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Abstract
Objective: Sympathetic nervous system (SNS) overactivity is a risk factor for insulin 
resistance and cardiovascular disease (CVD). We evaluated the impact of bromocrip‐
tine‐QR, a dopamine‐agonist antidiabetes medication, on elevated resting heart rate 
(RHR) (a marker of SNS overactivity in metabolic syndrome), blood pressure (BP) and 
the relationship between bromocriptine‐QR's effects on RHR and HbA1c in type 2 
diabetes subjects.
Design and Subjects: RHR and BP changes were evaluated in this post hoc analysis of 
data from a randomized controlled trial in 1014 type 2 diabetes subjects randomized 
to bromocriptine‐QR vs placebo added to standard therapy (diet ± ≤2 oral antidiabe‐
tes medications) for 24 weeks without concomitant antihypertensive or antidiabetes 
medication changes, stratified by baseline RHR (bRHR).
Results: In subjects with bRHR ≥70 beats/min, bromocriptine‐QR vs placebo reduced 
RHR by −3.4 beats/min and reduced BP (baseline 130/79; systolic, diastolic, mean 
arterial BP reductions [mm Hg]: −3.6 [P = .02], −1.9 [P = .05], −2.5 [P = .02]). RHR re‐
ductions increased with higher baseline HbA1c (bHbA1c) (−2.7 [P = .03], −5 [P = .002], 
−6.1 [P = .002] with bHbA1c ≤7, >7, ≥7.5%, respectively] in the bRHR ≥70 group and 
more so with bRHR ≥80 (−4.5 [P = .07], −7.8 [P = .015], −9.9 [P = .005]). Subjects with 
bRHR <70 had no significant change in RHR or BP. With bHbA1c ≥7.5%, %HbA1c 
reductions with bromocriptine‐QR vs placebo were −0.50 (P = .04), −0.73 (P = .005) 
and −1.22 (P = .008) with bRHR <70, ≥70 and ≥80, respectively. With bRHR ≥70, the 
magnitude of bromocriptine‐QR‐induced RHR reduction was an independent predic‐
tor of bromocriptine‐QR's HbA1c lowering effect.
Conclusion: Bromocriptine‐QR lowers elevated RHR with concurrent decrease in BP 
and hyperglycaemia. These findings suggest a potential sympatholytic mechanism 
contributing to bromocriptine‐QR's antidiabetes effect and potentially its previously 
demonstrated effect to reduce CVD events.
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1  | INTRODUC TION

The sympathetic nervous system (SNS) plays an important role 
in maintaining normal cardiovascular homeostasis and health by 
regulating systemic vascular resistance, blood pressure (BP), heart 
rate, cardiac output and normal vascular endothelial function in re‐
sponse to a multitude of acute environmental, physical and mental 
status alterations.1,2 It also regulates normal glucose homeostasis 
by enhancing hepatic glucose output and adipose‐free fatty acid 
mobilization during fasting periods of the day and in circumstances 
such as acute hypoglycaemia or prolonged starvation.3-8 However, 
chronic overactivity of the SNS leads to cardiovascular as well as 
metabolic adverse effects.9-18 Cardiovascular adverse effects of 
chronically elevated sympathetic tone include vasoconstriction fa‐
cilitating increased BP, an overactivated renin‐angiotensin system 
potentiating increased BP, increased heart rate and most impor‐
tantly inflammation and reactive oxygen species (ROS) generation 
in the micro‐ and macro‐vasculature as well as within the myocar‐
dium itself potentiating arterial stiffness, myocardial apoptosis and 
myocardial ischaemia/reperfusion injury.2,10,15-23 Less well recog‐
nized are the adverse metabolic effects of chronically increased 
SNS activity, which include increased hepatic gluconeogenesis, 
decreased hepatic glucose disposal, increased free fatty acid (FFA) 
mobilization from the adipose tissue, ROS generation and inflam‐
mation in adipose and liver, and decreased blood flow to muscle, 
all potentiating insulin resistance in those tissues and beta cell dys‐
function resulting from inflammatory factors, ROS, lipotoxicity and 
glucotoxicity.10,12,13,16,18,24-26

Elevated resting heart rate (RHR) can reflect elevated central 
sympathetic‐to‐parasympathetic activity balance27,28 and has been 
shown to be a common occurrence in insulin resistance syndrome, 
independent of high BP or obesity.29-32 Most importantly, in the 
insulin resistance syndrome, elevated RHR values are significantly 
correlated with other measures of SNS activity such as muscle sym‐
pathetic nerve activity and serum noradrenaline levels.12,16,18,29 
While clinically RHR between 60 and 100 beats per minute (BPM) 
is considered the “normal” range for RHR and RHR ≥100 is used as 
the criteria for defining tachycardia, a large body of evidence from 
epidemiological and clinical studies suggests that increasing RHR 
within the “normal” range is associated with increased cardiomet‐
abolic risk, particularly above 70‐80 beats per minute (BPM). Such 
elevated RHR has been associated with insulin resistance,26,33 al‐
tered beta cell function,34 impaired glucose regulation and increased 
risk of developing type 2 diabetes mellitus35-37 as well as increased 
cardiovascular disease (CVD) risk38-56 and mortality.38-48,51,52,54,56-65

Bromocriptine‐QR (B‐QR), a quick‐release formulation of mi‐
cronized bromocriptine, is the only sympatholytic dopamine‐agonist 
US FDA‐approved for the treatment of type 2 diabetes. In several 
preclinical66-72 and clinical studies,73-84 bromocriptine adminis‐
tration has repeatedly been demonstrated to reduce measures of 
elevated SNS  activity such as reduction of elevated sympathetic 
outflow, plasma norepinephrine, BP and/or conversion of nondip‐
per profile of circadian mean arterial pressure to a dipper profile. 

