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ABSTRACT

Background Ranolazine is an antianginal drug reported
to have hypoglycaemic effects.

Objectives To assess the effect of ranolazine versus
placebo on glycaemic control for adults with and without
diabetes.

Methods A systematic search of seven databases was
conducted to identify all randomised controlled trials

that compared the effect of ranolazine versus placebo on
haemoglobin A1c (HbA1c) and/or fasting plasma glucose
(FPG) and/or incidence of hypoglycaemia. We used mean
differences in HbA1c and FPG to express intervention
effect estimates and analysed the data with random-
effects model for meta-analyses using Revman 5.3.
Results We identified seven trials including 6543 subjects
to assess the effect of ranolazine on HbA1c and/or FPG.
A separate trial that included 944 subjects was included
to assess the effect of ranolazine on hypoglycaemia.

The change in HbA1c for all patients was —0.36% (95%
Cl —0.57% to —0.15%; p=0.0004, [>=78%). In patients
with diabetes, the change in HbA1c was —0.41% (95%
Cl —0.58% to —0.25%; p<0.00001, ’>=65%). There was
no significant difference in FPG between ranolazine and
placebo groups (—2.58 mmol/L, 95% Cl —7.02 to 1.85;
p=0.25; 1?>=49%) or incidence of hypoglycaemia between
ranolazine and placebo groups (OR 1.70, 95% Cl 0.89 to
3.26; p=0.61, I>=0%).

Conclusions Our meta-analytic findings support the fact
that ranolazine improves HbA1c without increasing the risk
of hypoglycaemia. It therefore has a potential of having
an additional benefit of improving glycaemic control in
patients with chronic stable angina and diabetes.

INTRODUCTION

Ranolazine, a piperazine derivative, is a
first-in-class antianginal agent that works by
reducing late inward sodium current (Ip_\m) in
cardiomyocytes without any impact on heart
rate or blood pressure.' I \. is responsible for
sodium influx, which subsequently leads to
increased sarcoplasmic calcium content. Its
activity is enhanced in ischaemic myocardium
and heart failure.' ® In ischaemic myocardium,
increased sarcoplasmic calcium content leads
to impaired diastolic relaxation, increased
ventricular wall stress and end-diastolic
pressure.” Reducing I\ therefore should

Key questions

What is already known about this subject?

» Ranolazine is a known antianginal agent that is
reported to have glucose-lowering effect. A review
article on ranolazine and its antiglycaemic effects
has been published by Greiner et al. This study had
individually reviewed four published trials and three
unpublished trials and concluded that ranolazine
therapy may decrease HbA1C among patients with
type 2 diabetes only without an increase in hypogly-
cemia. However, it did not undertake any statistical
analysis to estimate the glucose-lowering effect of
ranolazine or attempt to analyse all the available
segments of blood glucose lowering (HbA1c, fasting
plasma glucose and risk of hypoglycaemia).

What does this study add?

» We have carried out a meta-analysis on seven pub-
lished trials that studied the effect of ranolazine on
HbA1c, fasting plasma glucose and risk of hypogly-
caemia with ranolazine in patients with and without
type 2 diabetes. This meta-analysis has provided a
qualitative review on each randomised controlled
trial and given a quantitative effect of ranolazine on
HbA1c, fasting plasma glucose and risk of hypogly-
caemia in both patient groups.

How might this impact on clinical practice?

» Ranolazine has been proven to be an effective
antianginal agent. It is useful to understand its
glucose-lowering effect as more than half of the
patients with ischaemic heart disease are found to
have abnormal glucose metabolism. The informa-
tion from this meta-analysis will improve clinicians'
understanding about this drug and thereby facilitate
decision making. As diabetes is a known risk factor
for coronary artery disease, a dual antianginal and
glucose-lowering effect, without increase in risk of
hypoglycaemia, would be valuable for this patient
population who already have diabetes or are at risk
of developing it.

lead to a reduction in cardiac ischaemia.
Randomised controlled trials (RCTs) with
ranolazine has demonstrated its effectiveness
in treating chronic angina both as mono-
therapy® and in combination with commonly
prescribed cardiovascular drugs.” ® By its
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novel mechanism, it improves symptoms of angina but
does not affect cardiovascular or all cause mortality.”

