and year two
score (M = 73.7) and from the year one pain score (M = 77.4) and year two pain score (M
=73.7). This partially supports the hypothesis that the placebo group will have more
pain (lower SF-36 BPS) annually. Because these are pre-diabetic patients and one
complication of pre-diabetes is chronic pain (mainly in the form of diabetic neuropathy),
it is not surprising that without treatment for pain, patients should report greater pain over
time. However, even though a statistically significant difference in pain scores in year

three and four, was not found, there was a meaningful clinical difference in pain scores
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between baseline (M = 77.7) and year four (M = 74.7). The minimally important
difference in the SP-36 BPS is three points (Ware et al., 2007).

For the low dose (850 mg/day) metformin group, no statistical significance was
seen among the baseline, year one, two, three and four pain scores (p = 0.195; Table
4.23). It was hypothesized that the low dose metformin group would have no change in
pain scores throughout the duration of the study. Because the placebo group showed an
increase in pain when comparing baseline to year two and year one to year two, but the
low dose metformin group showed no change in pain, it may indicate that the low dose
metformin might have some pain relieving effects but not enough of an effect to improve
pain scores.

The high dose (1,700 mg/day) metformin group also showed no statistical
significance among baseline, year one, two, three and four pain scores (p = 0.088; Table
4.26). This result does not support hypothesis 3 of secondary aim 2. It was hypothesized
that the high dose metformin patients would report less pain annually (years 1 - 4). As
was explained with the low dose metformin group, the high dose metformin patients did
not have an increase in pain (as seen in the placebo group) thus indicating that the high
dose metformin may have some pain relieving effects. However, as stated in Section 5.2,
the high dose used in this study (1,700 mg/day) is lower than the recommended
maintenance dose of 2,000 mg/day and the maximum dose of 2,550 mg/day. Perhaps the
low dose of 850 mg/day and high dose of 1,700 mg/day may provide some pain relief but

the dosages may not be high enough to produce a statistically significant decrease in pain.
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5.4  Significance of the Findings

Overall, this study serves to evaluate the primary hypothesis that metformin use is
correlated to less reported chronic pain in a pre-diabetic population. Even though the
central hypothesis of the study was only proven in year two, the higher dose metformin
patients did report less pain than placebo patients in years one and two and less pain than
low dose metformin patients in years one, two and three. This finding will make a
significant contribution to the area of chronic pain in a diabetic population and possibly
to other chronic pain populations. The finding that higher dose metformin use was
partially correlated to less pain is novel in that no study to date has found this association
in a human pre-diabetic population.

Because of metformin’s low risk and high tolerability, it is imperative that this
connection be further investigated as a possible pain relieving alternative to other
medications not only for chronic pain associated with pre-diabetes but for other chronic
pain conditions.

This correlation has been seen in animal models (Mao-Ying et al., 2014;
Melemedjian et al., 2011; Russe et al., 2013). However, there has only been one study to
date (Taylor et al., 2013) which has considered the correlation between metformin and
pain scores in a human population. Like this study, Taylor et al. (2013) used
retrospective analysis of pain scores and metformin use. However, the population used in
Taylor’s study was patients with lumbar radiculopathy. Both lumbar radiculopathic pain
and pre-diabetic pain (or diabetic neuropathy) are classified as chronic pain and have
similar pain mechanisms. Therefore, it is not surprising that the current study also showed

a correlation between metformin use and less pain.

A novel finding of this study is the correlation between metformin dosage and
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chronic pain. The higher dose metformin patients (1,700 mg/day) reported much less
pain than the patients on the lower dose (850 mg/day) of metformin in years one, two and
three and the placebo patients in years one and two. No current study has addressed the
possible correlation between metformin dosage and pain relief in a human population.
The only study that analyzed the correlation of pain and metformin use in a human
chronic pain population was Taylor et al. (2013) and the dosage was not mentioned or
considered in their analysis.

One animal study did investigate the correlation that metformin dose has on pain
relief. Melemedjian et al. (2011) found that there was a correlation between metformin
dose and pain in a mouse model. However, the maximum dose used in Melemedjian’s
study was equivalent to a dose of 13,600 mg/day for a 150 pound person. This dosage is
greater than the maximum dose of 2,550 mg/day that can be prescribed. Furthermore,
Melemedjian et al. (2011) utilized mouse sensory nerves ex vivo for the dosage study.
The results of that study relied on measured sensory nerve excitability as opposed to
paw withdrawal thresholds which other studies have utilized to measure pain in animal
models. Ex vivo models do not take into account the interactions that other organ

systems may play in the pain process.
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5.5 Limitations

A limitation of this study is that it was a retrospective analysis using data that was
obtained from 1996 to 2008 in which the original aim of the study was not focused on
pain. As such, the pain measurement used, the SF-36 BPS standard version, is not the
most reliable source of measuring pain intensity. The acute version of SF-36 is a more
reliable way of measuring pain intensity (Keller et al., 1997). There is also an SF-36
version 2 which is a more recent and improved version of the original SF-36.
Additionally, the SF-36 utilizes self-report of pain, which is not an objective means of
measuring pain. Rosier, ladarola, and Coghill (2002) found that the reproducibility of
pain ratings from individual subjects was inconsistent despite attempts to control the
experimental variables. A more objective way of measuring pain needs to be utilized in
order to reduce variability in measurement. One potential method of objectively
measuring pain is functional magnetic resonance imaging (fMRI). Wager et al. (2013)
studied using fMRI to measure pain intensity during thermal stimuli. Perhaps this
objective measurement would be the ideal way to truly measure pain intensity in chronic
pain patients.

Another limitation of this study is the dosage of metformin prescribed. There
were only two doses, 850 mg/day and 1,700 mg/day, prescribed in this study. The
recommended maintenance dose of metformin is 2,000 mg a day with a maximum dose
of 2,550 mg/day. This lower than maintenance dose may have limited the maximum
potential that could potentially reduce pain.

In addition, metformin also comes in an extended release form. The extended
release form of metformin also has a maintenance dose of 2,000 mg/day and has an added

benefit of less Gl side effects. This form of metformin was not utilized in this study. The
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extended release form allows for a steady release of the drug over the course of the day,

therefore potentially providing a decrease in the pain score variability that was seen in
the year-by-year analysis. The one caveat with using the extended release form of
metformin is it has an increased monetary cost associated with its use compared to the
immediate release form of metformin.

Lastly, the sample size of the low dose metformin group must be addressed.
While the overall sample size was adequate to conduct the study, sample size may have
played a role in some of the analyses that were performed. Of all three groups, the low
dose metformin group had the smallest sample size (N =53, 52, 51, 27 for baseline, year
1, 2, 3 and 4 respectively). The sample size was especially small in year four (N = 27)
which may indicate the low post hoc power seen in year four (Table 5.1). This may
indicate a type Il error in which the sample size of the low dose metformin group may be
too small to reject the null hypothesis. In addition to a possible type Il error, there is
also the possibility of inflation of type I error in doing multiple comparisons. To reduce
type | error, we adjusted all analyses by performing post hoc tests (Tukey’s HSD,

Bonferroni, Tamhane).

100



5.6  Further Research

There are several prospective, double-blind, randomized future studies which
would be recommended as a follow up to this study:

1. Using a pre-diabetic population, evaluate pain scores for patients on
placebo, 2,000 mg/day and 2,550 mg/day immediate release metformin and 500 mg/day,
1,000 mg/day and 2,000 mg/day extended release metformin. Pain levels should be
measured using the SF-36 v.2 BPS acute version. Pain scores should be measured at
regular intervals, such as bi-annually or annually.

2. Using patients with various chronic pain conditions such as low back pain,
fibromyalgia, other types of neuropathy, evaluate pain scores using the SF-36 v.2 acute
version of subjects on placebo, 2,000 mg/day and 2,550 mg/day immediate release
metformin and 500 mg/day, 1,000 mg/day and 2,000 mg/day extended release metformin.
Pain scores should be measured at regular intervals, such as bi-annually or annually.

3. Using patients with diabetic neuropathy, evaluate pain scores of subjects
on different pain medications (such as pregabalin, duloxetine, tapentadol) along with
placebo, 2,000 mg/day and 2,550 mg/day immediate release metformin and 500 mg/day,
1,000 mg/day and 2,000 mg/day extended release metformin. Pain scores should be

measured at regular intervals, such as bi-annually or annually.
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5.7  Conclusion

Higher dose metformin use is partly associated with less pain in a pre-diabetic
population. Patients on high dose (1,700 mg/day) metformin therapy had less pain than
low dose (850 mg/day) metformin patients at year one, two and three (p = 0.005, 0.001,
0.021 at years one, two and three respectively). High dose metformin patients also had
less pain than the placebo patients at year one and two (p = 0.047, 0.001 at years one and
two respectively).

The paramount finding of this study was that the dose of metformin was
associated to the average end pain score. The patients on the higher dose of metformin
(1,700 mg/day) reported less pain than the patients on the lower dose of metformin (850
mg/day) or placebo in years one, two and three. This suggests that the dosage of
metformin may also play a role in pain relief.

This study serves to partially support the many animal studies which have shown
the correlation between metformin use and pain reduction. It is advantageous that future
studies be done to further explore the potential for metformin to lower chronic pain. In
addition, using other chronic pain populations to substantiate this relationship, exploring
the relationship of metformin dosage and extended release metformin effect on pain and
comparing the pain relieving effect of metformin to other pain relieving medications is
warranted.

Future studies should address the dosage of metformin. The high dose (1,700
mg/day) of metformin used in this study was lower than the recommended maintenance

dose (2,000 mg/day) of metformin. Since a correlation was found between metformin

dosage and pain score, it would be worthwhile to increase the dose to the maintenance
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dose or higher to see if the pain relieving effect continues or is amplified.

The high tolerability and low side effects of metformin support the importance of
exploring its pain-relieving potential. The numerous animal studies showing this
potential needs to be further investigated in human chronic pain populations. This study
plays an important role in further advancing our exploration of metformin’s ability of

having an impact on relieving chronic pain.
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Appendix A
SF36 Health Survey

INSTRUCTIONS: This set of questions asks for your views about your health. This

information will help keep track of how you feel and how well you are able to do your usual
activities. Answer every question by marking the answer as indicated. If you are unsure

about how to answer a question please give the best answer you can.

1. In general, would you say your health is: (Please tick one box.)
Excellent D
Very Good D
Good D
Fair D
Poor D
9 Compared to one year ago, how would you rate your health in general now? (Please tick one
box.)
Much better than one year ago D
Somewhat better now than one year ago D
About the same as one year ago D
Somewhat worse now than one year ago D
Much worse now than one year ago D
3. The following questions are about activities you might do during a typical day. Does your
health now limit you in these activities? If so, how much? (Please circle one number on
each line.)
Yes, Yes, Not
Activities Limited Limited A
Limited
3(a)
A Lot Little At All
Vigorous activities, such as running, lifting heavy 1 2 3
3(b)  objects, participating in strenuous sports
Moderate activities, such as moving a table, 1 2 3
3(c) pushing avacuum cleaner, bowling, or playing golf
3(d) Lifting or carrying groceries 1 2 3
3(e) Climbing severalflights of stairs 1 2 3
3(f) Climbing one flight of stairs 1 2 3
3(g) Bending, kneeling, or stooping 1 2 3
3(h) Waling more than a mile 1 2 3
3(9) Walking several blocks 1 2 3
3() Walking one block 1 2 3
Bathing or dressing yourself 1 2 3
4. During the past 4 weeks, have you had any of the following problems with your work or
other regular daily activities as a result of your physical health?
(Please circle one number on each line.) Yes
No
4(a) Cut down on the amount of time you spent on work or other activities 1 2
4(b) Accomplished less than you would like 1 2
4(¢)  Were limited in the kind of work or other activities 1 2
4(d)  Had difficulty performing the work or other activities (for example, it 1 2
took extra effort)

5. During the past 4 weeks, have you had any of the following problems with your work or

other regular daily activities as a result of any emotional problems (e.g. feeling depressed or

anxious)?
(Please circle one number on each line.) Yes
5(a) No
3(b) ~Cut down on the amount of time you spent on work or other activities 1 2
5(c) Accomplished less than you would like 1 2
Didn't do work or other activities as carefully as usual 1 2
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During the past 4 weeks, to what extent has your physical health or emotional problems interfered
with your normal social activities with family, friends, neighbours, or groups? (Please tick one box.)

