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ABSTRACT

Ranolazine is an anti-anginal drug that mediates its effects by inhibition of cardiac late sodium current. Although it is
not indicated for the treatment of type 2 diabetes mellitus (T2DM), several clinical trials have shown that ranolazine
was associated with a reduction in HbAlc. The objective of this meta-analysis is to determine the efficacy and safety
of ranolazine in improving glycemic control in patients with T2DM. A total of five randomized controlled trials
involving 2,680 patients were included in the analysis. The pooled analysis showed that ranolazine may improve
glycemic control with a modest decrease in HobAlc and FBS. The difference in HbAlc was -0.38% (95% CI -0.59 to -
0.17), favoring ranolazine. Sensitivity analysis showed a difference of HbAlc of -0.49% (CI -0.67, -0.31), still
favoring the ranolazine group. There was also a statistically significant difference in fasting glucagon, favoring the
ranolazine group (-2.70 pg/ml: 95% CI -5.24 to -0.16). The risk of hypoglycemia with ranolazine was comparable
with placebo (RR 1.27 95% CI 0.84 to 1.91). Overall, ranolazine appears to be a safe and effective option for
improving glycemic control in patients with T2DM, with a modest decrease in HbAlc and FBS, and a lower risk of
hypoglycemia compared to placebo. However, further studies are needed to confirm these findings and to investigate
the long-term safety and efficacy of ranolazine in this patient population.
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INTRODUCTION

Diabetes mellitus (DM) has long been recognized as an
independent risk factor for the development of
cardiovascular disease (CVD) events.! The American
diabetes association reported that from 2003 to 2006,
CVD death rates were about 1.7 times higher among
adults aged 18 years and above who are diagnosed with
diabetes compared to adults who are not.? In fact, DM
was classified as a coronary heart disease equivalent by
the expert panel on detection, evaluation, and treatment
of high blood cholesterol in adults (Adult treatment panel
I11) of the national cholesterol education program.®

Studies have shown that the presence of T2DM is linked
with poorer prognosis in patients with coronary artery
disease (CAD).*° Hence, it may be advantageous to have
a drug that targets both DM and CAD.

Ranolazine, a piperazine derivative, is a novel anti-
anginal drug that exerts its effect by inhibiting the late
sodium current through blockade of the cardiac isoform
of the sodium channel, Na,1.5.% It reduces intracellular
calcium overload during ischemia and has no negative
inotropic, chronotropic, or dromotropic effect, hence, has
been considered as safe and effective for the management
of patients with chronic stable angina.” In addition to its
effects on angina, post hoc subgroup analysis from two
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clinical trials (CARISA study and MERLIN-TIMI 36
trial) have shown that ranolazine is associated with
significant reductions in HbAlc in subjects with chronic
angina and DM.%8 In a study involving streptozotocin-
treated mice, ranolazine 20 mg/kg per day was reported
to lower fasting and non-fasting glucose levels and
preserve pancreatic B cells.® A recent preclinical trial has
shown that ranolazine inhibits glucagon secretion by
blocking the Na,1.3 isoform of sodium channels in
pancreatic a-cells in animal models of diabetes.
Considering that increases in glucagon secretion by
pancreatic a-cells and failure of glucagon suppression
following oral glucose are well reported in T2DM, these
data indicate a possible mechanism as anti-diabetic of
ranolazine. Thus, the aim of this meta-analysis is to
identify and critically appraise clinical trials in terms of
the efficacy of ranolazine on glycemic markers.

Research question

Among adult patients with T2DM, how effective is
ranolazine in improving glycemic control?

Obijectives
General objective

General objectives were to determine the efficacy of
ranolazine in improving glycemic control in patients with
T2DM.

Specific objectives

Specifically, the study aims to determine the efficacy of
ranolazine in improving glycemic parameters (FPG,
fasting glucagon, fasting insulin, and fasting C-peptide)
in patients with T2DM. It also aims to determine the
safety of ranolazine in terms of the incidence of
hypoglycemic events.

METHODS
Types of studies

Randomized clinical trials (RCTs) that have a quality
scale of A-B were included in this meta-analysis.