Post hoc analysis of clinical trials in chronic angina
demonstrated that ranolazine was associated with signifi-
cant reductions in glycaemia. Combination Assessment of
Ranolazine In Stable Angina (CARISA) trial showed that
ranolazine lowered HbAlc among patients with chronic
angina and diabetes, in a dose-dependent manner. In
Metabolic Efficiency With Ranolazine for less Ischemia in
Non-ST-Elevation Acute Coronary Syndromes (MERLIN-
TIMI-36) trial, ranolazine lowered HbAlc in subjects with
diabetes and reduced the incidence of newly elevated
HbAlc in initially normoglycaemic subjects. There have
been few studies that investigated the effect of ranolazine
on glycaemia. Besides, the population size in the studies
were small. Despite some evidence showing reduction
in glycaemic indices (HbAlc or fasting plasma glucose
(FPG)), the extent of this improvement or the impact on
hypoglycaemia was not clear.

We, therefore, proposed to perform a meta-analysis
of RCTs with ranolazine, which had reported glycaemic
measures before and after the trial, to assess its impact
on glycaemia and hypoglycaemia in patients with and
without diabetes. Our hypothesis was that ranolazine
reduces glycaemia, expressed as HbAlc and FPG, without
any increase in hypoglycaemia incidence among patients
with and without diabetes.

METHOD

Identification and selection of studies

We searched the MEDLINE (from 1985 to August 2016),
Embase (1974 to 2016Week 33), Cochrane Central
Register of Controlled Trials (CENTRAL) (August 2016),
Clinicaltrials.gov (August 2016), European (EU) Clin-
ical Trials register (August 2016) and Google Scholar
(September 2016).

Two separate searches were conducted. First search was
conducted using terms including ‘ranolazine’, ‘diabetes’,
‘HbAlc’ and ‘trial’ to identify RCTs that studied the effect
of ranolazine on HbAlc (online supplementary figure
S1). Second search was conducted using terms ‘ranola-
zine’, ‘diabetes’, ‘fasting plasma glucose’ or ‘fasting
glucose’ and ‘trial’ to locate RCTs that studied the effect
of ranolazine on FPG (online supplementary figure S2).
These searches were repeated to confirm their repeat-
ability at the time of their inclusion into the meta-analysis.

We included patients of any adult age (18+ years), and
either sex, with and without diabetes. To be eligible for
inclusion, a study must satisfy the following criteria:

a. It should be an RCT or post hoc analyses of an RCT.

b. Studies should have reported baseline and post-treat-
ment HbAlc and/or FPG.

c. Duration of follow-up should be at least 8 weeks.

d. The study must have compared data for ranolazine to
placebo instead of another oral hypoglycaemic agent.

We identified seven trials that included 6543 subjects
between them (online supplementary figure S1) to assess

the effect of ranolazine on HbAlc (in %, Diabetes Control
and Complications Trial (DCCT) aligned method) and/
or FPG (in mmol/L). The demographic details of the
study participants are summarised in online supplemen-
tary table S1, and concomitant antidiabetic medications
used in patients with diabetes in these trials are detailed
in online supplementary table S2. Six of these seven trials
except Budania et al’ , which did not include data on
HbAlc, were included in meta-analysis of effect of ranola-
zine on HbAlc. Six of these seven trials except Morrow et
al, which did not include data on FPG, were included in
meta-analysis of effect of ranolazine on FPG.

We had identified one other trial (Kosiborod et al)
that had provided information on incidence of hypo-
glycaemia without studying post-treatment changes of
patients’ HbAlc or FPG.” This trial has been included in
the meta-analysis for incidence of hypoglycaemia only.

