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ABSTRACT

INTRODUCTION  Prandial insulin is a key component in insulin treatment of type 1 diabetes mellitus
(T1DM) and in many patients with type 2 diabetes mellitus (T2DM). The evidence-based data supporting
the choice of an insulin preparation are still limited.

0BJECTIVES We performed a systematic review to summarize and update the evidence on relative
efficacy and safety of insulin aspart (IAsp) and regular human insulin (RHI) in both types of diabetes.
METHODS Randomized controlled trials comparing IAsp with RHI in patients with either TIDM or T2DM
and conducted until May 2013 were retrieved from a systematic search of MEDLINE, EMBASE, and
Cochrane Library.

RESULTS Of 16 relevant trials, 11 involved patients with TIDM and 5—with T2DM. In the T1DM
population, IAsp, when compared with RHI, provided a greater reduction in hemoglobin A, (HbA, )
levels (weighted mean difference [WMD], —0.11%; 95% confidence interval [CI], —0.16 to —0.05; WMD,
—1.2 mmol/mol; 95% CI, —1.7 to —0.5), and improved postprandial glucose levels following breakfast
(WMD, —1.40 mmol/I; 95% CI, —=1.72 to —1.07), lunch (WMD, —-1.01 mmol/I; 95% Cl, —1.61 to —0.41),
and dinner (WMD, —0.89 mmol/l; 95% CI, —1.19 to —0.59). The risk of nocturnal hypoglycemia was
lower in T1DM patients receiving |Asp (relative risk, 0.76; 95% CI, 0.64-0.91), while no difference was
observed for severe hypoglycemia. In T2DM patients, |Asp led to a greater reduction in HbA,_levels
(WMD, —0.22%; 95% Cl, —0.39 to —0.05; —2.4 mmol/mol, —4.3 to —0.5) and postprandial blood glucose.
The risk of overall hypoglycemia and severe adverse effects was comparable between the groups.
concLusions |Asp provides better glycemic control when compared with RHI in patients with T1IDM
and T2DM. Fewer T1DM patients treated with IAsp experienced nocturnal hypoglycemia, while both
interventions showed a comparable risk of severe hypoglycemic events in both types of diabetes.

INTRODUCTION  The clinical practice guidelines
recommend the use of insulin preparations in all
patients with type 1 diabetes mellitus (TIDM) and
in subjects with type 2 diabetes mellitus (T2DM)
with uncontrolled glycemia despite the use of
combined therapy including several oral antidi-
abetic drugs (OADs) or a glucagon-like peptide 1

(GLP-1) agonist." Insulin therapy is also recom-
mended as a first-line treatment in T2DM sub-
jects with highly uncontrolled hyperglycemia.' In
patients with T1DM, in whom insulin secretion
is completely abolished because of B-cell destruc-
tion, the current guidelines recommend intensive
insulin therapy mimicking physiological insulin
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profile. This can be achieved with either multi-
ple daily insulin injections (MDI) or continuous
subcutaneous insulin infusion (CSII) using insu-
lin pumps."*6 Unlike in TIDM, most T2DM pa-
tients retain some endogenous insulin secretion,
although the disease is characterized by progres-
sive B-cell insufficiency.? Therefore, treatment of
T2DM should be individualized based on the de-
gree of insulin deficiency and some clinical fac-
tors. In T2DM, intensive insulin therapy is usual-
ly used in relatively young and active subjects in
whom OADs, GLP-1 agonists, or simple regimens
of insulin therapy are ineffective.”® Long-term
studies demonstrated that intensive hypogly-
cemic therapy is effective in lowering hemoglo-
bin A, (HbA, ) levels and reducing the risk of mi-
crovascular complications in patients with both
T1DM and T2DM.”"" As the number of relatively
young TD2M patients with long life expectancy
is growing, intensive insulin therapy is becoming
increasingly common in this type of diabetes."
However, intensive blood glucose control pre-
disposes to severe hypoglycemia and increased
body weight when compared with convention-
al therapies.”®'3 Severe hypoglycemia is associ-
ated with many unfavorable clinical outcomes'%;
therefore, the choice of an optimal diabetes treat-
ment should include a consideration of its poten-
tial to control glycemia as well as associated risk
of hypoglycemia.