A critical aspect of dopaminergic control of autonomic function is 
via circadian modulation of the central biological clock pacemaker 
circuit (circadian neuronal afferent signals to and including the su‐
prachiasmatic nuclei [SCN]) (see below).

The biological clock pacemaker circuit (circadian efferent signals 
to and including the SCN) for the body is a primary regulator of auto‐
nomic balance in the body.85-87 A diminution of the circadian peak in 
dopaminergic input signalling to this SCN clock system (at daily wak‐
ing from the sleep cycle) is coupled to and potentiates an increase in 
hypothalamic pre‐autonomic neuronal activities that lead to overac‐
tivation of the SNS and metabolic syndrome in animals.88 The circa‐
dian‐timed administration of either dopamine agonist systemically 
or dopamine to the SCN clock area in insulin‐resistant animals to 
induce (mimic) the normal circadian peak of dopaminergic activity 
at the SCN pacemaker that is diminished in insulin resistance states 
has been observed to reduce chronic overactivity of SNS pre‐au‐
tonomic neurons in the hypothalamus and measures of subsequent 
chronic activation of peripheral sympathetic tone in insulin‐resistant 
states.66,88-93 Moreover, reduction of brain dopamine synthesis in 
healthy humans for just a couple of days induces peripheral insulin 
resistance.94,95

Circadian‐timed (onset of daily waking) administration of the 
antidiabetes agent B‐QR, a quick‐release formulation of micronized 
bromocriptine, to re‐establish the normal circadian peak of central 
nervous system (CNS) dopaminergic activity that is diminished in 
insulin‐resistant states among mammals has been observed to im‐
prove insulin sensitivity and reduce CVD events in type 2 diabe‐
tes.96,97 Therefore, the possibility exists that such B‐QR therapy may 
reduce elevated RHR, a measure of SNS tone in insulin resistance 
syndrome,29 that may in part explain the agent's impact to improve 
glycaemic control96 and reduce adverse cardiovascular outcomes 
in type 2 diabetes.98-101 However, the impact of circadian B‐QR 
therapy on the pathophysiological parameter of elevated RHR and, 
importantly, its relation to glycaemic control in type 2 diabetes has 
never been investigated. The primary aim of this present study was 
twofold: (a) to investigate the effect of B‐QR on elevated RHR in 
type 2 diabetes subjects and (b) to assess the nature of any inter‐re‐
lationship between B‐QR's impact to reduce elevated RHR and to 
reduce HbA1c in these subjects.

2  | METHODS

2.1 | Study subjects and design

The study population (N =  1014) of type 2 diabetes subjects was 
derived from the Cycloset Safety Trial (CST). The study protocol and 
design for the CST have been previously described in detail.98,102 
Briefly, the CST was a multicenter, placebo‐controlled, double‐
blind, parallel‐group safety and efficacy study in outpatient type 2 
diabetes subjects recruited from general practice and diabetes clin‐
ics across 74 clinical centres in the United States and Puerto Rico. 
Subjects were between the ages of 30 and 80 years and had a body 
mass index <43  kg/m2, with established type 2 diabetes by ADA 
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2003 criteria and HbA1c ≤10.0%. Subjects with New York Heart 
Classifications I and II congestive heart failure (CHF) were allowed to 
participate, as were subjects with a history of myocardial infarction 
(MI) or coronary revascularization occurring >6 months before enrol‐
ment. Subjects were required to have maintained a stable diabetes 
treatment regimen for ≥30 days prior to randomization, consisting 
of lifestyle interventions of medical nutrition therapy and appropri‐
ately prescribed physical activity with or without oral antihypergly‐
caemic agents (≤2) or insulin either alone or in combination with 1 
oral antihyperglycaemic agent.

Following randomization (2:1 active agent vs placebo), the 
study drug (B‐QR or placebo) was titrated from an initial starting 
dose of 1 tablet daily (0.8 mg B‐QR per tablet or matching placebo) 
by increasing the daily dose by 1 tablet per week until a maximum 
tolerated daily dose between 2 and 6 tablets once daily (1.6‐4.8 mg 
B‐QR/day) was achieved. The study drug was taken with the morn‐
ing meal, within 2 hours of waking. Subjects were required to con‐
tinue their established antihyperglycaemic treatments during the 
first 3 months of the study. However, the dosages of the oral agents 
or insulin could be modified as deemed appropriate by the study 
site investigator. After 3 months, alterations in the diabetes treat‐
ment regimen were allowed, if deemed necessary by the study site 
investigator, as long as these changes did not result in a final regi‐
men that exceeded two oral agents or insulin plus one oral agent, 
exclusive of the study drug. Due to the above study design, the pre‐
specified statistical analysis plan for the CST102 had specified that 
data at 24 weeks of treatment be considered for efficacy analyses 
and therefore were used to assess B‐QR's effects on dysglycemia 
and RHR in the present study.

The study protocol was approved by site‐specific or central in‐
stitutional review boards, and all subjects provided written informed 
consent to participate in the study before enrolment. The study 
was conducted in accordance with the International Council for 
Harmonization of Technical Requirements for Pharmaceuticals for 
Human Use (ICH) 2004 guidelines. This current study and analyses 
are original and different from any previously reported results from 
the CST.

The study population for the present study consisted of all sub‐
jects from the CST who completed 24 weeks of study drug treat‐
ment with no concomitant hypertension medication changes (to 
avoid confounding arising from BP and/or heart rate effects from 
changes in concomitant antihypertensive medications during this 
period) and no antidiabetes medication changes (since the original 
CST protocol had allowed for changes in dosages and regimens of 
antidiabetes medications, to avoid any potential confounding arising 
from the possibility of such diabetes medication changes affecting 
RHR or BP changes). Subjects on insulin therapy were excluded from 
this population given the limitations of the database in clearly de‐
termining insulin dose changes (and hence ensuring that there were 
no changes in concomitant diabetes therapies) and also more impor‐
tantly to control for the potential effects of insulin itself and changes 
in insulin dose on sympathetic activity given that insulin acts cen‐
trally to increase SNS activity.103,104 A total of 1014 subjects (642 

B‐QR, 372 placebo) meeting the above criteria constituted the study 
population for this study.