Table 1 summarises the participants, intervention and
duration of treatment of included trials. The details of
their diabetes state is summarised in table 2.

Outcome measures

Our outcome measures were:

a. Post-treatment changes of HbAlc from baseline in all
patients and among patients with diabetes.

b. Post-treatment changes of FPG from baseline in pa-
tients with diabetes only, as none of the trials had
provided data for change in FPG for patients without
diabetes.

c. Estimate the proportion of subjects developing ad-
verse effects as hypoglycaemia, which could contribute
towards reduction of HbAlc as reported in these trials.

We used mean differences in (in %, DCCT aligned
method) and FPG (in mmol/L) to express intervention
effect estimates. We used OR to assess intervention effect
estimates for incidence of hypoglycaemia.

Data extraction
One author extracted data from studies and another
author independently checked the data.

Statistical analysis
Study data were analysed using Revman 5.3."" The
primary analysis for RCTs was considered separately,
while a meta-analysis of all studies was also performed.
A preliminary assessment of the degree of heterogeneity
between study results was obtained by calculating the I*
statistic. Random effects model was used for all analyses.
The mean differences in HbAlc before and after inter-
vention were analysed using weighted mean differences.
We derived SE of the mean difference, when this statistic
was not reported in the trial.'' As the trial described in
Timmis et al'® was a three-armed trial comparing placebo
to ranolazine 750 mg BD and ranolazine 1000 mg BD, we
have combined the ranolazine 750 mg BD and ranolazine
1000mg BD patient groups as one group for our statis-
tical analysis.
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Meta-analysis

Table 1 Participants, intervention and duration of treatment
Duration of
Study, year Participants Intervention treatment
Budania et al,® 2013 Patients with documented history of Patients randomised to placebo or ranolazine 500 mg 8weeks
both type 2 diabetes and coronary artery  twice daily.
disease.
Eckel et al,'® 2015 Patients with established type 2 diabetes, Patients randomised to placebo or ranolazine 500 mg 24 weeks
HbA1c 7%-10% and FPG 130-240 mg/ twice daily for 7 days followed by 1000 mg twice daily.
dL, and treatment naive or washed off all
antidiabetic therapy.
Kipnes et al,'® 2011 Patients with type 2 diabetes, HbA1c 7%— Patient randomised to placebo or ranolazine 1000 mg 12 weeks
11%, on non-insulin medical therapy. twice daily.
Kosiborod et al,® 2013 Patients with type 2 diabetes, coronary Patients were randomised to placebo or ranolazine 500mg 8weeks
artery disease and stable angina treated ~ or 1000 mg twice daily.
with 1-2 antianginals.
Morrow et al,' 2009 Post hoc analysis of MERTIN-TIMI-36 Patients randomised to placebo or ranolazine as in 17 weeks
trial, which recruited patients with non-ST intravenous infusion and followed by oral dose of 1000 mg
elevation acute coronary syndrome. twice daily.
Pettus et al, 2015 — Patients with type 2 diabetes who have Patients went through a stabilisation period of 2 weeks or 24 weeks
glimepiride add-on study been on sulphonylureas. Glycaemic 8weeks on glimepiride (4 mg/day) and then randomised
inclusion criteria included HbA1c to placebo or ranolazine in addition to this background
7%—9.5% and FPG 7.2—13.3 mmol/L glimepiride therapy.
(130-240 mg/dL). Ranolazine started at 500 mg twice daily, and then up
titrated to 1000 mg twice daily after 7 days. Patients were
permitted to down titrate to 500 mg (or matched placebo)
for intolerability.
Pettus et al, 2015 — Patients with type 2 diabetes who have Patients went through 8-week stabilisation period, 24 weeks
metformin add-on study been on metformin. Glycaemic inclusion during which metformin was titrated to 2000 mg/day.
criteria included HbA1c 7%—-9.5%and FPG  Patients randomised to ranolazine had their metformin
7.2-13.3mmol/L (130-240 mg/dL). dose reduced to 500 mg twice daily to avoid increased
metformin exposure in ranolazine group as ranolazine
100 mg twice daily increases serum levels of metformin
by 1.7-fold.
Timmis et al, 2005 Post hoc analysis of CARISA trial, which Patients randomised to placebo, ranolazine 750 mg twice 12 weeks

recruited patients with chronic angina
and documented coronary artery disease.
Study has explored post-treatment HbA1c
change in patients with diabetes only.

