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Abstract

Background—Evidence comparing premixed insulin analogues with other antidiabetic agents is
urgently required to guide appropriate therapy.

Purpose—To summarize the English-language literature on the effectiveness and safety of
premixed insulin analogues as compared with other antidiabetic agents in adults with type 2
diabetes.

Data Sources—We searched MEDLINE®, EMBASE®, CINAHL, and the Cochrane Central
Register of Controlled Trials from inception to February 2008, and unpublished data from U.S.
Food and Drug Administration, European Medicines Agency, and industry.
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Study Selection—Studies with control arms that compared premixed insulin analogues to
another antidiabetic medication in adults with type 2 diabetes

Data Extraction—Serial abstraction by 2 reviewers using standardized protocols

Data Synthesis—Evidence from clinical trials was inconclusive for clinical outcomes, such as
mortality. Therefore, the review focused on intermediate outcomes. Premixed analogues were
similar to premixed human insulin in lowering fasting glucose, hemoglobin Alc, and the incidence
of hypoglycemia but were more effective in lowering postprandial glucose (mean difference =-1.1
mmol/L; 95% CI = -1.4 to -0.7 mmol/L [-19.2 mg/dL; 95% CI=-25.9 to -12.5 mg/dL]). As
compared to long-acting insulin analogues, premixed analogues were superior in lowering
postprandial glucose (mean difference= -1.5 mmol/L; 95%CI = -1.9 to -1.2 mmol/L [-27.9 mg/dL;
95% Cl=-34.3 to -21.5 mg/dL]) and hemoglobin Alc (mean difference=-0.39%; 95% C1=-0.50%
to -0.28%) but inferior in lowering fasting glucose (mean difference=0.7 mmol/L; 95%CI = 0.3 to
1.0 mmol/L [12.0 mg/dL; 95% CI1=6.0 to 18.1 mg/dL]) and had higher incidence of hypoglycemia.
When compared to noninsulin antidiabetic agents, premixed analogues were more effective in
lowering fasting glucose (mean difference=-1.1mmol/L; 95%CI = -1.7 to 0.6 mmol/L [-20.5
mg/dL; 95% CI=-29.9 to -11.2 mg/dL]), postprandial glucose (mean difference= -2.1 mmol/L;
95%CI = -3.4 to -0.8 mmol/L [-37.4 mg/dL; 95% CI=-61.0 to -13.7 mg/dL]), and hemoglobin Alc
(mean difference=-0.49%; 95% CIl=-0.86% to -0.12%) but had higher incidence of hypoglycemia.

Limitations—Searching was restricted to studies published in English. Data on clinical outcomes
was limited. The small number of studies for each comparison limited assessment of between-
study heterogeneity.

Conclusions—Premixed insulin analogues provide glycemic control similar to premixed human
insulin and may provide tighter glycemic control than long-acting insulin analogues and
noninsulin antidiabetic agents.
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According to the National Health Interview Survey, 28% of patients with type 2 diabetes are
using insulin either alone (16%) or in combination with oral antidiabetic agents (12%) (1).
In the management of type 2 diabetes, the place of premixed insulin analogues in relation to
other insulin regimens and noninsulin antidiabetic agents is unclear. Premixed insulin
analogues may allow patients flexible meal times, since these insulin preparations can be
administered from 15 minutes before meals to immediately following a meal. Given the
increasing prevalence of type 2 diabetes (2), the number of patients who use insulin for
glycemic control (1), and the importance of glycemic control in decreasing mortality and
morbidity (3), it is imperative to establish the weight of evidence for the safety and
effectiveness of these relatively newer insulin preparations, as compared to those of
traditional insulin preparations. Therefore, the Agency for Healthcare Research and Quality
commissioned a systematic review of published studies on the comparative effectiveness
and safety of all the premixed insulin analogues that are approved by the Food and Drug
Administration and are available in the U.S.

Ann Intern Med. Author manuscript; available in PMC 2016 February 22.
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Methods

Data Sources and Selection

We searched MEDLINE®, EMBASE®, the Cochrane Central Register of Controlled Trials
(CENTRAL), and the Cumulative Index to Nursing & Allied Health Literature (CINAHL)
from inception to February 2008 (complete search strategy available at http://
effectivehealthcare.ahrg.gov/). We also reviewed reference lists of included articles, recent
issues of 13 medical journals, the Food and Drug Administration and European Medicines
Agency websites for the premixed insulin analogues, unpublished data from premixed
insulin analogue manufacturers (Eli Lilly and Company [Indianapolis, IN], Sanofi-Aventis
[Bridgewater, NJ], and Novo Nordisk [Bagsvaerd, Denmark]), and websites of public
registries of clinical trials (clinicaltrials.gov and clinicalstudyresults.org).

Study Selection

We included studies that compared a premixed insulin analogue approved by the Food and
Drug Administration as of February 2008 to any other drug for adults with type 2 diabetes
and evaluated clinical outcomes (e.g., mortality), intermediate outcomes (e.g., hemoglobin
Alc level), or adverse events (e.g., hypoglycemia). We included randomized controlled
trials (RCTSs), controlled clinical trials, and observational studies with control groups,
regardless of their duration or sample size. However, we used data from crossover studies
only for intermediate outcomes and hypoglycemia. We excluded crossover trials from the
quantitative evaluation of outcomes that were either progressive (e.g., retinopathy) or
irreversible (e.g., mortality). For the evaluation of hemoglobin Alc, we included crossover
trials with at least 12 weeks of follow-up before and after the crossover phase. We aimed to
use within-individual comparisons from crossover trials if trials had reported data in such
detail, but no study presented data in such detail. As all crossover studies reported results for
each intervention and no trial reported a statistically significant carryover effect, we ignored
the crossover design and used reported estimates as if they came from a parallel trial. We
excluded non-English articles, editorials, comments, letters, and abstracts.

Data Extraction and Quality Assessment

Two investigators reviewed the titles, abstracts, and full articles independently for inclusion
and abstracted data using standardized forms. We developed a study quality assessment tool
based on the Jadad criteria (4), the Newcastle-Ottawa Scale (5), and questions from Agency
for Healthcare Research and Quality’s Guide for Conducting Comparative Effectiveness
Reviews (6). We adapted the evidence grading scheme recommended by the Grading of
Recommendations Assessment, Development and Evaluation Working Group (7) to classify
the strength of the body of evidence on each comparison as high, moderate, low, or
insufficient.

Data Synthesis and Analysis

We conducted meta-analyses for outcomes when data were sufficient (two or more trials).
For intermediate outcomes (fasting glucose, postprandial glucose, and hemoglobin Alc) and
the adverse outcome of weight change, we recorded the mean difference between groups,

Ann Intern Med. Author manuscript; available in PMC 2016 February 22.
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along with its measure of dispersion. If this was not reported, we calculated the point
estimate using the mean difference from baseline for each group. If the mean difference
from baseline was not reported, we calculated this from the baseline and final values for
each group. If no measure of dispersion was reported for the between-group difference, we
then calculated it using the sum of the variances for the mean difference from baseline for
each group. If there were no measures of dispersion for the mean difference from baseline
for each group, we then calculated the variance using the standard deviation of the baseline
and final values, assuming a correlation between baseline and final values of 0.5. We pooled
the results of the plasma and blood glucose levels from different studies, since blood glucose
measurements accurately reflect plasma glucose levels (8). For hypoglycemia, we used two
strategies to synthesize data. If a trial reported the incidence of hypoglycemia, we calculated
an odds ratio (OR) using the incidence of hypoglycemia in each study group. If a trial did
not report the incidence of hypoglycemia but reported event rates in episodes per patient per
30 days, we calculated the rate ratio by dividing the event rate in the premixed insulin
analogue arm by the event rate in the comparator arm. If a trial reported the number of
episodes in each arm or reported an event rate in a form other than episodes per patient per
30 days, we converted this information into episodes per patient per 30 days. We pooled the
results of individual studies using a random-effects model. These analyses were conducted
using Comprehensive Meta-Analysis (version 2.2.046) software (Biostat, Englewood, NJ).