Resting heart rate was derived from 12‐lead electrocardiograms 
(ECGs) obtained at baseline and at 24 weeks. BP and HbA1c mea‐
surements were obtained at the baseline and 24‐week study visits.

2.2 | Statistical analyses

To assess the effects of treatment with B‐QR on RHR and if baseline RHR 
influences this effect and determine if there is a RHR threshold at which 
the treatment effect might first occur, a 2‐way analysis of variance was 
performed to test the interaction of treatment arm (B‐QR vs placebo) and 
baseline RHR subgroup (stratified as RHR <60, 60‐69, 70‐79 and ≥80) 
as two independent variables/factors and change in RHR from baseline 
to week 24 as the outcome variable. The treatment effects within each 
RHR subgroup were further analysed with t tests. Paired sample t tests 
were used to assess within‐treatment group changes and Student's t test 
for between‐group differences. Based on the findings from these initial 
analyses, that indicated baseline RHR ≥70 as the threshold above which 
an effect of B‐QR in lowering RHR was evident (Table 2), all further analy‐
ses were stratified by a baseline RHR cut‐off of <70 vs ≥70 or ≥80 BPM.

In addition to changes in RHR, changes in systolic BP (SBP), di‐
astolic BP (DBP) and mean arterial pressure (MAP) from baseline to 
24 weeks were analysed in the study population stratified by base‐
line RHR  <  or ≥70  BPM. Multivariable linear regression analyses 
stratified by RHR <70 and ≥70 BPM were performed with change in 
RHR from baseline to 24 weeks as the outcome variable and treat‐
ment with B‐QR vs placebo as a covariate along with age, gender, 
race, BMI, duration of diabetes, baseline HbA1c, baseline RHR, base‐
line and changes in SBP and DBP as other covariates included to fur‐
ther evaluate the effect of B‐QR treatment on RHR after controlling 
for potential effects of these other factors on RHR.

Further analyses were then performed to evaluate (a) the rela‐
tionships between baseline RHR as well as baseline HbA1c and the 
change in RHR associated with B‐QR therapy (vs placebo) and (b) the 
relationship between B‐QR's impact on elevated RHR and its glycae‐
mic control effect.

To evaluate the relationships between baseline RHR, baseline 
HbA1c and B‐QR's impact on RHR, the changes in RHR with B‐QR vs 
placebo were analysed in the baseline RHR <70, ≥70, and ≥80 sub‐
groups stratified by baseline HbA1c (baseline HbA1c ≤7, >7 and ≥7.5).

The nature of the relationship between (a) baseline RHR and B‐
QR's antidiabetes effect and (b) B‐QR's impact on elevated RHR and 
its antidiabetes effect each was analysed in those subjects with sub‐
optimal glycaemic control (HbA1c ≥7.5%) at baseline (N = 198:125 
B‐QR, 73 placebo) as described below.

To evaluate if baseline RHR impacts the glycaemic control ef‐
fects of B‐QR, the change in HbA1c from baseline to week 24 with 
B‐QR vs placebo was analysed in subjects with baseline HbA1c ≥7.5 
stratified by baseline RHR <70, ≥70, and ≥80.

The relationship between study drug‐induced change in ele‐
vated RHR and change in HbA1c was analysed in subjects with base‐
line HbA1c ≥7.5 and baseline RHR ≥70 using Pearson correlation as 
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well as multivariable linear regression with change in HbA1c from 
baseline to week 24 as the outcome variable and change in RHR as 
a covariate along with age, gender, race, baseline HbA1c and other 
concomitant diabetes medications (metformin, SU and/or TZD, each 
coded as 0 = no and 1 = yes) as the other variables included in the 
analysis.

All statistical analyses were performed using SPSS software 
(Build 1.0.0.1012; IBM Corp). The significance level was set at 
P < .05. Data are presented as mean ± standard error of the mean 
(SEM) except categorical variables shown as numbers and per 
cent.

3  | RESULTS

3.1 | Baseline characteristics

The baseline characteristics of the study population are shown in 
Table 1. Study subjects in the B‐QR and placebo treatment arms 
were well matched at baseline within each RHR subgroup and over‐
all; besides the expected difference in mean RHR, there were no 
major differences in the baseline characteristics of subjects across 
the different RHR subgroups. The average blood pressure control 
was good in all groups but close to 70% of the subjects had a his‐
tory of hypertension in each group and were on antihypertensive 

medications. In this regard, it should be re‐emphasized that con‐
comitant antihypertensive medication changes did not occur during 
the course of this study per the study inclusion criteria described 
in Section 2.

