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HbA1c was 7.5%.2 Approximately 75% of patients  
were on statins, the majority of whom were  
receiving a moderate-intensity dose, and 
approximately 25% were statin intolerant.2 Baseline 
lipid profiles were comparable between treatment 
arms; calculated mean LDL-C was 2.9 mmol/L  
(110.8 mg/dL) in the alirocumab arm and  
2.8 mmol/L (109.6 mg/dL) in the placebo arm.

At Week 24, alirocumab was associated with a 
significant reduction from baseline in LDL-C versus 
placebo (-48.2% versus +0.8%; p<0.0001), an 
effect that was achieved in most patients with the 
lower alirocumab dose (79.8% of patients were 
receiving 75 mg Q2W at Week 12).2 This finding 
was consistent with observations from the overall 
ODYSSEY programme (including pooled analyses) 
which reported LDL-C lowering ranging from -43.4 
to -60.4%.26-28 Alirocumab also significantly reduced 
non-HDL-C levels versus placebo (least squares 
[LS] mean difference: -38.7%; p<0.0001), and 
produced significant reductions in apolipoprotein B 
and lipoprotein(a), and elevations in HDL-C levels.2 
Glycaemic-related parameters, including HbA1c, 

fasting plasma glucose, and total daily insulin 
dose, were consistent between treatment arms 
throughout the study.2 Alirocumab demonstrated 
an acceptable safety and tolerability profile.  
The incidence of treatment-emergent adverse 
events was comparable between alirocumab and 
placebo arms (66.9% versus 66.2%, respectively). 
Allergic drug reactions were low in both treatment 
arms; 3.2% of alirocumab-treated patients had  
low-titer persistent anti-drug antibodies.

ODYSSEY DM-DYSLIPDEMIA:  
Rationale and Key Clinical Data

Individuals with diabetes and mixed dyslipidaemia 
are at high CV risk, yet alirocumab had not been 
specifically evaluated in this population prior to the 
DM-DYSLIPIDEMIA study. Furthermore, no previous 
trial of a PCSK9 inhibitor has used non-HDL-C 
as its primary endpoint.29 This study evaluated  
alirocumab versus lipid-lowering usual care in 
patients with Type 2 diabetes mellitus and mixed 
dyslipidaemia for those at high CV risk with 
below-target non-HDL-C levels despite maximum  
tolerated doses of statin therapy.24 
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Figure 1: Physiological effects of sodium-glucose cotransporter 2 inhibition.
CV: cardiovascular; GFR: glomerular filtration rate; GLUT4: glucose transporter Type 4; HGP: hepatic 
glucose production; SGLT2: sodium-glucose cotransporter; SNS: sympathetic nervous system.
Adapted from DeFronzo et al.31
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ODYSSEY DM-DYSLIPIDEMIA was a randomised, 
double-blind, placebo-controlled study.24 Patients 
had Type 2 diabetes mellitus, non-HDL-C levels 
≥2.59 mmol/L (100 mg/dL), triglyceride levels  
≥1.70 and <5.65 mmol/L (150–500 mg/dL), and 
ASCVD or other CV risk factors.24 Patients were 
randomised 2:1 to alirocumab treatment (75 mg 
subcutaneously Q2W) or usual care for 24 weeks 
followed by an 8-week safety extension.24 Usual 
care permitted the optional addition of one of the 
following to statin therapy, ezetimibe, fenofibrate, 
omega-3 fatty acids, or nicotinic acid. Alirocumab 
doses were adjusted at Week 12 to 150 mg 
Q2W if lipid targets (LDL-C levels <1.81 mmol/L  
[70 mg/dL]) were not achieved at Week 8. Patients 
remained on a stable diet for glucose and lipid 
management, and received a maximum tolerated 
dose of statin therapy (or no statin if intolerant) 
throughout the study.24 The primary endpoint was 
percentage change from baseline in non-HDL-C at  
Week 24.24

A total of 276 patients were randomised to 
alirocumab treatment and 137 to usual care.3  
Baseline characteristics were comparable between 
treatment arms; mean age was 63.5 years and 
mean HbA1c was 7.1%. Approximately 34% of 
patients had ASCVD while the remaining 66% 
had ASCVD plus additional CV risk factors. Lipid  
profiles were comparable between treatment arms; 
mean non-HDL-C was 4.0 mmol/L (155.1 mg/dL) 
with alirocumab and 4.2 mmol/L (161.5 mg/dL) with  
usual care.3

This important clinical trial will illuminate potential 
mechanisms and treatment strategies in patients 
with mixed dyslipidaemia or elevated atherogenic 
remnant cholesterol levels. For example, this 
trial will explore the clinical value of increasing  
LDL-receptor activity or hepatic catabolism 
of atherogenic lipoproteins for the lipoprotein 
phenotype with alirocumab versus usual care and 
fenofibrate, the latter mainly inhibiting synthesis of 
triglyceride-rich lipoproteins. 

Details of the EASD scientific session on  
September 14th reporting new data from the 
ODYSSEY DM programme in patients with Type 1 
and Type 2 diabetes mellitus were announced.30

Dual Sodium-Glucose  
Cotransporter 1 and 2 Inhibition:  

Of Mechanisms and Men

Professor Thomas Danne

Key Points

•	 Sotagliflozin is an oral, potent, dual  
inhibitor of the insulin-independent  
SGLT1 and SGLT2 transporters.

•	 Evidence from Phase II studies demonstrate that 
sotagliflozin, in combination with metformin,  
lowers HbA1c in patients with Type 2  
diabetes mellitus.

•	 In addition, sotagliflozin therapy provides 
significant reductions in body weight and  
systolic blood pressure with an acceptable  
safety profile.

•	 Furthermore, the efficacy of sotagliflozin is 
maintained even in patients with low estimated 
glomerular filtration rate (eGFR) levels.

The book ‘Of Mice and Men’, a depiction of the 
American Dream, was first published by John 
Steinbeck in 1937. Seventy years later, in 2007, 
the Nobel Prize in Physiology and Medicine was  
awarded for creation of the first knockout 
mouse model. Today, results of emerging novel  
therapeutic agents for the treatment of Type 1  
diabetes mellitus, a dream for many patients 
since the initial discovery of insulin, are being 
presented. These novel treatments are also 
a story of mice and men, as the therapeutic 
principle has been developed with the help of  
knockout mouse models and investigational agents  
have now completed Phase III trials in humans.  
The original principle was discovered 200 
years ago when phlorizin, a glycoside and dual  
inhibitor of the insulin-independent sodium-glucose  
cotransporters SGLT1 and SGLT2, was first isolated 
by French scientists in 1835 from the bark of an 
apple tree.31 In subsequent years, understanding 
of phlorizin’s mechanism of action and clinical 
effects advanced significantly. Although phlorizin 
was shown to improve glycaemic control in 
diabetic animals, gastrointestinal (GI) side effects 
and rapid GI metabolism after oral administration 
prevented its development as an oral antidiabetic 
agent.32,33 Clinical studies have demonstrated the 
beneficial effects of SGLT2 inhibition on glucose  
homeostasis (Figure 1).31 

However, SGLT2 inhibition can be linked with 
an increased risk of diabetic ketoacidosis  



DIABETES  •  October 2017  •  Creative Commons Attribution-Non Commercial 4.0	 EMJ  EUROPEAN MEDICAL JOURNAL DIABETES  •  October 2017  •  Creative Commons Attribution-Non Commercial 4.0	 EMJ  EUROPEAN MEDICAL JOURNAL 62 63

(DKA) and uncharacteristically mild-to-moderate 
glucose elevations (euglycaemic DKA).34 Multiple 
factors can trigger the onset of DKA, including 
insulin dose reductions and intercurrent illness. 
However, euglycaemic DKA is detectable and can  
be managed with proper patient education.35,36 
Preliminary evidence indicates that dual inhibition  
of both SGLT1 and SGLT2 may serve as a strong  
target for diabetes management. Indeed, oral  
glucose tolerance tests have demonstrated reduced 
glucose excursions in both SGLT1 and SGLT2 
knockout mice fed a high-fat diet versus wild- 
type controls.37

Sotagliflozin Mechanism of Action

Sotagliflozin, an investigational oral agent, provides 
dual inhibition of both SGLT1 and SGLT2 and 
thus differs from existing therapies which are 
selective for SGLT2. Sotagliflozin provides potent 
inhibition of SGLT1 and ~18x more potent inhibition 
of SGLT2 than canagliflozin.38 Predominantly 
expressed in the intestine, SGLT1 acts as the major 
intestinal glucose and galactose transporter, while 
SGLT2, which is expressed in the liver, facilitates  
reabsorption of filtered glucose.39,40 Therefore, dual 
SGLT1 and SGLT2 inhibition with sotagliflozin has 
the potential to lower postprandial glucose, and 
produce robust reductions in HbA1c with reduced 
renal glucose excretion that is maintained with 
reduced kidney function.41 In patients with Type 2  
diabetes mellitus, SGLT1 is overexpressed in the 
GI tract, similar to the overexpression of SGLT2 in 
the kidney. Therefore, partial SGLT1 inhibition may 
provide additional benefits to patients that could 
not be achieved with SGLT2 inhibition alone.

Insights from Sotagliflozin Phase II Data  
in Patients with Type 2 Diabetes Mellitus

The safety and efficacy of oral sotagliflozin was 
evaluated in a Phase IIa, randomised, double-blind, 
placebo-controlled trial in 36 patients with Type 2 
diabetes mellitus.42 At Week 4, sotagliflozin at doses 
of 150 mg/day and 300 mg/day were associated 
with significantly greater reductions from baseline 
in HbA1c versus placebo (-1.15% and -1.25% versus 
-0.49%, respectively).42 In addition, sotagliflozin, 
at both doses studies, was associated with 
incremental improvements in postprandial glucose 
compared with placebo. Furthermore, both doses 
of sotagliflozin were associated with increased 
levels of the glucagon-like peptide-1 (GLP-1) as 
indicated by an increase in total GLP-1 area under 
the curve.42 A 12-week, dose-ranging, Phase IIb study 

evaluated escalating doses of sotagliflozin (75, 200, 
and 400 mg once-daily; or 200 mg twice-daily) 
versus placebo in patients with Type 2 diabetes 
mellitus receiving metformin.43 Analyses of Week 12  
data demonstrated that while HbA1c change 
from baseline was dose-dependently greater with  
sotagliflozin versus placebo, urinary glucose/
creatinine ratios were not increased with higher 
sotagliflozin doses. This increased efficacy without 
increased urinary glucose excretion at 400 mg 
sotagliflozin was consistent with dose-dependent 
SGLT-1 inhibition above 200 mg, which differs from 
observations with selective SGLT2 inhibitors.43 

Compared with placebo, sotagliflozin was  
associated with significant reductions in body 
weight at Week 12 with all doses tested (p≤0.001). 
Furthermore, sotagliflozin at higher doses 
(200–400 mg) significantly reduced systolic  
blood pressure compared with placebo (p≤0.017).43 
The incidence of treatment-emergent adverse  
events was >3% in all sotagliflozin-treated patients,  
regardless of causality, which was consistent 
with the placebo arm (57.6–66.7% versus 66.7%, 
respectively). Nausea events were numerically 
higher with sotagliflozin 400 mg once-daily versus 
placebo (6 versus 3, respectively).43 Genitourinary 
events were low among both treatment arms, but 
numerically higher in sotagliflozin-treated patients 
versus placebo-treated patients (11 events were 
reported in total; 10 with sotagliflozin and 1 with 
placebo).43 In a separate study, the efficacy and  
safety of sotagliflozin versus placebo was evaluated 
in a 7-day study of patients with Type 2 diabetes 
mellitus and renal impairment (defined as an eGFR 
<60 mL/min/1.73m2).44 At Day 7, sotagliflozin 
treatment was associated with significantly greater 
postprandial glucose excursions compared with 
placebo in both the total population (p=0.003 
versus placebo), and the subgroup of patients 
with eGFR <45 mL/min/1.73m2 (p=0.002).44  
Furthermore, sotagliflozin compared with placebo 
significantly lowered systolic blood pressure (LS 
mean difference: -11.4; p=0.045), and numerically 
lowered diastolic blood pressure (LS mean  
difference: -4.5; p=0.08) in the subgroup of 
patients with eGFR <60 mL/min/1.73m2. Taken 
together, these data indicate that sotagliflozin 
is efficacious and well-tolerated in patients with  
Type 2 diabetes mellitus, including those with  
reduced renal function.
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Unmet Needs in Adult Patients with 
Type 1 Diabetes Mellitus that Could  
be Addressed with an Oral Agent  

and the Sotagliflozin Clinical  
Development Programme

Doctor Anne Peters

Key Points

•	 Insulin therapy alone is often inadequate  
in patients with Type 1 diabetes mellitus,  
who may benefit from adjunctive treatments. 

•	 Measurement of outcomes for adults with  
Type 1 diabetes mellitus should not be  
based solely on changes in HbA1c.

•	 The ongoing inTandem Phase III clinical 
programme will provide valuable insights 
regarding the potential role of dual SGLT1 and 
SGLT2 inhibition in the treatment of Type 1 
diabetes mellitus.

Dual inhibitors of SGLT1 and SGLT2 could  
potentially represent an effective adjunct treatment 
to insulin therapy in Type 1 diabetes mellitus. 
Metabolic control varies with advancing age among 
patients with Type 1 diabetes mellitus. Evidence  
from the T1D Exchange clinic registry indicates 
that overall mean HbA1c levels range from 8.1–8.3% 
in childhood, increasing to >9.0% in adolescents  
(e.g., 17–20 years), gradually declining to ~7.5–7.8%  
in patients aged >30 years, and then modestly 
decreasing to <7.5% in individuals aged  
>65 years.45 Additional analyses from the registry  
demonstrated that most patients (up to 86%) were 
unable to achieve their HbA1c targets solely with 
insulin, an observation that was consistent across 
age groups.45 The inadequacy of insulin therapy 
alone has also been highlighted by other studies. 
One such study evaluated the effect of intensive 
versus conventional insulin therapy (≥3 versus 1–2 
injections per day, respectively) on the incidence 
of CV disease over 30 years in patients with  
Type 1 diabetes mellitus.46 Analyses revealed that 
the incidence of hypertension increased with age, 
irrespective of whether patients received intensive 
therapy or conventional insulin therapy.46 Registry 
data on BMI among patients with Type 1 diabetes 
mellitus indicate that the proportion of patients  
with a BMI in the normal range decreases with  
age, and conversely, the proportion of patients with 
a BMI in the overweight or obese range increases 
with age, irrespective of insulin treatment.45 

Improving Outcomes in Type 1 Diabetes  
Mellitus Beyond Glycated Haemoglobin

Difficulties in managing diabetes can have serious 
psychological consequences. Patients may develop 
diabetes distress, a state in which they can  
experience feelings of powerlessness (i.e. “my 
disease is out of control”), physician distress  
(i.e. disappointment with healthcare providers), and 
negative social perceptions (i.e. concerns around 
negative judgement from others).47 The path to 
glycaemic control is individual to each patient and 
more complex than the simple metric of HbA1c 
can measure. An estimate of mean HbA1c  based 
on a measurement cannot provide an accurate 
report of daily fluctuations in glucose control and 
may potentially ‘mask’ episodes of significant 
dysglycaemia that can impact clinical outcomes 
and patient quality of life. In the USA, a number 
of clinical societies (AACE, American Association 
of Diabetes Educators [AADE], ADA, Endocrine 
Society, Pediatric Endocrine Society [PES], JDRF 
International, Helmsley Charitable Trust, and the 
T1D Exchange) are currently working together to 
establish the ‘Standardizing Clinically Meaningful 
Outcome Measures Beyond HbA1c for Type 1 
Diabetes’ consensus statement, which will include 
definitions of standardised measures of outcomes 
such as hypoglycaemia and hyperglycaemia (by 
level of severity), time in glycaemic range, and DKA. 

Selective Sodium-Glucose  
Cotransporter 2 Inhibition and  
Sotagliflozin in Type 1 Diabetes Mellitus

Selective SGLT2 inhibition offers an additional 
therapeutic option for patients with Type 1 diabetes 
mellitus; however, SGLT2 inhibitors should be 
used with caution in those patients who may 
be susceptible to DKA.35 A Phase II, placebo- 
controlled, proof-of-concept study evaluated the 
effects of dual SGLT1 and SGLT2 inhibition with 
sotagliflozin over 29 days in patients with Type 1 
diabetes mellitus.48 At the end of the treatment 
period, change from baseline in HbA1c was 
significantly lower with sotagliflozin versus placebo 
(-0.55% versus -0.06%, respectively; p=0.02).48 
Notably, this robust HbA1c-lowering effect of 
sotagliflozin versus placebo was not accompanied 
by an increase in hypoglycaemia. Analysis of 
continuous glucose monitoring data revealed that 
patients treated with sotagliflozin versus placebo 
spent a significantly greater proportion of time 
within the target glycaemic range of 3.8–10 mmol/L 
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(70–180 mg/dL). In addition, there was no increase 
in the proportion of time spent in the below 
target range of <3.8 mmol/L (<70 mg/dL) with  
sotagliflozin versus placebo (Figure 2).48

Sotagliflozin inTandem Clinical Programme

The sotagliflozin inTandem Phase III clinical 
programme comprised three pivotal trials,  
inTandem1, inTandem2, and inTandem3.49,50  
inTandem1 and inTandem2 were randomised,  
placebo-controlled studies that assessed the 
efficacy and safety of sotagliflozin (200 or 400 mg 
once-daily) on a background of optimised insulin, 

in patients with Type 1 diabetes mellitus. inTandem1 
enrolled 793 patients from 79 sites in North  
America, while inTandem2 enrolled 782 patients 
from 99 sites across Europe and Israel.49,50  
The studies consisted of a 24-week treatment 
period followed by a 28-week extension.  
The primary endpoint was change from baseline in  
HbA1c at Week 24. inTandem3 was a randomised, 
placebo-controlled trial which evaluated the  
efficacy and safety of sotagliflozin 400 mg once-
daily on a background of standard of care insulin 
(i.e. not optimised) in 1,405 patients with Type 1 
diabetes mellitus from 19 countries worldwide.51  

Figure 2: Physiological effects of sodium-glucose cotransporter 2 inhibition.
CGM: continuous glucose monitoring.
Adapted from Sands et al.48
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The study comprised a 2-week screening period, 
2-week run-in, and 24-week treatment period. The 
primary endpoint was the proportion of patients 
with HbA1c <7.0% and no episode of severe  
hypoglycaemia or DKA at Week 24. Results from the 
sotagliflozin inTandem Phase III clinical programme  
will provide valuable insights regarding the  
potential role of dual SGLT1 and SGLT2 inhibition in 
the treatment of Type 1 diabetes mellitus.

Enriching Diabetes Care:  
Technology and New Models  
for Intervention Strategies

 Doctor Boris Kovatchev

Key Points

•	 Innovations in metabolic modelling and 
technology are revolutionising diabetes care.

•	 Optimisation of diabetes treatment is dependent 
upon achieving strict glycaemic control without 
increasing the risk of hypoglycaemia.

•	 The development of new diabetes-related 
technologies, such as closed-loop systems, 
follows three key steps: 1) formulation of the 
problem, 2) understand the system, 3) and 
control diabetes.

•	 Future integration of patient-level information 
(e.g., genetic profiling, laboratory results, and 
real-time monitoring) would create a diabetes 
treatment ecosystem that could potentially  
bring precision medicine into the care of people 
with diabetes. 

Since the discovery of insulin in 1921, diabetes-related  
technology has progressed remarkably. Notable 
innovations have included the development of 
insulin pump systems, sensitive glucose monitoring 
techniques, and advanced metabolic assessment 
procedures;52 technological advances that together 
are helping to advance diabetes treatment.  
However, clinical optimisation of diabetes 
therapy (i.e. aiming to achieve and maintain strict 
glycaemic control without increasing the risk of  
hypoglycaemia) continues to represent a significant 
challenge for both physicians and patients.53 
Optimisation of therapy can be achieved by 
developing new medications or technologies. 
The development of new diabetes technology 
follows three key steps: 1) formulate the problem 
quantitatively, 2) understand the metabolic system, 
and 3) control diabetes.

Formulate the Problem, Quantitatively

Optimisation of diabetes therapy can only be 
achieved through lowering glucose variability.54  
A common limitation of traditional glucose  
variability measures is bias towards hyperglycaemia. 
This is due to the asymmetric nature of the 
blood glucose scale and that deviations towards 
hyperglycaemia occupy a wider range of the 
scale than deviations towards hypoglycaemia.54  
Furthermore, the clinical risk associated with 
glycaemic excursions must differentiate between 
excursions into hyperglycaemia versus acute 
hypoglycaemia. Risk analyses of blood glucose 
data provides a means of quantifying glucose 
variability more accurately. These demonstrate that 
falling blood glucose levels are associated with a 
sharp increase in risk, while rising blood glucose 
values are associated with a gradual increase 
in risk (Figure 3).54,55 Accordingly, excursions 
into the range of extreme hypoglycaemia or  
hyperglycaemia are allocated progressively 
increasing risk values. Variance within the optimal 
euglycaemic range is attenuated, which reduces 
noise during data analysis.

Understand the System

The development of new medications and 
technologies is based on an in-depth understanding 
of the functioning of the human glucose control 
network in healthy individuals and in patients 
with Type 1 and Type 2 diabetes mellitus. Glucose  
homeostasis is regulated by a complex interplay of 
‘intertissue communication’ between the pancreas, 
liver, gut, brain, and muscle, which is facilitated 
by glucose and its metabolites and is subject 
to environmental factors, specifically diet and  
exercise.56 In Type 2 diabetes mellitus, altered 
communication between tissues and an inability 
to adapt to changing metabolic states both play 
a critical role in the altered glucose homeostasis 
that fuels disease progression. The incretin effect 
represents an example of how glucose homeostasis 
is perturbed in patients with Type 2 diabetes 
mellitus. Defined as the difference in insulin  
secretory response elicited by oral glucose 
load versus intravenous glucose administration,  
the incretin effect is substantially diminished in  
patients with Type 2 diabetes mellitus.57 

In addition, to a detailed knowledge of the human 
glucose control network, it is pivotal to fully  
understand the mechanism and clinical effects 
of diabetes treatments. Clinical studies provide 
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quantitative data on the differential effects of 
various therapeutic approaches (e.g., basal insulin 
monotherapy versus GLP-1 receptor agonists versus 
a combination of both) on diabetes outcomes. 
Taken together, such understanding provides a 
comprehensive framework for the development of 
in silico metabolic models. These models enable  
realistic computer simulation of the metabolic 
manifestations of diabetes and of their treatment. 
In a multinational study, closed-loop control was 
compared to state-of-the-art open-loop therapy 
in adults with Type 1 diabetes mellitus, where the 
design of the closed-loop control algorithm was 
done in silico.58 Computer simulated experiments 
were used to generate data from 300 virtual subjects 
with Type 1 diabetes mellitus, from three distinct 
age groups who could be screened, measured, and 
treated individually. In silico modelling resulted in 
rapid (<6 months compared with the equivalent 
years of animal trials) and cost-effective system 
development and testing, leading to regulatory 
approval in multiple markets.58 In the USA, the  
U.S. Food and Drug Administration (FDA) has 
accepted in silico modelling for assessing human 
glucose and insulin utilisation, interstitial sensor 
performance, and subcutaneous insulin delivery.58 
Furthermore, in silico models are now becoming 
an accepted alternative to animal trials for  
the preclinical testing of new insulin treatment  
strategies and artificial pancreas algorithms.58

Control Diabetes

The artificial pancreas represents the ultimate 
technological treatment of diabetes and has 
advanced considerably since the first devices 
were tested around 40 years ago. Early devices 
were impractical for outpatient use due to the 
intravenous route of glucose sensing and insulin 
infusion. However, they validated the feasibility of 
external glucose control, paving the way for future 
developments. The subsequent development of 
minimally invasive subcutaneous glucose sensing 
technology revolutionised closed-loop control 
systems. Modern systems comprise a continuous 
glucose sensor, insulin pump, and a sophisticated 
control algorithm that uses a mathematical model 
of the metabolic system to provide automated 
insulin delivery.59 The first portable closed-loop 
control system was introduced by the University 
of Virginia, Virginia, USA in 2011. The technology, 
which is controlled by a smart phone, links  
wirelessly to the glucose sensor and insulin pump  
to provide optimised, automated insulin delivery.60 
To date, the effectiveness of several closed-loop 

control systems, including the Medtronic MiniMed 
670G System, the Dexcom G4 with Software 
505 + Roche insulin pump, and the Dexcom G4 
Platinum + two Tandem t:slim insulin pumps have 
been evaluated in the outpatient setting.61-63 Time 
within range analyses demonstrated that closed-
loop systems provided effective glycaemic control; 
patients were within the target glycaemic range  
of 3.8–10.0 mmol/L (70–180 mg/dL) >70% of the 
time and were below the target range <3% of the 
time. Time spent at very low blood glucose levels  
(<2.8 mmol/L [50 mg/dL]) was negligible (<0.4%).61-63  
In addition, data from a recently completed ski 
camp study demonstrated that even during 
challenging winter-sport conditions, overall time 
within glycaemic range and time within range at  
night (3.00–7.00 am) was higher with closed-
loop systems (71.3% and 84.6%, respectively) 
versus control (64.7% and 66.2%, respectively).  
Importantly, time below range was lower with 
closed-loop systems versus control (1.8% versus 
3.2%, respectively).64

New Models for Intervention

Future therapeutic interventions could be derived 
from a diabetes treatment ecosystem. Such an 
ecosystem would bring together patient-level 
information, including genetic profiling, laboratory 
results, real-time monitoring, and predictive  
analytics, into a comprehensive virtual image of 
the patient, which would then allow treatment 
approaches to be tested efficiently in silico and 
tailored to each person. 

Integrating Diabetes Care

Professor David Kerr

Key Points

•	 There is a need for integration of diabetes 
care and technology (e.g., closed-loop insulin  
delivery systems and smart insulin pens) in order 
to improve outcomes for people with diabetes 
and their families.

•	 The development of sophisticated algorithms, 
informed by population-wide data and machine 
learning, could lead to initiatives that help  
predict and prevent negative clinical outcomes.

•	 Achieving integration of care requires new 
thinking beyond segmenting into Type 1 or Type 2  
diabetes mellitus to better reflect personal  
needs and opportunities based on measurable 
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metrics of success that are affordable, accessible, 
and understandable to all users.