For clinical outcomes, we included all studies that reported any information about clinical
events (all-cause mortality and cardiovascular mortality and morbidity). All analyses
followed the intention-to-treat principle. We combined results from the premixed insulin
analogue arm of different trials assuming that the results were similar enough between
premixed insulin analogues. In the study with three arms and comparing a premixed insulin
analogue with two different insulin preparations (9), we chose the most relevant comparison
to include in the meta-analyses (premixed insulin analogue versus long-acting insulin
analogue). Pooled ORs and 95% confidence intervals (Cls) were calculated using a Mantel-
Haenszel fixed-effects model (with a 0.1 continuity correction) using Stata Intercooled
version 9.2 (StataCorp, College Station, TX) (10;11). For analysis of clinical outcomes, we
used a fixed-effects model because it is less biased with rare event data (12). For sensitivity
analyses, we used the following meta-analytic methods: Peto’s method, the Mantel-Haenszel
fixed-effects model (with a 0.5 and 0.01 continuity correction), and a Bayesian analysis (13).
Heterogeneity among the trials was tested with a standard chi-squared test, using a
significance level less than or equal to 0.10. We also examined inconsistency among studies
with an 12 statistic (14). A value greater than 50% represented substantial variability.

For all outcomes, we conducted sensitivity analyses by omitting one study at a time. We
assessed publication bias visually by examining the symmetry of funnel plots and
statistically by Begg’s (15) and Egger’s (16) tests.

Role of the Funding Source

Agency for Healthcare Research and Quality suggested the initial questions and provided
copyright release for this manuscript but did not participate in the literature search, data-
analysis or interpretation of the results.
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Results

Study Characteristics

Appendix Figure (available at www.annals.org) shows the results of the literature search.
We found 45 studies that reported on at least one of the intermediate clinical outcomes or
adverse events (Appendix Table, available at www.annals.org). All were RCTs except two
(17;18). In one study (17), patients were enrolled consecutively and followed prospectively,
while in the other study (18), data were obtained from the medical record database of a large
employer. Among the RCTs, 23 were parallel-arm (9;19-40) and 20 were crossovers
(41-60). The median duration of follow-up in these trials was 16 weeks (range of 1 day to 2
years).

These trials enrolled a total of 14,603 patients (median number per trial = 93; range: 8 to
8,166 patients). The enrolled populations in the studies had a median age of 59 years (range:
51 to 68 years), and most patients were male (median = 52 percent, range: 16 to 92 percent;
see Appendix Table, available at www.annals.org). The study populations had a median
hemoglobin Alc of 8.7 percent (range: 7.3 to 10.7 percent), a median body mass index of
29.4 kg/m? (range: 24 to 37 kg/m?2), and a median duration of diabetes of 11 years (range: 4
to 16 years). Eleven trials enrolled insulin-naive patients (9;18;19;27;29;33;34,36;38;43;44),
26 enrolled insulin-treated patients (23;25;28;32;34;35;37;39-42;45-55;57-60), and nine did
not specify history of insulin treatment (17;20-22;24,26;30;31;56).

Study Quality and Applicability

Randomization methods were described in 17 studies
(9;20-22;24;27-30;35-37;39;41;44,46;59) and were adequate in all except one (20). Five
trials used blinding for patients and providers (32;41;49;57;60), and two trials used blinding
for outcome assessors (9;28). It is difficult to achieve blinding of patients and providers
because premixed insulin analogues need to be given with meals, while the other insulin
preparations are generally given at other times or with different frequency. The funding
source was the pharmaceutical industry in all except two trials; one was funded jointly by
the National Institutes of Health and Eli Lilly (56), and the other was funded by the Japan
Diabetes Foundation (40). Six trials did not report their funding source (29;38;44;45;52;60).

Most studies, except 5 (20;34;41;47;57), enrolled patients similar in age to the general U.S.
diabetic population. Women were underrepresented in five trials (17;19;30;35;57), and in
two trials there were more women than men (27;36). In most trials, the spectrum of diabetic
complications and co-morbid conditions among the enrolled participants was limited. All
trials either excluded patients with cardiac, renal, or hepatic disease or did not report
whether or not such patients were included, thus limiting our ability to generalize the results
to these subpopulations.

Publication Bias

Using the Egger’s test, we found evidence of possible publication bias for the comparison
between premixed insulin analogues and noninsulin antidiabetic agents and between insulin
aspart 70/30 and noninsulin antidiabetic agents for fasting glucose (1-sided p-values 0.07

Ann Intern Med. Author manuscript; available in PMC 2016 February 22.


http://www.annals.org
http://www.annals.org
http://www.annals.org

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Qayyum et al.

Page 6

and 0.05, respectively) and for mild hypoglycemia (1-sided p-value 0.03 and 0.07,
respectively). Not enough studies were available to assess possible bias for other
comparisons.

Premixed insulin analogues versus long-acting insulin analogues (see Table 1 and Figures

1-4)

Premixed insulin analogues were less effective than long-acting insulin analogues
(administered alone) in lowering fasting glucose (pooled difference = 0.7mmol/L; 95%CI =
0.3to 1.0 mmol/L [12.0 mg/dL; 95% CI = 6.0 to 18.1mg/dL]). Individually, insulin lispro
75/25 and insulin lispro 50/50 were less effective in lowering fasting glucose than long-
acting insulin. While the difference between insulin aspart 70/30 and long-acting insulin was
not statistically significant, the direction of the effect was in favor of the long-acting insulin
analogues. In contrast to fasting glucose, premixed insulin analogues were more effective
than long-acting insulin analogues in lowering postprandial glucose (pooled difference =
-1.5 mmol/L; 95%CI =-1.9 to -1.2 mmol/L [-27.9 mg/dL; 95% CI = -34.3 to -21.5 mg/dL])
and Alc (pooled difference = -0.39%; 95% CI = -0.5% to -0.3%). When compared
individually to long-acting insulin analogues, all three premixed insulin analogues remained
statistically significantly better in lowering postprandial glucose and Alc.

While effective in lowering postprandial glucose and Alc, premixed insulin analogues may
increase the incidence of hypoglycemia (severity not specified) and the amount of weight
gain to a greater extent than the long-acting insulin analogues (OR = 2.0; 95% Cl = 1.3 to
3.0; and pooled difference = 2.0 kg; 95% CI = 1.1 to 3.0 kg, respectively). Insulin aspart
70/30 was associated with a higher incidence of hypoglycemia (severity not specified) and
minor hypoglycemia and statistically significantly more weight gain (pooled difference =
2.5 kg; 95% CI: 1.6 to 3.4 kg). Although the incidence of hypoglycemia was neither
consistent nor statistically significant across all trials, the direction of the individual study
effect sizes suggested that both insulin lispro 75/25 and insulin lispro 50/50 may increase the
incidence of hypoglycemia when compared to long-acting insulin analogues. In two studies,
use of insulin lispro 50/50 resulted in a larger weight gain than did long-acting insulin
analogues; this difference was statistically significant in only one study. None of the studies
reported the comparative effects of insulin lispro 75/25 and long-acting insulin analogues on
weight change.

