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ARTICLE INFO ABSTRACT

Keywords: Objectives: To report the safety and side effects associated with taking verapamil for beta-cell preservation in
Type 1 diabetes children with newly-diagnosed T1D.

Verapamil

Research Design and Methods: Eighty-eight participants aged 8.5 to 17.9 years weighing > 30 kg were randomly

;ti,l\jregia osed assigned to verapamil (N = 47) or placebo (N = 41) within 31 days of T1D diagnosis and followed for 12 months
Safet;: g from diagnosis, main CLVer study. Drug dosing was weight-based with incremental increases to full dosage. Side

effect monitoring included serial measurements of pulse, blood pressure, liver enzymes, and electrocardiograms
(ECGs). At study end, participants were enrolled in an observational extension study (CLVerEx), which is
ongoing. No study drug is provided during the extension, but participants may use verapamil if prescribed by
their diabetes care team.

Results: Overall rates of adverse events were low and comparable between verapamil and placebo groups. There
was no difference in the frequency of liver function abnormalities. Three CLVer participants reduced or dis-
continued medication due to asymptomatic ECG changes. One CLVerEx participant (18 years old), treated with
placebo during CLVer, who had not had a monitoring ECG, experienced complete AV block with a severe hy-
potensive episode 6 weeks after reaching his maximum verapamil dose following an inadvertent double dose on
the day of the event.

Conclusions: The use of verapamil in youth newly-diagnosed with T1D appears generally safe and well tolerated
with appropriate monitoring. We strongly recommend monitoring for potential side effects including an ECG at
screening and an additional ECG once full dosage is reached.

ClinicalTrials.gov number: NCT04233034.

Abbreviations: HbAlc, hemoglobin Alc; TXNIP, thioredoxin-interacting protein; MMTT, mixed-meal tolerance test; ECG, electrocardiogram; AST, transaminase;
ALT, alanine transaminase; SAE, Serious Adverse Events; AV, atrioventricular.
* Corresponding author at: Jaeb Center for Health Research, 15310 Amberly Dr # 350, Tampa, FL 33647, USA.
E-mail address: cbauza@jaeb.org (C. Bauza).
1 A listing of the CLVer Study Group is provided in the Online Supplemental Material.
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Introduction

Type 1 diabetes (T1D) is an autoimmune condition leading to the
gradual loss of pancreatic beta cells, which causes lifetime exogenous
insulin dependency and can be associated with long-term micro and
macrovascular complications. Retention of islet cell function in people
with T1D has been associated with lower hemoglobin Alc (HbAlc)
levels, lower risk of hypoglycemia, and reductions in complications [1].
Although the use of technology (continuous glucose monitors and
automated insulin delivery systems) improves glycemic outcomes,
additional treatments that retain endogenous insulin production would
be beneficial. However, most treatments targeting autoimmunity have
the potential for significant adverse effects.

Research has shown that thioredoxin-interacting protein (TXNIP) is
essential for glucotoxicity-induced beta-cell death in mice and is
inhibited by calcium channel blockers such as verapamil [2]. In a ran-
domized trial of 88 children 8.5-17.9 years old with newly-diagnosed
stage 3 T1D (CLVer study—Hybrid Closed Loop Therapy and Verap-
amil for Beta Cell Preservation in New Onset Type 1 Diabetes), oral
verapamil, initiated within 31 days of diagnosis (median 24 days),
reduced beta cell decline. Twelve months from diagnosis, mixed-meal
tolerance test (MMTT)-stimulated C-peptide levels were 30 % higher
in those treated with verapamil compared with placebo [3]. These re-
sults were similar to a smaller adult pilot study [4].

Our placebo-controlled trial provided the opportunity to assess the
frequency of verapamil side effects during one year of therapy,
providing valuable information in developing guidance for initiating
and monitoring verapamil therapy in the new-onset pediatric T1D
population. Participants in the main study could also participate in an
observational extension phase of the study (CLVerEx) with quarterly
contacts to obtain continuous glucose monitoring (CGM) and insulin
dosage data, and a yearly mixed meal tolerance test for c-peptide levels.
Use and management of verapamil in the extension phase was the de-
cision of the patient and their clinical care providers, allowing for
assessment of “real-world” experience with implementing verapamil
therapy.