Types of participants

Subjects included in the studies were analyzed according
to the following inclusion criteria: adult patients more
than 18 years of age with T2DM, with or without history
of CAD. Exclusion criteria included the following: type 1
DM, estimated glomerular filtration rate <30 ml/min/1.73
m?and previous ranolazine treatment.

Types of interventions

Administration of ranolazine at any determined dose and
duration of treatment in a blinded fashion versus placebo.

Types of outcome measures

Primary efficacy outcome measures include the change in
mean HbAlc, fasting plasma glucose (FPG), fasting
glucagon, fasting insulin, and fasting C-peptide from
baseline. The primary safety outcome parameter was
hypoglycemic events.

Data sources and searches

Two authors independently searched for clinical trials in
PubMed, Cochrane Library, Science Direct, and Google
Scholar for the terms “ranolazine”, “RS 43285-193%
“T2DM”, “glycohemoglobin”, and “HbAlc”, last June
30, 2017. The search strategy comprised both indexing
terms and synonyms derived using Medical Subject
Heading (MeSH). The search strategy was adapted for
each of the other databases. Additionally, a bibliography
search was conducted.

Study selection

Two authors independently reviewed titles and abstracts
of all retrieved studies to identify relevant trials for
inclusion. Included clinical trials that investigated the
efficacy of ranolazine on improving glycemic markers
versus placebo carried out in adults with T2DM
(according to the American Diabetes Association
classification), in either gender; age greater than 18 years,
and with no limitation as to follow up the length, sample
size, race or nationality. Case reports, editorials, letters to
the editors, trials enrolling only non-diabetics, or subjects
younger than 18 years were excluded.

Data extraction and quality assessment

The quality of randomized controlled trials was assessed
following recommendations as described in the cochrane
risk of bias tool (Modified) for quality assessment of
randomized controlled trials. These recommendations
include randomization, allocation concealment, blinding
of participants, personnel, and outcome assessors,
incomplete outcome data, selective outcome reporting,
and other sources of bias.

Data synthesis and analysis

All outcomes were pooled using the RevMan 5.3
software developed by the Cochrane collaboration. For
continuous outcome variables (e.g., mean change in
HbAlc, fasting plasma glucose, fasting insulin, fasting
glucagon, fasting C-peptide) and dichotomous data (e.g.,
hypoglycemic events), the differences were calculated by
weighted mean differences (WMDs) and relative risk
(RR), respectively.

Heterogeneity was measured using the |2 statistic,
wherein 12 values of 25, 50, and 75% indicated low,
medium, and high heterogeneity, respectively. When the
12<50%, the fixed-effect model with the Mantel-Haenszel
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method was used. On the other hand, 12>50% represents
statistical heterogeneity, and the random effects model
was used to analyze the unknown reason for
heterogeneity.

RESULTS
Study selection

As shown in Figure 1, a total of 50 studies were
identified, 43 of which were determined to be irrelevant
based on the review of titles and abstracts. Hence, a total
of 7 studies were assessed for eligibility. A study by
Pettus et al reported the results of two trials assessing the
efficacy of ranolazine for glycemic control in patients
with type 2 diabetes on metformin or glimepiride in one
article.’® One study by Selvarajan et al comparing the
effect of ranolazine and trimetazidine on glycemic status
in diabetic patients with CAD was excluded because
there was no placebo arm.'* Another study by Fanaroff et
al was excluded due to a lack of data on the outcome of
interest.!* A total of 5 randomized controlled trials were
enrolled for meta-analysis.®1%1215 Of the 5 retrieved
studies, 2,680 participants are represented with 1,320 and
1,360 patients in the ranolazine and placebo, respectively.
The characteristics of the retrieved trials (including trial
quality assessment) and the recorded outcomes are
reported in Table 1.