Not at all D
Slightly D
Moderately D
Quite a bit D
Extremely D
7. How much physical pain have you had during the_past 4 weeks? (Please tick one box.)
None D
Very mild D
Mild D
Moderate D
Severe D
Very Severe D
8. During the past 4 weeks, how much did pain interfere with your normal work (including both work
outside the home and housework)? (Please tick one box.)
Not at all D
A little bit D
Moderately D
Quite a bit D
Extremely D
9. These questions are about how you feel and how things have been with you during the past 4
weeks. Please give the one answer that is closest to the way you have been feeling foreach item.
All of Most AGood Some Alittle None
(Please circle one number on each line.) the of the Bit of ofthe  ofthe  ofthe
Time Time the Time Time Time Time
9(a) Did you feel full of life? 1 2 3 4 5 6
9(b) Have you been a very nervous person? 1 2 3 4 5 6
9(c) Have you felt so down in the dumps that 1 2 3 4 5 6
nothing could cheer you up?
9(d) Have you felt calm and peaceful? 1 2 3 4 5 6
9(e) Did you have a lot of energy? 1 2 3 4 5 6
9(f) Have you felt downhearted and blue? 1 2 3 4 5 6
9(g) Did you feel worn out? 1 2 3 4 5 6
9(h) Have you been a happy person? 1 2 3 4 5 6
9(i)  Did you feel tired? 1 2 3 4 5 6
10. During the past 4 weeks, how much of the time has your physical health or emotional problems
interfered with your social activities (like visiting with friends, relatives etc.) (Please tick one box.)
All of the time D
Most of the time D
Some of the time D
A little of the time D
None of the time D
1. How TRUE or FALSE is gach of the following statements for you?
(Please circle one number on eachline.) Definitely Mostly Don’t Mostly Definitely
True True Know False False
11(a) |seem to get sick a little easier than 1 2 3 4 5
other people
11(b) |am as healthy as anybody | know 1 2 3 4 5
11(c) |expect my health to get worse 1
11(d) My health is excellent 1 2 3 4
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Appendix C

NIDDK Central Repository

The National Institute of Diabetes and Digestive and Kidney Diseases

Metformin and DPP / Diabetes Prevention Program Outcome
Study

Request ID: 20678

Request Type: Data Request

Request Status: Fulfilled

Assigned To: Central Repository Staff and Requestor
Requestor (Institution): Christina Mushi (Indiana University)
Requested Studies: DPP, DPPOS

Repositories: None
Modified: 11/07/2014 9:01a.m. « Submitted: 08/15/2014 12:16p.m. « Material
Sent: 10/13/2014

+ Show all 5 comments 10/13/2014

1:08p.m. - Mike Guill updated the status of this request to: Pending NIDDK DUC Signature

Dr. Mushi-Brunt,

We are pleased to inform you that NIDDK has approved your request. Data is
downloadable via the links above. Note that they expire after six months.

Also, NIDDK is currently obtaining the final signatures on your DUC agreement. A fully
executed copy will be posted when available.

Regards,

Mike Guill, NIDDK CR

— Posted at 1:08p.m. by Mike Guill

11/03/2014

4:40p.m. - Mike Guill updated the status of this request to: Fulfilled
Dr. Mushi,
Your fully executed DUC is now available under the DUC tab of this request.
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Appendix D

Summary of Information about SF-36® Scales and
Physical and Mental Component Summary Measures

Correlations | Number of Definition (% observed)
Scales |[PCS MCS [Items [Levels [Mean [SD [Reliability |Cla |Lowest Possible | Highest Possible
Score (Floor) | Score (Ceiling)
Physical 85 12 10 21 842 1233 93 12.3 |Very limited in Performs all types of
Functioning petforming all physical activities
physical activities, including the most
including bathing or  wvigorous without
dressing (0.8%) limitations due to
health (38.8%)
Role- .81 27 4 5 80.9 34.0 .89 22.6 Problems with work or [No problems with work
Physical other daily activities as jor other daily activities
BP) aresult of physical 70.9%)
health (10.3%)
Bodily Pain |.76 |28 2 11 752 |23.7.90 15.0 [Very severe and No pain or limitations
extremely limiting due to pain (31.9%)
pain (0.6%)
General 69 137 5 21 719 20381 17.6 |Evalnates personal Evaluates personal
Health health as poor and health as excellent
(GH) believes it is lkely to (7.4%)
|get worse (0.0%)
Vitality 47 |65 4 21 609 1209 .86 156 [Feels tired and worn  [Feels full of pep and
out all of the time energy all of the time
0.3%) 1.5%)
Social 42 167 2 9 833 |22.7 .68 25.7 |[Extreme and frequent [Performs normal social
Functioning interference with activities without
normal social interference due to
activities due to physical or emotional
physical and problems (52.3%)
emotional problems
0.6%)
Role- 16 78 3 4 813 33.0).82 28.0 Problems with work or [No problems with work
Emotional other daily activities asor other daily activities
(RE) a result of emotional 71.0%)
problems (9.6%)
Mental 17 .87 5 26 74.7 18.1 .84 14.0 [Feelings of Feels peaceful, happy,
Health nervousness and and calm all of the time
(MH) depression all of the 0.2%)
time (0.0%)
Physical 35 567b 50.0 10.01.92 5.7 Limitations in self- No physical limitations,
Component care, physical, social, |disabilities, or
Summary and role activities, decrements in well-
severe bodily pain, being, high energy level,
frequent tiredness, health rated "excellent”
health rated "poot” 0.0%)
0.0%)
Mental 35 493b 50.0 10.0 .88 6.3 |Frequent Frequent positive
Component psychological affect, absence of
Summary distress, social and psychological distress
role disability dueto |and hmitations in usnal
emotional problems, socialrole activities
health rated "poor” due to emotional
0.0%) problems, health rated
'excellent” (0.0%)

(Ware, Kosinski, & Keller, 1994)
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Appendix E

Rx only
GLUCOPHAGE®
{metformin hydrochloride) Tablets

GLUCOPHAGE® XR
{metformin hydrochloride) Extended-Release Tablats

CESCRIFTION
Exiended- Fakeass Tablels ans onal used In e moragement of iype 2 dabeles.

Mutiommin iydmchiorkde Y Adimethy imidedicarbonimics diamide hydrchionds) kb not chemically
o pramacologlcaly related fo any oifer classes of oral amthy pergiyoemic agents. The siniciural
formula Is as shown: ol

N—L':—H-I—(IE—NHJ'HSI

||
/ HH HH
HyG
Mutiomin Fydrochioide ks o white to of-ahiie oystaline compound wih @ meleoular fomula of
C4H44Me# HC 1 amd @ mckecular welght of 185,832, Meiformnin hydrochionde b fesly soluble inowaber
and b practcally Insclubl I soctona, sthern, and chionodorm. The pi, of matomin ks 124, Tha pH
of 8 1% squecus sobton of melfomnin hydrochiorids s 2.08.
GLUCOPHAGE tablets corbaln 500 mg 850 mg or 1030 myg of meiformin hydrochionds. Eachi
tablst conmtains the iactive ngredisnts povidons and magnesiom sisarate. inaddiion, the ocating
for e 500 mg and B50 mg tablels comains hypromebose and the coating for the 1000 mg tablet
corviains hypromiedkess and polyethylens glycol
GELUCOFPHAGE ¥A conmtains 500 mg or 760 my of metformin hydrochlonde as e active ngredient
GLUCOPHAGE ¥A 500 my tablebs conbain the nactve Ngredonts sodum carboym iyl caboss,
lose, Microcrystaline celuloss, and Magne sium stearate.

GLUCOPHAGE ¥R TS0 mg fabkis comfaln the hachve ingrediems sodum carbowymethyl
cellinss, hypromedoss, and magre sium she arade.
Bystem Components and Perbrmancs — GLUCOPHAGE XA comprises o dual hydrophilc
polymer matrk. systam. Matiormin hycrechiorida 15 combined wih 8 onug ekase comroling

o b T an *inner* phas e, which 1 thien In rated as discrote partichks inbo an "edkemal®
phirsa of a second polymer. Ater adminksiration, iuld from 1ha gastroinksstinal (&) fract enbens the
tablet, causing the polymans to hydrate and swell Drug ks relsassd siowty from the dossge fom by
a procass of difusion through the gel mark that |5 essertialy ndapendsnt of pH. Tha
polymer syshem |s rot rigid and |s sxpectsd b ba broken up by rommal perstakk Inthe Gl tact.
Tha bikgically Inert componanits of the tablet may o coaslonally remain Imact during @ ransit and
wil ba aiminabed In e Toces o3 @ sol, Fydnabed mass.
CLMICAL PHARMA COLDEY
Michanlsm of Action
Mutiomin Is an anthypergycemic agent wihich mproves glucoss tolerance In patlars wih type 2
diabsbes, lowering both basal and postprandial plesma glucoss. Hs phamacalogic mechani sms of
actlon ane difersnt from other clhsses of oral anbypergycemic agents. Mafomin decreases
hepatk gluccse production, decrsases nbestinal absorpiion of glucoss, and Improves suln
senstiviy by increasing peripheral glucose upiske and utlkation. Urikas matformin
doas not produce hypoglyoemia in elbar patients wiih iyps 2 diabstes or normal subjectks Eaospt
In spechl cimumsiances, ses PRECAUTIONS) and doss nol case hyperdrsulnemia 'Wih
metiomin therapy, Inedin searetion remains undanged whik fasting Insuln levels and dayJong
plasma Insulin responss may aclualy deorease.
Phamacokinetcs
Absorpon and Bloamllabity
Tha absciuts blowvallbbily of & GLUCOPHAGE E00 mg tablet ghven uncar fasting condilors B
ap| Iy S0% {0 &0%. Studies L=ing single oral dosas of SLUCOPHAGE 500 10 1500 mg, and
850 40 2560 mg, indicabs that thers s a Isck of dosa proportionalby wih noeasing dosss, whidh B
i to decreased absarption rather than an afenation n slmnation. Food decreases e swlert of

o slighily dulys tha absorption of matiommin, as shoaT by approvimatoly a 45% lower moan psak
plasrmia concamiraton [Cre), 8 25% loaor area undar e plsma conoaminrion wersus time ounss

, and a 35 minute of ima 1o plasma concariraton fal
%‘-ﬁn—mn of a sngle B20 mg mammﬂnnmod.mmp-wn tra m-‘-rﬂﬁat mm
adrminkbered Tasting. The clnloal relevaros of thess decresses |s unkroan.

Following a singls oral dose of ALUCOPHAGE ¥R, T, I achkved with a medan valus of T hours
and a range of 4to B hours. Peak plasma levsls oro approsimataly 20% lower compared to the
sama doss of GLUSOPHAGE, howaver, the extunt of absorpiion fas measured by A LT |s similar
b GUUMCOPHAGE.

At steady state, the ALC and ,,,, araless than doss proporional for GLUCOPHAGE KRwithin the
rangs of 500 o H000 mg administered once dally. Psak plasma kvels ore approwimabely 0.8, 1.4,
14, and 1.8 pgiml for 503, 1000, 1503, and 2300 myg once-dally doses, Tha sxtert of
mitiormin akes or ptkor (s measured by AUC) fom GLUCCOPHAGE XA at o 2000 mg oncs-dally dose
Iz similar o the sams tobal daly doss administersd as GLUCOPHASE tablels 1000 mg teice daly.
Afler repeaied aominlsirabion of GLLUCOPHASE ¥R, metformin did not sccumiats In phsma.
'Within- subject varlabliy In Crree and AUC of metiommin from GUMS0OFHAGE XA B companable bo
thatwith GLUCCPHAGE

ARhough the exbert of metiomin sbscrption (25 measured by ALIC) from e GLUCOPHASE XA
tabiet Increased by approvimatsly 50% when ghven with Tood, thers was ro @ffect of 1ood o G
m'[ml:l'n'mn'h Baothi high and kow Tat meals had the sams affect on tha pharmacokinetics
of GLUCOPHAGE ¥R,

Distribution

The apparamt volume of distribulion (WF) of matformin folowing single oral desss of
GLUCOPHAGE BS0 mg averaged 854 = 358 L. Mutfommin Is negligibly bound to plasma protains,
In comtrast to sUifonyiureas, which am mons than @0% profain bound. Metformin partHons ko
anyhrooytes, most lkely a5 a funotion of time. Af usoal clinkcal doses and dosing schedules of
GLUCOPHAGE, stuady Stabs plasma concerirations of metformin wre reached wihin 24 to
48 houns and ane gensnally <1 pg/mL. Dung coniralled clinical trials of GLUCOPHARE, masdmum
mattarmin plsma kevsls dd not ewoesd 5 pgml, even ot maximum doses.

Madabollsm and Biminabon

Irtravenous sngk-dose sudis In normal subjcls demonsirabs that mwiformin B oooreled
uncrangsd In e urne and doos ot undargo hopaic metabollsm o melmboltos Fave beari
Ideritiled Iri Fumare] ror bilary socrebon. Ronal clearanos (sca Tablae 1) 1s approsimataly 3.5 times
grawior than oweainire cleamncs, which ndcabes that tubular saoretion s the rmajor rouks of
matiomin dimination. Folioadng oral sdminisiration, approwdmaiely 0% of e absorbed dng B

eimirated vl the renal roude within the frst 24 Fours, with @ plasma dimination faldfs of
approwimately 8.2 hours. In biood, 'I'nﬂlml'llﬂcrll‘nl'll‘nhl mi 17.0 howrs, LR
trat tha 5 TS May ks o compartment of PII'M ety magein
Bpaaclal Populations

Patiants with Typs 2 Dlabstas

In thi pres erce of nommal reral fonction, there ons no diferences bebwesn singl- or muliple-dose
pramacckiretics of metformin betwesn patlmts with type 2 diabetes and normal subjects [sea
Tablke 1), ror |3 thers any accumulstion of metfommin i shher group at usual clinkcal doses.

The pharmacockietics of GLUCOPHAGE ¥A [metormin hydrochionds) In patlents with typs 2
diabsbes are comparable to thoss In heathy nomal aduks,

Renal InsuMalenay

In patiers wih decreased renal function (bassd on measwred ceatining charance), the plasma
and bised hak-Ia of metiormin ks profonged and thi renal ckamncs ks dersassd In propartion 4o
tre deorsass In oreatining olsarance (s Tabks 1; also See WARNINGE.

