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ABSTRACT
Background: Evidence surrounding the optimal treatment strategy and overall safety of
using insulin in type 2 diabetes is unclear.
Methods: We conducted a systematic review to compare the efficacy of add-on therapy
using basal insulin versus an additional oral antidiabetic agent in patients with type 2
diabetes and secondary failure. Using a retrospective cohort design we quantified the
relationship between insulin exposure and all-cause mortality.
Results: Insulin treatment demonstrated a small but statistically significant improvement
in A1C compared with the use of an additional oral agent as add-on therapy. Increasing
insulin exposure was associated with an increased risk of mortality.
Conclusions: Basal insulin therapy compared to the use of an oral agent as add-on
therapy produce comparable results in glycemic control. Higher level evidence is needed
to further evaluate the association of insulin therapy and mortality in patients with type 2

diabetes.
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CHAPTER 1

Introduction

1.1 Introduction

Insulin was discovered in the early 1920’s by a group of Canadian scientists." Much
advancement has been made regarding the purity and stability of insulin since its
discovery and, along with the acceleration of genetic technology in the past two decades,
there are now a myriad of insulin formulations to choose from today (appendix A).
Insulin is one of the many treatment options for individuals living with type 2 diabetes.
Type 2 diabetes is a condition occurring when the body is no longer able to produce,
secrete, or use insulin and is characterized by high blood glucose.” Although
considerable advancements in therapeutic knowledge surrounding insulin have
accumulated over the years, the overall risk-benefit ratio of insulin in people with type 2
diabetes remains uncertain.

Type 2 diabetes represents 90 to 95 percent of people living with diabetes and is
currently putting an indelible mark in the health and health care systems of individuals
and countries respectively throughout the world. The prevalence of diabetes is increasing
in epidemic proportions in Alberta, Canada,> and globally,>® presenting a substantial
public health burden. The prevalence is estimated to rise from a reported 171 million
cases worldwide in the year 2000 to over 350 million cases by 2030.°> Living with type 2
diabetes increases one’s risk of many painful and often devastating complications.
Complications of diabetes include diseases of the microvasculature such as retinopathies,
neuropathies, and nephropathies and diseases of the macrovasculature such as coronary
heart disease, peripheral vascular disease, and stroke. These complications translate to a
substantially increased risk of amputation, kidney failure, nerve pain, and heart attack.’
In addition to the burden of complications, life expectancy appears to be shortened by an
average of five to ten years in middle aged people with type 2 diabetes.® Leading causes
of death include cardiovascular disease and renal disease,® whereby cardiovascular

disease is responsible for over 50% of deaths in people living with type 2 diabetes.’



Various treatments exist to decrease the risk of these complications, although the optimal
strategy of when and how to use various medications is not yet conclusive.

Current management strategies in type 2 diabetes are multifaceted, focusing on
managing a variety of cardiovascular risk factors such as hypertension, dyslipidemia, and
obesity, in addition to the management of hyperglycemia.'® Although lifestyle and diet
intervention is beneficial, it is often insufficient for optimal glycemic control and
pharmacological agents are required. Oral antidiabetic drugs (appendix B) are the
mainstay of therapy for type 2 diabetes; however, as the condition is progressive, these
agents often fail to maintain proper control of one’s blood glucose over the long term.' "2
In addition to focusing on managing hyperglycemia aggressive, cardiovascular risk
reduction is essential in light of substantial evidence suppofting a greater absolute impact
on future morbidity and mortality.'> "

The treatment role of insulin has been well defined in evidence-based clinical practice
guidelines.>'”'® Current Canadian, American, and European clinical practice guidelines
219 for type 2 diabetes suggest either the addition of insulin or another oral agent
following inadequate control with monotherapy using an oral agent. Intensified and early
initiation of insulin as a therapeutic modality for type 2 diabetes is being advocated due
to its limitless ability to lower blood glucose and presumed safety. Evidence for these
recommendations is based primarily on the United Kingdom Prospective Diabetes Study
(UKPDS) where intensive glycemic therapy was compared to conventional glycemic
therapy. Intensive antidiabetic therapy (fasting glucose target <6mmol/L) with insulin or
a sulfonylurea subsequently was associated with a statistically significant 25% risk
reduction for microvascular damage compared to conventional therapy (fasting glucose
target >6 and <15mmol/L)."* Although the point estimate suggested intensive therapy
may be associated with a decrease in mortality in the entire study population (Relative
risk 0.94), the confidence interval spanned across unity (95% Confidence interval 0.80 —
1.10). Many relevant questions regarding treatment of type 2 diabetes were unanswered,
such as the benefit of long-term intensive insulin therapy.'® The Veterans Affairs
Cooperative Study on Glycemic Control and Complications in Type II Diabetes (VA-
CSDM) was a feasibility trial investigating the risks and benefits of intensive glycemic

therapy in type 2 diabetes.”® The study reported 24 patients (32%) in the intensive



treatment arm compared to 16 patients (20%) in the standard treatment arm experienced a
cardiovascular (CV) event (p=0.10).2! A follow-up study to the VA-CSDM named the
Veteran Affairs Diabetes Trial (VADT) is designed to assess the effect of intensive
glycemic control on CV events and is sufficiently powered to detect a 21% relative
reduction in major CV events (CV death, myocardial infarction, stroke, congestive heart
failure, revascularization and amputation).?

In addition to intensive insulin treatment, recent studies assessing the relationship
between tight glucose control and mortality have lead to controversy over how aggressive
glycemic targets should be for type 2 diabetes mellitus. The Action to Control
Cardiovascular Risk in Diabetes (ACCORD) trial is an ongoing multifactorial trial
designed to assess cardiovascular outcomes using three different treatment interventions

(www.accordtrial.org). The glycemic intervention comparing intensive glycemic control

with standard glycemic control was prematurely stopped due to an unexpected increase in
the number of deaths in the patients randomized to intensive glycemic therapy.” Results
reported from the Action in Diabetes and Vascular Disease: Pretarax and Diamicron MR
Controlled Evaluation (ADVANCE) trial did not support the findings of increased risk
observed in the ACCORD trial, but nor did the ADVANCE treatment protocol result in
any benefit in terms of reduced cardiovascular morbidity and mortality.?* Therefore, the
evidence remains unclear as to whether intensive glucose lowering therapy is beneficial
with respect to mortality.

Recently treatment options for type 2 diabetes seem to be diminishing as
rosiglitazone, a newer thiazolidinedione agent, has been associated with an increased risk

2326 and cardiovascular related mortality.”> Controversy exists

of myocardial infarctions
as recent meta-analyses show discordant results with cardiovascular related mortality and
a recent interim analysis of an ongoing RCT suggests no evidence exists for an increase
in death from cardiovascular events or all causes.’ Also, the safety of sulfonylureas,
particularly tolbutamide and glyburide has been questioned because of their potential for
cardiotoxicity.”®>° Many questions remain to be answered regarding the optimal role of
insulin therapy in type 2 diabetes. Should long-term intensive insulin therapy be initiated

upon diagnosis? Do we wait until all other therapeutic resources have been exhausted

before introducing insulin? A common issue that often arises is whether to add insulin
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therapy or add an additional oral agent when patients are failing their current oral therapy
regimen.

Despite the paucity of evidence supporting the adoption of insulin as a preferred
treatment in type 2 diabetes, clinicians are advocating for the earlier adoption of insulin
therapy.’' The uncertainty, potential toxicity, and limitation of lowering A1C of oral
agent regimens have clinicians advocating for the use of earlier initiation of insulin
therapy. A recent poll in the New England Journal of Medicine indicates that the
addition of insulin is favoured by the majority of health care practitioners as an add-on
agent compared to pioglitazone or exenatide in a patient whose blood sugar is
uncontrolled on their current regimen.*?> By adopting insulin as the ‘drug of choice’
without high level evidence of undisputed RCT data to support its early introduction is
relying merely on lower level evidence, primarily expert opinion. Furthermore, as
mentioned we are uncertain of the long-term safety issues of using high dose insulin or
lowering glucose beyond an A1C of 6% over a prolonged period in type 2 diabetes.?'*>*

Well designed observational studies, particularly in the absence of a RCT, provide
a means to test hypotheses surrounding the long-term safety of medications.
Observational studies restricted to topics of unexpected effects may often be as credible
as RCTs *. In fact such studies are often better suited than RCTs for detecting signals
related to adverse events due to adequate sample sizes.’*> Previous studies examining
the safety of insulin use in type 2 diabetes have focused on cardiovascular disease.*®
Other safety issues have also surfaced in the literature such as the relationship between
insulin and cancer.”” All-cause mortality is an important outcome to all patients and is
often an excellent measure of overall benefit in comparison with risk.”® Mortality is an
appropriate measure of overall risk-benefit for patients using insulin as the benefit of
treatment is prevention of future disease, and insulin has potentially serious side effects
(1.e. acute hypoglycemia).

The optimal timing and role of insulin in the treatment of type 2 diabetes is
evolving. Further evidence is required to guide researchers, clinicians, policy makers,
and patients. The relationship between long-term insulin use and patient oriented

outcomes such as all-cause mortality remains uncertain and pharmacoepidemiological



methods provide tools to determine the true magnitude of effect in real world clinical

situations beyond highly controlled RCT conditions.”

1.2 Objectives

The objective of this thesis is to assess questions regarding the efficacy and safety of
insulin in people with type 2 diabetes. The use of well-designed epidemiological studies
is essential to acquire knowledge regarding these themes. The two following papers
address clinically relevant questions regarding the role of insulin in treating people with
type 2 diabetes. The first paper is a quantitative systematic review (meta-analysis)
assessing whether add-on therapy using basal insulin is more efficacious compared to an
oral antidiabetic agent in patients failing their initial therapy with an oral agent. The
second paper is a cohort study designed to quantify the relationship between insulin
exposure and mortality. These two study designs, a meta-analysis and a cohort study,
complement each other in providing evidence for the efficacy and safety of insulin

therapy in people with type 2 diabetes.
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CHAPTER 2

Insulin versus an oral antidiabetic agent as add-on therapy in patients with type 2
diabetes failing their current oral antidiabetic regimen: A meta-analysis.

