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ABSTRACT

Background: Dopamine 2 receptor agonists, Bro-
mocriptine and Cabergoline, were originally intro-
duced for prolactinomas and pituitary tumors but
have glucose-lowering effects. This paper studied the
significance of their effects on lowering blood glu-
cose level and conducted a comprehensive analysis
to identify relevant clinical trials of dopamine 2 ag-
onists on Glycated Hemoglobin (HbA1c) and Fasting
Blood Sugar (FBS).

Methods: We conducted a study using different da-
tabases; PubMed, Google Scholar, Cochrane Library,
HINARI, Registers, and Citations until December 31,
2022 using the PRISMA 2020 statement, looking for
studies relevant to clinical studies on FBS and HbA1c.
Jadad score were used to assess the study quality.
The study included studies with full abstracts, pre-
defined garlic doses, clear interventions, and blood
glucose measurements.

Results: Data were synthesized from 23 clinical stud-
ies that recruited 6125 study subjects. The pooled
effect analysis of the trials revealed that dopamine
2 agonists improve glycated hemoglobin (HbA1c)
(SMD=-1.26; 95% CI (-1.60,-0.93), p<0.00001), and
FBS (SMD=-1.84; 95% Confidence Limit (Cl) (-2.61,-

INTRODUCTION

Diabetes Mellitus (DM) is a condition where blood glucose levels
are not properly controlled. Hyperglycemia is a common symp-
tom of a set of metabolic illnesses that are caused by flaws in in-
sulin action, secretion, or both (Care D, 2022). Uncontrolled dia-
betes frequently results in chronic hyperglycemia, which is linked
to long-term harm, dysfunction, and failure of different organs,
particularly the eyes, kidneys, nerves, heart, and blood vessels
(Tatcu CO, et al., 2021). Serious problems result from improper
treatment, which lowers patients’ quality of life and increases the
expense of their care (Molinaro R and Dauscher C, 2017). Accord-
ing to the IDF, there are currently 537 million diabetics worldwide
between the ages of 20 and 79, with that figure expected to rise
to 643 million by 2030 and 783 million by 2045 (Federation ID,
2013).

The most frequent causes of increasing diabetic cases are an in-
crease in sedentary behavior, consumption of foods high in cal-
ories, obesity, and a longer life expectancy (Care D, 2022). The
percentage of patients with DM who have seen a physician is
sharply rising (Lucier J, Weinstock RS, 2023; Ingle PV, et al., 2018).
Numerous complications are caused by hyperglycemia, includ-
ing diabetic retinopathy, diabetic nephropathy, atherosclerosis,
hypercoagulability, coronary heart disease, abdominal obesity,
hypertension, hyperlipidemia, cerebrovascular disease, coronary
artery disease, foot damage, skin complications, alzheimer’s dis-
ease, hearing loss, and depression (Kumar S, et al., 2017). Diabetes
is a more severe illness than other diseases because of these pot-
entially fatal complications. Though several synthetic medications
have been created, none of the compounds have yet to offer a full
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1.07), p<0.00001). Each drug’s pooled effect analysis
indicates bromocriptine significantly improved HbA1c
(SMD=-1.25;95% CI (-1.64,-0.87), p<0.00001) and FBS
(SMD=-1.90; 95% CI (-2.79,-1.01), p<0.00001) and
similarly, cabergoline significantly improved HbA1c
(SMD =-1.29; 95% CI (-1.96, -0.62), p<0.00001) and
FBS (SMD=-1.62; 95% CI (-2.82,-0.41), p<0.00001).
The data presented above demonstrated that dopa-
mine 2 agonists have a significant ability to lower
blood sugar levels in clinical studies

Conclusion: The study shows that dopamine 2 ago-
nists have significantly reduced glycated hemoglobin
and fasting blood sugar levels without major side ef-
fects. Although there are encouraging results, more
data is required to determine the best anti-hypergly-
cemic dose and frequency of daily use, as well as side
effects and possible product interactions when using
dopamine 2 receptor agonists for their anti-hypergly-
cemic benefits.
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recovery. Because certain synthetic substances have serious nega-
tive effects when used continuously, there is still a need for access-
ible, non-toxic medications (Padhi S, et al., 2020).

Bromocriptine and cabergoline are dopamine D2 receptor agon-
ists originally introduced for prolactinomas and pituitary tumors.
However, in 2009, the Food and Drug Administration (FDA) ap-
proved bromocriptine as a treatment for Type 2 Diabetes (T2D)
and as a glucose-lowering drug (Lamos EM, et al., 2016; Mahajan
R, 2009). The mechanism of action is complex but partly results
from the suppression of monoamines and partly from the sup-
pression of prolactin (Vicchi FL, et al., 2016). Bromocriptine sup-
presses the sympathetic nervous system and lowers noradrenaline
and serotonin levels, which inhibits hepatic glucose production,
slows adipose tissue breakdown, and improves insulin sensitivity
(Vicchi FL, et al.,, 2016; deFronzo RA, 2011; Luo S, ef al., 1998).
A recent systematic analysis of observational studies indicated
that dopamine receptor agonist treatment in individuals with
prolactinomas improved metabolic variables. Dopamine agonists
suppress prolactin release from lactotropic cells in the pituitary
(Byberg S, et al., 2019). It has been demonstrated that using bro-
mocriptine and metformin together has a much larger impact on
improving HbA1c than using either medication alone (Schwartz
SS and Zangeneh E 2016). However, neither the lipid profile nor
postprandial hyperglycemia was affected by bromocriptine ad-
ministration (Liang W, et al., 2015).