Methods

Study methods for the randomized trial have been published [3,5]
and the protocol is available [3]. Relevant eligibility criteria included
age 7-<18 years, diagnosis of antibody-positive T1D within 31 days of
randomization, and weight >30 kg. Exclusion criteria included baseline
hypotension, electrocardiogram (ECG) abnormalities, eGFR < 90, or
aspartate transaminase (AST) or alanine transaminase (ALT) greater
than 1.5 times the upper limit of normal. One participant in the placebo
group dropped from the trial before starting the study drug and was not
included in this analysis.

The extended-release formulation of verapamil (ER) was used to
allow for once daily dosing with food. The lower weight limit for trial
eligibility was related to verapamil dosing constraints. Currently, the
lowest dose of the verapamil ER formulation is a 120 mg tablet that can
be split to make half tablets (60 mg). Drug dose (verapamil or placebo)
was weight-dependent, starting at 60 or 120 mg/day, escalating in 60
mg increments every 2-4 weeks, to a weight-dependent maximum of up
to 360 mg/day (usual adult dosage) (Table 1). The final dosage was
4.0-7.2 mg/kg/day.

Monitoring for adverse events in CLVer

At screening, 6, 26, and 52-week visits, pulse, blood pressure,
creatinine, AST and ALT were measured; and an ECG was obtained.
Participants taking study drug (verapamil or placebo) were monitored
for constipation (the most commonly reported side effect of verapamil),
severe hypoglycemic episodes, hypotension, decreased heart rate,
changes in ECG including abnormalities in QTc and PR intervals,
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Table 1
Verapamil dose escalation by weight.
Weight Initial Dose Dose Dose Max Max
(kg) Dose escalation escalation escalation Dose Dose
(mg/ mg/
day) kg/day
30-34 60X 4 120 mg 120 4
wks
35-49 60X2 120X 2 180X 2 240 mg 240 6.9
wks wks wks
>50 120X 2 180X 2 240X 2 300X 2 360 7.2
wks wks wks wks

changes in liver function (AST and ALT), and reports of dizziness,
nausea, or headaches.

The dose of the study drug could be reduced/discontinued at the
investigator’s discretion if side effects developed or if an abnormality
was found on clinical exam, ECG, or blood testing.

The dose also could be adjusted if the participant’s weight changed
during the study. Participants had remote safety visits one week after
initiation of the study drug and one week after each study drug dose
increase, with home measurements of blood pressure and pulse using an
FDA approved fully automatic blood pressure monitor with both adult
and child cuff sizes (Contec 08A). ALT and AST were measured locally.
An ECG was performed at screening, 6, 26, and 52 weeks. Adverse
events were recorded using electronic case report forms that were
reviewed by the medical monitor in addition to the investigator. Serious
Adverse Events (SAE) were classified as death, a life-threatening event,
an event that required inpatient hospitalization or resulted in significant
disability. A Data and Safety Monitoring Board reviewed compiled
safety data at periodic intervals.

Monitoring for adverse events in CLVerEx

CLVerEx, the ongoing extension study of CLVer, is strictly observa-
tional with no study drug provided by the research team. During
CLVerEx, use of verapamil is allowed but is the decision of the patient
and their clinical team without oversight by research study staff. At the
quarterly contacts the participant’s CGM is uploaded, the total daily
insulin dose is recorded, and they are asked if there have been any
adverse events or changes in medications.

Results

In CLVer, there were 134 AEs reported for 39 (83 %) of the 47 par-
ticipants in the verapamil group and 91 AEs reported for 30 (75 %) of the
40 participants in the placebo group. Four participants in the verapamil
group and 4 in the placebo group experienced SAEs, none of which were
considered to be related to the study drug. In the verapamil group, one
participant had a severe hypoglycemic event, and 3 had hospitalizations
for suicidal ideation or depression. In the placebo group, the 5 events
(one participant had 2 events) were one severe hypoglycemia and hos-
pitalizations for diabetic ketoacidosis, suicidal ideation, exacerbation of
asthma, and dehydration with ketosis.