Study provided data for post-treatment FPG

change in both diabetic and non-patients
with diabetes.

daily or ranolazine 1000 mg twice daily.

FPG, fasting plasma glucose.

We compared the incidence of hypoglycaemia in
subjects treated with ranolazine to placebo. We used a
random-effects model for meta-analysis, considering the
heterogeneity of various studies.

Other statistical analyses were performed using SPSS
V.23.0.

RESULTS

Study selection

A literature search conducted in September 2016 iden-
tified 73 records that potentially explored the effects
of ranolazine on HbAlc. Twenty-eight duplicates, 22
records that are not RCTs and 15 records that are not
relevant have been excluded. One study” has been

excluded as it performed post hoc analysis on the same
population as another study,' which was included in
our meta-analysis. The latter was selected as it provided
more comprehensive data and included patients without
diabetes. One study' has been excluded as it compared
ranolazine with trimetazidine, as the latter is known to
have significant impact on glucose metabolism,'® instead
of placebo. Budania et al’ has also been excluded from
this meta-analysis as it had not explored HbAlc changes
in subjects. Therefore, five studies, including six trials,
have been selected to enter meta-analysis to study effect
of ranolazine on HbAlc. Excluded studies are shown in
online supplementary table S3.
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Table 2 Baseline mean HbA1c, baseline mean fasting plasma glucose (FPG), percentage of known diabetes and diabetes

duration
Baseline mean Baseline mean FPG Percentage of Diabetes
Study, year Study group HbA1 (%) (mmol/L) known diabetes duration (year)
Budania et a/,® 2013 Ranolazine n/a 7.8 100 n/a
Placebo n/a 7.2 100 n/a
Eckel et al,'® 2015 Ranolazine 8.1 9.6 100 3
Placebo 8.0 9.6 100 3
Kipnes et al, '° 2011 Ranolazine 8.4 8.6 100 8.7
Placebo 8.5 9.6 100 9.7
Kosiborod et al,® 2013 Ranolazine 7.3 100 7.2
Placebo 7.3 100 7.7
Morrow et al, 2009 Ranolazine 6.2 (all) n/a 33.1 n/a
7.5 (diabetic)
Placebo 6.2 (all) n/a 8518 n/a
7.5 (diabetic)
Pettus et al, 2015 — Ranolazine 9.8 9.8 100 71
glimepiride add-on Study Placebo 9.8 9.8 100 7
Pettus et al, 2015 — Ranolazine 9.4 9.4 100 6.4
TEETMECSIELY iy 9.4 9.4 100 6.7
Timmis et al, 2005 Ranolazine 1000 mg 7.92 9.2 (n=57, diabetic) 100 n/a
twice daily
Ranolazine 750 mg 7.65 9.4 (n=63, diabetic) 100 n/a
twice daily
Placebo 7.46 9.9 (n=49, diabetic) 100 n/a

Another literature search conducted in September
2016 identified 48 records that potentially investigated
the effects of ranolazine on FPG. Twenty-two dupli-
cates, 16 non-RCTs and 15 non-relevant records were
removed. Chisholm et al® and Sandhiya et al'” have been
excluded due to reasons explained above. Timmis et al'”
and Morrow et al'* have also been excluded, as they did
not include enough data on post-treatment FPG to be
included into our meta-analysis. Six trials therefore have
been selected to enter meta-analysis to explore effect of
ranolazine on FPG.