Available insulin preparations show different
pharmacological properties with respect to the
time of onset, peak activity, and duration of ac-
tion.'" Regular human insulin (RHI) has been an
integral component of intensive insulin treatment
for several decades. RHI provides effective meal-
time coverage; however, it also presents several
limitations related to its pharmacological profile.
RHI is characterized by a delayed time of onset
(about half an hour after the injection) with the
maximum activity and serum concentration lev-
els after 2 to 3 hours, and prolonged action last-
ing 6 to 8 hours. Therefore, patients should ad-
minister RHI about 30 minutes before meals and
consume a snack several hours later to avoid late
hypoglycemia.'® To overcome these limitations,
rapid-acting insulin analogs (RAAs) have been de-
signed. Insulin aspart (IAsp) is one of the 3 RAAs
available on the market, the 2 other being insu-
lin lispro and glulisine. [Asp was developed by a
modification of human insulin through a single
amino-acid substitution of proline by aspartic
acid in the 28th position of the B chain. IAsp is
characterized by a faster onset of activity (about
15 minutes after the injection), maximum activ-
ity at about 1.5 hour, and a time duration no lon-
ger than 3 to 4 hours." In clinical practice, this
eliminates the need for an interval between in-
sulin injection and meals as well as the require-
ment of snack to avoid late hypoglycemia after
meals.” Therefore, IAsp mimics the natural in-
sulin response to a meal in superior way when
compared with RHI, which facilitates better post-
prandial glycemic control.'®

The relative efficacy and safety of [Asp and RHI
in diabetic patients has been a matter of ongoing
debate. Some new evidence have been published
since we first compared both interventions as a
prandial or premixed approach in a systematic
review.'® We hope that the inclusion of new data
into our analysis will improve its credibility and
allow to conduct an assessment in a much more
homogenous group of studies. The aim of the cur-
rent study was to perform a systematic review
to summarize and update the evidence on rela-
tive efficacy and safety of IAsp and RHI in both
types of diabetes in patients receiving prandial
insulin treatment.

METHODS Searchstrategy We carried out a sys-
tematic search of major medical databases in-
cluding Medline (via PubMed), EMBASE, and the
Cochrane Central Register of Controlled Trials
(CENTRAL) to identify relevant clinical evidence.
The search strategy comprised keywords referring
to diabetes mellitus and IAsp, which were com-
bined with appropriate Boolean operators. Final-
ly, the results of the systematic search were limit-
ed to records containing keywords relating to ran-
domized controlled trials (RCTs). Databases were
searched until May 2013. We also screened reg-
isters of ongoing clinical trials (clinicaltrials.gov,
ISRCTN.org), proceedings of meetings organized
by the associations active in the field of diabetes
(American Diabetes Association, European Asso-
ciation for the Study of Diabetes), and references
of identified articles to retrieve potentially rele-
vant information.

Inclusion and exclusion criteria  Eligible RCTs
should directly compare IAsp with RHI in pa-
tients with TIDM or T2DM using prandial insulin
therapy with or without basal insulin and provide
similar other antidiabetic medications in both
treatment arms. Studies with at least 12 weeks
of follow-up were included. Studies were exclud-
ed from this analysis when patients had preges-
tational or gestational diabetes, less than 10 pa-
tients were recruited for the study, or if the stud-
ies were designed to compare different schemes
of prandial insulin treatment in each group, that
is, MDI vs. CSII. Studies published in languages
other than English, French, and German were
also not considered in this review.

Study selection and credibility assessment Two
independent analysts retrieved articles at each
stage of the selection process and assessed cred-
ibility of the included trials. Any discrepancies
between the analysts were solved by consensus
or a third party. Methodological quality was as-
sessed according to the criteria proposed by Jadad
etal.” Scores from 0 to 5 points were granted de-
pending on the fulfillment of the following crite-
ria: randomization and its method, blinding and
correctness of its method, and information con-
cerning patients lost to follow-up. A higher num-
ber of granted points reflected higher credibility
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FIGURE 1  Study
selection diagram
Abbreviations: RCTs,
randomized controlled
trials; T1DM, type 1
diabetes mellitus; T2DM,
type 2 diabetes mellitus

3504 records identified through database
searching

8 additional records identified through
other sources

!

A

3512 records screened

v

l

469 articles assessed for eligibility

3043 abstracts excluded

v

l

16 RCTs included in the analysis:
* 11 RCTs in TIDM
* 5RCTs in T2DM

of the clinical trial. Moreover, the risk of poten-
tial bias was also assessed on the basis of other
criteria proposed in the Cochrane Handbook for
Systematic Reviews of Interventions, namely, al-
location concealment, intention-to-treat analysis,
and completeness of follow-up.?

Outcome of interest  Reduction of the mean HbA,
level during the study was the primary endpoint
in this analysis. Key secondary measures includ-
ed mean glucose level after breakfast, lunch, and
dinner. We also assessed the risk of overall, se-
vere, and nocturnal hypoglycemic events.

