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Platelet Dysfunction in Type-2 Diabetes Mellitus

Gundu H.R. Rao

Abstract

According to the Diabetes Atlas of the World, published by the International Diabetes Federation 
(IDF Diabetes Atlas, 7th edn, 2015), India has currently, over 70 million subjects with type-2 dia-
betes and China, 110 million subjects. The number of adults estimated to be living with diabetes 
has reached 422 million worldwide, nearly four-fold increase from 1980 figures, according to a 
World Health Organization (WHO) report (2014). Non-communicable Disease Risk Factor Task 
Force in their article in Lancet (April 2016) summarize, that if the year 2000 trends in prevalence 
of diabetes continues, It will not be possible to reach the Millennium Goals (www.un.org/mil-
lenniumgoals) of keeping the incidence of type-2 diabetes in 2025, at the 2010 level. The collec-
tive prediction of this study group has already come true. Patients with type-2 diabetes carry an 
equivalent or greater cardiovascular risk to that of a non-diabetic, who has already experienced a 
coronary event. The risk for acute coronary event in this population seems to be 2–3 times higher 
than non-diabetic subjects. It is a potentially fatal, chronic disease, whose risks can be prevented 
by better management of known risks and lifestyle changes. Inflammation, oxidative stress, hyper-
glycemia, endothelial dysfunction, altered hemorheology and hyper-platelet and coagulation acti-
vation pathways, seem to contribute significantly to the clinical complications of type-2 diabetes. 
In this article, we provide a brief overview on, vascular dysfunction, platelet biochemistry, physi-
ology and altered function, as it relates to the clinical complications of adult on-set diabetes. 

Keywords: Diabetes, Hyperglycemia, Vascular dysfunction, Platelets physiology, Platelet dysfunction

Introduction

Number of adults with type-2 diabetes has reached 450 million worldwide and has quadru-
pled from 1980 to 2014. A pooled analysis of 751 population-based studies by NCD Risk Factor 
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Collaboration (NCD-RisC) concludes, that with increasing population growth and ageing, if 
post 2000 trends in incidence of diabetes continue, the probability of meeting the global target 
of halting the rise in the prevalence of diabetes by 2025–2010 levels worldwide, is lower than 1% 
[The Lancet 387:1513–30, 2016]. It is a pretty dim conclusion, but is based on extensive popula-
tion-based comparative studies worldwide. Most populous nations like India and China (China 
already has achieved that position) are competing for the number one position in terms of inci-
dence of type-2 diabetes. According to International Diabetes Federation (www.diabetesatlas.
org), India has an estimated 70 million diabetics and an equal or larger number of pre-diabetics 
[1, 2]. Diabetes related clinical complications includes, coronary artery disease, cerebrovascular 
disease, diabetic nephropathy, neuropathy and retinopathy. In our opinion, all of these clinical 
complications are caused by altered vascular function, including the endothelial dysfunction as 
well as dysfunction of circulating blood cells [3–11]. In this overview, we discuss altered function 
of platelets in type-2 diabetic subjects and their role in the progression of clinical complications 
leading to acute vascular events or end organ failure.

Over 100 years ago, Professor Bizzozero from Turin University, Italy, described the function 
of circulating platelets. He observed them in circulating blood of living animals and in the blood 
removed from the blood vessels. In well-planned experiments, he demonstrated that they were 
the first components of the blood, to adhere to injured blood vessel in vivo and in vitro [12]. 
Since that time considerable progress has been made in our understanding of how platelet works 
in hemostasis and thrombosis. In spite of this collective knowledge, there still exist gaps in our 
understanding of platelet function or dysfunction in cardiometabolic diseases. Platelets circulat-
ing in blood interact with a variety of soluble agonists, such as adenosine diphosphate (ADP), 
epinephrine, many insoluble cell matrix components, including fibronectin, collagen, laminin, 
and biomaterials used for the construction of implantable medical devices [2, 13]. They play a crit-
ical role in the recognition of vascular injury, formation of effective hemostatic plugs, retraction 
of clots and wound healing. When hyperactive, they can initiate events leading to many clinical 
complications associated with acute cardiovascular and cerebrovascular events. 

Platelet Activation

Although they circulate as single entities, they can interact and form aggregates with the slight-
est stimulation. The degree of activation depends on the strength of the activating stimuli and 
the nature of the surface or the information available (sequence of amino acids) on the surface 
of interaction. For instance, Laminin and type 1 V collagen are major components of tumors. 
Platelets form a monolayer on type 1 V collagen, whereas they just anchor on laminin with 
minimal activation. On the other hand, metastatic tumor cells seem to be rich with fibronectin, 
which elicits spreading of cells. Triple-helical type-3 collagen facilitates aggregation as well as 
secretion of granule contents. Circulating blood has large quantities of fibrinogen, yet the plate-
lets do not interact with soluble fibrinogen. They do not recognize the characteristic RGD (argi-
nine, glycine, aspartic acid) sequence of amino acids on fibrinogen. However, once the glyco-
protein (GP) 11b/111a receptor is activated, platelets can bind to the RGD sequence and form  
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aggregates. On the other hand, if the fibrinogen is bound on a surface, then the RGD sequences 
are exposed and are available for the GP11b/111a receptor for interaction. Similarly, at low shear 
rate for instance in venous circulation, thrombus will be fibrin-rich, whereas, in arterial circula-
tion at high shear the thrombus will be platelet-rich. It is important to understand these subtle 
differences in the activation mechanisms, in order to develop effective anti-platelet or anti-throm-
botic therapies. 

Since the time O’Brien and Born described some 50 years ago, light transmission aggregom-
etry remains the reference method for measurement of platelet function [14, 15]. Four distinct 
phases of activation are recognized: (1) development of stickiness; (2) shape change; (3) contrac-
tion and secretion of granule contents; (4) irreversible aggregation. The exact biochemical mech-
anisms involved in the first two phases of platelet activation (development of stickiness and shape 
change) are not known. 

Major biochemical events associated with ligand binding to specific membrane associated 
receptors, activation of receptors, transmembrane signal transduction, formation of second mes-
sengers, cytosolic calcium mobilization, release of arachidonic acid, generation of thromboxanes, 
assembly of filamentous actin, contraction, secretion of granule contents and irreversible aggrega-
tion have been described by several researchers [16–25]. Vessel wall injury brings similar response 
in platelets. In order to arrest bleeding, platelets undergo shape change, mobilize calcium, assem-
ble actin, and cover the injured surface and form an effective hemostatic plug (Fig. 1). 

Platelet Morphology and Biochemistry 

Platelets have a discoid form in their resting state. This shape helps them to circulate close to the 
vicinity of the vessel wall and detect areas of vascular injury. James G White a pioneer of platelet  

Fig. 1: Agonist induced irreversible 
aggregation and release of ADP and 
serotonin (an example of cell-cell 
interaction).
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ultrastructure biology from University of Minnesota, has divided the platelet structure and 
anatomy into distinct zones. The peripheral zone consists of membranes and closely associated 
structures like receptors, and an exterior coat of glycocalyx, which is rich in glycoproteins. The 
middle layer of the peripheral zone is rich in phospholipids. More than 15% of the dry weight of 
platelets is lipid of which 80% is phospholipid. Major lipids include: cholesterol (30.8%), phos-
phatidylcholine (26.3%) phosphatidylethanolamine (8.6%), sphingomyelin (11.6%), phosphati-
dylserine (6.6%) and phosphatidylinositol (2.7%). In a recent study researchers at the University 
of Cardiff, UK, have identified over 8000 species of lipids in platelets [26]. Agonist mediated acti-
vation of platelets is associated with changes in membrane lipids, and formation of bioactive lipids 
(second messengers), which play an essential role in hemostasis and thrombosis.

The membrane system plays a major role in platelet physiology and function. The dense 
tubular system (DTS) has been shown to be the site of releasable calcium store, an important 
modulator of platelet activation. The DTS is also the site where enzymes involved in prostaglandin 
synthesis are localized [27]. The surface connected canalicular system provides access to the inte-
rior for plasma borne substances and serves as a conduit for products secreted during the release 
reaction [28]. 

Platelet plasma membranes contain transmembrane proteins as well as glycoprotein-rich 
domains. Glycoproteins are embedded in the lipid bilayer. Platelets contain integrin as well as 
non-integrin domains [29]. Integrins are transmembrane glycoproteins with alpha and beta 
subunits coupled non-covalently (GP11b/111a, GP1a/11a) GP1c/11a). They participate in both 
cell-cell and cell-matrix interactions (Fig. 2). Platelets also have non-integrin domains capable of 
binding other proteins such as collagen and von Willebrand Factor (GP1V, GP1b1X). 

Platelet Physiology and Function

Circulating platelets interact with a variety of soluble agonists as well as cell matrix components 
exposed at vessel wall injury sites. These interactions stimulate specific membrane receptors and 

Fig. 2: Platelet interaction 
with blood vessel wall (cell-
surface interaction) (Courtesy: 
James G. White).
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glycoprotein-rich domains (integrin and non-integrin) on the plasma membrane and lead to the 
activation of intracellular enzymes [24]. The majority of cellular and molecular regulatory events 
seem to require participation of ionized calcium. Studies from our laboratory at the University of 
Minnesota, using calcium specific fluorophores (Quin-2 AM, Fura-2), demonstrated the role of 
ionized calcium and formation of assembled actin, in platelet activation, contraction and release 
reaction [30–35]. Major enzymes that regulate the free cytosolic calcium levels via second mes-
sengers include, Phospholipase C (PLC), phospholipase A2, and phospholipase D, together with 
adenylyl and guanylyl cyclases (Fig. 3).

Agonist interaction with the receptor results in the activation of PLC via transmembrane 
signaling through hydrolysis of GTP to GDP. Platelets contain monomeric low molecular weight 
G proteins as well as heteromeric membrane associated G-proteins. GTP binding to the alpha 
subunit of G proteins facilitates the interaction with effector enzymes. Activation of PLC results 
in the hydrolysis of phosphatidylinositol 4,5 bisphosphate (PIP2) and formation of second mes-
sengers, 1, 2-diacylglycerol (DAG) and 1,4,5-inositol trisphosphate (IP3). Diglyceride activates 
protein kinase C (PKC), induces translocation of cytosolic PKC to membranes, whereas IP3 mobi-
lizes calcium from internal stores [32]. Elevated cytosolic calcium is also essential for the assembly 
of filamentous actin from its native soluble form. It also plays a major role in contraction and 
secretion of granule contents. 

Elevation of cytosolic calcium activates phospholipase A2 and liberates arachidonic acid (AA) 
from membrane phospholipids (Fig. 4). Free arachidonic acid is transformed by cyclooxygenase 
(COX) to prostaglandin (PG) endoperoxides PGG2

 and PGH2 (Fig. 5). These transient metabolites 
are further transformed to thromboxane A2 in platelets. Thromboxane is the major metabolite of 
this pathway and plays a significant role in platelet recruitment, granule mobilization, and secre-
tion. Cyclic endoperoxides also are potent vasoconstrictors and potent platelet agonists. 

Fig. 3: Signal transduction and 
platelet activation mechanisms.
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Elevation of cytosolic calcium activates phospholipase A2and liberates arachidonic 
acid (AA) from membrane phospholipids (Fig. 18.4). Free arachidonic acid is trans-
formed by cyclooxygenase (COX) to prostaglandin (PG) endoperoxides PGG2and 
PGH2 (Fig. 18.5). These transient metabolites are further transformed to thromboxane 
A2in platelets. Thromboxane is the major metabolite of this pathway and plays a sig-
nificant role in platelet recruitment, granule mobilization, and secretion. Cyclic endo-
peroxides also are potent vasoconstrictors and potent platelet agonists.

Similar to this metabolic pathway, the endothelial cells also generate vasoactive 
compounds from substrate arachidonic acid. Unlike platelets, the EC produces 

Fig. 18.3 Signal transduction and platelet activation mechanisms

Fig. 18.4 Arachidonic acid metabolism by cyclooxygenase and lipoxygenase enzymes
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Similar to this metabolic pathway, the endothelial cells also generate vasoactive compounds 
from substrate arachidonic acid. Unlike platelets, the EC produces vasodilatory prostacyclins 
(PGI2) from PG endoperoxides. These transient bioactive metabolites of AA can be utilized 
by platelets as well as vessel wall ECs to generate, thromboxane or prostacyclin. In view of this 
possibility, earlier studies focused on this aspect of cellular AA metabolism, to manage plate-
let hyper function, hoping that they could preferentially lower the production of proaggregatory  

Fig. 4: Arachidonic acid metabolism by cyclooxygenase and lipoxygenase enzymes.

Fig. 5: Arachidonic acid metabolism by cyclooxygenase enzymes.
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PGH2 (Fig. 18.5). These transient metabolites are further transformed to thromboxane 
A2in platelets. Thromboxane is the major metabolite of this pathway and plays a sig-
nificant role in platelet recruitment, granule mobilization, and secretion. Cyclic endo-
peroxides also are potent vasoconstrictors and potent platelet agonists.

Similar to this metabolic pathway, the endothelial cells also generate vasoactive 
compounds from substrate arachidonic acid. Unlike platelets, the EC produces 

Fig. 18.3 Signal transduction and platelet activation mechanisms

Fig. 18.4 Arachidonic acid metabolism by cyclooxygenase and lipoxygenase enzymes
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thromboxanes and increase the generation of vascular prostacyclin. Use of low dose aspirin and 
transdermal aspirin to achieve these goals, did not yield successful results. 

Majority of the platelet agonists, initiate platelet activation via specific receptor mediated 
stimulation. Having said that, we should point out, that platelets have multiple mechanisms for 
activation. For instance, thrombin a protease cleaves a part of the thrombin receptor, generates 
thrombin receptor activation protein (TRAP), a potent agonist of platelet aggregation and pro-
moter of release reaction. Similarly, various cell matrix components interact with specific domains 
on the membrane, induce platelet activation. It is generally believed, that in spite of the multiple 
activating mechanisms, the sequence of events that follow platelet stimulation, are common and 
are aimed at achieving GP11b/111a activation, fibrinogen binding, calcium mobilization, actin 
assembly, contraction and release of granule contents. Secretory granules contain a variety of 
growth factors, mitogens, and inflammatory mediators. Secretion of granules, promote expres-
sion of adhesion molecules (P-selectin) on the platelet membranes. Platelet activation also pro-
motes expression of acidic lipids and tissue factor on the membranes, thus making these cells 
procoagulant. Platelet activation and changes in membrane composition promotes stimulation 
of prothrombinase and formation of thrombin. Fully activated platelets can activate coagulation 
pathways; modulate the function of other circulating blood cells such as leukocytes, monocytes, 
and macrophages as well as endothelial cells. Agonist induced stimulation of platelets promote the 
expression of an epitope on GP11b/111a receptors. Activation of this receptor is essential for the 
binding of circulating fibrinogen, which promotes aggregation, thrombus formation and growth 
[36]. von Willebrand Factor (vWF) binds platelet GP1b1X complex only at high shear rate. Unlike 
GP11b/111a receptor, GP1b1X receptor does not need activation to bind vWF, the globular 
protein changes its confirmation at high shear and binds the GP1b1X complex. Up-regulation in 
signaling pathways will increase the risk for clinical complications associated with acute coronary 
events. Down-regulation of signaling pathways may precipitate bleeding diathesis or promote 
hemorrhagic stroke. 

Vascular Dysfunction 

As mentioned earlier, we feel strongly that altered vessel wall pathology and that of blood cells play 
a significant role in the major clinical complications associated with the progression of type-2 dia-
betes. Therefore, it is important to consider not only altered blood cell physiology and function, 
but also the impact of vascular dysfunction. Functional and structural changes in the arterial wall 
precede the development of atherosclerosis, obstructive coronary artery disease, as well as serve 
as an early marker for hypertensive disease. Function and structural changes of vascular endothe-
lial cells (ECs) are modulated by a variety of thrombogenic factors as well as anti-thrombogenic 
factors. Some of the vasoactive compounds, released by the ECs include adenosine, prostacyclin, 
and nitric oxide and vasoconstrictory molecules such as cyclooxygenase derived PG endoperox-
ides, endothelium dependent constriction factor (EDRF), hypoxia-induced endothelium depen-
dent constriction factor. In addition, lipid peroxides, oxidized lipids, and lipoproteins promote 
the formation of vasoconstrictors from circulating platelets. These lipid peroxides inhibit enzymes 
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that promote the formation of vasodilators by the healthy endothelium and lower the produc-
tion of vasodilators. Alterations in the balance between platelet associated vasoconstrictors and 
EC-derived vasodilators result in vascular dysfunction [4]. This is probably the earliest stage at 
which one can detect the manifestation of the arterial dysfunction, hypertension and athero-
sclerosis. One can use acetylcholine, L-arginine, or nitric oxide synthase inhibitor LNNMA and 
monitor the flow response to determine the degree of EC dysfunction. Alternately, one can use CV 
Profilor (DO-2020: Hypertension Diagnostics, Eagan Minnesota) or Periscope (Genesis Medical 
Systems, Hyderabad) or the system by Endothelix Inc., (Houston, Texas) for monitoring arterial 
stiffness. There are numerous developments in the use of ultrasound scanning technology for 
monitoring the progression and management of atherosclerosis [37–39]. 

Hemorheology and Vascular Dysfunction 

Blood flow velocity and pressure in large arteries are largely influenced by the deformability of the 
vessel as well as the deformability of the blood cells. In addition to variety of blood constituents 
in the plasma (soluble and suspended), the cellular components as well as their rheological prop-
erties play major role as determinants of blood fluidity and viscosity. Red blood cells (RBCs) are 
major determinants of this effect. Considering the size difference in platelets and red cells (Fig. 6), 
any changes in membrane fluidity of the RBCs will cause obstruction in the flow of blood in the 
microvasculature. Therefore, deformation and orientation are the primary cellular factors affect-
ing blood viscosity and flow velocity at high shear rates. Studies from our laboratory have devel-
oped a novel method to follow cellular deformability [40]. We have demonstrated that common 
drug, aspirin affects the deformability of platelet membranes and promotes adhesion of platelets 
to the vessel walls whereas, epinephrine reverses the effect of aspirin on platelet membranes. It is 
well known that the red blood cells change their shape to a parachute-like shape to move through 
the capillaries. Any alteration of the fluidity of cell membranes will hinder the flow of blood in 
microcirculation.

Fig. 6: Electron photomicrograph of a 
platelet and a red cell (courtesy: James 
G White).
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Altered Circulating Blood Components 

When we say that vascular pathology contributes significantly to the clinical complications of 
type-2 diabetes, it not only means the vascular dysfunction, but also includes, altered state of 
the circulating blood and its components. Known alterations include, inflammation, oxidative 
stress, elevated insulin levels, insulin resistance, elevated blood glucose, glycated or glycosylated 
proteins, altered vessel wall compliance, altered rheology of blood cells, imbalance in cellular acti-
vation mechanisms and coagulation pathways, changes in flow dynamics, loss of blood supply, 
nerve and tissue damage. Although these alterations have been reported as contributing factors 
to observed vascular and blood cell dysfunctions, exact role of many of these risk factors have not 
been validated. 

Many investigators have attempted to correlate in vitro functional response of platelets to clin-
ical manifestations of thrombotic or bleeding episodes. Yet, it remains a difficult task to establish 
a clear relationship between specific functional responses and their role in hemostasis and throm-
bosis. However, the presence of functional glycoprotein receptors, and the ability of the platelets to 
undergo shape change, become sticky, spread, irreversibly aggregate and release granule contents, 
are considered essential for normal hemostatic function. 

Blood flow velocity and flow dynamics is a complex process, combines the fluid shearing in 
both the plasma and interior of red cells with elastic deformation of blood’s other solid elements. 
As we have mentioned earlier, red cell membranes are the major contributors for this altered flow 
dynamics, however even platelets and other white cells also contribute to the altered flow [41, 42]. 
Elevated blood glucose has been shown to contribute significantly to the whole blood viscosity, 
erythrocyte deformability and aggregation [43]. Several researchers have demonstrated a role for 
altered blood and blood cell rheology in the progress of diabetic microangiopathy. They also have 
noted alterations in whole blood viscosity, plasma viscosity, increase in red cell 2, 3-DPG levels, 
elevated platelet adhesion and aggregation [44]. 

Infection, Inflammation and Oxidative Stress 

Elevated blood glucose is the hallmark of progressive diabetic condition and this condition also 
supports the growth of opportunistic bacteria. It has been shown that Mycobacterium avium can 
induce apoptosis and leak of lysosomal contents and thus initiate inflammation and oxidative 
stress [45]. Various inflammatory diseases and soft tissue pathologies in oral cavities are associated 
with diabetes mellitus [46]. Studies at the University of Minnesota have demonstrated that platelet 
activation; aggregation and thrombosis can be initiated by platelet-associated activation protein 
(PAAP) expressed on oral plaque bacteria, including Streptococcus sanguis and Porphyromonas 
gingivalis [47, 48]. Diabetes-induced changes in immune cell function produce an inflammatory 
immune cell phenotype (up-regulation of pro-inflammatory cytokines from monocytes, leuko-
cytes and down regulation of growth factors from macrophages). This predisposes to chronic 
inflammation, progressive tissue breakdown, and diminished tissue repair capacity [48–50]. Twin 
epidemics of diabetes and coronary artery disease fit the hypothesis of “common soil”, when it 
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comes to the role of low-grade inflammation [51–53]. In view of the fact that excess weight and 
obesity is associated with low-grade inflammation; there is considerable interest in the role of 
inflammation in the pathophysiology of diabetes. Contrary to these observations, a U.S. study of 
adults did not show any support to the hypotheses, that inflammation is an etiologic factor for 
diabetes [53]. Similar to the above mentioned hypothesis, oxidative stress has been implicated as 
a unifying hypothesis linking various molecular disorders of type-2 diabetes [54, 55]. Studies with 
antioxidants like vitamin E have failed to demonstrate convincing beneficial effects of antioxi-
dants [56]. Effect of various antioxidants needs further exploration. 

