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The vascular anatomy in cardiovascular 
disease
Although there is increasing evidence that the venous 
tree regulates cardiac output and total body circulating 
fluid, the majority of the pathology occurs within the 
arterial circulation. Broadly the vascular tree is divided 
into four components, the elastic (conduit) arteries, the 
muscular conduit arteries, the muscular resistance ar-
terioles and the capillaries (Figure). This, however, sug-
gests a clear distinction within the vessels. In reality, the 
basic architecture displays a progressive change from 
predominantly elastin and vascular smooth cells at the 
aortic arch, which gradually gives way to a collagen rich 
media by the distal aorta. Over the last 5 cm of the tho-
racic aorta, and aortic branches, there is a rapid transi-
tion to a predominantly collagen and vascular smooth 
cell muscular artery. In the resistance arterioles and cap-
illaries, vascular smooth muscle cells become increas-
ingly sparse, until they are no more than one cell layer 
in the terminal branches. Further, the vascular smooth 
muscle cells have differing embryonic origins in the 
vessel beds, with the proximal elastic and muscular ves-
sels being derived from ectodermal tissue, whereas the 

small muscle beds and arterioles having mesodermal 
origin. The formation of microcirculation is a result of 
the complex process of angiogenesis from these mes-
odermal tissues stimulated predominantly by hypoxia. 
These differences in embryology are thought to trig-
ger the differential effects of certain classes of vasodi-
lators such as, for instance, calcium channel blockers or 
α-adrenoceptor antagonists, on the proximal vs distal 
vessels. 

Hypertensive target organ damage in 
those with diabetes
One of the hallmarks of hypertensive vascular damage is 
increased arterial stiffness in the large elastic arteries. This 
precedes evidence of atherosclerosis but independently 
predicts CV death, after adjustment for hypertension, age 
and sex, in end stage renal failure [1], essential hyperten-
sion [2] and in T2DM [3]. Concomitant diabetes and hyper-
tension, however, is associated with a greater degree of ar-
terial stiffness than either alone, independent of conven-
tional CV risk factors or ethnicity [4]. 

Several mechanisms have been proposed to account 
for this interaction. Glycaemia is a major determinant 
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of arterial stiffness, and carotid intimal medial thickness 
(IMT), another well-established measure of blood pres-
sure related damage which independently predicts CV 
events. This is felt to be a result of the adverse effect 
of glycaemia on endothelial function. The exact mech-
anisms remain elusive, although among proposed 
mechanisms is non-enzymatic glycaetion of proteins 
with covalent cross-linking of collagen (AGEs) altering 
the mechanical properties of interstitial tissue of the ar-
terial wall [5]. This is supported by evidence that drugs 
interfering with the formation of these glycosylated 
vessel wall molecules attenuate, but not reverse, the 
progression of the arterial stiffness seen in diabetes. 

An alternative, or possibly complementary mechanism 
of vascular damage, is the inactivation of nitric oxide by ox-
ygen-derived free radicals. Interestingly this has been as-
sociated with glycaemic variability rather than glycaemia 
per se [6]. This observation is supported by the association 
between glycaemic variability, as measured by mean am-
plitude of glycaemic excursion (MAGE) and clinically rele-
vant outcomes. MAGE has been shown to predict re-hos-
pitalisation with CV events in type 2 diabetes, supplant-
ing other measures of glycaemia including HbA

1
c, fasting 

plasma glucose or post prandial glucose [7]. Further, the 
use of DPP-4 inhibitors to blunt daily glucose fluctuations 
has also been associated with reduction in oxidative stress 
and inflammation [8]. Within a three month period, when 
glycaemic variability was reduced, there was also com-
mensurate and proportionate reduction in carotid IMT [9], 
suggesting glycaemic variability is a potentially reversible 
therapeutic target to address at least part of the increased 
CVD risk in those with diabetes. 

The role of the microcirculation
The emphasis on large vessel disease, such as increased 
arterial stiffness and carotid IMT, ignores the contribu-
tion of the microcirculation to CVD. Whilst the associa-
tion between disease of the conduit or resistance arter-
ies and CVD has been explored and well-characterised 
much of the variance in the increased frequency of CVD 
in diabetes remains unexplained. Further, the exact 
mechanisms associating, for example, hypertension 
and atherosclerosis in those with diabetes are unclear. 