2.1 Introduction

Lowering blood glucose decreased the risk of microvascular complications in the
United Kingdom Prospective Diabetes Study (UKPDS) trial.' In this study, patients
randomly assigned to the intensive protocol (target fasting plasma glucose (FPG) <6
mmol/L) showed a significant reduction in microvascular complications and a trend
toward reduced macrovascular complications.! Mainly on the basis of evidence from the
UKPDS and other major diabetes clinical trials,” several organizations have formulated
guidelines with clear recommendations for the initial therapy of type 2 diabetes.*®
However, in view of the progressive nature of type 2 diabetes,’ patients and their
clinicians will inevitably need to intensify therapy to maintain glycemic control. The
decision to intensify therapy after initial success with oral antidiabetic medication has
been defined as “secondary failure”.®'° Although clinical trial evidence conveys the

1,1 it is not clear how to

importance of early and sustained blood glucose contro
proceed when initial oral antidiabetic drug therapy is no longer effective.

Current clinical practice guidelines *8 for type 2 diabetes recommend either the
addition of insulin or another oral agent when monotherapy using an oral agent fails to
achieve or maintain glycemic targets (A1C >7%). However, it is unclear which of these
options is preferable.

Previous systematic reviews have not explored whether it is preferable to add
insulin therapy or to add an additional oral agent in patients with secondary failure.
Goudswaard and colleagues '* focused on switching a patient's therapeutic regimen to
insulin monotherapy versus adding insulin to oral antidiabetic agents. Reviews assessing
combination therapy of insulin and oral antidiabetic agents have been limited to a specific

13-15 and assessed whether

class of oral antidiabetic agents, most commonly sulfonylureas,
combination therapy with insulin was beneficial compared with insulin monotherapy.
Moreover, these previous reviews predate the launch of the newer long-acting insulins -

insulin glargine and detemir.

A version of this chapter has been published. Gamble 2008. Open Medicine. 1(2):e1-13



-12-

The objective of this meta-analysis was to evaluate the evidence of the efficacy of
adding basal intermediate or long-acting insulin versus the addition of another oral
antidiabetic agent in people with type 2 diabetes whose current oral antidiabetic therapy

was failing.

2.2 Methods
2.2.1 Search strategy

The search strategy was designed to capture the patient population, consisting of
people with type 2 diabetes currently using any class of oral antidiabetic therapy; the
population problem, defined as current treatment failure; the intervention of insulin
glargine, detemir or NPH (neutral protamine Hagedom); and the primary outcome
measure of change in glycosylated hemoglobin (A1C). Our search strategy was
developed in consultation with a research librarian well versed in the conduct of
systematic reviews and in the use of MeSH (MEDLINE subject headings) and key terms.

The MEDLINE-based search strategy formed the foundation for searching in
other databases. We searched the following electronic bibliographic databases from their
inception until June 2007: MEDLINE, EMBASE, Cochrane Register of Controlled
Trials, Web of Science, Scopus, CINAHL, International Pharmaceutical Abstracts,
Academic OneFile, PASCAL, Global Health Database, LILACS, HealthSTAR, and
PubMed. Other literature sources searched included: reference lists of all included
studies and relevant narrative reviews; clinical trials databases (ClinicalTrials.gov;
CenterWatch Clinical Trials Listing Service, and Current Controls Trials); OCLC
Proceedings First and OCLC Papers First databases to identify studies presented at
conferences and proceedings; and, Proquest and Index to Theses to identify relevant
theses and dissertations. We contacted the pharmaceutical companies producing insulin
glargine (Sanofi- Aventis), insulin detemir (NovoNordisk) and NPH (NovoNordisk, Lily)

to inquire about other published or unpublished studies.
2.2.2 Selection of Studies

Citations identified in the literature search were independently screened by two

reviewers (JG, SS) to select potentially relevant articles. The full articles from this list

A version of this chapter has been published. Gamble 2008. Open Medicine. 1(2):e1-13
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were retrieved and subsequently reviewed by 2 reviewers (JG & LB) for inclusion in the
systematic review. Inter-rater agreement at this stage was assessed using Cohen's Kappa
statistic. Disagreements between reviewers were reconciled by consensus; a 3rd party
intermediary was not required. Reviewers were not blinded to the authors, journal, or
publisher of the studies. Non-English abstracts and articles were assessed by one
reviewer (SK).

Studies were included if they had the following characteristics: RCTs, whether
parallel or cross-over design; participants inadequately controlled on their current oral
antidiabetic regimen, defined as an A1c¢>7% or a fasting plasma glucose (FPG) >7
mmol/L; participants insulin naive at baseline; subjects randomized to the addition of
either basal insulin therapy (insulin glargine, detemir, or NPH) or another oral
antidiabetic agent from any class (biguanide, sulfonylurea, thiazolidinedione, non-
sulfonylurea secretagogue, or glucosidase inhibitor). We use the term “basal” to mean
administration of an single injection of intermediate or long-acting insulin as 100% of
daily insulin dose; specifically, these would be regimens using NPH, glargine, or
detemir.* We felt cross-over trials were suitable for our clinical question as diabetes
management is a chronic condition of which we do not expect a carry-over effect of
treatment in respect to blood glucose levels. Data from cross-over trials were entered as a
parallel study.

In addition to the above criteria, studies must have reported (or given the
information to calculate) change in A1C (%) from baseline. Glycemic control was our
primary outcome, measured by change in A1C and the proportion of individuals
achieving an A1C <7%. Secondary outcomes included change in FPG (mmol/L), change
in weight (kg) and the proportion of participants experiencing =1 hypoglycemic event as

defined by the study investigators.

2.2.3 Data Extraction and Management

Two reviewers (JG, LB) independently extracted the data from all articles that
met our predefined eligibility criteria. Data were recorded on a standardized form, and
all discrepancies were resolved by consensus. Both reviewers independently extracted

data from 2 studies using a preliminary data extraction form. Minor revisions to the

A version of this chapter has been published. Gamble 2008. Open Medicine. 1(2):e1-13
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extraction form were made after this trial period to provide the content found in Textbox
1. We attempted to contact authors to verify, interpret and obtain missing data. In
addition to extracting data, the reviewers assessed the overall methodological quality of
studies using the Jadad scale.'® Methodological quality was assessed based on
information reported in the published article only. In addition, a scale by Schulz and
colleagues '7 was used to assess allocation of concealment. Funding sources for included
studies were also considered.

If the mean change and its respective standard deviation were missing, we
calculated the mean change from baseline by subtracting the mean baseline A1C from the
mean A1C at the last follow-up date. Standard deviation (SD) was calculated using
standard formulas,'® using a correlation coefficient of 0.5 to allow estimation of the
combined SDs. In one study 19 we had to estimate the values of A1C and fasting plasma
glucose from inspection of graphs, as the exact values were not included in the
publication and we were unable to obtain further information from the study authors. We

substituted the mean SD from the other studies that used an identical comparison agent.

2.2.4 Data synthesis

We chose a random effects model for our meta-analysis, as it is more conservative
than a fixed effect model and therefore less likely to overestimate treatment effects.*
Statistical, clinical, and methodological heterogeneity were assessed to determine
appropriateness of pooling data across studies. We evaluated statistical heterogeneity
using the I” statistic. A I* value of greater than 50% was considered indicative of
significant heterogeneity.'® We recognized the potential for variability in key clinical
characteristics such as duration of diabetes, baseline A1C, and age amongst studies.
Therefore two strategies were used to explore potential sources of heterogeneity. First
we used the method described by Tobias *! to explore the impact of each study on the
overall summary effect. Second, we examined pre-specified subgroups. Subgroups
defined a priori included stratification by the type of insulin (NPH, glargine, detemir)
and the comparative oral agent (metformin, thiazolidinedione, acarbose). Last we
conducted sensitivity analyses on the following factors, defined a priori: fixed-effects

versus random-effects model; parallel versus crossover design; and duration of follow-up.
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All continuous variables (changes in A1C, FPG, and weight) were expressed
using a weighted mean difference (WMD) and 95% confidence interval (CI). All
dichotomous outcomes (proportion of subjects achieving an A1C <7%, and proportion of
subjects experiencing 2 1 hypoglycemic event) were expressed using a relative risk (RR)
and 95% CI. We chose RR as a measure of effect given considerations of consistency
and interpretability. Publication bias was assessed by examining the symmetry of a
funnel plot, where sample size is plotted against the treatment effect. A funnel plot was
inspected for our primary outcome only, in view of the small number of studies that

addressed our secondary outcomes.

2.3 Results
2.3.1 Search Strategy

Our search strategy identified 1234 unique citations, and an additional 26 citations
were identified from grey literature sources (Fig. 1). Screening of title, abstracts, and
keywords identified 54 citations potentially relevant to the review question, and the full
text of these studies was retrieved. Seven non-English articles were assessed by 1
reviewer (SK), who found that none met the eligibility criteria. Two reviewers assessed
the remaining 47 potentially relevant articles and found that 12 studies met the eligibility
criteria independently (kappa=0.74). The reviewers arrived at a consensus that 11 studies

met all of the eligibility criteria.

2.3.2 Included Studies

Baseline clinical and demographic data for each study are listed in Table 1.

28-31

Seven studies'>*?’ had a parallel design; 4 studies used a crossover design.

Crossover studies tended to have smaller sample sizes, contributing 119 to a total of 757
participants. Trial duration ranged from 12 weeks to 1 year of follow-up. Sample sizes
ranged from 12 to 219 participants. Three studies used insulin glargine,”>?’ 7 studies

used NPH insulin,?>?***3! and 1 study did not specify the type of insulin.' Five studies

used a thiazolidinedione (n=1 for pioglitazone and n=4 for rosiglitazone),”>***>%" 5

19,24,29-31

studies used metformin, and 1 study used acarbose *® as comparison agents.