Dopamine-agonist therapy as a treatment for type 2 diabetes
mellitus has received a lot of attention. For people with T2DM
and HbAlc readings higher than 7.5%, bromocriptine-QR is a
successful add-on medication. If bromocriptine-QR is tolerated
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by the patient, there may be slight improvements in postprandial hyper-
glycemia and cardiometabolic endpoints, which could reduce the risk of
serious adverse cardiovascular events (MACE) (Lamos EM, et al., 2016).
The Cycloset Safety Trial, a significant randomized placebo-controlled trial
assessing the efficacy and safety of bromocriptine on T2D, found a 48 per-
cent reduction in the likelihood of a composite cardiovascular endpoint
problems like myocardial infarction, stroke, coronary revascularization,
or hospitalization for angina or congestive heart failure (Chamarthi B, et
al., 2015). The most frequent side effects following bromocriptine therapy
were nausea, vomiting, and dizziness (Chamarthi B, et al., 2015).

Previous studies didn't evaluate cabergoline as an antihyperglycemic drug
while evaluating dopamine agonists, except for one study that compared
only three studies. Furthermore, the determination of internal and exter-
nal validity has not yet been evaluated because no prior evaluations have
used a bias assessment of the trials that were included or quantified the
potential risk of random error (Liang W, ef al., 2015; Andersen IB, ef al.,
2021). Furthermore, the published studies have limitation of not includ-
ing all findings and additionally since the last study was published, new
investigations have been done. This manuscript will explore the effects of
dopamine 2 agonists as a diabetes therapeutic agent in clinical investiga-
tions when compared to a placebo or control group in order to reach com-
prehensive conclusions.

MATERIALS AND METHODS
Search design

The present study is done by considering dopamine 2 agonists for the
management of type 2 diabetes, conducted on English language articles
published until December 31, 2022. This study was conducted using data-
base searches, and the reporting adhered to the preferred reporting items
(Muka T, et al., 2020; Siddaway AP, et al., 2019).

Search strategy

From conception through December 31, 2022, databases such as PubMed/
MEDLINE, Cochrane Library, and Google Scholar were evaluated. Addi-
tional studies were found by searching the website and the reference lists of
all listed papers. To summarize the number of papers identified, screened,
excluded, and finally included in the study, a PRISMA 2020 flow diagram
was employed. The key words used in the search include: (diabetes mellitus
OR diabetes mellitus type 2 OR T2DM OR diabetes type 2 OR diabetes
mellitus type 2) AND (bromocriptine OR bromocriptine-QR OR dopa-
mine agonists OR bromocriptine OR dopamine receptor agonist OR par-
lodel OR cabergoline OR dostinex OR bromocriptin* OR cabergolin*).

Study selection and data extraction

The study, examined relevant studies, and sequentially screened their titles
and abstracts for eligibility. The full texts of potentially eligible studies
were retrieved. To ensure the reliability of the selection criteria, a screen-
ing guide was used. Studies conducted to examine dopamine 2 agonists
for the management of type 2 diabetes were included. Data extraction was
performed in a pre-designed format for simplicity and better evidence
management. The extracted data consists of author, study model, effects on
blood glucose levels, sample number, and age and sex of study participants.

Data synthesis and analysis

The Standardized Mean Difference (SMD) was determined for outcomes
that were continuous. Hence, SMD is the pooled standard deviation div-
ided by the mean outcome difference between the intervention group and
the control group (SD). The outcome is a unit-free effect size, with SMDs
of 0.2, 0.5, and 0.8, respectively, being categorized as small, medium, and
high effect sizes. The difference from the baseline was utilized to calcu-
late the impact size in cases where the absolute values were not reported
post-intervention. When a trial provided results at various time points, the
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observation with the longest follow-up was taken into account. When a
trial included more than one intervention arm, the data were combined
to boost the trial's power. Due to the anticipated heterogeneity, effect esti-
mates from the included trials were pooled using a random effect model.
P-values less than 0.05 were regarded as significant for results in the pri-
mary analysis, which was conducted using RevMan 5.4 (Schmidt L, et al.,
2019).