Statistical analysis Continuous and dichotomous
endpoints were presented with weighted mean
difference (WMD) and relative risk (RR), respec-
tively, all of them together with 95% confidence
intervals (Cls). The between-study heterogeneity
was examined using the Cochran Q test and the
I? statistics and was considered significant when
either a P value was less than 0.1 or I? was 50% or
higher. When homogeneity was confirmed, treat-
ment effects were accumulated using the fixed ef-
fect inverse-variance model. In cases of statisti-
cally significant heterogeneity, the DerSimonian
and Laird random effect model was applied.?’ Sig-
nificance of the overall effect was tested with the
Z test, assuming a P value of less than 0.05 as the
level of significance. The results were processed
using Sophie v. 1.5.0 (a meta-analysis software

453 full-text articles excluded

reasons for exclusion:

* wrong methodology (73)

* wrong intervention (127)

* healthy subjects (2)

* wrong control group (14)

* noncomparable treatment schemes (18)

* secondary studies (53)

* inapropriate follow-up (92)

* less than10 patients (2)

* inappropriate language (8)

* |etters, editorials, irrelevant topic (26)

* patients with ketoacidosis or gestational
diabetes (10)

* endpoints of interest not reported (28)

by HTA Consulting, verified and producing con-
sistent results with STATA v. 10.0).

RESULTS Study flow The search in electron-
ic databases resulted in 3504 records, of which
469 were selected for full-text assessment after
duplicate removal and abstract analysis. A total
number of 453 publications were considered ir-
relevant and were excluded due to the reasons
presented in the publication flow diagram, main-
ly owing to incorrect interventions, inadequate
length of follow-up, and incorrect methodology.
Finally, 16 RCTs were considered relevant for the
current review (FIGURE 1), including 11 papers re-
ferring to TIDM and the remaining 5 involving
T2DM patients.

Patients with type 1 diabetes mellitus Study char-
acteristics A total number of 11 RCTs compar-
ing [Asp with RHI in an overall number of 3447
patients with TIDM were retrieved, including
4 studies recruiting children?'"? and 7 trials in-
volving adult patients (FIGURE 1).25-*" The mean du-
ration of diabetes was between 1.8 and 5.2 years
and 4.7 and 15.7 years in studies recruiting chil-
dren and adults, respectively. The mean HbA, _lev-
els at baseline ranged from 7.3% (56 mmol/mol)
to 8.6% (70 mmol/mol) in all identified studies.
In 10 studies, patients received intensive insulin
therapy by MDI using either neutral protamine
Hagedorn (NPH) insulin (8 RCTs) or long-acting
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Outcome

study or

lAsp RHI

WMD (95% Cl)
fixed effect model

Relative change in HbA, _ level, %

WMD (95% Cl)
fixed effect model

weight,
%

suubcategory n mean  SD I n mean  SD
Ampudia-Blasco, 28 -0.49 0.99 26 -0.63 097 1.06 0.14 (-0.38 to 0.66)
2005 R S
Arslanian, 2005 187 8.40 1.40 96 8.40 1.40 ___i__ 2.43 0.00 (-0.34 to 0.34)
Bode, 2002 59 0.00 0.51 59 0.15 0.63 __1__ 6.76 -0.15 (-0.36 to 0.06)
DeVries, 2003 184 7.98  0.95 178 8.12 0.93 [ 1.1 -0.14 (-0.33 t0 0.05)
Heller, 2004 143 - - 143 - - + 14.74 0.03 (-0.1110 0.17)
Home, 2000 698 7.88  0.80 349 8.00 0.76 _.__ 29.25 -0.12 (-0.22 t0 -0.02)
Raskin, 2000 596 1.78 0.73 286 7.93 0.85 : 22.00 -0.15 (-0.26 to —0.04)
Pankowska, 2010 20 7.60 0.90 21 7.60 1.00 _._E_ 0.85 0.00 (-0.58 to 0.58)
Tamas, 2001 209 8.02 0.72 210 8.18 0.72 ‘ 15.20 —0.16 (-0.30 to -0.02)
total | | : | | 100.00 -0.11 (-0.16 to -0.05)
test for heterogeneity: @ = 6.49, df = 8 (P = 0.5928), /2 = 0.00% -06 -03 0 03 06
test overall effect: Z = —3.92 (P <0.0001) favors 1Asp favors RHI

FIGURE 2 Relative change in hemoglobin A, _levels for comparison between insulin aspart and regular human insulin in patients with type 1 diabetes

Abbreviations: Cl, confidence interval; HbA, , hemoglobin A

1c!