Premixed insulin analogues versus premixed human insulin (see Table 1 and Figures 1-4)

We found 16 studies that compared premixed insulin analogues with premixed human
insulin. The pooled analysis suggested that premixed insulin analogues may be less effective
than premixed human insulin in lowering fasting glucose (pooled difference = 0.2 mmol/L;
95%Cl = -0.1 to 0.6 mmol/L [4.3 mg/dL; 95% CI = -1.5 to 10.2 mg/dL]), but this difference
was not statistically significant. However, these analogues were more effective in lowering
postprandial glucose (pooled difference = -1.1 mmol/L; 95%CI = -1.4 to -0.7 mmol/L [-19.2
mg/dL; 95% CI =-25.9 to -12.5 mg/dL]). Premixed insulin analogues were similar to
premixed human insulin in lowering Alc levels (pooled difference = -0.05%; 95% CI =
-0.14% to 0.04%). Insulin aspart 70/30 was less effective while insulin lispro 75/25 and
50/50 were similar to premixed human insulin in lowering fasting glucose. All three

Ann Intern Med. Author manuscript; available in PMC 2016 February 22.
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premixed insulin analogues were more effective in lowering postprandial glucose than
premixed human insulin. None of the premixed insulin preparations was better than
premixed human insulin in lowering Alc.

Premixed insulin analogues, as group or individually, were similar to premixed human
insulin in the incidence of major and minor hypoglycemia (OR = 0.6; 95% CI = 0.2 to 1.3;
and OR =1.0; 95% CI = 0.6 to 1.5, respectively). Similarly, insulin aspart 70/30 and insulin
lispro 50/50 were similar to premixed human insulin in weight gain (28;35).

Premixed insulin analogues versus other insulin regimens

We found only two studies that compared a premixed insulin analogue with a rapid-acting
insulin analogue (9;23), two studies that compared a premixed insulin analogue with a
combination regimen of long-acting and rapid-acting insulin analogues (17;39), two studies
that compared a premixed insulin analogue to intermediate-acting insulin (32;33), and one
study that compared a premixed insulin analogue with a combination rapid-acting insulin
analogues with intermediate-acting human insulin (40). Due to the sparseness of the data, we
are unable to draw firm conclusions about these comparisons.

Premixed insulin analogues versus noninsulin antidiabetic agents (see Table 1 and

Figures 1-4)
Ten studies evaluated this comparison. Premixed insulin analogues were more effective than
noninsulin antidiabetic agents in lowering fasting glucose (pooled difference = -1.1 mmol/L;
95% CI =-1.7 to 0.6 mmol/L [-20.5 mg/dL; 95% CI = -29.9 to -11.2 mg/dL]), postprandial
glucose (pooled difference = -2.1 mmol/L; 95%CI = -3.4 to -0.8 mmol/L [-37.4 mg/dL; 95%
Cl =-61.0to -13.7 mg/dL]), and hemoglobin Alc levels (pooled difference = -0.5%; 95%
Cl =-0.9% to -0.1). These results did not change when the only study that compared
premixed insulin analogue (insulin aspart 70/30) to exenatide was excluded. Insulin aspart
70/30 was more effective than noninsulin antidiabetic agents in lowering fasting glucose,
postprandial glucose, and hemoglobin Alc. However, when only oral antidiabetic agents
were kept in the meta-analysis, the pooled results were no longer statistically significant for
hemoglobin Alc. Insulin lispro 75/25 was also more effective than oral antidiabetic agents
in lowering fasting glucose, postprandial glucose and Alc, although the latter effect did not
reach statistical significance.

As a group, premixed insulin analogues were associated with an increased risk of minor
hypoglycemia (OR = 4.6; 95% CI = 2.0 to 10.6) and weight gain (pooled difference = 2.3
kg; 95% CI = 0.8 to 3.9 kg) as compared to noninsulin antidiabetic agents, while there was
no difference in major hypoglycemia risk (OR = 1.0; 95% CI = 0.3 to 3.4). Patients on
insulin aspart 70/30 had a higher incidence of minor hypoglycemia and symptom-only
hypoglycemia and experienced a larger weight gain than did those on oral antidiabetic
agents. Patients on exenatide lost weight, in contrast to the weight gain experienced by
patients on premixed insulin analogues. Insulin lispro 75/25 was associated with a higher
rate (measured as episode/patient/30-day) of overall hypoglycemia (rate ratio = 4.86; 95%
Cl: 0.5 to 49.5) and larger weight gain (pooled mean difference = 1.88 kg; 95% CI: 1.35 to
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2.41 kg) when compared to oral antidiabetic agents. There were no studies that compared
insulin lispro 50/50 with oral antidiabetic agents.

Premixed insulin analogues versus other antidiabetic medications: clinical outcomes (see
Table 1 and Figure 5)

We found 16 studies that evaluated clinical outcomes. Eleven studies were parallel-arm
RCTs (9;21;22;24;26;28;30;31;37;38;40), and the remaining five were crossover RCTSs.
Two studies reported one death but did not state in which arm the event occurred (29;49).
No statistically significant differences were found between premixed insulin analogues and
their comparators in terms of all-cause mortality, cardiovascular mortality, or cardiovascular
morbidity. While a suggestion of harm was seen in the pooled ORs for all-cause mortality,
cardiovascular mortality, and the combined outcome of cardiovascular morbidity and
mortality when premixed insulin analogues were compared to other antidiabetic
medications, these point estimates were based on few absolute events in only a few studies,
in which clinical outcomes were not the primary endpoints. Insufficient or no evidence was
found with regard to microvascular outcomes.

No statistically significant heterogeneity was found in these studies with I-squared statistics
less than 50 percent for all analyses. Sensitivity analyses using different meta-analytic
techniques did not markedly affect the results, although less conservative techniques such as
Peto’s method did reach borderline statistical significance for potential harm comparing
premixed insulin analogues with active comparators.

Discussion

The ultimate goal of treatment of diabetes mellitus is improvement in clinical outcomes,
particularly microvascular and macrovascular complications and mortality. We did not find
any study that was specifically designed to evaluate these clinical outcomes. All studies
were designed to evaluate intermediate outcomes (e.g., Alc, fasting glucose, and
postprandial glucose), although some studies did report clinical outcomes as adverse events.
Due to the sparse data on clinical outcomes, estimates of the comparative efficacy of
premixed insulin analogues with other insulin preparations and noninsulin antidiabetic
agents were inconclusive. Although pooled data suggested the possibility of worse clinical
outcomes with premixed insulin analogues than with other antidiabetic medications, the data
were too weak to support any firm conclusion about such a possibility. Due to the paucity of
evidence on clinical outcomes, we evaluated the effects of premixed insulin analogues on
intermediate outcomes. Although not ideal, these outcomes are commonly used clinically to
optimize glycemic control and are known to predict clinical outcomes.

For intermediate outcomes, we found that premixed insulin analogues were similar to
premixed human insulin in lowering fasting glucose and hemoglobin Alc but more effective
in lowering postprandial glucose. Premixed insulin analogues appeared better than long-
acting insulin analogues and noninsulin antidiabetic agents in lowering hemoglobin Alc and
postprandial glucose. Premixed insulin analogues seemed less effective than long-acting
insulin analogues but more effective than oral antidiabetic agents in lowering fasting
glucose. Control of fasting and postprandial glucose levels in diabetic patients is important

Ann Intern Med. Author manuscript; available in PMC 2016 February 22.
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to bring and keep hemoglobin Alc within the desired range (61). Hemoglobin Alc is the
standard of care for monitoring long-term glycemic control and in turn reflects both fasting
and postprandial glucose control (62). A lower hemoglobin Alc is associated with a
decrease in diabetic complications, such as retinopathy, nephropathy, and neuropathy (3;63),
while cardiovascular complications of diabetes such as coronary heart disease, stroke,
cardiovascular mortality, sudden cardiac death, and all cause mortality are closely related to
fasting and postprandial glucose levels (64-68). Whether the observed effectiveness of
premixed insulin analogues in lowering fasting and postprandial hyperglycemia translates
into decreased mortality and morbidity remains unclear.