3.2 | RHR threshold for effect of B‐QR

Two‐way analysis of variance to explore the effect of treatment 
with B‐QR (vs placebo) and baseline RHR on the change in RHR 
from baseline to week 24 revealed statistically significant interac‐
tion between the effects of treatment arm and baseline RHR sub‐
group on the change in RHR (F [3, 1006] 3.3, P = .02), with significant 
changes in RHR with B‐QR therapy seen only in the RHR subgroups 
with baseline RHR ≥70 BPM (see Table 2 for details). In the baseline 
RHR between 70 and 79 subgroup, the RHR change from week 0 
to week 24 was −3.3 BPM (P < .001) within the B‐QR treated group 
and −0.9 (P = .3) within the placebo group yielding a between‐group 
difference of −2.4 BPM (P =  .027). In the baseline RHR ≥80 BPM 
subgroup, RHR decreased significantly by −7.6 BPM (P < .001) in the 
B‐QR‐treated group, while the mean RHR change of −2.7 BPM in 
the placebo group was not statistically significant (P = .07) yielding 
a between‐treatment group difference of −4.9 BPM RHR reduction 
with B‐QR relative to placebo (P =  .01). There were no significant 
changes in RHR with either B‐QR or placebo in the subgroups with 

TA B L E  1   Baseline characteristics of the study population

 

Baseline RHR <70 Baseline RHR ≥70 Baseline RHR ≥80

B‐QR (n = 399) Placebo (n = 243) B‐QR (n = 243) Placebo (n = 129) B‐QR (n = 85) Placebo (n = 39)

Age (y) 61 ± 0.5 61 ± 0.6 58 ± 0.6 59 ± 0.9 59 ± 1.1 56 ± 1.4

Gender (% male) 61 60 56 47 48 41

Race (% Caucasian) 63 70 65 64 62 69

BMI (kg/m2) 31.7 ± 0.3 32.2 ± 0.3 32.9 ± 0.3 32.1 ± 0.5 32.2 ± 0.6 32.5 ± 0.9

Duration of diabe‐
tes (y)

5.5 ± 03 6.6 ± 0.4*  6.2 ± 0.3 6.1 ± 0.5 7.3 ± 0.7 5.9 ± 0.8

HbA1c (%) 6.64 ± 0.04 6.69 ± 0.06 6.93 ± 0.07 6.92 ± 0.10 7.05 ± 0.11 6.84 ± 0.19

Fasting glucose 
(mg/dL)

133 ± 1.6 133 ± 2.0 143 ± 2.7 137 ± 3.3 148 ± 5.1 136 ± 6.2

Baseline RHR 
(bpm)

60 ± 0.3 60 ± 0.4 78 ± 0.5 77 ± 0.6 86.5 ± 0.7 85.4 ± 0.8

Systolic BP 
(mm Hg)

130 ± 0.7 130 ± 0.8 130 ± 0.8 128 ± 1.1 131 ± 1.5 125 ± 1.9* 

Diastolic BP 
(mm Hg)

77 ± 0.4 77 ± 0.6 79 ± 0.6 78 ± 0.7 78 ± 1.0 77 ± 1.4

eGFR (mL/
min/1.73 m2)

66 ± 0.6 67 ± 0.7 67 ± 0.8 66 ± 1.1 66 ± 1.4 67 ± 1.8

Serum creatinine 
(mg/dL)

1.1 ± 0.01 1.1 ± 0.01 1.1 ± 0.01 1.1 ± 0.02 1.1 ± 0.02 1.1 ± 0.02

Hypertension 
history (% yes)

69 70 72 72 72 67

Note: Data shown as mean ± standard error of mean.
Abbreviations: BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; RHR, resting heart rate.
*P < .05 for between‐treatment group (B‐QR vs placebo) within specified baseline RHR category. 
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baseline RHR <60 or 60‐69 (ie RHR <70). Baseline RHR < or ≥70 
was therefore used as the cut‐off for the subsequent analyses as 
described below.

3.3 | Effects of B‐QR on RHR and BP stratified by 
baseline RHR ≥70/<70

Among subjects with baseline RHR ≥70 (N  =  372:243 B‐QR, 129 
placebo), RHR decreased from baseline to week 24 on average by 
−4.8 BPM in the B‐QR treated group and by −1.5 in the placebo‐
treated group yielding a between‐group difference of −3.4  BPM 
(P = .001) (see Table 3 for more details). B‐QR therapy relative to pla‐
cebo also reduced SBP by −3.6 mm Hg (P = .02), DBP by −1.9 mm Hg 
(P =  .05) and MAP by −2.5 mm Hg (P =  .02) (see Table 3 for more 
details).

Among subjects with RHR <70 at baseline, there was no reduc‐
tion in RHR within either treatment group and no significant differ‐
ence in the RHR change from baseline with B‐QR therapy relative 

to placebo (between‐treatment group difference in change in RHR 
from baseline −0.4, P = .5).

Multivariable regression analysis demonstrated that treat‐
ment with B‐QR (vs placebo) is a significant independent predictor 
(P = .001) of change in RHR, after adjusting for other factors includ‐
ing age, gender, race, BMI, duration of diabetes, baseline HbA1c, and 
baseline as well as change in SBP and DBP, in subjects with baseline 
RHR ≥70 but not in those with baseline RHR <70.

3.4 | Effect of baseline HbA1c on B‐QR's impact 
on RHR

The mean change in RHR from baseline to week 24 with B‐QR 
therapy vs placebo among subjects with baseline RHR ≥70 when 
stratified by baseline HbA1c was −2.7 BPM (P = .03) in subjects with 
baseline HbA1c ≤7, −5.0 BPM (P  =  .002) in subjects with baseline 
HbA1c >7 and −6.1 BPM (P = .002) in those with baseline HbA1c ≥7.5 
(Figure 1; Table 4).

TA B L E  2  Effects of bromocriptine‐QR vs placebo treatment for 24 wk on resting heart rate stratified by baseline resting heart rate

Baseline RHR 
subgroups

Bromocriptine‐QR (B‐QR)

B‐QR within 
group change

Placebo (PL)

PL within 
group change

B‐QR vs PL 
between‐group 
differenceBaseline

After 24 wk 
of treatment Baseline

After 24 wk 
of treatment

RHR <60
N = 294 (174 B‐QR; 
120 P)

54.1 ± 0.3 57.5 ± 0.6 3.4
P < .001

55.0 ± 0.3 58.3 ± 0.6 3.3
P < .001

0.1
P = .90

RHR 60‐69
N = 348 (225 B‐QR; 
123 P)

64.4 ± 0.2 64.7 ± 0.5 0.3
P = .61

64.6 ± 0.3 65.3 ± 0.7 0.8
P = .26

−0.5
P = .55

RHR 70‐79
N = 248 (158 B‐QR; 
90 P)

74.1 ± 0.2 70.8 ± 0.7 −3.3
P < .001

73.4 ± 0.3 72.5 ± 0.9 −0.9
P = .30

−2.4
P = .027

RHR ≥80
N = 124 (85 B‐QR; 39 P)

86.5 ± 0.7 78.9 ± 1.1 −7.6
P < .001

85.4 ± 0.8 82.7 ± 1.6 −2.7
P = .07

−4.9
P = .01

Note: Data shown as mean ± standard error of mean.
Abbreviation: RHR, resting heart rate.