The I?, which measures the amount of heterogeneity not explained by sto-
chastic fluctuation, was used to quantify heterogeneity (Migliavaca CB, et
al., 2022). A funnel plot was used to evaluate the publication bias (Aisbett J,
et al., 2023). The observed SD, a mean difference of the observed SD/2, an
alpha of 2.5% for primary outcomes, an alpha of 5% for secondary and ex-
ploratory outcomes, and a beta of 10% for continuous outcomes were util-
ized for continuous outcomes in the trial sequential analysis. Each of the
predetermined outcomes was used to construct a table with the summary
findings (HbA1c and fasting blood sugar). For the outcomes, imprecision
was evaluated using trial sequence analysis, and recommendations from
the Cochrane Handbook (Higgins JP and Altman DG, 2008).

Subgroup analysis

The test for subgroup interactions in review manager was used to conduct
subgroup analysis for the key outcomes (Cochrane Collaboration, 2020).
Trials with a low risk of bias were contrasted with those with a high risk. In
addition, factors such as the length of the intervention, the type of drug, the
dosage of the drug, and HbA1c or FBS baselines were considered as poten-
tial explanations for between-trial heterogeneity. A high dose of a drug was
defined as more than 2.5 mg of bromocriptine or 0.5 mg of cabergoline
(Liang W, et al., 2015; Andersen IB, et al., 2021). The intervention lasted
an average of 12 weeks, which was used as the mean duration, with an
HbAlc of 8% and a FBS of 126 mg/dL used in the assessment. The analysis
included a random effect meta-analysis with SMD (95% CI, and I?) and
p-value for subgroup explaining heterogeneity (Migliavaca CB, et al., 2022;
Aisbett ], et al., 2023).

Inclusion criteria

Studies having a particular measurement approach and predetermined
doses of the dopamine 2 agonist, whether bromocriptine or cabergoline,
utilized in the investigation are more likely to pass the inclusion require-
ments. Articles with treatment interventions and the original research arti-
cles were included.

Exclusion criteria

Studies without full abstracts, predefined dopamine 2 receptor agonist
doses, and blood glucose measurements were disregarded. Additionally,
studies in which no intervention was performed, studies with no control
group, review articles, commentaries, communications or correspond—
ences, and short communications were excluded.

RESULTS
Characteristics of included studies

A total of 1,293 study articles were found through the electronic database,
registers, and other methods of search, which were updated and done by
using ShinyApp for making PRISMA 2020 flow diagrams (Haddaway NR,
et al., 2022; Page MJ, et al., 2021). By deleting duplicates and unconnected
entries manually and automatically by the PRISMA 2020 online applica-
tion, the total number of articles was reduced to 346; after thorough ab-
stract and title screening, 113 papers remained. Following additional full-
text screening and the exclusion of 82 articles, a total of 23 articles were
included in the study, with the addition of 10 previous studies.

The reasons for exclusion for both databases, registries, and other methods
of data retrieval were listed accordingly. Four publications were disquali-
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fied for failing to disclose doses; nine for lacking fasting blood glucose and
HbA ¢ readings; five for failing to indicate interventions; eight for lacking
a control group; three for being only short reports; and four for having
only abstracts. As a result, this paper included 10 articles from previous
studies, 9 articles from database searches, and 4 articles from websites and
citations; in total, 23 clinical trials are included (Figure I).

Quality of the studies

All clinical trial articles were independently assessed for their methodo-
logical quality by using the Jadad quality rating system. The study qualities
of the included trials were diverse, as eleven trials were classified as high
quality with a Jadad score > 4, and thirteen trials were classified as low
quality with a Jadad score of 3 or 2. Allocation concealment was clearly
adequate in fourteen studies. No clinical trials reported the generation of
random numbers. Randomization, dropouts, and free selective reporting
were all reported in all clinical trials (Percie du Sert N, et al., 2020; Kilkenny
C, et al., 2010) (Tables 1 and 2).

Heterogeneity and risk of bias assessment

In this study both HbAlc and FBS pooled effect analysis, funnel plot ef-
fects were estimated from individual studies were indicated to assess the
potential role of publication bias and to visualize the investigated publica-

Previous studies Iidentfication of new studies via databases and registers

tion bias (Figures 2 and 3). The risk of bias was assessed for all twenty-three
trials, twelve of which were at high risk of bias (Aliasgarzadeh A, et al.,
2020; Bahar A, et al., 2016; Barnett AH, et al., 1980; Chamarthi B et al.,
2016; Ghosh A, et al., 2014; Kok P, et al., 2006; Krysiak R and Okopien B,
2015; Meier AH, et al., 1992; Mejia-Rodriguez O, et al., 2013; Pijl H, et al.,
2000; Taghavi SM, et al., 2012) and the other eleven of which were judged
to have “some concerns” or a “low” risk of bias. The baseline for HbAlc
and FBS, duration of intervention, and dosage level were assessed by in-
cluding the heterogeneity test of the meta-analysis in RevMan version 5.4.
(Andersen IB, et al., 2021; Winzap P, et al., 2019) (Table I).