Three of 47 (6.4 %) participants in the verapamil group developed
asymptomatic ECG findings of a first degree atrioventricular (AV) block
with prolonged PR intervals >200 ms (n = 2) or second degree AV block
type 1 (Wenckebach) compared with none of 40 in the placebo group
(Table 2). These changes were dose-related and in two participants
resolved with a decrease in the verapamil dose. Verapamil was dis-
continued in the third participant without trying a dose reduction due to
investigator discretion.

Elevated ALT occurred in 2 participants in each group. One of the
verapamil participants with an elevated ALT was also one of the 3
participants with ECG changes (Table 2, Case 3); this participant’s ALT
level normalized after a reduction in the verapamil dose. The other
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Table 2
Time course and verapamil dosing for participants developing AV block.
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Case 1: 11-year-old, 31 kg at randomization

Weeks since verapamil started  Baseline 6 24* 27

Verapamil (mg) [mg/kg] 0 120 [3.4] 240 [6.2] 0

PR interval on ECG (ms) 136 124 340 130

ECG report Normal Normal 1st degree heart block Normal

Blood Pressure (mmHG) 99/54 116/57 107/59 107/59
Systolic/Diastolic**

Heart Rate (bpm)** 99 102 79 79

Case 2: 17-year-old, 96 kg at randomization

Weeks since Baseline 5 22 22 + 1 day 26 49
verapamil
started

Verapamil (mg) 0 240 [2.5] 360 [3.9] 0 0 360 [3.6]
[mg/kg]

PR interval on 155 151 N/A 154 150 269
ECG

ECG report Normal Normal 2nd degree AV block, type1 ~ Normal Normal Prolonged PR

(Wenckebach)

Blood Pressure 108/58 108/58 106/59 106/59 106/59 107/57
(mmHG)
Systolic/
Diastolic**

Heart Rate (bpm) 64 64 78 78 78 64
ek

Case 3: 13-year-old, 46 kg at randomization

Weeks since verapamil started  Baseline 67 10 22

Verapamil (mg) [mg/kg] 0 180 [3.5] 120 [2.3] 120 [2.2]

PR Interval 178 220 156 164

ALT (10-35) 43 75 53 20

AST (<44) 37 39 45 24

ECG report Normal 1st degree AV block Normal Normal

Blood Pressure (mmHG) 95/52 119/58 109/69 99/50
Systolic/Diastolic**

Heart Rate (bpm)** 69 68 79 77

Case 4: 18-year-old, 63 kg, started verapamil in extension study after receiving placebo in RCT with verapamil overdose and acute cardiotoxicity

Timeline Baseline at study enrollment 6 weeks post max dose
Verapamil (mg) [mg/kg] 0 360[5.8]***

PR interval 145 0

ECG report L anterior fascicular block. Junctional rhythm RBBB

Axis deviation suggestive of

endocardial cushion defect t wave changes

and LPFB nonspecific st and

12 h post admit 36 hrs post admit 72 hrs post admit

0 0 0

147 131 125

Sinus bradycardia left Sinus rhythm left Sinus rhythm early
axis deviation anterior fascicular block transition nonspecific
nonspecific t wave nonspecific t wave t wave changes

changes changes
Blood Pressure (nmHG) 121/74 70/30 110/51 120/66 133/76
Systolic/Diastolic**
Heart Rate 89 43 47 55 86
Treatment Atropine Norepinephrine Dopamine Dopamine

Dopamine

*Decision made by investigator to stop verapamil (masked decision).

tALT elevated and PR prolonged, so dose decreased to 120 mg for duration of study.

Most recent measurement shown.
*This dose was unintentionally doubled on day of admission

participant using verapamil had a transient elevation of ALT at 6 weeks
which resolved without a change in dose. Of the 2 placebo cases, one had
a transient elevation in ALT at 47 weeks and the other had persistent
mild elevation of ALT over four months and study medication (placebo)
was stopped.