Diabetes care needs to change before we are likely 
to see the introduction of personalised diabetes 
treatment ecosystems. In the USA alone, >20% of 
all patients with diabetes have very poor glycaemic 
control (HbA1c <9%).65 Registry data from >16,000 
patients with Type 1 diabetes mellitus show that 
the majority of this population (>70%) are above 
ADA-recommended HbA1c targets, irrespective 
of age.45 There is also evidence of a racial divide,  
in which individuals from minority populations 
have poorer glycaemic control.65 Going forward, 
the concept of value in healthcare when assessing 
the potential impact of new therapies or devices 
can be quantitatively defined as the quality of care  
(i.e. achieving glycaemic targets etc.) plus the 
experience of care, divided by the cost. Integration 
of care offers an opportunity to enhance the 
clinical value of diabetes treatments, but this will 
require better and more in-depth understandings 
of the five determinants of health, as they affect  
individuals with diabetes. These five determinants 
include 1) genetics (e.g., race and ethnicity-
specific effects on drug pharmacology); 2) 
biology (e.g., intra and inter-individual variations 
in drug absorption and duration); 3) behaviour  
(e.g., treatment concordance); 4) psychology (e.g., 
impact of depression, diabetes distress, and fear 
of hypoglycaemia); and 5) society (e.g., treatment 
access, costs, and non-traditional factors, such as 
environmental temperature and pollution). Current 
efforts to segment diabetes, e.g., arbitrarily dividing 
diabetes into Type 1 or Type 2, add little value with 
regard to clinical care and outcomes. Integrated  
care provides a means to stratify individuals in a 
more relevant manner based on their clinical profile, 
such as hypoglycaemia avoider, diabetes loather, 
high-cost individual, and insulin user. 

Integrated care requires digital diabetes health 
technologies. Future technological innovation 
in diabetes care will also include new therapies 
such as 1) implantable drug delivery systems;  
2) automated completely closed-loop systems 
using a variety of sensors and effectors to maintain 
physiological homeostasis; and 3) miniaturised, 
wearable, non-invasive glucose monitoring systems 
or long-term, implanted continuous glucose sensors.  
New miniaturised wearable sensors and implanted 
sensors are already beginning to be used to create 
systems that links users and their care teams to 
enable precision management of diabetes.

Preliminary efforts to integrate care are beginning 
to emerge. In clinical practice, areas exist in 
which innovation is needed and progression to  
integration is relatively simple. In an analysis 
of 2,000 local Latino patients with diabetes, 
only ~37% of individuals received two HbA1c 
tests within 12 months, the minimum number of  
tests recommended by national and international 
guidelines. These data highlight that the current 
process of HbA1c testing (co-ordinating a patient 
and physician for an appointment, performing a 
test, and communicating the results to the patient) 
is proving difficult in clinical practice. One potential 
approach to overcome this would be to issue a 
shared service based on geolocation technology 
that could match a patient with an appointment, 
when necessary. Integrated systems such as this 
could potentially contribute to improvements in 
diabetes management beyond the introduction  
of new therapies.

Natural progression of technology and the 
availability of population-wide data could lead to 
the development of computer systems with the  
ability to monitor whole diabetes populations and 
predict the possibility of negative outcomes in 
individual patients. Similarly, the development of 
sophisticated algorithms through machine learning 
may help prevent the occurrence of negative 
outcomes by alerting clinical teams to individuals 
who require an appropriate intervention. These 
data, together with deep learning, automated  
predictive analytics using blocks of increasing 
complexity could lead to the prevention, and  
possibly even cure, of diabetes.

The implementation of integrated care would 
revolutionise diabetes care; a concept that was 
illustrated by an animated, hypothetical clinical  
case. Future developments may permit patients 
to use virtual reality to learn how to initiate insulin  
using their smart pen. Furthermore, reminders, 
support, advice, and education could be provided 
to patients by a ‘home doctor’, in which the 
patient could interact with a virtual physician.  
The provision of 24-hour care could become a 
reality through linking smart pens and supporting 
devices (e.g., smart phones, smart watches) through 
the ‘Internet of Medical Things’ to a population-
health, centrally located clinician. This individual, 
with the assistance of robots, would monitor  
data transmitted between devices and provide 
support to patients when they are unable to 
contact their local physician. For example, if a 
patient experiences an issue outside of their local 
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ABSTRACT

Diabetic nephropathy represents the leading cause 
of end-stage renal disease and is the greatest 
cause of patient entry into the renal replacement 
therapy programme.1 Of the many structural 
and functional disturbances associated with the 
disease, tubulointerstitial fibrosis represents the 
key underlying pathology and occurs in response 
to a number of phenotypical and morphological 
changes, culminating in tubular injury.2 Treatment  
of fibrosis in nephropathy is an unmet clinical need, 
and identification of appropriate therapeutic targets 
is urgently required.

Connexins are involved in the formation of both 
hemichannels and gap junctions, and multiple 
secondary complications of diabetes are associated 
with alterations in the expression or function 
of these important transmembrane proteins.3 
Previous work from our group suggested that 
glucose evoked changes in the beta 1 isoform of  
transforming growth factor (TGF) induced a loss 
of E-cadherin mediated cell adhesion in human 
proximal tubule epithelial cells.4 In the absence 
of cell–cell adhesion, uncoupled connexins or  
hemichannels predominate and gap-junctions 
fail to form. These channels allow cells to signal 
to each other via local paracrine release of ATP.5  
Interestingly, elevated levels of nucleotides have 
recently been linked to both increased inflammation 
and fibrosis in multiple tissue types and various 
disease states.6 

Immunohistochemistry of biopsy material isolated  
from patients with proven diabetic nephropathy 
confirmed increased expression levels of  
predominant tubular connexin isoforms:  
connexin-26 and connexin-43. These data are  
corroborated by immunoblot analysis of lysates  
isolated from human primary proximal tubule  
cells cultured in TGF-β1 (2–10 ng). Using whole-cell  
paired patch electrophysiology and ATP-biosensing,  
we observed a switch in gap junction mediated 
intercellular communication in favour of   
hemichannel mediated ATP release at both  
48-hour (acute) and 7-day (chronic) time 
periods. Increased ATP levels have been linked to 
fibrosis and inflammation.6 Incubation of human 
primary proximal tubule cells, with either TGF-β1  
(2–10 ng/mL) or non-hydrolysable ATPγS  
(1–100 µM), induced a dose-dependent increase  
in the expression of candidate proteins, namely  
collagen I, fibronectin, and interleukin-6, as well  
as morphological changes towards a fibroblast-like 
phenotype. The TGF-β1 induced response was  
partly negated when cells were co-incubated with 
the nucleotidase, apyrase (5 U/mL), or the purinergic 
receptor antagonist suramin (10 µM), suggesting 
that TGF-β1 evoked changes in hemichannel 
mediated ATP release are driven through activation 
of downstream purinergic signalling. 
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47.8%, respectively (р=0.76). Renin-angiotensin- 
modulating therapy was received by 76.2% and 
82.6% of patients, respectively (p=0.6). 

As shown in Table 1, at baseline there were no 
significant differences in assessed laboratory 
parameters between the two groups. In the control 
group, no parameter changed significantly after  
6 months of the treatment. Compared to the  
dynamics in the control group, patients  
from the V+ group demonstrated a significant 
decrease in glycated haemoglobin (HbA1c) and 
insulin requirement as well as the frequency of 
hypoglycaemia. Furthermore, a significant reduction 
in diastolic BP, serum cystatin C, and excretion of 
uColIV was documented in the V+ group, as well 
as an increase in eGFRcys and eGFRcr-cys. When 
we compared the repeated measurements of the 
study markers, only the changes in serum cystatin C 
and eGFRcys in the V+ group differed significantly 
compared to the control. Correlation analysis  
showed that neither changes of serum cystatin C, 
eGFRcys, and eGFRcr-cys, nor changes of uColIV 
in the V+ group, were significantly related to the 
dynamics of HbA1c (r: -0.31, 0.21, 0.19, and 0.13, 
respectively; p>0.05 each). We found an inverse 
association between the changes in systolic BP and 
eGFRcr-cys (β: -0.47; R2: 0.22; р=0.02), suggesting 
that haemodynamic mechanisms at least partially 
contribute to the renal action of vildagliptin.  
Stepwise regression analysis showed that lower levels 
of baseline eGFRcys were independent predictors 
of both eGFRcys and eGFRcr-cys increase (β: -0.61;  

R2: 0.37 and β: -0.45; R2: 0.20, respectively; p<0.05  
each). Reduction of uColIV excretion was more  
pronounced in older patients (β: -0.74) with lower 
levels of diastolic BP (β: 0.57; R2: 0.46; p=0.002).     

CONCLUSION                                                                  

Vildagliptin administration to insulin-treated T2DM 
patients was associated with a reduction of the 
glomerular injury marker, uColIV excretion, along 
with an increase of eGFRcr-cys and eGFRcys, 
independent of glycaemic control. Older age 
and lower baseline values of diastolic BP were  
predictive of a better uColIV-response in the V+ 
group. Since eGFR improvement could result from 
temporary hyperfiltration,4 long-term studies of the 
renal effects of vildagliptin with isotope clearance 
eGFR measurement are required.
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ABSTRACT

The current ‘Western cluster’ of non-communicable 
disorders could be redefined as a dysfunction 
of the heterogenic, complex, and bidirectional  
metabolic network, which often affects not one, 
but several tissues simultaneously leading to Type 2  
diabetes mellitus (T2DM), cardiovascular disease 
(CVD), and non-alcoholic fatty liver disease. 
These masts of the pathologic network share 
a combination of various common risk factors, 
as well as an advantageous imbalance between 
energy expenditure and energy intake. In this 
context, gradual and sustained nutritional changes 
have become the cornerstone for prevention and 
treatment of metabolic pathologies. Most common 
strategies entail either restriction of carbohydrates 
or fats; nevertheless, previous studies have shown 
conflicting results addressing which of these 
diets leads to greater reductions regarding these  
risk factors.1,2 

For this reason, the department of Clinical  
Nutrition at the German Institute of Human  
Nutrition, Nuthetal, Germany is interested to  
disclose the role of nutrient-dependent factors in 
this still-abstract pathologic network.

A total of 55 subjects were recruited within a 
subgroup of an ongoing intervention study.  
All study participants gave their written informed 
consent and were randomly selected to undertake 
either a very low carbohydrate (VLC) or a low fat 
(LF) diet. During the intervention, subjects were 
guided by a professional nutrition specialist and 
took part in the examination at baseline and after  
3 weeks of diet. Both examinations included  
magnetic resonance spectroscopy (MRS) and 
magnetic resonance imaging (MRI) scans and 
assessment of endothelial function, among others.

The design of both dietary interventions was  
focussed on calorie restriction by limiting the  
amount of the respective macronutrients. The 
VLC diet (1,200–1,500 kcal/d) provided 5–10% of 
total energy from carbohydrates. The LF diet was 
characterised by a fat intake <30% of the total 
energy intake by an even stronger calorie restriction 
compared to VLC diet (1,000–1,200 kcal/d). 

By making use of a highly innovative computerised 
system, which allowed the motioned identification 
of the arterial intima media complex, we were 
able to assess the endothelial function as an  
independent risk marker for CVD. The endothelial 
function was assessed by a non-invasive method, 
which triggers the endothelium-dependent 
relaxation of the right brachial artery in response 
to ischaemia. This so-called flow-mediated dilation 
investigation technique was developed following 
the guidelines of the International Brachial Artery 
Reactivity Task Force.3

Interestingly, results of the flow-mediated dilation 
data showed that, after 3 weeks, the endothelial 
function significantly improved in the LF group only. 
This acute effect was also observed in the visceral 
adipose tissue, which was significantly reduced 
in the LF diet group. In contrast, the intrahepatic  
lipids decreased similarly in both groups.

Previous studies have highlighted the potential 
negative effect of a VLC diet on endothelial  
function and CVD.4 This is based on the  
assumption that a VLC diet implicates a high fat 
intake, especially saturated fats; indeed, in this  
study the aim was to increase fat by 60–70%. 

To conclude, it is worth mentioning that both LF 
and VLC diets have different properties when 
performed for a longer period of time. Consequently, 
according to our results, patients at high CVD risk 
with T2DM and non-alcoholic fatty liver disease  
may experience greater benefits from following a 
LF hypocaloric diet for the first treatment weeks,  
in order to change endothelial function.
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Glucagon-like peptide-1 receptor agonists and 
sodium-glucose cotransporter-2 inhibitors have 
complementary mechanisms of action: both lower 
blood glucose with the advantages of weight loss, 
a low risk of hypoglycaemia, and a favourable 
cardiovascular profile. DURATION-8 was a Phase III, 
multicentre, double-blind, randomised, active- 
controlled, 28-week study with a 24-week (and 
subsequent 52-week) extension study. DURATION-8 
tested the efficacy and safety of combining  
exenatide once weekly (ExQW), a glucagon-
like peptide-1 receptor agonist, and dapagliflozin  
(DAPA), a sodium-glucose cotransporter-2 inhibitor,  
for the treatment of patients with Type 2 diabetes 
mellitus uncontrolled by metformin alone  
(baseline glycated haemoglobin [HbA1c]: 8.0–12.0%;  
mean: 9.3%).1 During 28 weeks of treatment, 
the combination of ExQW plus DAPA reduced 
HbA1c, fasting plasma glucose (FPG), postprandial 
glucose, weight, and systolic blood pressure (SBP)  
significantly better than ExQW plus placebo 
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(PBO) or DAPA plus PBO, with no unexpected 
safety signals.1 During the EASD 2017 meeting in 
Lisbon, Portugal, we presented the results for the 
same study endpoints after a further 24 weeks  
of treatment, totalling 52 weeks of double- 
blind therapy.2	

From 8–28 weeks, patients received rescue therapy 
with added basal insulin based on progressively 
stricter FPG criteria (from >270 mg/dL to >200 
mg/dL). From 36–52 weeks, patients were rescued 
if their HbA1c was >8.0%. Efficacy analyses 
excluded measurements after the initiation of 
rescue therapy. Of 695 randomised patients, 564 
(81.2%) completed the study and 523 (75.3%) 
completed treatment. The most common reasons  
for discontinuation of treatment or study  
withdrawal were withdrawals by the patient,  
adverse events (AE), or being lost to follow-up. All 
endpoints at 52 weeks were considered exploratory; 
therefore, no significance can be claimed.

At Week 52, we obtained greater reductions with 
ExQW plus DAPA compared to ExQW plus PBO 
or DAPA plus PBO for HbA1c (1.75% versus 1.38%  
versus 1.23%, respectively), FPG (63.0 versus  
45.7 versus 39.7 mg/dL, respectively), 2-hour 
postprandial glucose (82.4 versus 64.0 versus  
59.6 mg/dL, respectively), body weight (3.3 versus  
1.5 versus 2.3 kg, respectively), and SBP (4.5 versus 
0.7 versus 2.8 mmHg, respectively). Overall, the 
reductions of these endpoints at Week 52 were 
comparable with those recorded at Week 28,  
while treatment differences were maintained. 

Over 52 weeks, the combination of ExQW plus  
DAPA was well tolerated by participants, with 

comparable rates of AE and serious AE between 
the three study groups. As expected, the most 
frequent AE were gastrointestinal and injection-site 
nodules in ExQW-treated patients and urinary tract 
infections in DAPA-treated patients. We recorded 
no episodes of major hypoglycaemia, while minor 
hypoglycaemia occurred in 1.3%, 0.0%, and 0.4% of 
patients, respectively. No deaths were recorded in 
the 28–52-week extension. 

In conclusion, over 52 weeks of treatment the 
combination of ExQW plus DAPA was more  
effective compared with either treatment 
alone in patients with Type 2 diabetes mellitus 
poorly controlled by metformin alone. The 
improvements observed at Week 28 for glycaemic 
parameters, body weight, and SBP were  
maintained over 52 weeks, indicating the durability 
of the effect of this combination treatment.  
In addition, treatment with ExQW plus DAPA was  
well tolerated, with an expected safety profile.  
Overall, the data indicate the 1-year efficacy and 
safety of the ExQW plus DAPA combination; 
however, further studies are required to assess its 
effects on long-term outcomes and cardiovascular 
safety/benefit, as well as cost-effectiveness.
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Higher BMI is associated with an adverse metabolic 
effect and a higher risk of Type 2 diabetes mellitus 
(T2DM), heart disease, and hypertension. However, 
there are some obese individuals who will not 
develop T2DM throughout their lives. Age, sex, 
ethnicity, and physical activity are factors that make 
two people of the same BMI have different risks of 
T2DM. Another important factor is genetics; recent 
genetic studies have identified seven genetic variants 
associated with ‘favourable adiposity’, which refers to 
alleles associated with higher body fat percentage 
but lower risk of T2DM, hypertension, and heart 
disease.1-4 Examples of these variants are in PPARG 
and IRS1. We aimed to identify more of these 
genetic variants and use genetics to understand 
the underlying mechanism of favourable adiposity. 

We designed a three-step study to identify genetic 
variants associated with ‘favourable adiposity’. First, 

we used data from the UK Biobank, a single cohort 
of 500,000 men and women. These individuals 
were sourced from different study centres 
within the UK and were aged between 40 and  
69 years at baseline. We identified genetic variants 
associated with adiposity (as measured by body fat  
percentage using a Tanita analyser). Secondly, we 
tested genetic variants associated with adiposity 
against a multivariate metabolic outcome using data 
from published genome-wide association studies 
(GWAS). We identified favourable adiposity variants 
as those with a favourable effect on metabolic 
biomarkers; alleles associated with higher adiposity 
are associated with higher high density lipoprotein 
cholesterol (n=99,900),5 higher adiponectin 
(n=29,400),6 higher sex hormone binding globulin 
(n=21,800),7 lower triglycerides (n=96,600),5 lower 
fasting insulin (n=51,800),8 and lower alanine 
transaminase (n=55,500).9 We used data from 
the UK Biobank to find the impact of favourable  
adiposity on metabolic diseases and used the 
published GWAS of subcutaneous and visceral fat 
distribution, as measured by computed tomography 
(CT) or magnetic resonance imaging (MRI),10 to 
understand the underlying mechanism.

We identified 15 genetic variants associated with 
‘favourable adiposity’, including seven known 
variants in or near PPARG, LYPLAL1, GRB14, IRS1, 
PEPD, FAM13A, and ANKRD55. Carrying additional 
‘favourable adiposity’ alleles was associated with a 
higher BMI (n=382,902), but a lower risk of T2DM 
(12,333 cases versus 370,112 controls), a lower risk 
of hypertension (79,586 cases versus 307,602  
controls), and a lower risk of heart disease (32,105 
cases versus 275,037 controls). These effects 
were similar when we removed the seven known  
‘favourable adiposity’ variants from the analysis. 
Carrying more ‘favourable adiposity’ alleles was 
associated with a favourable body shape in women 
(associated with a lower waist but a higher hip 
circumference). However, in men, ‘favourable 
adiposity’ alleles were associated with fat all over 
the body (associated with a higher hip and waist 
circumference). ‘Favourable adiposity’ alleles were 
associated with higher levels of subcutaneous 
adipose tissue and a lower visceral-to-subcutaneous 
adipose tissue ratio in both men and women.  
The p-values in all the analyses were <1x10-10.
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Our genetic study suggests that the underlying 
mechanism is through better ability to store fat in 
a suitable location within the body (subcutaneous 
adipose tissue).
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BACKGROUND AND AIMS

Fetal macrosomia, a complication of gestational 
diabetes (GD), is associated with negative maternal 
and neonatal outcomes. Macrosomic newborns 
have increased risks of respiratory distress and 
neonatal hypoglycaemia, and are at a high risk 
of developing obesity and diabetes. Factors  
associated with macrosomia include maternal 
obesity/being overweight, high lipid and glucose 
concentrations, and older maternal age. Its 
prevalence is increasing worldwide simultaneously 
with the rates of obesity and diabetes, but its  
lifelong impact is not yet fully understood.1,2 Animal 
models of GD and macrosomia are necessary to 
study both conditions. Very few transgenic strains 
mimic GD and only diabetes (db)-/-strains show 
the poor fetal outcome of macrosomia.3 We have 
observed apparent macrosomia in the offspring 
of suppressor of cytokine signalling 2 (SOCS2) 
knockout mice (SOCS2-/-). SOCS2, through the 
janus kinase and signal transducers and activators 
of transcription (JAK/STAT) pathway, acts by 
mediating cytokine responses to control growth, 
development, metabolism, and immunity.4 The 
SOCS2-/- mouse, a model of gigantism, shows  
normal size at birth, and a progressive, proportional 
increase after weaning, without fat accumulation.5 
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Glucose impairment has also been described,  
although there are discrepancies among authors.6,7  
To our knowledge, macrosomia and delivery  
problems have not been previously reported in the 
SOCS2-/- model before. Therefore, we aimed to 
evaluate the SOCS2-/- mouse as a potential model  
for fetal macrosomia.

MATERIAL AND METHODS 

As part of routine colony management, pregnant 
SOCS2-/- mice were monitored. If an inability to 
give birth was detected, the mice were humanely 
euthanised. Mothers’ age and body weight (BW) 
were obtained. BW, head length, lateral height, 
dorsolateral diameter, abdomen width, and body 
length were measured in undelivered and delivered 
(control group) neonates. The mouse colony  
archive (May 2015–July 2017) was also reviewed. 
To compare groups, Mann-Whitney U tests and  
Student’s t-tests were assessed and bivariate 
correlations (Spearman) were performed. A two-
tailed p<0.05 was considered significant.

RESULTS 

A total of 21 pregnant females and their 126 (120 
undelivered, 6 delivered) offspring were analysed. 

Evident dystocia was observed in all mothers  
(Figure 1A) and all litters seemed to be at an 
immature stage. Undelivered neonates were 40% 
heavier than delivered neonates (1.53 ± 0.18 g versus 
1.08 ± 0.14 g; p<0.01) and had longer heads (1.41  
[0.9–2.0] cm versus 1.17 [1.0–1.4] cm; p<0.024)  
(Figure 1B). No significant differences were  
obtained for abdomen width. Aberrant forms, like 
malformations and extremely big fetuses, were 
identified in 13% of the necropsied mothers. A total 
of 154 pregnancies were analysed from the mouse 
archive. Low rates of successful pregnancies (39%) 
and high rates of perinatal (19%) and maternal 
mortalities (56%) were identified. An age dependent 
role was observed for the rate of successful 
pregnancies (R: -0.47; p<0.001) and maternal 
mortality (R: 0.74; p<0.001).

CONCLUSION 

Undelivered neonates were bigger than their 
delivered littermates and their size caused their 
mothers’ inability to give birth. Older females 
had higher maternal mortalities and lower birth 
success rates. We hypothesise that macrosomia and  
mothers’ maturity is associated with subsequent 
gestational diabetes. Further studies will be 
performed to evaluate the presence of diabetes  
and the role of SOCS2 in this macrosomia model.
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Figure 1: SOCS2-/- macrosomic phenotype. 
A) A SOCS2-/- mother with delivery problems due 
to a severe fetal dystocia; B) Evident differences 
between the delivered and undelivered SOCS2-/- 
neonate littermates were noted.
SOCS2: suppressor of cytokine signalling 2. 
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BACKGROUND

In obese human subjects, hedonic eating is often 
present due to palatable foods perhaps promoting 
addiction in a similar way to drugs.1 It has been 
reported that voluntary exercise, such as wheel 
running, reduces the preference to palatable food 

such as that comprising a high-fat diet (HFD), 
although the mechanisms behind this are unclear.2 
We previously reported that voluntary exercise 
contributed to an amelioration of abnormal feeding 
behaviour, with a concomitant restoration of  
ghrelin production in a HFD-induced obese model.3 
It is known that hedonic eating is related to the 
activation of the central reward circuit via the  
ghrelin receptor in the ventral tegmental area (VTA) 
of the brain;4 therefore, we investigated whether 
voluntary exercise could modify  food preference in 
relation to peripheral ghrelin and central dopamine 
systems in rats. 

METHODS

Four-week-old, male Sprague-Dawley rats 
were housed as either a sedentary group (Se)  
(in ordinary cages throughout the experiment) 
or an exercise group (Ex) (in ordinary cages from  
Monday to Thursday and in special acrylic chambers 
equipped with a running wheel from Friday to 
Sunday). All rats were allowed free access to either 
the control, chow diet (CD; 10 kcal fat percentage)  
or HFD (60 kcal fat percentage); the choice of 
consumption was therefore their own preference. 
Food preference was measured each Monday  
morning until the rats reached 10 weeks old.  
After 10 weeks, dopaminergic activity within the 
nucleus accumbens in either Ex or Se was measured 
using microdialysis. Dopamine (DA) measurements 
were performed together with food consumption 
for 20 minutes after 24 hours of food deprivation. 
Furthermore, synthesised rat ghrelin (3 nmol/2 mL)  
was administered intravenously to Se at 10 weeks old, 
with microdialysis procedures performed thereafter.

RESULTS 

Body weight and visceral fat volume in the Se group 
was significantly higher than those in the Ex group 
at 10 weeks old. In Se, most of the consumed food 
was HFD throughout the experiment. In contrast,  
the preference for HFD was attenuated by the 
induction of voluntary exercise, and around 40% 
of food consumption was substituted for CD after  
5 weeks old to the end of the experimental period.  
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In Se, DA level in the nucleus accumbens was 
increased in response to either CD or HFD fed for  
20 minutes by 50% of basal levels. Voluntary  
exercise abolished the HFD-induced DA surge 
in spite of having no effect on CD-induced DA.  
Systemic ghrelin administration to Se abolished  
HFD-induced DA surge with no effect on  
CD-induced DA in the same manner as voluntary  
exercise did.

CONCLUSION 

It was reported that systemic ghrelin administration 
brought about the inhibition of a DA surge  
associated with HFD through the activation of 
the dynorphin A/kappa opioid receptor pathway 
of DA neurons in VTA.5 As in our previous report,3  
ghrelin secretion is enhanced by voluntary 
exercise and then suppresses DA response to HFD  
selectively in the VTA. Thus, it is fair to assume that 
voluntary exercise could attenuate the preference  

for palatable HFD, through the modulation of the 
central DA system together with peripheral ghrelin 
signals (Figure 1). Exercise is thus an essential 
strategy for the treatment of obesity from the  
aspect of the central reward circuit.

REFERENCES

1. Figlewicz DP, Benoit SC. Insulin, leptin and food reward:  
Update 2008. Am J Physiol Regul Integr Comp Physiol. 
2009;296(1):R9-R19.
2. Liang NC et al. Wheel running reduces high-fat diet intake, 
preference and mu-opioid agonist stimulated intake. Behav 
Brain Res. 2015;284:1-10.
3. Mifune H et al. Voluntary exercise contributed to an 
amelioration of abnormal feeding behavior, locomotor activity 
and ghrelin production concomitantly with a weight reduction  
in high fat diet-induced obese rats. Peptides. 2015;71:49-55.
4. Kawahara Y et al. Peripherally administered ghrelin 
induces bimodal effects on the mesolimbic dopamine system  
depending on food-consumptive states. Neuroscience. 
2009;161(3):855-64.
5. Kawahara Y et al. Food reward-sensitive interaction of  
ghrelin and opioid receptor pathways in mesolimbic dopamine 
system. Neuropharmacology. 2013;67:395-402.