Hyperglycemia and Clinical Complications of Diabetes 

Chronic hyperglycemia leads to long-term macro vascular and micro vascular complications. 
Glycosylation refers to the covalent bonding of blood glucose to the hemoglobin of red cells [57]. 
Increased amount and duration of glucose in the blood allows glycosylation of not only hemoglo-
bin, but also with other important proteins having reactive amino groups. Such glycosylation of 
proteins can affect cell function and structure. This condition seems to target tissues that are not 
dependent on insulin for their absorption of glucose (kidneys, blood vessels, peripheral nerves 
and lenses of the eye). Elevated glucose levels have been shown to enhance platelet activation [58]. 
Researchers used 5, 15 and 30 mmol/l glucose and conducted in vitro studies. Platelet activation 
was monitored by whole blood flow cytometry. Elevated levels of glucose enhanced ADP and 
TRAP induced expression of P-selectin as well as fibrinogen binding to platelets. Blockade of 
cyclooxygenase, phosphatidylinositol-3 (PI3) kinase, or nitric oxide synthase did not influence 
the effect of hyperglycemia. Using an ex vivo extracorporeal perfusion protocol, researchers mon-
itored platelet-dependent thrombosis (PDT) in 42 patients with stable CAD [59]. Similar to the 
earlier studies, flow cytometry was used to monitor platelet activation. They found that PDT was 
significantly greater in patients with elevated blood glucose. There are several studies pointing to 
the ill effects of hyperglycemia and a variety of dysfunctions caused by this imbalance, however 
what is not clear is the exact role of hyperglycemia in the alteration of various cellular activation 
mechanisms and the entire coagulation pathway. 

Insulin on the other hand, seems to sensitize the platelets to PGI2 and enhance the generation 
of PGI2 and nitric oxide [60]. Hyperglycemia and insulin resistance inhibit production of nitric 
oxide (NO) by blocking endothelial cell nitric oxide synthase (eNOS) in ECs, thereby impairing 
NO-mediated vasodilation, increasing production of reactive oxygen species (ROS) especially 
superoxide anions (O2−). Superoxide quenches NO by forming toxic peroxynitrite ion, which 
uncouples eNOS. In addition to these mechanisms, vasoconstriction is promoted by production 
of angiotensin, which stimulates the generation of ROS and leads to endothelial dysfunction and 
inflammation. 

Endothelial cells also are exposed to altered concentrations of circulating metabolites as well 
as glucose and therefore, are likely to be involved in the precipitation of chronic complications of 
the disease [61]. There is some speculation that hyperglycemia-induced polyol pathway hyperac-
tivity associated with nerve sorbitol accumulation and myo-inositol depletion, may play a part in 
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the genesis of diabetic neuropathy [62]. When discussing hyperglycemia mediated dysfunctions 
of vascular endothelium, platelets or red cells, one should take into account that most data avail-
able are derived from experiments done in in vitro studies and are carried out in conditions not 
closely related to what is seen in in vivo conditions, and as such the results reported may be quite 
contradictory. Although we talk about glycation, glycosylation and glycosylated proteins, we do 
not know very much about how this process modifies the structure and function of proteins, vas-
cular ECs and circulating blood cells. There is a great need to study the effect of hyperglycemia 
and hyperinsulinemia on initiation and progression of diabetes pathophysiology.

Altered Platelet Physiology and Function 

Researchers from several laboratories have demonstrated hyper aggregability of platelets in 
response to agonists in subjects with diabetes with or without vascular disease [63–77]. The 
increased sensitivity to agonists is attributed to elevated levels of von Willebrand Factor (vWF). 
Platelets of patients with diabetes are more responsive to the arachidonic acid (AA) stimulation 
than platelets from normal subjects. Aspirin abolishes the increased response of platelet to AA, 
suggesting that cyclooxygenase metabolites of AA are responsible for increased aggregation 
response of platelets in diabetic subjects. They concluded that platelets of patients with diabe-
tes have increased prostaglandin synthase activity and a PGE2-like material was responsible for 
hyperactivity of platelets [63]. Gensini and associates showed that changes of platelet function 
in diabetics existed even in pre-diabetic conditions [66]. In view of the fact that thrombin and 
arachidonic acid stimulation of platelets resulted in elevated levels of malondialdehyde, they spec-
ulated increased endoperoxides-thromboxane forming activity in platelets of subjects with diabe-
tes. They also found hypercoagulable condition in diabetics. Professor Barry Coller and associates 
studied diabetics with and without retinopathy and found that hemoglobin A1c was elevated in all 
diabetic patients [67]. Whereas fibrinogen was elevated, only in diabetic subjects with retinopa-
thy. They concluded from their studies that elevated levels of fibrinogen and vWF (promoters of 
venous and arterial thrombosis respectively), recognized plasma cofactors of platelet function, are 
associated with proliferative diabetic retinopathy. Eldor et al. developed a rat model for diabetes 
with streptozotocin and demonstrated altered platelet function and its reversal by washing the 
plasma off the platelet suspensions, suggesting that the components responsible for platelet hyper-
function were plasma factors [65].

Altered Eicosanoid Metabolism in Diabetes

Studies from our laboratories at the University of Minnesota demonstrated increased prostaglan-
din production by stimulated platelets from streptozotocin treated rats. On the other hand, the 
vessel wall production of prostacyclin was significantly reduced in these rats. This imbalance in 
the production of platelet thromboxanes and vessel wall prostacyclin was normalized by islet cell 
transplantation [4]. Di Mino et al. have suggested on the basis of their work that increased fibrino-
gen binding and aggregation of platelets from diabetic subjects in response to agonists is mediated  
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by increased formation of PGH2 and thromboxane [71]. In spite of the fact several studies have 
demonstrated such altered arachidonic acid metabolism in diabetic subjects, a study from 
Alessandrini et al. could not find increased urinary metabolites of thromboxane B2 in diabetic 
patients (type-1) with or without retinopathy [78]. Davi et al. did similar studies with type-2 dia-
betic subjects and as in earlier studies, did not find significant difference in urinary metabolites 
of thromboxane B2 between diabetics and normal subjects. They concluded that in type-2 diabe-
tes, increased urinary 11-dehydro-thromboxane B2 excretion reflects enhanced biosynthesis of 
thromboxane A2 by platelets, rather than a shift in its metabolic disposition [75]. Contrary to this 
observation, in patients with coronary artery or cerebral artery disease, researchers have found 
significant correlation between excess urinary metabolites of TXB2 and risk for acute vascular 
events [79]. Professor Carlo Patrono and associates from Italy have described the presence of 
aspirin insensitive thromboxane biosynthesis under oxidant stress in severe unstable angina [80]. 
Since diabetics also are supposed to be under chronic oxidative stress, availability of aspirin insen-
sitive thromboxane synthase cannot be ruled out. Several studies have reported hyperglycemia 
induced oxidative stress and increased production of superoxide by blood cells [82, 83]. 

Platelet Hypersensitivity in Diabetes

Over three decades of studies on diabetic subjects have documented a hyper aggregable state of 
platelets and red cells in patients with chronic diabetes mellitus. However, all attempts to make a 
case for infection, inflammation, oxidative stress, altered blood cell rheology, vascular dysfunc-
tion, elevated arachidonic acid metabolism, altered calcium homeostasis, expression of excess 
integrin receptors like GP 11b/111a and GP1b1X, to explain altered platelet function and ele-
vated thrombotic status of blood, have failed to impress the clinicians, who have to manage this 
chronic disease and its clinical complications. Having said that, if we look at the way clinicians by 
and large treat patients with this disease, it is more or less confined to the management of blood 
glucose levels and in some cases hemoglobin A1c (HbA1c). There is still a window of opportunity to 
look at better management of each and every one of these risk factors. At the time of this writing, 
we still do not fully understand as to how exactly increased levels of blood glucose, glycation 
and glycosylation induce so many dysfunctions related to diabetes condition. The relationship 
between macroangiopathy and fasting plasma glucose or HbA1c is weaker than that observed with 
microangiopathy. Plasma glucose or HbA1c alone are unable to thoroughly explain hyperglyce-
mia-mediated disorders of diabetes [81–83]. Several studies have reported relevance of post-pran-
dial glucose levels as well as hyperglycemia on free radical generation and oxidative stress [81, 82]. 
Lipid peroxidation is an oxidative process, which occurs at relatively low levels in cells and tissues. 
Generation of free radicals also is a normal physiological process. To some extent these processes 
are regulated by the endogenous enzymatic and non-enzymatic antioxidants. Hyperglycemia 
mediated complications as they relate to microangiopathy may be explained to some extent by the 
known effect of increased blood glucose level on hemorheology. The results of Diabetes Control 
and Complications Trial (DCCT) in which tight control of blood glucose was one of the primary 
goals, reveals the beneficial effect of tight glycemic control on micro vascular health. A 10-year 
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follow up of over 1000 individuals, demonstrated 76% reduction in retinopathy, 50% reduction in 
nephropathy and 60% reduction in neuropathy [84]. In a comparative study of type-1 and type-2 
diabetic patients, researchers demonstrated a relationship between the antioxidant statuses of the 
platelets with elevation or otherwise of eicosanoid metabolism. They found that basal thrombox-
ane levels significantly increased in both type-1 and type-2 diabetic subjects, while malondialde-
hyde was increased only in type-2 subjects. Vitamin E and glutathione peroxidase activities were 
lower in patients with diabetes [85]. They concluded that platelet hyper activation was detectable 
in well-controlled diabetic patients without any clinical complications. Researchers from Belgium 
have studied blood levels of antioxidants, peroxides and malondialdehyde (MDA) of diabetic sub-
jects as well as age matched healthy control subjects. In their studies they found that diabetic 
subjects had lower platelet glutathione and higher MDA [86]. Following this logic, Hill et al. from 
the University of Minnesota, studied the role of glutathione in platelet function and reported 
platelet hypersensitivity induced by 1-chloro-2,4-dinitrobenzene, hydroperoxides, inhibitors of 
lipoxygenase and glutathione depleting agents [87–89]. They further demonstrated, that the glu-
tathione deficient platelets upon stimulation by arachidonic acid produce increased quantities 
of thromboxane and therefore, are hyperactive [89]. Radha and associates from the same group 
described a circadian rhythm in platelet glutathione levels [90]. Studies from the University of 
Minnesota on the role of glutathione inducing platelet dysfunction demonstrate, that lower anti-
oxidant status in platelets, predisposes them to hypersensitivity to the action of arachidonic acid 
and promotes generation of increased quantities of PG endoperoxides. Similar studies on platelets 
of diabetic subjects also have shown increased level of basal Ca2+ (an indicator of activation), well 
as alteration in calcium homeostasis [91, 92]. 

Hyperglycemia, to a large extent exists together with hyperinsulinemia and insulin resistance 
in type-2 diabetes. Effect of insulin on platelet function is poorly understood. In age matched 
insulin resistant individuals, researchers have found increased platelet activity, suggesting that 
defects in insulin signal cause platelet hypersensitivity and altered calcium homeostasis [92]. 
Insulin is known to inhibit agonist mediated cytosolic calcium mobilization. On the other hand, 
epinephrine is known to enhance the sensitivity of platelet to activating agents by reducing the 
levels of cAMP and thereby antagonizing the effect of insulin. Elevation of plasma glucose is the 
main trigger for the pulsatile release of insulin to the blood. Other signals of signaling pathways 
that increase cytosolic calcium also release insulin. For instance the receptors coupled to hetero-
trimeric GTP binding proteins that stimulate PLC to produce second messengers DAG and IP3 
in platelets, also can release insulin. As mentioned before, the insulin story as it relates to platelet 
dysfunction is poorly understood. 

Now that we have briefly covered hyperglycemia, role of insulin, altered eicosanoid metab-
olism and platelet dysfunction, we need to discuss mechanisms independent of these established 
pathways of platelet activation. Studies from our laboratory using platelets devoid of dense gran-
ules, demonstrated that platelet aggregation could be achieved independent of released ADP 
[93, 94]. Furthermore, using platelets from patients devoid of cyclooxygenase, we demonstrated 
that platelet aggregation could be achieved independent of ADP or prostaglandin synthesis [95]. 
In view of these observations further studies were conducted to demonstrate that irreversible  
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aggregation could be achieved in aspirin treated platelets with epinephrine as the potentiator 
of agonist action [96, 97, 98]. Our studies also demonstrated that epinephrine potentiates the 
action of all agonists in drug-induced refractory platelets by a mechanism, described as “mem-
brane modulation” [98]. We were able to demonstrate in a series of studies, that platelet aggre-
gation depends upon the availability of activated GP11b/111a receptor and fibrinogen binding. 
We further demonstrated that so called, irreversibly aggregated platelets, could be disaggregated 
by using agents, which elevate AMP or cGMP and lowered cytosolic calcium [99]. These disag-
gregated cells could be again reaggregated, by using a combination of agents such as epinephrine 
and AA or epinephrine and ADP. These cycles of aggregation were accomplished by promoting 
fibrinogen binding to GP11b/111a receptors, phosphorylation of cytoskeletal proteins, whereas 
disaggregation was followed by dissociation of bound fibrinogen, dephosphorylation of cytoskel-
etal proteins [100]. 

We have earlier discussed the subtle nuances related to platelet interaction with fibrinogen. 
Platelets need activation of GP11b/111a receptor to find the RGD sequence and bind fibrinogen in 
suspension. They do not need this receptor activation, to find this sequence on fibrinogen, which 
is bound on a surface or on injured vessel wall. We were able to demonstrate this phenomenon 
in a series of experiments using denuded rabbit aorta exposed to circulating human blood. Our 
studies demonstrated that common anti platelet drugs inhibit cell-cell interaction (aggregate for-
mation and thrombus growth) but not cell-surface interactions or in other words platelet vessel 
wall interactions [101, 102]. These studies further emphasize the complexities of platelet activation 
mechanisms and the difficulties one encounters in the management of platelet hyper function.

Wound Healing and Platelet Function 

Platelets of type-2 diabetic subjects have been shown to be hyper sensitive to the action of ago-
nists. Increased platelet reactivity has been attributed, to hyperglycemia, increased levels of 
insulin, insulin resistance, insulin deficiency, altered blood rheology, chronic inflammation, oxi-
dative stress, endothelial dysfunction, increased expression of integrin receptors, altered arachi-
donic acid metabolism and platelet hyperfunction [103]. In view of these observations, explaining 
the role of platelets in wound healing especially in diabetic foot ulcers (DFU) becomes compli-
cated. Studies by Knighton and associates at the University of Minnesota for the first time demon-
strated, a role for platelets and platelet derived growth factor in wound healing [104, 105]. They 
used autologous platelet derived wound healing factors (PDWHF) from healthy subjects with 
non healable wounds and diabetic subjects with foot ulcers. In these studies, they demonstrated 
100% healing of wounds in about 10 weeks time. Since they demonstrated that locally acting 
growth factors promote the healing process, these findings suggest unavailability of these factors 
at the site of the non-healing wound. These studies also suggest that the platelets of patients 
with diabetes do contain releasable platelet derived growth factors. Based on the results of these 
studies, one can conclude that diabetic foot ulcers are non healable because of poor circulation 
and lack of platelets at the wound healing sites. Indirect evidence from studies in which, ability of 
trans membrane delivery of nitric oxide have been shown to accelerate the healing process, also  
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suggests the beneficial effect of improved circulation in wound healing. Portable NO genera-
tors have been developed for therapeutic purposes (Sci. Transl. Med. 2015, 7:294). Yet another 
evidence that supports this hypothesis is the use of hyperbaric oxygen therapy for healing dia-
betic foot ulcers. Hyperbaric oxygen therapy is known to increase regional blood flow. Since 
the role of NO is well established, it is worth trying various NO generating mechanisms such 
as use of substrate L-arginine, or platinum nanoparticles or herbal products for wound healing  
applications [106, 107]. 

Management of Platelet Dysfunction in Diabetics 

One of the major factors contributing to the increased activity of platelets in diabetics is the elevated 
production of platelet thromboxane. Studies of Patrignani et al. demonstrated selective cumulative 
inhibition of thromboxane production by low dose aspirin in healthy subjects [108]. They also 
showed that this cumulative inhibition of the platelet enzyme did not inhibit the enzymes of renal 
PGI2 producing cells. Similar studies by Davi et al. did not show any such effect in the platelets of 
diabetics [77]. During the early years of eicosanoid research, there was considerable interest in the 
use of altered eicosanoid synthesis in the management of platelet hyper function. It was believed 
that one could preferentially facilitate the production of increased PGI2 from ECs and lower the 
production of platelet TXA2. Earlier studies had demonstrated that the transient endoperoxides 
PGG2 and PGH2 could be used by platelets to make TXA2 whereas; the vessel wall ECs could use 
them to make PGI2. It was speculated that a low dose of aspirin would preferentially suppress plate-
let production of TXA2 and spare the COX enzymes in ECs to produce normal amounts of PGI2. 

In addition to this concept, use of eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA) also were recommended for the management of platelet hyper function. The idea 
behind this recommendation was that these fatty acids upon conversion were supposed to gen-
erate triene-Thromboxane (TXA3) and tetraene-Thromboxane (TXA4), instead of diene-TXA2. 
Furthermore, it was speculated at that time, that the TXA of the 3 and 4 series were less potent 
stimulators of platelets, compared to TXA2. Furthermore, it was speculated that the triene-PGI3 
and tetraene-PGI4 were biologically as active as PGI2. Studies from our laboratory demonstrated 
that AA is the preferred substrate for platelet COX enzymes and not much conversion of EPA and 
DHA occurs from platelet COX enzymes [109, 110]. Nagakawa et al. on the other hand, adminis-
tered 2 g/per day of EPA and found increased ratio of EPA to AA in plasma and platelet phospho-
lipids. They found a decrease in platelet aggregation following EPA consumption [111]. Terano 
et al. used purified EPA in healthy subjects and found improvement in erythrocyte deformability 
as well as platelet function [112]. Woodman et al. found highly purified DHA to be more effective 
anti-thrombotic agent than EPA [113]. Studies by Phang et al. demonstrated a differential effect 
of these Omega-three fatty acids on men and women tested [114]. In their studies they found that 
both in men and women EPA and DHA reduced platelet aggregation relative to placebo. In sub-
group analyses in men, only EPA treatment reduced platelet aggregation. In contrast in women 
only the DHA treatment reduced platelet aggregation. In spite of these observations, clinicians do 
not use Omega three fatty acids as one of the anti platelet or antithrombotic therapeutic modality. 
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Antiplatelet Therapies

Aspirin seems to be the drug of choice for antiplatelet therapy, for both primary and secondary pre-
vention of acute vascular events [115–117]. Those individuals who have undergone interventional 
procedures, such as angioplasty or coronary bypass surgery, may need dual antiplatelet therapy 
(combination of aspirin and clopidogrel). The American Diabetes Association (ADA) has a posi-
tion statement on "Aspirin Therapy in Diabetes" [118]. According to ADA recommendations, low 
dose aspirin therapy should be prescribed as a secondary prevention strategy. However, they also 
recommend low dose aspirin for primary as well as secondary prevention in men and women with 
diabetes, who are at high risk for cardiovascular events. In the UK-guidelines, recommendation 
for diabetic patients includes treatment with aspirin (75 mg daily) or clopidogrel 75 mg/per day.  
Professor Belch and associates from the UK, studied the effect of aspirin and antioxidants (200 mg 
alpha tocopherol, 100 mg ascorbic acid, 25 mg pyridoxine hydrochloride-with small quantities 
of zinc sulphate, nicotinamide, selenium and lecithin) for the primary prevention in the prog-
ress of arterial disease in diabetic subjects [119]. They did not find any evidence to support the 
use of aspirin or antioxidants in primary prevention of acute cardiovascular events. Prof Eric 
Topol and associates from the U.S.A. studied the effect of aspirin alone or with clopidogrel under 
CAPRIE clinical trial protocol [120]. Bhat et al. in their report concluded (CAPRIE Trial), that the 
dual antiplatelet therapy was not significantly different from that of aspirin alone. Although some 
studies have shown that Prasugrel may be better than clopidogrel, all dual anti platelet therapies 
have reported increased bleeding episodes in the trial participants [120–123]. There are some 
reports recommending increased doses of aspirin or clopidogrel [123]. Aspirin has a very limited 
life in circulation. Once it is hydrolyzed to salicylic acid, metabolite salicylic acid has no inhibi-
tory effect on COX enzymes. On the other hand, new platelets are continuously introduced into 
the circulation by the megakaryocytes. These newly added platelets have sufficient COX activity 
to generate thromboxanes capable of activating aspirin-treated-platelets [94]. In view of these 
observations there are some reports suggesting the use of multiple doses of low dose aspirin to 
lower the platelet activity. Similarly, studies have suggested increased doses of clopidogrel as well, 
in the management of platelet hyper activity [123]. Kokoska and associates from the U.S.A., in 
their most recent (2016) meta-analysis, conclude that, “It remains unclear whether aspirin may 
reduce the occurrence of a first atherosclerotic event or mortality in patients with diabetes” [124]. 
Having concluded their findings with a negative note, they suggest that more research on the use 
of aspirin in patients with diabetes is required. We agree with this suggestion and encourage not 
only further studies on aspirin use, but also the development of newer antagonists for GP11b/111a 
receptors. 

Diabetic patients have an increased risk for atherothrombotic events as well as for end 
organ failure, due to the progress of microangiopathy, loss of circulation and regional ischemia. 
Although currently approved anti platelet and antithrombotic therapies have proven useful in 
improving the outcomes, diabetic patients continue to have much higher risk for acute cardiovas-
cular and cerebrovascular events. In spite of the fact that studies after studies have suggested, that 
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the contributing factors for diabetes mediated clinical complications are many, the clinicians by 
and large concentrate on the management of blood glucose levels alone or at the most, provide 
minimal anti platelet therapies. Novel methods of management of this complex chronic disease 
should include, early detection of the risks and lowering all the well-known risk factors associated 
with diabetes-related clinical complications [6–11]. Major land mark trials of glycemic therapies 
like the DCCT of the U.S.A. and the UK Prospective Diabetes study (UKPDS), have demon-
strated the beneficial effects of risk management. Studies headed by Professor Robert Turner from 
Oxford, unlike other clinical trials, broke many rules of clinical trial design by constant addition 
of further interventions and analyses. An excellent summary of this study has been provided by 
ADA [125]. Diabetes is a major epidemic worldwide and its clinical complications are too many 
to be neglected. In view of these observations an all out effort should be made, to come up with 
novel risk diagnosis, risk management and prevention strategies [5–11]. 