Baseline A1C ranged from 8.8 to 11.2 %.
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The overall quality of the studies was low (Jadad range 0-2), and only 1 study
adequately describing an allocation of concealment method.(27) One study *® was
described as double-blinded; this was misleading, as the insulin arm was not blinded, and

22,2426 oy plicitly stated

only the acarbose arm was masked with a placebo. Three studies
they were “open label” studies. The average percentage of dropouts per study was 13%
of the number of subjects randomly assigned to a study arm. Reasons for dropouts were
given in all studies, except the 2 studies that had no dropouts.’?! Although 2 studies

226 in fact no study performed an intention to

described an intention to treat analysis,
treat analysis.

Six studies were sponsored by a pharmaceutical company.”****"  Most studies
did not explicitly state their primary outcome. In the study by Rosenstock and colleagues
%% the primary outcome was identical to that of our systematic review: glycemic control

measured using A1C.

2.3.3 Outcomes

To compare the overall efficacy of the two treatment options — addition of basal
insulin versus another oral antidiabetic agent - outcome results from each study were
pooled and an overall summary measure of effect was calculated. When all studies were
pooled, the addition of basal insulin demonstrated a statistically significant improvement
in A1C in comparison with the use of an oral agent as add-on therapy (WMD -0.17;
95%CI -0.33 to -0.02) (Fig. 2). The pooled analyses of the proportion of patients
achieving an A1C <% favoured addition of insulin; however, this finding did not reach
statistical significance (RR 1.10; 95%CI 0.80-1.52) (Fig. 3). A third measure of glycemic
control was change in FPG from baseline, where an improvement in the insulin arm
versus the oral agent was found (WMD -1.29; 95%CI -1.61 to -0.98) (Fig. 4). With
respect to adverse events, more patients experienced at least one hypoglycemic event in
the insulin group than in the oral agent group (RR 1.42; 95%CI: 1.11-1.80) (Fig. 5).
Weight gain was not pooled into an overall meta-analysis in view of the significant
heterogeneity among studies (Fig. 6).

Results were categorized into clinically meaningful subgroups according to the

type of insulin used. Eight studies compared a once daily injection of NPH versus an oral
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19,22-24,28-31 .
922242831 o of these studies used a

19,24,29-31

antidiabetic as add-on therapy.
thiazolidinedione,** 5 studies used metformin and 1 study used acarbose > as a
comparator. No differences between groups were demonstrated for overall glycemic
control as measured by change in A1C or proportion achieving an A1C <% (Fig. 2).

A greater change in FPG was observed in the NPH group than in the oral group
(WMD -1.64; 95%CI: -2.05 to -1.22) (Fig. 4). The proportion of participants who
experienced a hypoglycemic event was higher in the NPH treated group (RR 1.89;
95%CI 1.16-3.10) (Fig. 5). There no statistically significant difference in the change in
weight in kilograms from baseline between groups (WMD 0.99; 95%CI 0.36-1.62) (Fig.
6). As expected, when NPH was compared with metformin only, more weight gain was
seen in the NPH group, although still statistically non-significant (WMD 1.29 95%CI
0.62-1.96).

Three studies compared the addition of insulin glargine to an oral agent.>>?’
Rosiglitazone was the only oral agent used in all 3 studies. Glycemic control did not
differ significantly between groups, although the point estimates favour the addition of
insulin glargine for both change in A1C (WMD -0.13; 95%CT -0.31 to 0.06) (Fig. 2) and
the proportion of subjects achieving a target A1C 7% (RR 1.22; 95%CI 0.76-2.76) (Fig.
3). A significant difference was seen in favour of insulin for change in FPG (WMD -
1.03; 95%CI -1.09 to -0.97) (Fig. 4) as well as weight gain (WMD -1.30; 95%CI -1.41 to
-1.19) (Fig. 6). No difference was demonstrated between groups with respect to
hypoglycemia (RR 1.29; 95%CT1 0.98-1.71) (Fig. 5).

Sensitivity analyses, using a fixed-effects model, stratification by study design, or
stratification by study duration, did not result in a substantial change in the magnitude or
direction of the summary effect. To test the robustness of our summary measure of effect
for change in A1C, we used the method developed by Tobias,”' by which each study is
omitted and the summary effect measure is compared with the original result. The WMD
did not change by more than 10% with the exception that when the study by Rosenstock
and colleagues 26 was omitted the WMD changed by 28% in favour of insulin treatment.

The possibility of publication bias was suggested by asymmetry in the funnel plot.
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2.4 Discussion
Management of type 2 diabetes mellitus is multifaceted, incorporating blood
glucose, blood pressure, lipid, and weight control. Although guidelines recommend tight

glucose control to reduce the risk of microvascular complications *®

many patients
remain above recommended glycemic targets.”> The progressive nature of type 2
diabetes further exacerbates the difficulty in achieving and maintaining glycemic

control.*

The objective of this review was to evaluate the efficacy of 2 different
treatment strategies in people with type 2 diabetes in whom initial oral antidiabetic
therapy had failed. We compared the addition of a basal insulin injection with the
addition of another oral antidiabetic agent.

The results of this systematic review indicate that, when used as add-on therapy,
basal insulin therapy and an oral agent achieve comparable glycemic control. Although
insulin showed a statistically significant benefit, the difference was small and of limited
clinical importance. The clinical impact of a 0.17% reduction in A1C associated with
insulin therapy versus the addition of oral therapy must be viewed in light of the absence
of large-scale quality trials. The 95% CI showed the potential benefit ranging from a
0.02% to a 0.33% reduction in A1C. We reported pooled estimates of the WMD in
change in A1C from baseline, comparing insulin and oral agent treatment according to
the type of insulin agent used. Although the overall pooled estimate favoured the
addition of basal insulin, analysis stratified by insulin type to obtain an indirect
comparison ** showed no apparent difference between NPH or glargine in comparison
with the addition of an oral antidiabetic agent. Another outcome of interest with respect
to glycemic control was the number of patients in each treatment group who achieved a
target A1C <7%.*° The small number of patients who achieved an optimal A1C was
likely related to the conservative dosing of insulin. A much larger magnitude of effect
was observed with respect to change in FPG, but this might be expected insofar as insulin
dosing was titrated on the basis of FBG levels in all of the studies. In view of the
significant heterogeneity between NPH and glargine groups, the magnitude of effect must
be considered in context. Insulin glargine was generally used as a third-line agent,
whereas NPH was added as a second-line agent. Therefore, the magnitude of effect may

have been influenced by other factors, such as differences in post-prandial blood glucose
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control, which could account for the diminished effect observed in change in A1C.%

The relative safety of the 2 treatment strategies was evaluated using 2 secondary
outcomes: proportion of subjects experiencing = hypoglycemic event, and change in
weight. As expected, hypoglycemic events were more frequent in the insulin group than
in the oral agent group. This appears to have been driven mostly by the large number of
studies that use metformin as the comparison agent. The magnitude of effect is
diminished and is statistically non-significant when only studies using a thiazolidinedione
are considered. Overall, there was no difference in weight gain when insulin versus an
oral agent was used as add-on therapy. The significant heterogeneity observed (I2 92.8%;
p <0.001) and is explained in part by subgroup analysis. Of the 7 studies that used NPH
and reported weight as an outcome measure, 4 used metformin as the comparative oral
agent and showed a non-significant increase in weight gain among the NPH users (WMD
1.29; 95%CI1 0.62-1.96). This is consistent with metformin use in general, which is
advocated for overweight patients.* In the insulin glargine subgroup, insulin users
experienced significantly less weight than those who used rosiglitazone as an add-on
agent (WMD -1.30; 95%CI -1.41 to -1.19).

2.4.1 Limitations

Several limitations should be considered in the interpretation of our results. First,
the overall quality of the studies included in the meta-analysis was poor, as indicated by
the average Jadad score. We identified several recurring problems of methodology. For
example, although all studies used random allocation, the process of randomization and
concealment was not adequately described. Moreover, the lack of blinding was a major
limitation across all studies. Proper blinding would require a double dummy design
whereby participants would administer an injection and an oral tablet concurrently.
Second, follow-up times were relatively short, considering that people with type 2
diabetes receive treatment for the rest of their lives. Two studies had a follow-up of 1

1923 However, the 2 treatment groups might not show comparable efficacy after 2,

year.
5, or 10 years. Longer follow-up times would increase the external validity of the results.
A third limitation is that our primary outcomes are surrogate markers and lack

information on long-term outcomes such as microvascular or cardiovascular events. A
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fourth consideration concerns the limit to which a triple oral therapy can lower A1C. The
addition of a third oral agent is unlikely to decrease A1C levels by greater than 1.5% to
2.0%; therefore, insulin may be a more appropriate option for those who diabetes is very
poorly controlled (>9.5%) with secondary oral antidiabetic therapy. Evidence for this
exists in the findings from Rosenstock and colleagues,26 which show that the glucose
lowering benefit of insulin glargine, as measured by FPG, was greater when baseline
Al1C was 2.5%. A fifth limitation is the absence of data for secondary outcomes.
Hypoglycemic event reporting was inconsistent, and definitions of hypoglycemia were
rare (n=3).22*%*" Similarly, reporting on weight change was inconsistent between studies.
Consistent reporting of other side-effects such as edema or pain at the injection site
would aid in the applicability of the results.