Figure 1: Putative mechanisms for the modification of food preference by voluntary exercise in relation 
to the central reward circuit and peripheral ghrelin signals.
Ghrelin secretion is increased in response to voluntary exercise, and subsequently suppresses dopamine 
release due to HFD consumption. Voluntary exercise, therefore, may reduce the palatability for HFD.
CD: chow diet; HDF: high fat diet. 
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ABSTRACT

Hypertension is considered a powerful cardiovascular risk factor and is present in up to two-thirds 
of patients who suffer from diabetes. In the background of an established epidemiological association 
between lower blood pressure (BP) and improvement in long-term clinical outcomes, several large 
landmark trials and analyses have attempted to examine the possible benefit of tighter BP control in 
patients with Type 2 diabetes mellitus. Although aggressive BP targets in patients with diabetes have been  
advocated for a long time, currently accepted evidence from these studies has led to a general 
recommendation of systolic BP <140 mmHg and diastolic BP <90 mmHg. Therapy consists of lifestyle 
management, including weight loss if overweight or obese, a Dietary Approaches to Stop Hypertension 
(DASH)-style based nutrition counselling, and reduced sodium intake. Timely initiation and subsequent 
titration of antihypertensive medications to achieve individualised BP goals is recommended. A therapeutic 
agent that acts on the renin-angiotensin-aldosterone pathway, such as an angiotensin-converting enzyme 
inhibitor or an angiotensin receptor blocker, should generally be included in the pharmacologic therapy for 
hypertension in patients with Type 2 diabetes mellitus. A multi-drug combination, particularly including a  
thiazide diuretic, is very often necessary and should be started early in the course of management.  
Finally, an accurate and standardised method of BP measurement in the outpatient setting is essential to 
ensure proper monitoring and gauge the effectiveness of treatment.

Keywords: Type 2 diabetes mellitus (T2DM), hypertension, blood pressure (BP), cardiovascular risk.

INTRODUCTION

Patients with diabetes mellitus (DM) are at risk of 
adverse cardiovascular (CV) outcomes, including 
microvascular and atherosclerotic complications. 

In Type 2 diabetes mellitus (T2DM), a clustering of 
CV risk factors, very often with underlying insulin 
resistance, leads to a propensity for increased 
morbidity and mortality. The American Diabetes 
Association (ADA) has revised its general blood 

EDITOR’S PICK
The Editor’s Pick for this issue is an informative review from Ali A. Rizvi on hypertension in 
patients with Type 2 diabetes mellitus and considers the pathogenesis, goals, and therapeutic 
approaches to managing this comorbidity. There have been many clinical trials in this area 
and this paper discusses the outcomes of these trials and the implications for patients with 
diabetes. Efforts are needed to translate the knowledge already gained into population-based 
implementation while further research is required to understand the pathogenetic mechanisms 

and to expand the therapeutic armamentarium.
Samantha Warne
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pressure (BP) goals in persons with DM to  
<140/90 mmHg, additionally advising that “lower 
systolic targets, such as <130 mmHg, may be 
appropriate for certain individuals with DM, such  
as younger patients, those with albuminuria, and/or 
those with hypertension and one or more additional 
atherosclerotic CV disease risk factors, if they can 
be achieved without undue treatment burden.”1  
The optimal therapeutic approach involves both 
lifestyle measures, consisting mainly of dietary 
modification, weight loss, and restricting salt 
ingestion, and the evidence-based use of an 
individualised regimen of antihypertensive drug 
treatment. Close follow-up, timely modification 
of therapy, and active BP management in patients 
with DM has been shown to be beneficial; however, 
treatment can be challenging in the long run.  
In the clinical setting, healthcare professionals are 
frequently faced with the key question of what 
approach would be best to reduce the possibility of 
future CV events, morbidity, and mortality. Herein 
is a review of the significance and management of 
hypertension in individuals with T2DM.

PATHOGENESIS OF INCREASED 
CARDIOVASCULAR RISK IN TYPE 2
DIABETES MELLITUS AND 
HYPERTENSION: ROLE OF THE 
KIDNEYS AND ENDOTHELIUM

The presence of hypertension in individuals with DM 
is a strong determinant of atherosclerotic disease, 
endothelial inflammation, and vascular damage. 
Statistics show that almost 40% of individuals 
with T2DM are already hypertensive at diagnosis,  
a situation that is very often accompanied by  
obesity and a higher risk of developing CV disease.2 
In contrast, most patients with Type 1 diabetes 
mellitus (T1DM) do not have hypertension when 
diagnosed with DM.3 The development of essential 
hypertension and complications from target organ 
damage, in particular nephropathy, is thought to 
be responsible for the increase in prevalence with 
longer duration of DM.

The kidneys and the cardiovascular system are 
inextricably intertwined as determinants of ambient 
BP levels in both normal and diseased conditions. 
The earliest detectable pathologic increase in 
urinary albumin excretion, termed ‘moderately 
increased albuminuria’ (urinary albumin loss of  
30–300 mg/24 hours),4 results from DM as well as 
hypertension, and the presence of both conditions  
is multiplicative in its emergence. In a bidirectional 

manner, the incidence and severity of hypertension 
increases with the emergence and progression of 
nephropathy. The complex interplay of hypertension 
and renal disease appears to be especially 
evident in persons with DM, who are inherently 
at high risk for progressive glomerular damage  
(Figure 1). Eighty-five percent of patients with  
overt diabetic nephropathy have hypertension.5  
Additionally, increased extracellular volume results 
from sodium retention secondary to hyperfiltration 
of glucose; the reabsorption of both is increased 
because of upregulation of the sodium-glucose 
cotransporter enzyme in the proximal tubule.3,6  
The resultant elevation in BP due to volume 
expansion tends to be exacerbated by salt intake 
and is responsive to sodium restriction. Advanced 
glycosylated end-products have a direct correlation 
with chronic hyperglycaemia and, together with 
atherosclerotic manifestations, contribute to 
reduced arterial pliability.7 The ensuing changes 
in blood vessels increase vascular stiffness, 
particularly resulting in a rise in the systolic BP. 
Endothelial dysfunction and increased oxidative 
stress are believed to play a pathologic role in both 
hypertension and diabetes early in their natural 
history, increasing the risk of atherothrombosis.8 
Central sympathoadrenal activation is especially 
evident in hypertensive states. The roles of 
adipose tissue as a proinflammatory organ and 
the characteristic ‘diabetic dyslipidaemia’ further 
contribute to endovascular toxicity in a vicious 
cycle. In summary, the coexistence of both DM and 
hypertension combine to multiply the risk of the 
development, as well as progression, of nephropathy, 
while concurrently instigating endothelial damage 
and elevating the risk for adverse CV outcomes 
through multiple mechanisms.

BLOOD PRESSURE CONTROL IN 
INDIVIDUALS WITH DIABETES 
MELLITUS: A REVIEW OF THE EVIDENCE

Insights into the significance of BP management 
in subjects with DM have been derived from trials 
designed primarily to examine glycaemic control, 
and from analysis of CV outcomes in subsets of 
DM subjects in hypertension studies. The data  
concerning BP management in patients with 
DM are notable for their heterogeneity and lack 
of uniformity. In general, the preponderance of  
evidence demonstrates that patients treated to 
lower BP targets have a reduced propensity to 
vascular events and lower rates of development 
and progression of microvascular complications, 
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such as diabetic nephropathy. The benefits, 
although clinically important, were achieved with  
combination therapy with multiple medications, 
and were accompanied with increased risk of 
drug-induced side effects. Major trials pertaining 
to the significance of BP in patients with DM are  
summarised in Table 1, and what follows is a brief 
description of the prominent clinical studies that 
have contributed to our current understanding of 
the subject.

In the HOT trial,9 the diastolic pressures in almost 
19,000 participants were targeted to ≤90, ≤85,  
or ≤80 mmHg; the achieved average values were  
144/85, 141/83, and 140/81 mmHg, respectively.  
In the subset of 3,000 patients with DM, but not in 
other patients, the relative risk (RR) of a CV event 
was significantly reduced in the ≤80 mmHg group 
compared to the ≤90 mmHg group (RR: 0.49; 95% 
confidence interval [CI]: 0.29–0.81).

The landmark UKPDS10 studied 1,148 patients with 
T2DM with a mean baseline BP of 160/94 mmHg. 
Compared to the standard arm (<180/105, achieved 
BP 154/87 mmHg), patients assigned to a lower 
BP target (<150/85, achieved BP 144/82 mmHg) 
had a 32% reduction in DM-related mortality  
(24% versus 35%), a 44% reduction in stroke, and 
a 24% reduction in microvascular disease after 
>8 years. There was no difference in outcomes 

between captopril and atenolol as the primary 
therapy. The benefits were not sustained and 
were lost within 2 years of post-trial observational  
monitoring.11 Follow-up a decade later indicated 
that each 10 mmHg reduction in systolic pressure 
was associated with a 12% risk reduction; the lowest 
risk occurred at a systolic pressure <120 mmHg.12 
However, since the UKPDS was not designed to 
assess the usefulness of systolic BP <140 mmHg, 
cause-and-effect conclusions could not be made.

The normotensive ABCD trial13 enrolled close to 
500 patients with T2DM into a moderate control 
(placebo) arm or an intensive arm with a target 
diastolic BP 10 mmHg below the initial baseline 
level, using either enalapril or nisoldipine. At 5 years, 
mean attained BP for the moderate and intensive 
control groups were 137/81 and 128/75 mmHg, 
respectively. Glomerular filtration rates showed no 
difference, whereas intensive BP control slowed 
progression of retinopathy and albuminuria. Apart 
from a significant reduction in stroke, there was 
no difference in composite CV events with more 
aggressive antihypertensive therapy. 

An important study was the ADVANCE trial,14 
comparing the use of a perindopril/indapamide 
fixed combination as antihypertensive treatment 
in patients with T2DM of long duration  
who were at high risk of vascular complications.  

Figure 1: Multiple, interlinked pathophysiologic mechanisms that increase the risk of cardiovascular 
complications in hypertension and diabetes. 
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The baseline BP was 145/81 mmHg and no BP goal  
was aimed for. Over 11,000 patients were studied  
and a placebo arm was included. The mean BP  
values were 134.5/74 versus 140/76 mmHg after  
4 years. The intensively treated group had fewer  
macro and microvascular events and decreased CV 
mortality (3.8% versus 4.6%), as well as all-cause 
mortality (7.3% versus 8.5%). Taking into account a  
post-trial observational phase of 6 years, all-cause 
mortality was significantly lower among those in the 
lower BP group.

Aggressive BP lowering seems to have a beneficial 
effect on surrogate markers of morbidity and  
end-organ changes. In this respect, the SANDS 
trial15 was conducted on 499 Native American men 
and women with T2DM without prior history of CV  
disease, who were randomised to either a standard 
arm or an intensively-treated arm with regard to  
BP and low-density lipoprotein (LDL) cholesterol.  
At 3 years, the mean attained systolic BP was  
117 and 129 mmHg in the aggressive and standard  
groups, respectively, with more adverse events 
related to antihypertensive drugs in the former. 
Although there was no difference in clinical events 
(1.6 versus 1.5 per 100 person-years), intensive 
therapy was associated with slower progression 

of atherosclerosis and a greater reduction in left 
ventricular mass. 

The unresolved issue of safety and benefits of  
lowering the systolic BP to <120 mmHg were 
specifically addressed in the ACCORD BP trial.16 
The results of this trial were destined to impact 
the formulation of BP guidelines in DM subjects.  
Patients with T2DM (n=4,733) who had established 
CV disease or at least two additional CV risk factors 
were randomly assigned to either a goal systolic  
BP <120 mmHg or <140 mmHg. The mean attained 
BPs in the two groups after 4.7 years of follow-up 
were 119.3 and 133.5 mmHg, respectively, compared 
to 139/76 mmHg at baseline. The primary composite 
outcome of non-fatal myocardial infarction, non-fatal 
stroke, or death from CV causes was comparable 
between the intensive versus standard therapy  
groups (1.87% versus 2.09%; hazard ratio [HR]: 
0.88; 95% CI: 0.73–1.06), as was the annual all-cause 
mortality rate between intensive and standard 
therapy groups (1.28% versus 1.19%) and the rate 
of death from CV causes (0.52% versus 0.49%). 
Interestingly, intensive therapy was associated 
with significant reductions in the annual rates of 
total stroke and nonfatal stroke (0.32% versus 
0.53%; HR: 0.59; 95% CI: 0.39–0.89, for total 

Table 1: A summary of the clinical trial data on blood pressure and diabetes mellitus. 

BP: blood pressure; CV: cardiovascular; DM: diabetes mellitus. 

RESULTS OF CLINICAL STUDIES

Clinical Trial Results

HOT9 Significant reduction in CV events in DM subjects with systolic goal <80 versus <90 mmHg

UKPDS10 Lower BP resulted in lower DM-related mortality, stroke, and microvascular complications

ABCD13 A significant reduction in stroke, but no difference in composite  
CV events with more aggressive antihypertensive therapy

ADVANCE14 Decreased microvascular and CV events and all-cause mortality in the lower BP group

SANDS15 No difference in clinical CV events between the standard and intensive treatment groups

ACCORD BP16 Reduction in stroke and more side effects in the intensive arm versus the standard arm

HOPE-318 Statin use, but not BP lowering, was associated with CV risk reduction

ACCORDION17 Observational 9-year follow-up showed that the difference  
in BP and stroke risk was no longer sustained

CONCLUSIONS FROM LARGE META-ANALYSES

Study Results

McBrien et al.19 BP lowering in patients with diabetes significantly lowered the incidence of stroke

Emdin et al.20 Antihypertensive therapy significantly reduced the rates of mortality,  
total CV disease, myocardial infarction, and stroke compared with placebo

Xie et al.21 Significant reduction in major CV events with more intensive  
as compared with less intensive BP lowering
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stroke; and 0.3% versus 0.47%; HR: 0.63; 95% CI: 
0.41–0.96, for nonfatal stroke). The intensive group 
experienced more serious adverse events, including 
hypotension, syncope, bradycardia or arrhythmia, 
hyperkalaemia, angioedema, and renal failure, 
and an increase in serum creatinine >1.5 mg/dL.  
In summary, ACCORD studied BP management 
in patients with T2DM at high CV risk, essentially  
revealing a reduction in cerebrovascular events 
and more drug side effects in the intensive versus 
the standard treatment group. A subsequent 
9-year follow-up of the ACCORD BP subjects, 
termed ACCORDION,17 demonstrated a significant 
interaction between glucose and BP control.  
The intensive treatment group had a significant 21% 
reduction in the primary endpoints compared to the 
standard group. Interestingly, the initial favourable 
reduction in stroke rate in the intensive-treatment 
group in ACCORD was absent in ACCORDION;  
it is worth noting that the original BP difference 
between the two groups no longer remained. 

The HOPE-3 study18 was a primary CV prevention 
trial in 12,705 intermediate-risk individuals. While 
not specifically a trial of DM, a major finding was 
that lowering LDL cholesterol by approximately  
35 mg/dL with rosuvastatin significantly 
decreased the primary outcome (CV related death,  
non-fatal stroke, or non-fatal myocardial infarction) 
in comparison to placebo. The combination of 
candesartan/hydrochlorothiazide, which lowered 
BP by 6 mmHg systolic and 3 mmHg diastolic 
compared to placebo, did not significantly lower 
the primary outcome measure. The largest benefit  
(4.8% versus 6.5%) was observed in the subgroup  
with the highest systolic BP measuring 143 mmHg  
at baseline. 

A combined analysis of three of the previously 
mentioned trials (ACCORD BP, ABCD, and HOT) 
suggested that intensive BP lowering in patients 
with DM significantly lowered the incidence of 
stroke (2.0% versus 3.1%), but not mortality (5.5% 
versus 6.3%) or myocardial infarction (7.9% versus 
8.5%).19 A recent meta-analysis of 40 trials examined 
the effects of antihypertensive therapy in studies 
that ranged in duration from 6 months to 8 years. 
In >100,000 subjects with DM, antihypertensive 
therapy significantly reduced the rates of mortality, 
total CV disease, myocardial infarction, and stroke 
compared with placebo.20 However, the benefit was 
seen only in those with initial systolic pressures  
>140 mmHg; in these subjects, a 10 mmHg 
reduction was associated with a HR for death of  
0.87 (95% CI: 0.78–0.96) and for total CV disease 

of 0.89 (95% CI: 0.83–0.95). Among those with 
lower initial systolic pressures, therapy reduced 
the risk of stroke only. Whereas beta-blocker 
use was associated with an increased the risk of 
stroke compared with other agents (RR: 1.25; 95%  
CI: 1.05–1.50), calcium channel blockers decreased  
it in comparison with other agents (RR: 0.86; 95%  
CI: 0.97–0.77). It is noteworthy that, in general,  
no single class of drugs showed clear advantages 
over others for most clinical outcomes. 

Finally, a meta-analysis of 19 BP trials, including 5 
that included patients with DM, with a combined 
44,989 individuals, found a significant reduction in 
major CV events with more intensive as compared 
to less intensive BP lowering (RR: 0.86; 95%  
CI: 0.78–0.96).21 The effect of intensive BP 
lowering in the five trials of DM patients was 
similar (RR: 0.83; 95% CI: 0.71–0.96) to other trials.  
All-cause mortality was also lower with intensive  
treatment, although it was not statistically 
significant (RR: 0.91; 95% CI: 0.81–1.03).

WHAT SHOULD BE THE 
BLOOD PRESSURE GOALS IN 
PATIENTS WITH DIABETES?

For many years, the recommended BP goal in 
persons with diabetes was <130/80 mmHg,22,23 
based on the assumption that lower goals may slow 
the rate of progression of diabetic nephropathy 
and proteinuria.24 The treatment of hypertension in 
DM patients was associated with significant clinical 
benefits in the HOT,9 UKPDS,10 and ADVANCE 
trials,14 as detailed previously. However, although 
these observations support a goal BP for DM 
patients of <140/90 mmHg, as recommended in the 
majority of patients with hypertension in general, 
lower targets of <130/80 mmHg were not clearly  
justified by available data. In fact, the results 
from ACCORD BP argue against the presumption 
that ‘lower is better’.16,17 The SPRINT25 findings 
suggest that, in non-DM patients, early use of 
lower goals may result in benefits, despite the 
increased risk of side effects and adverse events.  
Individualisation of therapy, taking into account 
the risks and benefits and using clinical judgement,  
is sensible.26
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BLOOD PRESSURE MANAGEMENT 
IN INDIVIDUALS WITH DIABETES 
MELLITUS: A RATIONAL 
THERAPEUTIC APPROACH

Lifestyle-based interventions as the pillar of early, 
as well as ongoing, treatment of hypertension is 
particularly important in patients with DM, both to 
prevent CV disease and to minimise progression 
of nephropathy and retinopathy.27,28 Non-
pharmacologic methods include weight reduction; 
dietary modifications that increase consumption of 
fresh fruits, vegetables, and low-fat dairy products; 
physical activity; avoidance of processed foods  
that are high in sodium content; and avoidance 
of tobacco and excess alcohol intake. The ADA 
guidelines advise that among patients with a  
systolic BP of 120–139 mmHg, or a diastolic pressure 
of 80–89 mmHg, lifestyle changes and primarily 
non-drug modalities should be introduced to  
reduce BP (Table 2).1 

Based on available evidence, patients with DM and 
persistent BP readings >140/90 mmHg should be 
started on antihypertensive drug therapy.29,30 These 
data are clear that drug therapy in hypertensive 
DM patients is effective in reducing mortality; 

preventing adverse CV events, such as myocardial 
infarction, stroke, and heart failure; and slowing 
the progression of existing kidney disease.31,32 It is 
important to keep in mind that the degree of BP 
reduction is the major determinant of reduction in 
CV risk, superseding the choice of antihypertensive 
drug; a dictum that is valid in patients with DM.10

The choice of initial agent is based on the  
individual clinical situation. Monotherapy can 
attain goal BP in some patients with DM and  
hypertension, especially when the BP is only 
modestly elevated. However, combination therapy  
is eventually required in most patients. 

In patients with DM nephropathy, angiotensin-
converting enzyme inhibitors (ACE-I) and 
angiotensin receptor blockers (ARB) may slow 
kidney disease progression more effectively than 
other antihypertensive drugs. These medications 
may have CV benefits in high-risk patients that 
exceed those of other agents.33,34 In randomised  
trials comparing ACE-I or ARB with placebo in 
patients at increased CV risk who had a baseline 
systolic BP >130 mmHg, the outcomes were similar 
in patients with or without DM.35-37 Results of a 
meta-analysis comprising 48 trials found that ACE-I 
significantly reduced mortality compared with 

Table 2: Recommendations for management of hypertension in patients with diabetes, based on the 
recommendations from the American Diabetes Association (ADA) Standards of Medical Care.1

ACE-I: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; BP: blood pressure; 
CV: cardiovascular; DASH: Dietary Approaches to Stop Hypertension; DM: diabetes mellitus.

BP Goals Patients with DM and hypertension should be treated to systolic and diastolic BP goals of  
140 mmHg and <90 mmHg, respectively. Lower targets, such as <130/<80 mmHg, may be 
appropriate in younger patients, those with albuminuria, and/or those with hypertension and  
one or more additional atherosclerotic CV disease risk factors, provided this can be achieved 
without undue treatment burden and side-effects.

Caution in older 
adults

Pharmacologic therapy to achieve treatment goals of <130/70 mmHg is not recommended; 
treating to systolic BP <130 mmHg has not been shown to improve CV outcomes and treating to 
diastolic BP <70 mmHg has been associated with higher mortality.

Non-
pharmacologic 
Interventions

Lifestyle therapy for elevated BP consists of weight loss, if overweight or obese; a DASH-style 
dietary pattern, including reducing sodium and increasing potassium intake; moderation of alcohol 
intake; and increased physical activity.

Drug therapy Patients with confirmed office-based BP >140/90 mmHg should, in addition to lifestyle therapy, 
have early initiation and timely subsequent titration of pharmacologic therapy to achieve  
BP goals.

Choice of 
antihypertensive 
agents

Pharmacologic therapy for patients with DM and hypertension should comprise a regimen that 
includes either an ACE-I or an ARB, but not both. If one class is not tolerated, the other should be 
substituted. These two classes of drugs should be especially considered in patients with evidence 
of nephropathy and/or heart failure.

Multi-drug 
therapy

A combination of a thiazide diuretic and ACE-I/ARB at maximal doses, a calcium-channel blocker, 
or a beta-blocker is generally required to achieve BP targets.

Individualisation 
of treatment

The choice of initial agent as well as subsequent combinations should be based on individual 
patient characteristics, preferences, potential side-effects, and cost.
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placebo (9.3% versus 10.5%), whereas ARB did not 
(5% versus 5%), the caveat being that many trials 
included low-risk patients.38 However, both ACE-I 
and ARB were superior to other antihypertensive 
drugs (10.2% versus 11.9% and 8.5% versus 10.5%, 
respectively), and had significant benefits on 
heart failure; ACE-I significantly reduced the risk 
of myocardial infarction and ARB significantly  
reduced the risk of stroke. Other meta-analyses  
found that both classes had comparable beneficial 
effects on mortality and end-stage renal disease,39 
and, in patients with and without DM, on mortality  
and CV events.40 Combining agents from both  
classes, however, does not yield additional benefit 
and is, in fact, contraindicated. 

In patients without increased albuminuria, initial 
monotherapy can consist of an ACE-I, ARB, thiazide 
diuretic, or calcium channel blocker. Thiazide 
diuretics and beta-blockers have the disadvantage 
of worsening glucose metabolism and potentially 
aggravating hyperglycaemia. In the ALLHAT 
trial,41 chlorthalidone was associated with a mild 
rise in the plasma glucose; in non-DM patients,  
an elevation in fasting glucose into the DM range  
(≥126 mg/dL) occurred significantly more often 
with chlorthalidone (11.6% versus 9.8% and 8.1%  
with amlodipine and lisinopril, respectively). 
Although the IDNT42 and RENAAL trial43 found 
that patients treated with an ARB had achieved 
renal protection and had significant reductions 
in hospitalisations for heart failure, neither trial  
showed a significant CV mortality reduction. A loop 
diuretic is likely to be required in patients with renal 
disease or heart failure who have a propensity to 
fluid retention.

Beta-blockers have a reputation as unsuitable 
agents for patients with DM, a notion that is  
grounded in earlier findings that suggested 
aggravation of insulin resistance and masking of 
the warning symptoms of hypoglycaemia. The 
LIFE reduction in hypertension DM parallel study44 
showed that the ARB agent losartan provided 
significantly more protection from adverse CV 
outcomes than atenolol (18% versus 23% at 
a mean follow-up of 4.7 years), CV mortality  
(6% versus 10%), and total mortality (11% versus 17%).  
Regression in left ventricular hypertrophy induced 
by losartan administration may have conferred 
a beneficial action. Interestingly, however, in the 
UKPDS, atenolol was found to be as effective 
as captopril in terms of both BP lowering and 
protection against microvascular disease in 
patients with T2DM.45 The beta-blocker carvedilol 

has combined non-selective beta and alpha-1  
adrenergic antagonist actions; it improves survival 
in patients with heart failure and may not be as 
deleterious for glucose control.46,47

In patients who require more than one drug for 
BP control, a combination of an ACE-I or ARB 
and a dihydropyridine calcium channel blocker 
(e.g., amlodipine) is appropriate.48 Amlodipine 
may provide better protection against CV events 
than hydrochlorothiazide in this setting. Better 
efficacy and lack of adverse effects on lipid 
or carbohydrate metabolism also apply to the  
non-dihydropyridine calcium channel blockers 
(diltiazem and verapamil).49 Low-dose thiazides 
in combination with other agents work at least 
in part by countering volume expansion.50 ACE-I 
may minimise or prevent some of the metabolic 
complications associated with diuretic therapy, 
such as hypokalaemia and hyperuricaemia.51  
The ACCOMPLISH trial52 evaluated combination 
therapy in 11,506 hypertensive patients with 
hypertension, 60% of whom had DM, showing that 
an ACE-I/calcium channel blocker regimen was 
superior to an ACE-I/diuretic combination. Of note, 
the evidence for a role of aldosterone blockade 
by selective and non-selective mineralocorticoid 
receptor antagonists, such as spironolactone or 
eplerenone, in patients with T2DM is limited; however, 
they may be considered in resistant cases as long 
as careful monitoring of renal function and serum 
potassium is maintained.53

To summarise, the weight of currently available 
evidence suggests that lifestyle and pharmacologic 
therapies in hypertensive persons with DM that 
reduces BP levels to <140/90 mmHg are associated 
with clinically significant lowering of vascular 
complications.20 The higher the BP level, the greater 
the benefit accrued from decreasing it. Although 
a combination of multiple medications, most 
frequently either an ACE-I or an ARB with one or 
more agents is necessary, such an approach is 
successful in attaining BP goals in the majority of 
patients with DM. It would be expected, therefore, 
that the patient with T2DM would optimally benefit 
from a combination of antihypertensive agents, 
one of which would act on the renin-angiotensin-
aldosterone pathway (i.e. ACE-I or ARB). 