An important clinical consideration in the treatment of diabetic patients is to strike a balance
between optimal glycemic control and treatment-associated side-effects such as
hypoglycemia and weight gain. This consideration is particularly important as more recent
data suggests that intensive glycemic control (i.e., target Alc less than 6%) may be
associated with poorer clinical outcomes than with standard glycemic control (69;70).
Premixed insulin analogues were more likely than noninsulin antidiabetic agents and long-
acting insulin analogues to cause hypoglycemia while the incidence of hypoglycemia was
similar between premixed insulin analogues and other insulin preparations. Data
demonstrated a trade-off between tighter glucose control and more hypoglycemic events.
This was evident in comparisons between the premixed insulin analogues and the long-
acting insulin analogues or noninsulin antidiabetic agents where Alc is more effectively
reduced by the premixed insulin analogues at the expense of an increased incidence of
hypoglycemia. A similar trade-off was seen between tighter glycemic control and treatment-
associated weight gain, although the paucity of data limited our evaluation of change in
weight to only one of the premixed insulin analogues, insulin aspart 70/30.

For individual premixed insulin preparations, the number of comparative studies and the
strength of evidence were variable, thereby affecting the precision of estimates of the
direction and magnitude of effect size. Study design characteristics may, at least partially,
explain the differences between premixed insulin analogues and premixed human insulin
and long-acting insulin analogues. For example, late administration (less than 30 minutes
before meals) of the premixed human insulin preparations may be responsible for the
observed benefit of the premixed insulin analogues over the premixed human insulin
preparations in lowering postprandial glucose, as less than half of the studies
(25;28;33;47;48;51;55;71) administered human insulin at least 30 minutes before meals.
Although premixed insulin analogues appear better than long-acting insulin analogues in
lowering hemoglobin Alc, this finding may reflect the fact that the total daily dose of the
long-acting insulin analogues was lower than that of the daily premixed insulin analogue
dose in several studies (20;22;23;27;42-45;72). Similarly, the dose of premixed insulin
analogues was titrated to achieve optimal glycemic control in several studies while the dose
of oral antidiabetic agents was kept constant. This difference in dosing of the drugs may be
responsible for the observed benefit of premixed insulin analogue preparations
(24;30;34;36;38).

There are limitations to this systematic review. Several of these limitations are due to the
constraints of limited reporting of data in the trials. Several studies presented blood glucose
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data in figures only, and we abstracted data from these figures when possible. Cross-over
studies did not report data in a manner that could be used in a quantitative synthesis without
some assumptions being made. These assumptions may have affected the quantitative
synthesis of the evidence. We could not explore heterogeneity due to the relatively small
number of studies available for each comparison. We addressed this limitation by using a
random-effects model for all analyses of intermediate outcomes, regardless of the presence
or absence of statistical heterogeneity. The small number of studies also precluded our
ability to fully assess the potential for publication bias.

As most of the studies excluded patients with diabetic complications or other co-morbid
conditions, findings of this systemic review cannot be generalized to all diabetic patients.
Moreover, due to limited duration of follow-up in most studies, we cannot draw conclusions
about the long-term comparative effectiveness of premixed insulin analogues. Finally, as we
limited our search to English language articles, we may have missed some studies published

in other languages.

In conclusion, premixed analogues provide glycemic control similar to premixed human
insulin and may provide better glycemic control than long-acting insulin analogues and
noninsulin antidiabetic agents, but the data on clinical outcomes is very limited. Studies with
longer follow-up are needed to determine whether the effects observed early in treatment are
sustainable long-term. Moreover, as improvement in intermediate clinical outcomes may not
always result in improvement in clinical outcomes, studies specifically designed to evaluate

clinical outcomes are needed.
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Appendix Table