Although every effort was made to minimize biases in the review process,
potential biases still exist. These biases were limited to the involvement of 2 independent
reviewers involved at each major stage in the review process. Publication bias was
suggested by asymmetry observed on the funnel plot, although other sources of bias
including selection bias, true heterogeneity, data irregularities, artefact, or chance may
explain this asymmetry.>

The results of this systematic review are relevant for clinicians working with
patients with poorly controlled type 2 diabetes who are using either a sulfonylurea as
monotherapy or in combination with metformin. The choice of treatment regimens for
add-on therapy should be evaluated in light of current A1C levels and risk of
hypoglycemia. Non-therapeutic reasons such as cost and patient preference or adverse
effects should be given adequate weight in view of the small magnitude of benefit
observed for insulin use as add-on therapy. The optimal strategy for adding basal insulin
therapy to an oral antidiabetic regimen remains to be demonstrated. More rigorous
studies are required to establish the ideal treatment strategy for people with type 2

diabetes experiencing secondary failure on oral antidiabetic therapy.
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Textbox 2-1: Data extraction
General

e  study identifier

. name of reviewer

. date of extraction

+  Dbibliographic source

Study method

e design

method of randomization

length of study

number lost to follow up
number of withdrawals/dropouts
reasons for withdrawal
inclusion/exclusion criteria
setting and location

funding source

Population

sample size

age and gender

current oral antidiabetic regimen

baseline A1C (%)

baseline body mass index (kg/m2) and/or weight (kg)
baseline fasting plasma glucose (mmol/L)

diabetes duration at baseline

Intervention

e type of insulin

dose

time of daily injection
duration of therapy

Comparison

. type of oral antidiabetic agent
e  dose, frequency

*  duration of therapy

Outcomes
¢  primary outcomes stated
change or follow up A1C

e  change or follow up fasting glucose

¢ definition and number of hypoglycemic episodes
¢ change or follow-up weight

Analysis

¢ intention-to-treat or per protocol
¢ how authors dealt with missing data
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Figure 2-1: Flow Diagram of Study Selection

Search Results from Electranic Databases
(excluding duplicates)
(n=1234)

Grey Literature (h=26)

Potentially Relevant studies retrieved
for more detailed evaluation
(n=54)

Inappropriate study design (h=18)

Inappropriate study population (n=2}

# | |nappropriate interventionfcomparison group {n=13)
Editorial/news articles (n=4)

Duplicate studies (h=4)

Ongoing study (n=1)

RCTs meeting inclusion criteria (n=12)

» RCTs withdrawn (n=1 abstract only}

RCTs included in the review
(n=11)
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Table 2-1: Study Characteristics

Study Diabetes | Age A1C Duration | Insulin Oral .
" . N o Jadad{ Funding
(year), N duration | (yrs) | %M/F | BMI (%) OAD of Type Agent score | Source
type (yrs) follow-up
— — (WkS) — - —
Aljabri 62/58 10 58 60/40 | 25.5 9.9 Met+SU or 16 NPH [pioglitazone 2 [EliLillyt
Met +
(2004), P nateglinide
Kot 112/104 i3 58 56/44 24.9 9.9 SU or 52 NPH Jrosiglitazone 1 Internal
(2006), P Met+SU
Bastyr 135/114 8 57 60/40 [ 28.4 10.2  [glyburide 12 NPH Jmetformin 1 Eli Lilty
(2000), P
Klein 50/35 12 67 24/76 NR* NR* ngbencla- 52 NR*  |metformin 1 Unclear
(1991), P mide
Trishitta 20/16 12 43 35/65 | NR* 10.2  [glyburide 16 NPH Imetformin 1 Unclear
(1992), C
Trishitta 50/45 13 56 24/76 | 27.8 9.1 gﬁbencla— 16 NPH Imetformin 1 Unclear
(1998), C mide
Vingeri 12/12 12 52 NR* NR* NR*  |glyburide 16 NPH  |metformin 1 Unclear
(1991), C
Lopez- 37/29 10 53 28/72 | 273 11.2  |chlorprop- 12 NPH Jacarbose 1 Bayer
Alverenga amide + Met
(1999), C
Reynoldst 40/35 1 61 100/0 | 31.6 9 Met+SU 24 Glargine |rosiglitazone 1 GSKt
(2007), P L
Rosenst-ock | 219/216 8 56 52/48 | 34.1 8.8 Met +SU 24 Giargine jrosiglitazone 1 Aventis
(2006), P
Triplittt 20/20 8 48 40/60 { 30.2 9.3 Met +SU 16 Glargine rosigITtazone 0 (Aventis
(2006), P
* randomized / analyzed; M/F = male/female; BMI = body mass index (kg/m?); OAD=oral antidiabetic therapy; P = parallel design; C = crossover design;
NPH = neutral protamine Hagedorn; Met = metformin; SU = sulfonyiurea; NR = not reported; GSK = GlaxoSmithKline. The study that did not report the
type of insulin (Klein) was analyzed with the NPH studies. 1 Sponsor had not role in study design, analysis, or involvement in manuscript preparation.
Additional information was obtained from the author. i
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Figure 2-2: Change in A1C (%)

N, mean N, mean

Study ID WMD (95% CI) (SDy); insulin (SD); oral agent

)
NPH :
Klein 1991 —_—r -1.10(-2.38,0.16) 19,-48(1.8) 16,-3.7 (1.87)
Vingeri 1991 —t -0.30(-083,023) 12,-18(7) 12,-15(.62)
Trischitta 1992 : -0.30(-2.14, 1.54) 16,-18(28) 18,-15 (2.5)
Trischitta 1998 ——ie] -0.10(-1.31,1.11) 45,-1.1(2.32) 45,-1(344)
Lopez 1999 ; -1.50(-3.51,0581) 12,-23(247) 17.-8(3.09)
Bastyr 2000 —_—— 0.00(-0.81,061) 3B,-18(1.4) 37,-1.8(1.9)
Algabri 2004 ——— -040{-1.17,037) 28,-23(15  30,-19(1.5
Ko 2006 — -0.20(-0.84,044) 54,-13(16  50,-1.1(1.7)
Subtotal (-squared = 0.0%, p = 0.770) Q‘ -0.28(-0.57,0.00) 224 223

i
glargine E
Rosenstock 2006 ~h -0.16(-0.34,0.04) 104,-1.66 (.71) 112,-1.61(.71)
Triplitt 2006 —H— 030(-057,1.17) 10,-15(863)  10,-1.6(1.26)
Reynolds 2007 :' 0.10(-283,3.03) 18,-14(442) 17,-1.5(442)
Subtotal (l-squared = 0.0%, p = 0.607) <: -0.13(-0.31,0.06) 132 139

i
Heterogeneity between groups: p = 0.377 E
QOverall (-squared = 0.0%, p = 0.826) q} -0.17 (-0.33,-0.02) 356 362
NQTE: Weights are from randomn effects analysis !

T T i T T
4 =2 0 2 4
Eavours Insulin Favours oral agent
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Figure 2-3: Proportion of Subjects Achieving a target A1C<7%

Events,
Events, orai
Study 1D RR {95% CI) insulin agent
1
NPH H
1
Bastyr 2000 t 1.62(042,6.31) 5/38 3/37
]

Algabri 2004 B { F— 0.92(0.35,2.40) 6/28 7130

3.78(0.93, 15.33) 8/18 2117
1.22(0.54,2.76) 60/132 60/139

Reynolds 2007 g

i
Ko 2006 -—-d:—o———— 1.85(0.59,5.77) 8/54 4/50
Subtotal {l-squared = 0.0%, p = 0.611) <i> 1.31(0.69, 2.50) 19/120 14117
i
H
1
glargine !
Rosenstock 2006 —-4»-3— 0.98 (0.74, 1.29) 50/104 55/112
EH
Triplitt 2006 ; 0.67 (0.14, 3.17)  2/10 3/10
———
i
[

Subtotal (l-squared =47.8%, p = 0.147) =]

Heterogeneity between groups: p = 0.434

Overall {l-squared = 7.9%, p = 0.366) <} 1.10(0.80, 1.52) 79/252  74/258

NOTE: Weights are from random effects analysis
T T T T T T
A 2 5 1 2 5 10
‘Favours Oral Agent Favours Insulin
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Figure 2-4: Change in Fasting Plasma Glucose (mmol/L)

N, mean N, mean

Study ID WMD (95% Cly (SDj; insulin (SDy; oral agent

¥
NPH H
Klein 1881 ——— -1.70(-3.13,-0.27) 19,-28(25) 16,-1.1{1.8)
Vingeri 1981 —O—é- -1.70 (-2.32,-1.08) 12,-5(8) 12,-3.3(.76)
Trischitta 1892 —_— -0.80(-2.82,102) 16,-4.6(2.62) 16,-3.6(2.62)
Trischitta 1998 —O—E- -2.20(-3.31,-1.08) 45,-53(2.68) 45,-3.1(2.68)
Lopez 1988 : -2.84(-6.03,0.35) 12,-4.9(448) 17, -2.06 (4.08)
Bastyr 2000 —-Eo— -1.20(-2.41,0.01) 38,-54(24) 37,-42(2.9)
Algabri 2004 —_— -140(-2.85,005) 28,-4.3(29) 30,-29(2.72)
Ko 2008 —:0——- -130(-3.01,041) 54,-37{53) 50,-24(3.5)
Subtotal (l-squared = 0.0%, p = 0.870) 0: -1.64 (-2.05,-1.22) 224 223

:
glargine :
Rosenstock 2006 E . -1.03(-1.09,-0.97) 104,-36(.23) 112,-257(.22)
Triplitt 2008 —t— -0.80(-2.52,1.32) 10,-4.1(2.28) 10,-3.5(2.1)
Subtotal (+squared = 0.0%, p = 0.661) E D -1.03(-1.08,-0.87} 114 122

:
Heterogeneity between groups: p = 0.005 :
Overall (l-squared = 20.5%, p = 0.255) -1.29(-1.61,-0.88) 338 345

¥
NOTE: Weights are frorm random effects analysis ;

T 1
T R
Favaurs insulin Favours oral agent
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Figure 2-5: Proportion of Subjects experiencing a hypoglycemic event