CONCLUSIONS

Patients with coexisting DM and hypertension 
appear to be especially prone to CV disease and 
DM hypertensive microvascular complications. 
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ABSTRACT

Diabetic macular oedema (DMO) is the leading cause of vision loss in working aged individuals.  
Macular laser photocoagulation was the primary DMO treatment for several decades, but has recently 
been replaced by intravitreal injections of corticosteroids and drugs that inhibit the actions of vascular 
endothelial growth factor (VEGF). In Phase III trials, anti-VEGF drugs improve best corrected visual 
acuity by a mean of +12 letters, but up to 40% of patients have sub-optimal responses to therapy.  
The new anti-VEGF drugs abicipar and brolucizumab may possess extended durations of action in 
Phase III neovascular age-related macular degeneration trials, and DMO trials are being planned.  
Angiopoietin-2 inhibitors, both as co-formulations with anti-VEGF drugs and as bispecific antibodies, 
are in Phase II trials for DMO. Drugs that stimulate the Tie2 receptor are administered via subcutaneous 
injections. Intravenously administered antibodies that decrease diabetes-mediated inflammation, 
such as tocilizumab and teprotumumab, are entering early phase studies. Other drugs with topical  
(mecamylamine) and oral (minocycline) delivery routes are being developed. Several of these drugs may 
become available to patients within the next 5–10 years.

Keywords: Angiopoietin, blood retinal barrier, diabetic macular oedema (DMO), pharmacotherapy, 
angiopoietin-1 (Tie2) inhibition, vascular endothelial growth factor (VEGF).

INTRODUCTION

Diabetic retinopathy (DR) is the leading cause of 
blindness in working-aged individuals in industrialised 
nations1 and 75% of these cases are the result  
of diabetic macular oedema (DMO).2 Chronic 
hyperglycaemia dysregulates several biochemical 
pathways (hexosamine, aldose reductase, advanced 
glycation end-products, and protein kinase C) and 
leads to the accumulation of abnormal by-products 
that interfere with electron transfer through  
the cytochrome chain within the mitochondria.3  
The resultant superoxides induce chronic  
inflammation by upregulating several chemokines  
and cytokines, including interleukin (IL)-1β,  
IL-6, interferon-inducible protein 10, intercellular  
adhesion protein-1, monocyte chemotactic protein-1,  
placental growth factor, and vascular endothelial  
growth factor (VEGF).4 Chronic inflammation  

activates retinal glial cells; damages capillary 
endothelial cells5 and pericytes,6,7 thereby producing 
neurodegeneration;8 and, together with advanced 
glycation end-products, thickens vascular basement 
membranes.9 Blood-retinal barrier breakdown 
enables albumin and water to pass into the retinal 
interstitium, resulting in the formation of DMO.10 

Laser photocoagulation of microaneurysms and  
leaking retinal capillary beds had been the 
standard treatment of DMO for three decades11 
but drugs that inhibit VEGF have recently become 
first-line therapy for centre-involving DMO.12,13  
They improve mean best corrected visual acuity 
(BCVA) by ≤13 letters and decrease macular 
thickness;12-14 however, 20–40% of patients respond 
poorly to repeated intravitreal injections.15 

The most potent DMO treatments require repeated 
intravitreal injections, but compliance with these 
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regimens can be challenging. Drugs that can 
be administered topically, subconjunctivally, 
subcutaneously, and orally may be easier to  
administer, but questions regarding ocular 
penetration, efficacy, and systemic safety must  
be addressed. New medications that work 
synergistically with existing drugs, or serve as 
salvage therapy when eyes fail to respond  
sufficiently to first-line therapies, are needed to 
improve overall efficacy.

DRUGS UNDER DEVELOPMENT

VEGF plays a central role in blood-retinal-barrier 
breakdown in most eyes with DMO. Modulation 
of other molecular targets, however, may also 
produce important clinical responses. Drugs that 
are being evaluated in both preclinical studies 
and early phase clinical trials are detailed in the  
following sections.

Vascular Endothelial Growth  
Factor Inhibitors (Table 1)

Abicipar pegol

Abicipar pegol (Allergan, Irvine, California, 
USA), a designed ankyrin repeating protein, is 
currently being developed for the treatment 
of oncologic, inflammatory, and chorioretinal 
vascular conditions.16 Abicipar binds all isoforms of 
VEGF-A with a high affinity (KD=2 pM for VEGF165) 
and, because of its polyethylene glycol moiety,  
possesses a long intravitreal half-life in rabbits  
(6 days). A Phase I/II, multicentre, open-label, 
dose-escalation trial determined that singular  
1 mg injections produced excellent reductions in  
DMO-related macular thickness and improvements 
in mean BCVA (+10 letters) at 12 weeks.17 

Pharmacokinetic analyses of anterior chamber 
drug concentrations suggested that abicipar has 
a long intraocular half-life (13.4 days) in humans.  
A recently completed Phase II DMO trial with 
once every 8 weeks and once every 12 weeks 
dosing met its primary (BCVA improvements of  
+7.1 and +7.2 letters) and secondary (central retinal 
thickness improvements of -158.8 µm and -162.0 µm) 
endpoints.18 Data from the Phase II trial supports 
progression to Phase III.19

Brolucizumab

Brolucizumab (RTH258, Alcon, Fort Worth, Texas, 
USA) is a single-chain, VEGF-binding, antibody 
fragment being developed for the treatment of 
neovascular age-related macular degeneration 

(nAMD). Its small molecular weight allows large  
drug quantities to be injected; as such, developers 
hope that brolucizumab will have a longer duration 
of action than currently available anti-VEGF drugs.

A Phase II trial compared 6 mg brolucizumab to 
2 mg aflibercept in patients with nAMD.20 At the 
study’s 12-week primary endpoint, brolucizumab 
produced BCVA gains that were non-inferior 
to aflibercept and with a greater reduction in 
macular fluid. Patients treated at 12-week intervals 
improved, suggesting that the drug possesses a  
long duration of action.20

Conbercept

Conbercept (KH902, Chengdu Kanghong Biotech, 
Sichuan, China) is a 143 kDa, recombinant, fusion 
protein that contains the second immunoglobulin 
(Ig) binding domain from VEGF receptor 1  
(VEGFR1), the third and fourth binding domains  
from VEGFR2, and the fragment crystallisable region 
of human IgG.21 The fourth Ig domain of VEGFR2 
enhances the association rate of VEGF to the 
receptor and is essential for receptor dimerisation.
Conbercept possesses a high affinity for VEGF. 
Conbercept mimics aflibercept by acting as a  
soluble receptor that binds all isoforms of VEGF-A, 
VEGF-B, and placental growth factor. Conbercept 
has already been approved for the treatment of 
nAMD in China and a Phase III trial evaluating its 
efficacy for the treatment of DMO is currently 
enrolling patients.22

Implantable drug delivery pump 

The Posterior MicroPump Drug Delivery System 
(PMP, Replenish Inc., Pasadena, California, USA) 
uses a microelectromechanical system technology  
(the same technology used in insulin pumps) to 
deliver drugs into the eye. The PMP can reliably 
deliver 100 programmed doses of an anti-VEGF 
drug (equivalent to >8 years of therapy) into animal 
eyes and long-term safety has been demonstrated.23 
The PMP was well tolerated for 3 months by 11 
patients with DMO, with no cases of endophthalmitis 
or strabismus.24

PAN-90806

A low molecular weight VEGF receptor blocker  
(PAN-90806, PanOptica, London, UK) produces 
excellent drug concentrations in the central 
retina and choroid up to 17 hours after topical 
administration, but with minimal systemic exposure. 
Decreased leakage and bleeding from choroidal 
neovascular membranes, comparable to that 
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achieved with intravitreal anti-VEGF antibodies, 
have been seen in animal studies. Patients in 
each of the four monotherapy arms in a Phase I/II 
nAMD trial experienced improved visual acuity.25  
A Phase I trial for proliferative DR has been  
completed but the results have not been reported.26

Ranibizumab sustained release reservoir

A refillable ranibizumab port delivery system 
continuously releases ranibizumab into the  
vitreous to reduce the need for repeated intravitreal 
injections. The preloaded implant is surgically 
implanted through a 3.2 mm pars plana incision 
and the port, which is covered with conjunctiva,  
can be accessed and refilled in the office.

In a Phase I nAMD trial,27 the reservoir was  
implanted and eyes were injected with 0.5 mg 
ranibizumab: 0.25 mg into the vitreous and 0.25 mg 
into the reservoir. Additional injections were given 
according to optical coherence tomography-based 
assessment of disease activity. Four of the 20 
patients had significant or serious adverse events 
(endophthalmitis [n=1], vitreous haemorrhage  
[n=2], and traumatic cataract [n=1]), but 3 of these 
4 had improved BCVA by the study’s 12-month 
endpoint. The average BCVA gains for the cohort 
were +10 letters, with 10 eyes (50%) gaining at 
least 3 lines and 2 (10%) losing at least 3 lines.  
The mean number of refills was 4.8 per patient.  

Table 1: Vascular endothelial growth factor inhibitory drugs being evaluated for the treatment of  
diabetic macular oedema.

Drug Clinical phase Important characteristics
Abicipar pegol Phase II •	 Designed ankyrin repeat protein (DARPin).

•	 Currently in Phase III trial for nAMD.
•	 In Phase I/II trial of 18 patients with DMO:

a) Estimated half-life of 13.4 days. 
b) BCVA improvement of +10 letters at 12 weeks after  
single injection.

Brolucizumab Currently in Phase III  
trial for nAMD

•	 High-affinity, single-chain antibody fragment.
•	 Large quantity of drug (6 mg/0.05 mL) may produce extended 

duration of action.
•	 Phase II nAMD trial showed comparable efficacy to aflibercept. 

Extended duration of action suggests every 3-month dosing.
Conbercept Phase III •	 Fusion protein with native receptor-binding sequences attached  

to Fc fragment of IgG.
•	 High-binding affinity (KD=0.75 pM for VEGF165).
•	 Binds VEGF-A, VEGF-B, and placental growth factor.
•	 Approved for treatment of nAMD in China.

Implantable drug 
delivery pump

Phase I completed •	 Miniature pump delivers drug to retina.
•	 Long-term safety seen in animals.
•	 Phase I trial of 11 patients with DMO treated for 3 months;  

no cases of endophthalmitis or strabismus.
PAN-90806 Phase II trial underway •	 Low molecular weight, topical anti-VEGF medication.

•	 Excellent retinal drug concentrations 17 hours after administration.
•	 Animal studies show CNVM control comparable to antibodies.
•	 Phase I proliferative diabetic retinopathy trial underway.

Ranibizumab 
sustained release 
reservoir

Currently in Phase II  
trial for nAMD

•	 A refillable port delivery system that is implanted through  
the pars plana.

•	 1-year Phase I nAMD trial of 20 patients found:
a) Mean of 4.8 reinjections.
b) BCVA improvement of +10 letters.
c) 4 implant-related serious adverse effects.

Ziv-aflibercept Off-label intravitreal  
use in DMO

•	 Intravenous formulation of aflibercept (Zaltrap®),  
indicated for treatment of advanced solid tumours.

•	 Two DMO patients had significant improvements in  
BCVA and macular thickness.

•	 Ongoing off-label treatment continues.

BCVA: best corrected visual acuity; CNVM: choroidal neovascular membrane; DMO: diabetic macular 
oedema; Ig: immunoglobulin; nAMD: neovascular age-related macular degeneration; VEGF: vascular 
endothelial growth factor. 
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The ongoing Phase II trial is using 0.75 mg 
injections in an attempt to extend the treatment 
intervals to 4 months.28 

Ziv-aflibercept

Ziv-aflibercept (Zaltrap®, Regeneron, Tarrytown, 
New York, USA) is the intravenous formulation 
of Eylea® (a VEGF-A, VEGF-B, and placental 
growth factor blocker) that is used to treat 
advanced colorectal carcinoma. Small cohorts of 
nAMD patients that received single injections of  

ziv-aflibercept experienced improvements in 
thickness and BCVA at 1 month without evidence 
of toxicity.29 Two patients with DMO experienced 
improved BCVA (20/800 to 20/100, and 20/800 to 
20/200, for each patient, respectively) and macular 
thickness (central subfield thickness [CST]: -65 µm 
and -352 μm, respectively) 1 week after intravitreal 
injections.30 Investigational ziv-aflibercept treatment 
of patients with nAMD, DMO, and retinal vein  
occlusions continues.

Table 2: Drugs not in the previously identified categories being evaluated for the treatment of diabetic  
macular oedema. 

Drug Clinical phase Important characteristics

Adenosine  
kinase inhibitor 
(ABT-702)

Preclinical •	 Adenosine helps regulate anti-inflammatory actions, angiogenesis,  
and oxygen supply and demand.

•	 Adenosine is a major source of stored energy (ATP).
•	 Intraperitoneal ABT-702 in rats decreased signs of inflammation in 

experimental diabetes.

Angiopoietin-2 
(Ang2) inhibition

Phase II trials underway  
(AVENUE, BOULEVARD)

•	 Competes with Ang-1 for Tie2 receptor.
•	 Bi-specific antibody (VEGF and Ang2) and co-formulation  

currently being studied.

Anti-oxidants Phase II trials completed •	 Failed in most trials to prevent the development of macular oedema.

ASP8232 Phase II trial  underway •	 Inhibitor of vascular adhesion protein-1.
•	 VIDI trial is evaluating ASP8232 monotherapy and in combination  

with ranibizumab.

Darapladib Phase II trial underway •	 Inhibits lipoprotein-associated phospholipase CA2.
•	 Protects against atherogenesis and vascular leakage in animal models.

Fasudil Phase I trial completed •	 Rho-kinase inhibitor used to treat cerebral vasospasm.
•	 Can suppress leukocyte adhesion and prevent neutrophil-mediated  

capillary endothelial cell damage.
•	 In a small prospective study, fasudil with bevacizumab improved BCVA  

and CRT at 4 weeks.

Gene therapy
(VEGF receptor)

Phase IIa (nAMD) •	 Improved BCVA results and fewer anti-VEGF injections compared  
to monotherapy.

•	 DMO trials not yet announced.

iCo-007 Phase II trial completed •	 iCo-007 and iCo-007 plus ranibizumab were compared to laser  
(iDEAL study). No difference among groups for proportion of  
patients with 15-letter BCVA loss.

Luminate 
(ALG-1001)

Phase IIb trial underway •	 Integrin receptor antagonist.
•	 May be effective for VMT and DMO. Promotes vitreolysis and interferes  

with angiogenesis.
•	 Phase I trial in patients with DMO that were refractory to standard care.  

At 150 days:
a) BCVA improved from 20/200 to 20/125.
b) CMT improved from 519 µm to 387 µm.

Mecamylamine Phase I/II trial completed •	 Antagonist of n-acetyl choline receptors.
•	 23 patients with DMO were treated with twice daily drops for 12 weeks.  

At 16 weeks:
a) BCVA improved by +3.1 letters.
b) No change in foveal thickness.

Microspheres Preclinical •	 Local administration of sustained release particles that can be loaded  
with several molecules.

•	 Subconjunctival injections of sustained release, celecoxib-loaded 
microspheres decreased VEGF production and blood-barrier  
breakdown in a rat model of diabetes.
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OTHER TREATMENTS (TABLE 2)

Adenosine Kinase Inhibitor

The selective adenosine kinase inhibitor, ABT-702, 
was injected twice-weekly into streptozotocin-
induced diabetic mice31 and retinal inflammation was 
evaluated using a Western blot, real-time polymerase 
chain reaction, and immuno-staining analyses.  
The role of A2A adenosine receptor signalling 
was analysed in amadori-glycated-albumin-
treated microglial cells. At 16 weeks, when diabetic 

mice usually exhibit significant signs of retinal 
inflammation, including upregulation of oxidative/
nitrosative stress, A2AAR, ENT1, Iba1, tumour 
necrosis factor (TNF)-α, ICAM-1, retinal cell death,  
and downregulation of adenosine kinase, the  
ABT-702 treated group showed decreased signs 
of inflammation compared to control animals 
receiving the vehicle.

Angiopoietin-2 Inhibition

Angiopoietin-2 (Ang2) promotes angiogenesis 
and vascular leakage in the presence of VEGF 

Drug Clinical phase Important characteristics
Minocycline Phase I/II trial completed •	 Has an anti-inflammatory effect against glial activation. 

•	 Six-month oral administration in prospective, open-label  
study resulted in:
a) BCVA improvement of +5.8 letters.
b) CST improvement of 8.1%.

Non-steroidal 
anti-
inflammatory 
drugs

Phase IIa trial completed •	 Low dose aspirin (81 mg daily) is ineffective.  
Need trial with anti-inflammatory dose (650 mg daily).

•	 Single intravitreal injections of diclofenac versus bevacizumab.  
At 12 weeks diclofenac produced:
a) Better improvement in BCVA (-0.08 LogMAR versus  
+0.04 LogMAR; p=0.033). 
b) Less improvement in oedema.

Plasma kallikrein 
inhibitor

Phase II trials planned •	 A serine protease that is part of the body’s inflammatory response.  
Increases levels of bradykinin.

•	 Increased kallekrein activity seen in DMO, hereditary angioedema,  
and cerebral haemorrhage.

•	 In a Phase I study, 14 patients received single injections of 3 doses.  
At day 84:
a) BCVA improved by +4 letters.
b) CST improved by -40 µm.

Sirolimus Phase II trials underway •	 mTOR inhibitor that modulates HIF-1α-mediated activation of growth factors
•	 In Phase I trial, single subconjunctival or intravitreal injections were given to 

50 eyes. At Day 45, median improvements in subconjunctival and intravitreal 
eyes were:
a) BCVA: +4 letters in both groups.
b) Decrease in retinal thickness: -23.7 µm and -52 µm.

Tie2 agonist
(AKB-9778)

Phase IIa trial completed •	 Tie2 is a trans-membrane receptor that stabilises vasculature  
and decreases leakage.

•	 12-week randomised trial evaluated AKB-9778 monotherapy  
and in combination with ranibizumab:
a) AKB-9778 monotherapy was not effective.
b) Compared to ranibizumab monotherapy, combination therapy:

-	 Improved CST (-164 µm versus -110 µm; p=0.008).
-	 Improved the BCVA (+6.3 letters versus +5.7 letters).

Tocilizumab Phase II trial underway •	 Inhibits IL-6.
•	 READ-4 trial randomises patients to ranibizumab, tocilizumab,  

or combination therapy.

Teprotumumab Phase I trial underway •	 Insulin-like growth factor inhibitor.
•	 Intravenous administration for DMO.

Table 2 continued.

BCVA: best corrected visual acuity; CMT: central macular thickness; CRT: central retinal thickness;  
CST: central subfield thickness; DMO: diabetic macular oedema; IL: interleukin; logMAR: Logarithm of the 
Minimum Angle of Resolution; mTOR: mechanistic target of rapamycin; VEGF: vascular endothelial growth factor;  
VMT: vitreomacular traction.
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and proinflammatory cytokines, but facilitates 
vascular regression in the absence of VEGF.32 Ang2  
sensitises endothelial cells to TNF-α induced 
expression of ICAM-1, the critical player in the 
pathogenesis of inflammation-induced retinopathy.33 
Intravitreal injection of Ang2 into non-diabetic 
rats increases retinal vascular permeability.34 
Pharmacologic blockade of Ang2 might also  
prevent pericyte dropout in DR.35

Elevated vitreous concentrations of Ang2 have  
been found in patients with DMO.36 A bispecific-
anti-VEGF and anti-Ang2 antibody is currently in  
Phase II testing for patients with DMO (BOULEVARD 
trial, Hoffman-La Roche, Basel, Switzerland)37 
and an anti-Ang2 antibody is being injected with  
aflibercept (AVENUE Trial, Regeneron).38

Anti-Oxidants

Evidence from animal studies both supports 
and refutes the use of antioxidants to prevent 
experimental diabetic retinopathy,39,40 but this use 
of antioxidants has not been supported by clinical  
trials in humans.41

ASP8232

ASP8232 belongs to a novel class of orally 
administered vascular adhesion protein-1 inhibitors 
that is being evaluated in a Phase II, multicentre, 
randomised controlled trial (the VIDI study) for 
the treatment of DMO. The safety and efficacy 
of ASP8232 plus sham are being compared to 
ASP8232 plus ranibizumab and placebo plus 
ranibizumab. Enrolment (84 patients) was completed 
in 2016, but results have yet to be posted.42

Darapladib

Darapladib, a lipoprotein-associated phospholipase 
CA2 (Lp-PLA2) inhibitor, protects against 
atherogenesis and vascular leakage in diabetic 
and hypercholesterolaemic animal models. It 
suppresses blood-retina barrier (BRB) breakdown 
in streptozotocin-diabetic Brown Norway rats, 
comparable to that achieved with intravitreal  
anti-VEGF therapy.43 In a Phase IIa study, patients 
receiving darapladib experienced improvements in 
BCVA (+4.1 letters) and CST (-57 µm) compared to 
the placebo group.44

Fasudil

Fasudil (Asahi Kasei Pharma Corporation, Tokyo, 
Japan), a rho-kinase inhibitor used to treat 
cerebral vasospasm after aneurysm rupture and 

stroke, primary pulmonary hypertension, and 
memory deficits in patients with Alzheimer’s 
disease suppresses leukocyte adhesion, prevents  
neutrophil-induced retinal capillary endothelial 
cell damage,45 and may directly protect vascular 
endothelial cells by reversing endothelial cell nitric 
oxide synthase activity.

In a small, prospective study, patients with 
DMO received single intravitreal injections of  
bevacizumab combined with fasudil (0.025 mg). 
Compared to baseline, patients had significant 
improvements in mean BCVA (0.84 Logarithm 
of the Minimum Angle of Resolution [logMAR] 
to 0.49 logMAR; p=0.003) and mean central 
retinal thickness (448 µm to 347 µm; p=0.001)  
at 4 weeks.46

Gene Therapy 

Management of DR with gene therapy has 
been proposed for several years; it is thought 
that effective therapies may improve efficacy,  
decrease the need for frequent injections and clinic 
visits, improve patient compliance, decrease side 
effects, and allow intervention to be performed 
earlier in the disease process (i.e. during retinal 
neurodegeneration). Unfortunately, advances in 
research have been slow and therapies are not 
yet available. Gene therapy for inherited retinal 
disorders, such as Leber’s congenital amaurosis, 
Stargardt’s disease, X-linked retinoschisis, and 
choroideremia, is underway. The most important 
biochemical target in patients with DMO is VEGF, 
and single injections of a gene coding for a soluble 
VEGF receptor have produced encouraging results 
in patients with nAMD,47 but DMO trials have not yet 
been performed.

Other chemokines and cytokines (endostatin, 
pigment epithelium derived factor, hypoxia  
inducible factor-1α, angiostatin) have been 
targeted in animal models, but few studies have 
been performed in humans. Significant efforts 
have been made to identify other genetic factors 
that predispose to DR, but few consistent findings  
have emerged.48 

iCo-007

The anti-sense oligonucleotide iCo-007 inhibits 
c-Raf expression and blocks mitogen-activated 
protein kinase signalling. iCo-007 has a favourable 
ocular pharmacokinetic profile with an intraocular 
half-life of 6–8 weeks in rabbits and monkeys after 
intravitreal injection.49
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In a Phase I, dose-escalation study (doses ranging 
between 110 µg and 1,000 µg), 15 patients with 
diffuse DMO received single, intravitreal injections 
of iC0-007. At the 24-week secondary endpoint, 
mean reduction of excess retinal thickness was 
40%, and 69% of patients experienced improved 
BCVA.50 A multicentre, Phase II trial evaluated  
iCo-007 monotherapy and combination therapy  
with ranibizumab or laser for centre-involving DMO 
(the iDEAL Study). At 8 months, BCVA improved 
by 15 letters in 64% (700 µg monotherapy arm),  
33% (350 µg monotherapy arm), 33% (350 µg plus 
laser arm), and 41% (350 µg plus ranibizumab arm) 
of patients, whereas at 4 months the results were 
29%, 9%, 9%, and 14%, respectively.51

Luminate (ALG-1001)

Luminate (ALG-1001, Allegro Ophthalmics, San 
Juan Capistrano, California, USA) is a first-in-class 
therapy that targets integrin receptors involved in 
cell signalling and regulation, and in the formation 
of new blood vessels. ALG-1001 exhibits prolonged 
binding to all integrin receptors involved with 
retinal angiogenesis.52 Luminate may be useful to 
treat both vitreomacular traction (by promoting 
vitreolysis) and macular vascular diseases  
(by interfering with angiogenesis). 

A Phase I study evaluated the safety and efficacy 
of luminate in 15 subjects with advanced DMO. 
Patients received three 2.5 mg intravitreal luminate 
injections at monthly intervals, with 3 months  
follow-up after the last injection. No subjects 
lost BCVA or experienced an increase in CST, and 
no significant adverse events were seen during  
follow-up. Mean BCVA improved from 20/200 at 
baseline to 20/125 at 60 days (last treatment) and 
remained stable throughout 150 days. The mean 
central macular thickness decreased from 519 μm to 
387 μm at 150 days.53 Luminate is being evaluated in 
a Phase IIb DMO clinical trial against bevacizumab 
and focal laser. The enrolment goal (150 patients) 
was met in late 2015.54

Mecamylamine

In a multicentre, Phase I/II DMO trial, the safety 
and bioactivity of topical 1% mecamylamine, an 
antagonist of nicotinic acetylcholine receptors,  
was tested in 23 patients.55 Mecamylamine 1% drops 
were well tolerated when administered twice-daily  
and there were no drug-related safety problems. 
Mean improvements in BCVA at 1, 4, 8, 12, and 
16 weeks were +2.8, +1.9, +2.4, +0.8, and +3.1 letters, 
respectively. There was little change in mean 

excess foveal thickness, but there was substantial 
heterogeneity in response since 8 patients 
had improved BCVA, foveal thickness, or both,  
9 patients experienced no significant changes,  
and 4 patients worsened. The study suggested 
that the effects of topical mecamylamine are 
heterogeneous in patients with DMO.