Only five RCTs provided data on incidence of hypogly-
caemia when treated with ranolazine or placebo (Eckel
et al,'® Kipnes et al,' Pettus et al — glimepiride add-on
(GAO) study,20 Pettus et al — metformin add-on (MAO)
study” and Kosiborod et al’). All these trials included
patients with diabetes. Among trials that included
patients without diabetes, there were no reporting of
hypoglycaemia in their publications. The outcome
measures from different trials are summarised in online
supplementary table S4.

Post-treatment change from baseline HbA1c

Six trials provided data on the effect of ranolazine on
HbAlc for patients with and without diabetes. All but
one trial (Pettus et al - MAO study) showed outcome
that favours ranolazine over placebo in reducing
subjects’ HbAlc level. Meta-analysis shows that there

was a statistically significant reduction of 0.36% (95%
CI -0.57% to -0.15%; p=0.0004, I’=78%) in HbAlc
for ranolazine-treated group compared with placebo
(figure 1A).

Meta-analysis in patients with diabetes revealed that
mean difference of HbAlc postranolazine treatment
was 0.41% (95% CI -0.58% to -0.25%, p<0.00001,
I’=65%) compared with placebo. The effect size was
bigger in patients with diabetes compared with groups
that included both patients with and without diabetes
(figure 1B).

Heterogeneity in these two meta-analyses (I’=78% in
meta-analysis including both patients with and without
diabetes, and I°=65% in meta-analysis including patients
with diabetes only) was mainly attributed to one trial
(Pettus et al—- MAO study). After exclusion of Pettus et al—
MAO study, meta-analysis of remaining five trials demon-
strated that mean HbAlc change was -0.46% (95% CI
-0.53% to -0.39%, p<0.00001, I’=0%) in favour of ranola-
zine (figure 1C).

We also analysed the relationship of change in HbAlc
with the duration of the studies. There was no significant
correlation between these two parameters (Spearman’s
‘1'=0.463; p=0.355).

Post-treatment change from baseline FPG
Meta-analysis of mean difference in FPG post-treatment
was carried out for patients with diabetes only as no trial
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Ranolazine Contred Mean Dfference Mean Difference
Study or Ssbgroup Mean SO Totad Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% C1
Ecienl 2015 076 L11 199 <02 0073 195 22.7% -0.56(-0.71,-0.41) -
Kipnes 2011 061 047 35 -008 09 41 136% -0.53(-092,-0.14)
Morrow 2009 - alpatents -0.3 148 2441 -0.04 149 2477 24.9% -0.26[-0.34,-0.18) -
Pemus 2016 - ghmepiride 017 235 215 0S5 235 216 119% -033(-0.77,0.11) e —e——
Pettus 2016 - metformin 028 252 20 -0.06 253 222 1L1% 034[-0.13,081) T —
Timans 2005 -061 089 94 -002 085 37 158% -0.59(-0.92,-0.26) ——
Total (35% CO 3208 3188 100.0% -0.36[-0.57, -0.15) B
Heterogeneity. Taw" « 0,04, 0 « 22.46,df « § (P « 0.0004). I' « 78% -Ql _°¢5 6 oﬁs I
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A
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Teoaal (95% CD 1474 1481 100.0% -041(-058, -029) B
Meterogenely Taw' « 0.02, On' « 1433, df S P « 0.01), 7 « 65% X s 3 o's {
Test for overal effect 2 = 481 @ < 0,00001) Favoors (aadzine] Favecrs [ohcedol
B
Ranciazine Placebo Mean Difference Mean Difference
Study e¢ Sudgrovp Mean SO Totd Mean SO Tewal Weight IV, Random, 95% CI IV, Random, 95% C1
Eckel 2015 076 111 199 02 0073 195 20.2% -0.6[-0.71, -0.41) g
Kipoes 2011 061 087 39 008 09 41 32% -0.53[-092.-0.14)
Morrow 2009 - dabetc patents -064 08 707 -022 083 770 69.7% -0.42[-0.50, -0.34) : 3
Petus 2016 - ghmepiride 017 235 215 05 235 216 2.4% -033[-077,011) -
Timmg 2008 <061 089 54 002 085 37 4% -059[-092.-0.0§)
Total (95% CO 1254 1259 100.0% -046(-053,-0.39) @
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Test for overal eflect 2 = 12.91 P < 0.00001) Favours [ramolarine] Favours [plcesol
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Figure 1
with diabetes (Pettus -et al metformin add-on trial excluded).