The microcirculation provides an attractive target for 
further investigation as it represents the location of the 
principle role of the vascular tree, namely the delivery 
of oxygen and other essential substrates into cells and 
removing their metabolic waste products. There are 
significant differences in the way small arteries remodel 
in response to hypertension in people with or without 
diabetes. In patients with essential hypertension alone, 
small arteries show a greater media thickness and a re-
duced lumen and external diameter (with an increased 
media-to-lumen ratio), without any significant change 
in the total amount of wall tissue [10]. Therefore, the 
major part of the structural changes observed in these 
patients is the consequence of inward eutrophic re-
modeling without net cell growth. In patients with dia-

betes, however, a clear increase in the media cross-sec-
tional area in small vessels has been observed, suggest-
ing the presence of hypertrophic remodeling [11]. It has 
been proposed that increased wall stress resulting from 
impaired myogenic response of the small arteries in di-
abetes is a possible stimulus for hypertrophic remode-
ling [12]. Simultaneously, microvascular permeability to 
large molecules, such as albumin, is increased in diabe-
tes, a process that is linked to hyperglycaemia and oxi-
dative stress [13]. Linking these observations, impaired 
microvascular auto-regulatory myogenic responses in 
populations with diabetes predicts urinary albumin 
excretion rate (UAER), and accounts for its association 
with adverse cardiac remodeling [14,15]. Finally, people 
with diabetes show alterations of the vascular extra-
cellular matrix, as demonstrated by an increased colla-
gen-to-elastin ratio in their small arteries. The increased 
collagen deposition in the vessel wall is thought to be 
due to inflammatory and pro-fibrotic changes. 

A final vascular site of damage in hypertension and 
diabetes are the small arterioles and capillaries. Vascu-
lar resistance is not only determined by the arteriolar 
diameter, but also by the number of perfused vessels. 
Microvascular rarefaction may be the result of closure 
of the small arterioles (functional rarefaction) or struc-
tural rarefaction, where the vessels are actually miss-
ing. Microvascular rarefaction has been a consistent 
observation over many years in hypertensive patients 
and animal models [16]. In most vascular beds, not all 
microvessels are perfused at any one time; the frac-
tion of non-perfused vessels constitutes a reserve that 
may be called upon under conditions of high metabolic 
demand. Progressive non-perfusion can lead to struc-
tural loss of vessels. Microvascular rarefaction has been 
consistently reported in the myocardium of individu-
als with hypertension and/or diabetes. The functional 
consequence of it is a reduced coronary flow reserve. 
Reduced maximal blood flow is probably related to 
structural abnormalities in the coronary microcircula-
tion, although functional factors, including endothelial 
dysfunction, may also contribute. Although not associ-
ated with atherosclerosis, this predicts cardiac symp-
toms, and may explain the high prevalence of refrac-
tory angina in people with diabetes, despite normal or 
only mildly diseased coronary arteries. 

Microcirculatory dysfunction: cause or 
effect?
Diabetic retinopathy is the biggest cause of premature 
blindness in Western society as well as being a strong 
risk marker for CV mortality. The presence of retinop-
athy, however, may predate the occurrence of T2DM, 
suggesting the diabetic phenotype may have a micro-
vascular aetiology. 

The nature of the association between microvas-
cular and macrovascular disease is often questioned. 
There is an established co-linearity in the development 
and progression of microvascular and macrovascu-
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lar disease [17]. However, it remains to be established 
whether there is a causal effect in either direction or 
the association simply represents shared risk factors, al-
though it is most likely to be a complex combination 
of bi-directional interactions. A typical example of this 
would be the interplay between diabetic nephropathy, 
metabolic syndrome and atherosclerosis. 