Population characteristics of the included studies

Mean Alcin %
Mean BM|I Mean
in kg/m2 Duration
Mean of
Author, Year Mean Agein Weight in Diabetes Mean FGin Previous Treatment, n
Study Duration Group, N Years Male, % kg inYears mg/dL* (%)
Randomized Controlled Trials
Abrahamian, Insulin aspart 70/30, 89  62.6 52 BMI: 28 12.7 Alc: 9.8 Insulin naive: No
2005(25)
NPH/regular 70/30,88  62.3 35 BMI: 28.3 9.5 Alc: 9.85 Insulin naive: No
24 weeks
Bebakar, 2007(19) Insulin aspart 70/30 + 55 92 BMI: 26.2 4.4 Alc: 8.6 Insulin naive: Yes
OAAs,
128
24 weeks OAAs: 128 (100)
OAAs, 63 52.7 69 BMI: 25.4 43 Alc: 8.5 Insulin naive: Yes
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Mean Alcin %
Mean BM| Mean
in kg/m2 Duration
Mean of
Author, Year Mean Agein Weight in Diabetes Mean FGin Previous Treatment, n
Study Duration Group, N Years Male, % kg inYears mg/dL* (%)
OAA:s: 63 (100)
Boehm, 2004(28) Insulin aspart 70/30, 58  62.8 55T BMI: 29.1 15.5 Alc: 8.11 Insulin naive: No
Boehm, 2002(73)F
NPH/regular 70/30, 67 62.6 5:I.Jr BMI: 27.2 12.9 Alc: 8.21 Insulin naive: No
104 weeks
Christiansen, Insulin aspart 70/30, 59.3 47 BMI: 28 9.2 Alc: 8.8 Insulin: 66 (33)
2003(32) 201
OAAs: 78 (39)
16 weeks
Insulin and OAAs: 55
@7
NPH insulin, 202 59.6 50 BMI: 28.4 10.5 Alc: 8.8 Insulin: 66 (33)
OAAs: 75 (37)
Insulin and OAAs: 59
(29)
Herz, 2002(34) Insulin lispro 75/25, 71  68.1 52.1 BMI: 28 11.4 Alc: 9.82 Insulin naive: No
16 weeks Glyburide, 72 67.7 44.4 BMI: 27.8 12.4 Alc: 9.9 Insulin naive: No
Hirao, 2008(40) Insulin aspart 70/30, 80  58.5 59t BMI: 23.7 9.5 Alc: 10.5 Insulin naive: No
6 months Weight: 62.5 OAAs: 41 (511)
Insulin aspart + NPH 57.9 g1t BMI:23.7 12.2 Alc: 10.7 Insulin naive: No
insulin,
80
Weight; 62.1 OAAs: 39 (491)
Holman, 2007(9) Insulin aspart 70/30,"* 617 67.7 BMI: 30.2 9median  Alc: 8.6 Insulin naive: Yes
235 (IQR: 6 -
12)
52 weeks Weight: 86.9 FG: 175 OAAs: 221 (941)
Insulin aspart,** 239 61.6 63.6 BMI: 29.6 9 median Alc: 8.6 Insulin naive: Yes
(IQR: 6 -
14)
Weight: 84.9 FG: 173 OAAs: 227 (95T)
Insulin detemir,** 234 61.9 61.9 BMI: 29.7 9 median  Alc: 8.4 Insulin naive: Yes
(IQR: 6 -
12)
Weight: 85.5 FG: 171 OAAs: 224 (96T)
Total, 708 61.7 64.1 BMI: 29.8 9 median Alc: 8.5 Insulin naive: Yes
(IQR: 6 -
13)
Weight: 85.8 FG: 173 OAAs: 672 (95T)
Kann, 2006(22) Insulin aspart 70/30 + 61.5 541 BMI: 29.9 10.3 Alc:9.21 NR
metformin, 128
26 weeks Weight: 84.2
Insulin glargine + 61 49t BMI: 30.6 10.2 Alc: 8.9 NR
glimepiride, 127
Weight: 86.6
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Mean Alcin %
Mean BM|I Mean
in kg/m2 Duration
Mean of
Author, Year Mean Agein Weight in Diabetes Mean FGin Previous Treatment, n
Study Duration Group, N Years Male, % kg inYears mg/dL* (%)
Kazda, 2006(23) Insulin lispro 50/50, 54 ~ 58.7 59t BMI: 31 5.9 Alc: 8.1 Insulin naive: No
Bnls# IIlanst 3 months
24 weeks FG: 167.4
Insulin lispro, 52 60.4 2t BMI: 31.7 5.3 Alc: 8.2 Insulin naive: No
Insulin:
0 in last 3 months
FG:176.4
Insulin glargine, 53 59.1 43t BMI: 30.1 55 Alc: 8.1 Insulin naive: No
Insulin:
0 in last 3 months
FG:172.8
Kilo, 2003(33) LnGSUIin aspart 70/30,1 57.2 54 BMI: 30.4 10.4 Alc: 9.5 Insulin naive: Yes
12 weeks FG: 2418 OAAs: 46 (100)
NPH insulin,'" 47 55.1 40 BMI: 30.4 10.7 Alc: 9.5 Insulin naive: Yes
FG: 242.7 OAAs: 47 (100)
NPH/regular 70/30,'” 47 554 52 BMI: 30.6 8.4 Alc: 9.3 Insulin naive: Yes
FG: 227.2 OAAs: 47 (100)
Kvapil, 2006(24) 1%s7ulin aspart 70/30, 55.2 47t BMI: 30.9 8.2 Alc: 9.6 Insulin naive: NR
16 weeks Weight: 87.3
Insulin aspart 70/30,1  56.4 49t BMI:304 6.7 Alc: 9.3 Insulin naive: NR
108
Weight: 85.1
Glibenclamide,'" 114 58.1 4GJr BMI: 30.5 8.1 Alc: 9.4 Insulin naive: NR
Weight: 84
Malone, 2003(31) Izgseulin lispro 75/25,ﬂ 58 57 BMI: 29.8 8 Alc: 9.17 Insulin naive: NR
16 weeks Weight: 83 OAAs: 296 (100)
Glibenclamide,'" 301 59 49 BMI: 29.6 7.4 Alc: 9.27 Insulin naive: NR
Weight: 81.7 OAAs: 301 (100)
Nauck, 2007(21) Izrzlsgulin aspart 70/30,* 58 51 BMI: 30.2 10 Alc: 8.6 Insulin naive: NR
52 weeks Weight: 83.4 FG: 203.4 OAAs: 248 (100)
Exenatide, ™ 253 59 47 BMI:30.6 9.8 Alc: 8.6 Insulin naive: NR
Weight: 85.5 FG: 198 OAAs: 253 (100)
Raskin, 2005(27) ﬁl;lin aspart 70/30,1'I 52.6 53 BMI: 31.5 9.5 Alc: 9.7 Insulin naive: Yes
OAAs: 117 (100)
Brod, 2007(74) Weight: 90.6 FG: 252
28 weeks Insulin glargine,** 116 523 56 BMI: 31.4 8.9 Alc: 9.8 Insulin naive: Yes
Weight: 89.9 FG: 243 OAAs: 116 (100)
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Mean Alcin %
Mean BM|I Mean
in kg/m2 Duration
Mean of
Author, Year Mean Agein Weight in Diabetes Mean FGin Previous Treatment, n
Study Duration Group, N Years Male, % kg inYears mg/dL* (%)
Raskin, 2007(72)§ I7r;)sulin aspart 70/30,1 52 51.9 BMI: 31.2 NR Alc: 9.9 Insulin naive: Yes
28 weeks Weight: 88.7 FG: 255.6 Insulin: 0 (0)
OAAs: 79 (100)
Insulin glargine,'" 78 51.7 53.8 BMI: 30.8 NR Alc: 9.9 Insulin naive: Yes
Weight: 86.2 FG: 239.4 Insulin: 0 (0)
OAAs: 78 (100)
Raskin, 2007(38) ;-rz)szulin aspart 70/30,1'1t 53.4 457 BMI: 32.4 9.2 Alc: 8.1 Insulin naive: Yes
34 weeks OAA:s: 102 (100)
Metformin + 54.2 39t BMI: 334 8.3 Alc: 8.1 Insulin naive: Yes
pioglitazone, 98
OAAs: 98 (100)
Raz, 2003(30) I2r165ulin aspart 70/30,88 603 73.1 BMI:27.7 109 Alc: 9.9 Insulin naive: NR
6 weeks FG: 259.8 OAA:s: 26 (100)
Glibenclamide,§§ 23 57.8 56.5 BMI: 27.6 10.3 Alc: 10.3 Insulin naive: NR
FG: 265.2 OAAs: 23 (100)
Raz, 2005(26) Insulin aspart 70/30, 97  55.2 65 BMI: 29.5 10 Alc: 9.5 Insulin naive: NR
18 weeks 0AAs: 97T (100)
g;sulin aspart 70/30,//// 56.7 53 BMI: 29.4 9.2 Alc: 9.6 Insulin naive: NR
oAAs: 931 (100)
Glibenclamide,//91 558 62 BMI: 295 9.9 Alc: 9.4 Insulin naive: NR
0AAs: 917 (100)
Robbins, 2007(37) ;-rés7ulin lispro 50/50,1 57.4 50.3 BMI:32.1 11.3 Alc: 7.8 Insulin naive: No
24 weeks Weight: 89.1 Insulin: 125 (79.6)
Insulin glargine,ﬂ 158 58.1 49.4 BMI: 32 125 Alc: 7.8 Insulin naive: No
Weight: 88.1 Insulin: 123 (77.8)
Rosenstock, 2008(39) ;-rés7ulin lispro 50750, 11 55.4 53 BMI:34.1 10.9 Alc: 8.83 Insulin naive: No
24 weeks Weight: 99.1 FG:171.81 Insulin: 187 (100)
Insulin and OAAs: 185
(98.9)
Insulin glargine + 54 52 BMI: 34.8 11.2 Alc: 8.89 Insulin naive: No
:?ssglrlcl)?ﬂﬂ 187 Weight: 99.8 FG: 181.48
Insulin: 187 (100)
Insulin and OAAs: 184
(98.5)
Tamemoto, 2007(20)  Insulin aspart 70/30, 14  55.9 54 BMI: 23.9 9.8 Alc: 9.13 Insulin naive: NR
24 weeks FG: 183.3 OAAs: 14 (100)
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Mean Alcin %
Mean BM|I Mean
in kg/m2 Duration
Mean of
Author, Year Mean Agein Weight in Diabetes Mean FGin Previous Treatment, n
Study Duration Group, N Years Male, % kg inYears mg/dL* (%)
Insulin glargine, 20 61.7 68 BMI: 25.5 10.4 Alc: 8.45 Insulin naive: NR
FG: 184.1 OAA:s: 19 (100)
Tirgoviste, 2003(29) Insulin lispro 75/25,85  58.7 357 BMI: 26.8 10.3 Alc: 9.85 Insulin naive: Yes
Roach, 2001(75) Weight: 74.1 FG: 208.8 OAA:s: 85 (100)
16 weeks Glibenclamide, 87 60.3 36T BMI: 27.6 10.2 Alc: 10.07 Insulin naive: Yes
Weight: 75.8 FG: 219.6 OAAs: 87 (100)
Total, 172 59.5 35f Weight: 75 10.2 NR Insulin naive: Yes
OAAs: 172 (100)
Ushakova, 2007(36) Insulin aspart 70/30 58 16.3 BMI: 29.8 9.9 Alc: 10.4 Insulin naive: Yes
TID, 104
Weight: 79.3