Microspheres

Administration of biodegradable microspheres may 
be an attractive alternative to frequently repeated 
injections since they can deliver drugs in a controlled 
way. Most treatable retinal diseases are the result 
of several biochemical abnormalities, and as such 
microspheres represent a promising treatment 
platform that can be filled with several active 
substances. Microsphere carriers have been loaded 
with budesonide and celecoxib to treat experimental 
DR in rats.56 A posterior subconjunctival injection 
(0.05 mL) of the celecoxib-microsphere suspension 
inhibited diabetes-induced VEGF elevations and 
BRB leakage in rat eyes.57

Minocycline

Neuroretinal inflammation usually precedes 
the microvascular findings in DR and activates 
microglia.58 Tetracycline reduces inflammation-
mediated connective tissue breakdown, protein 
glycation, and excessive collagen synthesis,  
and limits microglial-mediated cell death, retinal 
cell apoptosis, and capillary damage by inhibiting 
caspase.59 Minocycline, a commonly used second-
generation tetracycline, has anti-inflammatory 
properties that are independent of its antibacterial 
property.59 Oral minocycline (100 mg twice-daily 
for 6 months) was studied in a single-centre, 
prospective, open-label, Phase I/II clinical trial of 
5 participants with fovea-involving DMO.60 Mean 
BCVA improved continuously from baseline through 
1, 2, 4, and 6 months by +1.0, +4.0, +4.0, and +5.8 
letters, respectively, while CST decreased by 2.9%, 
5.7%, 13.9, and 8.1%, respectively, at the same time 
points. At 6 months, the mean area of late leakage 
on fluorescein angiography decreased by 34.4% 
in study eyes. Two trials with oral doxycycline,  
however, produced conflicting results.61,62 

Non-Steroidal Anti-Inflammatory Drugs

In clinical studies, low-dose aspirin (81 mg) has 
shown little or no benefit in preventing DR.  
Further work is still needed, however, to determine 
if high-dose aspirin (650 mg), which has a  
greater anti-inflammatory effect, can prevent the  
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development of DR. In a randomised trial, 57 
eyes with treatment naïve DMO received single  
intravitreal injections of either diclofenac  
(500 μg/0.1 ml) or bevacizumab.63 At the  
12-week endpoint, eyes receiving diclofenac had 
better mean improvements in BCVA compared to  
bevacizumab (Δ -0.08 LogMAR versus Δ +0.04 
LogMAR; p=0.033), but bevacizumab improved 
macular oedema slightly better.

Plasma Kallikrein Inhibitor

Plasma kallikrein activity is upregulated in many 
diseases, including DMO, hereditary angioedema,  
and cerebral haemorrhage; several components  
of the kallikrein-kinin system, including plasma 
kallikrein, factor XII, and kininogen, have been found 
in the vitreous of patients with advanced DR.64  
Rodent studies have shown that activated  
intravitreal plasma kallikrein increases retinal 
vascular permeability, whereas kallikrein inhibition 
reduces diabetes and hypertension-induced retinal 
vascular leakage.65

A low molecular weight, plasma kallikrein inhibitor 
(KVD001) to treat DMO and hereditary angioedema 
is currently being developed. A 5-site, Phase I DMO 
study treated three cohorts (a total of 14 patients) 
that had previously received anti-VEGF injections. 
Single injections of 1, 3, and 10 µg KVD001 improved 
mean BCVA and CST by +4 letters and -40 µm, 
respectively, at Day 84.66 Two Phase II trials are  
being planned, one combining a plasma kallikrein 
inhibitor with an anti-VEGF drug, and the other 
evaluating plasma kallikrein inhibitor monotherapy 
in eyes with anti-VEGF resistant DMO.67

Sirolimus

The mechanistic target of rapamycin (mTOR) 
inhibitors may delay or prevent breakdown of the 
BRB and progression of retinal microangiopathies 
by modulating HIF-1α-mediated downstream 
activation of growth factors.68 As DR progresses 
and proliferative lesions develop, PI3K/Akt/mTOR 
pathway inhibition may promote neovascular 
regression by downregulating pro-survival growth 
factors, modulating the inflammatory cascade, 
preventing angiogenesis, and promoting apoptosis 
of newly formed vessels.69

A randomised, open-label, dose-escalating,  
Phase I study evaluated the safety and tolerability 
of sirolimus (Perceiva, Macusight, Union City, 
California, USA) for the treatment of DMO.70 Single 
subconjunctival (220, 440, 880, 1320, or 1760 µg) or 

intravitreal (44, 110, 176, 264, or 352 µg) injections 
were given to 50 eyes of 50 patients.

No dose-limiting toxicities were observed and 
ocular adverse events were mild and transient.  
For the subconjunctival group, median increases 
in BCVA at Days 7, 14, 45, and 90 were +5, +3, 
+4, and +4 letters, respectively. Median decrease 
in retinal thickness was -23.7 µm at Day 45. For 
the intravitreal group, median increase in BCVA 
was +2 letters, which was maintained throughout 
the 90 days (+4.0 letters); the median decrease 
in retinal thickness was -52.0 µm at Day 45.  
These findings support advancing the present  
sirolimus formulation into Phase II studies.

Tie2 Agonist (AKB-9778)

Tyrosine kinase with Ig-like and EGF-like  
domains 2 (Tie2) is a transmembrane receptor 
that regulates vascular permeability.71 Activation of 
Tie2 stabilises vasculature and decreases leakage. 
Angiopoietin-1 stimulates Tie2 phosphorylation,72 
whereas angiopoietin-2 only partially stimulates 
Tie2 phosphorylation and, therefore, competes with 
angiopoietin-1 to suppress Tie2 phosphorylation.73

A randomised, placebo and sham injection-
controlled, double-masked, Phase IIa DMO trial 
assessed the effect of the Tie2 agonist AKB-
9778 (administered subcutaneously twice-daily) 
alone or in combination with ranibizumab in 144 
patients. At 12 weeks, the mean change in CST was  
significantly greater in the combination group 
compared with the ranibizumab monotherapy  
group (-164 μm versus -110 μm; p=0.008) but was 
only -6 μm in the AKB-9778 monotherapy group. 
The mean change in BCVA was +6.3 letters in 
the combination group, +5.7 in the ranibizumab 
monotherapy group, and +1.5 in the AKB-
9778 monotherapy group. Improvements in DR 
severity scores were similar across groups and the  
percentage of qualified fellow eyes with a ≥2-step 
improvement was 11.4% in all AKB-9778-treated 
patients compared with 4.2% in the ranibizumab 
monotherapy group. The authors concluded that 
activation of Tie2 by subcutaneous injections of 
AKB-9778 combined with VEGF suppression reduces 
DMO greater than with anti-VEGF monotherapy.74

Tocilizumab

The READ-4 study will compare ranibizumab and 
tocilizumab, an IL-6 inhibitor, in the treatment 
of DMO. The study will randomise patients to 
receive ranibizumab, tocilizumab, or a combination 
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ABSTRACT

The commensal bacteria that are present in our body since infancy are known to play a role in metabolism, 
in health as well as disease. Diabetes is a growing epidemic, and a long-term solution that targets the 
disease at the molecular level is yet to be developed. In this article, we have reviewed the link between the 
body’s microbiota and disturbed glucose metabolism, as well as the reasons for bacterial dysbiosis and 
the mechanisms by which it causes inflammation. The link between dysbiosis and diabetes is convincing, 
particularly since probiotics have been shown to be of some benefit in normalising disturbed metabolism 
in diabetes patients. Probiotics have recently been found to have a wide application in diseases such as 
autoimmune, inflammatory, and allergic conditions. The efficacy of probiotics in diabetes has been proven 
by their ability to lower fasting glucose and insulin levels in a preclinical setting as well as in human 
trials. However, there is heterogeneity in these studies, including the species used, probiotic dosage,  
and the magnitude of efficacy. Based on the robust understanding of the benefits of probiotics in diabetes 
at the cellular level, in both animal studies and clinical trials, combined with their excellent tolerability,  
probiotics should be explored for their application in clinics.

Keywords: Diabetes, commensals, probiotics, gut flora, insulin resistance. 

INTRODUCTION

Bacteria enter the body at the time of birth,  
growing in diversity and numbers to resemble the 
adult composition by around 2–3 years of age.1  
They are not just commensals but are mutualistic, 
since both humans and the bacteria benefit from 
each other. The number of bacteria equals the 
number of human cells, at a ratio of 1:1 (previously 
thought to be 10:1).2 From the perspective of 
this vast number, the flora can be referred to as a  
separate endocrine organ. This flora, which we 
gradually build from birth, influences the body’s 
functions. Nearly all organs that come into contact 
with the external environment harbour commensal 
bacteria, such as the gastrointestinal tract, skin, 
saliva, oral mucosa, and conjunctiva, with the 
colon harbouring the largest number of bacteria.2  
Some of the well-known physiological roles of 
these bacteria are the production of vitamins in 
the gut,3 maintaining an acidic pH in the vagina,4  
and preventing outgrowth of pathogenic bacteria. 

Metabolomic studies have shown the significant 
influence of these bacteria on important  
biochemical reactions and metabolic pathways. 
Research has also suggested the role of the 
microbiome in a vast array of diseases, such as 
diarrhoea,5 bacterial vaginosis,4 and allergic6 and 
autoimmune inflammatory conditions, including 
Crohn’s disease, ulcerative colitis, and irritable bowel 
disease.7 The gut has also been linked via these 
bacteria to the central nervous system in conditions 
such as depression, stress, and anxiety.8

Metabolic syndrome and diabetes are conditions 
that now deserve to be recognised as being of high 
importance. The widespread use of antibiotics, 
improved sanitation, and the transition to a highly 
processed diet lacking fibre and other prebiotics, 
have altered our natural flora.9 There are several 
observations that have led us to believe that this 
altered flora, or dysbiosis, is linked to metabolic 
diseases such as diabetes, obesity, hypertension, 
and dyslipidaemia. 
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The objective of this review was to first understand 
the reason behind an altered flora in these patients, 
followed by a review of how dysbiosis affects 
carbohydrate metabolism. In the second part 
of this article, the beneficial role of probiotics  
in modulating glycaemic parameters has been 
explored, at the in vitro level as well as in animal  
and human studies.

Evidence was searched for using PubMed and 
Google Scholar, by entering key words such as 
‘altered flora’, ‘dysbiosis’, ‘obesity’, ‘diabetes’,  
and ‘probiotics’. Original research articles detailing 
animal and human studies, review articles, and  
meta-analyses were reviewed, and finally all relevant 
data were compiled.

UNDERSTANDING THE LINK BETWEEN 
ALTERED GUT FLORA AND DIABETES

Altered Gut Flora in Obese  
People with Diabetes

Data from animal and human models suggest 
that obesity and Type 2 diabetes mellitus (T2DM) 
are associated with a profound dysbiosis.10 
Gut bacteria is an important determinant of 
susceptibility to obesity and related metabolic 
diseases. Gut bacteria could also affect obesity by 
promoting a chronic inflammatory status.11 

Animal models of obesity have made connections 
between an altered microbiota composition and 
the development of obesity, insulin resistance, and 
diabetes in the host through several mechanisms, 
such as increased energy harvest from the diet, 
altered fatty acid metabolism and composition 
in adipose tissue and the liver, modulation of gut 
peptide YY and glucagon-like peptide 1 secretion, 
activation of the lipopolysaccharide toll-like 
receptor-4 axis, and modulation of intestinal  
barrier integrity by glucagon-like peptide 2.12 

Differences Between Gut Flora in  
People with and Without Diabetes 

The relationship between the gut microbiota and 
human health is becoming increasingly recognised. 
It is now well-established that a healthy gut flora 
is largely responsible for overall health of the host. 
The normal gut microbiota has specific functions 
in host nutrient metabolism, xenobiotic and drug 
metabolism, maintenance of structural integrity 
of the gut mucosal barrier, immunomodulation,  
and protection against pathogens.13 

It is reported that the gut microbiota between  
adults with T2DM and nondiabetic adults is quite 
different.14 In landmark research from a European 
Union (EU) supported research team with European 
and Chinese researchers, MetaHIT clearly showed 
that specific imbalances in the composition and 
function of the intestinal bacteria led to insulin 
resistance and thereby increased the risk of 
developing T2DM.15 Gut microbial dysbiosis and an 
increase in opportunistic pathogens, along with 
a reduction of butyrate producing bacteria, were  
seen in patients with T2DM.16

Connections Between Gut  
Leakage, Inflammation, and  
Glucose and Insulin Metabolism

Whole bacteria, as well as their products and 
metabolites, undergo increased translocation 
through the gut epithelium to the circulation, due  
to degraded tight junctions and the consequent 
increase in intestinal permeability that culminates 
in inflammation and insulin resistance.17 
Lipopolysaccharides (LPS) from the membranes of 
gram-negative bacteria penetrate into the blood 
stream via impaired permeability of the intestinal 
mucosa, which induces metabolic endotoxemia, 
inflammation, impaired glucose metabolism, 
insulin resistance, obesity, and contributes to the 
development of metabolic syndrome, T2DM, and 
other conditions.18 

Dietary intolerance (excessive fat, refined 
carbohydrate, or fructose) alters the gastrointestinal 
microbiota. This initiates an immune response when 
bacteria migrate into the general circulation, as a 
result of increased intestinal permeability. Increased 
insulin resistance in the hypothalamus increases  
food intake by decreasing satiety, thus increasing 
body weight. Consequential inflammation 
and immune cell infiltration of insulin sensitive 
organs induces insulin resistance, supporting the  
obese phenotype.19 

Dysbiosis and the resulting increased LPS levels 
induce chronic inflammation.20 The mechanism 
involved alters the commensal bacteria proportions 
in the gut and reduces the expression of adhesion 
proteins and tight junction proteins in the  
intestinal mucosa, which leads to increased 
permeability and translocation of LPS.21 Type 1 
diabetes mellitus (T1DM) patients were found to 
have an altered thickness of microvilli and the  
space between microvilli, as well as a reduced 
thickness of tight junctions.22 In addition to LPS, 
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bacterial fragments also diffuse through the  
intestinal barrier and bind to pattern recognition 
and toll-like receptors that regulate innate and  
adaptive immunity.23 In a separate study, it was  
observed that in mice with high-fat diet-induced 
diabetes, live bacteria, originating in the intestine, 
translocated to the blood and adipose tissue where 
low-grade inflammation was initiated.24 In another 
study, it was revealed that metabolic endotoxaemia 
due to bacterial LPS caused hyperglycaemia, 
hyperinsulinaemia, and insulin resistance, and 
this action of LPS was mediated through  
CD-14 receptors.25 

A study of women with T2DM identified that 
these patients had a different gut metagenome  
compared to those with normal glucose control; 
this implied that the metagenome can be used as a 
risk factor to predicting T2DM.14 Apelin, a molecule  
with the potential to restore insulin sensitivity,  

can induce glucose lowering by enhancing glucose 
uptake into the skeletal muscles and adipose  
tissue (Figure 1).26

Conditions Predisposing to Altered Gut Flora 

High dietary fat, obesity, and diabetes all predispose 
individuals to an altered microbiota. It was found 
that in rats given a high-fat diet, the proportions of 
Bacteroides, Clostridium, and Enterobacteriaceae 
species increased, whereas the total bacterial 
density was reduced.27 Gut microbial dysbiosis and 
an increase in opportunistic pathogens, along with 
a reduction of butyrate producing bacteria, were  
seen in patients with T2DM.16 One of the reasons for 
an altered gut flora associated with a high-fat diet  
can be an altered bacterial adhesion to the gut 
mucosa.28 In another discovery, the fasting and fed 
states in mice correlated with a reduction and an 
increase in metabolic endotoxaemia, respectively. 

Figure 1: A possible mechanism of regulation of glucose homeostasis by gut bacteria. 
LPS: lipopolysaccharide.
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Table 1: A list of commonly used probiotic organisms.

Adapted from Fijan.32

Genus Species

Lactobacillus Acidophilus, reuteri, sporogenes, rhamnosus, johnsonii, bulgaricus, bifidum, casei

Saccharomyces Boulardii

Bacillus Clausii, coagulans, subtilis

Clostridium Butyricum

Streptococcus Faecalis 

Bifidobacterium Lactis, infantis, adolescentis, animalis, bifidum, longum, breve



DIABETES  •  October 2017  •  Creative Commons Attribution-Non Commercial 4.0	 EMJ  EUROPEAN MEDICAL JOURNAL DIABETES  •  October 2017  •  Creative Commons Attribution-Non Commercial 4.0	 EMJ  EUROPEAN MEDICAL JOURNAL 106 107

Furthermore, when the mice were given a high- 
fat diet for 4 weeks, the levels of LPS-containing 
bacteria in the gut increased chronically.25 

The Gut-Adipose-Glucose Axis

Dysbiosis can increase the endocannabinoid, 
anandamide, levels in the adipose tissue, as studied 
in an obese diabetic mouse model. Also, dysbiosis 
leads to increased LPS levels, which induce  
low-grade inflammation in the gut.29 These two  
factors, endocannabinoid tone and LPS, regulate 
the expression of apelin, which is secreted by the 
adipose tissue.30 

Chronic Inflammation Due to  
Altered Bacterial Flora and Diabetes

Chronic inflammation has been recognised as an 
important factor in the pathogenesis of diabetes 
and obesity. This finding is supported by a vast 
amount of research. Inflammatory cytokines cause 
resistance to leptin and insulin. The mechanisms 
that link inflammation with insulin resistance  
include the activation of IκB kinase complex 
(inhibitor of kappa beta, a kinase which activates 
inflammation), extracellular signal-regulated protein 
kinases 1 and 2 (ERK1/2), and c-Jun N-terminal 
kinases. These changes cause insulin resistance by 
decreasing tyrosine phosphorylation of the insulin 
receptor substrate proteins.23 The expression of 
genes encoding insulin receptor substrate-1, GLUT4, 
and PPAR-α are affected by cytokines produced in 
the adipose tissue, such as tumour necrosis factor 
(TNF)-α or interleukin (IL)-1β.31

Preclinical Evidence Supporting  
the Role of Probiotics in Diabetes

As defined by the World Health Organization  
(WHO), probiotics are live microorganisms, which, 
when administered in adequate amounts, confer 
a health benefit on the host. Immense research 
has been conducted on probiotics in recent 
decades, with several bacterial and some fungal 
organisms being used as probiotics. As well as 
varied applications in human health, probiotics hold 
a strong place in veterinary science, being used 
as feed supplements. Strains like Enterococcus  
faecium can cause opportunistic diseases in  
humans and are only used as probiotics in animals. 
The majority of the probiotic strains belong to 
the lactic acid bacteria that can convert sugars to  
lactic acid, thus inhibiting pathogen growth by 
creating an acidic environment. Some commonly 
used probiotic strains with health benefits 

have been compiled in Table 1.32 The role of 
probiotics in glucose homeostasis and diabetes is 
reviewed hereafter.

Probiotics Improve Epithelial Barrier Function

In an epithelial cell model, Lactobacilli were found 
to reinforce the barrier function of epithelial cells by 
increasing the levels of adhesion proteins, including 
beta-catenin and E-cadherin. They also stabilised 
the junctional E-cadherin/ beta-catenin complex by 
stimulating a protein kinase.33

Probiotics Reduce Pathogen Adherence in the 
Intestine and Translocation to Adipose Tissue

In a model of high-fat diet-induced diabetes 
in mice, after 4 weeks of a high-fat diet, the 
counts of Escherichia coli increased in the 
intestine. As the strain was radiolabelled, tracing  
of the same bacterial species also showed  
translocation from the intestine to the blood and  
mesenteric adipose tissue. One month of daily  
probiotic treatment with Bifidobacterium animalis  
reduced the counts of Enterobacteriaceae species  
present in both the small intestine mucosa and  
the adipose tissue.24 In another study, it was 
found that 12 different probiotic strains were  
all effective in displacing Bacteroides, Clostridium,  
Staphylococcus, and Enterobacteriaceae from  
immobilised human mucus.34 

Probiotics Modulate Immune Differentiation

Lactobacillus johnsonii was found to induce  
T helper (Th)17 cell differentiation in mesenteric 
lymph nodes, and thereby provided immunity to 
the development of T1DM in diabetes prone rats. 
Another group treated with Lactobacillus reuteri 
did not develop Th17 differentiation and, thereafter, 
developed T1DM.35 One month of daily probiotic 
treatment with B. animalis was found to reduce 
the expression of proinflammatory cytokines, such 
as TNF-α, IL-1β, plasminogen activator inhibitor-1, 
and IL-6, in the mesenteric adipose tissue, liver, 
and muscle (as determined by the concentration 
of coding messenger RNA).24 However, in a 
clinical study of patients with T2DM, probiotic  
supplementation failed to reduce markers of 
inflammation when given for 4 weeks.36

Probiotics Normalise Insulin Sensitivity

Probiotic administration of Bifidobacterium for  
1 month in mice with high-fat diet-induced diabetes 
normalised the glucose metabolism. This was 
documented by the lowering of fasting insulin  
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levels, blunting of glucose excursions on the 
intraperitoneal glucose tolerance test, and increase 
in the glucose turnover rate.24 In a genetic mouse 
model of T2DM, administration of the Lactobacillus 
gasseri probiotic twice a day orally for 12 weeks 
resulted in a significant fall in fasting and post-
prandial glucose levels.37 

Clinical Evidence Supporting the  
Role of Probiotics in Diabetes

Effect on glycaemic parameters

Clinical trials of probiotic use in patients with  
diabetes, as well as healthy individuals, are 
summarised in Table 2. Probiotics were found to 
lower fasting blood glucose, insulin levels, and 
improve glycosylated haemoglobin (HbA1c) and 
insulin resistance (as measured by lowering of 
HOMA-IR [Homeostatic model assessment for  
insulin resistance] values). 

A meta-analysis of 12 randomised controlled trials 
(RCT) with reported lipid profiles (n=508), fasting 
blood glucose (n=520), HOMA-IR (n=368), and 
HbA1c (n=380) concluded that probiotics could 
reduce fasting blood glucose levels by around  
15 mg/dL (0.8325 mmol/L) and HbA1c by 0.54% 
(3.6000 mmol/mol), along with a significant 
improvement of 0.98 in HOMA-IR values, indicating 
a modest effect on glycaemic control. This analysis 
elucidated that probiotics may improve glycaemic 
control and lipid metabolism in T2DM.38 

Another meta-analysis of 11 RCT with 614 subjects 
concluded that the glucose reduction was  
9.36 mg/dL (0.52 mmol/L; 95% confidence 
interval [CI]: -0.92–[-0.11] mmol/L; p=0·01) and 
the HbA1c reduction was 0.32% (1.1 mmol/L;  
95% CI: -0·57–[-0·07%]; p=0·01). The reduction 
in insulin levels and improvement in HOMA-IR  
was significant in patients with diabetes.  
This suggested that probiotics may be used as 
an important dietary supplement in reducing the 
glucose-related metabolic factors associated with  
diabetes.39 Overall, there was a modest effect on  
glycaemic control in both meta-analyses in patients  
with diabetes.

A recent meta-analysis of 12 RCT involving 770 
patients with T2DM showed that probiotics could 
significantly reduce fasting blood glucose by 
11.27 mg/dL (95% CI: -21.76–[-0.79]; p<0.001) 
and serum insulin concentration by 2.36 μU/mL  
(95% CI: -4.01–[-0.72]; p=0.005), but with no 
significant reduction in HbA1c (-0.19%; 95% CI: 
-0.49–0.12; p=0.230). Probiotics could significantly 

reduce HOMA-IR in T2DM patients (-1.05; 95%  
CI: -1.52–[-0.59]; p<0.001).40

Non-alcoholic fatty liver disease (NAFLD) is 
thought to be a hepatic manifestation of metabolic  
syndrome and could share its pathology with 
diabetes. A meta-analysis evaluated the effect of 
probiotics in patients with NAFLD. It reported that 
there was a significant reduction in the HOMA-IR 
values by 0.46 (95% CI: -0.73–[-0.19]; p=0.0008).41 
A HOMA-IR value >2 is generally present in patients 
with metabolic syndrome.42

Effects on oxidative stress  
and inflammatory parameters

Probiotics improve antioxidant status in patients 
of T2DM. In a study, improvement of the 
antioxidant enzyme levels, such as glutathione 
peroxidase and erythrocyte superoxide dismutase,  
were noted.43 In a study of 72 patients with 
T2DM and NAFLD, probiotics given for 30 days  
were found to significantly reduce the levels of  
IL-6, IL-8, IL-1, interferon-gamma, and TNF-α.44 
Synbiotics (probiotics and prebiotics) were  
found to significantly reduce the levels of  
high-sensitivity C-reactive protein in a clinical study  
on T2DM patients.45

Effects on lipid parameters

It has been documented that probiotics increase 
high-density lipoprotein.46 The widely reported 
mechanism suggests that cholesterol is lowered 
due to the prevention of bile salt recycling, since 
probiotics deconjugate the bile salts, which are then 
not able to be reabsorbed and are excreted.47

Tolerability

In the clinical trials previously discussed, no 
adverse events were reported with probiotics 
in patients with T2DM. Probiotics were found to 
be safe to use in healthy pregnant women, who 
did not report any adverse effects. No adverse 
events were seen in their children either.48 Use of  
probiotics in immunocompromised individuals is 
known to cause concern. 

DISCUSSION AND CONCLUSION

Probiotics have been proven to be effective in 
diseases such as infective diarrhoea, chronic 
inflammatory bowel diseases, lactose intolerance, 
and allergy, and we have reviewed their role in 
diabetes. The link between pathogenic bacteria 
and chronic low-grade inflammation is established. 
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The mechanisms by which inflammation leads to 
insulin resistance are also well-defined. Intervention 
to restore normality of the gut flora by means of 
probiotics has led to improvement in glycaemic 
parameters, as shown in clinical trials. Lactobacillus 
and Bifidobacterium species have been the most 
commonly used probiotics in these trials. Since 
all bacteria have a different mode of action, the 
use of multiple species is preferable until trials 
localise a specific strain. The efficacy was improved 
when probiotics were used for a moderate to long  
duration (around 8 weeks). However, conflicting 

results were revealed in some trials where  
probiotics did not have any effect on glycaemic 
parameters. This could be because of sub- 
therapeutic doses or insufficient study duration. 

Although evidence is limited, the use of probiotics 
as add-on agents is advocated, keeping in mind 
the strong preclinical evidence as well as clinical 
evidence in improving diabetes, along with their 
excellent tolerability profile. Further research  
needs to be performed on selecting the exact  
strain and therapeutic dose, as well as study  
duration, for optimum effect. 

Table 2: Overview of important clinical studies demonstrating the effect of probiotics on metabolic 
profiles in patients with Type 2 diabetes mellitus.

B. species: Bifidobacterium; GSH: glutathione; HbA1c: glycated haemoglobin; HDL: high-density lipoprotein; 
hs-CRP: high-sensitivity C-reactive protein; IL: interleukin; L. species: Lactobacillus; MDA: malondialdehyde; 
PC: placebo controlled; TG: triglyceride; TNF: tumour necrosis factor. 