Conclusions

Increase in the incidence of type-2 diabetes has reached epidemic proportions worldwide, exceed-
ing all estimations. Major contributing factors for diabetes related clinical complications include 
hyperglycemia, blood insulin levels, insulin resistance, inflammation, oxidative stress, changes in 
hemorheology, endothelial dysfunction, and platelet hyperactivity. To a great extent, all of these 
events are interrelated. Progression of the macrovascular disease results in increased occurrence 
of acute coronary or cerebrovascular events. In addition, dysfunction of the microvascular flow 
results in poor regional circulation or loss of circulation, ischemia and end organ failure (periph-
eral neuropathy, nephropathy and retinopathy). As the title of this chapter implies, platelet dys-
function plays a major role in the diabetes mediated clinical complications. Having said that, just 
anti platelet therapies alone, cannot solve all the problems associated with diabetes. In view of the 
observed clinical complications, prevention of all the major risks is the primary choice or a better 
choice, followed by early detection and effective management of all the known risk factors. 

As part of the 2020 impact goals, the American Heart Association (AHA) has set out seven 
ideal health goals; not smoking, maintaining normal weight, increased physical activity, a healthy 
diet, normal blood lipid levels, normal blood pressure and a normal fasting glucose. An analysis 
of the National Health and Nutritional Examination Survey (NHANES) showed, that individuals 
who met five of the seven ideal metrics of AHA, had a 78% reduction in the hazard ratio for all 
cause-mortality [126]. From the INTERHEART study, which included 52 countries, it is estimated 
that modifiable risk factors account for 90% of the population attributable risk for heart disease in 
men and 94% of the risk in women [127]. In view of these observations, goals of our professional 
society, the South Asian Society on Atherosclerosis and Thrombosis (SASAT), has always been 
early diagnosis of the risks, effective management of the risks and prevention [128–130]. Finally, 
I would like to close this overview, with a statement from Professor David Katz, director of the 
Yale University Prevention Research Center and President of the American College of Lifestyle 
Medicine, “There is no pill, and there never will be any pill, that can reduce burden of chronic 
disease in the way that a healthy lifestyle can”(Lifestyle Interventions. Medscape Apr 22, 2105).

Luminary Learning-Diabetes (USV)_Issue 6_03.indd   17 10/4/2019   11:39:17 AM



18 • LUMINARY LEARNING: DIABETES

References
1. International Diabetes Federation (2015) IDF Diabetes Atlas, 7th edn. ISBN:978-2-930229-81-2.
2. Mohan V, Rao GHR (2007) Type-2 diabetes in South Asians: epidemiology, risk factors and prevention. Jaypee 

Medical Publishers, New Delhi.
3. Rao GHR (1999) Handbook of platelet physiology and pharmacology. Kluwer Academic Publishers, Boston.
4. Gerrard JM, Stuart MJ, Rao GHR (1980) Alteration in the balance of prostaglandin and thromboxane synthesis in 

diabetic rats. J Lab Clin Med 95:950–958.
5. Rao GHR (2011) Management of type-2 diabetes with anti-platelet therapies: special reference to aspirin. Front 

Biosci (Schol Ed) 1(3):1–15.
6. Rao GHR (2015) Non-traditional approaches to diagnosis and management of diabetes mellitus: point of view. J 

Diabetes Metab 6:489. doi:10.4172/2155-6156.1000489.
7. Rao GHR, Gandhi PG, Sharma V (2014) Clinical complications of type-2 diabetes mellitus in South Asians and 

Chinese populations: an overview. J Diabetes Metab 5:420. doi:10.4172/2155-6156.1000420.
8. Gandhi PG, Rao GHR (2015) Detection of neuropathy using a sudomotor tests in type-2 diabetes. Degener Neurol 

Neuromuscul Dis 5:1–7. doi.org/10.2147/DNND.S75857.
9. Maarek A, Gandhi PG, Rao GHR (2015) Identifying autonomic neuropathy and endothelial dysfunction in type-2 

diabetic patients. EC Neurol 2:63–78.
10. Sharma NR, GHR R (2016) Diabetes management: expectations and limitations. J Diabetes Metab 7:662. 

doi:10.4172/2155-6156.1000662.
11. Rao GHR (2016) Flow velocity, fluid dynamics and vascular pathophysiology. Sci Pages Heart 1:001. (In Press).
12. Brewer DB (2006) Schulz M (1865), G. Bizzozero (1882) and the discovery of the platelet. Br J Heamatol 133(3): 

251–258.
13. Rao GHR (1993) Physiology of blood platelet activation. Indian J Physiol Pharmacol 37(4):263–275.
14. O’Brien JR (1961) The adhesiveness of native platelets and its prevention. J Clin Pathol 14:140–149.
15. Born GV (1962) Aggregation of blood platelets by adenosine diphosphate and its reversal. Nature 194:927–929.
16. Marcus AJ, Zucker MB (1965) The physiology of blood platelets. Crune and Scrutton, New York.
17. Kowlaski E, Niewiarowski S (1966) Biochemistry of blood platelets. Academic, New York.
18. Caen J (1971) Platelet aggregation. Masson and Cie, Paris.
19. Brinkhous KM, Sherman RW, Mostof FK (1971) The platelet. Williams Wilkins Co, Baltimore.
20. Johnson SA (1971) The circulating platelets. Academic, New York.
21. Weiss HJ (1972) Platelets and their role in hemostasis. Ann Rev New York Acad Sci 201:1–450.
22. Phillips DR, Sherman MA (1986) Biochemistry of platelets. Academic, New York.
23. Michelson AD (2012) Platelets, 3rd edn. Academic, New York. ISBN:9780123878373.
24. Seiss W (1989) Molecular mechanisms of platelet activation. Physiol Rev 69:59–178.
25. Weiss HJ (1975) Platelet physiology and abnormalities of platelet function. N Engl J Med 293:531–541.
26. O’Donnell VB, Murphy RC, Watson SP (2014) Platelet Lipidomics: modern day perspectives on lipid discovery and 

characterization in platelets. Circ Res 114:1185–1203.
27. Gerrard JM, White JG, Rao GHR et al (1976) Localization of platelet prostaglandin production in the platelet dense 

tubular system. Am J Pathol 83:283–299.
28. White JG, Clawson CC (1974) The surface-connected canalicular system in blood platelets-a fenestrated 

membrane system. Am J Pathol 75:301–314.
29. Ruoslahti E, Pierchbacher MD (1987) New perspectives in cell adhesion. RGD and integrins. Science 238:491–497.
30. Rao GHR, Peller JD, Semba CP et al (1986) Influence of the calcium-sensitive flourophores Quin 2 on platelet 

function. Blood 67:354–361.
31. White JG (1987) Platelet structure physiology: the ultrastructure of adhesion, secretion and aggregation in arterial 

thrombosis. Cardiovasc Res 18:13–23.
32. Nishizuka Y (1986) Studies and perspectives of protein kinase C. Science 233:305–312.
33. Rana RS, Hokin LE (1990) Role of phosphoinositides in trans membranesignaling. Physiol Rev 70:115–164.
34. Rao GHR (1993) Signal transduction, second messengers and platelet function. J Lab Clin Med 121:18–21.
35. Rao GHR (1994) Signal transduction, second messengers and platelet pharmacology. Pharmacology 13:39–44.
36. Rao GHR (1998) Role of adhesion and aggregation in thrombus formation. Thromb Haemost 79:454.
37. Harris RA, Nishiyama SK, Wray W (2010) Ultrasound assessment of flow-mediated dilation. Hypertension 55: 

1075–1085.

Luminary Learning-Diabetes (USV)_Issue 6_03.indd   18 10/4/2019   11:39:17 AM



PLATELET DYSfUNc TIoN IN T YPE-2 DIABETES MELLITUS • 19 

38. Nicolaides A (2010) Screening for cardiovascular risk. Br J Cardiol 17:105–107.
39. Nicolaides A, Panayiotou AG (2016) Screening for atherosclerotic and cardiovascular risk using ultrasound. J Am 

Coll Cardiol:1275–1277.
40. Burris SM, Smith CN, Rao GHR et al (1987) Aspirin treatment reduces platelet resistance to deformation. Arterioscler 

Thromb Vasc Biol 7:385–388.
41. McMillan DE (1983) The effect of diabetes on blood flow properties. Diabetes 32(suppl 2):56–63.
42. Yi C, Mooney MP, Cho DJ (2008) Hemorheological disorders in diabetes mellitus. J Diabetes Sci Technol 2(6): 

1130–1138.
43. Le Devehat C (1989) Blood rheology abnormalities in diabetes mellitus. J Mal Vasc 14(1):64–67.
44. Negrean V, Suciu I, Sampelean D et al (2004) Rheological changes in diabetic microangiopathy. Rom J Intern Med 

42(2):407–413.
45. Qasem A, Abdel-Aty A, Abu-Suwa H et al (2016) Oxidative stress due to Mycobacterium avium subspecies 

paratuberculosis (MAP) infection up-regulates selenium dependent GPx activity. Gut Pathogens 8:12. doi:10.1186/
s13099-016-0090-8.

46. Al-Maskari AY, Al-Maskari MY, Al-Sudairy S (2011) Oral manifestation and complications of diabetes mellitus; a 
review. Sultan Qaboos Univ Med J 11(2):179–186.

47. Herzberg MC, Meyer MW (1998) Dental plaque, platelets and cardiovascular disease. Ann Periodont 3(1):151–160.
48. Iacopino AM (2001) Periodontitis and diabetes interrelationships: role of inflammation. Ann Periodont 6(1): 

125–137.
49. Varela-Lopez A, Quiles J, Coredero M et al (2015) Oxidative stress and dietary fat in relation to periodontal disease. 

Antioxidants 4(2):322–344.
50. Duncan BB, Schmidt MI, Pankow JS et al (2003) Low-grade systemic inflammation and the development of type-

diabetes; the atherosclerosis risk in communities study. Diabetes 52:1799–1805.
51. Pradhan AD, Manson JE, Rifai N et al (2001) C-reactive protein, interleukin 6, and risk for developing type-2 

diabetes mellitus. JAMA 286:327–334.
52. Barzilay JI, Abraham L, Heckbert SR et al (2001) The relation of markers of inflammation to the development of 

glucose disorders in the elderly: the cardiovascular health study. Diabetes Care 25:2016–2021.
53. Ford ES (2002) Leukocyte count, erythrocyte sedimentation rate, and diabetes incidence in a national sample of 

US adults. Am J Epidemiol 155:57–64.
54. Balasubramanyam M, Adaikalakoteswari A, Sampathkumar R et al (2007) Oxidative stress in Asian Indians with 

type-2 diabetes. In: Mohan V, Rao GHR (eds) Type-2 diabetes in South Asians; epidemiology, risk factors and 
prevention. Jaypee Medical Publishers, New Delhi, pp 164–173.

55. Robertson RP (2004) Chronic oxidative stress as a central mechanism for glucose toxicity in pancreatic islet beta 
cells in diabetes. J Biol Chem 279:42351–42354.

56. Ceriello A (2003) New insights on oxidative stress and diabetic complications may lead to a “causal” antioxidant 
therapy. Diabetes Care 26:1589–1596.

57. Bunn FH, Gabbay KH, Gallop PM (2007) The glycosylation of hemoglobin: relevance to diabetes mellitus. Science 
200:21–27.

58. Sudic D, Razmara M, Forslund M et al (2006) High glucose levels enhance platelet activation: involvement of 
multiple mechanisms. Br J Heamatol 133:315–322.

59. Shechter M, Merz CN, Paul-Labrador MJ et al (2000) Blood glucose and platelet-dependent thrombosis in patients 
with coronary artery disease. J Am Coll Cardiol 35(2):300–307.

60. Vinik AI, Erbas T, Park TS et al (2001) Platelet dysfunction in type-2 diabetes. Diabetes Care 24(8):1476–1485.
61. Porta M, La Selva M, Molinatti P et al (1987) Endothelial cell function in diabetic microangiopathy. Diabetologia 

30:601–609.
62. Tesfaye S, Malik R, Ward JD (1994) Vascular factors in diabetic neuropathy. Diabetologia 37(9):847–854.
63. Colwell JA, Halushka PV, Sarji K et al (1976) Altered platelet function in diabetes mellitus. Diabetes 25(2):826–831.
64. Halushka PV, Lurie D, Colwell JA (1977) Increased synthesis of prostaglandin E-like material by platelets from 

patients with diabetes mellitus. N Engl J Med:1306–1310.
65. Eldor A, Merin S, Bar-on H (1978) The effect of streptozotocin diabetes on platelet function in rats. Diabetes 

27(3):342–350.
66. Gensini GF, Abbate R, Favilla S (1979) Changes of platelet function and blood clotting in diabetes mellitus. Thromb 

Haemost 42(11):983–993.
67. Coller BS, Frank RN, Milton RC et al (1978) Plasma cofactors of platelet function: correlation with diabetic 

retinopathy and hemoglobin A1c: studies in diabetic patients and normal persons. Ann Intern Med 88(3):311–316.

Luminary Learning-Diabetes (USV)_Issue 6_03.indd   19 10/4/2019   11:39:17 AM



20 • LUMINARY LEARNING: DIABETES

68. Colwell JA, Halushka PV (1980) Platelet function in diabetes mellitus. Br J Heamatol 44(4):521–526.
69. Colwell JA, Lopes-Virella M, Halushka PV (1981) Pathogenesis of atherosclerosis in diabetes mellitus. Diabetes 

Care 4:121–127.
70. Mustard JF, Packham MA (1984) Platelets and diabetes mellitus. N Engl J Med 311:665–667.
71. Di Minno G, Silver MJ, Cerbone et al (1985) Increased binding of fibrinogen to platelets in diabetes: the role of 

prostaglandins and thromboxanes. Blood 65:156–162.
72. Colwell JA, Winocour PD, Lopes-Virella M et al (1983) New concepts about the pathogenesis of atherosclerosis in 

diabetes mellitus. Am J Med 75(Supp 5B):67–80.
73. Halushka PV, Rogers RC, Loadhold CB et al (1981) Increased platelet thromboxane synthesis in diabetes mellitus. 

J Lab Clin Med 97:87–96.
74. Mayfield RK, Halushka PV, Wohltmann HJ et al (1985) Platelet function during continuous insulin infusion 

treatment in insulin-dependent diabetic patients. Diabetes 34:1127–1133.
75. Davi G, Averna M, Catalano J et al (1989) Platelet function in patients with type-2 diabetes mellitus: the effect of 

glycaemic control. Diabetes Res 10:7–12.
76. Le Pape A, Gutman N, Guitton JD et al (1983) Non enzymatic glycosylation increases platelet aggregating potency 

of collagen from placenta of diabetic human beings. Biochem Biophys Res Commun 111:602–610.
77. Davi G, Catalano I, Averna M et al (1990) Thromboxane biosynthesis and platelet function in type-2 diabetes 

mellitus. N Engl J Med 322:1760–1774.
78. Alessandrini P, McRae J, Freman S (1988) Thromboxane biosynthesis and platelet function in type 1 diabetes 

mellitus. N Engl J Med 319:208–212.
79. Eikelboom JW, Jeffrey IW, Johnston M et al (2002) Aspirin resistant thromboxane and the risk for myocardial infarction, 

stroke or cardiovascular death in patients at high risk for cardiovascular events. Circulation 105:1150–1155.
80. Cipollone F, Ciabattoni G, Patrignani P et al (2000) Oxidant stress and aspirin insensitive thromboxane biosynthesis 

in severe unstable angina. Circulation 102:1007–1012.
81. Ceriello A (1997) Acute hyperglycemia and oxidative stress generation. Diabet Med 14:545–549.
82. Hiramatsu K, Arimori S (1988) Increased superoxide production by mono nuclear cells of patients with 

hypertriglyceridemia and diabetes. Diabetes 37:832–837.
83. Laakso M (1999) Hyperglycemia and cardiovascular disease in type-2 diabetes. Diabetes 48:932–942.
84. Listed NA (1993) The effect of intensive treatment of diabetes on the development and progression of long-

term complications in insulin-dependent diabetes mellitus. The diabetes control and complications trial research 
group. N Engl J Med 329:977–986.

85. Vericel E, Januel C, Carreras M et al (2004) Diabetic patients without vascular complications display enhanced 
basal platelet activation and decreased antioxidants. Diabetes 53(40):1046–1051.

86. Dierckx N, Horvath G, van Gills C et al (2003) Oxidative stress status in patients with diabetes mellitus: relationship 
to diet. Eur J Clin Nutr 57:999–1008.

87. Hill TD, White JG, Rao GHR et al (1989) Platelet hypersensitivity induced by 1-chloro-2, 4-dinitrobenzene, 
hydroperoxides and inhibition of lipoxygenase. Thromb Res 53(5):447–455.

88. Hill TD, White JG, Rao GHR (1989) The influence of glutathione depleting agents on human function. Thromb Res 
53:457–467.

89. Hill TD, White JG, Rao GHR (1989) Role of glutathione and glutathione peroxidase in human platelet arachidonic 
acid metabolism. Prostaglandins 38:21–32.

90. Radha E, Hill TD, Rao GHR et al (1985) Glutathione levels in human platelets display a circadian rhythm in vitro. 
Biochem Biophs Res Commun 117:549–556.

91. Li Y, Woo V, Bose R (2001) Platelet hypersensitivity and abnormal Ca2+ homeostasis in diabetes mellitus. Am J 
Physiol-Heart Circ Physiol 280(4):H1480–H1H89.

92. Ferreira IA, Astrid M, Marion AH et al (2001) Platelet inhibition by insulin is absent in type-2 diabetes. Am J Physiol 
Heart Circ Physiol 280:H1480–H1H89.

93. Witkop CJ, Babcock MN, Rao GHR et al (1990) Albinism and Hermansky-Pudlak syndrome in Puerto Rico. Biol 
Assoc Puerto Rico 83:333–339.

94. Rao GHR, Gerrard JW, White JG (1981) Platelet aggregation independent of ADP release or prostaglandin synthesis 
in patients with Hermansky-Pudlak syndrome. Prostaglandins Med 6:459–472.

95. Rao GHR, White JG (1981) Epinephrine potentiation of arachidonate induced aggregation of cyclooxygenase 
deficient platelets. Am J Heamatol 11:355–366.

96. Rao GHR, Johnson GW, White JG (1980) Influence of epinephrine on aggregation response of aspirin-treated 
platelets. Prostaglandins Med 5:45–58.

Luminary Learning-Diabetes (USV)_Issue 6_03.indd   20 10/4/2019   11:39:17 AM



PLATELET DYSfUNc TIoN IN T YPE-2 DIABETES MELLITUS • 21 

97. Rao GHR, White JG (1985) Role of arachidonic acid metabolism in human platelet activation and irreversible 
aggregation. Am J Heamatol 19:339–347.

98. Rao GHR, White JG (1982) Platelet activating factor (PAF) causes human platelet aggregation through the 
mechanism of membrane modulation. Prost Leuko Med 9:459–472.

99. Rao GHR, White JG (1985) Disaggregation and reaggregation and irreversible aggregation of platelets: a method 
for more complete evaluation of anti-platelet drugs. Agents Actions 16:425–434.

100. Cox AC, Carrol RC, White JG et al (1984) Recycling of platelet phosphorylation and cytoskeletal assembly. J Cell Biol 
98:8–15.

101. Rao GHR, Escolar G, White JG (1986) Epinephrine reverses the inhibitory influence of aspirin on platelet vessel- 
wall interactions. Thromb Res 44:65–74.

102. Rao GHR (1987) Influence of antiplatelet drugs on platelet vessel wall interactions. Prost Leuko Med 30:133–145.
103. Schneider DJ (2009) Factors contributing to increase platelet reactivity in people with diabetes. Diabetes Care 

32(4):525–527.
104. Knighton DR, Ciresi KF, Austin LL et al (1986) Classification and treatment of chronic non healing wounds. Successful 

treatment with autologous platelet-derived wound healing factors (PDWHF). Ann Surg 204(3):322–330.
105. Knighton DR, Hunt TK, Tharkal KK et al (1982) Role of platelets and fibrin in the healing sequence: an in vivo study 

of angiogenesis and collagen synthesis. Ann Surg 196(4):379–388.
106. Caruso AB, Petralia S, Conoci S et al (2007) Photo delivery of nitric oxide from water-soluble platinum nanoparticles. 

J Am Chem Soc 129(3):480–481.
107. Avike FI, Kwan C (2003) Nitric oxide, human disease and the herbal products that affect the nitric oxide signaling 

pathway. Clin Exp Pharmacol Physiol 30:605–615.
108. Patrignani P, Filabozzi P, Patrono C (1982) Selective cumulative inhibition of platelet thromboxane production by 

low-dose aspirin in healthy subjects. J Clin Invest 69(6):1366–1372.
109. Rao GHR, Radha E, White JG (1983) Effect of docosahexaenoic acid (DHA) on arachidonic acid metabolism and 

platelet function. Biochem Biophys Res Commun 117:549–556.
110. Rao GHR, Kishore NP, Peller JD et al (1987) Influence of polyenoic acid on arachidonic acid metabolism and platelet 

function. In: Gallo L (ed) Cardiovascular disease. Plenum Press, New York, pp 495–405.
111. Nagakawa Y, Otima H, Harasawa M et al (1983) Effect of Eicosapentaenoic acid on the platelet aggregation and 

composition of fatty acids in man. A double blind study. Atherosclerosis 47:71–75.
112. Terano T, Hirai A, Hamazaki T et al (1983) Effect of administration of highly purified EPA on platelet function, blood 

viscosity, and red cell deformability in healthy subject. Atherosclerosis 46:321–331.
113. Woodman RJ, Mori TA, Burke V et al (2003) Effects of purified eicosapentaenoic acid and docosahexaenoic acid on 

platelet, fibrinolytic and vascular function in hypertensive diabetic patients. Atherosclerosis 166(1):85–93.
114. Phang M, Linez LF, Garg ML (2013) Eicosapentaenoic acid and docosahexaenoic acid supplementation 

reduces platelet aggregation and hemostatic markers differentially in men and women. J Nutr. doi:10.39845/
jn.112.171249.