insulin analogues (LAAs) (2 RCTs) as basal insu-
lin. In the remaining RCT, insulin was adminis-
tered via CSIL?® Ten studies were carried out ac-
cording to a parallel design.?22.24-27.2%-31 Ty oth-
er RCTs were conducted with a cross-over de-
sign?328; however, only 1 study provided an ad-
equate wash-out period before the treatment
switch.?® The methodological quality of the in-
cluded studies ranged from 1 to 3 points, accord-
ing to the Jadad score, and was most often down-
graded because of an open-label design and insuf-
ficient information regarding the number of pa-
tients lost to follow-up. Allocation concealment
was considered adequate in 4 RCTs (1ABLE).26-28.31

Glycemic control Glycated hemoglobin  Overall,
9 RCTs assessed the change in HbA, levels dur-
ing treatment and presented data pertinent for
a meta-analysis.?’-24-% In 3 of those studies, [Asp
showed a greater reduction in HbA, levels at the
end of treatment,?®3! while in the remaining 6
RCTs, the difference between the groups was not
significant. Pooled results revealed a significant
advantage of IAsp over RHI with respect to HbA
reduction (WMD, -0.11%; 95% CI, -0.16 to —-0.05;
WMD, -1.2 mmol/mol; 95% CI, -1.7 to -0.5),
with no evidence for between-study heteroge-
neity (P =0.59; I? = 0%) (FIGURE 2).

Postmeal glucose  Four RCTs reported the level of
postprandial blood glucose after individual daily
meals and provided numerical data required for
a meta-analysis.?”?*3! Pooled results demonstrat-
ed an advantage of IAsp over RHI with respect to
the postprandial glucose level, which was mea-
sured 90 minutes following each meal, including
breakfast (WMD, —-1.40 mmol/l; 95% CI, -1.72 to
-1.07]), lunch (WMD, -1.01 mmol/]; 95% CI, -1.61
to -0.41), and dinner (WMD, -0.89 mmol/1; 95%
CI, -1.19 to -0.59). Statistical heterogeneity was
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SD, standard deviation; WMD, weighted mean difference; others, see TABLE

observed in the meta-analysis for glycemic con-
trol following lunch (P = 0.04; I2 = 69%); howev-
er, this could be associated with a relatively low
number of the included trials. No statistical het-
erogeneity was demonstrated in the remaining
meta-analyses (FIGURES 3, 4, and 5).

Hypoglycemia None of the identified studies re-
ported the number of patients with at least 1
hypoglycemic episode regardless of their sever-
ity. The risk of severe hypoglycemia requiring
third-party assistance was assessed in 5 RCTs pre-
senting data pertinent for meta-analysis.?!2426.29.31
Pooled results demonstrated a comparable risk of
severe hypoglycemia between treatment groups
(RR = 0.85; 95% CI, 0.66-1.08). Four RCTs re-
ported the risk of nocturnal hypoglycemia, of
which 2 studies reported a significantly lower
risk of events in the IAsp group, while in 2 oth-
ers, the between-group differences were not sig-
nificant.?"?6.2%.30 A meta-analysis of all studies
confirmed a lower risk of nocturnal hypoglyce-
mia in patients receiving IAsp compared with
their counterparts treated with RHI (RR = 0.76;
95% CI, 0.64-0.91]), with no evidence for be-
tween-study heterogeneity (P = 0.13, I? = 46%).

Patients with type 2 diabetes mellitus Study char-
acteristics A total number of 5 RCTs comparing
IAsp with RHI in an overall number of 451 adult
patients with T2DM were identified (FIGURE 1).3236
The mean duration of diabetes ranged from 4.6
to 17.5 years in respective trials, while the mean
HbA,_at baseline was in the range of 7.3% (56
mmol/mol) to 8.7% (72 mmol/mol). Only in 1
study, the mean baseline body mass index exceed-
ed 30 kg/m?, suggesting obesity in the majority of
the subjects.?¥ Two RCTs recruited T2DM patients
who were previously treated with insulin,’?*® two
others enrolled insulin-naive subjects,**3% and
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Outcome Relative change in blood glucose levels after breakfast, mmol/I
study or RHI WMD (95% Cl) weight,  WMD (95% Cl)
subcategory [ mean  SD N mean  SD fixed effect model % fixed effect model