Primary outcomes

A total of 23 clinical trials recruiting 6125 subjects reported data on HbAlc
and FBS concentrations, of which 5932 subjects were recruited for bro-
mocriptine trials and 193 subjects were recruited for cabergoline trials. The
duration of the 23 clinical studies on diabetic patients ranges from 7 days
to 52 weeks, with various dose and preparation levels. For the effects of
both dopamine 2 agonist drugs on blood sugar levels, a minimum dose of
0.8 mg per day and a maximum dose of 8.8 mg per day were utilized for
bromocriptine, while a minimum dose of 0.25 mg per day and a maximum
of 0.5 mg per day were utilized for cabergoline (Table 3).

Identification of new studies via other methods

Records identfied from: —
e Studies included in previous version of Databases (n = 1,246): Recards removed befare screening: . i
s review (n = 10) PubMed {n = 454) Duplicate records (n = 596) ‘ Records identified from:
g Reports of swudies included in previous Google Scholar (n= 773) Records marked as ineligible by automation Websites (n = 18)
] TRk ol e Cochrane Library {n = 16) tools (n - 185)  Organisstions (n—0)
3 n=0) Registers (n = 3): Records removed for other reasons (n = Citation searching {n - 28)
PROSPERO (n = 3)
Records screened Records excluded
(n = 346)
2 Reports sought for retrieval Reports not refrieved Reports soughtfor retrieval Reports not retrieved
E (n=-113) (n=47) {n=-32)
A
Reports excluded: Reports excluded:
— No clear dose described (n = 4) ST There was no control group (n = 2)
| Reports ass(?fzd‘ ;"r eligibility }—— Interventions were notclear (n = 5) Reparts “ﬁ’fﬁ;‘” eligibility —- No HbA1c & FBS data (n = 2)
No HbAlc & FBSdata(n = 7) Only short reports (n = 3)
There was no control group (n = 6) have only abstracts (n = 4}
New studies included in review
{n=13)
Reports of new included swudies
(n=0)

}

Total studies included in review

Included

e
Reports of total included studies
=

Figure 1: PRISMA 2020 flow diagram for screened, excluded and included studies (Haddaway NR, et al., 2022; Page M]J, et al., 2021)

Table 1: Heterogeneity of effect estimates for trials assessing the effect of dopamine 2 agonists on HbAlc and FBS in patients with type 2 diabetes

explored by comparing subgroups

Subgroups | Trials, n (No. of participants) | SMD (95% CI, P, I?), random | Heterogeneity (p-value)
Risk of bias
Lesser risk of bias 11;2114 -0.38 (-0.71 to -0.06; p=0.03; ’=4%) 0.14
Higher risk of bias 12; 4011 -0.86 (-1.54 to -0.18; p=0.008; ’=81%)
Dosage range
Low dose 13; 3628 -0.77 (-1.23 to -0.32; p=0.0004; I*=67%) 0.005
High dose 10; 2497 -0.14 (-0.21 to -0.06; p<0.0001; I>’=3%)
Duration of intervention
< 12 weeks 14; 591 -0.12 (-0.19 to -0.06; p<0.0001; I*’=2%) 0.006
>12 weeks 9; 5534 -0.79 (-1.22 to -0.31; p=0.0006; I>’=78%)
288 Systematic Review Pharmacy Vol 14, Issue 4 Mar Apr, 2023
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Baseline HbAlc

<8% 12; 5221 -0.37 (-1.01 to 0.09; p=0.11; I’=80%) 0.27

> 8% 11; 711 -0.81 (-1.28 to -0.26; p=0.001; I’=62%)

Baseline FBS

<126 mg/dl 92129 -0.43 (-1.12 to 0.13; p=0.11; ’=74%) 0.32

> 126 mg/dl 14; 3996 -0.89 (-1.33 to -0.21; p=0.001; I*’=58%)

Table 2: Quality analysis of included clinical trails
Allocation con- |Blinding| Randomization | Withdraw, | Free selective |Random number|Jadad score Studies
cealment dropouts reporting generation

Yes Yes Yes Yes Yes Not clear 4 (Aliasgarzadeh A, et al., 2020)

Yes Yes Yes Yes Yes Not clear 4 (Bahar A, et al., 2016)

Yes Yes Yes Yes Yes Not clear 4 (Barnett AH, et al., 1980)

Yes Yes Yes Yes Yes Not clear 4 (Chamarthi B, et al., 2016)

Yes Yes Yes Yes Yes Not clear 4 (Ghosh A, et al., 2014)

Yes Yes Yes Yes Yes Not clear 4 (Kok P, et al., 2006)

Yes Yes Yes Yes Yes Not clear 4 (Krysiak R and Okopien B, 2015)

Yes Yes Yes Yes Yes Not clear 4 (Meier AH, et al., 1992)

Yes Yes Yes Yes Yes Not clear 4 (Mejia-Rodriguez O, et al., 2013)

Yes Yes Yes Yes Yes Not clear 4 (Pijl H, et al., 2000)