had provided data on change of FPG for patients without
diabetes. There was no statistically significant difference
in FPG between ranolazine and placebo groups (mean
difference —2.58 mmol/L in favour of ranolazine, 95% CI
7.02 to 1.85, p=0.25; ’=49%; six trials) (figure 2).

Incidence of hypoglycaemia

We also performed meta-analysis on hypoglycaemia inci-
dence for all subjects from five trials (Eckel et al,'® Kipnes
et al', Pettus et al’ — GAO study, Pettus et al” —~MAO study
and Kosiborod et al’) that provided these data. There was
no significant difference in hypoglycaemia incidence
between ranolazine and placebo group (OR 1.70, 95% CI
0.89 to 3.26, p=0.61; five trials) (figure 3).

(A) Change in HbA1c for all patients. (B) Change in HbA1c in patients with diabetes. (C) Change in HbA1c in patients

Publication bias

Overall, there is low or unclear risk of publication bias.
There is low risk for random sequence generation as all
studies described their subjects being assigned to groups
in a random fashion. There is, however, unclear risk for
allocation concealment for all studies as there was insuf-
ficient description on methods of concealment. There is
high risk of performance and detection bias in Budania
et al’ as it was an open-labelled trial. Eckel et al'® and
Timmis et al were deemed to be at high risk of reporting
bias as they did not use intention-to-treat analysis.
Summary data on the risk of bias can be found in online
supplementary table S5.

Ranolazine Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Budania 2013 -6.02 1694 38 0.17 1264 38 19.8% -6.19(-12.91,0.53) S |
Eckel 2015 -6 3649 197 2 3731 191 18.2% -8.00(-15.35, -0.65)
Kipnes 2011 2 45026 39 45 4373 41 4.5% -2.50(-21.96, 16.96)
Pettus 2016 - gimepiride  3.06 45.23 215 9 4233 216 16.1% -5.94(-14.21,2.33) _—
Pettus 2016 - metformin 5.04 4539 220 -1.08 4559 222 15.6% 6.12(-2.36, 14.60) T I —
Timmis 2005 1.7 32,85 489 0.883 2894 235 25.8% 0.82 (-3.89, 5.53) -
Total (95% CI) 1198 943 100.0%  -2.58 [-7.02, 1.85) i~
Heterogeneity: Tau® = 14.09; Ch¥ = 9.81, df = 5 (P = 0.08); I’ = 49% _2=° _150 )

Test for overall effect Z « 1.14 (P = 0.25)

Figure 2 Change in fasting plasma glucose in patients with diabetes.
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Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Eckel 2015 4 232 0 232 4.9% 9.16 [0.49, 171.06) -
Kipnes 2011 “ 39 3 41 17.2% 1.45[0.30, 6.93) ——
Kosiborod 2013 3 470 0 474 4.8% 7.10(0.37, 137.93) -
Pettus 2016 - Climepiride 13 215 10 216 S8.7% 1.33(0.57, 3.09) ~-—
Pettus 2016 - Metformin 4 220 2 220 14.4% 2.02(0.37,11.14) —
Total (95% CI) 1176 1183 100.0% 1.70 [0.89, 3.26]) -
Total events 28 15

g ? - - - ? - 5 + + 4
Heterogeneity. Tau® = 0.00; Chi 267,df = 4 (P = 0.61)1 0% 0.001 o 10 1000

Test for overall effect Z = 1.61 (P = 0.11)

Favours [ranolazine] Favours [control)

Figure 3 ORs of incidence of hypoglycaemia in patients treated with ranolazine.