DeVries, 2003 184 834 434 178 9.62 4.4 —— 13.77 -1.28 (-2.15 t0 -0.41)
Raskin, 2000 555 8.67 445 258 10.28 4.19 — 26.37 -1.61(-2.24 t0 —0.98)
Home, 2000 698 - - 349 - - —— 44.67 -1.20 (-1.68 to —0.71)
Tamés, 2001 213 840 438 213 10.10 4.38 —-—.— 15.19 -1.70 (-2.53 to —0.87)
total ‘ 100.00 -1.40 (-1.72 to -1.07)
test for heterogeneity: Q = 1.65, df = 3 (P = 0.65482), /2 = 0.00% C i i
test overall effect: Z = —8.43 (P <0.0001) -1.8 -0.9 0 09 18

favors IAsp favors RHI

FIGURE 3 Relative change in blood glucose levels after breakfast for comparison between insulin aspart and regular human insulin in patients with
type 1 diabetes
Abbreviations: see TABLE and FIGURE 2

Outcome Relative change in blood glucose levels after lunch, mmol/l
study or RHI WMD (95% CI) weight,  WMD (95% CI)
subcategory [ SD I n random effect model random effect model

DeVries, 2003 184 7.56 4.07 178 8.79 4.00 —I:— 25.24 -1.23 (-2.06 to —0.40)
Raskin, 2000 555 761 406 258 9.00 3.66 —a— 34.46 -1.39(-1.95 to —0.83)
Home, 2000 698 - - 349 - - + 40.29 -0.55 (-0.96 to —0.15)
total - 100.00  -1.01 (-1.61 to -0.41)
test for heterogeneity: @ = 6.41, df = 2 (P = 0.0405), /2 = 68.81% P i | |
test overall effect: Z = -3.32 (P = 0.0009) -4 =07 0 07 14

favors IAsp favors RHI

FIGURE 4 Relative change in blood glucose levels after lunch for comparison between insulin aspart and regular human insulin in patients with type
1 diabetes
Abbreviations: see TABLE and FIGURE 2

Outcome Relative change in blood glucose levels after dinner, mmol/I
study or RHI WMD (95% Cl) weight,  WMD (95% ClI)
subcategory [ SD I i fixed effect model % fixed effect model

DeVries, 2003 184 745 407 178 9.14 387 —_— 13.37 -1.69 (-2.51 to —0.87)
Raskin, 2000 555 850 406 258 9.33 366 —_— 28.53 —-0.83 (-1.39 to -0.27)
Tamés, 2001 213 820 438 213 9.30 438 —.-.— 12.93 -1.10 (-1.93 to -0.27)
Home, 2000 698 - - 349 - - —— 4517 —0.63 (-1.07 to -0.18)
total ‘ 100.00 —0.89 (-1.19 to —0.59)
test for heterogeneity: @ = 5.27, df = 3 (P = 0.1527), I = 43.13% | } | |
test overall effect: Z = -5.83 (P <0.0001) -1.8 -0.9 0 09 1.8

favors lAsp favors RHI

FIGURE 5 Relative change in blood glucose levels after dinner for comparison between insulin aspart and regular human insulin in patients with type

1 diabetes

Abbreviations: see TABLE and FIGURE 2
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the remaining study did not report information
regarding previous insulin use.3* In 4 of the in-
cluded studies, patients received intensive insu-
lin treatment by MDI,%2:33.35.36 while the remain-
ing 1 RCT compared IAsp with RHI, both admin-
istered twice daily together with OADs, but with-
out the use of basal insulin.?* In 2 RCTs, all re-
cruited patients received NPH as basal insulin,*?-%
and in the other, participants were treated with
either NPH or insulin detemir.3® In another RCT,
the type of basal insulin was not reported.’* In

the remaining 1 RCT, diabetes was treated only
with prandial insulin and OADs.3 The follow-up
duration of the respective studies ranged from 3
to 24 months. Methodological quality of the in-
cluded studies ranged from 1 to 3 points, accord-
ing to the Jadad score, and was most often down-
graded owing to the lack of double blinding and
insufficient information regarding the number
of patients lost to follow-up. None of the stud-
ies reported the use of a method providing ade-
quate allocation concealment (TABLE).
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Outcome

study or
subcategory

fixed effect model

Number of patients experiencing at least 1 nocturnal hypoglycemic event

RR RR (95% CI)

fixed effect model

weight,
%

Arslanian, 82 187 43 % : 3044 0.98(0.74-1.29)
2005 .