Hapats InoMokncy
Hiz pharmacokinetic studkes of metormin Fave besn conductad In pabemswith hepatic irsufdency.

erlatrics

Lirmitad data from controlked phammacodnetc studias of GLUCOPHAGE hydrochiorida)
In healty sldarly subjacks suggest that iotal plasma clearance of metfommin b decreasad, the
hak-Ifa b prokorged, and Cru, 15 Increassd, comparsd to heatthy young subjacts. From thase
data, & appsars that tha changa In metiommin pharmacokinetios wikh aging Is primanly acccuntad
for by @ changs In renal furction fsae Table 1) GLUCOPHAGE jmetiomin hydrochionds) Tables
and GLUCCPHAGE XR matiomin bydrochionds) Extanded -Aakirse Tablkis Teatment should nct
b=z iniflatzdd I patients =20 years of age unkss masswrament of oreatinns clearancs demonstrates
that rerial function ks ot reduced fses WARNNGS and DOBARE AMD ADMINIETRATION,

Tabla 1: Sskect Maan [£8.0.) Matlmmin Pharmacokinato Parameters Folowing
Singla or Multipla Oral Dosss of GLUCOPHAGE
Bubijct Aroups: GLUCOPHAGE Crn® Tyr® Renal Claarance
doses nurnber of subjacts) pgimLy s imiLmin}
Haalthg nondlabstio adufts:
GO0 Mg sing ke dosa (24 .08 [£0.53) 2.76 [0.E1) 00 1IN
BE0 mg sirgle dose (T4 180 [£0.38) 2.0 05D EED R13%
BED mg thress imes dally for 2001 [=0.42) 1.70 024 842 1T
10 doses® (J
Adults with typa 2 diababss:
B50 mg single dosa (2 1 A8 [=1.5 2,32 1,08 401 138
B50 mg thres Hmes dally for 180008 | 20 piEg 5D 180
10 dosass {5
Bdarty’, haalthy nondabstc aduts:
B50 Mg single dosa (13) 2AS [T | 2T 105 412 208
Renakimpaired aduts:
E50 rng single doss
Ml (L5 &1-00 mLmin) &) 150062 | 320045 384 (125
Moserabe (CL,, 3180 mLimin) [4) 442 (=183} | 3.75 posg 108 (£ET)
Bwara (L, 10-30 mLminy [ A5 (=00 | 404 pag 130 B0

Al dosses ghven fasting ewcapt the first 18 doses of the muttiple doss siudies
Paak plasma conceniration

Tima io pask plesma concemiration

Combined resuls javorags maars) of e studles: mean sge 32 yeams frange 2350 years)
KirisHo study dorss follosing doss 10, gk fasting

Eldary subacis, muan age T1 years [ange 85-61 yoars)

B &,-mm:mnummummﬂ;mmnmmtmﬁ

Padlatrice

Aftar adminisiration of a sndk ol GLUCOPHAGE E00 my tablet wih food, @ino mean
MG Gy ANG AL difersd kess than 5% bebween peciaimo type 2 disbebio patients [12-18 years
of ags) and gendsr- and walght-mabchad heahthy adulbs [20-45 years of ags, all wih nomal reral
function.

Gandar

Mutfonmin pramacckinstlc paramaters did mot dfier signiicantly bebwvean nommal subkcts and
patieris withi fypa 2 diabetes wian srakzed accordng to gonder imaks = 18 fumales = 18
Bimlkary, In comrolled chrical shades In patienks wih bypa 2 dishebes, the anthypen ycomic sffect
of GLIUMCOPHAGE was comparabk In maks and femakis.

Rana

N studies of matformin phammacokinet o aooording o racs have bsen perfomed. In
comrolied clinical studies of BLUCOPHARE In patients wih typs 2 dibaies, the antiypsgyoemic
whect wars COMparabla i whites [M=244), backs [f=51), and Hispanics =24

CLNICAL STUDIER

GLUCOPHAGE

In @ double-blind, placobo-comrolled, muBcentar US clinkoal trial mvelving obess pabionbs with
bypa 2 dabsbss whaza Ry was riot withi dietary mansgemart
alora [basuine fasting punn ghcoss [FRE] of lpprmdmlbly 240 mgidl), treaimart with
GLUCOPHAGE (up 1o 2560 mgiday) for 25 weaks resued in skgnficant mean nat reduciiors In
fasting ard postprancial plesma guccss PPE) and hemoglobin &, [Hbad, | of 52 mgMdL,
B3 mgfd, arvd 1.5%, respeciivaly, compansd to the placeka group (seo Tabde 23

Tabike 2: GLUCOPHARE va Flacabo
Summary of Mean Changes from Basaling” in Fasting Flasma Guccas,
o, . and Body Wiaight, at Final Vst Eoowssk shudy)
GLUCOPHAGE Placeba p-vas
in=i41] =145
PO (Mgl
Basalng M5 T ME
Chariga mt FIMAL VST 630 03 0.0
Hamoglobin Ay, (4]
Baselne B4 82 e
Charga m FIMAL VISIT 14 0.4 0.0
Boaly Wialght (b
Basalng W10 2000 NEr
Charge at FIMAL VISIT A4 24 Ner

* &l patioris on dist thenapy &t Bassing =Hot statistcally signfcant
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A Poowusk, double-blind, placsbo-comiraled study of SLUCCPHAGE imetformin hydrochionds) and
giyburida, slors ard In comblnation, was conducted In obees patlerbs with typs 2 diabebes who had
faled to achlove adaquabs ghyoemic cortral whilks on madmum dosss of giyburids (basalre FRPG of
approvimotaly 260 mgid] [see Table 3 Patlenis mndomied to the comblnabion orm staried
therapy with GLUCOPHAGE B00 myg ard giyburids 20 my. At the end of sach weak of the first
4 wosks of th trial, thess pafients had el dosages of GLUCCPHAGE Inoreassd by 500 mg Hihey
hud falled to reach target fasting plasma gucoss. Aftor weak 4, such dosags wiala mads
morihly, akhough re pationt was alloved to owsed SUUCOPHAGE 2500 mg. Pablenis i the
GLUCOPHAGE only o jmetformin plus placsbe) folivwed the sams tirtion schedule, At the end
ol tha trial, approvirnataly T0% of e patients in the comiblration group wens taking GLUCOPHAGE
2000 mgdghyburide 20 Mg or GLUCOPHAGE 2500 20 mg Pafents mrdomized to
oontinus on glyburids o perierosd worsaning of ghecorlc cominal, wih mean Incresses In FP3, FRG,
ord Hed of 14 mg'd, 3 mg'd, and 02, respectvaly. in conbrasd, thoss mandomized bo
ELUCOPHAGE jupba 2500 mg'day) sxperkrced o Improvemant, with mean reductons In FPS,
PP, and HBA,_ of 1 mgidl, 8 masdl, and 0.4%, . Tra cormbinabion of GLUCOPHAGE
ord giyburide was effective Inireducing FPG, FPQ, ord HbA, levds by &3 mgidl, 85 mgidl, and
1.7%, respectvaly. Compared fo results of giyburds trasbmont alona, the net differences with
cormbinabion treatment wara 77 migAdL, -88 mgidl, and -1.0%4, respectivaly (sea Tabls 3

# seoond double-biind, phosbe- controled shudy Fe=51), with 10 wesks of rondormized treatmart,
demaonsirabed that In patients withityps 2 dabsbes comirolled on irsulin for B wea ks wi an average
Histy o of T.48 2 057, tha addiion of ALUCOPHAGE Iyrdroschorida malmained similar
ghycamic comirol Hbdq, 795 = Q84 ve 887 = Q.82 for GLUCOPHASE plus insulin ard placaba
Plus Insulin, respecthvaly wih 103 ks reuln versus bascline [reducton of 23.88 £ 30.22 vs an
Iricreasa of 043 =+ 2520 urls for ALUCOPHAGE plus Insulin and plhosks plus reuln, p<0.01). i
additicn, this sludy demoreriraoed that the combiraton of GLUCOPHASE plus Insulin resufed n
racuction in body welghtof 3.11 £ 4.30 bs, comparsd to an Inosass of 1 30 + 8.08 ke Tor placaba
plus rsuln, p=0.01.

GLUCOPHAGE XH [matkrmin fydroshiorkds)
A B4-W usk, 00LBIe- HIno, placsbo-corirfed sudy of GLUCOPHAGE KR, tiker orica daily win tha
VENINgG Maal, WS conductsd In patists wih type 2 dibataswho hod Talked to achikss glyoamic
COmrol WAt disk and @werciss [HOA, . 7.096-10.0%, FPG 120-270 mg/dL). Patkns anterng tha
Slucly Nad @ mean baselins Hoa, . of B.0% and a mean baseine FPG of 170 mgdL Afer 12waeks
tremimert, mean Hid, Mad ncreased from baseing by 0.1% and meon ARG deruased Tom
bassling by 2 mgfdL i the placsbo group, comparsd wih o decrease i mean st of 0.8% and
1 decramsa I mean FPG of 23 mg/iL In palients irsated with GLUCOPHAGE ¥R 1000 mg onoe
daly. iy, tha treatment doss was inoreassd to 1500 mg once dally 1 Hoka, was 27.0%
but B.0% jpatiiswith Hoty - 28.0% wers clscortimoied domm tha study]. &1 s Thal visk 24-waok),

Table 3: Combine GLLCO [Comb) va Glyburkds [Giyh) or
ALUCOPHAGE (3L Monatharapy: Summary of Maan froem Bamaling® E;umc?t rugnh:mm 0.2% from basaine N placebo patknis and demsassd 0.8% wih
i ng Shugnnd, Hh Mo and Body Welght 2t Final sk 2 i | 2 AB-wask, doubke biind, placsbe-controled, doss-rasporss study of GLUCCPHAGE ¥R, faken
pvaluss onoe dally whh the svening meal or tvics daly with mials, wars conducted In patknts with type 2
Comb G!h GLLY “Igl\'l GLU vs | GLU v diabsbes who had Talled to achieve giyoemic control wih dist and sxerdss (Hb&s: 7.0%-11.0%,
(=213} =21y mb | Comb | diyo FPE 120-280 mgidLl Changss In giycernic cortral and body welght ara shown In Tabls 8.
h@‘ﬁ:’ﬂnq Tablke & Summary of Mean Changes from Bassling® In Hb&,,
Bassdira E0E 2476 953G HE™ HE= Ha= Fasting Flasma Gucoes, and Body Weight at Fina Wsi [18-weak shudy)
Chiange ot FIMAL VISIT | 845 137 o8 .o o.0m oS GLUCOPHAGE XA
Remoglobin A [%] B0 000 1500 2000 1000
Easslra 1 8.8 LT NE™ we= | oo onee | orea | ores 2 M iea) | Pracaba
Chianga ot FIMAL VIEIT -1.7 n.z2 o4 o.oa a.om oo Cially Dally Daly Daly
Ecly Waight (ibs) Hamoglobin =11 i1 =111 14 =111
Eassira o2z | a0 20 HE™ HE= Ma= Barsiline Haa 4] l:ﬂuﬂ FME [na,a ! [num maq '
Chianga ot FIRAL VIEIT 0@ 07 4 oo o.0m 0o Charge at FIMAL WISIT| 0.4 o 0.0 BRI ol
pvakie 001 | o0 | 0.0 .00 -
&l patieris on glyburids, 20 mgiday, ot Basslire Mot statisticaly sigrificart FPG mgHL ot2g) | eiiE) | etz iz | ety
Tha magritude of the dedine in festing blood glucosa conceniration follaadng the insthtion Bisdine 1827 18a.7 iTe@ 188 im.a
of GLUCOPHAGE [metlormin Fydrochionde) Tablets therapy waes propardonal io the kel of Charge at FIMAL WIEIT| 152 = [-%:] 285 -a3.n -
fasting hyperglcamia. Fatlents wih typs 2 diabetes with Righer fasting glucos corcanirations pvakit 0,001 0,00 oAl B oAl B -
eiperionicad graater declines In plhsma glucoss and ghoosyiried hemoglcbin, [em— 12 -1 -1 11 -
In chrioal sigdies, GUMSOPHAGE, slone or In comblnation with & bowared mann Enrﬂm ey u:“_:'l D:m'aﬂ D:mgl D:p_:: 0110“331
fasting senam iiglcerdes, total chokstercl, and LOL chokstersl levals, and had no adverss Charge at FINAL WISIT| 1.3 .3 07 2.3 A8
affects on other Ipk kvals = Table 4. p-vaksks HE= W2~ Ma= Ha= -
Tabla 4: Burmrmary of Meal @ From Bassling -
mmmmuwmmnnmmpmmm] Al patients on diet Tienpy & Basdira
= Al comparisons versus Placabo
GLUCOPHAGE va Flacabo ummﬂ::py yburs Mot stafistically sgnicant
BLUCOPHAGE/] Compared with placebo, improvement n gicemic cominol was seen ot ol dose kewvels of
GLUCOPHAGE | Pacebo [GLUCOPHAGE| Glyburds  |Giljburids GLUCOPHASE XA jmetformin hydrochionde) Extended-Aakiome Tabkis and traximent was rob
n=141) n=145) (=210} =213 {n=20g) assoclated with any sgnifcant change In weight (see DOBAGE AND ADMINISTRATION for
Total Chokater desihg recommiendations for GLUCOPHAGE and GLUCCPHAGE KA.
gL 2 24-wesk, doubke-bind, randomizssd study of GLUCOPHARE XA, taksn orce daly wih the
Easaling =10 Hnz2 2131 295.0 Hes wvaning meal, and GLLCOPHASE metfommin hydrochion da) Tabists, takan twice dally jstth brask-
Wzan & fast and evening M}, wWis condUCted In patlonts with Ea 2 dbales who Fad been reatad Wit
ot FINAL MEIT R 1% ki ik % GLUCOPHASE 500 mg twica daly Tor af least B wisaks prior 1o stugy aniry. Tha GLUCOPHAGE
Total Trighyoerides jmgd L) ooss had not recessanly been trated 1o achieys o spscic level of giyosmic comtrol prior 1o study
Easaing ETE] SRS ETENS 5.0 04 amiry. Pabiants qualfied for tha shudy I HES,  was <B.5% and FPE was <200 mgadlL changes n
Wean % mﬂ-‘ glycamic coninol and body welght ars shown InTabk 7.
ut FIMAL 1 -10% 1% 9% A% 4%
Table 7t Summary of Mean Changes from Bassling® In Hb &y,
LOL-Cholastarol fmgidl) Fasiing Flasma @lucose, and BodyWealght at Week 12 and at Final Visit
Eassline 135.4 1385 1243 138.0 1575 [24-waak study)
Wan %
ut FIMAL WIEIT 8% 1% 4% b am GLLEC:EI:_IE\HE GLUCOPHAGE XR
HOL-Chokestard (mgdl) TwlcaDally 1000 mg Onoe Dally |1500 mg Onos Dally
Easalin 0.0 05 ara a0.0 EEE) :
Moan & o Hemoglobin &;, (%) [n=57) [n=T2) (=)
ut FIMAL WIEIT = AR 55 3% 1% Easaling 708 [ 7.02
In conirast to subioryisas, mwngm of Individuals on GLUCOPHAGE fended to remain stabla Chargo af 12 Wesks 0.i4 0z o04
of aven deTeass somewhat (sea Tables 2 and 3 5% I {040, 0.5} 0.1, 23 {-0.08, L1
& 24-wosk, double-biind, placebo-controlled study of GLUCOPHAGE plus Irsulin versus insuln Change at FIMAL VIEIT o014 =T o013
plus ba was conducked I paflents wih typs 2 dabsbes who faled 1o achkews adeoquate L
glyosmic control on insulin alons [sea Tabke 5. Fatients randomizsd to recelve GLUCOPHAGE pus (=54 o) {004, D51} 011, 049 |
Iruln achikvad @ reduction in Hbs - of 2.10%, companad o 1.58% reduction In HbAs - sohkessd FPG [mgAdL) =50 [=T2) =0
by Ireuiin plus placsbo. Thae Improvemisnt In glcamic corirol was achisved ot the Tinal study visk
with 10% less Insulin, 03,0 Uiday vs 110.8 Widay, GLUCOPHAGE plus insulin versus Ingdin pus Basaling 1272 3.0 3.4
placabn, raspactively, p=0.04. 6 at 12 Waaks 128 [H ary
Charg
Tabiks E: Combined GLUCOPHAGEARsulIn va Placaba/nsuln [mE%6 Sl 9.5, 18.4) {4,140 (o4 T.6)
Summiary of Maan Changaes from Bassling In Hbda ., and Dally Insuln Doas Charge ot FIMAL VIEIT 140 115 T.a
GLUCOPHAGEAR=UIN | Placebosinsuln | Treatment DHference @53 O (7.0, 200 4.4, 188 .0, 143
) Mhean + S8E
e T L =) : Bty Walgnt o In=T1) In=74) in=T1)
Eassing 8.05 @az Bassling 203 28 187
Changs ot AMAL VST 240 EE 054 £ 0438 Charga at 12 Wesks 04 [ or
|ﬂﬂ|ﬂ:ﬂﬂ [ ay) vz s [B5% ) 04, 1.5 0.0, 20 (04, 1.8)
Baszling 3
Changs st AMAL WIET 048 1503 808 2 T Charga af FINAL WEIT L] 11 oo
55 ) [0, 2.3 0.2, 245 (04, 20
® Eiatiticaly signflcant using analysh of covarlancs with bassiing o covariabs (p=0.04 -
Mot signHicart using analyss of vararecs fakss shown i tabis) . .::np:ﬂﬂ'ﬂlmﬁl.l.mP‘H.NBE §00 mg twica daly at Bazalng