Events,
Events, oral
Study ID RR {85% CI) insufin agent
1
NPH :
Klein 1991 — > 168(0.17.16.91) 2/18 118
3
Lopez 16089 A 1.93 (021, 841) 215 2420
3
Algabri 2004 —;—0— 1.85(1.08,3.16) 19/28 11/30
Ko 2006 : > 10.20(D.50, 179.88) &5/54 0/50
3
Trischitta 1992 : ) 0/16 0/18
Trischitta 1998 ; ) 0/45 0/45
Subtotal (Fsquared = 0.0%, p = 0.854) < 189 (1.16, 3.10) 0177 14177
H
1
‘
glargine :
Rosenstock 2006 + 1.31(0.99, 1.73) 57/104 471112
1
Triplitt 2008 & ; 0.33(0.02,7.32) o/10 1710
Subtotal (l-squared = 0.0%, p = 0.366) <> 1.29(0.98,1.71) 571114 48/122
;
Heterogeneity between groups: p = 0.198 |
Overall (l-squared = 0.0%, p = 0.545) <> 142 (1.1, 1.80) @581 62/298
1
NOTE: Weights are from random effects analysis H
¥ 1 PR R | T |5
A 12 & 1 2 5 10

Favours Insulin Favours Oral Agent
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Figure 2-6: Weight Change (kg)

N, mean N, mean

Study 1D WMD (85% CIy (SDy); insulin (SD). oral agent

)
NPH !
Kiein 1991 : 2.00(-7.80,11.80) 19,1(13.1) 18,-1 (18)
Trischitta 1992 JI—-Q-— 1.80(0.12, 3.68) 16, 66 (2.3) 16, 64.1 (2.8}
Trischitta 1998 ‘%‘0— 0.83 (0.24, 1.42) 45,147 (1.68) 45, B4 (1.14)
Lopez 1889 | T 1.70(-0.08,348) 12,.7(1.79) 17.-1(3.08)
Bastyr 2000 }—— 1.80 (0.86, 2.94) 38.2.3(24) 37, 4(22)
Algabri 2004 ——-}— -0.10¢-1.98,1.78) 28,25(28) 30,26(4.3)
Ko 2006 —‘:—' 0.00(-1.06, 1.08) 54,2.1{2.7) 80,2.1(2.8)
Subtotal (-sguared = 36.8%, p = 0.147) :<> 0.89(0.35, 1.62) 212 21

i

:
glargine !
Rosenstock 2008 - : -1.30(-1.41,-1.19) 104,17 (4) 112,3(4)
Triplitt 2008 —o——i -240(-5.17,037) 10,2.3(3.16) 10.4.7(3.16)
Reynoids 2007 ' () 18, 0(0) 17,3.16 (2.186)
Subtotal (I-squared = 0.0%, p = 0437) o E -1.30(-141,-1.18) 132 138

:
Heterogeneity between groups: p = 0.000 :
QOverall (l-squared = 92.8%, p = 0.000) <j> D41(-0.79,1.60) 344 350

)
NOTE: Weights are from random effects analysis ;

g Siman |
DT S
Favours Insulin Favours oral agent
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Appendix 2-1: Medline final search strategy (Please contact authors for more details
regarding other databases)

. Drug Therapy, Combination/

. exp Hypoglycemic Agents/

. exp Sulfonylurea Compounds/

. exp Biguanides/

. exp Glucosidases/

. Thiazolidinediones/

. sulfonylurea$.mp.

. sulphonylurea$.mp.

. biguanide$.mp.

10. (thiazolidinedione$ or TZD?).mp.

11. glitazone$.mp.

12. secretagogue$.mp.

13. glimepiride.mp.

14. amaryl.mp.

15. gliclazide.mp.

16. diamicron.mp.

17. glyburide.mp.

18. glibenclamide.mp.

19. diabeta.mp.

20. metformin.mp.

21. glucophage.mp.

22. acarbose.mp.

23. alpha glucosidase inhibitor?.mp.

24. pioglitazone.mp.

25. Actos.mp.

26. rosiglitazone.mp.

27. Avandia.mp.

28. tolbutamide.mp.

29. chlorpropamide.mp.

30. 93479-97-1.rn.

31. 111025-46-8.rn.

32.122320-73-4.m.

33. 657-24-9.m.

34. OAD.mp.

35. oral hypoglyc?emi$ agent$.mp.

36. oral antidiabet$ agent.mp.

37. *Diabetes Mellitus, Type 2/dt [Drug Therapy]

38. or/1-37

39. exp "Outcome Assessment (Health Care)"/

40. (treatment adj (outcome or failure)).mp.

41, insulin-naive.mp.

42. OHA failure.mp.

OCoONOTU P~ WNE
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43. ((suboptimal$ or poor$ or glyc?emic or diabet$) adj
contro?i$).mp.

44. or/39-43

45. Hemoglobin A, Glycosylated/

46. (Alc or Alc).mp.

47. HbAlc.mp.

48. GHb.mp.

49, (hemoglobin or haemoglobin).mp.

50. (glycosylated or glycated).mp.

51. HbA1.mp.

52. or/45-51

53. clinical trial.pt.

54. randomi?ed.ti,ab.

55. placebo.ti,ab.

56. dt.fs.

57. randomly.ti,ab.

58. trial.ti,ab.

59. groups.ti,ab.

60. or/53-59

61. animals/

62. humans/

63. 61 not (61 and 62)

64. 60 not 63

65. glargine.mp.

66. detemir.mp.

67. ((add-on or "add on") adj3 therap$).mp.

68. Insulin, Isophane/

69. Insulin, Long-Acting/

70. isophane.mp.

71. (long acting or longacting or long-acting).mp.

72. NPH.mp.

73. nph insulin.mp.

74. neutral protamine hagedorn.mp.

75. 53027-39-7.rn.

76. or/65-75

77. and/38,44,52,64,76
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CHAPTER 3

Insulin Use and the Risk of Mortality in Type 2 Diabetes Mellitus

3.1 Introduction

Since the discovery of insulin, the armamentarium of antidiabetic agents has
increased substantially, although the optimal strategy to control hyperglycemia in people
with type 2 diabetes remains unclear.' There is a mix of evidence supporting the
association between either exogenous insulin therapy or endogenous hyperinsulinemia
with several adverse physiological cardiovascular effects, including vasculature
dysfunction,® weight gain,’ and exacerbation of hypertension,® and dyslipidemia.” Two
meta-analyses ®° have suggested endogenous hyperinsulinemia is associated with a
modest increase in adverse cardiovascular events. The clinical evidence surrounding

-1
10-15 and

(exogenous) insulin use has been mixed with studies suggesting both harms
benefits.'®'® In one of the few RCTs conducted, The Veterans Affairs Cooperative Study
on Glycemic Control and Complications in Type II Diabetes (VA-CSDM), high versus
standard doses of insulin therapy was examined in 253 patients with type 2 diabetes.!’
The study reported 24 patients (32%) who were randomly assigned to high dose insulin
therapy compared to 16 patients (20%) randomly assigned to standard dose insulin
therapy, who experienced a cardiovascular (CV) event (p=0.10).%° The authors suggested
this finding should be interpreted with caution and noted that insulin dose itself was not a
significant risk factor for events.”’

Nonetheless, because single oral antidiabetic agents are limited in their ability to
lower blood glucose *! and the progressive decline in B-cell function over time requires

2223 patients with type 2 diabetes often faced

additional treatments from different classes
with the need to use insulin. However, we do not know the relative advantages and
disadvantages of using higher versus lower doses of insulin in this population. Thus, the
optimal strategies for treatment remain undefined. For example, should we continue
combination oral antidiabetic agents with insulin to spare exposure to the latter,** or once
insulin is started, should its use be up-titrated and considered only as monotherapy.”’ In

the absence of randomized controlled trials (RCTs) to directly answer such questions, a
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well-designed observational cohort study provides a means to test hypotheses
surrounding insulin use and mortality at a population level; furthermore, it has been
suggested that such studies are better suited than RCTs for detecting signals related to
adverse events.”**’ Therefore, we compared population-based rates of all-cause mortality
in people with type 2 diabetes exposed to various levels of insulin using an observational
retrospective cohort design. We hypothesized that exposure to increasing amounts of

insulin would be associated with a graded increased risk of mortality.

3.2 Methods
3.2.1 Study Population

We analyzed data from the computerized linkable administrative databases of
Saskatchewan Health, a provincial government department that provides universal health
coverage to 99% of the approximately 1 million people in Saskatchewan, Canada.”®
Saskatchewan Health Databases have been used in numerous pharmacoepidemiological
studies.”* Saskatchewan Health beneficiaries eligible for prescription drug benefits,
who were =30 years old, and who had at least one year of continuous coverage in the
provincial health plan prior to their index oral antidiabetic drug dispensation were
potentially eligible for inclusion. Specifically, we identified 12,272 new users of oral
antidiabetic agents, defined as those eligible beneficiaries who received at least one new
prescription for an antidiabetic medication between the index years of 1991-1996, and
who were not treated with insulin or oral antidiabetic agents in the year prior to index.”"
133 Qubjects were prospectively followed until death, termination of Saskatchewan

Health Coverage, or until December 31, 1999, whichever occurred first.

3.2.2 Exposure and Outcome Definition

Our independent variable of interest was insulin exposure classified on an ordinal
scale: no clinically important exposure (less than 3 dispensation records for insulin per
year); low exposure, 3 to <9 dispensations/year (0.5 vials per month); moderate exposure,
9 to <15 dispensations/year (1 vial per month); high exposure, 15 to <21
dispensations/year (1.5 vials per month); very high exposure, 21 dispensations/year (2

vials per month). An average cumulative duration exposure was calculated using the sum
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of insulin dispensations divided by the length of time between a subject’s first insulin
dispensation and their last insulin dispensation. The primary outcome was time to all-

cause mortality.

3.2.3 Primary analysis

Cohort characteristics were first summarized using descriptive statistics and
compared using student t-tests and chi-square tests where appropriate. Crude mortality
rates were calculated for each level of insulin exposure. All person-time prior to insulin
exposure contributed to the denominator of the unexposed group and person-time
following insulin exposure contributed to the denominator used when calculating
mortality rates among insulin users. The relationship between insulin exposure levels
and all-cause mortality was assessed using time varying Cox proportional hazards
models. Unadjusted and adjusted hazards ratios (HR) and 95% confidence intervals were
determined using the no insulin exposure group as a reference. The amount of person-
time follow-up was classified based on time spent exposed and unexposed to various
levels of insulin as previously defined. The exact date of insulin initiation (insulin index
date) was used to classify person-time follow-up. Therefore, prior to the insulin index
date subjects were classified as non-insulin users, whereby upon insulin dispensation they
were classified according to the ordinal variables used to characterize insulin exposure.