Bode, 2002 35 59 47 59 : 2518 0.74(0.58-0.95)
Home, 2000 54 707 39 358 : 2174 0.70(0.47-1.04)
Raskin, 2000 24 596 23 286 P 1665 050 (0.29-0.87)
total 195 1549 152 799 , ; , 100.00  0.76 (0.64-0.91)
test for heterogeneity: Q = 5.59, df = 3 (P = 0.1335), 2 = 46.31% 0316 1 3.162

test for overall effect: Z = -3.10 (P = 0.002) favors lAsp favors RHI

FIGURE 6 Risk of nocturnal hypoglycemic episodes for comparison between insulin aspart and regular human insulin in patients with type 1 diabetes

Abbreviations: RR, relative risk; others, see TABLE and FIGURE 2

Outcome

study or

subcategory

mean mean SD

D |n

Relative change in HbA,

WMD (95% CI)
fixed effect model

level, %

weight,  WMD (95% ClI)

fixed effect model

Bretzel, 2004 75 6.91 1.00 80 7.10 0.87 —Ii—— 33.60 -0.19(-0.49to 0.11)

Hermann, 18 7.30 0.90 1" 1.20 0.90 —i—-'— 6.46 0.10 (-0.58 to 0.78)
2013 o

Maiti, 2012 25 1.23 1.30 25 1.79 1.10 i 6.60 —-0.56 (-1.23t0 0.11)

Pala, 2007 25 7.30 0.70 25 7.90 0.90 E. 14.73 —0.60 (-1.05 to -0.15)

Raskin, 1999 91 770 095 9 780 0.95 ’ 38.61 -0.10 (-0.38 t0 0.18)

total | | : | | 100.00 -0.22 (-0.39 to -0.05)

test for heterogeneity: @ = 5.40, df = 4 (P = 0.2485), I? = 25.95% -1 05 0 05 1

test for overall effect: Z = —2.53 (P = 0.0114) favors IAsp favors RHI

FIGURE 7 Relative change in hemoglobin A, _levels for comparison between insulin aspart and regular human insulin in patients with type 2 diabetes

Abbreviations: see TABLE and FIGURE 2

Glycemic control Glycated hemoglobin  All 5 RCTs
assessed the level of HbA,_at the end of the study
and presented data pertinent for a meta-analy-
sis.336 Pooled results demonstrated that patients
treated with IAsp had better glycemic control
compared with their counterparts from the RHI
arms (WMD, -0.22%; 95% CI, -0.39 to -0.05;
WMD, -2.4 mmol/mol; 95% CI, -4.3 to -0.5)
(FIGuRE 7). No significant between-study hetero-
geneity was observed (P = 0.25; P= 26%).

Postmeal glucose None of the identified studies
presented numerical data allowing a comparison
of the two types of insulin with respect to the ef-
ficacy of postprandial glucose control following
any of the daily meals. Nevertheless, 1 RCT dem-
onstrated that the mean level of blood glucose
following major meals in patients treated with
IAsp was lower by 0.96 mmol/l compared with
the RHI group (P <0.05 in each study).** Two oth-
er studies also reported a lower postmeal glucose
level in the IAsp arm (by 0.44 mmol/] and 3.40
mmol/l in respective studies); however, none of
them presented the results of statistical compar-
ison or appropriate estimates of data dispersion
required for a meta-analysis.??3°
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Hypoglycemia Two RCTs assessed the propor-
tion of patients with at least 1 hypoglycemic ep-
isode during study treatment, regardless of se-
verity.323% Pooled results demonstrated no sig-
nificant between-group differences in the risk of
overall hypoglycemia (RR, 1.00 [0.70, 1.44]). Of
2 RCTs assessing the risk of severe hypoglycemia,
one recorded no events in either group, while the
other reported no significant difference between
the study arms.3%3¢ Neither study reported the
risk of nocturnal hypoglycemia.

DISCUSSION In this systematic review, we com-
pared the efficacy and safety of IAsp and RHI in
T1DM and T2DM patients receiving prandial in-
sulin therapy. Some evidence for IAsp superior-
ity was identified. First, our meta-analysis dem-
onstrated that IAsp compared with RHI in pa-
tients with T1DM provided favorable glycemic
control, as assessed by HbA, levels. It also re-
duced glucose fluctuations following all 3 major
daily meals. At the same time, IAsp substantially
reduced the risk of nocturnal hypoglycemia com-
pared with RHI and demonstrated a comparable
safety profile with respect to the risk of overall
and severe hypoglycemic events. The estimates
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of clinical efficacy of IAsp in patients with TIDM
are highly consistent with our previous findings'®
and the results presented by other authors.?’-3°
Additionally, we demonstrated a higher effica-
cy of IAsp over RHI in terms of HbA, reduction
in patients with T2DM treated with prandial in-
sulin. This is a new finding, which has not been
presented in any previous systematic reviews or
meta-analysis.