Funnel plot was not generated from this meta-analysis
due to the small number of studies included here."'

DISCUSSION

Ranolazine is one of the novel antianginal drugs, which is
reported to improve glycaemic state. We included seven
RCTs with 6543 subjects in this meta-analysis to investi-
gate the magnitude of glycaemic change by this drug with
a follow-up duration of a minimum of 8 weeks. HbAlcis a
measure of average glycaemia over along period of time. It
has been traditionally thought to reflect the average over
previous 12 weeks following the theoretical modelling by
Beach.”! A recent article found that following interven-
tion, HbAlc values plateaued by 4weeks.”? We therefore
included studies with a minimum of 8 weeks follow-up
period to reflect any stabilised change in glycaemia and
to maximise the number of trials in this meta-analysis, as
the total number of clinical trials to be included were very
small. We ran three different meta-analysis: one to esti-
mate the impact on HbAlc, second to estimate the effect
on FPG and the third was to estimate the risk of hypogly-
caemia among patients treated with this drug.

In Pettus et al — MAO study, patients randomised to
ranolazine had their metformin dose reduced to 1000 mg/
day, whereas the placebo group continued to take
metformin at 2000 mg/day. Their rationale was to avoid
increased metformin exposure in the ranolazine group
as previous studies had shown ranolazine 1000 mg twice
daily to increase serum levels of metformin by 1.7-fold via

inhibition of organic cation transporter.23 However, this
precaution was not carried out in any other trials even
when subjects received concomitant metformin. The
reason that Pettus et al — MAO study produced a result
that favours the placebo could potentially be attributed
to this dose reduction.

The addition of ranolazine to the treatment of people
with diabetes led to reduction in glycaemia. This effect
was observed in both meta-analysis performed on trials
including patients with and without diabetes and trials
including patients with diabetes only. A greater reduction
in HbAlc was observed in patients with diabetes. There
was, however, no significant reduction in FPG for ranola-
zine-treated patients in relative to placebo. This would
suggest that the improvement in overall glycaemia was
due to an improved profile of postprandial glycaemia,
rather than fasting glycaemia. In addition, there was no
increased risk of hypoglycaemia in ranolazine-treated
patients compared with placebo among patients with
diabetes: which was the group where these data were
reported among the clinical trials. Figure 4 summarises
how ranolazine induced change in glycaemia and its
components.

FPG is managed by control of glycogenolysis, while
postprandial glucose control is controlled by nutrient-in-
duced insulin response. At a molecular level, ranolazine
potentially targets either nutrient-induced insulin secre-
tion pathway or influencing GLUT receptors that influ-
ence glucose transport into the cells. There have been

[ A
Ranolazine therapy
-
[ A |
-
Improvement in HbAlc
(significant change)
-
[ ]
N ( A} A}
Change in Fasting Change in Post- Change in
plasma glucose (not prandial plasma hypoglycaemia (not
significant) glucose (not reported) significant)

Figure 4 Summary of ranolazine induced change in glycaemia and its common components.
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various postulates proposed to explain the glycaemic
improvement in patients treated with ranolazine.

Ranolazine treatment leads to improvement in beta-
cell function of the islets. This has been demonstrated
when ranolazine 20 mg/kg twice daily, administered for 8
weeks to mice with streptozotocin-induced diabetes, led to
reduced fasting glucose and HbAlc in ranolazine-treated
group than vehicle group. Ranolazine-treated mice had
healthier islet morphology and significantly higher beta-
cell mass compared with the vehicle group. Ranolazine
also increased glucose-stimulated insulin secretion in
rat and human islets in a glucose-dependent manner.**
A pilot study of 40 patients without diabetes found the
group randomised to use ranolazine had a reduction in
HOMA-B over a 12-week period, when compared with
the placebo arm.” These findings suggest that ranola-
zine may work as a glucose-lowering agent by causing
beta-cell preservation and enhancing insulin secretion
in a glucose-dependent manner. This would also explain
the lack of increased risk of hypoglycaemia in patients
treated with ranolazine.