115. Antithrombotic Trialists’ (ATT) Collaboration, Baigent C, Blackwell L, Collins R et al (2009) Aspirin in the primary 
and secondary prevention of vascular disease: collaborative meta-analysis of individual participant data from 
randomized trials. Lancet 373(9678):1849–1860.

116. Nicolucci A, Standl E (2011) Antiplatelet therapy for every diabetic person? Diabetes Care 34(2):2150–2154.
117. Angiolilllo DJ (2009) Antiplatelet therapy in diabetes: efficacy and limitations of current treatment strategies and 

future directions. Diabetes Care 32(4):531–540.
118. American Diabetes Association (1998) Aspirin Therapy in Diabetes: Position Statement. Clin Diab (Reprinted from 

Diab Care 21:45–46).
119. Belch H, MacCruish A, Campbell I (2008) The prevention of progression of arterial disease and diabetes (POPADAD) 

trial: factorial randomized controlled trial of aspirin and antioxidants with diabetes and asymptomatic peripheral 
arterial disease. BMJ 337:a1840.

120. CAPRIE Steering Committee (2002) A randomized, blinded trial of clopidogrel versus aspirin in patients at risk for 
ischemic events (CAPRIE). Lancet 348:1329–1339.

121. Bhatt DL, Marso SP, Hirsch AT et al (2002) Amplified benefit of clopidogrel in patients with diabetes mellitus. Am J 
Cardiol 90:625–628.

122. Wiviott SD, Antman EM, Gibson CM et al (2006) Evaluation of Prasugrel compared with Clopidogrel in patients with 
acute coronary syndromes: design and rationale for the trial to assess improvements in therapeutic outcomes by 
optimizing platelet inhibition with prasugrel thrombolysis in myocardial infarction 38 (TRTON-TIMI-38). Am Heart 
J 152(4):627–635.

Luminary Learning-Diabetes (USV)_Issue 6_03.indd   21 10/4/2019   11:39:17 AM



22 • LUMINARY LEARNING: DIABETES

123. Angiolollo DJ, Capranzano P, Goto S et al (2008) A randomized study assessing the impact of Cilostazol on platelet 
function profiles in patients with diabetes mellitus and coronary artery disease on dual antiplatelet therapy. 
Results of OPTIMUS-2 study. Eur Heart J 29:2202–2211.

124. Kokoska LA, Wilheim SM, Garwood CL et al (2016) Aspirin for primary prevention of cardiovascular disease in 
patients with diabetes: a meta-analysis. Diab Res Clin Pract 120:31–39.

125. American Diabetes Association (2002) Implications of the United Kingdom prospective diabetes study. Diabetes 
Care 25(1):s28–s32.

126. Lloyd-Jones DM, Hong Y, Labarthe D et al (2010) American Heart Association Strategic Planning Task Force and 
Statistics Committee. Defining and setting national goals for cardiovascular health promotion and disease 
reduction. The American Heart Association’s strategic and impact goal through 2020 and beyond. Circulation 
121:586–613.

127. Yusuf S, Hawken S, Ounpuu S et al (2004) INTERHEART Study Investigation. Effect of potentially modifiable risk 
factors associated with myocardial infarction in 52 countries (the INTERHEART study): case control study. Lancet 
364:937–952.

128. Rao GHR (2016) Contributions of the South Asian Society on Atherosclerosis and Thrombosis and the Indian 
Society on Atherosclerosis Research, to our understanding of Atherosclerosis and Thrombosis. J Clin Prevent 
Cardiol. doi:10.4103/2250-3528.186501.

129. Rao GHR, Nagendra HR (2012) Holistic approach for prevention of heart disease and diabetes. J Clin Prevent 
Cardiol 2:231–238.

130. Knowler WC, Barrett-Connor E, Fowler SA et al (2002) Diabetes Prevention Program Research Group. Reduction in 
the incidence of type-2 diabetes with lifestyle intervention and metformin. N Engl J Med 346:393–403.

Source: Rao G.H.R. (2017) Platelet Dysfunction in Type-2 Diabetes Mellitus. In: Kartha C., Ramachandran S., Pillai R. (eds) Mechanisms 
of Vascular Defects in Diabetes Mellitus. Advances in Biochemistry in Health and Disease, vol 17. Springer, Cham. https://doi.
org/10.1007/978-3-319-60324-7_18. © Springer International Publishing AG 2017.

Luminary Learning-Diabetes (USV)_Issue 6_03.indd   22 10/4/2019   11:39:17 AM



 23 

Diabetic Retinopathy: Pathogenesis, Treatment, 
and Complications

Samhitha Gudla, Divya Tenneti, Makrand Pande, Srinivas M. Tipparaju 

Abstract

Diabetic retinopathy is a complication of diabetes. Majority of diabetic patients with high blood 
glucose face the challenge of dealing with retinopathy and macular edema as the disease pro-
gresses. Although treatment choices and care are available to manage and symptomatically treat 
Diabetic retinopathy the current understanding is limited and lacks options for treatment and 
rescue strategies. Pharmacological options include anti-VEGF treatment strategies and surgical 
procedures. The present review provides insights in to type of diabetic retinopathy, along with 
different stages of the disease. In addition, the roles for health care providers, importance of phar-
macists for treatment and management of diabetic retinopathy patient care are discussed. 

Keywords: Diabetic retinopathy, Drug delivery, VEGF, Glucose

Introduction

Diabetic retinopathy (DR) is a complication of diabetes that affects the eyes. Diabetes affects 
insulin production and sensitivity and therefore the ability to absorb glucose, leading to high 
blood sugar levels. When blood sugar levels are high, damage can occur to the blood vessels of 
the light-sensitive retina, which allows for vision. For instance, high blood sugar levels can cause 
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a narrowing or blockage of the retinal arteries and lead to reduced or no blood flow to the retina. 
As a result, endogenous processes trigger angiogenesis allowing growth of new blood vessels, but 
this leads to further complications. These changes to the retina affect vision and can cause blind-
ness in diabetics.

Significance

Diabetic retinopathy holds medical, social, and economic significance. The disease affects up to 
80% of people who have had diabetes for more than 20 years and accounts for 12% of all new 
cases of blindness. Globally, it is the leading cause of vision loss, affecting an estimated 285 million 
people worldwide. Recent studies have determined that about one in three people with diabetes 
have DR. Since it is such a prevalent health issue, the economic significance of DR is also high. 
In the United States alone, it is estimated that $500 million is spent on diabetes-related blindness 
costs. Worldwide, it is estimated that $232 billion is spent on diabetes and its complications. Given 
the enormous cost and financial burden that DR brings, it is essential to take measures to prevent 
DR, possibly by keeping good control of blood sugar levels and by early detection of eye diseases. 
Given the increasing prevalence of diabetes, the worldwide costs associated with it are projected 
to rise even more. 

Studies have also been conducted to find correlations between DR and socioeconomic status. 
However, clear, strong relations could not be found. This weak or absent correlation can be attrib-
uted to a number of competing influences, including lifestyle, health behaviors, attitude, mortality 
rate, and health-care systems. For instance, a higher socioeconomic group, which receives benefits 
of good diabetes care and treatment, may counter those effects with a sedentary lifestyle and the 
consumption of western foods. This lack of correlation does not negate the importance. 

There are different classifications of DR, including nonproliferative diabetic retinopathy 
(NPDR), proliferative DR, diabetic maculopathy, and advanced diabetic eye disease. 

Patient Care Overview

Although with recent studies diabetic retinopathy (DR) and diabetes macular edema (DME) are 
two common ophthalmic complications for the diabetic patients, it can be kept under control 
through patient awareness and by adopting simple changes in lifestyle. Early detection, treatment, 
and improved glycemic control can limit the onset or progression of DR and DME. 

The primary management for DR and DME includes three main therapies:
zz Laser photocoagulation 
zz Intravitreal vascular endothelial growth factor (VEGF) inhibitors 
zz Intravitreal corticosteroid implants 

Diabetic retinopathy and diabetes macular edema have multifactorial etiology due to the 
fact that combination therapy is gaining more popularity. Even though the change in lifestyle and 
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regular screening can prevent and/or reduce the effect of DR and DME, health-care providers and 
patient’s adherence is poor and needs to be regulated with proper management. Screening and 
prevention goes hand in hand, and it is observed that 40% of the patients with DM and DME can 
prevent further ocular complications presented with their routine ocular screening. Diabetic eye 
exam compliance in a U.S. Medicaid population increased from 46% to 64% between 2010 and 
2012. The economic cost for treating vision complication due to diabetes mellitus is estimated 
to be about $490 million each year indicating the burden for patients and managed care system 
imposed by DR and DME. 

Though treatments are available to manage complications due to DR and DME, the length 
of the treatment causes additional burden for patients and managed care system due to necessity 
of longer duration of the treatment. Health plans, accountable care organizations, and other pro-
viders have more interest in investing time and proper education in ensuring their patients with 
diabetes (DM) receive proper vision screening and maintain adequate disease control to avoid 
complication due to DM which includes DR and DME. It is crucial to manage cost-effectiveness of 
currently available treatments of DR or DME as well as identify opportunities to improve patient 
adherence to treatment. 

Health-care Providers and Pharmacist’s Role 

Encourage adherence to eye exam visits in patients with diabetes and for managing DR or DME. 

Focus on Preventative Strategies 

zz Glycemic control 
zz Blood pressure control 
zz Lipid control 
zz Proteinuria and BUN/creatinine ratio

Diabetic Retinopathy and Diabetes Macular Edema Patient Education

zz Increase awareness, describe risk of vision loss, explain how to prevent by addressing barriers 
to effective diabetes care, and use motivational interviewing. 

zz Lack of education – speak in layperson terms and provide reminders for routine eye exams. 
zz Explain therapy requirements (frequent visits), cost, and possible adverse effects. 
zz Monitor therapy safety and efficacy; describe what to expect with therapy, stopping vision 

loss, vision improvement expectations, etc.
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The following simple chart can help the patient to manage DR and DME during different 
disease stages:

Disease stage Presents with one of the following Management

Early Multiple small drusen

Few medium-sized drusen

Mild retinal pigment epithelial (RPE) 
abnormalities

Quit smoking

Control body mass index (BMI) and blood 
pressure

Increase dietary intake of antioxidants

Intermediate Numerous medium-sized drusen

At least one large druse

Geographic atrophy

Keep lifestyle the same as the early disease 
stage

Antioxidant supplements like

AREDS and AREDS2

Advanced “dry” stage Drusen with atrophy in the center of 
the macula

Keep lifestyle the same as the early disease 
stage

Antioxidant supplements like

AREDS and AREDS2

Advanced "wet" stage Neovascularization with hemorrhage

Lipid deposits

Swelling and damage to the macula 
capillaries

Keep lifestyle the same as the intermediate 
disease stage

Vascular endothelial growth factor (VEGF) 
inhibitors

Anti-angiogenic therapy

Laser therapy

Study on Different VEGF Inhibitor Treatment Costs

In a previously published report [1], the researchers calculated the incremental cost-effectiveness 
ratios (ICERs) of the three drugs. One-year trial data were used to calculate cost-effectiveness for 
1 year for the three anti-VEGF drugs. In addition, the researchers used mathematical modeling 
to project 10-year cost-effectiveness. In the patients with worse vision, 20/50 or more, aflibercept 
improves vision to a greater extent than bevacizumab or ranibizumab. At vision levels better than 
this, all drugs perform equally well.

The current study found that the more expensive agent (aflibercept) performs better in patients 
with worse vision. The study results also underscore the possibility of effective as-needed treat-
ment [2]. Fixed-interval dosing would be superior to as-needed dosing. They randomly assigned 
participants to receive intravitreous aflibercept (2.0 mg), bevacizumab (1.25 mg), or ranibizumab 
(0.3 mg). Patients were treated on a needed basis as often as every 4 weeks, as opposed to on fixed 
dose intervals. From baseline to 1 year, the mean visual acuity letter score improved by 13.3 with 
aflibercept, 9.7 with bevacizumab, and 11.2 with ranibizumab. A closer examination of the data, 
however, revealed that the difference between the drugs was driven by improvements in eyes with 
worse visual acuity at baseline. 

Laser photocoagulation therapy reduces risk of vision loss in patients with high-risk prolif-
erative diabetic retinopathy and, in some cases, severe nonproliferative diabetic retinopathy. 
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Gaps in DR and DME Care

zz Studies involving anti-VEGF therapies need to better translate to clinical practice and results 
be clinically significant. 

zz Nine injections during the first year of treatment are impractical and lead to noncompliance. 
zz Ability to read one additional line on an eye chart may not have meaningful functional value. 
zz Lack of evidence for treatment non-responders. 
zz Necessary DME-related services such as screening, diagnosis, treatment, and ongoing care 

may not be covered by insurance providers. 
zz Precise data on DME financial impact to individual and society are needed to justify costs 

advocating for improved treatment and outcomes for diabetic macular edema.
References: The American Journal of Managed Care
Pharmacy Times Continuing Education
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3627413/
Medscape Medical News from the Source: U.S. Census Bureau, Current Population Survey, 1968 

through 2016 Annual Social and Economic Supplements. 

Pathogenesis

The pathogenesis or development of DR can occur in various ways. Due to the high blood sugar 
levels, arterial walls of diabetics can thicken and become narrow. In the eyes, this leads to less blood 
flow, therefore causing DR [3]. The vascular and hematological changes of diabetic patients also 
lead to thickening of the capillary basement membrane, causing capillary endothelial cell damage. 
Red blood cells become deformed, leading to increased stickiness of platelets and increase plasma 
viscosity [3]. All these symptoms can in turn lead to microvascular occlusions, in which the artery 
leading to the eyes, the ophthalmic artery, is clamped off. This prevents bleeding and rupture. In 
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order to bypass this occluded artery, new arteries could grow and branch off as seen in prolif-
erative DR. Occlusion then leads to retinal ischemia, which is the state in which blood supply to 
the eye is cut off [4]. The blood in the artery before the occlusion pools up, causing the artery to 
enlarge. This ballooning and weakened area in the artery, referred to as a microaneurysm, could 
rupture, leading to a hemorrhage and retinal edema. This can lead to neovascularization [4].

Factors Affecting DR

Many factors influence the likelihood and onset of DR. For instance, age and puberty significantly 
affect DR because of the hormonal factors responsible for growth that are involved. High levels 
of IGF1 and IGF2, smoking, anemia, obesity, and hyperlipidemia can all lead to the progression 
of DR [5]. Poor metabolic control, specifically hyperglycemia, can accentuate the progress of DR, 
along with ocular factors such as glaucoma, hypertension, and pregnancy [5]. DR can also be 
genetic, leading to increased risk of proliferative retinopathy in people with HLA DR4 and DR3 
genes [5]. Whereas all of these factors increase the prevalence and likelihood of DR, myopia can 
decrease the prevalence and severity of retinopathy.

Different Types of DR

Nonproliferative Diabetic Retinopathy

There are two main types of DR, namely, nonproliferative diabetic retinopathy (NPDR) and pro-
liferative diabetic retinopathy. NPDR is an early stage of DR in which tiny blood vessels within the 
retina leak blood or fluid, causing the retina to swell. NPDR can be characterized by microaneu-
rysms, retinal hemorrhages, edema, hard exudates (yellowish waxy patches arranged in circinate 
pattern), and venous abnormalities such as beading, looping, and dilation [6]. Apart from these, 
NPDR can also be characterized by cotton wool spots that are small, white, superficial areas which 
represent areas of nerve fiber infarcts. These are a sign that the eye is not getting enough oxygen. 
Intraretinal microvascular abnormalities (IRMA), which are fine, irregular red lines connecting 
arterioles with venues representing AV shunts, are also characteristic of NPDR. NPDR can be 
classified into different stages, namely, mild, moderate, severe, and very severe [6]. 

Proliferative Diabetic Retinopathy

As the conditions of NPDR approach the severe stage, the eye may be forced to form new arter-
ies through a process called neovascularization. This then becomes known as proliferative DR, in 
which new arteries form in order to bring oxygen to the hypoxic retina. Proliferative DR affects 
around 5–10% of the total population and develops in more than 50% of DR cases 25 years after 
the onset of diabetes [7]. The primary feature of PDR is neovascularization, which is caused by 
the angiogenic factors elaborated by the retinal tissue in an attempt to neovascularize the hypoxic 
retina. The angiogenic factors are most commonly the vascular endothelial growth factors (VEGF) 
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with isoforms like VEGF-A, VEGF-B, VEGF-C, and VEGF-D, placental growth factors, pigment 
epithelium-derived factors, etc. Similarly, there are several endogenous inhibitors of angiogenesis 
such as endostatin, platelet factor 4, and angiostatin [7]. It is hypothesized that the net balance 
between the VEGF and endostatin is associated with retinopathy. About one quarter of the retina 
has to be non-perfused before PDR develops [7]. 

There are two main types of proliferative DR, including PDR without high-risk characteris-
tics and PDR with high-risk characteristics, which is also known as advanced PDR. The high-risk 
characteristics include neovascularization of the disc (NVD) to one fourth of the disc area, less 
than one fourth of the disc area, or more than half of the disc area with vitreous hemorrhage (VH) 
or preretinal hemorrhage (PRH) [7]. 

Further Side Effects

Diabetic Maculopathy 

Diabetic retinopathy can lead to further complications of the patient, such as diabetic maculop-
athy and advanced diabetic eye disease. Diabetic maculopathy is a condition that arises from 
retinopathy [8]. It is concerned with damage to a specific part of the retina, the macula. When 
this swelling occurs in the central part of the retina (the macula), it is known as macular edema. 
Since the macula is the region of keenest vision, swelling of the macula could lead to reduced or 
blurred vision, whereas leakage or swelling elsewhere in the retina will usually not have too severe 
of an effect on vision. This swelling, or edema, occurs due to increased permeability of the retinal 
capillaries. Symptoms for diabetic maculopathy include trouble reading and recognizing faces 
in the center of your vision. There are also four different classifications of maculopathy, namely, 
focal exudative maculopathy, diffuse exudative maculopathy, ischemic maculopathy, and mixed 
maculopathy [8]. 

The diagnoses for clinically significant macular edema (CSME) can be made if one of the 
three criteria is present on slit-lamp examination within a 90D lens: thickening of hard exudates 
at or within 500 microns of the center of the fovea associated with adjacent retinal thickening, 
the retina at or within 500 microns of the center of the fovea, and development of zone of retinal 
thickening 1 disc diameter or larger in size at least a part of which is within 1 disc diameter of 
foveal center. 

Treatment for diabetic maculopathy is most commonly done using laser photocoagulation 
[9]. One specific type of laser treatment is the focal treatment, in which burns are applied to 
microaneurysms and microvascular lesions located 500–3000 μm from the center of the macula. 
The spot size is 50–100 μm, and the exposure time is 0.1 s, with sufficient power to obtain a gentle 
whitening or darkening of the lesion. In another laser treatment, known as the grid treatment, 
burns are applied to areas of diffuse retinal thickening of more than 500 μm from the macula. The 
spot size is again 100 μm, and the exposure time is 0.1 s, resulting in a high-intensity burn [9]. 

Another treatment option apart from the laser photocoagulation is a pars plana vitrectomy 
[10]. Vitrectomy is a surgery to remove the vitreous gel containing retinal detachment or blood. 
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This procedure can give better access to the retina of the eye and can get rid of the edema. The pars 
plana vitrectomy is named as such since the instruments used to do the procedure go through the 
pars plana, or the flat portion of the ciliary body located near the point where the iris and sclera 
touch. This procedure is done only if severe persistent vitreous hemorrhage is present or if there is 
a premacular subhyaloid hemorrhage [10]. 

Advanced Diabetic Eye Disease 

Another side effect of DR is advanced diabetic eye disease. This is characterized by vision-threat-
ening complications in patients whose laser photocoagulation treatments have been unsuccessful 
or inadequate. There are many methods of diagnosis for this disease. Some characteristics used for 
diagnosis are persistent vitreous hemorrhage, tractional retinal detachment (caused by progres-
sive contraction of fibrovascular membranes over areas of vitreoretinal attachment), tractional 
retinoschisis, and rubeosis iridis (caused by retinal ischemia) [11]. This disease can be preretinal, 
intragel, or both. Intragel hemorrhages take longer to clear than preretinal hemorrhages because 
the former result in more extensive bleeding. Patients should be warned that bleeding might be 
precipitated by severe exertion or straining, hypoglycemia, or direct ocular trauma. The treatment 
for this disease again is usually pars plana vitrectomy [10].

Treatment

Screening

Patients with DR should be screened frequently to monitor the condition of their disease. 
Typically, diabetics should be screened every year for symptoms of NPDR. Patients who already 
have moderate NPDR should be screened every 6 months to ensure that it is under control and 
not worsening. Patients with severe NPDR should be screened every 3 months, and patients with 
PDR should be screened every 2 months. Frequent screenings can be advantageous for the pre-
vention and control of DR in diabetic patients [12].

Drug Delivery

Medical drugs can be taken to help treat DR. Delivery of drugs to the posterior eye is challenging, 
owing to anatomical and physiological constraints of the eye [13]. There is an increasing need for 
managing rapidly progressing posterior eye diseases, such as age-related macular degeneration, 
diabetic retinopathy, and retinitis pigmentosa. Drug delivery to the posterior segment of the eye 
is therefore compounded by the increasing number of new therapeutic entities (e.g., oligonu-
cleotides, aptamers, and antibodies) and the need for chronic therapy. Currently, the intravitreal 
route is widely used to deliver therapeutic entities to the retina. However, frequent administration 
of drugs via this route can lead to endophthalmitis, increased intraocular pressure, and retinal 
detachment. Various controlled delivery systems, such as biodegradable and non-biodegradable 
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implants, liposomes, and nanoparticles, have been developed to overcome such adverse effects, 
with some success [13]. The periocular route is a promising alternative, owing to the large surface 
area and the relatively high permeability of the sclera. Yet, the blood–retinal barrier and efflux 
transporters hamper the transport of therapeutic entities to the retina. As such, the efficient deliv-
ery of drugs to the posterior eye remains a major challenge facing the pharmaceutical scientist [13]. 