PubMed, Cochrane Library, ScienceDirect
and Google Scholar (n=50)

l

Titles and abstracts were screened

43 records were excluded (non-RCT,
animal studies)
7 full text articles were assessed for

eligibility

——F 1article was excluded (no placebo arm)
l 1 article excluded (insufficient data)

5 articles included in the meta-analysis

Figure 1: Flow diagram of study selection.
Effect on HbAlc

Five double-blinded RCTs were included in the meta-
analysis, by Timmis et al (2006, CARISA trial), Morrow
et al (MERLIN-TIMI 36 trial), Eckel et al, and two by
Pettus et al.l®35 Participants in the studies were
individuals with T2DM. Existing prescriptions of patients
were unchanged in all studies except that by Eckel and
colleagues, where they gave ranolazine as anti-
hyperglycemic monotherapy. Ranolazine treatment was
uniformly administered as 1000 mg tablet BID; however,

down titration was permitted in the investigation by the
groups of Eckel and Pettus. All studies used a placebo as
control. All of the researches were based in the USA,
except for the MERLIN-TIMI 36 trial, which spanned
440 sites in 17 countries.

Timmis et al enrolled T2DM patients with a mean age of
65 years who had chronic angina >3 months, but not
those who had an ACS or revascularization <2 months
prior. The glycemic effect of ranolazine was done as a
post-hoc analysis in the subgroup of diabetic
participants.*?

In the study by Morrow et al participants were in their
mid-60s and diagnosed with non-ST elevation ACS. The
effect of ranolazine on HbAlc was a planned subgroup
analysis of the research.

Eckel et al conducted a multicenter trial that recruited
patients with HbAlc of 7-10%, FSG of 130-240 mg/dl,
BMI of 25-45 kg/m?, and C-peptide >0.8 ng/ml. Criteria
for exclusion were history of MI, ACS, revascularization,
and stroke/TTA <3 months. Their participants had a mean
age of 56 years. A washout period of 24 weeks for
thiazolidinediones or 90 days for other anti-
hyperglycemic ~ was  implemented.  Those  who
demonstrated consistent hyperglycemia were given open-
label rescue medication, but a continued non-resolution
was cause for early termination of participation.*®

The inclusion/exclusion criteria in the study by Pettus et
al were essentially the same as in Eckel et al. In addition,
they excluded patients who had been treated with
ranolazine before. Furthermore, in this study, ranolazine
was given as an add-on to either glimepiride or
metformin.

The lowering of HbAlc in ranolazine groups was 0.38
percentage points compared to placebo (95% CI -0.59 to -
0.17) however, there was high heterogeneity (1=73%;
p=0.005) (Figure 2). The studies by Pettus were identified
as outliers. This is likely due to co-interventions given in
these studies.
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Figure 2: Comparison of changes in HbAlc (%0):
ranolazine vs. placebo groups.
Data from Pettus et al are least-squares mean change.

Sensitivity analysis showed a difference of HbAlc of -
0.49% (CI -0.67, -0.31), favoring the ranolazine group.
The heterogeneity improved but remains significant.

There was no statistically significant difference in fasting
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blood glucose reduction in ranolazine groups as
compared to those who took placebo (2.5 mg/dl, 95% CI
-9.7 to 4.7) (Figure 3). Furthermore, there was moderate
heterogeneity across studies (1=56%; p=0.08).

Ranolazing Pacebo Mean Difference Mean Diferance
Stodyor Subgrowp  Mean 5D Tolal Mean SO Totdl Weight IV, Random,95% C| N, Random, 5% CI
Momw 2008 063 008 707 D35 008 TR0 S16% 038039037 "
Echel 2015 076 103 198 07100 1% A% 0.5 H0TE 03] ——

Tenmiz 2005 Q7T 08 4T Q0D DA I OIED% QWP ———

Total (%% )} 453 1002 100.0% 043 [067, .31 -
Heferogeneiy Tau®= 102, Chit= .84, di= 2 {P= 005y P= bt% t t t t

Testovealfeck 7= 34 P < 000001} . m'gjm- S

Figure 3: Sensitivity analysis excluding the trials by
Pettus: Comparison of changes in HbAlc (%0).
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Figure 4: Comparison of changes in FBG (mg/dl) for
ranolazine and placebo groups.
Data from Pettus et al are least-squares mean change.