Yes Yes Yes Yes Yes Not clear 4 (Taghavi SM, et al., 2012)
Not clear Yes Yes Yes Yes Not clear 3 (Aminorroaya A, et al., 2004)
Not clear Yes Yes Yes Yes Not clear 3 (Assad HC, et al., 2014)

No Yes Yes Yes Yes Not clear 3 (Chamarthi B and Cincotta AH, 2017)
Not clear Yes Yes Yes Yes Not clear 3 (Cincotta AH and Meier AH, 1996)

No Yes Yes Yes Yes Not clear 3 (Gaziano JM, et al., 2010)

Yes No Yes Yes Yes Not clear 3 (Kamath V, et al., 1997)

No Yes Yes Yes Yes Not clear 3 (Khalilzade SH, et al., 2015)

Yes No Yes Yes Yes Not clear 3 (Morcos JA, et al., 2017)

Yes No Yes Yes Yes Not clear 3 (Ramteke KB, et al., 2011)
Not clear No Yes Yes Yes Not clear 2 (Roe ED, et al., 2015)
Not clear Yes Yes Yes Yes Not clear 3 (Tell SS, et al., 2022)

Not clear Yes Yes Yes Yes Not clear 3 (Vinik Al et al., 2012)
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Table 3: Summary of interventions, control and duration of the studies

Intervention given Control/Placebo Intervention duration References
CAB 0.25 mg-0.5 mg/day Placebo 12 weeks (Aliasgarzadeh A, et al., 2020)
CAB 0.5 mg/day+OAD Placebo+OAD 12 weeks (Bahar A, et al., 2016)
BRC 2.5 mg single dose Placebo 7 days (Barnett AH, et al., 1980)
BRC QR 1.6-4.8 mg/day+Metformin 500 mg BID |Metformin 500 mg BID+Placebo 52 weeks (Chamarthi B, et al., 2016)
BRC 0.8 mg/1.6 mg+Metformin 500 mg BID Metformin 500 mg BID 12 weeks (Ghosh A, et al., 2014)
BBC 2.5 mg/day Placebo+diet 4 weeks (Kok P, et al., 2006)
BRC QR 1.25-8.8 mg/day+CAB 0.25-1.25 mg/day Placebo+diet 24 weeks (Krysiak R and Okopien B, 2015)
BRC 1.5 mg 2.5 mg/day Placebo 8 weeks (Meier AH, et al., 1992)
BRC 2.5 mg 7.5 mg/day Placebo 24 weeks (Mejia-Rodriguez O, et al., 2013)
BRC 0.8-4.8 mg/day+diet Placebo+diet 16 weeks (Pijl H, et al., 2000)
CAB 0.5 mg/day Placebo 12 weeks (Taghavi SM, et al., 2012)
BRC-QR 1.25-2.5 mg/day+OAD Placebo+OAD 12 weeks (Aminorroaya A, et al., 2004)
CAB 0.25 mg+Metformin 500 mg BID Metformin 500 mg BID 12 weeks (Assad HC, et al., 2014)
BRC QR 2.5 mg/day+Metformin 500 mg BID Metformin 500 mg BID 12 weeks (Chamarthi B and Cincotta AH, 2017)
BRC QR 1.6-2.4 mg/day Placebo-+diet 18 weeks (Cincotta AH and Meier AH, 1996)
BRC-QR 0.8-4.8 mg/day+diet/OAD/insulin Placebo+diet/OAD/insulin 52 weeks (Gaziano JM, et al., 2010)
BRC 2.4 mg-3.4 mg/day Placebo+diet 10 weeks (Kamath V; et al., 1997)
BRC 2.5 mg/day Placebo 12 weeks (Khalilzade SH, et al., 2015)
CAB 0.25 mg x 2 weekly+Gliclazide 60-120 mg/daily Placebo+OAD 16 weeks (Morcos JA, et al., 2017)
BRC-QR 1.6 mg/2.4 mg+Metformin 500 mg BID Metformin 500 mg BID 12 weeks (Ramteke KB, et al., 2011)
BRC QR 1.6-4.8 mg/day Metformin 500 mg BID 24 weeks (Roe ED,; et al., 2015)
BRC QR 0.8 mg-1.6 mg to 3.2 mg/day Placebo 4 weeks (Tell SS, et al., 2022)
BRC QR 1.6 to 4.8 mg/day Placebo+OAD 24 weeks (Vinik Al et al., 2012)
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The number of randomized participants in the studies ranged from 13 to
3070. The mean age was 50.92 years; 56.38% were male while 43.62% were
female; the mean duration of diabetes was 7.2 years; and the mean per-
centage of participants on insulin treatment was 19.4%. There was no sta-
tistically significant difference in the risk of major adverse events between
the two trials (n=3123), reporting 181 (8.75%) incidents in the interven-
tion group and 101 (9.57%) occurrences in the control group (RR=0.73;
95% CI=0.66; 1.04; p=0.221) (Table 4). The fixed effect analysis showed
a reduction in HbAlc of 0.55, SMD (95% CI (-0.60, -0.49), p<0.00001;
I>=95%) compared with the placebo and FBS reduction of 1.52, SMD (95%
CI (-1.58, -1.45), p<0.00001; I=99%).