The first line of drugs in the treatment of DR are anti-VEGF (anti-vascular endothelial 
growth factors). These drugs work by stopping a protein called vascular endothelial growth 
factor (VEGF), which is produced by the cells in the retina, from working. The overproduction of 
VEGFs has been connected to hypoxia, growth of new blood vessels, and consequently blindness. 
The two most widely used anti-VEGF drugs to counter this problem are bevacizumab (Avastin) 
and ranibizumab (Lucentis) [14, 15].

Specific Anti-VEGF Drugs

Bevacizumab, commercially known as Avastin, is a full-length, recombinant, humanized mono-
clonal antibody that works against all VEGF isoforms. It is used to treat eye diseases as well as a 
number of different cancers. It works by binding to all isoforms of VEGF-A and inhibiting their 
activity. The typical dose taken is 1–1.25 mg or 0.05 mL [14]. 

Ranibizumab, commercially known as Lucentis, is a genetically manipulated version of 
bevacizumab. It is a monoclonal antibody fragment (Fab) that is anti-angiogenic and has been 
approved to treat macular diseases and vision loss. Because it is genetically manipulated from 
the same parent mouse antibody as bevacizumab, its effectiveness is also similar to that of bev-
acizumab. The antibody works by inhibiting VEGF-A. All isoforms are also bound, including 
VEGF-110, a plasmin-cleaved form of VEGF165. The normal dosage of ranibizumab is 0.3–0.5 
mg. Although ranibizumab has been proven to be relatively safe, some side effects may include 
conjunctival hemorrhage, eye pain, or intraocular inflammation [16]. 

Another anti-VEGF drug that is used is pegaptanib sodium, commercially known as 
Macugen. This is another anti-angiogenic drug, used to treat neovascular macular degeneration. 
It acts by binding specifically to the pathological 165 isoform of VEGF, which is the most impor-
tant in angiogenesis, and blocking its actions, therefore reducing the growth of blood vessels and 
working to control leakage and swelling. An advantage of this drug is that it spares the normal 
vasculature, therefore giving it a dual mechanism of anti-angiogenesis and anti-permeability. The 
normal dosage is 0.3 mg or 90 μL [17, 18]. 

Anecortave acetate, commercially known as Retaane, is also known as an angiogenic steroid 
because of its functions. It inhibits the remodeling of basement membranes and extracellular 
matrix components in angiogenesis, as well as the expression of VEGF in smooth muscles. It 
can also be used to treat age-related macular degeneration and to reduce intraocular pressure. 
Anecortave acetate is delivered via the posterior juxtascleral depot (PJD) that delivers the drug 
onto the sclera near the macula. This method allows for decreased intraocular infection and 
retinal detachment. Retaane is typically delivered once every 6 months. Possible complications 
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of this drug include endophthalmitis, vitreous hemorrhage, persistent floaters, rise in IOP, retinal 
pigment epithelial tear, and retinal detachment [19].

Other Methods of Treatment 

Although anti-VEGF drugs are the most common method of treatment for DR, there are other 
options as well. For example, protein kinase C is an intracellular signaling molecule, whose acti-
vation plays an important role in the development of ocular complications. PKC inhibitors can 
diminish blood flow related to hyperglycemia and therefore has potential use as a therapy for DR. 
Other methods can include the use of aldose reductase and ACE inhibitors, antioxidants such as 
vitamin E, and intravitreal steroids such as fluocinolone acetonide implants and intravitreal injec-
tions of triamcinolone at a 2–4 mg dosage [17]. 

Routes of Drug Delivery

Systemic, topical, periocular, and intravitreal routes are used to deliver pharmaceuticals to the 
posterior segment of the eye. The topical route has a lower bioavailability due to rapid drainage 
through the nasolacrimal ducts, a hydrophobic corneal epithelium, the blood–aqueous barrier, 
and the systemic absorption. Conversely the blood–retinal barrier (BRB) hinders the diffusion of 
systemically administered drugs to the posterior segment of the eye. Thus, the ideal routes of drug 
delivery are the periocular and the intravitreal routes.

Intravitreous injection of anti-VEGF, antibiotics, and steroids is the currently accepted route 
of administration to treat posterior segment diseases, such as diabetic retinopathy, age-related 
macular degeneration (AMD), vascular occlusions, cystoid macular edema, uveitis, viral retinitis, 
endophthalmitis, and retinal detachment. This enables direct application of the drug eliminating 
the barriers which are common with topical and systemic administration. A higher intraocular 
bioavailability yields more efficacious treatment of posterior segment diseases. Intravitreal injec-
tions are typically given at pars plana 3.5–4 mm posterior to the limbs. The availability of infusion 
devices such as insulin pumps (Fornia, Zhuhai, Guangdong, China) has also added to improve 
treatment modalities [17].

Periocular routes comprising of the retrobulbar, peribulbar, subtenon, and subconjunctival 
administration of drugs enable the molecules to be deposited on the external surface of the sclera, 
thus minimizing the risk of endophthalmitis and toxic retinal reactions. Of these, the subtenon 
route is considered to be the most effective method to treat posterior segment diseases of the 
eye [17]. 

Conclusion

Diabetic retinopathy is a widely prevalent disease and a common cause of visual loss. It can pro-
gress in the absence of symptoms, producing irreversible damage to the retina. The key to manag-
ing this ailment is realizing that prevention is better than treatment and a repeated follow-up of 
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these patients to detect the earliest sign of diabetic retinopathy. Interventions are most efficacious 
when started early in the disease, when retinal damage is minimal and clinical findings are few or 
absent. Periodic ophthalmoscopic examinations are essential in detecting the progression of retin-
opathy and development of disease characteristics which indicate a need for treatment. Regular 
screening examinations along with intensive control of hyperglycemia, serum lipid levels, and 
blood pressure not only retard the progression of DR but also contribute to reducing cardiovas-
cular mortality.
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Using Continuous Glucose Monitoring for 
Patients with Fasting Hyperglycemia

J. Zhou

The dawn phenomenon and the Somogyi effect are two important causes of fasting hyperglyce-
mia. With the application of continuous glucose monitoring (CGM) technology, it is possible to 
explore the mechanisms and clinical features of the dawn phenomenon and the Somogyi effect, 
which greatly improves the accurate understanding and management of the two phenomena and 
facilitates stable control of overall blood glucose level in patients with diabetes mellitus.

Definitions and Epidemiological Characteristics of the Dawn 
Phenomenon and Somogyi Effect

Definition

The concept of the dawn phenomenon was first put forward by Schmidt et al. [1] in 1981, when 
the authors observed an abnormal rise in glucose concentration at early morning and after break-
fast in patients with type 1 diabetes and called it the “dawn phenomenon.” In 1984, Bolli et al. [2] 
also reported this phenomenon in type 2 diabetes patients. Since then, the dawn phenomenon has 
gradually attracted the attention of researchers. The characteristics and definitions of the dawn 
phenomenon have been further elaborated. The current definition of the dawn phenomenon is 
the need for more insulin dosage to prevent a spontaneous rise in blood glucose levels in the 
predawn and dawn in patients with good glycemic control at nighttime without hypoglycemic 
events. In recent years, the utilization of CGM clinically has been shown to facilitate the detection 
of the dawn phenomenon and promote an in-depth understanding of the dawn phenomenon as 
well. At present, the scope of the dawn phenomenon includes hyperglycemia from early morning 
to before breakfast, and an abnormally high postprandial glucose excursion after breakfast is com-
monly referred to as the extended dawn phenomenon [3–5].
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The Somogyi effect is a rebound hyperglycemia episode following a nocturnal hypoglycemia 
episode as a result of excessive insulin during the nighttime. In 1959, the scientist Somogyi first 
proposed the concept that “hypoglycemia induced by excessive insulin dose can lead to rebound 
hyperglycemia” in his paper and put forward the hypothesis that “this rebound hyperglycemia 
is due to the regulation by hypothalamus-pituitary-adrenal axis” [6]. Subsequent studies have 
confirmed the existence of Somogyi effect [7–9], but at the same time, many scholars still have 
a skeptical attitude toward this phenomenon [10, 11]. Although both the dawn phenomenon 
and Somogyi effect are manifested as hyperglycemia in early morning, they differ completely 
from their pathogenesis to treatment. Thus, it is important to accurately identify and distinguish 
them (Table 1).

Table 1: Comparison of the dawn phenomenon and the Somogyi effect [4] (Reprinted from 
Endokrynologia Polska).

Features The dawn phenomenon The Somogyi effect

Definition Recurring early morning hyperglycemia Early morning hyperglycemia due to 
treatment with excessive amount of 
exogenous insulin

Cause Decrease of insulin secretion between 03:00 a.m. 
and 05:00 a.m. and increase of insulin-antagonistic 
hormones

Nocturnal hypoglycemia due to excessive 
dose of insulin and hyperglycemia the next 
early morning due to increase of insulin-
antagonistic hormones

Occurrence Type 1 diabetes
Type 2 diabetes with no insulin therapy

Type 1 diabetes
Type 2 diabetes with insulin therapy

Incidence Type 1 diabetic children—27.4%;
Type 1 diabetic adults—24.1%;
Type 2 diabetic adults—3%;
Type 1 diabetes generally—54%;
Type 2 diabetes generally—55%

Type 1 and 2 diabetic patients—12.6–67.0%;  
Type 1 diabetic patients—18%

Diagnosis Measurement of the plasma glucose concentration 
between 03:00 a.m. and 05:00 a.m. for next several 
nights
CGM
Confirmative result: high/normal plasma glucose 
level

Measurement of the plasma glucose 
concentration between 03:00 a.m. and 
05:00 a.m. for next several nights
CGM
Confirmative result: low plasma glucose 
level

Prevention/
treatment

Increase evening physical activity
Increase protein-to-carbohydrate ratio in the last 
meal of the day
Eat breakfast as usual even though the dawn 
phenomenon is presented
Individual diet modification only if HbA

1c
 <7.0% 

(53 mmol/mol)
Antidiabetic oral agent therapy only if  
HbA

1c
 <7.0% (53 mmol/mol)

Long-acting insulin analogs like glargine insulin
Use an insulin pump

Modify insulin dosage
More protein than carbohydrates in the last 
meal of the day
Go to bed with higher level of plasma 
glucose than usual
Long-acting insulin analogs like glargine 
insulin
Use an insulin pump
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Epidemiological Characteristics

The exact incidences of the two phenomena are not yet clear. The incidence of Somogyi effect 
varies widely among studies, as previous studies have reported an incidence of approximately 
12.6% in diabetic patients [12], but some scholars believe that this percentage is likely much 
higher up to 67% [13]. Another report suggests an incidence of Somogyi effect is about 18% in 
type 1 diabetes [4].

The reported incidence for the dawn phenomenon ranges from 3 to 55%, with estimated 
incidences of 24.1% and 27.4% in adults and children with type 1 diabetes, respectively [12, 14]. 
Another study showed an overall incidence of the dawn phenomenon as high as 55% in type 1 
diabetes patients and as high as 54% in type 2 diabetes [15]. Generally, the common understand-
ing on the incidence of both phenomena includes: (1) the dawn phenomenon is more common 
than Somogyi effect; (2) compared with adult diabetes, children with type 1 diabetes are more 
susceptible to the dawn phenomenon [4].

Pathogenesis of the Dawn Phenomenon and Somogyi Effect

Pathogenesis of the Dawn Phenomenon

The pathophysiological mechanisms of the dawn phenomenon are complex and not yet clear. 
It is believed that the dawn phenomenon is the result of decline in β-cell function, followed by 
increased endogenous glucose production and sustained insulin resistance in the early morning. 
In the early morning, the increase in insulin-antagonistic hormones such as growth hormone leads 
to impairment of the signal transduction of insulin system and enhanced lipolysis and further 
exaggerates insulin resistance and promotes endogenous glucose production (hepatic glycogen-
olysis, gluconeogenesis, etc.). With a weakened effect of insulin on peripheral tissues, especially 
at 08:00 a.m. when insulin sensitivity is the lowest through a day [16], together the above factors 
eventually trigger a dawn phenomenon. The mechanisms may involve the following aspects: 

Growth Hormone

The role of growth hormone in the pathogenesis of insulin resistance has been widely studied 
[17]. Growth hormone is considered as the primary factor contributing to the dawn phenomenon 
in type 1 diabetes, and in type 2 diabetes, and it is the cause only secondary to insulin resistance 
contributing to the dawn phenomenon. In healthy individuals, growth hormone appears to be 
secreted in large amounts during slow-wave sleep and peaks from 12:00 a.m. to 2:00 a.m. However, 
it is known that growth hormone administration leads to substantial impairment of both hepatic 
and peripheral insulin sensitivity after a latency period of approximately 4 h in a healthy individ-
ual (from 04:00 a.m. to 06:00 a.m.) [15]. In 2013, Shih et al. [18] found an elevated blood glucose 
concentration, increased free fatty acid concentration, and decreased metabolic clearance rate of 
insulin (reflecting insulin sensitivity) at 16 h after treatment with exogenous growth hormone 
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in 15 type 2 diabetes patients, and this effect was weakened by the growth hormone antagonist 
octreotide. It is currently considered that growth hormone may lead to insulin resistance through 
the following pathways: 
1. Impairment of the signal transduction system: growth hormone and insulin mediate intracel-

lular glucose and lipid metabolism through a critical, common signal transduction pathway, 
that is, the insulin receptor substrate 1 (IRS-1)-phosphatidylinositol 3-kinase (PI-3 K) sign-
aling pathway. Activation of the IRS-1/PI-3 K pathway activates their downstream protein 
kinase B to initiate a cascade of phosphorylation reactions that lead to cellular events 
such as activation of glycogen synthase and promotion of glucose transporter 4 (GLUT4) 
expression [19].

2. Enhanced lipolysis: in fasting state, growth hormone stimulates lipid oxidation and decompo-
sition and then leads to intracellular accumulation of lipid metabolites, which competitively 
inhibit glucose uptake and glycogen synthesis.

3. Insulin-like growth factor (IGF) and insulin-like growth factor-binding protein (IGFBP): 
in 2010, Yagasaki et al. [20] found that IGFBP-1 also plays an important role in the occur-
rence of the dawn phenomenon. The authors divided 48 patients with type 1 diabetes into 
three treatment groups. The plasma glucose, IGFBP-1, and free IGF-1 levels of the patients 
were measured. The results showed that the serum IGFBP-1 levels were markedly increased 
at breakfast, and free IGF-1 levels were inversely decreased (P < 0.05) in patients with poor 
glycemic control who experienced the dawn phenomenon. In contrast, for those with good 
glycemic control, the serum IGFBP-1 levels remained stable in the morning. Therefore, the 
increase in circulating IGFBP-1 in the morning due to the waning of insulin action could be 
another mechanism behind the dawn phenomenon. The increase of IGBP-1 leads to reduced 
free IGF-1 levels and increases the growth hormone levels and may finally cause decreased 
insulin sensitivity and the dawn phenomenon.

Circadian Rhythm of Insulin Sensitivity

The dawn phenomenon is related to the circadian rhythm of insulin sensitivity in diabetic 
patients, with the lowest insulin sensitivity typically occurring at eight o’clock in the morning [4, 
21, 22]. Endogenous glucose production also changes with circadian rhythmicity, reaching a peak 
in the early morning and dropping to a valley after noon. Diabetic patients have peak endogenous 
glucose 30–50% greater than that of the healthy individuals, resulting in elevated blood glucose 
levels [23]. 

Fibroblast Growth Factor 21 (FGF-21)

In 2011, Chen et  al. [24] found that growth hormone-induced lipolysis was enhanced in 
FGF-21 knockout mice. FGF-21 interacts with growth hormone through the hypothalamus- 
pituitary-adrenal axis to regulate lipolysis and promote fasting gluconeogenesis. In the human 
body, circulating FGF-21 levels begin to rise at midnight, reach a peak in the early morning, and 
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then decline to basal concentrations early in the afternoon. The circulating FGF-21 levels display a 
circadian rhythm and resemble the oscillation of free fatty acids [25]. In conclusion, FGF-21 plays 
a regulatory role in growth hormone-induced dawn phenomenon.

Others

1. The effects of other insulin-antagonistic hormones such as glucagon, catecholamine, and cor-
tisol might be involved. Carroll et  al. [15] found an elevation of insulin-antagonistic hor-
mones such as glucagon, catecholamine, and cortisol between 12:00 a.m. and 08:00 a.m., with 
the increases in glucagon and cortisol being the most dramatic [4].

2. Dietary factors include dinner intake (amount and time) of previous day or snacking at 
bedtime.

3. Treatment: inadequate use of oral hypoglycemic agents or insulin in the prevention of noctur-
nal hypoglycemia of previous day.

Pathogenesis of Somogyi Effect

The pathogenesis of Somogyi effect is mainly related to the body’s negative feedback mechanisms. 
During a hypoglycemic event, the central nervous system is stimulated to send signals to mobilize 
the body to produce a series of responses against hypoglycemia, mainly through the following two 
pathways: (1) a direct hyperglycemic effect and (2) stimulation of the secretion of hyperglycemic 
hormone to antagonize the action of insulin and promote the ability of sympathetic nerve and 
adrenaline on the mobilization of stored energy. Hypoglycemia and the resultant excitation of 
the sympathetic system and increase in the plasma catecholamine levels can all inhibit the secre-
tion of insulin, resulting in low insulinemia. Moreover, excitation of the sympathetic system and 
an increased plasma catecholamine level can promote the secretion of glucagon, thus increasing 
glycogen decomposition and gluconeogenesis. In hypoglycemic events, an inadequate supply of 
glucose can cause excitation of the sympathetic system with increased secretion of adrenocorti-
cal hormones, promoting the elevation of the cortisol level. Growth hormone secretion is also 
increased, which can inhibit the utilization of glucose in muscle tissue and directly promote the 
decomposition of lipid in adipose tissues. 

Utilization of CGM for the Dawn Phenomenon and Somogyi Effect

Utilization of CGM for Distinguishing the Dawn Phenomenon and Somogyi Effect

Previously, the distinction between the dawn phenomenon and Somogyi effect was made mainly 
based on multiple blood glucose measurements at 03:00 a.m. to 05:00 a.m., especially in type 1 
diabetes patients [12]. If the glucose levels were consistently low during this period, the Somogyi 
effect was probably the cause; if it was normal or elevated, the dawn phenomenon was more 
likely the reason. The dawn phenomenon is quantified by the absolute increase in glucose from  
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nocturnal nadir to pre-breakfast value [∂ glucose (∂G)], which is commonly defined as a rise in 
plasma glucose levels ∂G > 0.56 mmol/L (10 mg/dL) between 05:00 a.m. and 09:00 a.m. (every half 
hour), occurring after a growth hormone surge of ≥5 μg/L. In recent years, blood glucose excur-
sion after breakfast, which is regarded as an extended dawn phenomenon, has also attracted more 
attention. The abnormal increase in blood glucose concentration after breakfast is considered 
as an obstacle to achieving stable glycemic control throughout the day. In 2002, Monnier et al. 
[21] measured the levels of blood glucose and insulin at four time points, namely, pre-breakfast 
(08:00  a.m.), at the postprandial state (11:00 a.m., 02:00 p.m.), and at the postabsorptive state 
(05:00 p.m.), and found that the blood glucose level at 11:00 a.m. was significantly higher than 
those at other time points. However, a certain cutoff point for identifying Somogyi effect has 
not yet been identified. Cryer, an American researcher, believed that the nocturnal glucose nadir 
relating to the Somogyi effect is probably between 3.8 mmol/L (which may cause the secretion of 
insulin-antagonistic hormones such as growth hormone, glucagon, epinephrine, and cortisol) and 
3.0 mmol/L (which may cause hypoglycemic symptoms) [26].

In recent years, the application of CGM technology has allowed for visual observation of the 
circadian changes in blood glucose concentrations and for differentiation of the dawn phenome-
non and Somogyi effect (Fig. 1). CGM techniques can be used to identify nocturnal hypoglycemia 
and the Somogyi effects that cannot be detected by glucose concentrations measured in venous 
blood samples [27, 28]. Schaepelynck-Bélicar et al. [28] observed the CGM data of 12 patients 
with poorly controlled type 1 diabetes. Prolonged overnight hyperglycemia was observed in five 
patients, the dawn phenomenon in four patients, and nighttime hypoglycemia in four patients. 
These data revealed that CGM enables the analysis of various glucose patterns from nighttime to 
early morning in these patients. 

The ∂G value can be easily and accurately obtained by CGM for quantifying the dawn phenom-
enon. If nocturnal glucose readings at any time points are greater than that before breakfast, ∂G = 0, 
the dawn phenomenon is excluded. Currently, the dawn phenomenon is quantified by an absolute 
increase ∂G > 0.56 mmol/L (10 mg/dL) or by an absolute increase ∂G > 1.11 mmol/L (20 mg/dL) 
or a relative increase (∂G%) >6.9% [3]. In 2013, Monnier et al. [5] found that ∂G > 1.11 mmol/L 
(20 mg/dL) was the best cutoff value for quantifying in the application of CGM. The median of 
∂G value and the median of inter-day difference from nocturnal glucose nadir to pre-breakfast 
glucose value among the 248 participants were 0.89 mmol/L and 0.83 mmol/L, respectively. 

Utilization of CGM for Evaluation of the Dawn Phenomenon and Somogyi Effect 

Continuous glucose monitoring technology improves the detection of asymptomatic nocturnal 
hypoglycemia and the Somogyi effect through whole-day glucose profiles. However, there are 
some doubts about the existence of Somogyi effect. Guillod et al. [29] and Høi-Hansen et al. [30] 
suggested that nocturnal hypoglycemia is a common phenomenon in type 1 diabetes patients 
based on an analysis of CGM data and that nocturnal hypoglycemia is not directly related to 
fasting hyperglycemia. On the contrary, nocturnal hypoglycemia is more likely to trigger morning 
hypoglycemia. Choudhary et al. [31] analyzed the CGM data of 89 patients with type 1 diabetes. 
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They found that 94% of patients with fasting fingertip blood glucose <5 mmol/L had nocturnal 
hypoglycemia (defined as glucose <3.5 mmol/L), and only two subjects experienced a rebound 
elevation in fasting plasma glucose (FPG) after nocturnal hypoglycemia. 