b Statistivally significant for insuln [p=0.04)

After 12 weaks of treaiment, thers was an rorsase it mean Hedye inoall groups; inothe
GLUCOPHASE ¥A 1000 mg group, te nosass fom baselne of 0.23% was siatisticaly
signifcant {ses DDSAGE AMD ADMINISTRATION).
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Changss In Ipidl paramistars In the pravicusly dascribed placabo-comtollad doss-rsponss study  WARMINGE

of GUUACOPHAGE XA [mekiormin hydrochiorids) are shown in Tabla 8.

Lactis Ackdog

Tabk & Summary of Mean Pencert Changes from Basaling® In
Major Lipkd Vardables at Final Vish [18-seek study)

Lactc ackdosk ls a rare, but serious, metabolc complication that can ocour dus o
matformin accumdation during treatment with GLLWCOPHAGE [metformin ydnochloride) or
QLUCOPHAGE XR anmmq,mnmnm 3 Iafﬂ In q:pmcdmﬂ
a

BLUICOPHAGE XR B0% of cames. Lacto acko miagy alss ocour n assoclation wil
(SO0 rryg |10 g | 1600 mg | 2000 myg | 11000 g P pathophy o nﬂmﬂmhmhw
Ores | Oroe Onos ‘onoe Taloa Hesue hypoparfusion and b mmml-mmuymwnﬂ
Daly | Daly Dally DCally Daly lactata kewals (=6 mrmoll), decreased blood pH, akectrolyte e with an Ire

L= and Ircraarad atlo. When mstiomnin lo Implicatd s the

Total Chokestarsd jrgdlL) [in=120) | in=113) | o=ttt | =126} | jnedi?) | =it Calice of o ackioais, metformin piama kvals -5 pgimL s ganeraly focmd,

] : X

Wkan % Charge ot 1.0% 17% 0.7 .88 ey ! Il!i. The reported ncldence of lactic acldosks In patients recslwing metformin ydrochionde ke
FIMAL WIEIT wary loar [approximately 0.03 cases 000 patknt-ywears, with approcimately 006 Tatal
casen 00 patient-years). In more than 20,000 patlent-years @oposune o metformin In
Total Trighyarides (mgidL) ((n=120) | n=113) | =110} | j=128) | O=d17) | =110y olinkcal trials, there wers no reports of lact acHosis. Reported cases hawe coocurred
Easzline oz | 21@ | 4ed.0 142 ATRO | LT primiarityIn dlabstic patiants with wmllnmm;mm both Intrinsk: renal
kican % Charga at 14E% | B4R 1B 140 LEL 10.0% dissase and renal erfusion, often In the oett multiple concomitant
FIMAL WIEIT madical ssurgkeal probkeime and muitiple concomttant med with congastive
LOL-Chakestancl [mghdL) =11 =1 1 ol =11 haart fallre requiring pharmacokegk managemsent, In parboular those with uretable or
Eassing F:.sn.-:-n‘J D:a;? mmau:] "T%’é] D:atp "35"1? acuta haart falurs who ars at risk of hypoparfusion and ars at
Wkan % Charge ot 1A% | 1o -3.5% a3% 55 3.2% Ircreased dsk oflactc ackdosk. The risk of lactc aokdo sk rcreaes with the degres of renal
FINAL VIEIT nr;c'lr mﬂmr?g‘:r‘mmﬂmmﬂm I plﬂl-"n‘zwg :.mm
n or
HOL-Cholastorsd (mgfdl) |in=i20) | fn=i08) ( (ei0B] | =136} | nedim) | qeeiog) GLUCOPHAGE ¥R and by use of the minimum effective doss of GLUCOPHAGE or
Bassiing 408 | 410 | 400 40.2 24 | = GLUCOPHAGE ¥R. In particular, trastmant of the eldsrly should be accompanksd by canshl
Mean % Charga ot A% | BpR | ESW | 0% | 7AW | EBM manitoring of renal function. GLUCOPHAGE or GLUCOPHAGE XR treatment shoud rot bs
FIRAL WIEIT Intaied I patlants =50 ol age unless maeasuremant of creatinine clearance

* All palieris on dst therapy at Bassiing

Changes In Ipkd parometers I the praviously described siudy of GUMSOPHAGE mtformin
Fiydrochionds) and ALUCCPHAGE KR are shown in Tabls @

Tabke @ Summary of Mean Pancert Changea from Basaline® In
Malor Lipld Varablas at Final Vish [24.-saak study)

that renal function 1o not reducsed, a2 thesa palants are more susoepible to
dovaloping lecte ackdosls. In addibon, GUMOPHAGE and GLUCOFHAGE XR should b
prompiywkhheld In the prossnce of oy oond tlon secss labsd with Fypo emila, dehydration,
of sepsia Because Impalred hepatlc functon may signiflcantly imit the ablity to clear
lactata, ALUCOFHAGE and GLLCOFHAGE XR should genarally be alded In patierts with
olnizal or labo aviderica of hepatic dboase. Paternts shoud be cauthors-d aganst
amoesalve oloohol Intaks, sithor scuts or chrorlc, when taking GUICOPHAGE or
GLUCOPHAGE ¥R, snce alochol potertlaies the offects of metismmin hydrochiorids on
lactobe metabolim In sddiion, GLUCOPHAGE and GLUCOFHAGE MR should ba
tamporarly dsoontnued prior b ary Intraascular rad looonirast study and for any surgkcal
[5ea also PRECALTIONS).
Tha onsst of lacts asldosks often | subbla, and nm-nmplnlld myhymnmﬂnlmm

abdominal dstress. Mm.'l]- ba amsncla-d hﬂlﬂl‘ﬂ'ﬂlﬂ, rr_ﬂmhrnlm and resistant

witth miore marked aclkdoals. The patknt and the pabiant's physkzlan must
Immurmﬂ- possible Importanceof such symploms and tha patient should ba restructed
o oty tha prrysiclan mmwmmmmmmqu
and GUUCOHPHAGE MR should be withdroan unill the shuabon ls claified.
wkatrolytes, ketonos, blocd ghacoss, and I Indlcated, blood mwmwm
blood mwtformin levels may bo useful. Once a patlent ke slobllzed on oy doss kval of
QLUCOPHAGE or GLUM-OPHAGE YR, gastrointestinal syrnpborre, which ans common during
ritktion of tharapy, are unlkaly to be dnog related. Later ccourrenca of Qastrolrastina
could b due 1o lactic ackdosls or other sarkoue discama.

ALUCOPHAGE GLUCOPHAGE XA
500 g Twioa Dally [1000 myg Oinos Daly[1500 mg Orce Dty
Total Chokstemi [mgidL) [n=55] =Ty [n=58)
Bassing 1080 2010 2018
Mean % Chargo ot 04% 1.3% 01% mich @ malakss, myaglas,
FINAL WIEIT
Tutal Trigiyoaridss (mgelLy == =7y =8}
Eassing 1780 100.2 200.8
Mean % Charga ot nas 26.3% FRAH
FINAL WIEIT
LLOL-Cholestanal (mgfdl) [n=55] =Ty [n=58)
Eassling 1224 120.2 16T
Mean % Charga ot BY-1) 23% STH
FINAL WIEIT
HOL-Cholestara (mgfdl)
Basding T e yrr o
Mean % Charga ot P 1.0% A%
FINAL WIBIT

L;uururqwmpﬂmwmhwprhnw normal but ks than
patients taking GLUCOPHAGE or GLUCOPHAGE XR do rot necessarily indoatas
Impaending boblo acHosls and may be saplainabk by other mechianlams, such s poorty

“ All pationks on GLUCCOPHAGE 500 mg taics dally ot Basslire

Pedlatric Clinlcal Budles

In @ doubk-biind, pacsbo-conirlled study In pediino patlems aged 10 1o 18 years wih typs 2
dlabstes [mean FPG 1822 myadl), treaiment wih GLUCOPHASE (Up to 2000 mgiday) for Up fo
18wesks fnean duration of treaiment 11 weaks) resulied In a signiiicant mean net reduction in FRG
of 84,3 mgAdL, compansd with placebs (ses Table 101

Tablke 10: GUM-OFHAGE ws Placsbo [Fedlatrices)
Mmﬁ @s from Baselna® In
Flasma o and 'y Walght at Final Vish
GLUCOPHAGE [Placsbo p-Valus
PG fmgraL] =] ]
EBascling 824 ie23
Changae ot FRAL VIBIT <420 4 =000
Body Waight =3
Ehlﬂlh!B poel [gﬂﬁ.g |NE
Changa at FIAL VI2IT 2.3 -2 H2=

= Pediiic patknis mean age 13 .8 years [mnge 10-10 years)
* &l patients on diet trempy at Basaina

= Mot statistically sigrificant

MDICATIONS AND USAGE
EUMOFHASE {mistformin hydrochlodd o) Tablets B ndicated @s an sdunct o diet srd ewenclsa to
Improsss ghroemic conirel Inadubs and dhlidren wi bype 2 diabetes malbs.

GLICOPHASE ¥H (mistfonmin hydrochio de) Extended-Aakase Tablets 15 ndioabsd as an adjnct
to dist and ewerchss bo IMprovs gycemic oorinol In aduits wih type 2 diabetes mallus.