Sensitivity analysis excluding the trials by Pettus showed
a difference in FBS of -6.97 mg/dl (CI -13.86 to -0.09)
favoring ranolazine. Furthermore, the heterogeneity
across the studies was minimized (Figure 4).
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Figure 5: Sensitivity analysis excluding the trials by
Pettus: comparison of fasting blood glucose.

There was a statistically significant difference in fasting
glucagon, favoring the ranolazine group (-2.70 pg/ml:
95% CI -5.24 to -0.16) (Figure 6). However, there was

high heterogeneity across the studies (12 = 83%; p=0.003).

There was no statistically significant difference in fasting
insulin between ranolazine and placebo (-0.47 pwlU/ml;
95% CI -1.56 to 0.62) (Figure 7). There was moderate
heterogeneity across studies (1°=38%; p=0.20).

There was no statistically significant difference in fasting
C-peptide in ranolazine groups (95% CI -0.25 to 0.19) -
0.03 ng/ml compared to placebo (Figure 8). There was
moderate heterogeneity detected across studies (1>=70%,
p=0.04).
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Figure 6: Comparison of changes in fasting glucagon
(pg/ml) for ranolazine and placebo groups.
Data from Pettus et al are least-squares mean change.
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Figure 7: Comparison of changes in fasting insulin
(uIU/ml) for ranolazine and placebo groups.
Data from Pettus et al are least-squares mean change.
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Figure 8: Comparison of changes in fasting C-peptide
(ng/ml) for ranolazine and placebo groups.

Data from Pettus et al are least-squares mean change.

Table 1: Baseline characteristics and quality assessment of trials included in the meta-analysis.

Participants Interventions
Carisa N: 121 T2DM ?Co;rt-hoc Ranolazine 000
! with CAD, mean P mg tab BID vs
2006 . subgroup
age: 64.5 years p placebo
analysis)
N: 1,577 T2DM RCT Ranolazine
Merlin with NSTEMI (post-hoc
O - 1000mg tab BID
Timi, 2009 Mean age: 64 subgroup
. vs placebo
years old analysis)

Study . .
duration Key findings R.'Sk o QUL
bias assessment
(weeks)
HbA1c; lipid
12 weeks profile; adverse None A
events*
HbAlc; plasma Dropout B
64 weeks glucpsg; lipid rate was
profile; adverse not
events* mentioned

Continued.
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Sy Participants

Study
design

Study

Interventions duration

Key findings

Risk of Quality
bias assessment

(€17 (weeks)
HbAlc; fasting

N: 394 T2DM Ranolazine 1000 plasma glucose;
Eckel without a history fasting serum C-
RCT mg tab BID 24 weeks A None A
(2015) of CVD Mean peptide; fasting
- vs placebo .
age: 56 years old plasma glucagon;
adverse events
Pettus N: 372 Ranolazine HbAlc; fasting
limepiride overweight and 1000 mg tab BID plasma glucose; Dropout
9 P obese T2DM as add on to fasting serum C- rate was
add-on . . RCT L 24 weeks S B
(GAO) without a history glimepiride 2-4 peptide; fasting not
2016 ' of CVD mean mg/day vs plasma glucagon;  mentioned
age: 59 years old placebo adverse events
Pettus N: 353 Ranolazine 500 HbAlc; fasting
metfm:min overweight and mg tab BID as plasma glucose; Dropout
add on obese T2DM RCT add-on to 24 weeks fasting serum C- rate was B
(MAO) without history of metformin at least peptide; fasting not
2016 ' CVD. Mean age: 1500 mg/day vs plasma glucagon;  mentioned
56 years old placebo adverse events

NSTEMI-non ST-elevation myocardial infarction; PCl-percutaneous coronary intervention; A-low bias risk; B-unclear bias risk,
*hypoglycemia as an adverse event was not specified in these studies.

Table 2: Tabulation of HbAlc (%0).