Fig. 1: CGM profiles showing the Somogyi effect (a) and dawn phenomenon (b).
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The existence and influence of the dawn phenomenon are well known. CGM technology 
promotes a better understanding of the characteristics of the extended dawn phenomenon. In 
2005, Colette et al. [32] applied CGM in 14 type 2 diabetes on short-term calorie-restricted diet. 
They found that the daytime glucose peaked at 120 ± 24 min after breakfast, and there was no 
significant difference before and after calorie-restricted dieting. The study also found that, during 
periods of poor insulin sensitivity, a calorie-restricted diet failed to improve the postprandial 
blood glucose fluctuations, and post-breakfast was considered as the period least sensitive to 
caloric restriction therapy. In our previous study, 69 newly diagnosed type 2 diabetes patients 
and 48 normal subjects were monitored using the CGM system. The results showed that among 
normal subjects, the area under the curve (AUC), glucose peak value, and glucose peak time were 
not significantly different after meals. In type 2 diabetes, postprandial glucose fluctuations were 
most prominent following breakfast and less evident during lunch and dinner. The peak intraday 
glucose values occurred at 90 ± 37 min after breakfast, with a significantly shorter peak time than 
those after lunch and dinner. In addition, the peak blood glucose value after breakfast was signifi-
cantly higher than those after lunch and dinner [33] (Fig. 2). 

In 2013, Monnier et al. [5] applied CGM in 248 non-insulin-treated patients with type 2 dia-
betes and found that the median magnitude of the dawn glucose increase was 0.89 mmol/L and 
the postprandial glucose after breakfast was higher than those after lunch and dinner, emphasiz-
ing that the abnormal hyperglycemia caused by the dawn phenomenon also influences postpran-
dial glucose after breakfast to a great extent (also called “extended dawn phenomenon”). 
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Fig. 2: The characteristics of postprandial glucose fluctuation of type 2 diabetes patients [33, 34] (Reprinted from 
Medical Science Monitor and reprinted with permission from National Medical Journal of China).
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The magnitude of the dawn phenomenon is affected by the course of diabetes, glycemic 
control, and insulin sensitivity. In the study conducted by Perriello et al. [27], 114 type 1 diabetes 
patients were given insulin infusion, and the increased magnitude of the dawn phenomenon was 
associated with a short duration of diabetes, poor glycemic control, increased hepatic glucose 
production, and reduced peripheral glucose utilization. In addition, seven patients with poor gly-
cemic control were selected. After 5–9 months of intensive insulin therapy, glycated hemoglobin 
A1c (HbA1c) decreased from 12.4% (112 mmol/mol) to 7.9% (63 mmol/mol) after treatment, and 
the magnitude of the dawn phenomenon was also decreased (evaluated by % increase between 
morning and nocturnal insulin requirements, 24% before treatment and 18% after treatment, 
P < 0.05). For another six poorly controlled patients without intensive insulin therapy, HbA1c 
remained unchanged, so did the magnitude of the dawn phenomenon, during an observation 
period of 6–8 months. For five cases with intensive insulin therapy, the HbA1c increased from 7.9% 
(63 mmol/mol) to 9.1% (76 mmol/mol) by 2 weeks after discontinuation of intensive treatment, 
and the magnitude of the dawn was also increased. These findings fully explain an intricate link 
between glycemic control and the magnitude of the dawn phenomenon. A similar conclusion was 
reached in a study of patients with type 2 diabetes. A comparison was made between morning 
glucose levels in seven patients with poorly controlled diabetes [HbA1c 11.2% (99 mmol/mol), five 
type 2 and two type 1 diabetes] and levels in seven patients with well-controlled diabetes [HbA1c 
7.6% (60 mmol/mol), five type 2 and two type 1 diabetes]. The mean plasma glucose concentra-
tions in the two groups increased from 6.1 mmol/L and 4.4 mmol/L at 03:00 a.m. to 12.2 mmol/L 
and 5.7 mmol/L at 08:00 a.m., respectively. Patients with poorly controlled diabetes exhibited a 
significant dawn increment in glucose levels as compared with patients with well-controlled dia-
betes, irrespective of the type of diabetes, suggesting that the magnitude of the dawn glucose rise 
was associated with glycemic control [35]. 

The dawn phenomenon and extended dawn phenomenon have a greater impact on blood 
glucose level than Somogyi effect. In the study performed by Monnier et al. [5], diabetic patients 
were divided into two groups based on the presence/absence of a dawn phenomenon (defined 
as ∂G > 1.11 mmol/L). This study was the first to investigate the impact of the magnitude of the 
dawn phenomenon and extended dawn phenomenon on HbA1c and 24-h mean glucose in type 
2 diabetes. The comparison between paired subsets of subjects for the nocturnal glucose nadir 
showed that the change caused by the dawn phenomenon was 0.67 mmol/L (12 mg/dL) in the 
mean glucose concentration and 0.4% (4 mmol/mol) in HbA1c, which could not be eliminated by 
antidiabetic agents. These findings were consistent with the relationship previously established by 
the A1c-Derived Average Glucose study (an increment of 1.6 mmol/L in mean glucose concentra-
tion corresponds to a 1% increment in HbA1c) [36]. As another study illustrated, the deterioration 
of glucose homeostasis in individuals with type 2 diabetes progresses from postprandial to fasting 
hyperglycemia, and the dawn phenomenon state and extended dawn phenomenon are interme-
diate steps during the progression [37]. The morning glucose levels (pre-breakfast to 3 h after 
breakfast) have been found to differ significantly (7.5 mmol/L and 9.3 mmol/L, P < 0.01) between 
subjects with HbA1c 6.5–6.9% (48–52 mmol/mol) and 7.0–7.9% (53–63 mmol/mol), suggesting 
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that the elimination of the dawn phenomenon facilitates achievement of target glycemic control 
[HbA1c < 7.0% (53 mmol/mol)] for patients with HbA1c < 8.0% (64 mmol/mol). 

Utilization of CGM to Guide Treatment of the Dawn Phenomenon and Somogyi Effect 

Application of CGM in diabetes can facilitate an improvement in glycemic control not only by 
preventing the dawn phenomenon and the occurrence of nocturnal hypoglycemia but also via 
timely adjustment of the treatment regimen for the dawn phenomenon and Somogyi effect. In 
the study conducted by Schaepelynck-Bélicar et al. [28], insulin treatment was adjusted based 
on CGM measurements in 12 adolescents with poorly controlled type 1 diabetes. The inci-
dence of the dawn phenomenon reduced from four episodes in two patients to one episode in 
one patient. The mean HbA1c decreased from 10.3 ± 2.1% (89 ± 23 mmol/mol) to 8.8 ± 1.1%  
(73 ± 12 mmol/mol). For Somogyi effect, it is important to prevent or reduce nocturnal hypogly-
cemia. CGM has been reported to reduce the risk of nocturnal hypoglycemia in 75% of patients 
[29]. CGM provides accurate data for the formulation of hypoglycemic regimen and significantly 
improves glycemic management. Through 24-h continuous monitoring, the CGM directly reflects 
the glycemic characteristics of each patient and facilitates the personalized selection of rational 
targeted therapies. 

Principles for the Treatment of the Somogyi Effect and Dawn 
Phenomenon

Since the Somogyi effect is mainly due to the use of excess insulin, adjustment of insulin dose and 
type is first considered, e.g., replacing the neutral protamine Hagedorn (NPH) with long-acting 
insulin analogs (glargine or detemir insulin, etc.) [38, 39]. As an intermediate-acting insulin, NPH 
starts working 30–60 min after injection, peaks 4–5 h after injection, and lasts 10–16 h. The onset 
of action of insulin glargine is a little later than insulin NPH (1–2 h after injection), but its dura-
tion of action is 24 h. Insulin glargine or detemir acts relatively constant with no pronounced 
peak, which significantly reduces the risk of hypoglycemia and improves the dawn phenomenon 
and Somogyi effect. An insulin pump is also an effective measure to reduce the risk of nocturnal 
hypoglycemia. Somogyi effect may be prevented by increasing the protein-to-carbohydrate ratio 
in the last meal of the day, and a patient should go to bed with a reasonably high level of plasma 
glucose. 

The essential rule for the treatment of the dawn phenomenon is to restore the normal balance 
of hormone in the body. Another therapeutic option is the selection of suitable hypoglycemic 
agents to control the morning hyperglycemia. Although some oral antidiabetic agents can improve 
the dawn phenomenon to varying degrees, effective control of the dawn phenomenon depends on 
an increase in insulin requirements at dawn. Thus, basal insulin is an optimal choice. The specific 
treatments are introduced as follows: 
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Basic Treatment

When HbA1c < 7.0% (53 mmol/mol), the dawn phenomenon is generally manageable with diet 
and exercise therapy or combined with oral hypoglycemic agents. The dawn phenomenon may 
be prevented by increasing evening physical activity, increasing the protein-to-carbohydrate ratio 
in the last meal of the day, and eating breakfast as usual. These measures help to decrease the 
secretion of insulin-antagonistic hormones. In some cases, the mild dawn phenomenon can be 
controlled by the basic treatment combined with oral hypoglycemic agents [40].

Oral Hypoglycemic Agents

Low-dose metformin is usually used to treat the dawn phenomenon. However, it is currently 
believed that none of the oral hypoglycemic agents, either alone or in combination, can fully 
manage the dawn phenomenon. Especially, sulfonylureas are not recommended due to their 
potential side effect of nocturnal hypoglycemia [5]. 

Other medications that control the dawn phenomenon include cyproheptadine, which acts 
on the anterior pituitary gland to inhibit the secretion of growth hormone and adrenocorticotropic 
hormone (ACTH) through potent inhibitory effects against histamine and 5-hydroxytryptamine 
[41]. Suppression of cortisol secretion using metyrapone may also decrease the magnitude of the 
dawn phenomenon. In addition, administration of somatostatin can reduce FPG levels in type 1 
and type 2 diabetes and resultantly decreases the magnitude of the dawn phenomenon in type 1 
diabetes. However, some patients are not sensitive to this treatment. This is because somatostatin 
inhibits the secretion of not only glucagon and growth hormone but also insulin as well. Given 
that long-term inhibition of nocturnal growth hormone secretion may handicap the physical 
growth and development of diabetic children and adolescents, it should be used with caution 
clinically. The novel growth hormone antagonist pegvisomant overcomes the undesirable side 
effect of decreased glucose tolerance in conventional growth hormone inhibitors and provides a 
new direction for the treatment of the dawn phenomenon. 

Insulin Therapy

Insulin should be first considered for the control of the dawn phenomenon, especially for 
those with HbA1c >7.0% (53 mmol/mol). The latest study confirms that even in patients with  
HbA1c <7.0% (53 mmol/mol), basal insulin therapy can reduce nocturnal hyperglycemia and 
the dawn phenomenon, facilitating achievement of HbA1c under 7.0% (53 mmol/mol) [42, 43]. 
At present, the following insulin regimens are commonly used for the control of the dawn 
phenomenon. 

Long-acting Insulin Analog at Bedtime

Compared with NPH, long-acting insulin analogs have the advantages of no significant absorp-
tion peak, lower risk of nocturnal hypoglycemia, and longer duration of action. Pistrosch et al. 
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[44] found that 36-week treatment with long-acting insulin analog at bedtime resulted in a more 
pronounced reduction in FPG as compared with oral administration with metformin at bedtime 
(Δ: 3.1 ± 2.5 mmol/L vs. 1.4 ± 1.5 mmol/L; P < 0.001). Both insulin glargine and detemir are 
basal insulin analogs. Patients treated with insulin glargine and detemir of the same dose achieve 
similar glycemic control with similar all-day blood glucose spectrum. Therefore, insulin glargine 
and detemir are capable of regulating the blood glucose level in similar ways [45, 46]. However, 
there is a lower glucose variability and less weight gain with insulin detemir versus insulin glargine 
[47, 48]. Tone et al. [39] found that insulin detemir versus glargine could reduce the frequency of 
hypoglycemia in type 1 diabetes, but not type 2 diabetic patients. 

Moreover, some of the emerging drugs also provide new possibilities for the control of the 
dawn phenomenon. Insulin degludec (IDeg) is a new basal insulin that is ultralong-acting, which 
improves glycemic control to a similar degree to insulin glargine but confers lower risks of overall 
and nocturnal hypoglycemia [49]. In fact, the day-to-day variability in the glucose-lowering effect 
of IDeg is less than that for glargine, so the effect of IDeg is more predictable. The safe, predict-
able, and flexible profile of IDeg may be an advantage in the management of fasting hyperglycemia 
and nocturnal hypoglycemia [50]. Furthermore, the previous study reported that basal insulin 
regime changing from Lantus to Toujeo resulted in fewer hypoglycemic episodes and glucose 
fluctuations [51]. 

Insulin Pump

The insulin pump has a unique advantage in controlling nighttime and dawn blood glucose fluc-
tuations, precisely modeling insulin secretion patterns of β-cells by adjustment of pump settings 
(basal rate, bolus dose). In the study conducted by Yagasaki et  al. [20], the use of the insulin 
pump led to improved glycemic control from 03:00 a.m. to 07:00 a.m. and increased circulat-
ing IGFBP-1, showing the suppression of the dawn phenomenon. Papargyri et al. [52] reported 
their experience with the use of continuous subcutaneous insulin infusion (CSII) in 112 type 1 
diabetes patients followed up for 7 years. They found that HbA1c was reduced by 0.7–0.9%  
(8–10 mmol/mol) in the first 3 years, and 21% of patients had asymptomatic nocturnal hypoglyce-
mia. The frequency of hypoglycemia decreased with the prolongation of treatment time, confirm-
ing the safety of insulin pump therapy. However, Bouchonville et al. [53] put forward the notion 
that the dawn phenomenon occurs unpredictably; therefore, programming of the insulin pump 
for an early morning increase in insulin delivery is ineffective for both the frequency and magni-
tude of the dawn phenomenon and may cause an increased risk of hypoglycemia. This defect can 
be avoided when applying an insulin pump with a threshold-suspend function and closed-loop 
insulin delivery system. 

The latest study using CGM compared the efficacy of three insulin regimens, NPH 
(0.22 ± 0.03 U/kg), CSII (infusion of basal insulin as rapid-acting analog at single rate 
0.7 ± 0.1 U/h), or long-acting insulin analogs (0.25 ± 0.02 U/kg). The results showed that bedtime 
NPH resulted in a magnitude of dawn phenomenon of 3.06 mmol/L, whereas CSII at single rate 
partly prevented the dawn phenomenon with magnitude of 0.94 mmol/L and long-acting insulin 
glargine eliminated the dawn phenomenon (∂G = 0) [42]. Additionally, eight diabetic patients 
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with HbA1c of 6.89 ± 0.05% (52 ± 1 mmol/mol) were treated with evening dose of insulin glargine 
(0.25 ± 0.02 U/kg) as add-on to metformin. After 6 months of treatment, the dawn phenom-
enon was basically eliminated with a decrease in the magnitude of 1.00 mmol/L; the removal of 
the dawn phenomenon resulted in a decrease in HbA1c to 6.5 ± 0.1% (mean decrease of 0.39%)  
(48 ± 1 mmol/mol), which validated the estimated contribution of the dawn phenomenon to the 
0.4% (4 mmol/mol) increase in HbA1c calculated by Monnier et al. [5]. 

Overall, the use of long-acting insulin at a reasonable time is the most convenient and prac-
tical measure for the control of the dawn phenomenon and Somogyi effect: at 06:00 a.m. to 
09:00 a.m. for reducing the risk of nocturnal hypoglycemia and improving the Somogyi effect and 
at 06:00 p.m. to 09:00 p.m. for preventing the dawn phenomenon. 

Recently, the U.S. Food and Drug Administration (FDA) has approved the MiniMed 670G 
(Medtronic), a hybrid closed-loop insulin delivery system for use in patients ≥14 years old with 
type 1 diabetes [54]. The system uses an algorithm to automatically adjust basal insulin doses 
based on readings from a CGM. The new device appears to have the potential to keep blood 
glucose levels more stable and to improve the control of the dawn phenomenon. 

Summary and Outlook 

The dawn phenomenon and Somogyi effect have negative effects on the overall glycemic control of 
patients that cannot be ignored. The extensive application of CGM not only promotes an indepth 
understanding of the dawn phenomenon and Somogyi effect but also facilitates clinical identifica-
tion of the two phenomena and thus improves morning glycemic control. In the future, it is nec-
essary to further investigate their pathophysiological mechanisms, for example, the role of novel 
cytokines involved in particular so as to find potential targets for intervention. Also, large-scale, 
multicenter studies utilizing CGM technology are needed to determine the criteria for identify-
ing the dawn phenomenon and Somogyi effect and hence further improve clinical diagnosis and 
treatment of these conditions.

Statement on Consent for Participation

All the clinical trials carried out by the authors in this book have been reported to the Ethics 
Committee of Shanghai Jiao Tong University Affiliated Sixth People’s Hospital already and were 
in accordance with the Good Clinical Practice and Standards of China Association for Ethical 
Studies (approval number: 2007-45).
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Approaches to Integrated Diabetes Care: A 
South African Approach

Larry A. Distiller, Michael A. J. Brown

Part I: Background to the South African Health Care System

South Africa has an estimated population of 54 million people [1]. The Department of Health 
holds overall responsibility for healthcare, with a specific responsibility for the public sector. 
Because of high levels of poverty and unemployment, the bulk of the burden of healthcare is 
borne by the state, with 84% of the population receiving some portion of their healthcare from the 
public (Government) sector. Sixty-eight percent of the population does not use any private care 
at all, and a further 16% of the population rely on the public sector for hospital care, but use the 
private sector for primary care, paying out of their own pockets. Despite this burden, Government 
spending on healthcare comprises less than half of total health expenditure. In 2013, the remain-
ing 16% of the population (8.64 million people) paid for private health insurance cover (often with 
a monthly contribution from their employers), from 87 registered medical insurance companies 
or medical schemes (down from 93 schemes in 2012, as schemes are battling to maintain the leg-
islated monetary reserves and amalgamate or fold). The private sector generally supplies excellent 
care, but faces constant media and opportunistic political accusations of profiteering off the health 
burden of South Africa. 

Healthcare disparities are worsened by the fact that around 70% of all doctors and most spe-
cialists only work in the private sector; the remaining 30% serve the public sector [2, 3]. 

A health intelligence report [4] on the future of healthcare in Africa [4], considers South 
Africa “by many health measures,” as “the most advanced of the Sub-Saharan nations,” with the 
biggest and most well developed, high-quality, private health insurance sector, and the largest 
and best-trained health workforce in Africa. It is also formulating a universal national health 
insurance (NHI) system, one of the first and most ambitious on the continent, in attempt to bring 
healthcare equality to all. However, the same report indicates that South Africa also experiences 
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many healthcare problems facing other African countries, including high rates of maternal, infant 
and child mortality, chronic conditions including diabetes, hypertension and obesity, injuries and 
violence, and communicable diseases like HIV and tuberculosis. Additionally, many health ser-
vices underperform on service delivery, with a background of poor management, deteriorating 
infrastructure, and under-funding. This has increased healthcare inequality. The private-sector 
health insurance system is seen as both an asset and a potential obstacle to implementing an 
NHI system [4]. Based on many patient reports, treatment of patients with diabetes in the public 
health sector is also under-resourced and underfunded. Some academic hospital diabetes clinics 
endeavour to provide full care, but overall, these clinics are understaffed and overextended by 
large patient numbers. While they do offer comprehensive diabetes education, and eye and foot 
screening, circumstances limit their reach and fragment their care. For example, patients verbalize 
that they often choose not to lose their place in 6–8 h pharmacy queues, thereby missing poten-
tially useful consultations with dieticians and other diabetes team members. 

Part II: The Growing Burden of Diabetes

Diabetes imposes a massive economic burden on all healthcare systems, accounting for 11% of 
total global healthcare expenditure on adults in 2013. In the next 20 years, the “developing world” 
is expected to be affected most by the diabetes pandemic, with 77% of people with diabetes living 
in low- and middle-income countries. Africa is, and will be, particularly hard-hit with 76% of 
deaths due to diabetes occurring in people under 60 years of age, the highest continental propor-
tion of people with diabetes being undiagnosed (62.5%) and the largest predicted continental 
increase in prevalence (109.1% by 2035) [5]. 

With the spreading diabetes pandemic and the advent of newer, more expensive drugs to 
treat the condition, it can be anticipated that costs of diabetes care over the coming decades will 
increase incrementally. While the exact prevalence of diabetes in South Africa is unknown, the 
2014 International Diabetes Federation (IDF) estimated prevalence of diabetes for South Africa 
was 8.39% [6], which suggests a possible total of up to 4,530,000 patients with diabetes, 737,000 in 
the private healthcare sector, and a further 3,800,000 in the public sector. 

Worldwide funders, whether they are governments, national health services, or private health 
insurance companies, are desperately looking for a way to reduce costs without reducing quality 
of care. A number of commonly used interventions have proved to be cost-effective [7]. These 
include:
zz The use of angiotensin-converting-enzyme inhibitors (ACE inhibitors [ACE-I]) for intensive 

blood pressure control 
zz Angiotensin-converting-enzyme inhibitor or angiotensin receptor blockers (ARB) for renal 

disease 
zz Comprehensive foot care 
zz Intensive risk-factor control 
zz Intensive insulin therapy for type 1 diabetes 
zz Lifestyle modification and 
zz Screening for and early treatment of retinopathy
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While these are all important components of long-term care, the economic consequences of 
such treatment protocols can be overwhelming for any healthcare funder. Consequently, many 
funders, be they private or Government, resort to developing managed care programmes to 
contain costs while trying to provide quality, affordable care to their patients. 

Part III: Managed Care Programmes in South Africa

Regulation 8 of the Medical Schemes Act of 1998 [8] requires South African medical schemes 
to pay in full for the costs of diagnosis, treatment and care of 270 medical conditions and 25 
common chronic conditions, including diabetes mellitus. These “Prescribed Minimum Benefits 
(PMB)” are a set of defined benefits to ensure that all medical scheme members have access to 
certain minimum health services, regardless of the option they have chosen. “Treatment proto-
cols” which provide guidelines for appropriate treatment for each of the chronic PMB conditions 
have been published in the Government gazette. 