Ranolazine works as a sodium channel blocker to exert
its antianginal effect. Recent studies have found that
glucagon release in human pancreatic islets is mediated
by the Navl.3 isoform.*® In animal models of diabetes,
ranolazine and a more selective sodium channel
blocker reduced postprandial and basal glucagon levels,
leading to reduction in hyperglycaemia, confirming that
glucose-lowering effects of ranolazine could be medi-
ated by blockade of sodium channels in the pancre-
atic alpha-cells.”” However, Dhalla et al have suggested
that ranolazine and a more selective sodium channel
blocker reduced postprandial and basal glucagon levels,
leading to reduction in hyperglycaemia, suggesting that
glucose-lowering effects of ranolazine may be due to the
blockade of sodium channels leading to reduction in
glucagon secretion.”’

Skeletal muscle vasodilatation by ranolazine is medi-
ated via non-endothelium-mediated mechanisms® and
weak o-agonist action.”” These vasodilatory effects are
postulated to increase delivery of glucose and insulin to
skeletal myocytes and thereby increase glucose uptake
and metabolism by skeletal muscles and thereby reduce
overall glycaemic load.

The statistically insignificant relationship of change in
HbAlc with the duration of the studies could be due the
small number of studies currently available. A large study
with a decent duration of median follow-up period will be
able to address this question.

Limitation of this meta-analysis

This meta-analysis has several limitations. There are
only a small number of trials currently available as the
glycaemic benefits of ranolazine had not been evalu-
ated in all clinical trials and there is no clinical trial
that has specifically investigated glucose lowering as
its primary outcome. The validity of this meta-analysis
is also hindered by the disparate nature of the studies.

Characteristics of study population are variable. Most
patients are taking different regimen of antidiabetic
medications, except Pettus et al’ — GAO study and
Pettus et al”® — MAO study. In Pettus et a”® — GAO study,
all patients were on sulphonylurea, whereas in Pettus
et al® — MAO study, all patients were on metformin but
none used any sulphonylurea. One of the trials (Morrow
et al) included patients with type 1 and 2 diabetes who
have quite different pathophysiological mechanisms of
insulin response. Mean duration of diabetes among the
trial participants also varied, possibly due to inclusion
of patients with type 1 diabetes in Morrow et al as its
diabetes duration is significantly longer compared with
other trials. Duration of treatment in these trials varied
from 8 weeks to 24 weeks. The minimum trial duration
of 8weeks may not be long enough to assess the effect
on HbAlc properly. Study with shorter duration tends to
suggest a bigger HbAlc improvement with ranolazine. A
bigger number of trials with longer study duration would
be useful in investigating the long-term antidiabetic effect
of ranolazine.

Timmis et al extracted data from the CARISA trial
database as a post hoc analysis. They did not explain the
dropout rate among the participants. Therefore, this is
likely to provide us a biased result of the efficacy of ranola-
zine as subjects who dropped out have not been included
in their statistical analysis. The data for this meta-analysis
came only from published trials so there is a potential for
publication bias.

SUMMARY

There is significant evidence from this meta-analysis
to suggest that ranolazine may improve glycaemia in
patients with diabetes with a low concomitant risk of
hypoglycaemia. It is likely that it can be used safely
with other hypoglycaemic agents. Ranolazine, an agent
approved for chronic angina management, has also
been established to have a good cardiovascular profile.
As patients are commonly concomitantly affected by
diabetes and ischaemic heart disease, ranolazine can
prove to be a valuable option for this patient population.
However, well-designed studies are needed to explore the
glycaemic effect of ranolazine in comparison with other
hypoglycaemic agents. More studies will also be needed
to explore effect of ranolazine with coadministration of
ranolazine with other antidiabetic agents.
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