Study (Years) Experimental Control
Eckel, 2015
Time Baseline 24 weeks Baseline 24 weeks
Mean+SD 8.06+0.735 7.26+1.101 8.02+0.728 7.70£1.183
N 199 199 195 195
Morrow, 2009
Time Baseline 4 months Baseline 4 months
Mean+SD 7.53+1.60 6.9+1.33 7.45%1.66 7.2+1.66
N 707 707 770 770
Pettus, 2016 (GAO)
Time Baseline 24 weeks Baseline 24 weeks
Mean+SD 9.8+2.1 9.9+2 .4 9.8+1.8 10.2+2.3
N 188 188 184 184
Pettus, 2016 (MAO)
Time Baseline 24 weeks Baseline 24 weeks
Mean+SD 9.4+1.8 9.4+2.5 9.4+2.1 9.1+2.1
N 179 179 174 174
Timmis, 2006
Time Baseline 12 weeks Baseline 12 weeks
Mean+SD 7.92+1.44 6.93+0.89 7.46x1.28 7.62+0.85
N 47 47 37 37

Table 3: Tabulation of FSG (mg/dl).
Study (Years) Experimental Control
Eckel, 2015
Time Baseline 24 weeks Baseline 24 weeks
Mean+SD 172+34.5 165+40.4 171+£34.6 169+40.3
N 197 197 191 191
Pettus, 2016 (GAO)
Time Baseline 24 weeks Baseline 24 weeks
Mean+SD 176.58+37.84 178.38+43.24 176.58+32.43 183.78+41.44
N 183 183 181 181
Pettus, 2016 (MAO)
Time Baseline 24 weeks Baseline 24 weeks

Continued.
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Study (Years) Experimental Control

MeanxSD 169.37£32.43 169.37+45.05 169.37£37.84 163.96+37.84
N 176 176 171 171

Timmis, 2006

Time Baseline 12 weeks Baseline 12 weeks
MeanxSD 165.2+7.8 - 177.8£10.8 -

N 57 57 49 49

Table 4: Tabulation of fasting glucagon (pg/ml).

Study (Years) Experimental Control

Eckel, 2015

Time Baseline 24 weeks Baseline 24 weeks
Mean+SD 85+28.9 84+28.5 86+26.1 93+32.3
N 192 192 188 188
Pettus, 2016 (GAO)

Time Baseline 24 weeks Baseline 24 weeks
Mean+SD 2518 2618 2418 268

N 178 178 176 176
Pettus, 2016 (MAO)

Time Baseline 24 weeks Baseline 24 weeks
Mean+SD 267 268 268 28+9

N 160 160 156 156

Table 5: Tabulation of fasting insulin (unIU/ml).

Study (Years) Experimental Control

Eckel, 2015

Time Baseline 24 weeks Baseline 24 weeks
Mean + SD 13.85+9.081 11.66+7.484 14.84+10.79 13.18+£10.46
N 168 168 166 166
Pettus, 2016 (GAO)

Time Baseline 24 weeks Baseline 24 weeks
Mean + SD 14.54+11.23 14.54+14.25 12.96+7.78 13.68+9.36
N 159 159 143 143
Pettus, 2016 (MAO)

Time Baseline 24 weeks Baseline 24 weeks
Mean + SD 12.53+8.35 12.24+7.63 12.67+10.08 11.66+7.78
N 160 160 156 156

Table 6: Tabulation of fasting C-peptide (ng/ml).

Variables Experimental Control

Eckel, 2015

Time Baseline 24 weeks Baseline 24 weeks
Mean + SD 2.55+1.002 2.46+0.943 2.65+1.106 2.68+1.175
N 189 189 186 186
Pettus, 2016 (GAO)

Time Baseline 24 weeks Baseline 24 weeks
Mean + SD 2.67+1.05 2.70+0.99 2.58+1.02 2.58+0.96
N 180 180 177 177
Pettus, 2016 (MAO)

Time Baseline 24 weeks Baseline 24 weeks
Mean + SD 2.40+1.08 2.64+1.08 2.31+1.08 2.49+0.93
N 172 172 171 171
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Figure 9: Comparison of events of hypoglycemia for
ranolazine and placebo groups.

There was no statistically significant difference in the
incidence of hypoglycemia between ranolazine and
placebo (RR 1.27 95% CI 0.84 to 1.91) (Figure 9).
Heterogeneity across studies was not statistically detected
(1?=0%, p=0.52).