TA B L E  3  Effects of bromocriptine‐QR vs placebo treatment for 24 wk on resting heart rate and blood pressure in subjects with baseline 
RHR ≥70

 

Bromocriptine‐QR (B‐QR) 
(N = 243)

B‐QR within 
group change

Placebo (PL) N = 129

PL within 
group change

B‐QR vs PL between‐
group differenceBaseline

After 24 wk 
of treatment Baseline

After 24 wk 
of treatment

RHR (BPM) 78.4 ± 0.5 73.6 ± 0.6 −4.8
P < .001

77.0 ± 0.6 75.6 ± 0.9 −1.5
P = .06

−3.4
P = .001

Systolic BP 
(mm Hg)

129.9 ± 0.9 127.1 ± 0.9 −2.8
P = .002

127.7 ± 1.1 128.5 ± 1.3 0.8
P = .6

−3.6
P = .02

Diastolic BP 
(mm Hg)

79.2 ± 0.6 76.8 ± 0.6 −2.4
P < .001

78.0 ± 0.7 77.5 ± 0.8 −0.5
P = .5

−1.9
P = .05

MAP 
(mm Hg)

96.1 ± 0.6 93.6 ± 0.6 −2.6
P < .001

94.6 ± 0.7 94.5 ± 0.8 −0.05
P = .9

−2.5
P =.02

Note: Data shown as mean ± standard error of mean.
Abbreviations: BP, blood pressure; MAP, mean arterial pressure; RHR, resting heart rate.
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The magnitude of the RHR reductions from baseline with B‐QR vs 
placebo was even greater when the analyses were limited to subjects 
with elevated baseline RHR ≥80 (N = 124:85 B‐QR, 39 placebo), with 
a mean change in RHR from baseline to week 24 with B‐QR therapy 
vs placebo of −4.5 BPM (P =  .07) in those with baseline HbA1c ≤7, 
−7.8 BPM (P = .015) in those with baseline HbA1c >7 and −9.9 BPM 
(P = .005) in those with baseline HbA1c ≥7.5 (Figure 1; Table 4).

There was no significant change in RHR among subjects with 
baseline RHR <70 regardless of baseline HbA1c (RHR change week 
0 to week 24 with B‐QR therapy vs placebo −0.04 [P  =  .95], −1.4 
[P = .26] and −0.9 [P = .59] BPM in subjects with baseline HbA1c ≤7, 
>7, and ≥7.5, respectively).

3.5 | Effect of baseline RHR on B‐QR's 
glycaemic effect

To assess the relationship between baseline RHR and the antidiabe‐
tes effect of B‐QR, the change in HbA1c from baseline to week 24 
with B‐QR therapy vs placebo was analysed in subjects with poor 
glycaemic control (defined as baseline HbA1c ≥7.5%) at baseline 
(N = 198:125 B‐QR, 73 placebo), stratified by baseline RHR. HbA1c 
reduction as a function of baseline RHR demonstrated HbA1c re‐
ductions with B‐QR vs placebo as follows: RHR <70  BPM: −0.50 
(P = .04); RHR ≥70 BPM: −0.73 (P = .005), ≥80 BPM: −1.22 (P = .008) 
(Figure 2).

3.6 | Relationship between B‐QR‐induced change in 
RHR and B‐QR's antidiabetes effect

The relationship between the B‐QR induced change in RHR and 
change in HbA1c was analysed in the subjects with baseline RHR 
≥70 BPM and baseline HbA1c ≥7.5. The change (decrease) in RHR 
from baseline to week 24 significantly positively correlated with the 
change (decrease) in HbA1c (Pearson r =  .40, P =  .001) in subjects 

treated with B‐QR but not placebo. Multivariable regression analy‐
sis with change in HbA1c from baseline to week 24 as the outcome 
variable and change in RHR as a covariate along with age, gender, 
race, baseline HbA1c, and other concomitant diabetes medications 
(metformin, SU and/or TZD) as the other variables included in the 
analysis demonstrated that among the B‐QR treated subjects with 
baseline RHR ≥70  BPM and baseline HbA1c ≥7.5, the magnitude 
of RHR reduction is a significant independent predictor of B‐QR's 
effect on reducing HbA1c (β .42; P  =  .001) (see Table 5 for more 
details).