Symptomatic hypotension was reported as an adverse event for a 10-
year-old participant in the verapamil group at 6 weeks. His dose was
held and then restarted at 6 months; however, blood pressure readings
were again low, so medication was stopped. Bradycardia was reported
for one participant in the placebo group. The frequency of other non-
serious side effects (given as n/% participants on verapamil; n/% on
placebo) included constipation (3/6 %;1/3%), headache (4/9 %;7/18
%), nausea (5/11 %;0), hypotension (1/2 %;0), pedal edema (1/2 %;0),
and paresthesia (feet numbness) (1/2 %;0). Gingival hyperplasia has
been described with verapamil use but was not seen in this study.

Constipation was managed with usual therapy and did not require
changes in medication doses.

In total during CLVer, the study drug was discontinued in four par-
ticipants in the verapamil group, for ECG changes, pain/tingling in the
feet, suicide ideation (per investigator discretion), and participant
choosing to discontinue the drug. Three participants in the placebo
group had a dose reduction without discontinuation (ALT elevation,
headache, and headache with near-syncope).

Mean blood pressure and pulse readings obtained one week after
each dose increase showed no difference between the verapamil and
placebo groups. Growth percentiles for the verapamil and placebo
groups at study visits tracked as expected for both groups.

In CLVerEx, 5 participants have thus far been prescribed verapamil.
There was one severe adverse event six weeks after an 18 year old male
who had been treated with placebo during CLVer reached his maximum
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dose of 360 mg/d of verapamil (5.8 mg/kg/d). He accidentally took a
double dose, one in the morning, and one in the afternoon. In the early
evening he became nauseated, dizzy, weak, and was unable to stand. In
the emergency department his heart rate was 44 bpm, blood pressure
84/40 mmHg, and his ECG showed a junctional rhythm. Lactic Acid was
> 6 mmol/]l, CO2 = 20 mmol/L; Glucose = 338 mg/dl, Creatinine 1.9 =
mg/dl, BUN = 21 mg/dl; AST =18 IU/L, ALT = 151U/L, GFR = 51.7 ml/
min. Drug screen was negative. He was admitted to a cardiac intensive
care unit and received intravenous atropine, dopamine, norepinephrine
and calcium. Within 3 h his lactic acid was normal, and serum creatinine
was normal in 8 h. Within 12 h he had a normal PR interval, and within
48 h he was off all vasopressor support.

Discussion

Verapamil has been used in children off-label to treat supraventric-
ular tachycardia [6], hypertrophic cardiomyopathy [7], and hyperten-
sion [8]. Our data demonstrate that oral verapamil is generally safe and
well-tolerated by youth with newly diagnosed T1D with appropriate
monitoring. Since this was the first use of verapamil in this population,
we were cautious about drug escalation to full dosage and in monitoring
for side effects. Blood pressure and pulse measurements one week after
each dosage change and liver enzyme results were similar in the
verapamil and placebo groups.

Serial ECG tracings in CLVer identified 3 cases with asymptomatic
changes. Verapamil is known to have an effect on the AV node causing
sinus bradycardia, PR prolongation (1st degree AV block) and 2nd AV
heart block Type 1 (“Wenckebach™). These low-grade heart blocks were
observed at doses of 3.5, 3.9 and 6.2 mg/kg/d, doses well-tolerated by
other participants. The potential susceptibility of these three individuals
might be explained by the well-known interindividual variability in
verapamil pharmacokinetics [9] or by interindividual variation in
verapamil effects on the AV node. It should also be noted that asymp-
tomatic 1st degree AV block is usually considered a benign finding and
can be seen incidentally in 11 %-12 % of healthy children and teenagers
and in 23 % of teenage athletes [10,11]. However, since this represented
a change from baseline, verapamil doses were lowered in two and dis-
continued in one participant in an abundance of caution. The half-life of
verapamil ER is between 5 and 10 h [12] so holding one dose can be
sufficient to resolve an AV block as in case 2.