DISCUSSION

The role of glucagon in T2DM has been studied
extensively, with several studies implicating its
contribution to rise in fasting and postprandial glycemia.
Ranolazine, a novel antianginal drug, has shown
promising results in reducing HBAL1C, which is the
standard marker in determining blood sugar control for
the past 3 months. Ranolazine acts on Na,1.3 isoform of
sodium channels in pancreatic a-cells in animal models of
diabetes, blocking glucagon release. By this mechanism,
it is theorized that fluctuations in serum glucose level are
avoided, translating to controlled glycemic status.

Result of this meta-analysis showed statistically
significant difference in HbAlc favoring ranolazine. In
sensitivity analysis, there was -0.49% (CI -0.67, -0.31)
HbAlc difference between ranolazine compared to
placebo. Likewise, there was a significant difference in
FBS of -6.97 mg/dl (Cl -13.86 to -0.09), favoring
ranolazine. These glycemic effects are comparable to the
HbAlc and FBS reduction of less potent oral anti-
diabetic agents such as alpha-glucosidase inhibitors or
even DPP4 enzyme inhibitors.

Our findings are similar to previous studies that have
investigated the efficacy of ranolazine in reducing
HBAILC levels. For instance, a study conducted by
Chaitman et al found that ranolazine reduced HBA1C
levels by 0.5% compared to placebo.'* Similarly, a study
by Morrow et al found that ranolazine reduced FBS
levels by 8.4 mg/dl compared to placebo.”® In another
study by Kosiborod et al ranolazine was also found to
significantly reduce HBA1C levels compared to placebo
after 12 weeks of treatment.

However, the moderate to high heterogeneity across the
studies, even after sensitivity analysis, hinders a more
solid conclusion. In addition, while our findings support
the efficacy and safety profile of ranolazine in improving
glucose control in patients with T2DM, further research
is needed to confirm these results and determine the
optimal dosing regimen.

Lastly, our analysis revealed a significant difference in
fasting glucagon of -2.7 pg/ml (95% CI -5.24, -0.16),
favoring ranolazine. As previously discussed, the action
of ranolazine is to decrease glucagon secretion. This
explains the reduction in HbAlc and FBS seen in the
ranolazine group. This is an expected finding and is
consistent with previous studies that have investigated the
effect of ranolazine on glucagon secretion. For instance, a
study by Suzuki et al found that ranolazine significantly
reduced fasting glucagon levels compared to placebo.'’

Despite the difference in FBS and HbAlc, the risk of
hypoglycemia with ranolazine is comparable with
placebo (RR 1.27 95% CI1 0.84 to 1.91).

These findings support the efficacy and safety profile of
this drug in improving glucose control in patients with
T2DM.

Limitations

Among the 5 eligible articles, one study has not been
included. The study only investigated the effect of
ranolazine on hbAlc as a secondary outcome, only after
exposing patients to ranolazine post-PCl. Data
supplemented by the study was not adequate for
sufficient extraction. Efforts to contact the authors were
made; however, insufficient data were provided at the
time of manuscript writing.

CONCLUSION

Among patients with T2DM, ranolazine may improve
glycemic control with a modest decrease in HBAlc and
FBS. It appears to be safe with a risk for hypoglycemia
comparable to placebo. However, data on its use as an
add-on to metformin or glimepiride are less robust. The
glycemic effect is likely due to its ability to reduce
glucagon, as seen in the pooled analysis. This mechanism
of action is supported by available pre-clinical data. It
may be a useful medication for patients with T2DM
suffering from chronic stable angina, as it may help
alleviate the cardiac symptom with the added benefit of
improvement in glycemic control. Future studies may
want to investigate the effect of ranolazine among T2DM
patients with high cardiovascular risk. It may be
worthwhile to look at clinical outcomes such as the risk
of microvascular or macrovascular complications and
major adverse cardiovascular events in this population.
Furthermore, a longer duration of follow-up may also
elucidate ranolazine’s long-term safety and efficacy.
Lastly, its efficacy and safety as an add-on therapy to
other anti-diabetic agents need further investigation.
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