For multivariate analyses, potential confounders included in the models were age,
sex, chronic disease score, severity of diabetes, and relevant medications. Age was
treated as a continuous variable. Chronic disease score (CDS) provides an estimate of
overall health status using patterns of prescription medications over time and has been
shown to be predictive of hospitalization and mortality.>* To further adjust for diabetes
specific disease severity, a categorical variable was used to identify individuals with the
absence of microvascular and macrovascular disease, the presence of either
microvascular or macrovascular disease or the presence of both. Microvascular disease
was identified based on any physician or hospital diagnosis for various international
classification of disease (ICD-9) codes (appendix 1). Relevant medications included
potentially confounding therapies that may decrease mortality, specifically angiotensin

converting enzyme inhibitors (ace-I)**, angiotensin receptor blockers (arbs), HMG Co-A
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reductase inhibitors (statins)*®, beta-blockers®’, and calcium channel blockers®. Other
selected medications associated with mortality served as covariates in our model
(antiplatelets, anticoagulants, antiarrhythmics, and pentoxifylline). Although exposure to
these medications will also vary with time, we choose to use time-fixed dichotomous
variables for all medications except antidiabetic agents. Our rationale was that due to the
high number of prevalent users of these medications prior to entering the study cohort an
accurate period of unexposure and exposure was unattainable. Furthermore, attrition of

susceptibles may introduce bias with prevalent users.

3.2.4 Sensitivity analysis

Multiple sensitivity analyses were performed. First, we used the insulin exposure
level as the reference group. Second, we excluded subjects who died in the first 6 months
and the first 12 months to examine whether early deaths significantly affected the results.
Third, we excluded subjects never exposed to insulin and used a new insulin user design
where individuals were followed from their first dispensation date of insulin (insulin

index date).

3.3 Results

For the 12,272 new users of oral antidiabetic agents the mean age (SD) of the
cohort was 65.0 (13.9) years, 55% were male, and 51% had a previous history of
cardiovascular disease (Table 1). The average (SD) length of follow-up was 5.1 (2.2)
years and 1280 (10%) subjects started insulin therapy. There were 257 (2%) subjects
classified as low exposure, 450 (4%) as moderate, 286 (2%) as high and 215 (2%) as very
high insulin exposure. There were 2681 (21.8%) deaths over the course of follow-up. A
consistent graded increase in the mortality rate with increasing insulin exposure was
observed (Table 2). Specifically, 2456 (22%) people died in the no exposure group
(reference), 36 (14%) in the low exposure group (unadjusted hazard ratio (HR) 1.03; 95%
confidence interval (CI) 0.74-1.43), 89 (20%) in the moderate (unadjusted HR 1.60; 95%
CI 1.39-1.99), 57 (20%) in the high exposure group (unadjusted HR 1.82; 95% CI 1.40-
2.38), and 43 (20%) in the very high exposure group (unadjusted HR 2.21; 95% CI 1.63-

2.99). After adjusting for potential confounding variables, increasing levels of exposure
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to insulin remained associated with a graded risk of increased mortality compared to no

insulin exposure: low insulin exposure (HR 1.16; 95%CI 0.83-1.61), moderate exposure
(HR 1.62; 1.31-2.01), high exposure (HR 2.58; 1.98-3.37), and very high exposure (HR
3.17; 2.33-4.31) (Table 3; Fig. 1).

3.3.1 Sensitivity analyses

First, using a low level of insulin exposure as the reference group (rather than no
exposure) led to essentially the same findings (Table 3). Second, excluding subjects who
died within 6 and 12 months continued to show a higher mortality risk associated with
more insulin use (table 3). Third, analysis that excluded patients never exposed to insulin
demonstrated results similar to the overall cohort. Specifically, compared with low
insulin exposure, moderate exposure (HR 1.59; 1.07-2.38), high exposure (HR 2.00;
1.30-3.08), and very high exposure (HR 3.31; 1.45-3.66) were all associated with higher
mortality (Table 4, Fig. 2).

3.4 Discussion

We found a graded risk in mortality associated with increasing insulin exposure.
A consistent dose-response relationship was observed in our sensitivity analysis that
excluded patients who never used insulin over 5 years of follow-up. There are two
plausible explanations for our results.

First, confounding by disease severity whereby insulin simply serves as a marker
for more severe diabetes. The use of multiple antidiabetic agents, including insulin, has
been found to be an indicator of more severe diabetes in some retrospective studies using
administrative data.”® Therefore, individuals being dispensed insulin more frequently
may have poorer glycemic control and this alone accounts for our observed association
between insulin exposure and mortality. This is improbable because there is minimal
randomized trial evidence that better glycemic control leads to better survival and even

recent data to the contrary“o’41

. Even if we ignore the randomized trial evidence,
observational data from the UKPDS reported a 14% decrease in all-cause mortality for
every 1% reduction in A1C.** We observed an approximate 200% increase in risk among

subjects exposed to very high levels of insulin compared to no insulin exposure, implying
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A1C differences between these groups in excess of 14%. A difference in A1C of this
magnitude is implausible. Furthermore, we attempted to adjust for diabetes severity
using a categorical variable that identified the presence of both macrovascular and
microvascular disease. Second, our findings may reflect the truth, that is that insulin use
is not beneficial in terms of all-cause mortality. Insulin’s effect on the cardiovascular
system is well documented, suggesting both potential mechanisms for harm and for
benefit.* Our findings are, in fact, broadly consistent with the VA feasibility trial.>

To our knowledge this study takes a unique approach in quantifying the
relationship between insulin exposure and mortality. The majority of previous studies
have focused on insulin’s relationship with cardiovascular events or mortality and have
classified insulin as a dichotomous variable.*** Furthermore, many studies have simply
excluded insulin from their analysis, focusing on oral antidiabetic agents and mortality
risk.’>* Two previous observational studies have classified insulin by dose —
unit/kg/day.lo’12 A recent study by Hirai and colleagues, ' reported a consistent point
estimate suggesting exogenous as well as endogenous insulin was associated with an
increased risk of CV and all-cause mortality. Although statistically non-significant, the
consistently high magnitude of the hazard ratios may be clinically relevant.

It is clear that many challenges exist when trying to quantify insulin exposure,
especially with administrative data. One challenge is lack of dosage per day prescribed.
Although the number of insulin units per day prescribed may not accurately reflect an
individual’s precise exposure due to dosage adjustments it would represent a close
approximation of daily insulin exposure. We were limited to prescription counts only
and used a cumulative summation over time of dispensations standardized to duration for
each subject. In addition, beyond classifying insulin exposure, we do not know to what
degree patients actually took their insulin (i.e., adherence). We included several
medications associated with mortality as covariates in our statistical model. These
medications reflect those used to treat the most common comorbidities affecting people
with diabetes and we recognize that there are many other comorbidities and treatments
that may affect mortality that we were unable to adjust for. The last major limitation of
our work relates to the use of administrative databases. Unfortunately, we were unable to

adjust for common clinical variables such as glycosylated hemoglobin (A1C), body mass
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index (BMI), smoking status, lipid profile and kidney function; all of these factors
potentially affect mortality and might contribute to residual confounding.

Our study also has several strengths to balance off these limitations. First, an
identical association between insulin exposure and mortality is observed in the sensitivity
analysis designed as a new user cohort as compared to the primary cohort. New user
designs avoid potential bias introduced with prevalent users.*® Second, treating insulin as
a time-dependent variable avoids immortal time bias, which may underestimate risk
estimates in cohort studies and is especially problematic in pharmacoepidemiology where
there is a period of unexposed time prior to drug initiation.*”*® Third, the magnitude of
association observed is unlikely to be accounted for by presently known confounders
such as Alc as discussed previously. Fourth, our data was collected in the 1990’°s where
the variability in insulin formulations was considerably less than today.

Our findings suggest that increasing amounts of insulin exposure are associated
with higher mortality in older patients with type 2 diabetes. We believe that until we
have more solid randomized trial evidence with respect to the use of insulin, a prudent
approach might be to try and achieve recommended glycemic targets with the use of as
little insulin as possible. While this approach is “evidence-based” it is not necessarily

consistent with national and international clinical practice guidelines.
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Table 3-1: Characteristics of Baseline Cohort

Incident
Users Cohort

Demographic Variables
Number of Subjects

Age

Male

Chronic Disease Score

Severity of Diabetes

absence of complications

presence of microvascular |
or macrovascular
compliations
presence of both
microvascular and
macrovascular
compliations

Oral Diabetes Regimen

Sulfonylurea monotherapy |
Metformin monotherapy

Combination SU and MET

Medications of Interest
statin use

betablocker use
calcium channel blocker
use

acelarb use

diuretic use

antiplatelet use
anticoagulant use
antiarhythmic use
pentoxifylline use

Reference
group: no

insulin

mean
11,064
66
6,147
8

% or

sd
90
13
56
4

Insulin Exposure

moderate

% or
sd
4
15
55
5

very high p-value
nor |%or
mean |sd
215 | 2
14 | 58 | 14 [<0.0001
98 | 46 0.001
10 4 |<0.0001
24 | 11 | <0.001
85 | 40
106 | 49
27 | 13 | <0.001
10 5
178 | 83
46 | 21 | 0.020
74 | 34 | 0.001
76 | 35 | 0.470
131 61 | 0.005
132 | 61 [ <0.001
59 | 27 | 0.018
39 | 18 | 0.058
46 | 21 | 0.671
8 4 | 0543
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Table 3-2: Mortality Events and Hazard Ratios for Primary Analysis