Study Probiotics used Participant 
age in 
years (N)

Design Duration Outcome

Mazloom  
et al.49

L. acidophilus,  
L. bulgaricus, L. 
bifidum, L. casei

25–65 (34) Single- 
blind, PC

6 weeks Non-significant declining trend in the level 
of TG, MDA, and IL-6 and insulin resistance

Ejtahed  
et al.43

Yogurt containing  
L. acidophilus La5,  
B. lactis Bb12

30–60 (64) Double-
blind

6 weeks Improved fasting blood glucose  
and antioxidant status

Moroti  
et al.46

L. acidophilus, 
B. bifidum, 
fructooligosaccharides

50–60 (20) Double-
blind, PC

30 days Significant increase in HDL and a significant 
decrease of glycaemia

Andreasen 
et al.36

L. acidophilus 55-62 (45) Double-
blind, PC

4 weeks Preserved insulin sensitivity, but did not 
affect the systemic inflammatory response

Asemi  
et al.45

L. sporogenes and 
inulin as prebiotic

35-70 (62) Double-
blind, PC

6 weeks Significant effects on serum insulin, hs-CRP, 
uric acid, and plasma total GSH levels

Tonucci  
et al.50

L. acidophilus La-5,  
B. animalis subsp  
lactis BB-12

35-60 (50) Double-
blind, PC

6 weeks Improved glycaemic control, decrease in 
inflammatory cytokines (TNF-α and resistin) 
and increase in acetic acid

Firouzi  
et al.51

Lactobacillus and 
Bifidobacterium

30–70 (136) Double-
blind, PC

12 weeks Modest improvement in HbA1c and  
fasting insulin
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ABSTRACT

Most public health statistics outline the rapidly exploding burden of Type 2 diabetes mellitus as a chronic 
endemic disease related to sedentary lifestyle and obesity. Tremendous efforts and resources are being 
invested in finding new medical treatments and alternative therapies through cell-based replacement  
strategies among other methods. Several types of cells continue to be under active research, including  
autologous islet cells, allogeneic cadaveric islet cells, embryonic and induced pluripotent stem cells, bone 
marrow-derived hematopoietic and mononuclear cells, and mesenchymal stem cells of different sources. The 
objective of this review is to bring the reader up to speed on the efforts being spent in this field with a clear 
and critical approach to the difficult and sometimes futile methodology undermining the results obtained.

Keywords: Type 2 diabetes mellitus (T2DM), stem cells, glycated haemoglobin (HbA1c), mesenchymal stem 
cells (MSC), bone marrow derived cells, induced pluripotent stem cells (IPC).

INTRODUCTION

Over the past decade, the potential of stem 
cells has been explored with amazement, myths,  
and many more questions than answers. The dream  
was that we might be able to repair almost 
any malfunction inflicting our bodies. The promise  
of taking off-the-shelf cells or even body parts,  
making better targeted pharmaceutical agents, 
and even defying death, all fired our imagination. 
Along that evolving field, the regulatory authorities 
proceeded shyly. The biggest hurdle was the  
challenge to the scientific method, which served  
us well for >200 years; however, questions have  
arisen regarding its adaptability to new clinical 
research requirements. As a result, data that were 
felt to provide overly weak evidence, lack the 
proper statistical weight, and be poorly designed 
and executed, inundated the scientific arena and 
split the scientific community for and against stem  
cell research.1,2

Diabetes has become a major endemic problem 
around the world with a very expensive price tag. 

Its incidence is on the rise, fuelled by our digital 
lifestyle and the growing endemic of obesity.  
The International Diabetes Federation (IDF)  
estimates that in 2015, there were 415 million  
diabetic adults aged 20–79 years worldwide, 
including 193 million undiagnosed subjects.  
Another 318 million adults are estimated to  
have pre-diabetes or impaired glucose tolerance 
and insulin resistance. The cost of diabetes care  
is estimated at $673 billion per year. The  
American Diabetes Association (ADA) estimates  
that roughly 9.3% of the American population is  
diabetic with about 2–3-times as many possibly  
having pre-diabetes.3,4

The pancreatic islets of Langerhans are tiny 
clusters of cells scattered throughout the pancreas  
consisting of several groups of specialised cells, 
including insulin-producing beta cells. The pathology 
of Type 2 diabetes mellitus (T2DM) combines  
an inflammatory–autoimmune microenvironment 
affecting the insulin-production units, which become 
unresponsive to demand. More importantly, a 
dysfunction of the insulin receptors ensues, leading 
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to peripheral insulin resistance. Another component  
of the pathobiology is widespread microvascular 
disease, which leads to many of the clinical 
manifestations and complications accompanying 
T2DM, including limb ischaemia and ulcers, retinal 
damage, impotence, neuropathies, nephropathies, 
and cardiovascular and cerebral-vascular diseases.5-8

Cellular therapy for diabetes has adapted different 
protocols and methods due to uncertainty  
regarding the best cells to use, optimal cell 
number, route of administration, and schedule. 
Many cells remain under investigation, including 
embryonic reprogrammed cells, pancreatic 
islet-derived replacement cells, reprogrammed 
induced pluripotent stem cells (IPC), mesenchymal 
stem cells (MSC), bone marrow mononuclear cells 
(BM-MNC), and others. 

PRIMARY ISLET CELL REPLACEMENT 

Allo and autotransplantation of islet cells were 
two of the earliest methods used to replace  
damaged beta cells. The allotransplantation, 
consisting mainly of infusion of cadaveric islet cells 
into the hepatic artery, is used mostly for Type I 
diabetes mellitus, but major drawbacks existed as 
patients had to be on lifelong immune suppression 
to prevent immune rejection. Allografting was 
mostly carried out between 1999 and 2013 and 
documented by the Collaborative Islet Transplant 
Registry (CITR). One thousand and eleven allogeneic 
islet transplants were carried out by 2013, mostly 
in North America. Autologous islet transplant 
is performed following total pancreatectomy in 
cases of severe, chronic pancreatitis. The islets are 
infused back into the hepatic artery or directly into 
muscle to reimplant and regain function in a new,  
less aggressive microenvironment.9

INDUCED ISLET BETA CELLS

The lack of sufficient sources of islet cells,  
need for immune-suppression when performing 
allotransplants, and the high mortality and  
morbidities associated with islet cell transplantation 
led to the need for new sources to replace the 
damaged beta cells in diabetes. 

Different cells, including embryonic, MSC, IPC, 
hepatocytes, fibroblasts, and neurons were shown  
to be transformable into beta islet cells 
using sequential expression of one or several  
differentiation genes leading ultimately to the  
beta-cell phenotypes capable of releasing insulin on 

demand.10 Using the IPC technology on autologous 
cells, several factors and media were shown to 
promote this transformation. Oct4, Nanog, and 
Pdx1 are differentiation factors expressed early in 
pancreatic embryogenesis. Other factors, including 
Sox17, FoxA2, Pdx1, Nkx6.1, and Ngn3, may be 
used to induce transformation into functional beta 
cells. Factors like Pax4 have been shown to induce 
alpha cell transformation into beta cells in vitro.  
Pdx1, Ngn3, and MafA were shown to transform 
acinar cells into beta cells.11-13

Ramiya et al.14 isolated pancreatic ductal  
epithelial cells from prediabetic, adult, and  
non-obese mice and allowed them to proliferate 
in long-term cultures. The group then induced the 
production of functional islets that responded 
in vitro to a glucose challenge, and reversed  
insulin-dependent diabetes in mice.14 Xu et al.15 
used MSC in vitro to produce insulin-secreting beta-
like cells using recombinant adenoviruses carrying  
Pdx1 or Pdx1 along with Pax4. Mihara et al.16  
showed that induced expression of Pdx1 and Nkx6.1 
factors could result in insulin producing cells, on 
demand, using a three-dimensional suspension 
bioreactor system and stage-specific growth 
factors. Another approach used was the addition of 
bone morphogenetic protein inhibitors and protein 
kinase C activators to produce beta cells from 
embryonic stem cells.17,18

Another innovative approach used specific  
micro-RNA (miRNA) to overexpress in umbilical  
cord-derived MSC. miR-375 and miR-26a have 
been shown to have the capability to induce  
differentiation into insulin-producing cells.19  
Chandra et al.20 generated IPC from murine adipose  
tissue-derived stem cells, and restored glycaemic 
control within 2 weeks in mice. 

Both the bone marrow and the Warton’s jelly stem 
cells were shown to form islet-like clusters in a 
medium containing nicotinamide, activin, hepatocyte 
growth factor, exendin-4, and pentagastrin.21  
Neuron-conditioned medium was also shown to 
have the ability to differentiate IPC into normal 
functioning beta cells in vivo using a stepwise 
culturing approach.22

While all these advances bring a lot of hope to the 
field, only preclinical data are available and the  
clinical exploitation of each of these techniques  
remains a few years and many trials away  
before the clinical safety, efficacy, and usefulness  
become evident.
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HAEMATOPOETIC AND BONE 
MARROW CELLS

There are about a dozen studies using peripheral 
and bone marrow derived CD34+ haematopoietic  
cells claiming effective diabetes control in 
human studies. The injection of the prepared 
cells into the arteries feeding the pancreas was 
used in most studies. The side effects were mild,  
including abdominal pain, nausea, and discomfort.  
The efficacy was again shown in several studies 
using glycated haemoglobin (HbA1c), C-peptide 
levels, and the need for fewer medications and  
insulin.23 (Table 1).

Autologous bone marrow contains hematopoietic 
stem cells, a mixture of mononuclear cells, a few 
mesenchymal cells, and other cells. Peripheral 
blood stem cells are mainly selected by their 
CD34 antigen positivity. Different preparations 
of the hematopoietic cells have been claimed 
to be effective in correcting hyperglycaemia, 
improvement of endogenous insulin production, 
and diminishing or eliminating the need for insulin 
and other diabetes controlling treatments.23-26  
There is no evidence of in vivo BM-MNC  
differentiation into pancreatic beta cells;27 there 
are other potential mechanisms to explain  
this improvement, including neovascularisation, 
endothelial repair, inflammatory environment 
modulation, and endogenous stem cell stimulation 
through paracrine mediators.28,29 The hematopoietic 
cells were shown to stimulate angiogenesis and 
vascularisation in ischaemic areas;30 their interaction 

with the microenvironment was also shown to 
stimulate the tissue’s own endogenous stem cells 
to replace the injured cells resulting in repair.29  
By virtue of these processes, an anti-fibrosis effect 
was often observed.

The bone marrow can be separated by  
centrifugation with or without Ficoll-Paque density 
gradient into different sections. The bone marrow 
stem cells move to the injured areas where they 
secrete different growth factors and interact with 
the microenvironment.30,31 No significant adverse  
events or safety issues have been reported to 
hinder the administration of these cells, except 
for procedure-related pain, minor bleeding, or 
haematomas.23-33 Wang et al.33 used autologous bone 
marrow to treat 31 patients with stem cell infusion  
into the major arteries feeding the pancreas. The  
HbA1c dropped by >1.5% within 30 days and the  
C-peptide increased at the 3-month follow-up mark.  
All patients were reported to have had a significant 
reduction of their anti-diabetic medications.25

BM-MNC were used by Bhansali et al.24 in a 
prospective, randomised, placebo-controlled trial 
designed to treat 11 patients. Altogether, 9 of the  
11 patients (82%) achieved 50% reduction of the 
insulin requirements and 10 (91%) achieved a HbA1c 
<7% in the intervention group. The C-peptide 
elevation is the surrogate used to demonstrate 
activation of the endogenous insulin production.34  
Wu et al.25 reported treating 80 patients with 
BM-MNC with or without hyperbaric oxygen.  
The bone marrow was shown to help control the 

Table 1: Clinical trials using bone marrow hematopoietic and mononuclear cells to treat Type 2  
diabetes mellitus.

Author Route of cell delivery Dose per kg Follow-up

Bhansali et al.24 BM-MNC locally (pancreas feeding arteries) 3.2x108 12 months

Hu et al.36 BM-MNC locally 2.8x109 33 months

Estrada et al.60 BM-MNC locally 12 months

Sood et al.49 BM-MNC locally or systemically 5–7x108 12 months

Wang et al.33 BM-MNC locally 3.8x109 12 months

Wu et al.25 BM-MNC locally 3.8x109 12 months

Bhansali et al.47 BM-MNC locally 109 total vs MSC 12 months

Wehbe et al.23 BM-MNC locally 2x106 24 months

Zhao et al.61 Cord blood; IV 12 months

Tong et al.62 Cord blood; locally 2.88x106

BM-MNC: bone marrow mononuclear cells; IV: intravenous; MSC: mesenchymal stem cells.
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diabetes, partially or completely in some cases,  
with no effect of the hyperbaric therapy.35 
Hu et al.36 treated 118 patients with BM-MNC or 
insulin only. The BM-MNC were infused into the 
pancreas feeding arteries. The HbA1c and C-peptide 
levels improved significantly.36

Finally, two recent meta-analysis of published 
trials concluded that both BM-MNC and peripheral 
blood mononuclear cell infusion may result 
in improvement of the HbA1C, fasting plasma 
glucose, C-peptide levels, and endogenous insulin  
production at 12 months in the majority of treated  
patients. These two publications compiled several  
studies differing in terms of the number of cells 
used and routes of infusions, lacking the statistical 
significance and the proper randomisation design.  
Nevertheless, these data were exploited to support 
powerful conclusions and claims of safety and  
effectiveness.11,37,38 Again, the duration of response 
varied between 6 months and 2 years as assessed 
by the HbA1C.

UNDIFFERENTIATED MESENCHYMAL 
STEM CELLS

MSC are pluripotent progenitor cells with 
proven regenerative, angiogenic, anti-fibrosis, 
immunomodulatory, and growth-stimulating 
properties. The MSC can be isolated from different 
tissues in culture, including the placenta, bone 
marrow, adipose tissue, and fetal cord, among 
others. In T2DM, the MSC may achieve more than 
one goal, including endothelial blood vessel repair, 
balancing of the immune environment, stimulation 
of the endogenous stem cells, and ultimately 
islet cell repair and replacement. The MSC can be 
allogeneic or autologous and have to be 
sequentially cultured in specially defined conditions 

exploiting the property of attachment to the  
culture dishes.39,40

Even the conditioned medium where the MSC 
are cultured were found to have similar capacity 
and properties to regulate glucose in diabetic 
mice, indicating a major paracrine contribution.41  
The MSC create a microenvironment that promotes 
the endogenous cells to proliferate and regain 
function.40 Some paracrine factors have been 
identified, like the vascular endothelial growth 
factor alpha, platelet-derived growth factor,  
angiopoietin-1, and insulin-like growth factor.41

The known immune regulatory and immune 
privileged properties of MSC with a low expression 
of Class II major histocompatibility complex and  
co-stimulatory molecules allow them to suppress the 
proliferation of T and B lymphocytes and modulate 
their immune responses, including antibody 
formation, cytotoxicity of T and natural killer 
cells, B cell maturation by promotion of the T cell  
tolerance, and induction of the proliferation of 
regulatory T cell populations.42,43 The sum of these 
processes may lead to the sparing of the pancreatic 
cells from the ongoing destruction. MSC have been 
claimed to induce autophagy as well and by this 
mechanism promote cellular repair and wound 
healing.43,44 Several studies provided evidence 
that MSC may help alleviate the insulin resistance 
encountered in T2DM. The reversal or attenuation 
of the insulin resistance may be mediated by the 
cytokines released and possibly their effects on 
the macrophages, but the exact mechanisms 
remain far from understood. No significant acute 
allergic or immunologic events have been reported 
but occasional mild nausea, vomiting, headaches, 
abdominal pain at the puncture site, haemorrhage, 
or haematoma may occur (Table 2).45-52 

Table 2: Clinical trials using mesenchymal stem cells to treat Type 2 diabetes mellitus.

Author Route of cell delivery Dose per kg Follow-up

Bhansali et al.46 Locally 3.2x108 12 months

Liu et al.48 Locally and IV 1x106 12 months

Jiang et al.50 Locally 1.35�x106 6 months

Kong et al.51 Systemically 12 months

Skyler et al.54 Locally 0.3–2x106 24 months

Li et al.53 Locally 12 months

IV: intravenous.
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The fate of the infused cells was explored by Sood 
et al.49 who gave radio-labelled fluorodeoxyglucose  
bone marrow MSC (BM-MSC) to mice intravenously  
or into the superior pancreatico-duodenal and  
splenic arteries. Positron emission tomography  
tracking showed that the MSC given through the  
intravenous route homed to the lungs before  
spreading through the systemic circulation.  
The locally injected cells partially migrated to the  
pancreas. The HbA1c reduction and insulin  
requirements were proven to be superior when  
the cells were injected directly into the pancreas 
feeding arteries.49

Bhansali et al.46 infused BM-MSC to treat 10 patients 
and showed reduction of the insulin requirements; 
in addition, 3 patients were able to discontinue 
insulin completely. Wang et al.43 reported a  
reduction in the HbA1C levels as early as 1 month. 
The same phenomenon was also observed in two 
other clinical trials carried out by other researchers; 
HbA1C was found to diminish starting at 3 months 
and lasting 1 year on average.50-52 The effect of  
the cells was shown to persist between 9 months 
and 2 years.43,50-52

Multiple MSC injections were used in some trials 
in an attempt to prolong their effects, but no clear  
results have been reached on the best schedule of 
injection and there is no consensus on the optimal  
time or interval of MSC infusion in diabetic  
patients. What is clear from different reports is that  
the effect is typically limited to several months, 
although it may persist up to 2 years.49,51,52

Another important issue to consider is the best 
dose of the effector cells. While most studies used 
a cell number dependent on the weight, on average 
106–2.6×107cells/kg are being used.38 The response 
has been reported to be dose-dependent  
in some, but not all, studies.53 The effects on 
hyperglycaemia were observed early on in some 
studies but the C-peptide followed later, peaking 
at 6 months. The effects, on average, lasted about 
12 months following MSC implantation. Hu et al.52 
reported that the normalisation of the C-peptide 
peaked at 1 year and declined over the following  
2 years.48,50,51

Skyler et al.54 published a milestone Phase III, 
placebo-controlled, multicentre clinical study in July 
2015 using allogeneic MSC at an escalating dose. The 
target HbA1c of ≤7% was achieved by 33% (5 of 15) 
of the subjects who received the 2.0×106 cells/kg 
dose and 50% of those receiving 1.0×106 cells/kg. 

The source of the MSC was adult allogeneic 
bone-marrow precursor cells. Only one dose of MSC 
was given intravenously with no significant side 
effects reported. No patients discontinued the  
study because of an adverse event.54

Finally, Domouky et al.55 transplanted 40 rats with  
BM-MSC or IPC with differentiated insulin producing  
cells. Both groups showed improvement of diabetic  
control but the IPC group displayed normal  
regeneration and distribution of the beta cells  
in the pancreas and resumption of endogenous  
insulin production to a more significant degree.55

DIABETIC COMPLICATIONS

The pathobiology of diabetic complications is 
closely related to the diabetic vasculopathies and 
the inflammatory microenvironment. On the clinical 
platform impotence, neuropathies, wound healing, 
renal failure, retinal damages, cardiac failure, and 
leg ulcers, among other complications, can make 
life exceedingly challenging for T2DM patients.  
Several trials have shown efficacy, or at least 
improvement, of the diabetic complications.  
Cao et al.56 used BM-MSC to show improved  
healing of diabetic foot ulcers. Packham et al.57  
showed that the infusion of allogeneic mesenchymal 
precursor cells in patients suffering from diabetic 
nephropathy using a commercially available 
allogeneic MSC (Rexlemestrocel-L®, Mesoblast,   
New York City, New York, USA) is safe and tolerable 
for human use and may stabilise or improve diabetic 
nephropathy.57 Xiang et al.58 showed that rats 
treated with BM-MSC conditioned medium had 
enhanced vascular remodelling after an induced 
stroke. Zhang et al.59 reported restoration of vision 
in diabetic retinopathy in rats after intra-vitreal 
injection of neural stem cells originating from 
human umbilical cord-derived MSC. Treatment 
of diabetic rats prevented the decline in brain- 
derived neurotrophic factor levels usually caused 
by diabetes.59 Intralesional BM-MNC injections into 
skin ulcers and its surroundings have been shown 
to improve the limb perfusion and ulcer healing in 
patients with critical limb ischaemia.31

CONCLUSION AND FUTURE DIRECTIONS

There are about 50 ongoing studies on 
stem cell use in T2DM that are registered  
at www.clinicaltrials.gov. There has been a large  
number of small published studies that indeed do 
not constitute a solid scientific proof of the efficacy 
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ABSTRACT

Diabetic macular oedema (DMO) is a common ocular problem among patients with diabetic retinopathy, 
which is sight-threatening and leads to blindness. The gold standard treatment for DMO had been 
focal/grid laser photocoagulation that achieved stabilisation of disease progression. However, newer  
pharmacological treatment options have gradually been favoured, as studies demonstrate their superior  
efficacy with regard to significant visual improvements. In particular, use of anti-vascular endothelial  
growth factor (anti-VEGF) has become very popular, with promising evidence emerging from numerous 
trials regarding efficacy and safety. Based on the 2014 American Society of Retina Specialists (ASRS)  
Preferences and Trends survey, the current preferred first-line therapy for DMO is in fact an anti-VEGF agent.  
Studies have shown that VEGF plays a critical role in both the angiogenesis and inflammation processes 
that occur during development of DMO. Hence, this allows anti-VEGF agents to specifically target and treat 
the underlying pathology, signifying its importance, and possibly accounting for its efficacy. We evaluate  
the available literature documenting the efficacy of anti-VEGF treatment in DMO. A key clinical finding was  
that anti-VEGF, as a drug class, achieved superior resolution of macular oedema and visual improvements  
that were consistently sustainable over 3 years, with some evidence pointing towards 5-year sustainability 
too. Hence, with intravitreal anti-VEGF treatments increasingly available, better long-term prognosis and, 
crucially, reduced likelihood of progression to blindness can be expected in patients with DMO.

Keywords: Anti-vascular endothelial growth factor (anti-VEGF), ranibizumab, bevacizumab, aflibercept, 
pegaptanib, laser, diabetic macular oedema (DMO), diabetic retinopathy (DR), efficacy, READ-2, BOLT,  
DA VINCI, DRCR, protocol T. 

INTRODUCTION

Diabetic macular oedema (DMO) is a common  
ocular problem among patients with diabetic 
retinopathy that is sight-threatening and leads 
to blindness. Being the leading cause of legal 
blindness in diabetics,1 effective management is 
crucial. Diagnosis is first made clinically, followed by 
quantification using optical coherence tomography 
and fundus fluorescein angiography for monitoring 
disease progression and treatment response.2 
Currently, various treatments targeting different 
pathways in the pathogenesis of DMO exist, albeit 
with varying efficacy. In particular, anti-vascular 

endothelial growth factor (anti-VEGF) is fast 
becoming a popular treatment option over focal/
grid laser photocoagulation (hereafter referred to 
as ‘laser’), the gold standard treatment for DMO 
over the past decade. Unlike laser that stabilises 
disease progression, anti-VEGF agents are 
reported to improve vision significantly.3 As VEGF 
is a critical molecule in the pathogenesis of DMO,  
this allows anti-VEGF agents to specifically target 
and treat the underlying pathology,4 signifying its  
importance. Hence, this review is focussed on 
discussing the effectiveness of anti-VEGF therapy 
in DMO, while associated safety and real-world  
cost concerns are discussed elsewhere.5
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METHODS

A comprehensive literature search was conducted 
on Medline, PubMed®, and Cochrane® databases 
using the keywords: ‘anti-VEGF’, ‘bevacizumab’, 
‘ranibizumab’, ‘aflibercept’, ‘trap-eye’, ‘pegaptanib’, 
‘diabetic macular edema’. Only studies with 
abstracts and full-texts published in English between 
2004 and 2016 were included. This time period was 
chosen to include seminal papers and landmark  
trials documenting the use of anti-VEGF in treating 
DMO. Selection of relevant articles was initially 
performed based on their titles and abstracts, 
followed by detailed review of their full-texts. 
In total, 28 clinical trials, 3 systematic reviews, 
14 review articles, 5 retrospective studies, and  
3 prospective studies were selected.

RATIONALE FOR ANTI-VASCULAR 
ENDOTHELIAL GROWTH FACTOR IN 
DIABETIC MACULAR OEDEMA

The associated vision loss in DMO occurs due to 
the breakdown of the blood-retinal barrier. Increase 
in vascular permeability results in plasma protein 
leakage and retinal swelling/thickening.4 Multiple 
studies have identified several growth factors 
and inflammatory mediators to be responsible for 
this breakdown, especially VEGF. Although the 
exact pathogenic mechanism is not completely  
understood, independent analysis by Fogli et al.4 
supports the theory that VEGF plays a critical role in 
both the angiogenesis and inflammation processes 
that occur during the development of DMO,  
justifying the use of anti-VEGF in treatment.  
Currently, four different intravitreal anti-VEGF  
agents are used: namely, ranibizumab (RBZ), 
bevacizumab (BVZ), aflibercept, and pegaptanib.  
Their properties are summarised in Table 1. Their  
superior clinical efficacy reported in randomised 

controlled trials (RCT) (summarised in Table 2 and 3)  
and other studies, support a shift in treatment 
paradigm towards anti-VEGF. 

Ranibizumab

RBZ (Lucentis™, Genentech, San Francisco, 
California, USA/Roche™, Basel, Switzerland) is a 
recombinant, humanised, monoclonal antibody 
fragment that binds all isoforms of VEGF-A. 
Currently, it is approved for treating age-related 
macular degeneration (AMD), retinal vein occlusion 
and diabetic retinopathy with or without DMO, 
in the USA and European Union (EU). Treatment  
regimens in DMO typically vary between practices.

Herein, we discussed five important RCT studying 
RBZ in DMO. Additionally, DRCR.net (Protocol T), 
comparing the efficacy of RBZ against two other 
anti-VEGF agents, will be separately discussed.

READ-2 

A Phase II, 14-site, investigator-initiated clinical 
trial comparing 0.5 mg RBZ, laser, and 0.5 mg RBZ 
combined with laser over 6, 24, and 36 months.  
Six-month results demonstrated short-term visual 
and anatomical benefits of RBZ monotherapy, 
with mean best-corrected visual acuity (BCVA)  
improving significantly from baseline by +7.24  
ETDRS (Early Treatment Diabetic Retinopathy  
Study) letters (versus -0.43 letters in laser),  
and 50% of this group experienced a reduction  
in foveal thickness (versus 33% in laser).  
Also, significantly more patients gained ≥15 letters 
with RBZ monotherapy (22%) than laser (0%).6  
After 6 months (primary endpoint), most patients  
fulfilled the retreatment criteria and were retreated 
with RBZ monotherapy. Subsequent results  
revealed sustained benefits after 24 months in 
the monotherapy arm, while retreated patients 
experienced improved vision and reduction of 

Table 1: Summary of molecular differences between anti-VEGF agents.

Fab: antigen binding fragment; KD: dissociation constant; mAB: monoclonal antibody; pM: picomolar;  
VEGF: vascular endothelial growth factor. 

Anti-VEGF agent Molecular weight (kDa) Molecular characteristics KD for VEGF165 (pM)

Ranibizumab 48 Fab fragment 46–192

Bevacizumab 149 Full-length mAB 58–1,100

Aflibercept 115 Fusion protein 0.45

Pegaptanib 50 RNA aptamer 50
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residual oedema (Table 2).7 Despite improvements 
after 24 months, many patients continued to have 
persistent oedema, defined as central subfield 
thickness (CST) ≥250 µm, suggesting possible 
under-treatment. Consequently, treatment regimen 
was intensified from bimonthly to monthly, which 
saw significant improvements in both mean 
BCVA and CST (Table 2). Hence, suggesting 
that outcomes can be improved with more  
aggressive therapy.8

RESOLVE 

A Phase II, multicentre, sham-controlled trial 
assessing the efficacy and safety of two doses of 
RBZ (0.3 mg and 0.5 mg) against placebo over  

12 months. Dose effect was difficult to assess, due 
to study design allowing doubled doses of RBZ 
or rescue laser to be administered when needed  
(91.8% in placebo arm; 68.6% in RBZ arm). Hence, 
data reported was pooled from all RBZ-treated 
patients (regardless of dose) instead. Overall, 
RBZ-treated patients once again show improved 
outcomes compared to placebo (Table 2).9

RESTORE 

A Phase III, multicentre trial comparing 0.5 mg 
RBZ, combination with laser, and laser over  
12 and 36 months. Results after 12 months were 
similar to READ-2 and RESOLVE, demonstrating  
superiority of RBZ treatment over laser (Table 2).10  

Table 2: Summary of main anatomical and functional outcomes in randomised controlled trials for 
ranibizumab, bevacizumab, and aflibercept. 