CONTRAINDICATIONS
GLMSOPHAGE and QLUCOPHASE ¥R an conraindicaied in patienks with:

1. Fanal desass or reral dyshunction f@.g., & by serum oreatinire kivels =1.6 madL
abnormmal

frakes] =14 maidl femaks] o oruatining cheanance) which may also resuk Tom
condbons such m_mmlrmplm:lg moube myscandls| infarction, and sepi cemia
{ses WARNINGS arid PR

2. Known hypsrserskhity to matiormin hydmochiorids,

3. Aoule or chronlc metabolle scldosls, Including dabetc ketoacidosis, wih orwihoot coma.
Diabetl keboacidosks shoukd be treated with reuin

GLUCCPHASE and GLUCOPHAGE XR should be temporarly dscontinusd In patiamts Lndengsing
radnioglo shuckes Invaling Intrvascular sdminksration of ledinabed conirast materials, becwss Usa
of such procuicts may rssufl In ao.ts aksniion of renal function. (Bee albs PRECAUTIONS.)

oontroled diabsiss or chealty, wigonus physical acthty, or technical probilams In sampla
s u

g (B
Lacts acidosks should be suspected In any dlabstic patent with metabollc aoldosks lacking
awidenos of ketoackdods [ketonurla and keborermia).

Lactic acldosls s a medica emengencythatmust be treaisd In a hosphal setting. In a patient
with lactic ackdosis who e taking GUMADFHAGE or GLUCOFHAGE XA, the drug should be
discontinued Immediately and general supportee promptiy

matfarmin ydrochionde ks diaymble jwith a clearance of up to 170 mL/min under good
hemod ynamic i, prompt b recom o correct ithe ackdosk.
wmhmummnmmmmmhpmm
of syrmptoms and recowry. (S also CONTRAMDICATIONS and PRECALITIONS.)

PRECAUTIONS
Genenl
Moorovasowlar Duicomes —Thers have been nio olinkcal shudkes cstabishing concheive evidence of
macnovasoar sk reduction with GLUCOPHAGE or QLUCOPHAGE MR or any offer antidabelic drug.
17 ofranal Fatforrmin s knowni bo ba substanbally soorabed by this Hdney, and
e risk of matommin scoumulstion ord Bctis addess Inoreases with the degrea of Impakmant of
renal function. Thus, patients with surum meabining kivels above tha uppsr ImE of rommal for thalr
agae shiould not recoles ALUCOPHARE or GLUCOPHAGE ¥A. In patlorts with adwanced aga,
ELUCOPHAGE and GLUCOPHAGE ¥R should be carcillly thrabed to sstablzh tha minimum doso
for adequate giycornic offect, becw e aging 1s asscclated wih reduced ranal function. In clderly
pabteris, partioularky thess 280 yuars of ags, renal function should be monkored raguiary and,
generaly, GLUCCPHAGE and GLUCOPHAGE XA should not be trabsed 1o the mawdmum doss (tee
WARMINGS and DISAGE AND ADMINISTRATION).
Bafore Iritlation of GLUCOPHAGE or GLUCOFPHAGE KR therapy and af least annually thersafber,
renalfunction should be asses sed and veriled asnomal. In patlents inwhom development of reral
dysfhunction ks antiolpabed, renal function should be assessed mone frequertly and GLUCCOPHAGE
or GLLUCOFHASRE ¥R dscontinued W evidencs of remal Impaimment s present.
Use of oonoomitant medications that may sTact e or T
Conocamitant meckoations) thit may afect renal unction of resutt In Sgrificant hemodyramic chargs
o Ry Ik Mars with ths disposHon of methormin, s.ch as cationks dnags Tat ars alminabed by reral
bubular secrnation {5 es PRECAUTIONE: Drug Intaractions, shoudd ba ussd with caution.
gl studes ng tha use of matarials {for example,
glograping anglograply. and comp fed fomography
ﬂ:l‘]miﬂm | —Iriravascular commst studies with lndinated
mraarials can lad 1o acubs aftaration of ranal fnclion and have besn assockiod with lactc
ackisls in reosking metfommin (ses CONTRAINDICATIDNEL Th I patkinis In
whom any such shudy B plnned, GLUCOPHAGE or GLUCOPHAGE XA should be temporarly
dzcontinued ot the tire of or prior 1o the procsdun, ard withheld for 458 hours subssouent to the
procedura and relrstibubeed oniy after nanal Lnction has b<en re-evalated ard found 10 ba nommal.
Hypoek states —Cardiovasculr colapse fshock] from whalover couss, sculs congastive hoart
falrs, acubs myecardil Infarction and other concktions chanclerked by hypommi have bean
associabed wih lachio acidosls and may aiso ceuss prasnal motemin. When such events poouwr In
patierts on GLLCOPHAGE or@LLCCPHAGE XR therapy, the drug shoukd be prormptty dis onbrusd,
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—ALUCOPHAIE fmstfiommin hydnochioride) or GLUCOPHAGE ¥R fmetfommin
rr;m-mmmw should ba tamporarly sspended for any Srgioal procedurs jawoept minor
@dUNes Niok &S 50c e d Wk restricied intake of Tood and Tuids) and should not be restarted urdl
th patiorit’s oral inbaks hes resumsd and ranal funcbon Fas beon svaluatod & nomal
sAloohol fmtake — Alcchol |s krown to potentiabe e effect of metfommin on Iscbabs mstabellsrn.
Patients, therefors, should be wamed against secessive aloohol imaks, soute or chronk, whis
mapeiing GLUCOPHASE or GLUCOPHAGE ¥F.
fmpaired hepatic Awnofion—3Since impaied hepatic function has been assoclabed wih some
cases of lectic ackdosls, GUMSOPHAGE and ALUCCOPHAGE ¥R should gonerally be svolded 0
patients with clinkcal o laborabory evdence of hepatic dissass.
Witamin Bl feveds— in comiroled clinkcal trinks of GLUCOPHAGE of 20 wesks duration, & decramss
to subroTial leads of previcusly rormal senum vEamin By levals, wihout clinical mantisstations,
wll obsansd N approximately 7% of pableris. Such decrease, possbly dus 1o Inberierence wih
¥om tha Byg-inirinsic factor ki, B, howover, vory manly sssociabed wih
nmn'- and appears to be mpidly reversblewdth disconinuation of GLUCOPHAGE or viamin Biz
ementriion. Mexsurement of hemaiologic pammebers on an annuadl bask B advissd N
patlents on GLUCOFHAGE o SLUMCOFPHAGE XF and any apparent abnomalbies should be
approprately nvestigated and managed (e PRECALITIONS: Labaratory Tests)
Cartain ndividuals Hhoss wih Iradeguats vikamin Byz of caklum inbaks or absorption) appsar to
be predsposed to developing subnomal Wiamin By kvels. In thess patients, routne serum
vinmin B MEswrames at 2- to -year nbervals may be useid.
i olmitoa i o ta fus of pafie nts with prevoosly confroded type 2 diabefes— & patlent wih
typa 2 diabartes praviously well comirolied on GLUCOPHAGE or ALUICOPHAGRE XR who develops
sbrommalites or cinioal lness fspecially vague and poorly dafined Iiness) should be
evaluatud prompily for evidancs of keloacidosks or lactic ackdosls. Evaluation should Includa serum
wlecirolytus and ksbones, blosd guoose and, H ndosbed blood pH, haciels, pyuvale, amd
mutiormin levals. 1 scidosis of sither fom soours, SLLMCOPHASE or GUUCOPHAGE ¥R must ba
siopped mmedintaly and other sppropriate oormact ke msasuras InHasd (ses also WARNINGE),
Hypoglycemia —Hypoglyoemia doas not coour In patents receling ALUCOPHAGE of
GLUCCPHAGE XR alora unider Usual Croamsianoes of usa, but could soor when calono inaka 1S
daficlent, when sirenuos ewerciss ks not compansated by calorc o) or during
ooncomiant usswith ather glucose-iowering agents (such as sulforyiursas and insulin or elhanol.
Eiderly, dablbabed, or maineurished patlants, and thoss with adrenal or pulkary nsuMclanoy or
alcohol Imiowication are partiodarly suscaptibl 1o hypoghycemic effacts. Hypeglycemb may be
difficulk ta recognize in the eldary, and N pecple who ans baking beln-sdrenerglc blocking dnags.
Lioms off oonfrol of biood givocss — When a patient siabllzed on any diabatlo regimen b ewposed
b sress such @3 fever, trauma, Infection, or surgery, a tempomry loss of giyoemio control may
oo, At such timas, | may ba necsssany 1o withhold GUACOPHAGE or ALUCOPHAGE XR and
tamporarly administer nedin GUAMCOPHAGE or GLUCOFHAGE XR may be reirstiubed after the
Boubs aplsods ks resclvad.
Thﬁmm of oral antidiabstic drugs In lowerng blood glucess to @ fangated kvel decreasss
many patients over a period of ime. This pheramenon, which may b dus 1o progression of the
undn'l_lrl'g dizeaza or to dminished responsiveness to the drug, Is krown as secordany falkuns, to
distinguish it from primary falkars In which the dug ks neffectis g Inkbial therapy. Ehould
sscondany falurs coour with elther GLUCOPHAGE or GLUCOPHAGE XA or suforyiunas mono-
tharpy, comibined therapy wih GLUCCOPHAGE or GLUCCOPHAGE ¥R and suHoryirea may resuk
In & rasporss. Bhouid seconcany falls coour with combined GLUCOPHAGE/ sulfomylure thempy
or GLUCOPHAGE KR/sulfony une. therapy, It may be recessany bo corsider therapsutic akamathes
Inziuding initiation of irsulin therapy.

Infommation for Pabants

Patienks should be Informed of the pobtentlal rsks and berefls of GLUCOPHAGE or
GLUCOPHAGE XF and of akbemative modes of therapy They should also ba Imfommed about the
Importancs of adherence to distary Instructions, of @ reguiar sxencise program, and of regular testing
of blocd glusoss, ghyossyixied Femogiobin, ranal funotion, and heminloglo paramabers.

Tha risks of lacth acidosls, e synpborms, and condBons that predisposs to bs developrent, as
noted Inithe WARMIMGE and PRECAUTIONS sections, should ba wiplained 1o patlents. Patienis
shiodd be advised to discontinue GLUMCOPHAGE or GLUCCPHAGE XF immediatsly and to
promptly nciify thelr heatth pracikicner H unsvplained hypervertlaton, myalglas, malakss, urusoal
somnclerco, o other nonspecifc ooour. Onos @ pabont |5 stablizad on any doss kval
of GLUCCPHAGE or GLUCOPHAGE XA, gastroimastina symptorns, which ans cormmion during
Initiation of matfomin therapy, ar unikaly o ba dng relabed Later cosumsenos of gastronbestiral
symploms could be dus bo lacho scidosls o obver sericus diseass,

Pablorbs should e courmaled sgaret ewousske aloohol Inbake, sither aoube or dhroric, whia
reoehing QLUCOPHAGE or GLUCOPHAGE ¥R,

GLUCOPHAGE or GLUCOPHAGE ¥R alons doas not usually causs hypeglyoemia, afthough & may
oooUr whan GLUCOPHAGE or GUAMCOPHAGE XR ks used In conjunclion wih oml sufonylrsas
and reuin When inliating combination therapy, the risks of hypoglyosmia, Hs sympboms and
treatment, and condHons that precispess to ks development should be exphined o patients and
regporsbla family members. (Ses Patiant Information pnbsd balow. )

Patients shiould be Infonmied that GLUCCPHAGE KR must be swallowsed wihioke and rot onushed or
chewsd, and that the Iractive Ingrediams may Socasionaly be sliminabed in the feces &35 4 sot
mass that may resomblk the original mblet

Labsratory Tests

Responta 1o all dabstic therapkes should be meniored by perkodic measurements of fasting blood
glucoss and hamoglobin levals, with & goal of decreasing thase lovels foward tha
nomal range. Curng Inftial dose firation, fastng glcoss oan be ussd 1o determing e therapeutic
responss. Thersafter, both glucoss and ghoosylaied hemoglobin should be monhored.
Mumsurments of ghoosyabed hemogiobln may be especlaly uselul Tor evaluating long-berm
ool (s also DOAAGE AND ADMMETRATION).

InHal and periodic menhoring of hemabologlo {#.g., hemoglobinmamaboorit ard red
biood cal ndloss) and renal funotion (Sorum reatining should ba ot least onoan
anrwual bask. Wik megaloblast i aramia has rarsly beor sesn with GLUCOPHAGE therapy, Hhis
Iz s pected, vikamin Byz deficlency should be evwobuded

Drug Interactions [Cinlcal Evaluation of Dnug Intsractions Conductad with GLUCOPHAGE)
Giybunide —In 1 single-doss Interacion shudy In typs 2 dibetes patierts, coadminktation of
matiomin and giterids did ot resuit I any changss  akther mebiormin pharmacoknatios or
pharmaccdyramics. Decreasss i gyburde AUC and G, wers cbserved, but wens highly
varlbile. Tha singlu-dosa rsburs of this study ard the lsck of comalaion betwesn ghybaride blocd
kvsly and pharmacodyramio offects, makes e olinical signiflcarce of this nbersction unosrtain
DIAAGE AMD ADMINIETRATION Concomitant GLUCOPHAGE or GLUCDPHAGE XR
and Oral Bulfonyurea Therapy In Adubt Patkembs).
Furcsemide—4& single-dese, metomin-frossmids drug Inerscton study i healiy sublects
demorsirated that pharmacckinetic paramisars of both compourds wins affectsd by coadmink-
ration. Furcesemice Inorassed the metformin plasma and Blood Croe by 22% and biood ALC
by 15%, without any signifcant charge i matiommin reral ckarance When sdministered wih
metformin, e Crap ord AUG of furcsemide wers 315 and 12% smaler, respectivaly, than when
administered alore, and the temminal fab4fe wes deoeased by 2%, whhout any significant
drangs In Lrosemids renal clsmnce. Mo imormation |5 avalabla about the Imeraction of metfomin
and furasamidewhan coadministened chronicaly.