Insulin Exposure Mortality rate Unadjusted o Adjusted*” °

Cateqoryt Events (n/N) ber 1000 p-yt HR 95% CI p-value HR 95% ClI p-value
0 2456/11064 57.62 1.00 reference 1.00 reference
1 36/257 46.47 1.03 0.74 - 1.43 0.864 1.16 0.83-1.61 0.388
2 89/450 71.51 1.60 1.39-1.99 0.000 1.62 1.31-2.01 0.000
3 57/286 80.83 1.82 1.40-2.38 0.000 2.58 1.98 - 3.37 0.000
4 43/215 100.04 221 1.63-2.99 0.000 3.17 2.33-4.31 0.000

* Adjusted for age, sex, chronic disease score, severity of diabetes, oral diabetes medications, use of selected

exposed time in denominator.

medications (statins, betablockers, calcium channel blockers, angiotension converting enzyme inhibitors/angiotensin
receptor blockers, diuretics, antiplatelets, anticoagulants, antiarrhythmics, and pentoxifylline). Oral diabetes medication
regimen was treated as a time-varying covariate. T time-varying covariate (The amount of person-time follow-up was
classified based on time spend unexposed or subsequently exposed to insulin. T Adjusted mortality rate using true

Table 3-3: Adjusted Hazard Ratios and 95% Confidence Intervals for Sensitivity
Analyses

Reference as low Exclusion of Subjects Exclusion of Subjects

exposure who died within first 6 who died within first 12
months months
Insulin . " . " . -
Exposure ~AUSted”  ggo o Adiusted” oo o Adiusted”  g50 ¢
HR HR HR
Categoryt
none n/a n/a 1.00 reference 1.00 reference
low 1.00 reference 1.67 1.13 -248 1.67 1.12-2.49
moderate 1.40 0.95-2.07 2.59 1.92 - 3.50 2.57 1.89 - 3.49
high 2.23 147 -3.39 2.96 210-4.17 2.97 2.10-4.19
very high 2.74 176 -4.72 3.18 2.16-4.65 3.07 2.08-4.54

* Adjusted for age, sex, chronic disease score, severity of diabetes, oral diabetes
medications, use of selected medications (statins, betablockers, calcium channel
blockers, angiotension coverting enzyme inhibitors/angiotensin receptor
blockers, diuretics, antiplatelets, anticoagulants, antiarrhythmics, and
pentoxifylline). Oral diabetes medication regimen was treated as a time-varying
covariate. T time-varying covariate (The amount of person-time follow-up was
classified based on time spend unexposed or subsequently exposed to insulin.




Table 4-3: Mortality Events and Hazard Ratios for Sensitivity Analysis of Cohort

- 46 -

Excluding non-insulin users

Insulin Mortality

Exposure  Events rate per  Unadjust Adjusted*

Category (n/N) 1000 p-yt ed HR 95% CI p-value HR 95% ClI p-value
low 36/257 46.47 1.00 reference 1.00 reference

moderate | 89/450 71.51 1.53 1.04-2.27 0.03 1.59 1.07 - 2.38 0.023
high 57/286 80.83 1.75 1.15-2.26| 0.009 2.00 1.30-3.08 0.002

very high | 43/215 100.04 2.14 1.37-3.33| 0.001 2.31 145-3.66 | <0.001

* Adjusted for age, sex, chronic disease score, severity of diabetes, oral diabetes medications, use of
selected medications (statins, betablockers, calcium channel blockers, angiotensin coverting enzyme
inhibitors/angiotensin receptor blockers, diuretics, antiplatelets, anticoagulants, antiarrhythmics, and
pentoxifylline). Oral diabetes medication regimen was treated as a time-varying covariate.  time-
varying covariate (The amount of person-time follow-up was classified based on time spend
unexposed or subsequently exposed to insulin.

Figure 3-1: Adjusted Survival curves for all-cause mortality in patients with type 2
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Figure 3-2: Adjusted Hazard Ratio’s for all-cause mortality in patients with type 2
diabetes, stratified by antidiabetic exposure
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Appendix 3-1: International Classification of Disease Diagnostic Codes used to construct
Severity of Diabetes covariate.

Macrovascular Disease

Physician Diagnosis or Hospitalization for cardiovascular-related Event (ICD-9:401-

429)

Physician Diagnosis or Hospitalization for cerebrovascular event (ICD-9: 430-438)

Physician Diagnosis or Hospitalization for peripheral vascular disease (ICD-9: 440-459)

Cardiovascular procedure in hospital (CCP code: 47-51.99)

Microvascular Disease

Physician Diagnosis or Hospitalization for retinopathy (ICD-9: 362-362.9, 365-365.9,
377-3717.9)

Physician Diagnosis or Hospitalization for neuropathy (ICD-9: 337.1, 354-355.9, 356.8,
357.2)

Physician Diagnosis or Hospitalization for nephropathy (ICD-9: 580-588.9, 590-590.9,
593-593.9)

Amputation of limb (CCP code: 96.0-96.09, 96.1-96.19)
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CHAPTER 4
General Discussion and Conclusions

4.1 General Discussion

The role of insulin in type 2 diabetes management continues to be debated
amongst clinicians. This controversy is fueled by insufficient knowledge regarding the
long-term safety of insulin. Therefore, we designed two epidemiological studies to tackle
this issue. Two specific research questions were addressed using different methodologies
— a quantitative systematic review (meta-analysis) and a retrospective cohort study. In
the absence of higher levels of evidence, the thoughtful consideration of epidemiologic
evidence along with the integration of biological and laboratory evidence represents the
strongest approach to understanding a clinical problem and providing guidance for

clinical management of patients with type 2 diabetes.

4.1.1 Two methodologies exploring insulin use

The first study, a meta-analysis exploring the role of insulin in type 2 diabetes,
asked whether the addition of basal insulin or an oral agent is more effective in patients
failing their current oral antidiabetic regimen. The results indicated that there is no
clinically significant difference in A1C between the two options and that non-therapeutic
issues must be considered (i.e. cost, patient preference) when deciding whether to add
basal insulin or an additional oral agent to one’s current therapeutic regimen. The second
study, a cohort study, assessed the relationship between insulin exposure and mortality.
We found a graded relationship between insulin exposure and all-cause mortality. This
suggests that long term therapy using intensive insulin therapy may not be as safe as
commonly thought.

These two studies complement each other in that they assess relevant questions of
the efficacy and safety of using insulin in type 2 diabetes. The meta-analysis gathered
data from experimental evidence (randomized controlled trials), and the cohort study was
observational in design. These two methodologies represent two different rungs on the

evidence-based medicine ladder.
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4.1.2 Insulin use, Mortality and the Bradford Hill considerations

In clinical medicine it is important to consider the overall accumulation of
knowledge regarding the causal relationship between a medication and health outcome.
In 1965, Sir Austin Bradford Hill outlined nine viewpoints to consider when reflecting on
the association between a particular exposure and a suspected outcome.! These
viewpoints, or sometimes called considerations, are used as a template to help guide
decisions as to whether a relationship between an exposure and outcome is indeed causal.
Reflecting on these considerations or viewpoints is especially important in observational
research due to the potential for unforeseen biases. The nine viewpoints Bradford Hill
used to assess causation are: strength, consistency, specificity, temporality, biological
gradient, plausibility, coherence, experimental evidence and analogy.! Hill’s viewpoints
have been widely criticized for being treated as a checklist to establish a causal
relationship and others have proposed a less structured approach to assessing causation.’
Nonetheless, Hill’s considerations provide a useful ‘roadmap’ for exploring cause-effect
relationships. Alternative groupings of similar viewpoints are frequently cited in many
epidemiology textbooks.> The applicability of the Bradford Hill considerations in
pharmacoepidemiology has been discussed in recent publications, specifically in the
application of assessing the causality of drug-induced ‘side-effects’.®”” Using Hill’s
considerations as a ‘roadmap’ it is prudent to consider the evidence supporting a cause-
effect relationship between insulin use and mortality. In an effort to be concise, not all of
Hill’s points will be reviewed, only those which relate specifically to this thesis.

Strength of association is measured using a quantitative measure of effect (i.c.
odds ratio, relative risk, absolute risk difference, hazard ratio). Our observed hazard
ratio, when comparing the risk of mortality associated with very high dose insulin
compared to no clinically meaningful exposure (Adjusted hazard ratio (HR) 3.17; 95%
confidence interval (CI) 2.33-4.31) or low exposure (Adjusted HR 2.31; 95% CI 1.45-
3.66), could be considered a very strong association. Measures of effect, such as relative

risks, beyond three are often considered very strong in epidemiolo gy in
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pharmacoepidemiology it is uncommon to find relative risks greater than two, especially
for serious adverse drug reactions.’

In pharmacoepidemiology, the consistency of results among different study
populations and study designs is particularly important.” In addition to our study, other
observational studies have shown consistent point estimates suggesting insulin is
associated with an increase in all-cause mortality. Hirai and colleagues ? reported a
multivariable adjusted hazard ratio of 1.12 (95% CI 0.93-1.35) for exogenous insulin
compared to no insulin exposure and an adjusted HR of 1.20 (95% CI 0.85-1.69) per 1
unit/kg/day of insulin use. In other studies comparing the risk of all-cause mortality in
patients with type 2 diabetes using insulin compared to diet therapy consistent results
were also found. Bruno and colleagues 19 reported an adjusted relative risk of 1.71 (95%
CI 1.18-2.48), Sasaki et al ' reported an age-adjusted odds ratio of 3.31 (95% CI 2.63-
4.16).