In CLVerEx, one participant who had originally been on placebo and
had subsequently started verapamil experienced a complete (3rd de-
gree) AV block with severe hypotension requiring ICU admission. He
had not had an ECG obtained after reaching his maximum dose of
verapamil so it is unknown whether he had a prolonged PR interval or
other lower grade heart block preceding this event. He recovered
completely without sequela. The event occurred after an unintentional
double dose of verapamil on the day of the event despite use of a weekly
pill organizer box. No additional contributing factors that could have led
to the verapamil toxicity were identified in this patient. In the literature
most cases of verapamil overdose associated with a complete heart block
and severe hypotension are the result of ingestion of well over 1,000 mg
of verapamil [13,14]. There is one case of verapamil cardiotoxicity
leading to death with a dose estimated to be 720 mg to 840 mg. How-
ever, that patient also had mild, chronic renal failure [15]. In settings
outside of T1D, asymptomatic first-degree AV block with PR-interval
prolongation can be seen during the early titration phase of verapamil
therapy, but higher degrees of AV block are infrequently (0.8 %)
observed [16].

We strongly recommend that anyone starting verapamil have a
baseline ECG and another ECG within two weeks of reaching their
maximal dose. The ECG at maximal dose and a virtual or in person visit
to review these results should be scheduled at the time of the verapamil
initiation visit to make sure they are not missed. R enantiomer form of
verapamil has a higher cardiovascular safety margin but has not been
tested in T1D [17].
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Verapamil administered concomitantly with oral antihypertensives
may have an additive effect on lowering the blood pressure and thus
should be used cautiously in this situation [16]. Verapamil is metabo-
lized through the cytochrome P450 (CYP 3A4) pathway similar to sta-
tins, protease inhibitors, antifungals, phenobarbital, allopurinol,
erythromyecin, aspirin, oral contraceptives and other medications [8].
Therefore, drug interactions should be assessed. Verapamil bioavail-
ability is increased by 30 % with grapefruit juice and 10 % with orange
juice [18], and verapamil extends the duration of alcohol intoxication
[19,20].

Verapamil can cause elevations in transaminases which are usually
transient and may resolve even with continued therapy [16]. Rare
anecdotal reports in adults have described hepatic hypersensitivity re-
actions which resolved two weeks after drug discontinuation
[16,21,22]. Verapamil should not be restarted in the case of a hyper-
sensitivity reaction.

If health care providers consider initiating extended-release verap-
amil therapy off-label as a beta cell preservation agent we would sug-
gest, based on this study and our review of the literature, the following:

1) Obtain an ECG before starting verapamil, 2 weeks after achieving the
maximum dose, at 6 months, and yearly thereafter. If the PR interval
is prolonged, the verapamil dose should be decreased, and the ECG
reassessed.

2) Use a weekly pill organizer. If a dose is missed, it should be skipped,
and not given as a double dose the following day.

3) Weight-based dose increments by 60 mg for individuals weighing
>30 kg, with a minimum dose of 60 mg/day (unless a lower dose
extended-release formulation becomes available) up to a maximum
dose of 360 mg/day (Table 1).

4) Obtain creatinine AST and ALT and creatinine before starting
verapamil and repeat if there are concerns about liver or renal
disease.

5) Blood pressure measurements at the time of ECG testing. Consider
more frequent or home monitoring in patients with baseline blood
pressure in the lower normal quartile for age.

6) When starting new medications, assess their interaction with
verapamil.

7) Provide information to the family on
a. potential side effects seen with verapamil
b. potential interactions with other drugs, grapefruit juice and

alcohol.

8) Taking the drug with food may decrease GI symptoms.

The main limitation of this study is the sample size which may be too
small to detect rare side effects.

The dose in this trial was chosen according to a previous study testing
verapamil in adults with T1D which demonstrated tolerability and
effectiveness, proportionately modified for the smaller size of children.
A study to determine the best dose to maximize effect and minimize side
effects has not been conducted. Larger future studies are needed to
assess whether there is any benefit to starting verapamil sooner in pre-
clinical stages of T1D, or later provided there is still residual C-pep-
tide. Additional work is also needed to provide more data on verapamil
dosing (including the rate of dose escalation), length of beta cell effect,
potential rarer side effects, long-term safety and tolerability, and dosing
for children weighing less than 30 kg.
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