We believe that the above findings were pos-
sible owing to novel evidence and improved
methodological quality. For example, in our for-
mer meta-analysis, we adopted relatively less
stringent criteria allowing for the inclusion of
studies with relatively high degrees of heterogene-
ity with respect to population, intervention, and
methodology. This high between-study variation,
particularly the inclusion of studies with biphasic
insulin in the same meta-analysis with RCTs as-
sessing [Asp, along with an insufficient number
of relevant RCTs available at that time, were the
main reasons why we were unable to demonstrate
superiority of [Asp over RHI in T2DM. In the
current report, we included new studies, which
were published since 2010 and, therefore, could
not be considered in older reports.?*3%3* One of
these new studies enrolled children with T1IDM,?*
while 2 others were carried out in patients with
T2DM.33:34 The inclusion of new evidence allowed
us to use more rigid criteria in order to improve
the credibility of evidence by ensuring an appro-
priate level of between-study homogeneity, par-
ticularly in the population with T2DM, where
data availability has been limited so far. Indeed,
we excluded RCTs with a follow-up shorter than
12 weeks, which is a rational approach as the lev-
el of HbA, , the primary endpoint of the current
analysis, reflects changes in blood glucose over
the period of the last 3 months. Moreover, this
analysis was focused only on the assessment of
the prandial insulin therapy (in all but 1 study,
the intensive insulin therapy model was applied)
that included IAsp; therefore, studies comparing
biphasic insulin aspart with RHI were considered
irrelevant. Finally, we also excluded studies en-
rolling solely pregnant women, analyzed in our
previous work, as being not representative for
the entire TIDM population. Altogether, the in-
clusion of new RCTs and the adoption of a more
coherent methodology have led to reduced het-
erogeneity and improved precision of efficacy es-
timates. This allowed us to demonstrate a signifi-
cant advantage of [Asp over RHI in glycemic con-
trol in both types of diabetes mellitus.

A recent meta-analysis based on individual
patient data (IPD) included a total number of
10 RCTs comparing IAsp with RHI, both used in
basal-bolus regimen together with NPH, in pa-
tients with T1IDM (6 RCTs), T2DM (3 RCTs), or
a mixed population of both types of diabetes (1
RCT).*? All trials were pooled together and no
separate analysis for each diabetes type was per-
formed. The results of the meta-analysis showed
that IAsp reduced HbA, by 0.1% (1.1 mmol/mol)

as compared with RHI; this was accompanied by
lower postprandial blood glucose levels. Consis-
tent with our results for TIDM, the authors also
demonstrated a lower risk of nocturnal hypo-
glycemia in the IAsp group; however, the over-
all proportion of patients experiencing hypogly-
cemic episodes was comparable in both arms.
The high consistency of our results in TIDM and
those presented by Heller et al.* is of interest as
the methodologies of both reports varied sub-
stantially. First, the other meta-analysis includ-
ed solely trials with available IPD, of which some
have not been published yet. Second, the authors
decided to perform one single analysis for both
types of diabetes presenting one single estimate,
which could be the source of considerable hetero-
geneity. Finally, several available studies but with
unavailable IPD were excluded from the analysis.
Although a meta-analysis by Heller et al.** was
based on specific information, which could not be
easily assessed, it provided valuable complemen-
tary and supportive data to our work.

Two milestone prospective diabetes studies,
The UK Prospective Diabetes Study (UKPDS) and
Diabetes Control and Complications Trial (DCCT),
demonstrated that more intensive therapies, al-
though improving glycemic control, are almost in-
evitably associated with an increased risk of se-
vere hypoglycemia.””* More recently, these results
were confirmed by a meta-analysis of 67 RCTs
showing that the degree of HbA, reduction cor-
related with the risk of overall, severe, and noc-
turnal hypoglycemia.*! Therefore, hypoglycemia
is often considered a barrier for effective glycemic
control. Interestingly, our results demonstrated
that IAsp as compared with RHI allows for bet-
ter glycemic control without an increased risk
of hypoglycemia; moreover, a decreased risk of
nocturnal events was observed in the TIDM co-
hort. This phenomenon can probably be attrib-
uted to the favorable pharmacokinetic proper-
ties of IAsp, which provide very short-acting ac-
tivity and, thus, limit the risk of late falls in glu-
cose levels."” IAsp also allows for a more precise
adjustment of the insulin concentration in re-
sponse to an increase in blood glucose levels fol-
lowing daily meal intake, which is reflected in a
higher clinical efficacy with respect to postprandi-
al glucose control. These properties are of clinical
value because postprandial glucose fluctuations
contribute to 52% to 59% of total hyperglycemia
in patients with intensified therapy for T2DM.*

Unlike IAsp, the activity of RHI is still signifi-
cant several hours after the injection, which pre-
disposes a patient to hypoglycemia, particularly
during the night. Nocturnal hypoglycemia is fre-
quent in patients treated with insulin, and al-
though it usually has an asymptomatic course
it may lead to significant clinical consequenc-
es, including sudden death.*34* As reported by
the DCCT trial, 55% of all severe hypoglycemic
events occur during the night.*s Patients who
once experienced nocturnal hypoglycemia tend
to reduce their adherence to insulin treatment or
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even intentionally reduce their insulin dose.*%#’
Therefore, [Asp may provide particular clinical
benefit in patients at risk of nocturnal hypogly-
cemia, especially those with TIDM.