◊Statistical analysis not available for results; *results not statistically significant (p>0.05); #results of open-
label 2-year extension not included, because results were derived from pooled data across RISE/RIDE, 
making direct comparison with 24 and 36-week results reported in the Table meaningless.
BCVA: best-corrected visual acuity; CMT: central macular thickness; CRT: central retinal 
thickness; CST: central subfield thickness; ETDRS: Early Treatment Diabetic Retinopathy Study;  
Mono: anti-VEGF monotherapy.

Study 
duration 
(months)

Study  
eyes (N)

Mean BCVA gains  
from baseline  

(ETDRS letters)

Mean CRT/CMT/CST 
reduction from  
baseline (µm)

Eyes gaining  
≥15 letters from  

baseline (%)

Mono Control Mono Control Mono Control

Ranibizumab

READ-2 6 126 7.24 -0.43 106.3 82.8 22 0

24 101 7.7◊ 5.1◊ 80.1◊ 153.6◊ 24◊ 18◊

36 74 10.3◊ 1.4◊ 132.0◊ 193.0◊ 32◊ 9◊

RESOLVE 12 151 10.3 -1.4 194.2 48.4 32.4 10.2

RESTORE 12 345 6.1 0.8 118.7 61.3 22.6 8.2

36 240 8.0 6.0 142.1 142.7 27.7 21.6

RISE# 24 377 11.9–12.5 2.6 250.6–253.1 133.4 39.2–44.8 18.1

36 377 11.0–14.2 4.3 261.2–269.1 200.1 41.6–51.2 22.0

RIDE# 24 382 10.9–12.0 2.3 259.8–270.7 125.8 33.6–45.7 12.3

36 382 10.6–11.4 4.7 261.8–266.7 213.2 36.8–40.2 19.2

Protocol I 12 854 9 3 131.0–137.0 102.0 28–30 15

24 628 7–9 3 141.0–150.0 138.0 28–29* 18*

Bevacizumab

DRCR.net 3 109 0-7◊ -1◊ 5.0-56.0◊ 40.0◊ 9-15◊ 5◊

BOLT 12 80 5.6 -4.6 129 68 11.9* 5.3*

24 80 8.6 -0.5 146* 118* 32 4

Aflibercept 

DA VINCI 6 221 8.5–11.4 2.5 127.3–194.5 67.9 17–34* 21*

12 221 9.7–13.1 -1.3 165.4–227.4 58.4 23.8–45.5* 11.4*
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After 12 months, all remaining patients were 
treated with RBZ. Results after 36 months reported 
that visual and anatomical gains were sustained 
in the original RBZ arm, while previously laser-
treated patients improved to similar levels as the 
original RBZ arm despite RBZ being delayed for a  
year (Table 2).11

RISE/RIDE 

RISE/RIDE were two parallel, methodologically 
identical, Phase III, multicentre trials randomising 
patients into three groups (0.3 mg RBZ, 0.5 mg 
RBZ, and sham injections) to assess efficacy and 
safety of RBZ compared to sham over 3 years with 
an additional 2-year extension. Similar to RESTORE, 
all patients were changed onto RBZ therapy after 
24 months. The 24 and 36-month results were very 
similar to RESTORE, with superior and sustainable 
ocular benefits reported in the RBZ arm after  
3 years, and up to 54 months. However, among 
the originally laser-treated patients, delayed 
RBZ treatment never achieved a similar extent of 
visual improvements as the original RBZ arm after  
36 and 54 months. This data therefore contradicts 
the extent of benefits seen in RESTORE (Table 2).12-14 

DRCR.net (Protocol I)

The DRCR.net (Protocol I) study compared the 
efficacy of both steroid and RBZ treatment against 
laser over 5 years. Participants were divided into  
four groups (0.5 mg RBZ and prompt laser,  
0.5 mg RBZ and deferred laser, 4 mg intravitreal 
triamcinolone and prompt laser, laser only). Of 
relevance, 1 and 2-year results demonstrated 
significant improvements in mean BCVA and CST 
reductions in both RBZ-treated groups compared  
to laser (Table 2) that was maintained through  
5 years. Interestingly, both 3 and 5-year results 
reported reduced mean BCVA gains when laser 
was started at RBZ initiation (RBZ and prompt 
laser versus RBZ and deferred laser: +6.8 
versus +9.7 letters [p=0.02, 3 years]; +7.2 versus  
+9.8 [p=0.09, 5 years]).15-18

Bevacizumab

BVZ (Avastin™, Genentech; Roche™) is a  
recombinant, humanised, full-length monoclonal 
antibody that binds all isoforms of VEGF-A. BVZ is 
currently US Food and Drug Administration (FDA) 
and European Medicines Agency (EMA) approved  
for systemic treatment of several different cancers  
only, and its use for ocular diseases is off-label.  
Despite its off-label status, doctors commonly 
use it for wet AMD and DMO19 due to its low  

cost and efficacy demonstrated in various trials. 
Currently, no consensus on treatment regimen is 
available, with the most common being 1.25 mg 
monthly until oedema is stabilised before using an  
‘as needed’ regimen.20

DRCR.net

The first Phase II, multicentre trial comparing 
various BVZ treatment regimens against laser 
identified several key findings.21 Firstly, eyes treated 
with intravitreal BVZ achieved significant BCVA 
improvement that persisted over 12 weeks, and 
greater CST reduction at 3 weeks compared to 
laser. Secondly, results identified no significant  
difference between the tested doses (1.25 mg,  
2.5 mg). Thirdly, BVZ treatment achieved  
significantly greater BCVA improvements in  
DMO-treatment naïve eyes. Similar findings were 
also reported in a RCT conducted by Lam et al.22

BOLT

A Phase II, single-centre RCT, comparing 1.25 mg  
intravitreal BVZ and laser, provided further  
evidence supporting the benefits of BVZ. After  
12 months, BVZ-treated patients gained a median  
of +8 letters (versus -0.5 letters in laser, p=0.0002)  
and mean central macular thickness (CMT) reduction  
of -129 µm (versus -68 µm in laser, p=0.02). Similar 
functional and anatomical improvements were  
also reported at 24 months (Table 2).23,24

PACORES

A recently published 5-year result from a  
multicentre retrospective study conducted in Latin 
America and Spain seemed to disagree about 
the sustainability of visual gains after 5 years.20 
The study included eyes treated with at least one 
injection of 1.25/2.5 mg of intravitreal BVZ with  
an ‘as needed’ regimen. Results showed that  
mean BCVA ultimately returned to baseline after  
60 months, despite significant improvements at 
36 months. Subgroup analysis showed that after 
60 months about 75% of BVZ-treated patients 
had at least stable BCVA, even though only 
29% achieved visual gains. Notably, significant 
anatomical improvements were observed 6 months 
after treatment and remained relatively constant 
throughout the 60 months.

Other studies

A review of intravitreal BVZ in DMO looked 
at several smaller studies with different study  
parameters, and similarly concluded its general 
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efficacy.19 Two noteworthy points not seen in RCT,  
due to their strict exclusion criteria, are that 
BVZ seemed to achieve visual and anatomical 
improvements even in cases that were unresponsive 
to other DMO treatments,25,26 but not in cases 
with macular ischaemia.27 However, these 
respective studies are inconclusive due to short  
follow-up periods.

Aflibercept

Aflibercept (Eylea™, Regeneron, Tarrytown, 
New York, USA, formerly VEGF trap-eye) is a 
high affinity, recombinant fusion protein, with  
VEGF-binding domains of human VEGF receptors 
1 and 2 fused to fragment crystallisable domain 
of human immunoglobulin-G1, which binds all 
circulating VEGF isoforms and placental growth 
factor. It is currently approved in the USA, EU, 
Japan, and Australia for several different vascular 
ocular diseases, including DMO.28 The recommended 
dose is 2 mg every 8 weeks after 5 initial monthly  
loading injections.28 Three landmark trials were 
conducted with convincing results supporting 
intravitreal aflibercept in DMO. 

DA VINCI

A multicentre, active-controlled RCT, compared  
four different aflibercept regimens to laser, and  
each regimen achieved statistically significant 
improvements. The 24-week results showed  
aflibercept subgroups achieving mean BCVA gains 
between +8.5 and +11.4 letters (versus +2.5 letters 
in laser, p≤0.0085 for each subgroup), and mean 
CRT reduction between -127.3 µm and -194.5 µm 
(versus -67.9 µm with laser, p=0.0066 for each  
subgroup).29,30 The superiority of aflibercept over 
laser remained statistically significant even after  
1 year (Table 2).31 

VISTA/VIVID 

Two similarly designed Phase III, active-controlled 
RCT, comparing two aflibercept regimens (2 mg  
every 4 weeks and 2 mg every 8 weeks after 5 initial  
monthly doses) to laser were carried out. The 52,  
100, and 148-week results are summarised in Table 3.  
Results after 1 year were very similar to those  
reported in the DA VINCI trial for three outcome  
measures. Additionally, the reported 100 and 
148-week results provided strong significant  
evidence of the sustainability of visual benefits with  
aflibercept over laser even in the longer term. 
Additionally, the study design allowed all patients 
who met retreatment criteria to be given rescue 

treatment after Week 24. Aflibercept-treated 
eyes consistently required significantly less 
rescue treatment compared to laser-treated eyes 
from 24 to 148 weeks. Overall, no significant 
differences in efficacy were found between the  
two aflibercept regimens.32-34

Pegaptanib

Pegaptanib sodium (Macugen™, Eyetech™, New  
York City, New York, USA) is a ribonucleic acid 
aptamer that specifically blocks the ocular 
angiogenic activity of the VEGF165 isoform.  
Although it is approved only for the treatment 
of wet AMD in USA and Europe,35 results from 
Phase II and III trials are highly supportive of  
its application in treating DMO. Both trials  
recommend a dosage regimen of 0.3 mg every  
6 weeks followed by an ‘as needed’ regimen.

A Phase II RCT reported both functional and 
anatomical improvements with 0.3 mg compared 
to sham. Median BCVA at Week 36 was  
significantly better, with 0.3 mg (20/50) compared 
to sham (20/63) (p=0.04), and significantly more 
patients gained VA of ≥10 letters with 0.3 mg  
(34%) compared to sham (10%) (p=0.003). 
Treatment reduced mean central retinal thickness 
(CRT) by -68 µm, while sham resulted in +4 µm  
thickening (p=0.02).36

Findings drawn from 2-year data collated from 
another Phase II/III trial confirmed the short term 
clinical benefits and suggested continued long-
term visual improvements. After Week 54, 36.8%  
of patients treated with pegaptanib gained BCVA  
of ≥10 letters compared to 19.7% with sham 
(p=0.0047). At Week 102, the same BCVA 
improvement was higher in the treatment group 
(38.3%) compared to sham (30.0%), albeit not 
statistically significant (p=0.1729). Additionally, the 
trial showed statistically superior improvements in 
mean VA from baseline after treatment compared 
with sham (p<0.05) at both Weeks 54 and 102. 
However, CRT improvements between both groups 
at Weeks 54 and 102 were ‘numerically different 
but not statistically significant’ suggesting that  
benefits of pegaptanib might be more functional  
rather than anatomical.37 

A separate meta-analysis combined data 
from both of these trials and demonstrated a  
statistically significant greater percentage of 
treated patients gained VA of ≥15 letters over 
sham.38 Also, two smaller studies (one prospective 
and one retrospective) both reported significant 
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improvements in mean BCVA and mean CRT with 
pegaptanib too,39,40 indicating effectiveness across  
a wider population.

COMPARISON BETWEEN 
ANTI-VASCULAR ENDOTHELIAL 
GROWTH FACTOR AGENTS

DRCR.net (Protocol T) is the first and only RCT 
directly comparing more than two different  
anti-VEGF agents, enabling relative efficacy to be 
studied. This multicentre RCT randomised patients 
into three groups (0.3 mg RBZ, 1.25 mg BVZ and 
2 mg aflibercept) with BCVA gains as the primary 
outcome measure. Mean BCVA gains from baseline 
were +11.2, +9.7, and +13.3 letters for RBZ, BVZ, 
and aflibercept, respectively, after 1 year, and +12.3,  
+10.0, +12.8, respectively, after 2 years. Overall,  
all three anti-VEGF agents were efficacious in DMO.  
Subgroup analysis identified that in eyes with 
better baseline BCVA (between 20/32 and 20/40), 
1-year and 2-year BCVA gains were similar across 
the three agents. However, in eyes with poorer 
baseline VA (20/50 or worse), aflibercept performed 
significantly better than BVZ and RBZ after 1 year, 
but only superiority over BVZ was maintained after 

2 years. Notably, no significant difference in BCVA 
improvements was found between RBZ and BVZ 
over the 2 years.28,41,42

DISCUSSION

The use of anti-VEGF agents in DMO has  
popularised over the last few years. Before that, 
the gold standard treatment was laser that reduces 
the 3-year risk of moderate vision loss by 50%, 
compared to observation in the landmark ETDRS 
study.43 However, as the disease may progress 
to blindness, settling for a treatment that slows 
DMO progression is suboptimal. Ideally, treatment 
should improve visual outcomes early on and 
persist in the long run to be considered effective, 
due to disease chronicity requiring prolonged  
repeated treatments. 

Unfortunately, laser only improved vision by three 
lines in 11% and 16% of patients after 1 and 3 years, 
respectively.43 Comparatively, results from the 
aforementioned landmark studies clearly highlight 
the superior therapeutic benefits of anti-VEGF  
agents in achieving both visual improvements and 
resolution of DMO. Overall, as a drug class, early 
clinical benefits are observed as early as 1 month.20 

Table 3: Summary of 52 and 100-week results from VISTA/VIVID study.32-34

All results were clinically significant (p≤0.0001).
*Rescue treatment refers to the treatment modality that patient was not randomised to and have not 
received before (e.g., patients in the laser-treated group received rescue aflibercept of 5 doses 2q4  
followed by 2q8 until end of study).
BCVA: best-corrected visual acuity; CRT: central retinal thickness; ETDRS: Early Treatment Diabetic 
Retinopathy Study; 2q4: 2 mg every 4 weeks after 5 initial monthly doses; 2q8: 2 mg every 8 weeks after 
5 initial monthly doses.

VISTA VIVID
2q4 2q8 Laser 2q4 2q8 Laser

Mean BCVA gains 
(ETDRS letters)

52 weeks 12.5 10.7 0.2 10.5 10.7 1.2
100 weeks 11.5 11.1 0.9 11.4 9.4 0.7
148 weeks 10.4 10.5 1.4 10.3 11.7 1.6

Mean CRT  
reduction (µm)

52 weeks 185.9 183.1 73.3 195.0 192.4 66.2
100 weeks 191.4 191.1 83.9 211.8 195.8 85.7
148 weeks 200.4 190.1 109.8 215.2 202.8 122.6

Eyes gaining  
≥15 letters from 
baseline (%)

52 weeks 41.6 31.1 7.8 32.4 33.3 9.1
100 weeks 38.3 33.1 13.0 38.2 31.1 12.1
148 weeks 42.9 35.8 13.6 41.2 42.2 18.9

Eyes requiring 
rescue treatment 
after 24 weeks* (%)

52 weeks 2.6 0.7 31.2 4.4 8.1 24.1
100 weeks 3.2 8.6 40.9 7.4 11.1 34.6
148 weeks 4.5 10.5 40.9 7.4 11.9 35.3
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DMO. Hopefully, with long-term clinical benefits 
of anti-VEGF therapy generally sustainable, 
prevalence of DMO can be effectively lowered to 
reduce blindness.
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ABSTRACT

Over the last decade, intravitreal anti-vascular endothelial growth factor (anti-VEGF) agents have been  
increasingly used in the management of various retinal diseases, especially diabetic macular oedema.  
Diabetic macular oedema is one of the leading causes of legal blindness among patients with diabetic 
retinopathy, meaning these patients are eligible for associated medical benefits. It is essential that  
diabetic macular oedema is managed with an effective and safe treatment for good long-term prognosis.  
Over the past decade, focal/grid laser photocoagulation has been the gold standard treatment. However, 
evidence supporting the superior clinical benefits and relative safety of anti-VEGF agents has driven a  
recent shift in treatment paradigm, favouring anti-VEGF over laser treatment. Previous studies involving  
systemic anti-VEGF treatment in cancers have identified an associated increased risk of arteriothrombotic  
events, such as myocardial infarction and stroke, which are potentially fatal. Hence, it is important to  
evaluate whether such risks, which will significantly alter the safety profile, persist with intravitreal  
administration. A comprehensive literature review was performed and concluded that no significant  
increase in risk of ocular or non-ocular adverse events, particularly arteriothrombotic events, were 
associated with anti-VEGF agents, predicting an overall favourable safety profile. A summary of some  
of the possible adverse events recorded in the various studies, albeit at relatively low rates, are also  
included. Additionally, it is briefly discussed how real-world concerns of cost and affordability can  
influence treatment choice, thereby affecting how clinical evidence is transferred into practice.

Keywords: Anti-vascular endothelial growth factor (anti-VEGF), ranibizumab (RBZ), bevacizumab (BVZ), 
aflibercept, pegaptanib, laser, diabetic macular oedema (DMO), safety, adverse events (AE), READ-2,  
BOLT, DA VINCI, DRCR, protocol T.

INTRODUCTION

Over the last decade, intravitreal anti-vascular 
endothelial growth factor (anti-VEGF) agents have 
been increasingly used in the management of 
various retinal diseases, especially diabetic macular 
oedema (DMO). DMO is one of the leading causes 
of legal blindness among patients with diabetic 
retinopathy, meaning these patients are eligible for 
associated medical benefits.1 Hence, choosing an 
effective and safe treatment is crucial for long-term 
prognosis. Over the past decade, focal/grid laser 
photocoagulation (hereafter referred to as ‘laser’) 
has been the gold standard treatment for DMO.  

Recent evidence from multiple trials reporting the 
superior clinical benefits and relative safety2 of  
anti-VEGF agents has driven a shift in the treatment 
paradigm towards their usage. In terms of safety, 
previous studies involving systemic anti-VEGF 
treatment in cancers have identified an associated 
increased risk of arteriothrombotic events (ATE), 
such as myocardial infarction (MI) and stroke,3  
that are potentially fatal. Consequently, the 
ocular and systemic safety profile of intravitreal  
anti-VEGF agents should be well evaluated to 
determine if they are safer compared to other 
available treatments for DMO. An example is 
intravitreal corticosteroid injections or implants, 
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which are effective but associated with increased 
risks of elevated intraocular pressure (IOP) and 
premature cataracts.4,5 The efficacy of anti-VEGF 
agents is presented elsewhere;6 hence, this review 
discusses the safety profile and real-world cost 
concerns of anti-VEGF therapy to aid the selection 
of treatment. 

METHODS

Using Medline, PubMed, and Cochrane databases, 
a comprehensive literature review was performed 
to identify relevant studies on anti-VEGF treatment 
in DMO. Search terms included anti-VEGF, 
bevacizumab, ranibizumab, aflibercept, trap-eye, 
pegaptanib, diabetic macular edema, effectiveness, 
efficacy, safety, and cost. Studies published in  
English from 2004–2016 were selected, after 
reading their abstracts and full-texts, to include 
seminal papers and landmark trials. Eventually,  
52 studies were collated, comprising 26 clinical 
trials, 3 systematic reviews, 20 review articles,  
2 retrospective studies, and 1 case series/report. 

A BRIEF HISTORY OF INTRAVITREAL 
ANTI-VASCULAR ENDOTHELIAL 
GROWTH FACTOR USE

The use of intravitreal anti-VEGF for treatment 
of ocular neovascularisation arose when 
studies identified the pivotal role VEGF had in 
the pathogenesis of wet age-related macular 
degeneration (AMD). Trials testing pegaptanib  
(anti-VEGF) in patients with wet AMD demonstrated 
a safe reduction in the associated visual loss,  
resulting in US Food and Drug Administration  
(FDA) approval in late 2004.7 This marked the  
first approval of an anti-VEGF for the treatment of  
a disease due to ocular neovascularisation.7 

In early 2004, bevacizumab (BVZ) was the first  
anti-VEGF to be FDA approved for the systemic 
treatment of colon cancer, following successful 
trials. Yet, there were concerns over BVZ structure, 
diminishing the drug properties of penetration, 
efficacy, and safety during intravitreal use.8  
This led to ranibizumab (RBZ), a small truncated 
variant of BVZ, being created. Contrary to these 
concerns, off-label use of intravitreal BVZ proved 
to be effective too,7 although the treatment  
was never approved by the FDA for intraocular 
use. Instead, it was the smaller molecule, RBZ, 
which attained FDA approval in 2006, following  
pegaptanib, for the treatment of wet AMD after  
large trials proved its efficacy and safety.7

Aflibercept was marketed as an alternative 
agent, with a lower dosing frequency and better 
pharmacokinetics of VEGF binding; compared 
to RBZ or BVZ, the VEGF binding affinity of  
aflibercept is 100-fold stronger. Results from these 
trials demonstrated non-inferiority, despite its 
lower dosing frequency, culminating in aflibercept 
approval by the FDA in 2011.7 A comparison  
between the molecular properties of the four  
anti-VEGF agents has previously been summarised.6

PATHOGENESIS OF DIABETIC 
MACULAR OEDEMA

In diabetes, pathophysiological mechanisms such 
as synthesis of advanced glycation end-products 
and protein kinase C activation contribute to many 
diabetes-related microvascular complications,9 
including DMO. These biochemical abnormalities 
cause intracellular hypoxia and increased 
VEGF expression,10 resulting in an imbalance of  
pro-angiogenic and normally expressed VEGF-A 
isoforms. Several other growth factors and 
inflammatory mediators also contribute to the 
pathogenic process of DMO, leading to breakdown 
of the blood-retinal barrier.11 Consequently, retinal 
vascular permeability increases and plasma 
proteins leak into the neural interstitium, resulting 
in an oedematous retinal layer. This affects visual 
processing and thereby visual acuity. Intravitreal 
anti-VEGF therapy achieves its therapeutic effect 
by downregulating circulating VEGF, a critical  
molecule in the angiogenesis and inflammatory 
processes that occur in DMO.3,11 Hence, it is possible 
that consequent lower levels of VEGF may interfere 
with its normal physiological role of stimulating 
vasculogenesis and angiogenesis in hypoxic 
conditions, resulting in an increased risk of systemic 
adverse events (AE), such as ATE and hypertension,3 
which have been reported with systemic anti-VEGF 
use. Currently, four intravitreal anti-VEGF agents  
are available to treat DMO: namely, RBZ, BVZ, 
aflibercept, and pegaptanib. Herein, we discuss their 
safety profiles with a focus on landmark trials. 

SAFETY OF ANTI-VASCULAR 
ENDOTHELIAL GROWTH 
FACTOR AGENTS

Ranibizumab

RBZ (Lucentis™, Genentech, Francisco, California, 
USA; Roche™, Basel, Switzerland) is a recombinant, 
humanised, monoclonal antibody fragment that has  
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only antigen binding domains specific to all  
isoforms of VEGF-A. It is approved by the FDA 
and European Medicines Agency (EMA) for the 
treatment of AMD, retinal vein occlusion, and  
diabetic retinopathy. Among the four agents, RBZ 
is well-studied with extensive Level I evidence 
supporting its efficacy and safety.9 We reviewed  
and summarised its safety profile in Table 1,  
based on five important randomised controlled 
trials (RCT). Additionally, DRCR.net (Protocol T), 
which compares the relative safety of RBZ and  
two other anti-VEGF agents in patients with DMO, 
will be discussed separately.

READ-2 

This clinical trial was a Phase II, 14-site,  
investigator-initiated study that randomised 126 
patients into three groups (0.5 mg RBZ, laser,  
and combination of RBZ with laser) and reported 
results at three intervals (6, 24, and 36 months); 
however, safety data were only reported at the 
6-month interval. Systemically, one death from 
stroke occurred in the combination arm, but was 
judged to be unrelated to RBZ treatment. Notably, 
vitreous haemorrhage occurred in all three arms 
with no significant difference in incidence.12

RESOLVE 

RESOLVE, a Phase II, multicentre, sham-controlled 
trial studying the effects of two doses of RBZ  
(0.3 mg and 0.5 mg) against placebo in 151 patients, 
found no significant differences in the incidence 
of ocular and systemic serious AE (SAE) or AE 
between RBZ and sham. However, an episode of 
MI (1%) within the study group was suspected to 
be related to RBZ. Also, two RBZ-treated patients 
(2%) were discontinued due to endophthalmitis. 
Common ocular AE reported included conjunctival 
haemorrhage, elevated IOP, and eye pain.13  

RESTORE 

RESTORE was a Phase III, multicentre (across 
13 countries) trial  that studied efficacy and 
safety of 0.5 mg RBZ against laser only and RBZ 
combination with laser, and involved 345 patients 
assessed over a 12 to 36-month period. In terms 
of ocular SAE, cataract was most common with 
no statistically significant difference between 
groups, while endophthalmitis did not occur.  
Several non-ocular SAE were suspected, including 
pulmonary embolism and arterial thrombosis in the 
limb. Overall, there were 14 deaths over 3 years, 
but none were related to RBZ or the procedure. 
Common ocular AE included eye pain, while reported  
non-ocular AE included nasopharyngitis.14,15 

Table 1: Summary of adverse events with ranibizumab treatment in DMO patients in RCT.