Nifedipine —A single-doza, metlormin-niiedipine drug Interaction study In rormal healthy
volunisens demonsinaied that coadministration of nifadiping ncreased plasma metormin C,,, and
AL by 203 and @3, respectivaly, and Increased the amount eeoreisd In s unine. Tog, and half-
IFe wers uraffected HFsdpire appesrs fo enhance the absorption of mstformin. Metformin had
mirimal efiscks onrnifedipina

G thovio dinge— Cationlc drugs {e.9., amilonde, digowin, morphing, procairamic, quiniding, quinire,
ranHidine, triamiarare, u-mm:p-m orunmrwn]m-ndrnrmu by reral fubular secretion
theorsticaly haws tha pobemtial for Inbemction wih metiormin by compsting Tor common renal fubolar
rars port Sysiems. Sudh Moemction betsaen methommin and oral cimalidire has boon obsarved N
niommal haatthy wolimeens n both single- and mubple-doss, mebiormin-cimetidne dnag irderscion
studias, with a 80% ncrease i pek metformin plasma and whols blecd concantrotions and &
40% Increass In plasma and whald biood metformmin AUC, Thens was no changs In almination haf-
IFs I 1he shgle-dosa study. Metformin had no =ffect on cimetidne pharmacokinatics. Although
such ineractions remain theorstical {@scept for cimetiding), carshil patlent mantioring and dose
adjustmnert of GLUCOPHASE | or ALLCOPHAGE ¥R jmetformin hydmohionds)
andior the Inbaifering drug Is recommendad In patints whe ars tking calionkc medications that an
aworaizd via the proximal reral fubuler secratory sysbem.

Ofher— Carfan drugs tend to producs hyperglyoemia and may kad to ks of glycemic control.
Thase dnugs nolids the thimides and otrar duretios, corticosienias, phenothiarnes, thymoid
prosducts, estrogers, oral contmosptives, phenytain, nicotinic acld, sympathomimstics, calclum
charnal blocking drugs, and isonlazid. When such dugs are adminkstured to a patient racsiving
GLUCOPHAGE or GLLMOPHAGE XA, the patlkint should ba closaly obeansd for koss of blood
glucoss control When such drugs am wihaissn Tom a patient recelving GLUCOPHAGE or
GLUCCPHAGE ¥R, the patient should ba cbsarvad closely for hiypoglyoemia

In heafthy volumieers, the pramacckinetics of metformin and propranokel, and metfomin and
Ibuprofen wens riot affected when cosdministonsd in singki-dosa inberaction studles.

Mutformini ls neglgbly bound 1o plasma profains and s, thensfors, less Tkely bo inberact with Righly
protein-bound drugs such as salloylries, suboramidss, chiorampheriool, and probenacid, as
compansd to the sulfonylureas, which are extenshkaly bound to serum probens.

Carvinoganesis, Mutagenasis, Impakmant of Fertitty
Long-term carcinogenicity studkas have besn perfomed In raks fdosing durtion of 104wesks| ond

mica (d0sing duration of @1 wesks) atdosss up toand noluding R00 mg/kgsday and 1500 mgfkyiday,
respectivaly Thess doses are both approcimately 4 Hmes the maximum recommsndsd Fuman

dally dosa of 2000 mp bassd on body surfscs ares compansors. No eidenica of cardnogenicly
with metfommin was found In cither mak or femake mica. Eimiark, there was no bumongenic
potential obsaned with metformin n male rabs. Thers was, howsver an noreassd rcldence of
Esnign stromal uterne polyps In femalk mis reabsd with D00 mgfkgiday

Thers was no evidence of @ mulagenio potential of metformin in e following ip Wi bests: Ames
besh (2. Eypdimusiomd, gena mutation tast [mausa lymphoma cals), or chromozsomal aberations best
[hurman ymphooytas). Resuls Inthe i o mouse micronucks 1est wers also negaive.

Fartitty of mak or Temake rais was unafisctad by metformin when sdminisiensd of doses as high
as 200 mg/kg/day, which I approximabely 3 times The madmm recommendsd human dally dose
bassd on bocky SUTAcs Srsd COmpansons.

Pragnancy

Teraogenic Effects: Fregnancy Category B

Recent infommation strongly suggesis that abnormal blosd gluccss levals during pregrancy ore
assoclated wih & higher Inckdence of congenital abronmalbes. Most sxperts recommand that
Irsuln be used during pregnancy io maimiain biecd Quocss kvals o3 olose to ronmal os possble.
Eecausa arimal reproaduction siidies ars not abways precictive of human responsa, GLUCCPHAGE
and GLUCOPHAEE KR shouid not bs ussd duing pregnancy Unkss charly nescka

Thers are ro adequats and wel-comrolkd sisdks In pregrant women with SLUCOPHAGE or
GLUCOPHAGE ¥R, Metformin wes not ferabogenkc 0 orabs and rabbis of dosss up to
200 makgiday This represents an saposas of about 2 and 0 times the masimum recommended
human daly doss of 2003 mg based on body surfacs area comparisons for mis and rabbis,
raspectivali Detamination of futal corcentrations demorstrated @ partil plceTial barer to
matfomin

Hursing Mothers

Efudies In lsctating rabs show that metiormin s awcretad o milk and reaches kvals comipanablo
to thoss In phsma. Simiar studies have nolb beon conducted In rursing mothors. Becausa tha
potential for hypoglycemia In rursing inlanks may exist, & decksion should be mads whathar 1o dis-
contius nursing or to discontirue the drug, taking Inty account the Imporkanca of the drug 1o the
mother. 1 ALUCCOPHAGE or GLLCOFPHAGE XA Is discontinued, and F det alons ks indequabs for
contraling blood gluooss, irsuln therapy should ba considared.

Padlatriz Uss

Tha saleby and effectvenuss of ALUCOPHAGE for the tramiment of typs 2 diabates have beon
askablished In peciptrk patients ages 10 10 18 years {sludies have not been conducted In pediaiic
patients balow the age of 10 years, Use of GLUCOPHAGE In this age group |s supported by
@vidence Tom adecuata and wal-oommolkd shudes of ALUCOPHAGE In acuks with addtioral
data from a conirolled cinkcal siudy In pedairio patients ages 1000 18 years wihi type 2 dabsbes,
which demonsirabed @ similar resporss 0 ghycamic conbnal bo fat seen In sduits. (Ses CLINICAL
FPHARMACOLOGDY: Padiatrie Clinkeal Studlas.) Inthis siudy, adverss effects wers simiar fo fose
described I adulis. (Bes ADVERSE REACTIONS: Podlatric Patierts. ) & modmumn dally dose of
2000 mg b recommiended. [Bse DOBAGE AND ADMIMISTRATION: Rscommendaed Dosing
Boheeduke: Padlatdos )

Bafety and effectkeress of GLUCOPHAGE XF In pediaiic patlms fave not been esiablshed.
Gariatric Ues

Comrolied cinical studies of GLUCOPHAGE and GLLCOPHAGE KR did not ncude sumclont
numbers of aldarly patients to determing whather thoy respond differsntly from younger patients,
abrcugh other reported clinkcal seperkincs haes rot Iderifed differonoes In resporsss bobwsen tha
aldarly and younger patients. Matfomin Is known to ba substantally escrebed by the kidney and
bennms the gk of serious acverse reactions to the ohug |s greater i patients with Impaired reral
function, ALUCCOPHAGE and GLLCOFHASE A should only be used In patk s with nommal reral
furction [sea COMNTRAINDICATIONS, WARMINGS, and CLINIGAL PHARMACOLOGY:
Phamasokinetics) Baoauss aging b assoclabed wih reduced renal furction, GLLCOFPHAGE or
GLUCOPHAGE XF should be used with cautlon as a3e noressss. Can should be taken in dose
sslecton ored should ba based on caredd and regular monftoring of renal function. Generaly,
@ldaity patients shoukd not be tirate d 10 e madmum dose of GLUCOPHAGE or GLUCOPHAGE XA
[s=a also and AMD T

ADVERBE REACTIOHES

In @ US double-bind clrical study of GLUSOPHAGE In pationis wih typs 2 disbebes, a dotal of
141 patlars recaked GLUCOPHAGE therapy jup to 2550 myg per day) and 145 pabients raceived
placabo. Adversa reactions raported In graater than 5% of tha GLUCOPHAGE paienits, ond thabware
ming common In QUACCOPHAGE- Than placebo-Traabed patkrts, ans b In Tablke 11.
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Tabla 1&m&mmumﬂ‘:mbm ﬁn qu In n
BLUCOPHAGE Mon | Placabs
~14) 145
A worsg Raaction o of Patleris
Diarthaa B2 11.7
Haussa®ombing 2EE B3
RAotukincs 12,4 65
Asienia (%4 |13
Ircigeation 71 4.1
Abdomiral Discontont a4 4.8
Hzadmoka BT 4.8

* Reactions that wers mons COmmon n GLUCOPHAGE- than placebodreatud patisnts.

Ciarrhea led to discortiruation of rmedication in 8% of patlents freabed wih SUMOPHAGE
{matiomin FydrochioAde). Addkonaly, the follewing adverss rsactiors were reported In=1.0% 1o
ZE.0% of GLUCOPHAGE patlents and wers mora commonty raported with GLUCCPHAGE than
placsbo: abnormal siooks, Fypoghy myalgla, an, ral disorder, rash,
wwunting noremsed, tasts disonder, chest discomfort, mlh i syredromis, fushing, pajpiiation

In woridwida chnlcal trials over @00 patients with fyps 2 dabobes have besn trealad with
GELUUCOPHASE ¥R jmetiormin hydrochiorids) in placsbio- snd actve-cordoled studkes. In
plocsbo-controled Tials, 781 patlents wene adminkstered GLUCCPHASE ¥R and 196 patlents
recoked placabo. Adkersa reactions reported in tan &% of the GLLCOPHAGE ¥R
patiorts, and that wera mione common In GLUCOPHAGE XF- fan phosbo-treated patients, an
lirtad iriTable 12.

Tabla 12: Mogt Common & werss Reactlsns (»5.0 Percend In
Placebo-Controlkd Studks of m.uwmnem‘
GLICOPHAGE XR Plaaba
[n=T81) | s |
Adwarna Reaction % of Patkmts
Diartea ) | 28
Hausza/omiing [ [ 1.5

“ Reactiors that wers mors common In ALUCOPHAGE XR- than plicebodreaied patlents.

Clarhea led to dscominuation of medoation In 0.0% of patlents ireabed with
GEUMCOPHAGE XA. Additioraly, tha following adverss rsact ions wena raportad in =1.0% 10 <5.0%
of GLUCOPHAGE ¥R patlamis and wiera mons comimonly reporied with GLUCOPHAGE XA than
plcsbo: abdominal pain, oor abdoman, toartbum, flabdonca,
diziness, headache, upper |Epl1tnry Infection, taste disburbanoe.

Padlatric Patkeris

In dirical ks with GUICOPHASE In pedinino patierts wihtyps 2 dabetes, the profike of adverss
reactiors was simiar to that cbssrad Inadulis.

OVERDOBAGE

Dverdoza of mstformin hydrochiorida has cooured, inclsdng ngestion of amounts graater tan
150 grams. Hypoghyosmia was reporbed In approcimartely 10% of cases, butno causal ssscclabion
WiN melfomnin Fydrochiionde has been esiablshed. Lactic ackdosks ras besn reportad In
approximabely 32% of metormin cverdoss cirses [see WARNINGS),. Metformin |s dialyzable whhia
clearanos of up 1o 170 mLimin urder good hemodynamic condblons. Thersfors, hemcdalysls may
b wsedul Tor renoval of scosmidated dnag from pabents nowhorn melformin overdosags s
susparied.

DMOBAGE AND ADMINISTRATION

Thara Is no Tked desage regimen for the managemant of hypsrglyosmia n patints wih typs 2
diabebes wih GLUCOPHAGE or GLUCOPHAGE XA or any other phammacolegc agent. Cosage
iof GLUCOPHAGE or GLLMCOPHAGE ¥A must be indvidualized on the basls of both offe ctivers s
and ioknancs, whla rot ewcesdng T MEAMUT MROSTIM Ended ooses. Tre masimum
recommencad dally doseol GUUCOPHAGE b 2550 mg in aduks and 2000 mg In pediiic patknts
{10-18 years of age) the mawimum recommended dally dosa of GLUCOPHAGE XR In aduks s
2000 mg.

GELUCOPHAGE should be ghen i dkided dosss witi masls whis GLUCOPHAGE ¥R shouid
genenlly ba glvan onos dally wih ha svening meal BLUCOPHAGE or GLUCOPHASE XA should ba
siaried at a low dose, wih gradual dose escalation, both to neduce gastmintestinal sids effects and
bo parmit identiization of the minlmum doss requined for sdequabs Shyoemic comtnol of the patient.
Caring treaiment InHation and doss thralon (s Recommended Dosing Schedule), fasting
plasma glooss should be used 1o deberming the therapsuic resporse 1o GLUCOFHAGE or
GLUCCRHAGE ¥R and identify the minimum sheclive dosa for the pationt. Thensatter, ghoosylabed
Femoglobin should b momswred at mbervals of approximataly 3 montes. The thaerapouto goal
should be to deorsans both fasting plasma glusose and glycosylabed Iri kewaln o
mormal or near normal byusing the lewaest effective does of GLUCOFHAGE or QLLWCOFHAGE XA,
@lthar whan used as monctharapy or In combination with sulforyiurea or Insulin.