Important limitations of our report include the
low quality of most studies identified within this
systematic review. Some RCTs were only present-
ed in an abstract form without a subsequent pre-
sentation in full-text publications, which limits
the availability of the data required for credibil-
ity assessment.?!253 Between-study variability
in insulin regimen, duration of intervention pe-
riod and study design could also potentially con-
found the results of our meta-analysis. These lim-
itations are inherent problems of most second-
ary studies in diabetes that attempt quantitative
data synthesis; therefore, the results of the cur-
rent and other meta-analyses should be interpret-
ed with caution and revised when new evidence
becomes available.

In summary, IAsp demonstrates better glyce-
mic control with respect to HbA, and prandial
glucose fluctuations compared with RHI in pa-
tients with both TIDM and T2DM receiving a
prandial insulin regimen therapy. Additionally,
IAsp is associated with fewer nocturnal hypogly-
cemic events in the TIDM population and has a
comparable safety profile with respect to severe
hypoglycemia in all patients, regardless of the
type of diabetes mellitus.
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STRESZCZENIE

WPROWADZENIE Insulina positkowa stanowi kluczowg komponente insulinoterapii w cukrzycy typu 1
(type 1 diabetes mellitus — TIDM) i u wielu pacjentéw z cukrzycy typu 2 (type 2 diabetes mellitus —
T2DM). Dane oparte na dowodach naukowych wspierajgce wybor preparatu insulinowego sg w dalszym
ciagu nieliczne.

CELE Przeprowadzili$my przeglad systematyczny w celu podsumowania i aktualizacji dowodéw nau-
kowych dotyczacych wzglednej skutecznosci i bezpieczenstwa stosowania insuliny aspart (IAsp) oraz
insuliny ludzkiej (regular human insulin — RHI) w obydwu typach cukrzycy.

METODY Randomizowane badania kliniczne poréwnujace |Asp z RHI u pacjentéw z T1DM lub T2DM
przeprowadzone w okresie do maja 2013 roku znaleziono w ramach przeszukiwania systematycznego
baz MEDLINE, EMBASE i Cochrane Library.

WYNIKI  Z 16 znalezionych badan 11 dotyczyto pacjentéw z T1DM, a 5 — pacjentéw z T2DM. W populaciji
zT1DM IAsp w poréwnaniu z RHI zapewniat wigksza redukcje poziomu HbA, _ (réznica $rednich wazonych
[weighted mean difference — WMD] -0,11%; 95% Cl: od —0,16 do —0,05; WMD -1,2 mmol/mol; 95%
Cl od -1,7 do —-0,5) i lepszy poziom glikemii popositkowej mierzony po: $niadaniu (WMD —1,40 mmol/I;
95% Cl: od 1,72 do —1,07), obiedzie (WMD -1,01 mmol/I; 95% CI: od 1,61 do —0,41]) i kolacji (WMD
—0,89 mmol/l; 95% CI: od —1,19 do —0,59). Ryzyko nocnej hipoglikemii byto nizsze u pacjentéw z T1DM
otrzymujacych lAsp (RR 0,76; 95% Cl: 0,6-0,91), natomiast w przypadku cigzkiej hipoglikemii nie ob-
serwowano réznic pomiedzy grupami. U pacjentéw z T2DM stosowanie |Asp prowadzito do wigkszej
redukcji poziomu HbA, . (WMD -0,22%; 95% Cl: od -0,39 do —-0,05; WMD —2,4 mmol/mol; 95% CI: od 4,3
do -0,5) oraz glikemii popositkowej. Ryzyko wystapienia hipoglikemii ogdtem oraz powaznych zdarzen
niepozadanych byto poréwnywalne w obu badanych grupach.

WNIoskl W poréwnaniu z RHI IAsp zapewnia lepszg kontrole glikemii u chorych z T1DM oraz T2DM.
Mniej pacjentéw z T1DM leczonych IAsp do$wiadczato hipoglikemii nocnych, podczas gdy w przypadku
obu interwencji ryzyko cigzkiej hipoglikemii byto poréwnywalne dla obu typéw cukrzycy.
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