8 weeks titration; 8 OAAs: 104 (100)
weeks maintenance Insulin aspart 70/30 58.4 27 BMI: 29.2 8.4 Alc: 10.4 Insulin naive: Yes
zleltjf;rmin, 100
Weight: 78.4 OAAs: 100 (100)
OAAs, 104 58.4 20.2 BMI: 29.3 8.3 Alc:10.1 Insulin naive: Yes
Weight: 78
OAAs: 104 (100)
‘Yamada, 2007(35) Insulin lispro 50/50, 15 66 gof BMI: 27 13.7 Alc: 7.59 Insulin naive: No
4 months FG: 130.3 Insulin: 15 (100)
NPH/regular 70/30 + 66.3 73t BMI: 23.8 15.9 Alc: 7.33 Insulin naive: No
NPH/regular 50/50, 15
FG: 1418 Insulin: 15 (100)
Crossover Trials With No Washout Periods
Coscelli, 2003(48) Ilrésulin lispro 75/25,// 59.1 39 BMI: 29.5 14.9 FG: 154.2 Insulin naive: No
12 days/period Weight: 79 Insulin: 18 (100)
NPH/regular 70/30,//15 59.2 53 BMI: 30.1 13.8 FG: 150.9 Insulin naive: No
Weight: 80.2 Insulin: 15 (100)
Total, 33 59.1 45 BMI: 29.8 14.4 FG: 152.5 Insulin naive: No
Weight: 79.5 Insulin: 33 (100)
Cox, 2007(56) Izl;sulin lispro 75/25,ﬂ NR NR NR NR NR NR
12 weeks/period Insulin glargine,'" 28 NR NR NR NR NR NR
Total, 45 52.6 NR BMI: 35.08 11.9 NR Insulin naive: NR
OAAs: 45 (100)
Herz, 2002(52) Insulin lispro 75/25,19  56.3 XLl BMI: 27 8.9 NR Insulin naive: No
4 weeks/period Weight: 76 Insulin: 197 (100)
NPH/regular 70/30, 18 55.3 33t BMI: 26.3 75 NR Insulin naive: No
Weight: 75.8 Insulin: 187 (100)
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Mean Alcin %
Mean BM|I Mean
in kg/m2 Duration
Mean of
Author, Year Mean Agein Weight in Diabetes Mean FGin Previous Treatment, n
Study Duration Group, N Years Male, % kg inYears mg/dL* (%)
Herz, 2003(50) Insulin lispro 75/25,13  54.8 77t BMI: 29.2 NR Alc: 7.81 Insulin naive: No
4 weeks/period Insulin: 137 (100)
NPH/regular 70/30, 12 53.6 SBJr BMI: 29.3 NR Alc: 7.6 Insulin naive: No
Insulin: 127 (100)
Jacober, 2006(43) Insulin lispro 75/25 + NR NR NR NR NR NR
insulin
lispro 50/50, 11 59
16 weeks/period
Insulin glargine,TT50  NR NR NR NR NR NR
Total, 60 54.9 56.7 BMI: 32.9 8.4 Alc: 9.21 Insulin naive: Yes
Weight: 95.1 OAA:s: 60 (100)
Malone, 2004(44) 1I-_ansulin lispro 75/25,'" 545 63.5 BMI: 30.1 8.1 Alc: 8.7 Insulin naive: Yes
16 weeks/period Weight: 88.5 FG: 150.2 OAAs: 52 (100)
Insulin glargine,'" 53 55.3 62.3 BMI: 31.7 9.8 Alc: 8.7 Insulin naive: Yes
Weight: 94.4 FG: 155.3 OAA:s: 53 (100)
Malone, 2005(45) Israsulin lispro 75/25,ﬂ 59.18 50 BMI: 29.41 13.52 Alc: 8.5 Insulin naive: No
16 weeks/period Weight: 77.82 FG: 155.34 Insulin; 50T (100)
OAAs: 26 (521)
Insulin glargine,ﬂ 47 59.63 38 BMI: 29.64 11.9 Alc: 8.48 Insulin naive: No
Weight: 77.21 FG: 147.78 Insulin: 477 (100)
OAAs: 28 (601)
Mattoo, 2003(51) Insulin lispro 75/25,72 54 47.2 BMI: 26.9 13.2 NR Insulin naive: No
2 weeks/period Weight: 71 Insulin: 721 (100)
NPH/regular 70/30, 79 52 44.3 BMI: 26.5 11.8 NR Insulin naive: No
Weight: 71 Insulin: 79T (100)
Total, 151 53 45.7 BMI: 26.7 125 NR Insulin naive: No
Weight: 71 Insulin: 1517 (100)
McNally, 2007(41) Insulin aspart 70/30,80 61.8 61T BMI: 29.7 115 Alc: 7.5 Insulin naive: No
16 weeks/period Weight: 83.3 Insulin: 80 (100)
NPH/regular 70/30, 80 62.7 79t BMI: 30.5 12.1 Alc: 7.5 Insulin naive: No
Weight: 89.1 Insulin: 80 (100)
Total, 160 62.3 7OJr BMI: 30.1 11.8 Alc: 7.5 Insulin naive: No
Weight: 86.2 Insulin: 160 (100)
McSorley, 2002(53) Insulin aspart 70/30, 13  NR NR NR NR NR NR
2 weeks/period NPH/regular 70/30, 13 NR NR NR NR NR NR
Total, 13 64 g2t BMI: 28.1 13 Alc: 7.7 Insulin naive: No
Insulin: 137 (100)
Niskanen, 2004(46) Insulin aspart 70/30, NR NR NR NR NR NR
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Mean Alcin %
Mean BM| Mean
in kg/m2 Duration
Mean of
Author, Year Mean Agein Weight in Diabetes Mean FGin Previous Treatment, n
Study Duration Group, N Years Male, % kg inYears mg/dL* (%)
12 weeks/period Insulin lispro 75/25, NR NR NR NR NR NR
132
Total, 133 62.3 59t BMI: 28.1 12.1 Alc: 8.5 Insulin naive: No
Insulin: 1337 (100)
Roach, 1999(54) Insulin lispro 75/25,44  56.5 52t BMI: 28.3 12.8 NR Insulin naive: No
13 weeks Insulin: 447 (100)
NPH/regular 70/30, 45 57.4 421' BMI: 29.4 115 NR Insulin naive: No
Insulin: 457 (100)
Roach, 1999(55) Insulin lispro 50/50 + 58 53t BMI: 28.4 12.2 NR Insulin naive: No
insulin
lispro 75/25, 34
12 weeks/period Insulin: 34T (100)
NPH/regular 50/50 + 60.2 nt BMI: 28.4 13.1 NR Insulin naive: No
NPH/
regular 70/30, 29
Insulin: 297 (100)
Roach, 2003(49) Insulin lispro 75/25,57  53.9 40 Weight: 62.8 12.4 NR Insulin naive: No
8 weeks/period Insulin: 577 (100)
Insulin lispro 50/50 + 54.2 40 Weight: 65.1  13.1 NR Insulin naive: No
insulin
lispro 75/25, 58
Insulin: 587 (100)
Roach, 2006(42) Insulin lispro 75/25,7T  NR NR NR NR NR NR
20
12 weeks/period Insulin glargine,JrT 20 NR NR NR NR NR NR
Total, 20 53.5 50 BMI: 36.7 NR Alc: 8.4 Insulin naive: No
Weight: 108
Schernthaner, Insulin lispro 50/50,// 66.1 17t BMI: 29.5 16.2 Alc: 8.3 Insulin naive: No
2004(47) 18
Insulin: 187 (100)
12 weeks/period
NPH/regular 70/30,//17 67.8 20t BMI: 28.8 14.2 Alc: 8.5 Insulin naive: No
Insulin: 171 (100)
Total, 35 67 23t BMI: 29.2 15.3 NR Insulin naive: No
Insulin: 357 (100)
Crossover Trials With Washout Period
Hermansen, 2002(59)  Insulin aspart 70/30,41  NR NR NR NR NR NR
1 day/period, Insulin lispro 75/25,42  NR NR NR NR NR NR
washout period at
least 5 days NPH/regular 70/30, 44 NR NR NRN NR NR NR
Total, 61 60.1 66T BMI: 27.3 11.6 Alc: 8.3 Insulin naive: No
Insulin: 617 (100)
Kapitza, 2004(58) Insulin aspart 70/30 (15 NR NR NR NR NR NR
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Mean Alcin %
Mean BM| Mean
in kg/m2 Duration
Mean of
Author, Year Mean Agein Weight in Diabetes Mean FGin Previous Treatment, n
Study Duration Group, N Years Male, % kg inYears mg/dL* (%)
after test meal), 31
1 day/period, Insulin aspart 70/30 NR NR NR NR NR NR
washout period 3 - (before
21 days meal), 31
NPH/regular 70/30 (15 NR NR NR NR NR NR
min.
before test meal), 31
NPH/regular 70/30 NR NR NR NR NR NR
(before
test meal), 31
Total, 31 57 68t BMI: 29 12 Alc: 8.7 Insulin naive: No
Insulin: 317 (100)
Malone, 2000(60) Insulin lispro 75/25,41  59.2 XLl BMI: 29.1 14 NR Insulin naive: No
Malone, 2000(76) Insulin: 417 (100)
1 day/period, NPH/regular 70/30, 43 60.5 Xl BMI: 29.2 16.2 NR Insulin naive: No
washout period 3 —
11 days
Insulin; 437 (100)
Total, 84 59.9 63t BMI: 29.2 15.1 NR Insulin naive: No
Insulin: 841 (100)
Schwartz, 2006(57) Insulin lispro 50/50, 7 NR NR NR NR NR NR
1 day/period, Insulin lispro 75/25, 8 NR NR NR NR NR NR
washout period 3 —
11 days
NPH/regular, 8 NR NR NR NR NR NR
Total, 23 61.3 73.9 BMI: 33 NR Alc: 8.1 Insulin naive: No
Weight: 98.5 FG: 158.7 Insulin: 23 (100)
Other Study Designs
Joshi, 2005(17) Insulin aspart 70/30, 52.41 67T Weight: 70.4  9.53 Alc: 8.79 Insulin naive: NR
114
Insulin: 62 (54.39)
12 weeks FG: 186.59
OAAs: 102 (89.47)
Insulin aspart + insulin 51.1 7t Weight: 69.63 11.98 Alc: 8.53 Insulin naive: NR
glargine, 31
Insulin: 21 (67.74)
FG: 190.23
OAA:s: 25 (80.65)
Sun, 2007(18) Insulin lispro 75/25, 62.8 49.1 Weight: 93.9 20.5 Alc: 8.6 Insulin naive: Yes
895
18 months Insulin glargine, 3624 58.4 485 Weight: 93.3  24.7 Alc: 8.6 Insulin naive: Yes
NPH/regular 70/30, 3647 65.7 44.7 Weight: 92.3  18.3 Alc: 8.4 Insulin naive: Yes