4  | DISCUSSION

Circadian‐timed treatment of type 2 diabetes subjects with B‐QR 
reduced an elevated RHR (≥70 BPM or ≥80 BPM) by between ap‐
proximately 3‐10 BPM relative to placebo dependent upon the base‐
line RHR and HbA1c level in the study population. The magnitude 
of this RHR  reduction was greater the more elevated the baseline 
RHR above 70 BPM, with greater reductions seen with baseline RHR 
≥80. There was no such B‐QR impact to reduce RHR in subjects with 
baseline RHR below 70 BPM. That is, the B‐QR influence to reduce 
RHR was only observable if the RHR was elevated to a range above 
70 BPM, a threshold that has in previous studies been associated with 
increased risk of insulin resistance, metabolic syndrome, type 2 dia‐
betes and adverse CVD outcomes.46,47,49-51,61,65 The B‐QR‐induced 
reduction in RHR was accompanied also by a concurrent reduction in 
BP, suggesting an influence to reduce central elevated sympathetic 
drive to the cardiovascular system.66,73,74,76,84 Importantly, the mag‐
nitude of the B‐QR effect to reduce elevated RHR increased also with 
increasing HbA1c level at baseline which may reflect higher levels of 
underlying elevated sympathetic activity contributing to both the 
elevated RHR and higher A1c in these subsets. In addition, the de‐
gree of B‐QR's impact to reduce elevated RHR was an independent 
predictor of its effect to reduce HbA1c among subjects with poor 
glycaemic control (baseline HbA1c ≥7.5). To our knowledge, this is 
the first demonstration of such an effect on RHR with any FDA‐ap‐
proved antidiabetes medication. This interaction suggests that B‐QR 
therapy may be targeting an aetiologic factor of both elevated RHR 
and dysglycemia. This aetiologic factor likely is elevated SNS activity, 
an autonomic imbalance pathology known to both increase RHR and 
potentiate insulin resistance and dysglycemia.10,12,13,26 Such a SNS 
target of B‐QR would be consistent with the reported sympatholytic 
mechanism of action of circadian‐timed B‐QR therapy to improve gly‐
caemic control and reduce CVD risk in type 2 diabetes subjects.96,105 
However, although SNS innervation of the myocardium is extensive 
and exerts a prominent control of myocardial function,106 reduced 
parasympathetic drive to the heart may also contribute to elevated 
RHR 107 and central dopamine action can function to reverse this 
vagal imbalance as well,108 an effect which may also participate in the 
observed B‐QR effects on elevated RHR in this study.

It is important to appreciate in general and relative to the pres‐
ent investigation in particular that a large body of evidence indicates 

F I G U R E  1  Bromocriptine‐QR vs placebo reduces elevated 
resting heart rate (between‐group difference in change from 
baseline) as a function of baseline resting heart and baseline 
haemoglobin A1c. Data shown as mean ± standard error of mean. 
RHR, resting heart rate
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that while tachycardia is usually defined as heart rate ≥100 BPM, 
RHR thresholds substantially lower than this traditional tachycardia 
criterion are also associated with significant increased cardiovas‐
cular risks.39-41,46,47,49-51,53,54,61,62,65 Accumulating evidence from 
a multitude of large longitudinal epidemiological studies and clini‐
cal trials indicate that chronically elevated RHR over a threshold 
of approximately the >70‐80 BPM range is significantly associated 
with and is a predictor of increased cardiometabolic risk (insulin 
resistance, metabolic syndrome, type 2 diabetes and CVD) as well 
as both cardiovascular and all‐cause mortality and such associa‐
tions have been reported in general healthy populations as well as 
in those with hypertension, coronary artery disease or heart fail‐
ure.33-46,48,51-55,57-60,62-64,109,110 RHR ≥70  BPM has therefore been 
used as the cut‐off for defining elevated RHR in previous clinical 
studies having identified increased CVD risk above this thresh‐
old.45-47,49-51,53,61,62,65,111 Consequently, in the context of these re‐
ported findings, the reduction of elevated RHR above 70‐80 BPM 
by 6‐10 BPM with circadian‐timed B‐QR therapy in type 2 diabetes 
subjects with poor glycaemic control (HbA1c ≥7.5) in the present 
study can be clinically meaningful. These findings also may relate to 
(and provide a theoretical mechanistic basis [via reducing elevated 
SNS tone] for) the 40%‐50% reduction in CVD outcomes observed 
with this therapy in the type 2 diabetes population.98-101

The observation that (a) the higher the RHR the greater the 
B‐QR induced reduction in RHR and (b) the magnitude of the ele‐
vated RHR reduction with B‐QR is an independent predictor of the 
magnitude of HbA1c reduction with the therapy in type 2 diabe‐
tes subjects whose glycaemia is poorly controlled is an interesting 

and potentially clinically important finding as it may help identify 
“best responders” to the therapy. An understanding of why the 
magnitude of the B‐QR effect to reduce RHR predicts the mag‐
nitude of its effect to reduce HbA1c in type 2 diabetes subjects 
whose glycemia is poorly controlled may best be obtained by (a) 
appreciating the relationship between RHR and SNS tone on the 
one hand and the influence of chronic elevated SNS activity upon 
cardiometabolic health and glycaemic control on the other and (b) 
realizing the sympatholytic nature of circadian B‐QR therapy upon 
chronically elevated SNS tone in insulin‐resistant states as follows. 
Importantly, in insulin resistance syndrome, elevated RHR (over 
70‐80 BPM) is a marker of an increase in cardiac SNS dominance 
either in absolute terms or in relative terms of SNS/parasympa‐
thetic nervous system (PSNS) activity balance 27,28,106 and SNS 
overactivity is considered to be the most likely central mechanism 
to explain the association between elevated RHR and adverse car‐
diometabolic outcomes.12,18,26,37 While the autonomic imbalance 
of elevated SNS and depressed PSNS activities to the heart each 
can contribute to elevated RHR, available evidence suggests that 
the elevated RHR association with insulin resistance syndrome is 
most closely coupled to overactive SNS tone that involves several 
metabolic tissues in addition to the heart.10,12,16-19,24,25,37,112,113 
Both elevated RHR33-49,51-57 and elevated SNS tone9-18,114 are as‐
sociated with and predict the future onset of CVD, insulin resis‐
tance, metabolic syndrome and type 2 diabetes. The association 
of elevated RHR with development of type 2 diabetes has been 
mainly attributed to increased insulin resistance secondary to el‐
evated SNS activity,12,16,26,35-37 although elevated RHR has also 