Mioriionrg of blosd guoose and ghoosisted hemoglobin wil also pemmnk detection of primany
falura, e, Inadecuate weling of Diodd gucoss of the Maumam resommended dose of
miscication, and sscondany falure, |e, loss of an adequabs biood guoose iowering responss after
an iriflal poriod of sfectiursss,

‘Short-tarm  administration of GLUCOPHAGE of GUUCOPHAGE XA may be sufficlent during
periods of transient (o of contral in patkimts usually wal-cominolkd on dist alons.
GLUCOFHAGE ¥R tabkis must be swallowed whok and never crushed or chewed.
Docasioral, the Inactve hgredients of GLUCOPHAGE ¥R wil be alminabed in the fecas as & soft,
hydrated mass. (Bsa Patient Indormation prittad baloa)

Recommanded Dosing Schadula

Aduits — Iri genoral, cinlcally sigrificant rusponses ana reok seen ot dosus balow 1500 mg per day.
Howavar, @ lower recommended siarting dose and gradually incressed dossge s advised o
minimiza gastrontzstinal sympboms.

Thes usual starting doss of SLUCOPHASE jmetormin ydrochiorids] Tablots ks 500 mg twios o day
or B0 myg onos a day, gven wih meaks. Dosage noreases should be mads In nomments of
S0 Mg weskly or S50 Mg every 2weaks, Up o o iotal of 2000 mg par day, given In dvided doses.
Fatienis can also be tirated from 500 mg twice a day bo 550 Mg twics 3 day aftar 2 wesks. For
Toae patients requiing sddbonal gycemic control, GLUSOPHAGE may be given to a rmasimum
dally dose of 2550 mg per dy. Coses above 2000 mg may be betier tolerated given 3 times o day
wih meals.

Thia usual starting dosa of SLUCOPHASE ¥R jmatformin mydrochiorids) Extunded: Reluass Tablebs
b 500 mp orce daly with the svering meal Cosage Foresses should be made i rcraments
of 500 mig waakly, Up 10 @ MEdmam of 2000 Mg oncs daly with T evening meal 0 gycemic

oontral 15 not achkeved on GLLCOPHAGE ¥R [metformin 2000 m3 onos dally, o tral
of ALIMSOPHAGE XR 1000 my twica dally shiould be considerad. W higher doses of melfomnin ars
required, GLUCOPHAGE (metformin hydrchionds) should be ussd ot tobal by doses Up/to 2550 mg
adminkiersd n dvided dally doses, a5 desoribed above. [EBee CLIMIGAL PHARMACOLOWEY:
Clrical Btudian )

Iri o randomized trial, patlents cumently trexied with GLUCOPHAGE wers swiched 1o
GLUZOPHASE XA Results of this iral suggest that patknis recelving SLUCOPHAGE Teatmient
may be safaly swhched 1o GLUCOPHASE A once dally of the same total dally dosa, up 1o
2000 mg once dall Folowing a swikch from GLUCOPHAGE to GLUCOPHARE XF, ghwamic
ooniral should ba clesaly monkored and dosage sdustments made accordingly (ses CLIMBCAL
FHARMACGLOGY: Clinkcal Budes).

Padlatrios — The usual starting doss of GLUCOPHAGE |s 500 mg twics o day, ghven with meals,
Dicsngs Increases should ba mads in Inoremarvis of 500 mg waskdy up b o mesimum of 2300 mg
par day, ghan I divided dosss, Safely and effactienass of GLUCCPHAGE XA in padiatric patients
have not been estabished.

Transfar From Other Antldabetc Tharapy
When pationts from stancard cral hypeglycemic agenits cthar than chiorpropamics
o QLUCOPHAGE or GLUCOFPHAGE XR, no franshion perdod generally B necessang When
transfuming patlerts from chiorpropamids, care should be everched during the first 2 wesks
because of tha profonged relention of chiorpropamide In the body, kading to cverdapping dug
sffects and possibl hypoglyosemia,
‘Concomitant GLUCOFHAGE or GLUM-OFHAGE XR and Oral Bulforyiurea Therapy In Adult
Patlerits
F patients Fave rob respomded fo 4 wesks of the mowimum doss of GQLUCOPHAGE o
GLLCOPHAGE ¥R monotherapy, consideration should ba gven to addton of an oral
sulforyures whila contiriing GLUCOPHAGE or ALUCOPHAGE KR at the mavmum dosa, sven
prior primany or secondary falure bo @ suifonyiunea hes oooumed. Clinkcal and pharmacokinetic
drug-drug Intersction daba are cumently avalabls only for metformin phos giyburids igiberclamide)
With concomitart SUCOPHAGE or GLUCOPHAGE ¥R and tha dealnad cor-
trol of blond gucoss may ba cbbained by sdjusting the doss of sch drug. inoa cinkal irial of patlonks
wih typa 2 dabsbes and prior falurs on glyburide, patients siorted on GLUSOPHAGE B30 mg
ord giyburide 20 mg wena tirated o 1000520 mg 15X¥20 mg, H0NE0 mg, or 2500020 mg of
GLUCOPHAGE and ghyburids, respactivaly, te reach the goal of glcemic conirol as measured by
FF, Hbdly -, and plasma gluoosa response fses CLINIGAL PHARMACOLOGY: Clinical Studies).
Howasar, abiemphs should bs mads bo [denitty the minimum efisctive dose of sach dnag bo schlve
This goal With concomitant GLUCCOPHAGE or GLUCOPHAGE X and sufonyiursa Tenapy, the sk
of hypegyoamia assockabed wih sulonyirsa hierapy comtiues and may be incroased Approprizts
prescat lons shiould b baken. [Bas Facksgs Insort of the respactive subiorylunas
¥ patients have riob satshactodly responded 1o 1 to 3 months of concomitant therapy with tha
maRimum dose of GLUCOPHAGE of GLUCCOPHAGE XR and tha maximum dosa of an onal
suforyumes, consder thempeutic abematves Ncuding swiching 1o neuln with or without
GLUSOPHAGE or GLUMCOFHAGE ¥R.

‘Conoamitart GLUCOPHAGE or GLUMDPHAGE XR and Insulin Tharapy In &dult Pabants
Tra oumart Insulin doss should be continusd upon inftirtion of GLUCCOPHAGE or GLLCOPHAGE XA
Tempy GLUCOPHAGE or GUACCOPHASE KR therapy shoud be nbabed ot 500 mg once daly n
patisrts oni rsulin Fempy For patlenis not respondng adequately the dosa of GLUCOPHAGRE o
QLUCOPHASE ¥ should be increassd by E00 mg after approsdmartaly 1 wesk and by 500 mg avery
weak fersaftor undl ghyoernic comirol ks achieved. The mawimum recommended daly dosa
I 2500 mig for GLUCOPHAGE orvd 2000 mg for GLUCCPHAGE MR It s racommended that the insuin
dhoss b decrasmed by 10% to25% whien fasting plrsma g coss concerirat ors da e bo kss than
120 mgrdL in patienis recaking coroomibtant Insulnand GLUCOPHAGE or SLUCOPHAGE KR Furtrer
adjusiment should be indviduaired based on giuooss- Iowering res porse.
Spaaific Patent Fopulatiors
GLUCOPHASE or GLUCCPHAGE XR are not recommansded for usa In pragrancy. GUMCOPHAGE
I rok racommercad in patiamis Balow the age of 10 years. GLUCOPHASE ¥R b rot racommordad
In pudiaiic patlents fbelow the sga of 17 years)
Tra Nkl and maintenarcs dosing of GLUCOPHAGE o GLUCCOPHAGE ¥R should be consenative
In patients wih advanced aga, dus o the potential for decraassd reral funciien In this populxtion,
Any dossge adustiment should bo based on o careful msssssment of renal function. Ganerally,
slderly, deblbabed, and manourished pablents should not be troted o the medmum dose of
QLUCOPHAGE or GLUCOPHAGE XA.
Maritnrreg of renal furction B necussany bo ald n presertion of Iscic scldosls, paticulary i tha
sidarly (Sea WARNINGE,)
HOW SUPFLIED
GLUCOPHAGE® {mationmin hydrochion de) Tabluts

500 mg  Bottkes of 100 HOC 00ET-0050- 05

E00 mg  Bottles of 500 DG 0057-00030-10

&S0 mg  Bottles of 100 HOC DOET-A0T0-05

1000 myg Bottles of 100 HOCC 00E7-8071-11
GLUCOPHAGE 500 mg tablels ane nound, whiks 1o off-shiie, fim-coatud fabkis dabossed with
"BME 8080" around tha pedphory of tha tablet o or sids and “500° debossed aomoss thefacs of
T othar shde.
GLLCOPHAGE S50 mJ tablols are round, whika 10 off-whits, Nim-coatad tahkls oo bo ssed with
"BME 8070" around tha pedphory of the tablet o ore sids and “850° dobossed aomoss thefacs of
T othar skda.
QLUCOPHARE 1000 mg tablels ane whis, oval, bioonvas, fim-coabed tablets wih "BME 007T1°
deboased on one side and *1000" debossad on the oppos ke sida and with a bisect Ins: on both skdes.
SLLZOPHASER XR {mutformin hydrochilon de) Evbended -Rulkass Tabisbs

E00 mg  Botties of 100 HOC 0057-0002-13

Te0 mg  Botiles of 100 HOC 00E7-80534-13
GLLCOPHAGE KR 00 myg tablels ans whilla bo of-whits, capsuk shapad, bioorwses tablets, with
"BME 303" dabosssd o ora slde and “S00° debossed aoross the tace of tha other sida.
GLUZOPHASE ¥R 750 g tablebs ans capsulks , Hoorwvew fablets, wih “ERS S004°
debessad on one side and “TE0" debossed on the cther side. The fablels are palk red and may
Faws a motted appeamncs.

Sborags
Stors ok 20°-25'C BE'-TTF); ewounsions pemitted to 15 30°C [56°-B4'F). [Ses UBR Comtroliad
Ficom Temperairs. |

Dispenss I bghtresistant conainars.
GLUCOFHAGET b @ registensd trademark of Merck 2anid 2.4 3., an assochie of Merok KGad of
DanTwiad, Gemmany. Licensad to EristolMysns Squibb Companig

Distrioutad by

Erkstol-Myars Sguibb Compary

Frincaton, KU 0543 L2A

112640388 Ry Januany 2009
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PATIENT INFORMATION

GLUCOPHAGE®
{metformin hydrochloride) Tablets

and

GLUCOPHAGE® XR
{metformin hydrochloride) Extended -Release Tablets

Ruad il Infommation cansfully belors you start taking this meddne and sach tme you ralll your

There may b= new informiabion. Ths information doss not fake the place of your
dociors advios. ASk your dootor of pramacist Fyou oo not understand soms of this Information
o H'you want to know' mona about this medcine.

What are GLUCOPHAGE and GLUCOPHAGE XR7

GLUCOPHAGE and GLUCOPHAGE ¥F ans used to treal type 2 diabeies. This ks also known as
nondnsuln-depsendent diabetes melltus. Peoplewith typs 3 diabetes ars not ablke o make snough
resulni or respord normally to the insulin thelr bodles maka. When this happans, sugar [guooesa)
bulids up In the blood. This can kead to serous madical problems rchudng kidney damaga,
ampuiations, and bindness. Dlabeles is also closely Inked 10 heart dissass. The main goal of
treating dabstes Is 1o kower your blcod sugarto a nommal kval,

High blood sugar can be lowsred by diel and ewercise, by a number of medicines iaken by mouth,
and by insJlin shobs. Batona you take GUMCOPHAGE o QLLCOPHAGE ¥R, Iy to ooninol your
diabstes by aeeroiss and walght less. Whils you taks your dinbates medcine, continus to omniss
and follow e dist advised for your diabetes. Mo matber what rorecommanided dabebes
maragamert plan ks, studies have showT Tt malimtaining geod bkeod sugar control can prevent
of delay complications of diabebes, such as birdness.

GLUCOPHAGE and ALLCOPHAGE ¥R havs The sams acthve ngredont. Howeva GLLCOPHAGE KR
wiorks konger In your body, Both of these medones halp conmol your biocd sugar i ramibsr of
wiays. Thess Includa helping your body respond bathar bo this ireain i makas raturaly, decreasing
tra arsount of sugar your bver makas, and decreasing the amount of sugar your iInbest nes absorb.
GLUCOPHAGE and GLUCOPHAGE XR 00 ot cause your body 10 make mons Insuln. Bscausa of
this, whentakan slons, they rarely ceuse hypoglyoemi Jow bilood sugar, and usually do rict cause
wiskaht gan. Howsvern, whon they are taken with a suifonyiurea or with Irsulin, bypoglycomia i mora
Ileahy to socug as s walght gair

WARNIMG: A smal number of people who have token GUUCOPHAGE have dewalopad a
sarious condition called lactic ackdosis. Lactic ackdosls s caussd by a bulldup of lactic ackd
In the biood. This happens more ofien in people with kidnay problems. Most peopla with
kidnay problamrs should not ks GUUCOPHAGE or GLUGDFHAGE XR. [Bea *“What ars the
slde affects of GLUCOFHAGE and GLUICOPHAGE XAT7

Who should not take QLUCOPHAGE or GLUCOPHAGE XR7?