Alc = hemoglobin Alc; BMI = body mass index; BID = twice daily; dL = deciliter; FG = fasting glucose; IQR =
interquartile range; kg = kilogram; kg/m2 = kilogram per square meter; mg/dL = milligram per deciliter; NPH = neutral
protamine Hagedorn; NR = not reported; OAAs = oral antidiabetic agents; TID = thrice daily
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#AII numbers have been converted from mmol/L to mg/dL. To convert from mg/dL to mmol/L, divide by 18.
TNumber has been imputed.

iThe study population for Boehm 2002(73) was patients with either type 1 or type 2 diabetes. The type 2 diabetic
population was the same study population used for Boehm 2004. (28) Boehm 2002(73) reported results after 12 weeks of
followup.

§Raskin 2007(72) was conducted among a subpopulation of Raskin 2005(27) who were not using thiazolidinediones.

I

dditionally, the study group received diet and exercise.
ﬂAdditionaIIy, the study group received metformin.

**
Additionally, the study group received metformin and a sulfonylurea.

TJ(Additionally, the study group received oral antidiabetic agents.

¢iAdditionally, the study group received metformin and pioglitazone.

§§Additionally, the study group received rosiglitazone.

m

Additionally, the study group received pioglitazaone.
11

Additionally, the study group received existing oral antidiabetic agents, except for sulfonylureas and glinides.
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Mean difference
(mg/dL) [95% ClI]
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(subjects)
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Insulin Aspart 70/30
Insulin Lispro 75/25*
Insulin Lispro 50/50*
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I T
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- —
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1 I |
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Favors Comparator

12.0[ 6.0, 18.1]
6.4 [ -1.5, 14.2]
85 [ 3.6, 13.0]
24.7[19.0, 30.4]

43 [-15, 10.2]
8.3 [ 0.2, 165]
0.1 [-6.0, 6.3]
31.1 [12.0, 50.1]

-20.5[-29.9, -11.2]

-23.0[-34.2, -11.9]

-13.9[-24.4, -3.4]

-17.3[-29.3, -5.3]

-31.4[-45.7, -17.1]
No data

Figure 1. Weighted mean difference of change in fasting glucose comparing premixed insulin

analogues with other antidiabetic medications

Footnote: error bars represent 95% confidence intervals.
* pooled results include a study by Jacober et al (43) that administered insulin lispro 50/50

in the morning and afternoon and insulin lispro 75/25 in the evening.
T Nauck et al (21) excluded.
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Comparisons Mean difference Studies
P (mg/dL) [95% CI] __ (subjects)
Long-acting Insulin Analogue vs.
All Premixed Insulin Analogues —— -27.9[-34.3,-21.5] 9 (1957)
Insulin Aspart 70/30 e e -22.6[-32.1,-13.2] 3(936)
Insulin Lispro 75/25* e -23.6[-30.9,-16.4] 5 (609)
Insulin Lispro 50/50* i -32.6[-48.2,-17.1] 3(530)
Premixed Human Insulin vs.
All Premixed Insulin Analogues —— -19.2[-25.9,-12.5] 8 (1261)
Insulin Aspart 70/30 i, -18.5[-31.1, -6.0] 3 (561)
Insulin Lispro 75/25t ——— -17.8[-27.0, -8.6] 4 (630)
Insulin Lispro 50/50t = -20.6[-42.7, 1.5 ] 2 (196)
Noninsulin Antidiabetic Agents vs.
All Premixed Insulin Analogues ) -37.4[-61.0,-13.7] 10(2422)
All Premixed Insulin Analoguest . -43.2[-62.2,-24.3] 9 (1921)
Insulin Aspart 70/30 { -32.8[-62.5, -3.1] 7 (1510)
Insulin Aspart 70/30% ) -40.7[-65.9, -15.5] 6 (1009)
Insulin Lispro 75/25 = -47.3[-63.5,-31.0] 3(912)

Insulin Lispro 50/50

-70 -60 -50 -40 -30 -20 -10
Favors Premixed Analogues

0

10

No data

Favors Comparator

Figure 2. Weighted mean difference of change in postprandial glucose comparing premixed

insulin analogues with other antidiabetic medications
Footnote: Error bars represent 95% confidence intervals.