To contain the costs of providing such cover, while ensuring good quality treatment, certain 
measures have been taken to ensure that schemes can cover those members who need it, without 
putting the scheme at financial risk. Accordingly schemes are entitled to contract with “desig-
nated service providers” (specified groups of hospitals, clinics, doctors, retail pharmacies, etc.) to 
provide treatment for PMB conditions. However, this fact must be stated in the scheme rules and 
patients must be informed about where and how they can get medication and treatment from that 
provider. Patients who do not abide by the rules about which providers to use, may face having to 
pay all or part of the costs of their treatment themselves. 

Often, designated service providers institute managed care programmes to standardize and 
control care rendered in a safe and cost-effective manner. However, many of these programmes 
concentrate on cost-savings rather than patient service utilization and improved clinical outcomes. 
These programmes fall into several categories:
zz Programmes driven by drug formularies, which may exclude or restrict some more expen-

sive and newer pharmaceutical agents. In many instances, this also extends to restricting 
(in patients with type 1 diabetes) or disallowing entirely (in type 2 patients) testing strips 
for home glucose monitoring. However, overall, the costs of medication, including insulin, 
accounts for just 7% of all healthcare costs related to diabetes [9]. 

zz Programmes that restrict the frequency of patient visits to doctors and that restrict access to spe-
cialist care. The number of visits to other healthcare providers such as dietitians, podiatrists 
and ophthalmologists are also limited as a “cost-cutting” exercise. Not surprisingly, these 
funders do not even acknowledge the need for, or the role of, the Diabetes Nurse Educator and 
do not fund education sessions. This passes PMB muster because the “Treatment Protocols” 
[10, 11] focus on attainment of glycaemic targets, using mainly an algorithmic pharmacologi-
cal approach, and Council for Medical Scheme PMB guidance [12] only specifies:
z� “Consultations with your treating provider (GP or specialist – if authorized by your 

scheme) 
z� Lifestyle modification interventions such as dietary and disease education.”
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 The type of provider is unspecified and thus the essential role of the Diabetes Nurse Educator 
in diabetes care [13] is ignored. 

zz Programmes that restrict the number of laboratory investigations that can be performed annu-
ally. A typical limit of services in seen in Fig. 1, as per a form sent to patients who are on this 
particular funders “Management Programme.”

zz Programmes that make use of telephonic case manager contact from time to time to “check 
how patients are doing.” 
While these approaches may save some costs in the short-term, managed care programmes 

which do not address patient outcomes nor reduce long term complications, ignore the fact that  
the majority of the costs for treating diabetes, even in the medium term, are due to the treatment of 
acute and chronic complications and for inpatient hospital care [14]. Additionally, it is well estab-
lished that poor long-term clinical outcomes increase the cost burden of managing the patient 
with diabetes by up to 250%. Outpatient care provided in clinics or doctor’s offices, accounts for 
less than one-quarter of the costs of accruing to a cohort of patients with diabetes [15]. Despite 
this, a recent study of 11 different funders in South Africa [16] showed that utilization of necessary 
outpatient services to monitor diabetes control and screen for potential complications is grossly 
inadequate. On average, only 48.37% of patients have an HbA1c measured annually, 35.08% have 
their lipids monitored, 31.55% are tested for microalbuminuria, 20.79% see an ophthalmologist 
annually and 2.39% see a podiatrist (Fig. 2). 

Clearly, if the economic costs of diabetes are to be contained, any approach needs to incorpo-
rate a managed care initiative that will promote better care and control of diabetes and other co-
morbidities, reduce both acute and all-cause hospitalization rates, and be proactive in promoting 
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Fig. 1: A typical diabetes managed care programme as promoted by a medical funder.
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patient health rather than reactively treating complications and problems as they arise. Most 
importantly, none of this will be implementable unless the system of care is designed around 
the patient’s perspective of their diabetes and the needed care, the so-called “integrated care” of 
diabetes [17]. 

Part IV: The CDE “Diabetes Management Programme (DMP)": 
Past to Present 

With the intensive care results and the other care insights provided by the Diabetes Control and 
Complications Trial (DCCT) [18], fresh in our minds, the “Centre for Diabetes and Endocrinology” 
was initially established as a single “Centre of Excellence” in 1994. It was staffed by two endo-
crinologists, two nurse educators, a registered dietician, a podiatrist, a clinical psychologist, a 
pharmacist and a biokineticist and effectively provided a “one-stop shop” for our patients. With 
all services in one place, and a well-managed appointment system, patients experienced minimal 
waiting and optimal consultation times. They could continue with their lives with minimal dis-
ruption. This was in stark contrast to the prevailing situation – diabetes care resources available 
to South Africans were generally grossly inadequate. Additionally, medical aid schemes did not 
appropriately fund private sector diabetes care and the resultant outcomes were generally subop-
timal. We had a vision to create an all-encompassing and comprehensive diabetes treatment and 
management centre, which allowed us to implement correct and appropriate diabetes care prin-
ciples. However, within a very short time after opening our Centre, we faced bankruptcy as the 
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Fig. 2: Patient utilization of services across 11 medical aid schemes (funders) in South Africa (used with permission 
from HQA [16]).
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salaries of the allied health professionals and the costs our ancillary services could only be funded 
from the consultation fees of the two founding medical practitioners. 

We had to make a plan to survive. With our current crisis being the muse of innovation, we 
approached a medical aid scheme with our care offering and a simple but compelling financial 
equation. We knew that we could manage the monthly treatment costs of a person with diabetes 
for “X.” We also knew that with the current hospital-centric diabetes management approaches of 
the time, the medical funders were paying a higher figure “Z.” Could we not agree to meet some-
where in-between at a mutually agreed monthly, per patient capitation fee, “Y”? With a contractu-
ally bound promise of community-based, holistic care that prevented unnecessary hospitalization 
(with the Centre being responsible for the costs thereof if we failed to prevent this), our diabe-
tes care team would receive fair professional remuneration for proactive diabetes management. 
The medical aid scheme would receive state-of-the art care (and improved outcomes) for their 
members with diabetes and the ability to budget for their reduced diabetes risk. This was ground-
breaking thinking at that time; the concept of managed healthcare and the idea of ring-fencing, 
capitating and managing a condition like diabetes was alien in South Africa. In 1995, in a great 
leap of faith, and possibly with a glimpse into the future, this medical aid scheme contracted the 
services of the CDE. In the first month of operations, the CDE had 13 patients under management. 

We recognized that to provide good diabetes care across South Africa, more than one “Centre 
of Excellence” would be required. This was also needed to meet the expectations of our first 
funder, which had members across South Africa. As a result, we established a founding preferred 
provider network of 14 CDE centres within months. At the helm at each of these initial “Centres 
of Excellence,” was either an endocrinologist or a specialist diabetologist.

Over the past 20 years, the Centre for Diabetes and Endocrinology has expanded from these 
14 centres, to a national network offering the services of 31 endocrinologists/diabetologists, 
48 specialist physicians (internists), 165 “Centres of Excellence” run by trained and dedicated 
general practitioners and family physicians, and 610 contracted primary care doctors (Fig. 3). This 
network effectively offers primary, secondary and tertiary levels of expertise and care nationally 
in the private sector. 

In tandem with the growth of the CDE provider network, the number of patients under our 
management has risen steadily – at the end of May 2015, our national network of 220 centres 
(some centres have more than one CDE-accredited doctor) were responsible for the care of 
20,569 patients. Two thousand eight hundred ninety one (14.1%) had type 1 diabetes and 17,678 
(85.9%), type 2 diabetes. Of the people with type 2 diabetes, 50.4% (8903) were on oral glucose- 
lowering agents alone and 49.6% (8775) required insulin therapy, with or without the addition of 
oral agents. 

Persons with diabetes covered by the medical schemes and contracted to receive care via the 
CDE DMP encompass all of the multiple ethnic groups found in South Africa and much of the 
socioeconomic spectrum from blue-collar workers to company directors. We are keen to expand 
our best practice care to all South Africans with diabetes. 

In response to the needs of funders who cannot afford the CDE traditional “Comprehensive 
Care Plan,” from 2015 the CDE has introduced a “Standard Care Plan,” which has a capitation fee 
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more palatable to funders with tight financial margins, albeit with reduced “benefits.” Within this 
new model, payment responsibility for medicines and some services falls away from the ambit of 
the capitation fee. Our centres are, however, expected to refer to the core members of the diabetes 
team as usual, and maintain the highest possible standard of care, even though they will not be 
paying for all aspects directly. With this approach, we hope to enable access to improved diabetes 
care to many people for whom this was previously not possible. The clinical outcomes of this 
approach have yet to be ascertained. In this chapter, we discuss the CDE “Comprehensive Care 
Plan.” 

Part V: Structure and Principles of the CDE DMP and Diabetes Care 
Network 

The contracted servicing doctor (Centre) receives a set monthly capitation fee, in advance, for 
caring for patients contracted to receive their diabetes care from that Centre. A two-tier fee struc-
ture exists, with a lower fee being paid for patients on oral glucose-lowering agents alone and a 
higher fee for those requiring insulin, irrespective of whether the insulin-requiring patient has 
type 1 or type 2 diabetes. The fee is negotiated annually based on the anticipated costs of provid-
ing all guaranteed services, plus a fair margin for the Centre taking the risk for those patients 
who require more intensive management, the cost of acute diabetes related hospital admissions, 
inflation and the choice of more expensive treatment modalities for selected patients. Centres are 
paid according to the number of patients they have contracted to service. Funds must be utilized 

Fig. 3: The CDE network pyramid.
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to provide all services, including clinical care, supply of all diabetes medication and accessories 
(including meters and testing materials for self-monitoring of blood glucose), and specified labo-
ratory investigations (the annual measurement of lipids, renal function, and microalbuminuria 
is part of the guaranteed services, and careful monitoring of blood pressure is expected at every 
visit). Should it be found necessary, the medical scheme funds treatment for co-morbid condi-
tions outside of the monthly capitation fee. We guarantee all medical schemes that contract the 
CDE Network an absolute minimum level of servicing for their patients as stated in the CDE 
“Minimum Care Guidelines” (Table  1). However, subjects often receive additional services in 
excess of these guidelines, depending on their individual clinical circumstances. 

Each Centre of Excellence is required to have on staff, in addition to the responsible doctor, a 
trained diabetes nurse educator (DNE) to act as the primary team contact for their DMP members 
and to facilitate the process of patient empowerment and self-management. Each Centre must 
also contract with or employ both a dietitian and a podiatrist to provide the guaranteed services 
to the patients. For diabetes-related emergencies, every Centre must provide a direct 24-h emer-
gency telephone number (“Hotline”). 

Table 1: “Minimum Care Guidelines” as contractually agreed to between CDE diabetes centres 
and contracted funders.

Service Minimum frequency

Consultations:

 Doctor 2 × annually

 Nurse educator 2 × annually

 Dietitian (nutritional guidance) 1 × annually

 Podiatrist (foot care) 1 × annually (screening)

 Ophthalmologist (eye care) 1 × annually (screening)

 Exercise physiologist (biokineticist) If required

 Clinical psychologist If required

Laboratory tests to monitor diabetes:

 HbA
1c

6-monthly

 Lipogram 1 × annually

 Renal function, microalbuminuria 1 × annually

24/7/365 “Hotline” for emergencies and advice

All diabetes medications and monitoring equipment

 Insulins and tablets As prescribed

 Blood glucose metres and test strips As prescribed

 Glucagen Hypokit All patients on insulin therapy – replaced on use⁄expiry

 Ketone test strips All patients with type 1 diabetes – replaced on use⁄expiry

 Insulin pens/syringes, needles, lancets As prescribed

Risk assumption for hospitalization costs for acute diabetes emergencies
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Via this novel diabetes-care model, CDE centres are empowered to decide on medication 
for the optimal treatment of their patients with diabetes – no formulary restrictions are imposed. 
Since each Centre must pay for the medication and insulin from the set capitation fee, the treating 
doctor is responsible for deciding which treatment regimen is the most cost- and quality-effective 
for each patient. Thus, the onus falls on the individual Centre to absorb the costs of prescribing 
more expensive treatment modalities should they be deemed clinically advantageous. Our centres 
are generally happy to do this, because they are clearly taught that the CDE DMP has an in-built 
level of cross subsidization (like medical aid schemes) where any available funds remaining from 
patients on less-expensive regimens “cover” the “deficit” accrued by patients on more expensive 
regimens. 

Furthermore, each contracted Centre is directly responsible for all additional costs incurred 
should a person with diabetes under that Centre’s care be admitted to hospital for a “diabetes 
emergency” (defined as a primary admission diagnosis of hypoglycaemia, hyperglycaemia, 
hyperosmolar non-ketotic coma [HONK] or diabetic ketoacidosis [DKA]). This is based on the 
experience that admissions for such acute metabolic events are largely avoidable in patients who 
have received adequate diabetes education and who are sufficiently self-empowered and have the 
opportunity to call their Centre via the contractually mandated 24-h emergency Hotline should 
they develop any acute problems. Again, our centres are happy to assume this risk (once they have 
a financially viable minimum of 20 capitated patients under their care), because the contracted 
doctors soon learn that with good care, they have the power to avoid these events. This voluntary 
risk assumption for the costs of hospitalization is a powerful guarantee to our funding partners 
that the CDE and its provider network will do the job they have contracted to do. The DMP, 
however, does not cover the treatment cost of any chronic complication or the treatment of other 
co-morbidities or risk factors, and the hospital admission costs for diabetes complications or non-
diabetes-related illness. Our contracts with funders clearly state these exclusions, as the funding 
risk for these events would exceed the capacity of the DMP budget, which is clearly based on the 
daily management costs of diabetes. 

Part VI: The CDE DMP: Outcomes

Note: Since people tend to change medical schemes from time to time, with membership of the 
DMP depending on whether their current medical scheme was contracted to the DMP or not, 
long term follow-up for all patients is not always possible.

Glycaemic Control

A sustained reduction in HbA1c of approximately 1.5% in subjects with both type 1 and type 2 
diabetes has been achieved (Fig. 4) [19].

Although the HbA1c assays were not standardized across the country, each patient had his or 
her HbA1c performed at the same laboratory longitudinally, so that the starting HbA1c for each 
patient effectively acted as its own control. Reasons for the sustained improvement might relate 
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to the high compliance rate ensured by the CDE Programme as well as responsiveness to per-
son-centred advice on lifestyle modification needed and an aggressive “treat-to-target” approach 
taught to and adopted by the CDE centres. While a mean HbA1c for type 1 patients of 7.7% (±1.2% 
SD, Median 7.6%) after 5 years is not at the recommended target of 7%, it approaches the 7.6% 
suggested by the VISS (Vascular Diabetic Complications In Southeast Sweden) study to be the 
cut-off for the prevention of proliferative retinopathy and macroalbuminuria [20]. It is signifi-
cantly better than the mean HbA1c seen at many diabetes clinics, which may be in excess of 8% 
[21, 22]. The mean HbA1c of 7.4% (±1.36% SD, median 7.1%) achieved in our type 2 patients, is 
considerably better than that seen in many surveys in people with type 2 diabetes including the 
United Kingdom Prospective Diabetes Study (UKPDS) 10-year follow-up data (mean HbA1c of 
both the intensive and the conventional therapy groups evened out at about 8%) [23].

Hospital Admissions

Hospital admission remains the top healthcare cost in the private healthcare sector in South 
Africa, accounting for 39.1% of the total paid out by medical schemes in the 2013 financial 

Fig. 4: Five-year follow-up of 2726 type 1 and 14,317 type 2 patients with diabetes who were part of the CDE Diabetes 
Management Programme for more than 5 years (used with permission from Distiller et al. [ 19 ]).
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year [3]. Specifically for diabetes, the all cause hospital admission rate for patients with diabetes 
is threefold higher than that seen in the nondiabetic population [24]. Additionally, a study of the 
Economic Costs of Diabetes in the U.S. in 2012 [25] showed that for people with diabetes, hospital 
inpatient care accounted for 43% of the total medical cost of diabetes. Therefore, any programme 
that can result in even a slight reduction in the number of acute diabetes-related admissions has 
the potential of substantial cost savings in any healthcare system.

In this context, we have seen a significant overall reduction in all acute diabetes-related hos-
pital admissions for patients on the CDE DMP. Our previously reported hospital admission rates 
[19] for patients requiring admission for acute metabolic decompensation (where the entire hos-
pital bill was paid by their treating CDE doctor) were 6 admissions per 1000 patient-years for type 
1 and 1 admission per 1000 patient-years for type 2 subjects. This was achieved with no patient 
mortality resulting from acute metabolic causes (hypoglycaemia, hyperglycaemia or DKA). We 
have had no admissions for the crisis of HONK in over 10 years, a condition that is still preva-
lent in many academic hospital settings [26]. Hospital admission rates for these conditions in 
this group of patients prior to joining the DMP were not obtainable, nor are there any published 
figures for hospital admissions for acute diabetes-related causes available in South Africa. The 
CDE DMP cohort also showed a 40% overall reduction in hospital admission rates and a 20% 
reduction in length of hospital stay for hospital admission diagnoses related directly or indirectly 
to the diabetes (acute or chronic complications). All-cause hospital admission rates were reduced 
from 210 admissions per 1000 patient-years for the first year on the DMP to <100 admissions per 
1000 patient years in subsequent years. This reduction was sustained for the full 5 years of the 
study [19].

Since mortality rates were not taken into account, it could be argued that those patients with 
major illness or extensive arterial disease when joining the DMP could have died subsequently, 
leaving those in better health and with less reason for hospital admission on the Programme 
over subsequent years. However, the phenomenon of managed, better-controlled persons with 
diabetes requiring hospital admission less often than unmanaged and uncontrolled subjects is 
well-described. One managed care approach in Pennsylvania (U.S.A.) [27] was associated with a 
major reduction in the total number of admissions per patient per year, down from 0.16 to 0.12 
over a 2-year period. They also documented less inpatient days and fewer emergency room visits. 
Another integrated diabetes disease management programme across five states in the U.S.A. also 
reported a 22% reduction in hospital admission rates [28] and several other studies have con-
firmed this [29, 30]. Attempts at an Integrated Care Initiative in the UK have been less successful 
[31], with an increase in hospital admission rate in the first year of the Programme, although 
thereafter, costs appear to have started reducing. The authors speculate that this may have been 
due to initial difficulties in implementing the initiative with difficulty in assuring participation of 
all local staff, amongst other problems. 

Microvascular Disease Outcomes

Prevalence data for diabetic microvascular disease are not available for South Africa and are diffi-
cult to source internationally. The National Health and Nutrition Examination Survey (NHANES) 
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1999–2004 survey reported chronic kidney disease to be present in 27.8% and eye disease in 18.9% 
of people with diabetes in the U.S.A. [32]. Microalbuminuria was present in 20–40% of patients 
with diabetes [33]. The Wisconsin Epidemiologic Study of Diabetic Retinopathy (WESDR) 
reported some retinopathy in nearly all persons who had had type 1 diabetes for 20 years [34] 
and in nearly 80% of those who had had type 2 diabetes for the same duration [35]. Up to 21% 
of newly diagnosed type 2 patients have some degree of retinopathy at time of diagnosis [36]. A 
series of patients who were assessed for retinopathy at the time of joining the CDE DMP, showed 
a prevalence of 35.2% for the type 1 patients (background retinopathy 26% and referable retin-
opathy 9.2%) and 20.5% in the type 2 diabetes (14.1% background retinopathy and 6.4% referable 
retinopathy) [37]. This was in line with the internationally reported figures. In individuals who 
were on the CDE DMP for over 5 years, the prevalence of retinopathy was 28% for the type 1 
patients and 26.6% for the type 2 patients [19]. The incidence of nephropathy (15.8% in patients 
with type 1 and 22.6% in patients with type 2 diabetes) was clearly lower than might have been 
expected for a mean duration of diabetes of 15.2 years in the type 1 group and 9.3 years for the 
type 2 subjects. This is probably attributable to the improved levels of glycaemic control, but also 
to better overall patient care and attention to and aggressive treatment of other risk factors such 
as hypertension and dyslipidaemia. Data on macrovascular outcomes would have been of interest, 
but were not sufficiently robust. 

Part VII: The CDE DMP: A South African Example of Integrated Diabetes 
Care

The DMP has provided the CDE with over two decades of experience in many aspects of the 
managed care of diabetes. Our clinical outcomes include long-term improvements in glycae-
mic control, delay in the progression of microvascular complications and reductions in hospital 
admissions for both acute metabolic emergencies and all other causes.

The cost savings and resulting improvements in quality of life for the patients served are 
self-evident. Although no formal quality of life assessments have been performed, we have, 
however, been recognized for excellence in managed healthcare, by being awarded eight  
PMR.africa Managed Healthcare Awards since 2002 (the majority being “Diamond Arrow” 
Awards ranked 1st overall and rated at least 4, 10 out of 5, 00 – equivalent to outstanding). The 
PMR.africa awards are designed to recognize and enhance excellence in a range of industries 
and to set a benchmark in each sector. These externally and independently adjudicated awards 
are the culmination of a research process by PMR.africa, whereby companies and institutions 
are rated based on respondents’ perceptions with a strong focus on evaluating and measuring 
customer service and customer satisfaction. Importantly, a company, department, institution and 
individual cannot “enter” the research process, but must always be nominated and rated by the 
respondents. In the case of managed care companies, excellence is rated by input from a random, 
national sample of 100 respondents (chairmen and principal officers of listed/large companies as 
well as fund managers, trustees, medical advisors/directors and assessors representing medical aid 
schemes and administrators).
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Important inherent differences exist between the CDE DMP and more conventional 
Managed Care programmes for diabetes (Table 2). However, we believe that our focus on and 
attention to the provision of integrated diabetes care, since our inception, has been one of the 
main reasons for our many successes.

A Definition of Integrated Diabetes Care

Diabetes UK (2014) [17] offers the following definition: “Integrated care is about designing a 
system that focuses on the patient’s perspective of care. The delivery of integrated care is facili-
tated by integration of the processes, methods and tools, which enable patients to move between 
services according to need. Integrated diabetes care means vertical integration between primary, 
community and specialist care. This is distinct from the wider agenda of horizontally integrated 
health and social care.” 