Subgroup analysis

The pooled estimate on HbAlc was associated with considerable hetero-
geneity (I>=95%). The size of the effect was inversely correlated with the
duration of the intervention as well as with the dosage of dopamine 2 agon-
ists. The heterogeneity was not explained by the type of dopamine 2 agon-
ist, the baseline HbA1c, the baseline FBS, or the risk of bias in the includ-
ed trials. Furthermore, the I* values for both the HbAlc and FBS pooled

analyses show a high degree of heterogeneity among the studies (Table 1).

The individual effect analysis for each drug shows they significantly im-
proved blood glucose level. For HbAIc level; bromocriptine with (SMD=-
1.25; 95% CI (-1.64, -0.87), p<0.00001) and (SMD=-1.29; 95% CI (-1.96,
-0.62), p<0.00001) as well as for FBS level; bromocriptine with (SMD=-
1.90; 95% CI (-2.79, -1.01), p<0.00001) and cabergoline with (SMD=-1.62;
95% CI (-2.82, -0.41), p<0.00001) (Figures 4 and 5).

Secondary outcomes

The level of heterogeneity during secondary outcome analysis among
pooled studies was moderate to high when sensitivity analyses were made
by eliminating outlier trials. As a result, the pooling technique was based
on the random effect model. Dopamine 2 agonists (Bromocriptine and
Cabergoline) both had a significant effect on the reduction of both HbAlc
(SMD=-1.26; 95% CI (-1.60, -0.93), p<0.00001) and fasting blood sugar
(SMD=-1.84; 95% CI (-2.61, -1.07), p<0.00001) compared with placebo.
Long-term dopamine 2 agonist intervention studies revealed more pro-
nounced benefits of the drugs on fasting blood sugar levels.

Table 4: Results for primary and secondary outcomes

Variables Trials, n (No. of participants) | Pooled effect (95% CI) p-value I SMD in original units
HbA1lc, SMD 23; 6125 -1.26 (-1.60; -0.93) <0.00001 95% -1.42%
FBS, SMD 23; 6125 -1.84 (-2.61; -1.07) <0.00001 999% -37.23 mg/dl
Serious adverse effects, RR 2;3123 0.73 (0.66; 1.04) 0.221 - -
Adverse events, RR 17; 2944 1.98 (0.71; 5.23) 0.182 31% -
Dopamine 2 Agonist Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean S0 Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Bromocriptine
Aminorroaya et al., 2004 9.5 0.89 20 113 268 20 18% -0.88 [-1.584,-0.23] I
Barnett et al,, 1980 6.11 0.3 8 647 012 4} 33% -1.39 [-2.61,-017]
Chamarthi and Gincotta, 2017 722 018 44 3456 034 16 34% -5 70 [6.A0,-4.50]
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Cincotta and Meier, 1996 6.42 0.35 8 T2 0.6 9 3T% -1.33[2.41,-0.29)
Gaziano etal, 2010 71 0.5 2054 72 074 1016 549% -0.16 [0.23,-0.08] =
Ghosh etal, 2014 6.6 065 g1 7455 0589 23 51% -1.49 [2.04,-0.94] i
Kamath et al., 1997 vy 0.9 6 825 04 T 32% -1.43[2.70,-0.15]
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Kok etal., 2006 a7 01 q 6.3 0.z 9 25% -3.61 [5.24,-1.89]
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Mejia-Rodriguez et al., 2013 583 038 14 588 044 14 4E6% -0.12 [-0.86, 0.62] I
Fijl et al., 2000 8.1 1.94 14 91 158 T 11% -0.52 [-1.44,0.39] 1
Ramteke et al, 2011 r.m 0.38 G 71 0| 32 5.4% -0.19 [-0.61,0.23] -1
Roeetal, 2015 78 036 8 474 056 5 1.49% -3B9 AT, -1 BR]
Telletal, 2022 614 019 20 6.4 0.2 20 47% -1.31 F2.00,-0.62] n—
Winik et al., 2012 8.29 o.ar 341 837 006 174 A.8% -1.79 [-2.01,-1.58] -
Subtotal (95% CI) 3922 2010 78.2% -1.25 [-1.64, -0.87] L 2
Heterogeneity: Tau®= 0.50; Chi®= 387.90, df= 17 (P = 0.00001}); F= 96%
Testfor overall effect: £= 6.45 (F = 0.00001;
1.1.2 Cabergoline
AliAsgarzadeh et al., 2020 r.0s 0.38 22 TAY9 0892 22 5.0% -0.75 [1.37,-0.14] -
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Bahar etal, 2016 7h2 146 20 818 143 20 449% -0.45[-1.08,0.18] —
Morcos etal., 2017 T.B24 0.1 50 8.016 0193 10 15% -1.87 [-2.63,-1.10] _—
Taghavietal, 2012 7T 0.35 10 8.8 042 T 2.9% -275[-4.18,-1.33]
Subtotal (95% C1) 117 76 21.8% -1.29 [-1.96, -0.62] ’
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Favours [D2 Agonist] Favours [Placebo]