TA B L E  4  Resting heart rate changes with bromocriptine‐QR vs placebo stratified by baseline resting heart rate and baseline haemoglobin 
A1c

Baseline RHR groups stratified by 
baseline HbA1c

Bromocriptine‐QR (B‐QR) Placebo (P)
Between‐treatment group 
difference in RHR change
Week 0‐24 (P‐value)RHR at baseline

RHR change
Week 0‐24 RHR at baseline

RHR change
Week 0‐24

Baseline RHR <70 BPM

HbA1c ≤7 (N = 295 B‐QR, 177 P) 60 ± 0.4 1.7 ± 0.4***  60 ± 0.4 1.7 ± 0.5***  0.04 ± 0.7 (P = .95)

HbA1c >7 (N = 103 B‐QR, 66 P) 61 ± 0.6 1.4 ± 0.8 60 ± 0.6 2.8 ± 0.9**  −1.4 ± 1.2 (P = .25)

HbA1c ≥7.5 (N = 60 B‐QR, 41 P) 60 ± 0.8 1.1 ± 1.1 61 ± 0.8 2.0 ± 1.2 −0.9 ± 1.7 (P = .6)

Baseline RHR ≥70 BPM

HbA1c ≤7 (N = 148 B‐QR, 87 P) 78 ± 0.6 −5.2 ± 0.8***  77 ± 0.7 −2.5 ± 0.9**  −2.7 ± 1.2 (P = .03)

HbA1c >7 (N = 95 B‐QR, 42 P) 79 ± 0.8 −4.3 ± 0.9***  77 ± 0.9 0.7 ± 1.1 −5.0 ± 1.6 (P = .002)

HbA1c ≥7.5 (N = 61 B‐QR, 31 P) 79 ± 1.0 −4.5 ± 1.2***  77 ± 1.2 1.6 ± 1.2 −6.1 ± 1.9 (P = .002)

Baseline RHR ≥80 BPM

HbA1c ≤7 (N = 47 B‐QR, 29 P) 86 ± 0.0.9 −8.6 ± 1.6***  86 ± 0.7 −4.1 ± 1.8*  −4.5 ± 2.4 (P = .07)

HbA1c >7 (N = 38 B‐QR, 10 P) 87 ± 1.1 −6.5 ± 1.5***  85 ± 2.2 1.3 ± 1.7 −7.8 ± 3.1 (P = .015)

HbA1c ≥7.5 (N = 24 B‐QR, 9 P) 86 ± 1.4 −8.1 ± 1.9***  85 ± 2.4 1.8 ± 1.9 −9.9 ± 3.3 (P = .005)

Note: Data shown as mean ± standard error of mean.
Abbreviations: HbA1c, haemoglobin A1c; RHR, resting heart rate.
*P < .05 for within‐treatment group change in RHR. 
**P ≤ .01 for within‐treatment group change in RHR. 
***P ≤ .001 for within‐treatment group change in RHR. 
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been reported to be a predictor of beta cell dysfunction and con‐
sequent impaired glucose regulation independent of the level of 
insulin sensitivity.34

Chronic SNS overactivity is an important pathophysiological 
phenomenon that potentiates hypertension, vasoconstriction and 
vascular insulin resistance,20,115-118 vascular oxidative stress,19,119 
endothelial dysfunction,19,120-122 myocardial oxidative and nitrative 
stress and apoptosis,15 and renal renin‐angiotensin system over‐
activation,20-23 as well as metabolic changes such as increased ad‐
ipose inflammation and lipolysis3,24,123,124 (inducing hyperaemia, a 
potent stimulus for central activation of SNS tone125,126), increased 
hepatic oxidative stress, inflammation, lipotoxicity, glucose output, 

insulin resistance,66,127 ectopic fat deposition24,66 and muscle insulin 
resistance.128-130 Collectively, these pathophysiologies underlie de‐
velopment of vascular stiffness and arteriosclerosis, atherosclerosis 
and atherosclerosis progression, cardiac remodelling, occurrence 
of myocardial ischaemia and arrhythmias, reduced left ventricular 
function, kidney dysfunction, hypertension and metabolic derange‐
ments of obesity, dyslipidemia, metabolic syndrome and type 2 
diabetes,10-13,41,114,131 occurrences often associated with elevated 
RHR.10-13,18,26,36,37,41,114,131

Long‐term bromocriptine therapy is well known to reduce 
elevated sympathetic tone in hypertensive animals and hu‐
mans.66-84,132 The present study extends the specifics of these 
findings on vascular hemodynamics and uncovers an important 
relationship between B‐QR impact on RHR and glycaemic control 
in type 2 diabetes subjects. Although acute peripheral effects of 
bromocriptine can function to inhibit noradrenaline release from 
sympathetic neurons, studies of chronic bromocriptine impact on 
elevated sympathetic tone implicate a dominant central mechanism 
of action in this regard.66,74,82 Insights into how circadian‐timed 
B‐QR therapy operates to simultaneously alleviate elevated RHR 
and dysglycemia in type 2 diabetes subjects may be derived from 
studies of hypothalamic biological clock circuitry control of auto‐
nomic balance and the neuroendocrine axis and dopamine's influ‐
ence on this system as follows. The CNS biological clock circuitry 
centred on the SCN co‐ordinates autonomic and endocrine system 
modulation of biochemical metabolic events in the liver, adipose, 
muscle and other peripheral tissues including the vasculature and 
heart85,86,133-135 to generate a whole‐body metabolism and to syn‐
chronize/co‐ordinate metabolism within the individual to the cyclic 
environment (eg, circadian variations in vascular tone and heart 
rate associated with the sleep/wake cycle, co‐ordination of fuel 
mobilization with the daily sleep‐fasting period, and anabolic fuel 