Bome condiions Incraiss your chanoe of gettng lactc ackiosks, O causs offer probiems i you
ks sither of thesa madicines. Most of the cordBors listud below can rcrsasa your chance of
guttireg lectlc scldosis,

Do not take GLUCOPHAGE or GLUCOPHAGE XR if you:

* have Kdney probiems

* have Iver problms

# hawe Feart fallura that ks treated with medidnes, such &z Lancxin® (digosin) o
Lasbe® (furcssmids)

# drink a kot of akohal This means you bings dink for short periods or drink all e Gme

# o sariously derydratad [have lost o lob of waber friom your body)

* ora going to have an w-ray procadura wh infsction of dyws [oonirast agents)

* o going o have surgary

+ davalop @ serlous condition, such as heart atinck, severs Ifection, or o sircke

# oru 80 yoars of older and you have MOT had your kidney dorction testoed

Tall your doctor H you o t or plan to become pragnant. GLUCOPHAGE and
GLUCOPHARE XR may rct ba Aght for youu Talk with your docbor about your choloss. You should
a0 disouss your chokoss Wi your dockor I you ans nursing 2 chid,

Can GLUCOPHAGE or GLUCOPHAGE XR be used in children?

GLUCOPHAGE has boon shown bo effectivaly lower goosa kevels in childran [sges 10-18 pears)
with typs 2 dinbertws, GLUCOPHAGE hios not ba e studled In orildren youngsr than 10 years old.
GLUCOPHAGE has not besn siudied In combinatlon with other ol guoose -coninod medcines or
Iresulin In children, IF you Fave any questons about the use of ALUCOPHASE inchildren, ok wih
your doctor or otar Faafthoars providar.

GLUCOPHAGE XA hias not been studied in chiidren.

How should | take GLUCOPHAGE or GLUCOPHAGE XR7

Wour docbor will tell you how much medicine o taks ardwien 1o take B Yoo wil probably sbart ook
with @ low doss of the Medone. ¥our docbor may siowly NOre1ss pour dose Untl your bieod sugar
Iz battar controlld. Yiou should taks GUUCOPHAGE or GUUCOPHAGE ¥R with meals,

“Wour docior may Fave you take other medicines along wih GLUCOPHAGE or GLUCOPHAGE XR
b ortred your Hood sugar. Thess madicines may Inciuds Insuln shobs. Taking GLUCOPHAGE of
GLUCOPHAGE ¥F wih ireuin may Felp you better comtol your blood sugarwhik reducing the
Irsuln dose,

Contirie yor sxerciss and dist program and test yor blood sugar reguiary while faking
GLUCOPHAGE or GLLMOFHAGE KA. Your docior will monkor your diabsbes and may performn
blood fesis on you from time bo Hme bo maks sre your kidneys and your ver are functioning
nomaly. Thers b= no evidencs that GLUMGOPHAGE or GLUCOPHAGE XR causes ham bo the Iher

or kidriays,

Tiall your docior W you:

#® hawve an liness that couses severs vormling, darhea or fever, or i you drink o mudh lowsr
amaount of liquid than nermal. Thess condbons can lead 1o sevens derydration (oss of waber
In your bedy]. Vou may nesd to stop taking GLUCOPHAGE [metlrmin hydrochioride) or
GLUCOPHAGE XA jmisiformin ydrochion da) dor o short tirme.

# plan o Fiave SUngeny of an Aoy procsduns wih njection of dys [conrast agent). You may
nesd bo stop taking GLUCCPHASE or GLUCCOPHAGE XA for o short tme.

# ghart to take other madlines or change how wou toke a medicine ALUCOPHARE and
GLUCOPHAGE XR oan alfect how well cbrar drugswork, and some drugs can aflect how wal
GLUCOPHAGE and SLUCOPHASE ¥R work. Eoms medicine s may cause high Blood sogac

GLUCOPHAGE XA rust b swallowasd whole and nover onushad or chawed. Occasiorally, tha
Iraciive Ingredients of GLLCOFHAGE XA may be sliminabed as a soft mass in pour sbool that may
Ioaik Ik the original tablek; this ks not harridl and wil not afieot the way GLUCCPHAGE 3R waorks
b ontrol your dabobes.

What should | avoid while taking GLUCOPHAGE or GLUCOPHAGE XR?

Co not drink a lot of alochollo drinks while taking SLUCOPHAGE or GLUCOPHAGE XA. This
migare you should rot binge drink Tor short perieds, aned you should rok drink @ ot of alcohaol on a
regular basks. Alochol can noremss the chanca of getiing lactlc scldosis.

What are the side effects of GLUCOPHAGE and GLUCOPHAGE XR?

Laofio ACiCoss. In rare canas, GLUCOPHAGE and GLUCOPHAGE XA 0an causs @ Serious
skda effect calkd lacto ackdosks. This ls caussd by o bulldup of lactic ackl In your blood.
This bulldup can causs serfous domage. Lactlc ackdosk coused by GLUCOPHAGE and
GLUCOPHAGE XR ks rare and has ocoumed mostly n peopks whose Hdneys ware rot working
nomaly. Lactio ackdosls fas bean raported in about ona in 33,000 patients GLUCOPHAGE
o thie couns e of o year Afthough rara, Flacto soldosks does ooour, i can ba fatal Inup b half the
panpk who davalop b

It Is s Important for your Iver to be working normally when you ke GLUCOPHAGE or
GLUCOPHAGE ¥R. Your lvar halps ramove Botic acld fromyour bloed.

Maks sura you tall your doctor befors you uss GLUSOPHASE or GLUCOPHAGE XA H you hava
kldrary or ver probleme. You should albo stop walng GLUCOPHAGE or GLUCOPHARE XR and
call your doctor rght ewery If you have signs of lactic ackdosls. Lagtic ackdosls ks a medical
amergancy that must bs treated In a hospital,

Signe of lactic acidosia are:
* fumlng very weak, tred, or urconmmoriabis
# unusual muscls pain
» troubls braathing
# unusual or urepected stomach discomiort
= fagling cold

= fasing dezy or Ighiheaded
# suddenly daveloping & slow or Imagular Feartba st

It your madical condition suddenly changes, shop taking GLUCOPHAGE or GLUCCPHAGE ¥R and
call your decbor right sway. This miy ba & skgn of Isctic sckdosls or arother serlous skds affect

Dot Sidie Effacts. Common side effects of GLUCOPHAGE and GLUSOPHAGE MR Incude dahea,
nases, and upsst sliomach Thesa side efscts gercmly 9o saay after you baks the madicins for
awhile. Taking your medcine with meaks can Felp redacs these side sffects. Tall your doctor H the
skda afieots Dother you a kot, kst for more thar & few weeks, 0ome back after e ve Jore Ty,
or start laber In therpy. You may nesd a kewsr dosa or nsed 1o sbop taking tha medicing for a short
pariod or for good.

About 3 ok of every 100 pecpla who faks GLUMCOPHARE or ALUCOPHAGE XR hava an unpleasant
mutalic tastswhen they siart taking the medicine. It lests Tor o short tims.

GLUCOPHASE and SLUUCOPHASE XA ranaly causs hypogiycornia Jow bloosd supar] by them-

saives. Howewer, hiypoglyosmia can Fappen H you do not cat encugh, Hyou drink aloohal, or Fyou
taka otfwer madicings 1o lowsr blood sugar.

e 1 ahai ahout i i

P kL
W you have questions or problems, talk with your doctor or obher b sbhoans provider. o can ask
your docbor or pharrmacist for the information about SLUCOPHAGE and GLLUCOPHAGE ¥R that
wTiktzn for heakhnoan professionals. Medones an Sometimes presoribed for purposss other than
Hross isted o patient Imormation kaflet o not uss GLUCOPHAGE or GLUCOPHAGE XRfora
condBon forwhich Hwas rot prosorbed Do not shars yor medcine wih olher peopla.

GLUCOPHASER |5 a registersd tademark of Manck Sanks 545, an sssoclxle of Merck KGas of
Cammstadt, Garmany. Licersed to BristalMysns Bquibb Company.

Dtfeer brands stz are the trademarks of thealr respective owrens.
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Appendix F

OFF PO N PORT
- . Fiovarroer, |G
Ciabetes Prevention Program Page 1213
MEDICATICN ADHEREMCE INTERVIEN
MMMIMMMMIMMHHM Fﬂ'l]lll'

Kajor (form FOZ) Soloe-up VisH invenbory. This form s akso compieied at the Bonii 1 Tira@on sl with e
Inberim (form FO3 ) Folos—up Vish mieniory. Compleds this form only B e paricpant has @ken amy coded
metformin since: G st wisi. The Medication Adherenoe imendew is for all DPP participants iakng oosded
metformin, regardiess of level of adherence. Complels the inferview and FOS: form, and Sen ransler
appropriate data fo Sacton H (Coded Medication) of e coresponding Folow-up Visit Imentony.

A Earipant IMEniicaiion

1. Chnic number I:lj

Fartiipant numier HEEEEE

R (TT11]

4 Fartciparsr date of bith |

b

5. Farticipanis sex Vim = D

B. \ish imformation

1. Dot of st | | | | | l |
niz-h oy FEA!

Stndard Follow-up I:[
2. Type of wish WSETTY
Fajor Foliow-up I:[

interm Foiowun [ ]

LT, -
T [T "=
4, Cuscome vist Djj WIEIT

5. End of Study Yoz Dm\sﬁe

S Instuctions for Form FOS Commpletion [ L=] D

Complebs Part 1l of this Torm during the infervdew, keeping as close o the wording of the interdes queshons. as
posssbie and s appropriake for @ OFP participant.  For Bems wiich reguire the Code 3heet, choose the oode
which you think best desoribses the response most mportand o e paricipant and Ist on line 2. B e participant
ey soditionsl nesponses, It 3 b and . F oode 9915 used, plesse speacily responss on B ire amcer e lem.

& ™y
InEals of person evizwing compisisd form ]:l:l:l:l Formi endered in compuber? |:| -J
L Fired Ias
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Farticipant's Intaks Do o B Date of wist O R PO

L oty Ty by by ioearter 1%
Fred 1 4 rmonth day P menits sy e oL
FPROA&FET: For the: moss recent bypical wesk what ks your esimale of the number of days
when you ook your metformin pllls as presoibed? . of 7 days
Record results on the oomesponding Foliow-up Visit invenbory, secton H.
:| r LA
1. How did ¥ou remembear o Bake your DFF plis a5 presoribed sinoe the LA A a| 7T

sl vistT (ses Code Sheed, TO0 sefes)
WaE-0WE | T

LA HCAAAT el 7
How hefptial was e plan we dedded om af e lasd visE o Belp you ke your OFP )

medications. a5 presoibed T

[ ]

]:I Ko plan specfedNot applcabie ]:I Bk af all Fesipiu

ey heipiul MAHELD D Diid maot by that plan (Le., not mplemeried)
]:l Someahat heiptu
3. Taking plis =very day |5 hard for some people. Wit | your main MAFROE 5 | B
proble, i any, In irying o @ke your DFF plis as prescribed? _
jsee Code Soeet 800 series) werREE p (8] |
MAFFCRE C. 8
4. What pisn or strategy do you think could be heipfal io deal with this proble=™  pgarian a |0
[mes Code St 300 seres) ’
MEFLANS
TN c g
E. Do youl Ink=nd o follow this plam from quesion 2 £ untl the nexd wisi?
]:I Mo plan specfed Mot appboabie IZI Probabdy mot
MAIHTE
]:I Deinliciy EI Defntisy not
]:I Probabiy
For DPP StaiT Uss Only
6. Do youw consider the participant’s =stimation of medicabon adherenos "Tor the most eoent wesk®
io0 b= relabie?
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Content Review

A Visual Approach to Anatomy & Physiology, 2" edition, Pearson Higher Education,
publisher,

October 2013 — March 2014.

Manuscript Review
A Visual Approach to Anatomy & Physiology, 1% edition, Pearson Higher Education,
publisher, January 2009
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Ball Brothers Foundation Rapid Grant, November 2008; Advanced Human Physiology
Curriculum Initiative

Forum Participant
Human Anatomy and Physiology Forum, November 2010 & November 2008; San
Francisco, CA; Pearson Higher Education

Book Review
Shier, Butler and Lewis, Review of Hole’s Human Anatomy and Physiology, 11"
edition, 2007

Video Production
Moore, Shank and Cox. Dissection of the Sheep Brain and Sheep Heart, 2003.

Abstract Presentation

Nakamura, M.Y ., Brown, J.B., and Miller, W.C. Exercise Glycogen Depletion Patterns in
Trained Rats Adapted to a High-Fat or High Carbohydrate Diet. Presented to American
College of Sports Medicine, Cincinnati, OH., May, 1996.

Publications

Ang DC, Moore MN, Hilligoss J, Tabbey R. MCP-1 and IL-8 as pain biomarkers in
fibromyalgia: a pilot study. Pain Med 2011 12(8):1154-61.

Nakamura, M.Y., Brown, J.B., and Miller, W.C. Adaptation to a High-Fat Diet Results in
Reduced Rates of Glycogen Utilization in Trained Rats. 1998. International Journal of
Sports Medicine. 19(6): 420-424.