Important Patient/Provider Principles of Integrated Diabetes Care

This definition tells us that the delivery of diabetes services must be designed around the patient’s 
perspective of care and the needs that accrue as a result. Diabetes mellitus is a complex, chronic, 
physical/psychosocial/spiritual condition that affects every part of the human experience. This 
gives rise to a number of challenges that we have experienced over the years, which make the 
understanding of the patient perspective even more important [38, 39]. Healthcare profession-
als (and people with diabetes) often need experience and specialized training and knowledge to 
achieve this mutual understanding. The resultant care principles from these insights are rolemod-
elled in all that we do and are included in all our healthcare-provider training courses. Once we 
understand these challenges and care principles, insight into the patient perspective and process 
of care becomes easier for all involved:
zz Chronicity: People with diabetes battle to accept the life-long nature of their condition–in 

the mind of the patient, the traditional expectation of “cure” is insufficiently replaced by the 

Table 2: Differences between the CDE diabetes management programme and “usual” disease 
management programmes for diabetes.

“Usual” programmes CDE Diabetes Management Programme

Maximum visits per year laid down Minimum visits guaranteed. Maximum unlimited

Drug formularies Drugs used depends only on doctor’s judgement

Success measured by cost savings Success measured by outcomes, not cost-savings

Clinical outcomes largely ignored Clinical outcomes are key performance indicators to justify 
DMP existence

No transfer of risk Risk of acute hospital admission costs transferred to provider

Task-oriented Person-centred
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concept of a lifetime of “control” of lifestyle, blood glucose, blood pressure, serum cholesterol 
and body weight. Chronicity is not only a major task for the patient to deal with, but also 
for the caregiver who needs to assume a new professional identity as a chronic care special-
ist. “Treatment” of a chronic condition with a physical domain bias using an “acute-care” 
approach will inevitably lead to imbalance, “non-compliance” and failure to control. This can 
be a large spiritual, psychosocial and financial burden. 

zz Change: Diabetes is a life-changing condition. One cannot hope to facilitate the process 
of change (a major developmental task in diabetes) and adjust to a condition that must be 
mainly self-managed and that requires lifelong care and control, if one cannot identify with 
and manage this process oneself. This applies equally to patients and their caregivers. Change, 
however, is not an on-off switch, but often a long and stop-start-relapse process requiring a 
high degree of reflection, self-awareness, and the testing of the validity of our own attitudes, 
values and beliefs about something (in this case diabetes). It is these “internal” drives that 
determine our eventual behaviour and what our patients/clients experience as a result. 

zz One size does not fit all: One practitioner does not have the necessary knowledge and skills 
to treat all the different effects of diabetes. Team-facilitated management was shown in the 
Diabetes Control and Complications Trial (DCCT) to be a vital element in the control of 
type 1 diabetes by “Intensive Therapy” [40]. In addition to the doctor, input from the diabe-
tes educator, dietitian, podiatrist, ophthalmologist, pharmacist, biokineticist and psycholo-
gist (amongst others), is necessary at different times to maximize insight, care and quality of 
life. The critical role of the diabetes nurse educator is reinforced by the CDE experience over 
the years that every CDE Centre that has won one of our eight Annual Clinical Excellence 
Awards, designed to recognize outstanding patient care in various categories, has had as its 
coordinator, an outstanding diabetes nurse educator. 

zz Self-care is vital and is a major challenge for health professionals to facilitate when they and 
their patients are used to conventional (acute) care approaches. The focus is on the prevention 
of ill health and not its treatment. 

zz Continuity: Care must be organized around a person who has a life full of events, both good 
and bad. The aim is to build up a coherent picture of their needs and their health status over 
time. Ideally, the same caregivers should facilitate this care at each visit to engender trust and 
to improve the continuity of thought, process and action. 

zz Congruence in care: Everyone in the Health Team should not only be giving the same informa-
tion, but should also have the same insightful approach (based on a set of commonly shared 
and communicated values attitudes and beliefs) towards diabetes management. The person 
with diabetes will be reassured by the agreement and harmony they see and be more confident 
(a feeling of “self-efficacy”) to practise what they have been taught. 

zz Concordance (or agreement within the Team, including the patient): A person with diabetes 
has to balance the demands of life, diabetes and diabetes management with the emotional, 
spiritual, structural, financial, and social resources available to them. Everybody must under-
stand and accept the degree of tension that is being experienced and of the ability of the 
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person with diabetes to cope with it. This will help to ensure an open, trusting care process 
and achieve maximum adherence to therapy. 

zz Communication: Good communication is a prerequisite to concordance – patient and dia-
betes team must be open and truthful at all times and most importantly must listen to each 
other. 

zz Conceptions of diabetes: Previous experiences of diabetes treatment successes and failures 
result in a set of values, attitudes and beliefs, which guide future feelings and behaviours 
towards diabetes. We must assess these and factor them into any treatment plan. 

Important Structural Principles of Integrated Diabetes Care

For the person with diabetes to self-manage their condition, they need the support of a diabetes 
team that provides care responsive to their needs from diagnosis to the management of chronic 
complications of diabetes. Diabetes UK lists the following five “key enablers of integration” [17]:
1. Integrated information technology systems
2. Aligned finances and responsibility
3. Care planning
4. Clinical engagement and leadership
5. Robust clinical governance

How Does the CDE DMP Approach Measure Up?

1. Integrated Information Technology Systems: All centres on the CDE Network are obliged to 
use a customized internet-based clinical management programme to enter all patient con-
tacts, findings, diagnosed complications, key clinical outcomes, medications dispensed and 
laboratory results. Several of the private pathology laboratories in South Africa, serving up to 
half the DMP patients, are able to upload the relevant results directly into the CDE system, 
but centres that elect to use other certified laboratories need to enter their results manu-
ally. Patient confidentiality is assured by a multilevel, role-dependent password system. The 
Central Administrative Office has real-time access to all data. This facility is utilized to down-
load, collate and check patient and Centre compliance with the “Minimum Care Guidelines” 
outcomes including HbA1c trends and complication rates and to present this outcomes data 
to funding organizations. This ensures that all accredited providers providing care are able to 
access and add to a patient’s data, obviating the need for file transfers. We can identify “at risk” 
and defaulting patients using data thresholds and follow them up.

2. Aligned finances and responsibility: The unique structure of the CDE doctor network allows 
for appropriate patient referrals to specialists as required and a patient specific specialist clini-
cal advisory service. The CDE specialists make themselves available for telephonic/E-mail 
advice and face-to-face referral consultations, at no charge, for patients registered on the 
CDE Managed Care Programme. Because of this, complicated patients, and their attending 
doctors, have easy access to higher levels of expertise within the same network.
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  In addition, the new CDE Managed Care Programme Model makes provision for an 
annual clinical review of every single patient, by a CDE specialist. For this review, the CDE 
specialist accesses the electronic health record of patient, and provides clinical and therapeu-
tic advice, to the CDE treating doctor. This approach ensures optimization of every patient’s 
therapy and care strategy in a highly cost-effective manner.

3. Care planning: Diabetes UK (2014) [17] defines care planning as a “continuous process, in 
which clinicians and patients work together to agree goals, identify support needs, develop 
and implement action plans and monitor progress. People with diabetes should have active 
involvement in the care planning process of deciding, agreeing and owning how their diabetes 
will be managed.”

  Many of the problems surrounding the provision of adequate person-centred care for 
those with diabetes revolve around the pressures of clinical practice and a lack of time. Good 
diabetes management requires attention to a number of clinical parameters:
1. (Near) normalization of blood glucose
2. Control of co-morbidities and risk factors
3. Attainment of normal growth and development
4. Prevention of acute complications
5. Screening for chronic complications

  To fit all this and a holistic, patient-centred collaborative approach into a busy general 
practice, the servicing doctor and other team members must understand that diabetes cannot 
be “dealt with” coincidently during a patient consultation for an acute condition. It requires 
a specific individual consultation of at least half-an-hour. This can be achieved by the doctor 
setting aside a specific time for a “diabetes clinic,” be it a morning a week, a day a week, 
or a day a month, depending on the number of patients with diabetes being serviced. Each 
patient should have a pre-booked half-hour appointment. Patients should regard this as the 
equivalent of taking themselves in for a “routine service” every 6 months. In a resource-poor 
environment, one can make use of group education sessions. A registered nurse (ideally a 
diabetes nurse educator) performs the vital roles of team coordinator and patient advocate, 
mentor, counsellor, coach and self-management facilitator. In more “stretched” settings, the 
DNE can also assist with measuring blood pressure, weight and abdominal circumference of 
the patients, ordering the relevant laboratory investigations, and providing basic foot screen-
ing. The DNE can also download and check home blood glucose monitoring records. With 
the average number of patients at any one CDE Centre seldom exceeding 200, CDE health-
care providers have the time to provide individualized care to patients and the patients feel 
recognized as individuals.

  Centre for Diabetes and Endocrinology patients are also encouraged to regard their  
diabetes centre as a place where they are welcome and can present for advice or discussion 
with their nurse educator at short notice. Patients are always asked to present their “agenda” at 
every consultation so that their perspective is always respected and recognized. This practical 
application of the “Medical Home” concept [41–43] and the central role of the patient in the 
diabetes team have been an integral part of the CDE philosophy since our inception.
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4. Clinical engagement and leadership: We founded the CDE on a robust background of health-
care provider training and clinical and academic support, which has developed continuously 
over the past two decades. Our Central Office Team in Johannesburg is passionate about 
teaching diabetes care to anyone interested and we are active in exchanging diabetes knowl-
edge with colleagues across the world. The following mechanisms are in place to attract and 
retain the best-skilled and most passionate people in diabetes to our Network:
• General practitioners who are not accredited endocrinologists, and all DNEs who wish to 

join the CDE Network, are obliged to attend a comprehensive and person-centred “5-Day 
Advanced Course in Diabetes Care for Health Professionals.” We present this course, cov-
ering all aspects of practical diabetes management, several times yearly. All practitioners 
interested in diabetes are welcome to attend. During the 5 days of the course, the faculty 
has opportunity to identify those attendees who show exceptional passion for and insight 
into diabetes. These practitioners are encouraged to take their skill and interest further, 
as part of the CDE network or not. Many of these practitioners choose to approach the 
CDE to accredit as a CDE provider. This may be one of the reasons why practitioners 
in our Network are of a high standard. In the past two decades, we have trained over 
6000 healthcare professionals from all over the world in the principles of best-practice  
diabetes care.

• As an annual follow-up to the CDE 5-day course, the CDE also hosts an annual national 
“Postgraduate Forum in Diabetes Management” which all members of the CDE Network 
are obliged to attend. All other interested healthcare professionals are also welcome to 
attend. This weekend event, in its 18th iteration for 2016, has a busy academic programme 
consisting of lectures, discussion groups and workshops on current and new concepts 
and modalities in diabetes management. A “CDE faculty” of senior endocrinologists in 
the CDE Network presents and facilitates the Programme. No honorariums are offered or 
paid for this service and companies involved in the provision of diabetes-related pharma-
ceuticals and diagnostics (although welcome to participate in a concurrent trade exhibi-
tion and offer company-branded pre-forum satellite events) have no say or part in the 
development, content and presentation of any aspect of the forum academic programme. 
This assures participants that the programme will provide an objective and unbiased 
review of the latest in diabetes care.

• For any healthcare professional nationwide who has demonstrated a keen interest in 
furthering his or her diabetes knowledge and skill we facilitate subsidized (sponsor-
ship is sought by CDE Central Office for a portion of the fees) attendance of Masters 
level Postgraduate University Diplomas in Diabetes Care (University of Cardiff Diabetes 
Diploma/University of South Wales Diabetes Diploma). Both are online distance learn-
ing courses with annual face-to-face introductory lectures at the CDE Central Office in 
Johannesburg and can be extended for an extra year to earn an MSc in Diabetes. This ini-
tiative has provided a major boost to diabetes care competence in South Africa. The local 
regulatory environment has effectively halted the development of local diabetes courses 
(even though the expertise exists in South Africa), so the CDE sought out International 
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methods of up skilling our local healthcare providers. A number of CDE faculty members 
have “Recognized Teaching Status” with these universities and are tutors on the courses.

• In addition, all members of the CDE Network receive complimentary copies of our quar-
terly in-house extract of current diabetes literature, produced by one of the senior endo-
crinologists in the Network, as well as our “official journal for diabetes healthcare profes-
sionals,” the South African Journal of Diabetes.

• Recently, the CDE has established an online forum, which allows any CDE Centre, or 
team member to post questions and cases for comment and advice from the CDE faculty.

  The main motivation for improving outcomes amongst the CDE centres appears to be 
a combination of concern to demonstrate good care and outcomes with the need to avoid 
hospital admission at the doctors’ own expense. Overall, however, most of the centres 
enjoy the opportunity to become involved in long-term chronic disease management and 
in being part of a successful nationwide network regarded as Centres of Excellence by the 
medical funders. A key aspect of the CDE Programme is that the treating doctor and not 
the funder, is the “gate-keeper” and is wholly responsible for all related costs. This includes 
employing or paying for the services of a DNE, podiatrist and dietician. The clinical dia-
betes care given by the DMP is closely aligned to the International Diabetes Federation 
definition of a “standard” level of care [44]. Although the DMP concentrates on diabe-
tes (glycaemic) control, other risk factors such as dyslipidaemia and hypertension are 
aggressively monitored and treated. Each patient is seen by the same named team of allied 
healthcare professionals and the same doctor. A key aspect of the CDE Network is that, 
while outcomes and standard of care are monitored, each trained doctor and Centre is 
free to treat their patients in any way they prefer, with their choice of any medication or 
insulin, as long as adequate outcomes and patient safety are assured. Generally, insulin 
therapy is started early and aggressively to attain and sustain glycaemic targets.

  With these interventions, our accredited practitioners are generally highly empowered, 
motivated, insightful and knowledgeable individuals who really understand the demands 
of integrated, patient-centred care.

  While Diabetes UK views engaging people with diabetes in a direct role in planning 
education and training needs as vital in this key enabler of integration, people with dia-
betes in South Africa are extraordinarily apathetic in getting involved in diabetes care at a 
political, governance or advocacy level. As a result, we have not made any progress here.

5. Robust clinical governance: Diabetes UK (2014) [17] defines clinical governance as “a system 
through which…organizations are accountable for continuously improving the quality of 
their services and safeguarding high standards of care by creating an environment in which 
excellence in clinical care will flourish.”

  The overriding philosophy of the DMP is to provide total patient care for persons with 
diabetes utilizing a trained team of healthcare professionals, including doctors specifically 
trained in diabetes management and encompassing a significant component of financial risk 
sharing.

Luminary Learning-Diabetes (USV)_Issue 6_03.indd   67 10/4/2019   11:39:20 AM



68 • LUMINARY LEARNING: DIABETES

  We assure compliance across the CDE Network to our Minimum Care Guidelines and 
the principles of “Good Clinical Practice” in two ways. In addition to the internet-based 
clinical management programme previously discussed, the CDE employs a full-time medical 
practitioner who conducts ongoing peer review and audit of the participating centres on the 
CDE Network. This both by monitoring the data entered onto the online database and by 
visiting the centres regularly and unannounced to inspect patients’ written records, labora-
tory results and reports from outside healthcare providers. Our auditor visits each Centre 
on at least an annual basis. Any Centre team found to be underperforming by not fulfilling 
the CDE Minimum Care Guidelines or not following principles of Good Clinical Practice is 
counselled, coached on improvements required and then placed on probation for 3 months. 
On re-audit, if the Centre has not rectified the deficiencies, it is closed. Regular peer review 
and monitoring are part of our ethos. This has been an accreditation criterion for our Network 
since its inception.

  No incentives are offered to CDE centres for improvements in HbA1c, as this is an 
expected outcome.

  We have relatively few difficulties in implementing our Programme requirements with 
our providers. We achieve this by having committed buy-in from all stakeholders before a 
CDE Centre is allowed to operate. This contention may be supported by a study by Pringle 
et al. [45], who attempted to assess variables of process of care to determine their relative 
effects. They report that patients who attended a practitioner with an interest in diabetes and 
those that saw a dietician had a marked positive effect on HbA1c values. This corresponds well 
to the principles inherent in the CDE DMP.

  Since each team is responsible for not only the costs of hospital admission for acute dia-
betes-related emergencies, but also ensuring good clinical outcomes, there is little resistance 
from centres for providing the best possible medication, even if it is more costly, to achieve 
these outcomes in a particular patient.

  The CDE does not practise in a vacuum and is subject to oversight by the Council for 
Medical Schemes (CMS), a statutory body established by the Medical Schemes Act (131 of 
1998) to provide regulatory supervision of private health financing through medical schemes. 
Council governance is vested in a board appointed by the Minister of Health, consisting of 
a Non-executive Chairman, Deputy Chairman and 13 members. The Executive Head of the 
Council is the Registrar, also appointed by the Minister in terms of the Medical Schemes Act. 
The Council determines overall policy, but day-to-day decisions and management of staff are 
the responsibility of the registrar and the executive managers.

  The CDE is registered as an accredited managed care organization with the CMS. Every 3 
years we have to submit to an intensive assessment of the extent to which we meet the condi-
tions set out for accreditation by the Medical Schemes Act, including if we are fit and proper, 
if we have the necessary infrastructure and are financially sound. This ensures that entities 
contracting with medical schemes have been duly accredited as required by the Act. It has 
been of interest to the CDE that the CMS have modelled their accreditation and audit criteria 
for managed care organizations on the extensive clinical, administrative, healthcare provider 
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training and mentoring and network commissioning, coordination and auditing competen-
cies that exist in the CDE Network and our Diabetes Management Programme. 

Part VIII: Conclusion

The CDE trains, administers and audits the biggest network of diabetes providers in Africa, pro-
viding care excellence to many people with diabetes. Our capitation-based, fully integrated care 
model has excellent clinical and cost-efficacy outcomes, achieved largely by a geographically and 
economically diversified network, run primarily by primary care physicians, with the backing 
and support of a small group of certified endocrinologists. This demonstrates that improved gly-
caemic control and better outcomes are achievable in a wider primary care setting. Primary care 
practitioners can be trained in the core principles of diabetes management and attain satisfac-
tory outcomes. However, to achieve this, adequate training, a holistic team approach, ongoing 
oversight and review and adequate financial reward are required to ensure service sustainability. 
Furthermore, it is apparent that Managed Care Programmes for diabetes which pass on the risk 
and “gate keeping” to the doctor and which focus on outcomes rather than cost-containment, are 
successful and cost-effective in both the shorter and longer terms. Fears that capitation-based 
programmes may result in under servicing are unfounded, provided the servicing doctors under-
stand the principles of chronic disease management and are judged on outcomes and take risk for 
failure to attain these.

We have achieved International recognition for our work and our model of care. We are 
working hard to set up networks of providers and funders to ensure our continued existence and, 
if possible, to help make financial, clinical and moral sense to any future NHI model. We work on 
low profit margins, enough to sustain and grow us as a business, but not to “milk” the healthcare 
system of vital funds.

We have also provided diabetes education to thousands of healthcare providers through the 
medium of evidence-based, IDF aligned diabetes training courses since our inception. This has 
helped to fill a huge void in diabetes competence left open by local universities and healthcare 
policies. The training of healthcare providers is also essential to the success of diabetes care in the 
public health sector – in this vein we have already provided free training via attendance at our 
5-day courses for nearly 50 public health employed health professionals. In addition to our local 
courses and national meetings, we are currently enabling healthcare providers to obtain Masters 
level diabetes qualifications at very little cost to themselves. We have changed diabetes care in 
South Africa and beyond.

Although we have record of more than two decades of successful community practice and 
steady expansion in a financially and politically hostile environment, based on sustainable busi-
ness principles (no grants or Government assistance) and person-centred, ethical care, much 
more remains to be done. As a self-aware organization, we know that we only care for a very 
small part of the South African population with diabetes; multitudes do not receive adequate care 
and support. This we believe is a tragedy. Many of the contracted medical schemes have made 
membership of the CDE DMP voluntary, resulting in a negative selection bias; those with newly 
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diagnosed type 2 diabetes who perceive themselves to be “well” and whose primary care doctors 
consider them to be “controlled” often elect not to join. This has limited the potential growth and 
influence of this model in providing better care to more South Africans that make use of private 
healthcare.

A recent report by the International Finance Corporation [46] noted that, while the role of the 
private sector in African healthcare continues to be “contentious,” better collaboration between 
both the public and private sectors would be the most efficient way of extending high-quality 
healthcare across the continent and crucial to improving healthcare provision in Africa. A recent 
academic study by Volminck et al. [47] looked at a cost-effectiveness analysis and potential utility 
of applying the private sector CDE DMP capitation model to the management of type 2 diabe-
tes in the South African public sector versus “usual practice.” Probabilistic modelling showed all 
iterations of the CDE DMP to fall below the accepted “Willingness-to-Pay” (WTP) threshold (i.e., 
it was cost-effective) and that it could contribute to increased life expectancy in South Africa. The 
study recommended that a pilot study of the CDE DMP be done to explore the practical transla-
tion of this analysis. Currently, however, the CDE lacks the political recognition and acceptance 
to enable a public-private partnership (PPP) with the South African Department of Health. We 
trust that this status quo will change and open an exploration of the possibility of better diabetes 
care to our population at large.

Abbreviations

ACE-I Angiotensin-converting-enzyme inhibitors
ADA American Diabetes Association
ARB Angiotensin receptor blockers
CDE Centre for Diabetes and Endocrinology
CMS Council for Medical Schemes
DCCT Diabetes Control and Complications Trial
DNE Diabetes Nurse Educator
DMP Diabetes Management Programme
DKA Diabetic ketoacidosis
HONK Hyperosmolar non-ketotic coma
HQA Health Quality Assessment
NHANES National Health and Nutrition Examination Survey
IDF International Diabetes Federation
NHI National Health Insurance
PMB Prescribed Minimum Benefits
PPP Public-Private Partnerships
UKPDS United Kingdom Prospective Diabetes Study
VISS Vascular Diabetic Complications in Southeast Sweden
WESDR Wisconsin Epidemiologic Study of Diabetic Retinopathy
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