Figure 4: Forest plot results for the effects of D2 Agonists with comparison in change of HbA1c (mg/dl) in the experimental and the control
groups for clinical studies
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D2 Agonist Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Bromocriptine
Aminarroaya et al, 2004 163.08  7.38 20 19062 756 20 4.3% -3.61 [-4.65 -2.57] e
Barnett etal, 1950 126.33 6.9 8 1632 593 4] 3% -530 [7.85-2.75) 44—
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Tell et al., 2022 1648 g 20 181 g 20 4.4% -314 [-4.09, -2.18] —
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Heterogeneity: Tau®= 3.30; Chi*= 2005.53, df= 22 (P < 0.00001}%; F= 99% 4 2 2 4
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Figure 5: Forest plot results for the effects of D2 Agonists with comparison in change of serum level FBS (mg/dl) in the experimental and the
placebo groups for clinical studies

DISCUSSION

The present study examined clinical trials that were published with dopa-
mine 2 agonist effects on fasting blood sugar and HbAlc levels. Twenty-
three Randomized Controlled Trials (RCTs) allocating 6125 study partici-
pants diagnosed with type 2 diabetes to a dopamine 2 receptor agonist or
placebo were included. The findings imply that dopamine 2 agonists have
a comparably better effect size on HbAlc and a large effect size on fasting
blood sugar without any significant negative effects. The I* for HbAlc was
95%, suggesting considerable heterogeneity. Part of the heterogeneity was
explained by an inverse relationship between dosage and effect estimates
and an inverse relationship between duration of the intervention and effect
estimates. The current study was unable to determine to what extent these
variables independently explain the heterogeneity because ten studies were
included in the subgroup of high dose, nine studies were included in the
subgroup of long duration of intervention, thirteen studies were included
in the subgroup of low dose, and fourteen studies were included in the
subgroup of short duration of intervention.

It is noteworthy that both the dosage and the length of the intervention
are inversely correlated with the effect estimates. The lack of an additional
intervention impact for HbAlclonger than three months may be explained
by the fact that antidiabetic medicine only has a full effect on HbAlc after
12 weeks of starting, at which point HbAlc stabilizes (Berard LD, et al,
2018). Other than the aforementioned overlap between the categories, this
study didn't identify any other reasonable explanation for the somewhat
lesser effect among patients receiving high doses of the drug. Although
some prior studies, such as those by Chamarthi and Cincotta and Liang et
al., indicated a higher effect in patients with poor glycemic control (high
HbA1Ic at baseline) compared to those whose diabetes is well controlled
(Liang W, et al., 2015; Andersen IB, et al., 2021; Chamarthi B and Cincotta
AH, 2017). This study discovered that the heterogeneity was not explained
by the HbA1c level at baseline, which is similar to prior study findings.
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The heterogeneity was neither explained by the risk of bias nor the type
of dopamine agonist. Prior studies, such as those by Dos Santos Nunes et
al. (2011), indicated that cabergoline is less expensive and known to have
fewer adverse events than bromocriptine as an antihyperglycemic agent,
and cabergoline is the first choice in the treatment of hyperprolactinemia
(dos Santos Nunes V, et al., 2011; Melmed S, et al., 2011). Other studies also
show that bromocriptine-QR formulations have the benefits of a low ten-
dency for hypoglycemia, a neutral effect on body weight, reassuring short-
term cardiovascular safety (up to one year), and the ability to be used alone
or in conjunction with other anti-diabetic medications with comparable
efficacy. But a small decrease in HbAlc levels, a lack of efficacy data be-
yond 24 weeks, a high incidence of nausea, a high pill burden, and a high
price are some of the shortcomings that have been identified (Andersen IB,
et al., 2021, Gaziano JM, et al., 2010; Mikhail N, et al., 2011). Despite the
fact that dopamine agonists have a moderate effect on HbAlc reduction,
the observed heterogeneity needs to be explained.