* pooled results include a study by Jacober et al (43) that administered insulin lispro 50/50

in the morning and afternoon and insulin lispro 75/25 in the evening.

T Nauck et al (21) excluded. 1 pooled results include a study by Roach et al (55) that
administered insulin lispro 50/50 in the morning and insulin lispro 75/25 in the evening.

Ann Intern Med. Author manuscript; available in PMC 2016 February 22.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Qayyum et al. Page 25

Comparisons Mean difference Studies
P (%)[95% CI] (subjects)
Long-acting Insulin Analogue vs.
All Premixed Insulin Analogues —l— -0.39[-0.50, -0.28 ] 11(3108)
Insulin Aspart 70/30 —— -0.48[-0.61,-0.34] 4 (976)
Insulin Lispro 75/25* —— -0.33[-0.48,-0.17] 5 (1720)
Insulin Lispro 50/50* i -0.40[-0.65,-0.15] 3 (530)
Premixed Human Insulin vs.
All Premixed Insulin Analogues 3 -0.05[-0.15, 0.04] 9 (2717)
Insulin Aspart 70/30 -+— 0.06 [-0.04, 0.16] 4 (708)
Insulin Lispro 75/25t —_——— -0.06 [-0.26, 0.14] 3 (1499)
Insulin Lispro 50/50t ., -0.06 [ -0.35, 0.23] 3 (226)
Noninsulin Antidiabetic Agents vs.
All Premixed Insulin Analogues % -0.49[-0.86,-0.12] 10(2422)
All Premixed Insulin Analoguest - -0.55[-0.94, -0.16 ] 9 (1921)
Insulin Aspart 70/30 i -0.52[-1.00, -0.04 ] 7 (1510)
Insulin Aspart 70/30F { -0.61[-1.13,-0.10] 6 (1009)
Insulin Lispro 75/25 = -0.42[-1.00, 0.16] 3 (912)
Insulin Lispro 50/50 No data -
f T T T T T T 1

-1.2 -1 -0.8 -06 -04 -0.2 0 0.2 0.4
Favors Premixed Analogues Favors Comparator

Figure 3. Weighted mean difference of change in hemoglobin Alc comparing premixed insulin
analogues with other antidiabetic medications

Footnote: Error bars represent 95% confidence intervals.

* pooled results include a study by Jacober et al (43) that administered insulin lispro 50/50
in the morning and afternoon and insulin lispro 75/25 in the evening.

t Nauck et al (21) excluded. ¥ pooled results include a study by Roach et al (55) that
administered insulin lispro 50/50 in the morning and insulin lispro 75/25 in the evening.
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. . Studies
Comparisons Odds ratio [95% CI] (subjects)
Long-acting Insulin Analogue vs. Premixed Analogue
Hypoglycemia (severity not specified) —— 2.02[1.35,3.04] 6 (1444)
Serious Hypoglycemia T 2.12[0.89, 5.02] 4 (1274)
Mild Hypoglycemia i 1.83[0.92, 3.67 ] 7 (1361)
Symptom-only Hypoglycemia —l— 1.69[1.07,2.66 ] 4 (498)
Premixed Human Insulin vs. Premixed Analogue
Hypoglycemia (severity not specified) —l— 1.50[1.00, 2.26 ] 5(612)
Serious Hypoglycemia ) 0.58[0.25,1.36] 5 (741)
Mild Hypoglycemia - 0.98[0.65, 1.46] 5 (577)
Symptom-only Hypoglycemia No data -
Noninsulin Antidiabetic Agents vs. Premixed Analogue
Hypoglycemia (severity not specified) T 2.15[0.41,11.33] 4 (1039)
Serious Hypoglycemia { 1.01[0.30, 3.40] 3(988)
Mild Hypoglycemia —— 464 [2.03,10.59] 8 (1696)
Symptom-only Hypoglycemia . 3.87[1.21,12.45] 4 (661)
1 1 1 1 1 1 1
0.125 0.25 0.5 1 2 4 8 16

Favors Premixed Analogues

Favors Comparator

Figure 4. Incidence of unclassified hypoglycemia, serious hypoglycemia, mild hypoglycemia, and
symptom-only hypoglycemia with premixed insulin analogues as compar ed to other antidiabetic

medications

Footnote: Error bars represent 95% confidence intervals.
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Clinical Outcomes Odds ratio [95% Cl] (sslt‘lé?::s)
All-cause Mortality ] 2.93[0.95, 9.05] 6 (2468)
Cardiovascular Mortality B 6.80[0.87,53.12] 3 (1217)
Cardiovascular Morbidity —— 0.86[0.49, 1.52] 6 (1418)
Combined Outcome* T 2.10[0.87, 5.10] 10(3246)

0.25 0.5 1 2 4 8 16 32 64
Favors Premixed Analogues Favors Comparator

Figure 5. Incidence of clinical outcomeswith premixed insulin analogues as compared to other
antidiabetic medications

Footnote: Error bars represent 95% confidence intervals.
* Combined outcome include all-cause mortality, and cardiovascular morbidity
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Summary of the Strength of Evidence* Comparing Premixed Insulin Analogues to Other Antidiabetic Agents
for Intermediate Outcomes and Adverse Events

Premixed Insulin
Analoguesvs. Long-
Acting Insulin Analogues

Premixed Insulin
Analogues vs. Premixed
Human Insulin

Premixed Insulin
Analogues vs. Other
Insulin Regimens

Premixed Insulin
Analogues vs. Noninsulin
Antidiabetic Agents

Fasting glucose

Postprandial
glucose

Hemoglobin Alc

Hypoglycemia

Weight

All-cause
mortality, CVD
mortality and
morbidity

Moderate SOE favoring
long-acting insulin
analogues

High SOE favoring
premixed insulin analogues

High SOE favoring
premixed insulin analogues

High SOE favoring long-
acting insulin analogues

Moderate SOE favoring
long-acting insulin
analogues

Moderate SOE suggesting
similar effectiveness

High SOE favoring
premixed insulin analogues

High SOE suggesting
similar effectiveness

High SOE favoring
premixed human insulin

Moderate SOE suggesting
similar effectiveness

Low SOE; unable to make a
conclusion

Low SOE unable to make a
conclusion

Low SOE; unable to make a
conclusion

Low SOE; unable to make a
conclusion

Low SOE; unable to make a
conclusion

Low SOE; unable to make a conclusion

Moderate SOE favoring
premixed insulin analogues

Moderate SOE favoring
premixed insulin analogues

Moderate SOE favoring
premixed insulin analogues

High SOE favoring
noninsulin antidiabetic
agents

Moderate SOE favoring
noninsulin antidiabetic
agents

Definitions for strength of evidence: High = further research is very unlikely to change our confidence in the estimates; Moderate = further research

is likely to have an important impact on our confidence in the estimate of effect and may change the estimate; Low = further research is likely to
have an important impact on our confidence in the estimate of effect and is likely to change the estimate

CVD = cardiovascular disease; NA = not applicable; SOE = strength of evidence
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