Study Study eyes Study duration (months)
SE in treatment arm

Ocular Systemic
READ-2 126 6, 24, 36* Vitreous haemorrhage

RESOLVE 151 12 Endophthalmitis
Elevated IOP

Eye pain
Conjunctival haemorrhage

MI
Infections

RESTORE 345 12, 36 Cataract
Eye pain

Elevated IOP
Conjunctival haemorrhage

Nasopharyngitis
PE

Arterial thrombosis limb
Hypertension

RISE/RIDE 377/382 24, 36, 54 Endophthalmitis
Vitreous haemorrhage

Traumatic cataract
Rhegmatogenous RD

Elevated IOP

MI
Pneumonia

CHF

DRCR.net 
(Protocol I)

854 12, 24, 36, 60 Endophthalmitis
Tractional RD
Elevated IOP

CHF
Nasopharyngitis

*Safety data was only reported at 6-month intervals in READ-2. 
CHF: congestive heart failure; DMO: diabetic macular oedema; IOP: intraocular pressure; MI: myocardial 
infarction; PE: pulmonary embolism; RCT: randomised clinical trial; RD: retinal detachment; SE: side effects. 
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RISE/RIDE 

RISE/RIDE were two parallel, methodologically 
identical, Phase III, multicentre trials that compared 
the efficacy and safety of RBZ with sham at  
2, 3, and 5-year intervals by randomising patients 
into three groups (0.3 mg RBZ, 0.5 mg RBZ, or 
sham injections). RBZ was generally safe over  
5 years, with relatively low rates of ocular and 
non-ocular AE. Ocular SAE were uncommon but 
included vitreous haemorrhage, endophthalmitis, 
and traumatic cataract. Common ocular AE reported 
were similar to those in the aforementioned trials. 
Systemically, the most common SAE were MI 
and congestive heart failure, but these events 
were related to the disease rather than RBZ. 
Additionally, the incidence of Anti-Platelet Trialists’  
Collaboration (APTC) events at 24 months in all  
RBZ-treated patients was 2.4–8.8% (versus 4.9% 
[RISE] and 5.5% [RIDE] in sham). Despite this 
difference in incidence between RBZ and control,  
no associated increase in risk was found.16-18 

DRCR.net (Protocol I)

This study was designed to compare both RBZ 
and intravitreal steroid treatment against laser 
over 5 years at four intervals (1, 2, 3, and 5 years).  
Of relevance, there were no associated differences 
in systemic or ocular events between RBZ-treated  
eyes and control over the 5-year period.  
Systemically, in terms of APTC events, lower rates 
were observed in the RBZ group than sham group. 
Locally, the 5-year safety data reported four 
cases of endophthalmitis in RBZ-treated patients,  
which was not significantly different from  
laser-treated patients.19-22 

Bevacizumab 

BVZ (Avastin™, Genentech; Roche™) is a  
recombinant, humanised, full-length monoclonal 
antibody that binds the same targets as RBZ, since 
both are derived from the same parent mouse 
antibody. Unlike RBZ, BVZ is licensed for the 
treatment of several different cancers only in the 
USA and the European Union (EU). Despite this,  
off-label usage is common in the management of 
wet AMD and DMO.23

DRCR.net

This trial was the first Phase II, multicentre RCT 
comparing intravitreal BVZ treatment against laser 
in 109 DMO patients for 24 weeks. Its small sample 
size and short follow-up time limit its suitability 
for drawing conclusions regarding BVZ’s safety  

profile. Nonetheless, the safety data are still useful 
as an indication of some of the ocular and systemic 
AE or SAE that might be expected with BVZ  
treatment. In terms of ocular complications, a case 
of both endophthalmitis and transient elevated 
IOP was reported following BVZ. Additionally,  
although two cases of MI and three cases of 
hypertension occurred in the study group, the 
authors judged them to be unrelated to the study 
drug, because the involved patients had pre-existing 
comorbidities predisposing to susceptibility.24 

BOLT 

This study was a Phase II, single-centre RCT, 
designed to compare intravitreal BVZ and laser at 
12 and 24-month endpoints among 80 patients. 
At 12 months, no cases of endophthalmitis or 
retinal detachment were reported with BVZ 
treatment, while most ocular AE were ocular 
surface disturbances related to the injection 
procedure, including eye pain, watering, and 
subconjunctival haemorrhage. Although evidence 
showed that BVZ was not associated with an 
increased risk for hypertension or ATE, it is worth 
noting that severe hypertension developed in 
one patient following BVZ treatment.25 Findings  
reported after 24 months were largely similar, 
with notable occurrence of one case of ocular 
hypertension (2.7%) and two cases of MI (5.4%). 
Nonetheless, no trends in systemic safety events 
related to BVZ were observed.26

PACORES

The PACORES study was a multicentre  
retrospective study that offers 5-year safety 
data, the longest available, on BVZ treatment in  
201 patients with DMO (296 study eyes). Similar 
low rates of ocular and non-ocular SAE or AE were 
reported, consistent with other studies. Notable 
ocular complications included tractional retinal 
detachment (8 eyes; 2.7%), glaucoma (6 eyes; 2.0%), 
uveitis (4 eyes; 1.4%), rhegmatogenous retinal 
detachment (3 eyes; 1.0%), vitreous haemorrhage 
(2 eyes; 0.7%), and endophthalmitis (1 eye; 0.3%), 
while non-ocular complications included stroke  
(10 eyes; 3.4%), and MI (5 eyes; 1.7%).27

Aflibercept

Aflibercept (Eylea™, Regeneron, Tarrytown, New 
York, USA; formerly known as VEGF trap-eye) is a 
high affinity, recombinant fusion protein capable 
of binding multiple signal proteins involved in 
angiogenesis, specifically all isoforms of circulating 
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VEGF-A, VEGF-B, and placental growth factor.  
It contains VEGF-binding domains of human  
VEGF receptors 1 and 2, fused to the Fc domain of 
human immunoglobulin-G1. Currently, aflibercept 
is licensed in the USA, EU, Japan, Switzerland, 
and Australia for several different vascular retinal 
diseases, including DMO.28 

DA VINCI 

DA VINCI was a multicentre, active-controlled  
RCT designed to compare four different aflibercept 
regimens to laser at 24 and 52-week intervals 
involving 221 patients. The most common ocular 
AE were 33 cases of conjunctival haemorrhage 
(18.9%), 17 cases of increased IOP (9.7%), and  
15 cases of eye pain (8.6%). Two cases of 
endophthalmitis (1.1%), and one case of uveitis and 
retinal tear (0.6%) were reported with aflibercept 
treatment. However, no significant difference in 
the incidence of ocular SAE or AE was identified 
between aflibercept and laser. Notably, several 
cases of hypertension, MI, and cerebrovascular  
accident (CVA) occurred with aflibercept  
treatment, but were unlikely to be attributable 

to the study drug because all had significant  
underlying comorbidities that increased their 
cardiovascular risk.29 After 52 weeks, seven 
aflibercept-treated patients died, but this was 
unrelated to the study drug or procedures.30 

VISTA/VIVID 

VISTA (USA) and VIVID (Europe, Japan, Australia) 
are similarly designed Phase III, multicentre,  
active-controlled RCT comparing two aflibercept 
regimens to laser. Generally, the 52 and 100-week 
results were very similar, with similar incidences 
of ocular and non-ocular SAE or AE between 
aflibercept and laser. No cases of endophthalmitis 
were reported, while several cases of intraocular 
inflammation occurred. Additionally, there was no 
obvious trend in non-ocular serious AE, especially 
ATE, despite some slight imbalances in the  
incidence of various events between aflibercept 
and laser.31,32 Overall, the safety profile remained 
consistent after 148 weeks, with no new associated 
increased risk of any AE. Notably, three (0.5%) 
new cases of endophthalmitis occurred between  
100 and 148 weeks in the original RBZ arms.33 

Table 2: Possible ocular and systemic, adverse, and serious adverse events with anti-VEGF as occurred 
across the RCT.

Ocular Systemic

Adverse events

Eye pain Nephropathy

Visual disturbances Dyspnoea

Conjunctival haemorrhage Angina

Transient IOP increase CHF

Vitreous floaters

Foreign body sensation 

Tearing

Serious adverse events

Endophthalmitis Death

Uveitis MI

Retinal detachment/tear CVA/TIA 

Retinal/vitreous haemorrhage Haemorrhage

Cataract Hypertension

Macular ischaemia Ischaemia

IOP hypertension

Glaucoma

CHF: congestive heart failure; CVA: cerebrovascular accident; IOP: intraocular pressure; MI: myocardial 
infarction; RCT: randomised clinical trial; TIA: transient ischaemic attack; VEGF: vascular endothelial  
growth factor.
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Pegaptanib

Pegaptanib sodium (Macugen™, Eyetech™, 
New York City, New York, USA) is a ribonucleic  
acid aptamer licensed for wet AMD only in the 
USA and Europe.34 It specifically binds to the 
VEGF165 isoform to reduce ocular angiogenesis. 
Two main trials that studied pegaptanib in DMO 
patients produced results suggesting there was no 
significant difference in the incidence of AE  
between treatment and sham. Most ocular AE 
that occurred were mild-to-moderate, injection-
procedure related, and expected. Notably, a case 
of endophthalmitis (0.8% per patient) was reported 
by Cunningham et al.,35 25 cases of increased  
IOP (17.4%) were reported by Sultan et al.,36 and no  
retinal detachment was reported. Systemically, 
no evidence of increased risk of ATE related to 
pegaptanib was noted, despite incidences of SAE 
like CVA/coronary artery disease/angina pectoris 
(1.40% each) and hypertension (0.07%).36

COMPARISON OF ANTI-VASCULAR 
ENDOTHELIAL GROWTH 
FACTOR AGENTS

DRCR.net (Protocol T) was the first and only 
RCT that published results directly comparing  
more than two different anti-VEGF agents, 
allowing us to understand their relative safety. 
This multicentre RCT was carried out over 2 years 
and randomised patients into three groups 
(0.3 mg RBZ, 1.25 mg BVZ, 2 mg aflibercept). 
Incidence of all AE over 2 years was similar across 
all groups except for APTC events, with incidence  
of 12%, 8%, and 5% in RBZ, BVZ, and aflibercept, 
respectively. Pairwise comparisons showed 
significant differences, which disappeared after 
accounting for potential baseline confounders, 
between RBZ and aflibercept only. Hence, caution 
should be taken to observe for APTC events 
when using RBZ.37

DISCUSSION

The shift in treatment paradigm from laser to 
intravitreal anti-VEGF as first-line therapy in DMO 
makes it paramount that they are safe with minimal 
side effects. Concerns over the safety profile of 
intravitreal use are understandable, considering  
how systemic usage is associated with an increased 
risk of ATE.3 Hence, it is essential that sufficient 
evidence shows that the risk of ATE is not  
increased with intravitreal anti-VEGF. 

Overall, intravitreal anti-VEGF agents in DMO have 
been shown to be generally well-tolerated and  
safe,38 with a safety profile similar to results from  
trials evaluating their usage in other retinal 
diseases. No significant trend relating to the 
occurrence of ocular and non-ocular SAE or AE 
was specifically identified for any anti-VEGF 
agents. However, the caveat lies in that these trials 
are not powered to demonstrate safety, and more  
large-scale safety trials are needed before being 
certain about its safety. Table 2 shows a short 
summary of possible AE. Notably, most ocular AE 
are mild and injection-procedure related, making 
it possible to reduce occurrences by taking extra 
precaution during the procedure using aseptic 
technique for preparation and injection. This is 
particularly relevant to off-label BVZ use, as the 
need for individual repackaging/compounding 
makes sterile preparation especially crucial to avoid 
foreign body deposition, as described in a case  
report.39 Although systemic AE were reported,  
most are likely attributable to the patient’s  
pre-existing comorbidities. A meta-analysis by 
Avery et al.3 interestingly suggests that prolonged 
treatment with anti-VEGF might increase risk of 
CVA, vascular, and non-vascular death. Hence,  
precaution might be warranted when treating 
patients with significant cardiac and stroke history, 
or those with persistent DMO requiring repeated 
intravitreal anti-VEGF injections. 

A Cochrane review also concluded that anti-VEGF  
agents are generally safe, apart from in high-risk 
patients, in whom their use still requires more 
research.2 Despite this, some differences do 
exist between individual agents as established in  
Protocol T, with results suggesting that aflibercept 
is relatively safer compared to the other two  
agents.37,40 However, this is not reflected in real 
life due to cost concerns. According to the 2015  
American Society of Retina Specialists (ASRS) 
Preferences and Trends survey, BVZ is the most 
commonly used intravitreal anti-VEGF agent in the 
USA. Huge price differences exist between BVZ, 
RBZ, and aflibercept ($60, $1,170, and $1,850 per 
dose, respectively).41-44 Considering that diabetes 
maculopathy is a chronic disease and treatment of 
DMO requires multiple repeated injections, these 
cost differences can be significant. With raising 
medical costs and limited healthcare budgets,  
there is pressure on doctors to choose the most 
cost-effective option, especially in public-funded 
health systems. Several independent reviews have 
agreed that BVZ is indeed the most cost-effective 



DIABETES  •  October 2017  •  Creative Commons Attribution-Non Commercial 4.0	 EMJ  EUROPEAN MEDICAL JOURNAL DIABETES  •  October 2017  •  Creative Commons Attribution-Non Commercial 4.0	 EMJ  EUROPEAN MEDICAL JOURNAL 132 133

1. Ding J, Wong TY. Current epidemiology 
of diabetic retinopathy and diabetic 
macular edema. Curr Diab Rep. 2012; 
12(4):346-54. 
2. Virgili G et al. Anti-vascular endothelial 
growth factor for diabetic macular 
oedema. Cochrane Database Syst Rev. 
2014;(10):CD007419.
3. Avery RL, Gordon GM. Systemic safety 
of prolonged monthly anti-vascular 
endothelial growth factor therapy for 
diabetic macular edema: A systematic 
review and meta-analysis. JAMA 
Ophthalmol. 2016;134(1):21-9.
4. Adelman R et al. Strategy for the 
management of diabetic macular edema: 
the European vitreo-retinal society 
macular edema study. Biomed Res Int. 
2015;2015:352487. Erratum in: Biomed 
Res Int. 2015.
5. Au A, Singh RP. A multimodal approach 
to diabetic macular edema. J Diabetes 
Complications. 2016;30(3):545-53.
6. Yee KH, Sanjay S. Anti-vascular 
endothelial growth factor therapy in 
diabetic macular oedema: Is it effective? 
EMJ Diabet. 2017;5[1]:118-125.
7. Kim LA, D’Amore PA. A brief history 
of anti-VEGF for the treatment of 
ocular angiogenesis. Am J Pathol. 2012; 
181(2):376-9.
8. Ferrara N et al. Development of 
ranibizumab, an anti-vascular endothelial 
growth factor antigen binding fragment, 
as therapy for neovascular age-related 
macular degeneration. Retina. 2006; 
26(8):859-70. 
9. Brownlee M. Biochemistry and  
molecular cell biology of diabetic 
complications. Nature. 2001;414(6865): 
813-20.
10. Stewart MW. Critical appraisal of 
ranibizumab in the treatment of diabetic 
macular edema. Clin Ophthalmol. 2013; 
7:1257-67.
11. Fogli S et al. Pathophysiology and 
pharmacological targets of VEGF in 

diabetic macular edema. Pharmacol Res. 
2016;103:149-57.
12. Nguyen QD et al.; READ-2 Study 
Group. Primary end point (six months) 
results of the Ranibizumab for Edema of 
the mAcula in Diabetes (READ-2) study. 
Ophthalmology. 2009;116(11):2175-81.
13. Massin P et al. Safety and efficacy 
of ranibizumab in diabetic macular 
edema (RESOLVE Study): A 12-month, 
randomized, controlled, double-masked, 
multicenter phase II study. Diabetes  
Care. 2010;33(11):2399-405.
14. Mitchell P et al.; RESTORE study 
group. The RESTORE study: ranibizumab 
monotherapy or combined with laser 
versus laser monotherapy for diabetic 
macular edema. Ophthalmology. 2011; 
118(4):615-25. 
15. Schmidt-Erfurth U et al.; RESTORE 
Extension Study Group. Three-year 
outcomes of individualized ranibizumab 
treatment in patients with diabetic  
macula edema: The RESTORE extension 
study. Ophthalmology. 2014;121(5): 
1045-53.
16. Nguyen QD et al.; RISE and RIDE 
Research Group. Ranibizumab for 
diabetic macular edema: results from 
2 phase III randomized trials: RISE and 
RIDE. Ophthalmology. 2012;119(4): 
789-801.
17. Brown DM et al. Long-term outcomes 
of ranibizumab therapy for diabetic 
macular edema: The 36-month results 
from two phase III trials: RISE and RIDE. 
Ophthalmology. 2013;120(10):2013-22.
18. Boyer DS et al. Outcomes with  
as-needed ranibizumab after initial 
monthly therapy: long-term outcomes 
of the phase III RIDE and RISE trials. 
Ophthalmology. 2015;122(12):2504-13.
19. Diabetic Retinopathy Clinical  
Research Network; Elman MJ et al. 
Randomized trial evaluating ranibizumab 
plus prompt or deferred laser or 
triamcinolone plus prompt laser for 

diabetic macular edema. Ophthalmology. 
2010;117(6):1064-77.
20. Elman MJ et al.; Diabetic Retinopathy 
Clinical Research Network. Expanded 
2-year follow-up of ranibizumab 
plus prompt or deferred laser or  
triamcinolone plus prompt laser for 
diabetic macular edema. Ophthalmology. 
2011;118(4):609-14.
21. Elman MJ et al.; Diabetic Retinopathy 
Clinical Research Network. Intravitreal 
ranibizumab for diabetic macular 
edema with prompt versus deferred 
laser treatment: 3-year randomized  
trial results. Ophthalmology. 2012;119(11): 
2312-18.
22. Elman MJ et al.; Diabetic Retinopathy 
Clinical Research Network. Intravitreal 
Ranibizumab for Diabetic Macular 
Edema with prompt vs deferred 
laser treatment: 5-year randomized  
trial results. Ophthalmology. 2015;122(2): 
375-81.
23. Stefanini FR et al. Bevacizumab for 
the management of diabetic macular  
edema. World J Diabetes. 2013;4(2): 
19-26.
24. Scott IU et al.; Diabetic Retinopathy 
Clinical Research Network. A phase II 
randomized clinical trial of intravitreal 
bevacizumab for diabetic macular  
edema. Ophthalmology. 2007;114(10): 
1860-7.
25. Michaelides M et al. A prospective 
randomized trial of intravitreal 
bevacizumab or laser therapy in the 
management of diabetic macular edema 
(BOLT study) 12-month data: report 2. 
Ophthalmology. 2010;117(6):1078-86.
26. Rajendram R et al. A 2-year 
prospective randomized controlled trial  
of intravitreal bevacizumab or laser 
therapy (BOLT) in the management 
of diabetic macular edema: 24-month 
data: report 3. Arch Ophthalmol. 2012; 
130(8):972-9.
27. Arevalo JF et al. Intravitreal 

REFERENCES

option, even after using an analytical model to 
account for the raised concerns of increased risk  
of endophthalmitis or vascular complications.41 

CONCLUSION

This review has consistently identified results  
across pivotal studies to support a favourable  
long-term safety profile among intravitreal  
anti-VEGF, with no significant increased risk of 
ATE. Though we agree that more large-scale safety 
trials are needed to be conclusive, doctors can 

still recommend anti-VEGF treatment to most 
patients, as clinical benefits of visual improvement 
and resolution of macular oedema outweigh 
the possible ocular risks. Notable cases where 
greater consideration should be given before 
starting anti-VEGF therapy include patients with 
significant comorbidities that increase their overall 
cardiovascular risk, as well as chronic persistent  
DMO. Lastly, besides considering the clinical  
evidence of efficacy and safety, cost practicality 
can be a huge influencing factor when choosing 
treatment in practice. 



DIABETES  •  October 2017  •  Creative Commons Attribution-Non Commercial 4.0	 EMJ  EUROPEAN MEDICAL JOURNAL DIABETES  •  October 2017  •  Creative Commons Attribution-Non Commercial 4.0	 EMJ  EUROPEAN MEDICAL JOURNAL 132 133

bevacizumab for diabetic macular  
oedema: 5-year results of the  
Pan-American Collaborative Retina Study 
group. Br J Ophthalmol. 2016;100(12): 
1605-10.
28. Harkins KA et al. Aflibercept for the 
treatment of diabetic macular edema. 
Immunotherapy. 2016;8(5):503-10. 
29. Do DV et al. The DA VINCI Study: 
phase 2 primary results of VEGF Trap-Eye 
in patients with diabetic macular edema. 
Ophthalmology. 2011;118(9):1819-26.
30. Do DV et al. One-year outcomes of 
the da Vinci Study of VEGF Trap-Eye 
in eyes with diabetic macular edema. 
Ophthalmology. 2012;119(8):1658-65.
31. Korobelnik JF et al. Intravitreal 
aflibercept for diabetic macular edema. 
Ophthalmology. 2014;121(11):2247-54.
32. Brown DM et al. Intravitreal  
aflibercept for diabetic macular edema: 
100-week results from the VISTA and 
VIVID Studies. Ophthalmology. 2015; 
122(10):2044-52.
33. Heier JS et al. Intravitreal aflibercept 
for diabetic macular edema: 148-week 
results from the VISTA and VIVID  
Studies. Ophthalmology. 2016;123(11): 

2376-85. 
34. Ng EW et al. Pegaptanib, a 
targeted anti-VEGF aptamer for ocular 
vascular disease. Nat Rev Drug Discov. 
2006;5(2):123-32.
35. Cunningham ET et al.; Macugen 
Diabetic Retinopathy Study Group. A 
phase II randomized double-masked 
trial of pegaptanib, an anti-vascular 
endothelial growth factor aptamer, for 
diabetic macular edema. Ophthalmology. 
2005;112(10):1747-57. 
36. Sultan MB et al.; Macugen 1013 
Study Group. A phase 2/3, multicenter, 
randomized, double-masked, 2-year 
trial of pegaptanib sodium for the 
treatment of diabetic macular edema.  
Ophthalmology. 2011;118(6):1107-18. 
37. Wells JA et al.; Diabetic Retinopathy 
Clinical Research Network. Aflibercept, 
bevacizumab, or ranibizumab for 
diabetic macular edema: Two-year 
results from a comparative effectiveness 
randomized clinical trial. Ophthalmology. 
2016;123(6):1351-9.
38. Shikari H et al. Complications of 
intravitreal injections in patients with 
diabetes. Semin Ophthalmol. 2014; 

29(5-6):276-89.
39. Al Bdour MD, Ali ZR. Intravitreal 
foreign body following intravitreal anti-
VEGF injection: A case report. Eye  
(Lond). 2014;28(2):244-5. 
40. Wells JA et al.; Diabetic Retinopathy 
Clinical Research Network. Aflibercept, 
bevacizumab, or ranibizumab for 
diabetic macular edema. N Engl J Med. 
2015;372(13):1193-203.
41. Pershing S et al. Cost-effectiveness 
of treatment of diabetic macular edema. 
Ann Intern Med. 2014;160(1):18-29.
42. Li E et al. Cost and selection of 
ophthalmic anti-vascular endothelial 
growth factor agents. R I Med J (2013). 
2016;99(5):15-7.
43. Ollendorf DA et al. Comparative 
effectiveness of anti-VEGF agents for 
diabetic macular edema. Int J Technol 
Assess Health Care. 2013;29(4):392-401.
44. Ross EL et al. Cost-effectiveness 
of aflibercept, bevacizumab, and 
ranibizumab for diabetic macular edema 
treatment: Analysis from the diabetic 
retinopathy clinical research network 
comparative effectiveness trial. JAMA 
Ophthalmol. 2016;134(8):888-96.

If you would like reprints of any article, contact: +44 (0) 1245 334450.



EUROPEAN MEDICAL JOURNAL
provides influential articles, presentations of up-to-date scientific research and  
clinical practice, and in-depth reviews of international medical congresses.

  Please click here to: 
  • subscribe and receive the latest publications, newsletters & updates from EMJ
  • view each edition in convenient eBook format; desktop, tablet & smartphone compatible

Coming

Soon

europeanmedical-journal.com
EUROPEAN UNION
Investing in Your Future
European Regional
Development Fund 2007-13



DIABETES  •  October 2017  •  Creative Commons Attribution-Non Commercial 4.0	 EMJ  EUROPEAN MEDICAL JOURNAL 135

•	 A. MENARINI DIAGNOSTICS SRL

•	 ABBOTT GMBH & CO. KG

•	 ADELPHI REAL WORLD

•	 AEGERION PHARMACEUTICALS

•	 ALERE INTERNATIONAL LTD.

•	 ALLMEDICUS CO., LTD.

•	 ALLPRESAN / NEUBOURG  
SKIN CARE

•	 ANIMAS CORPORATION 
DIVISION OF CILAG GMBH 
INTERNATIONAL

•	 APEX MEDICAL

•	 ASCENSIA DIABETES CARE 
HOLDINGS AG

•	 ASTRAZENECA

•	 BERPU MEDICAL TECHNOLOGY 
CO., LTD.

•	 BIOHERMES BIOMEDICAL 
TECHNOLOGY CO., LTD.

•	 BIONIME GMBH

•	 BIOSURFIT

•	 BOEHRINGER INGELHEIM

•	 CELLNOVO

•	 DEXCOM, INC.

•	 DIAGNOPTICS  
TECHNOLOGIES BV

•	 DIAMESCO CO., LTD. 

•	 ELI LILLY AND COMPANY

•	 EMPECS MEDICAL DEVICE  
CO., LTD.

•	 EOFLOW CO., LTD.

•	 EYENUK INC.

•	 FORACARE SUISSE AG

•	 GLENMARK 
PHARMACEUTICALS LTD.

•	 GLOOKO

•	 HEALTH & LIFE CO. LTD.

•	 HEMOCUE AB

•	 HRA HEALTHCARE RESEARCH 
& ANALYTICS

•	 IBL INTERNATIONAL GMBH / 
IBL JAPAN CO., LTD.

•	 IDX

•	 INTEGRITY APPLICATIONS

•	 I SENS, INC.

•	 JANSSEN

•	 LUPIN LTD.	

•	 MED TRUST HANDELSGES MBH

•	 MEDTRUM GMBH

•	 MICROTECH MEDICAL

•	 MSD

•	 MYLAN

•	 NOVA BIOMEDICAL

•	 NOVARTIS PHARMA AG

•	 NOVO NORDISK A/S

•	 ONE DROP

•	 OPTOMED OY

•	 OWEN MUMFORD

•	 PHOENIX EUROPE GMBH

•	 PIC SOLUTION: ARTSANA SPA

•	 POCTECH MEDICAL

•	 PROSCIENTO, INC.

•	 PTS DIAGNOSTICS

•	 RESEARCH DIETS, INC.

•	 ROCHE DIABETES CARE GMBH

•	 SANOFI

•	 SOOIL DEVELOPMENT CO., LTD.

•	 TAKEDA PHARMACEUTICALS 
INTERNATIONAL AG

•	 TRIBOFILM RESEARCH, INC.

•	 TRIVIDIA HEALTH, INC.

•	 VALERITAS, INC.

•	 VIBROSENSE DYNAMICS AB

•	 VICENTRA BV

•	 VIVACHEK LABORATORIES, INC.

•	 VPD, BLED D.O.O.

•	 YPSOMED AG

Buyer’s Guide



NEWSLETTERS
PUBLICATIONS,

& UPDATES 

TO RECEIVE  
THE LATEST

SUBSCRIBE

FROM A HOST OF  
THERAPEUTIC AREAS

If you are interested in submitting a paper  
to EMJ, contact editor@emjreviews.com

europeanmedical-journal.com
EUROPEAN UNION
Investing in Your Future
European Regional
Development Fund 2007-13