In contrast, results from randomized control trials (RCTs) have been mixed.
Evidence from RCTs may be considered under two of Hill’s viewpoints: consistency and
experimental evidence. We have mentioned in chapter 3 that our results were broadly
consistent with those from the Veterans Affairs Feasibility trial, where the investigators
randomized patients to either intensive insulin therapy or conventional insulin therapy. A
higher cardiovascular-related event rate was observed in the intensive arm compared to
the conventional arm. Other RCTs have not specifically evaluated the risk of intensive
insulin therapy but have rather randomized patients to either intensive glycemic therapy
or less intensive glycemic therapy. Recently the safety of intensive lowering of blood
glucose has been questioned as the Action to Control Cardiovascular Risk in Diabetes

(ACCORD) trial investigators (www.accordtrial.org) choose to modify their intensive

treatment arm due to an unexpected increase in the number of deaths in the intensive
treatment arm. Earlier RCTs, the University Group Diabetes Program (UDGP) and the
United Kingdom Prospective Diabetes Study (UKPDS) did not support evidence of
increased mortality risk associated with insulin, although risk within treatment subgroups
(i.e. intensive insulin treatment) was difficult to establish due to the mixing of treatments

between groups.lz’13 In the UKPDS subgroup analyses where the authors looked at the
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intensive treatment arms separately, insulin was associated with a statistically non-
significant decrease in all-cause mortality (HR 0.93; 95% CI 0.76-1.14)."

The only consideration that Hill outlined that is required for a causal association
is that a cause must precede an effect. In our case due to the nature of the effect
(mortality) as well as the study design (cohort) the temporal relationship between
insulin use and mortality is consistent with a cause preceding the effect. We also
observed a biological gradient or a dose-response relationship between insulin and
mortality. Although our measure of insulin exposure was very crude, nonetheless we
were able to categorize individuals in discrete categories dependent on their average
cumulative exposure over their entire follow-up. This was the first study to evaluate
insulin exposure in this way.

There is likely not a single specific biological mechanism that is responsible for
the observed increase in mortality. Insulin’s effect on the cardiovascular system has been
well described and reviewed in the literature."* Several harmful cardiovascular effects of

15,16

insulin have been demonstrated such as increased endothelin production, stimulations

of growth factors via mitogen-activated protein kinase signaling pathway,'’ thickening of

1 . .20 -
1819 worsening obesity,” increased blood

the aorta intima and arterial wall in animals,
pressure:,21 and increased lipids.22 Many beneficial effects of insulin on the
cardiovascular system have also been demonstrated such as increased nitric oxide
production,** decreased inflammation of the endothelium.”® Other mechanisms such as
an increase in cancer-related mortality are plausible.?®

In summary, compelling evidence exists for a cause-effect relation between
insulin use and mortality as demonstrated by reviewing the Bradford Hill considerations.
Nonetheless, higher quality experimental evidence (i.e. RCTs) is required to either
support or refute the hypothesis that insulin use may be causally linked to mortality in

type 2 diabetes.

4.1.3 Research and clinical implications

4.1.3.1 Implications for clinical practice

The results of the systematic review are relevant for practitioners working with a

poorly controlled type 2 diabetes population currently using maximal doses of either a
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sulfonylurea or a sulfonylurea-metformin combination. Our findings suggest that the
choice of treatment regimens for add-on therapy can be made foremost using non-
therapeutic reasons (i.e. medication costs, patient preference). Another implication for
practice is the apparent difficulty to achieve target Alc levels in patients with secondary
failure to oral antidiabetic agents. The optimal strategy for adding once daily insulin
therapy to one's oral antidiabetic regimen remains to be demonstrated.

Results from the retrospective cohort study suggest that the benefits of long-term
use of insulin in type 2 diabetes may not always outweigh the risks. In fact, given the
absence of good RCT data, it is reasonable to suggest that practitioners be cautious in the
early initiation of intensive insulin therapy. Furthermore, results from the glycemic
intervention strategy in the ACCORD trial suggest that lowering blood glucose

aggressively toward the normal range may in fact cause undo harm.*’

4.1.3.2 Implications for research

More rigorous studies are required to establish the ideal treatment strategy for
people with type 2 diabetes with secondary oral antidiabetic therapy. High quality RCTs
are needed to evaluate the long-term safety of insulin use in type 2 diabetes. The recent
RCTs Further observational studies using clinically rich datasets would allow for
investigators to control for more potentially confounding factors. Important questions to

address in future research include:

¢ Does more aggressive insulin titration translate to a benefit of the addition of a once
daily insulin injection compared to the addition of an oral agent?

e What is the effect of low dose versus high dose insulin therapy on quality of life and
other patient orientated outcomes?

o What is the effect of low dose versus high dose insulin therapy on non-glucocentric

outcomes such as lipids, blood-pressure, and cardiovascular events?

Given the recent results from the ACCORD?” and ADVANCE?® trials, it is
important to reflect on the implications for further research in evaluating medications for

type 2 diabetes. Briefly, the ACCORD and ADVANCE trials are multi-center



-59.-

randomized factorial trials designed to assess the efficacy of various treatment strategies
such as glycemic, blood pressure, and lipid control in people with type 2 diabetes. The
aim of the glycemic therapy arms in both the ACCORD and ADVANCE trials was to
evaluate the effect of an intensive glucose lowering strategy compared to a standard
glucose lowering strategy on cardiovascular (CV) events in people with type 2 diabetes.
Over 10,000 patients with type 2 diabetes at an increased risk of a CV event were
randomized to either intensive glucose lowering therapy (an A1C target <6% in
ACCORD and <6.5% in ADVANCE) or standard glucose lowering therapy (A1C target
7-7.9% in ACCORD and 7% depending on local guidelines in ADVANCE). The
primary outcome in the ACCORD trial was a composite of cardiovascular events
(nonfatal myocardial infarction, nonfatal stroke, or death from cardiovascular causes). A
primary composite outcome was also used in the ADVANCE trial defined as major
macrovascular events (death from CV causes, nonfatal myocardial infarction, or nonfatal
stroke) and major microvascular events (new or worsening nephropathy or retinopathy).

In the ACCORD trial 352 (6.9%) people experienced the primary outcome in the
intensive therapy group versus 371 (7.2%) people in the standard therapy group (Hazard
ratio (HR) 0.90; 95% confidence interval (CI) 0.78 to 1.04; P=0.16). In the ADVANCE
trial 1009 (18.1%) people in the intensive therapy group experienced the primary
outcome compared to 1116 (20.0%) people in the standard therapy group (HR 0.90; 95%
CI 0.82-0.98; P=0.01). Major macrovascular events considered separately did not show a
significant difference between groups (HR 0.94; 95% CI 0.84 to 1.06; P=0.32); however,
major microvascular events were associated with a significant difference between
treatment strategies (HR 0.86; 95% CI 0.77 to 0.97; P=0.01). The glycemic arm of the
ACCORD trial was stopped early due to a 22% increase in mortality among the intensive
therapy group compared to the standard therapy group (HR 1.22; 95% CI 1.01 to 1.46;
P=0.04).

Both studies were appropriately powered to detect a clinically meaningful
difference in major cardiovascular events between treatment strategies, however, neither
study showed a meaningful benefit in terms of CV events when an intensive glucose
strategy was implemented with a goal of achieving a near normal glycemic level. The

results must be kept in context of the study population which included people of 62-66
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years on average with 8-10 years duration of diabetes at baseline. Furthermore, 32-35%
of patients had a history of a macrovascular disease. Therefore the applicability to people
with a new diagnosis of type 2 diabetes at a low risk of macrovascular disease is
uncertain. Interestingly, subgroup analysis in ACCORD found that people without a
history of macrovascular disease were less likely to experience the primary outcome
compared to those with a history.

Beyond not showing a benefit in terms of CV events, the results from ACCORD
suggest harm is associated with intensive glucose lowering therapy. The potential
reasons for the observed increased in mortality are many and the authors speculated that
their aggressive approach to lower A1C rapidly or perhaps the level reached may be an
explanation. Another practical implication of these trials is the difficulty in teasing out
the individual effects of the medications used, independent of their glucose lowering
effect. These trials were designed to evaluate the effects of two different glucose
lowering strategies whereby numerous antidiabetic agents were used to achieve glycemic
targets. There were several differences in the medications used to lower glucose between
the trials (higher insulin and thiazolidinedione use in the ACCORD trial and high
gliclazide use in the ADVANCE trial). Non-glucose lowering treatment differences were
also apparent (ASA and statin use was much lower in the ADVANCE trial).

Although many questions remain regarding the speed and how glucose should be
lowered, the consensus from the recent American Diabetes Association meeting was that
our current A1C target of <7% is still appropriate provided that benefits (i.e. a decrease in
microvascular complications) and risks are weighed for each individual. The results from
these trials do not directly support the hypothesis that more intensive insulin is
responsible an increase in mortality. In fact the authors of the ACCORD ftrial state that
differences in medications between the groups did not explain the mortality difference.
Unfortunately the studies were not designed to compare different medication regimens
nor were they powered to detect such differences, therefore much uncertainty remains as
to whether individual medications or how we use these medications in terms of
aggressiveness, timing, or dosing accounts for mortality differences. In the context of
evidence from these along with other diabetes trials it is imperative to optimize

interventions which we already know have a significant impact cardiovascular morbidity
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and mortality such as aspirin, blood pressure reduction and statins. Ongoing trials such
as HEART2D?® and BARI2D*® will be important to consider in the ongoing debate over
the effect of glucose lowering therapies and patient important outcomes, specifically

cardiovascular-related morbidity and mortality.

4.2 Conclusion

This thesis presented two studies that used different research methodologies to
address questions related to the role and safety of insulin in type 2 diabetes. The results
of the first study suggested that insulin is an effective therapeutic agent for individuals
unable to maintain their target blood glucose on their current oral regimen. Insulin,
however, does not provide a clinically meaningful improvement in A1C over the addition
of another oral agent. The second study found a relationship between insulin use and
increased risk of mortality suggesting that clinicians ought to be cautions in the early

initiation of long term high dose insulin.
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Appendix A: Insulin Formulations available in Canada (May 2008)

Insulin aspart

Insulin glulisine
Insulin lispro

Insulin regular
Insulin NPH

Insulin detemir
Insulin glargine
Insulin regular / NPH

Insulin lispro / lispro protamine

Appendix B: Oral Antidiabetic Agents available in Canada (May 2008)

acarbose
acetohexamide
chlorpropamide
gliclazide
glimepiride
glyburide
metformin
nateglinide
pioglitazone
repaglinide
rosiglitazone
rosiglitazone / glimepiride

rosiglitazone / metformin