F I G U R E  2  Glycaemic control effect of bromocriptine‐QR vs 
placebo (between‐group difference in change from baseline HbA1c) 
in T2DM subjects with suboptimal glycaemic control (baseline 
HbA1c ≥7.5) stratified by baseline resting heart rate. Data shown as 
mean ± SEM. RHR, resting heart rate
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Multivariable regression analysis
Outcome: HbA1c change from baseline to week 24 with study drug treatment

Covariates/Predictors

Bromocriptine‐QR Placebo

Standardized β P‐value Standardized β P‐value

Age −.06 .66 .36 .15

Gender (0 = female, 1 = male) −.16 .23 −.28 .18

Race (0 = non‐Caucasian, 
1 = Caucasian)

.23 .06 .03 .89

Baseline HbA1c .01 .92 −.14 .51

Concomitant treatment with 
metformin (0 = no, 1 = yes)

−.12 .34 −.03 .90

Concomitant treatment with a 
SU (0 = no, 1 = yes)

.02 .90 −.13 .58

Concomitant treatment with a 
TZD (0 = no, 1 = yes)

−.10 .42 −.35 .13

Change in RHR from baseline 
to week 24 with study drug 
treatment

.42 .001 .13 .57

Abbreviations: HbA1c, haemoglobin A1c; RHR, resting heart rate.

TA B L E  5  Relationship of treatment‐
induced change in resting heart rate with 
change in haemoglobin A1c
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storage processes with wake‐feeding periods of the day). The SCN 
is the seat of the autonomic nervous system, sending direct and 
indirect signals to multiple CNS (eg, hypothalamic) centres that are 
pre‐autonomic fibres regulating sympathetic/parasympathetic ac‐
tivity balance from moment to moment and rhythmically over the 
course of the day.85-88,135-137

A series of studies have demonstrated that a diminution of cir‐
cadian peak dopaminergic activity at the SCN area signals the SCN 
to send neural messages to several brain centres to activate sym‐
pathetic tone and alter glucose and FFA sensing in a manner that 
potentiates glucose intolerance, insulin resistance, and leptin resis‐
tance.96 Elements of the western lifestyle including high fat/sugar 
diets, psychological stress and altered sleep/wake architecture all 
diminish brain dopamine activity and are strongly associated with 
insulin resistance syndrome.138-142 Reinstatement of the circadian 
peak in brain dopaminergic activity in insulin resistance syndrome 
attenuates these brain (SCN) neural signalling pathways that poten‐
tiate the syndrome.96 Such a reinstatement of CNS dopaminergic 
effect would be expected to manifest decreases in elevated RHR 
and dysglycemia in type 2 diabetes subjects as observed herein with 
circadian‐timed B‐QR therapy. Moreover, such B‐QR treatment 
would also be expected and has in fact been observed to reduce 
elevated plasma triglyceride and FFA levels and insulin resistance in 
type 2 diabetes.96

Circadian‐timed morning administration of B‐QR produces a 
brief pulse of dopaminergic activity to the body, including the CNS, 
that would reverse the diminished morning dopaminergic signalling 
to the CNS143 (including the biological clock SCN) of the type 2 dia‐
betes patient and resultantly reduce overactivity of pre‐autonomic 
hypothalamic neurons in the brain areas that stimulate increased 
SNS outflow to the periphery in the manner described above. It 
should be realized that circadian‐timed B‐QR therapy may act to 
reduce sympathetic tone by multiple distinct mechanisms includ‐
ing (a) the above‐described action at dopamine receptors at the 
biological clock (SCN) to reduce its activation of hypothalamic pre‐
autonomic sympathetic fibres,72,144 (b) dopamine action directly 
on paraventricular nuclei pre‐autonomic sympathetic fibres to in‐
hibit their SNS activation 93 and (c) peripheral action directly on 
postganglionic‐presynaptic sympathetic fibres to inhibit their nor‐
adrenaline release.75,76,145 It should be appreciated, however, that 
peripheral effects of dopamine agonism may themselves be regu‐
lated by CNS dopamine function.146 The absence of any significant 
effect of B‐QR on RHR or BP in those type 2 diabetes subjects with 
RHR <70 suggests that the “resetting” effect of timed B‐QR ther‐
apy may correct SNS hyperactivity or SNS‐to‐PSNS dominance to 
the heart responsible for increased RHR, but does not affect nor‐
mal RHR/BP in the absence of vascular SNS hyperactivity, while 
SNS activity may still be elevated and impacted elsewhere (eg, 
liver, adipose) in the insulin‐resistant body.

The limitations of this study include the absence of any additional 
direct measures of SNS tone, the lack of physical activity/fitness 
data on the study subjects which may influence RHR and glycae‐
mic control, and the lack of measures of insulin sensitivity to assess 

correlations between RHR and insulin action. The present findings 
however suggest that such future studies are warranted.

5  | CONCLUSION

The present study has demonstrated that circadian‐timed bromocrip‐
tine‐QR therapy significantly reduces elevated (but not normal) RHR 
and blood pressure in type 2 diabetes subjects, the magnitude of which 
RHR reduction is positively correlated to each of the baseline elevated 
RHR and HbA1c level. This impact of B‐QR to reduce elevated RHR 
is an independent predictor of its impact to reduce elevated HbA1c 
(ie the greater the RHR reduction, the greater the HbA1c reduction). 
These findings lend further support to the reported bromocriptine‐QR 
mechanism of improving glycaemic control in type 2 diabetes in part 
via reduction of elevated SNS tone.105 These findings also suggest that 
type 2 diabetes maximum responder populations to bromocriptine‐QR 
may be those subjects with elevated (>~80 BPM) RHR or other mark‐
ers of elevated SNS tone. The impact of B‐QR to reduce elevated RHR 
(and the antecedent elevated SNS tone) provides a potential contribut‐
ing mechanism for the observed marked reduction in CVD outcomes 
with B‐QR therapy.98-101
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