Furthermore, the included trials were all judged to have “some concerns”
of bias or a high risk of bias; as a result, this study has little confidence in
the effect estimate due to unexplained heterogeneity and the risk of bias. In
comparison to previous studies by Liang W, et al., 2015 and Andersen IB, et
al., 2021 this study found that bromocriptine reduced HbA1lc and fasting
blood sugar. Liang W, et al., 2015 found a significant difference in HbAlc
decline from baseline favoring quick-release bromocriptine over placebo
with a weighted mean difference of -117.36 mg/dl (95% CI=-145.26 to
-89.46 mg/dl), while Andersen et al. found a similar effect on cabergoline
with a standardized mean difference of -118.53 mg/dl (95% CI=-151.42
to -89.46 mg/dl). This study included more articles and participants from
newly published studies as well as articles that were not included in pre-
vious studies, and it was discovered that the effects of cabergoline were
mostly comparable with a standardized mean difference of -120.81 mg/dl
(95% CI=-159.70 to -102.63 mg/dl) (Table 5).
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Table 5: Summary of design and number participants in the clinical studies

Study design | Total (N) | Experimental (N) | Control (N) | Male (N) | Female (N) Mean age References
Double blind 44 22 22 26 18 52+7.4 (Aliasgarzadeh A, et al., 2020)
Double blind 40 20 20 8 32 53.9+7.4 (Bahar A, et al., 2016)
Single blind 14 8 6 6 8 42 +11.8 (Barnett AH, et al., 1980)
Double blind 1791 1208 583 1048 743 59.65+9.8 (Chamarthi B, et al., 2016)
Double blind 74 51 23 NA NA 50+ 14.3 (Ghosh A, et al., 2014)
Single blind 18 9 9 18 0 37.5+1.7 (Kok P, et al., 2006)
Double blind 18 8 10 NA NA 34+55 (Krysiak R and Okopien B, 2015)
Single blind 48 15 33 48 0 NA (Meier AH, et al., 1992)
Double blind 28 14 14 12 16 61.1 +8.3 (Mejia-Rodriguez O, et al., 2013)
Double blind 22 15 7 8 14 54+23 (Pijl H, et al., 2000)
Double blind 17 10 7 6 13 52772 (Taghavi SM, et al., 2012)
Double blind 40 20 20 6 34 51.5+2.1 (Aminorroaya A, et al., 2004)
Single blind 32 15 17 11 21 45.82 + 2.65 (Assad HC, et al., 2014)
Double blind 60 44 16 50 10 58.5+2.5 (Chamarthi B and Cincotta AH, 2017)
Double blind 17 8 9 10 7 475+0.4 (Cincotta AH and Meier AH, 1996)
Double blind 3070 2054 1016 1739 1331 59.7 £10.1 (Gaziano JM, et al., 2010)
Open label 13 6 7 13 0 51+3 (Kamath V, et al., 1997)
Double blind 53 27 26 14 39 48.15+ 5.7 (Khalilzade SH, et al., 2015)
Open label 60 50 10 17 43 494 +2.72 (Morcos JA, et al., 2017)
Open label 98 66 32 NA NA NA (Ramteke KB, et al., 2011)
Open label 13 8 5 4 9 50+ 3 (Roe ED, et al., 2015)
Double blind 40 20 20 17 23 52.4+43 (Tell SS, et al., 2022)
Double blind 515 341 174 297 218 58.5+0.6 (Vinik AT, et al., 2012)

The fact that this study is based on a technique that has been published
and used a thorough search approach is its strength. In this study, the po-
tential for random error was examined and evaluated the risk of bias in the
included trials. Furthermore, the Jadad or Oxford quality scoring systems
were used to independently assess the methodological quality of a clinical
trial. The included clinical trials were either at a high risk of bias or some-
what concerning because of the randomization procedure; all of the trials
were determined to have a risk of bias (Table 1). It is debatable whether
increasing effect estimates would result from only including studies with a
minimal risk of bias. Although there was a trend toward a lesser benefit in
studies with a reduced risk of bias, a subgroup analysis that compared the
effect on HbA1c across trials with a high risk of bias and trials with a lower
risk of bias found no significant differences. Furthermore, all clinical stud-
ies should collect and report data with greater certainty on safety outcomes
such as serious adverse events, all-cause mortality, diabetic ketoacidosis,
and hypoglycemia, as well as the quality of life in type 2 diabetes patients.
The evidence at hand, according to this study, points to the possibility that
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treating type 2 diabetes patients with dopamine 2 receptor agonists could
lower HbA1c and fasting blood sugar without having any life-threatening
side effects.

CONCLUSION

Dopamine 2 agonists lower fasting blood glucose and HbAlc in all trials
included in the study. Standard diabetes treatments can be used as anti-
hyperglycemic, but some diabetic individuals are unable to use them due
to their negative side effects. Therefore, cabergoline and bromocriptine
use may be an advantageous alternative for those with slight elevations in
serum glucose who cannot handle standard medications. Despite encour-
aging results, it has been underlined that further clinical trials, homogen-
eity in the approaches used, the number of participants, and the length of
the intervention are still necessary to get reliable data.

STRENGTH AND LIMITATION OF THE STUDY
There are some strengths of the studies observed through the study-they
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provide the optimal means of minimizing the effect of confounding, some
of them somewhat reduce bias in allocation to exposure groups; and most
of them use double-blind randomized clinical trials, which is the best de-
sign for detecting small to moderate effects that may be clinically import-
ant. Because of the intervention approach, which included few patients
with the implementation of trials that would not indicate the real life unlike
with along duration of follow-up, some trials did not fully provide answers
to the questions raised by the investigators.
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