Microalbuminuria: from epidemiology to 
clinical practice and back again
An UAER was first described as a feature of glomerulo-
sclerosis with a poor prognosis in 1936 by Clifford Wilson 
and Paul Kimmelstiel. Consequently many textbooks still 
refer to diabetic nephropathy as “Kimmelstiel-Wilson” 
syndrome. At that time it was thought to represent local 
pathology within the renal microcirculation, while it has 
subsequently been recognised as a predictor of future 
CV events and mortality in diabetes, renal failure, hyper-
tension and the general population at large. Further, it 
predicts survival after myocardial infarction and stroke 
[18]. As such, UAER or its proxy, albumin : creatinine ratio 
(ACR), has become an accepted surrogate for microcir-
culatory target organ damage in T2DM. Currently there 
remains little debate as to the importance of albuminu-
ria as a prognostic indicator, although consensus has not 
been reached regarding the threshold of “abnormality” 
given that the association persists down into levels that 
are currently considered normal and below the sensitiv-
ity of commercially available assays. 

The lack of a clear mechanistic pathway to explain the as-
sociation between microalbuminuria and adverse CV out-
comes has led many clinicians to believe it is solely a marker 
of blood pressure exposure. Nevertheless recent mechanis-
tic studies suggest the systemic microvascular disturbances 
that account for the association between microalbuminuria 
and cardiac target organ damage are independent of either 
acute or long term blood pressure effects [14,15]. 

Microvascular function as an aetiopathogenic 
step in those with diabetes and CVD
T2DM alone is an important CV risk factor which has 
been demonstrated to have a similar impact on mor-
bidity and mortality as a history of a CV event [19]. Mi-
crovascular damage has been recognised in patients 
with diabetes for at least four decades and it appears to 
precede the development of CV events in those with di-
abetes while changes in microvascular function appear 
to precede microangiopathy. Whereas in type 1 diabetes 
these abnormalities take several years to develop and 
appear to be proportional to glycaemic control, in T2DM, 
however, the impairment is evident at diagnosis, in nor-
moglycaemic women with a history of gestational dia-
betes [20] and in those at risk of developing T2DM. 

The epidemiological link has been strengthened by 
interventional work demonstrating improvement in skin 
microvascular hyperaemic responsiveness with good 
glycaemic control over a 12-month period [21]. This as-
sociation was very strongly associated with degree of 

improvement of glycaemic control (R2 = 0.53 between 
one percentage increase in HbA

1c
 and increase in maxi-

mum hyperaemia). However, the support for this being 
a mechanism for improvement in CV event rate with 
good glycaemic control has been challenged by the ob-
servation that the peroxisome proliferator-activated re-
ceptor gamma antagonist, rosiglitazone, improves nitric 
oxide dependent skin microvascular responsiveness, in-
dependent of changes in glycaemic control, whilst at the 
same time apparently increasing the CV event rate [22]. 
Interestingly, whilst the risk of myocardial infarction was 
increased with rosiglitazone therapy in the latter work, 
there was a trend towards fewer strokes that has subse-
quently been confirmed in alternative studies. 

Skin microcirculatory reactivity has been shown 
to correlate with coronary heart risk scores as there is 
a strong association between endothelium depend-
ent and independent microvascular function and 10-
year coronary heart disease risk scores calculated from 
the Framingham risk scores. As this association is inde-
pendent of sex and body mass index it suggests that 
the skin microvascular function is a valid model for 
studying the association between CV risk and micro-
vascular function. Recent work elucidating potential 
links between CVD and skin microvascular function has 
clearly supported the association between those with 
arterial disease and impaired systemic microcirculation 
[23]. However, despite the clear attenuation in micro-
vascular function in those with angiographically con-
firmed coronary artery disease compared to healthy 
controls, there was no direct association between ath-
erosclerotic burden suggesting the association may be 
more complex than previously thought. 

This complexity is highlighted by inter-ethnic com-
parisons between those of European and African Carib-
bean descent. African Caribbeans are known to be rela-
tively protected from atherosclerotic disease despite the 
increased prevalence of salt sensitive hypertension, dia-
betes and insulin resistance. Given what is known about 
the relationship between microvascular function and 
coronary artery disease, it may be anticipated that Afri-
can Caribbeans have better microvascular function. Par-
adoxically, however, the opposite is observed: African 
Caribbeans in the general population have attenuated 
microvascular function compared to Europeans [24]. Mi-
crovascular function is further attenuated in those with 
diabetes and, unlike their European counterparts, this 
impairment is not accounted for by measures of insulin 
resistance [25]. This impaired microvascular function is in 
keeping with the previously observed increased risk of 
retinopathy and renal disease in African Caribbeans. The 
contrasting relative protection from large vessel ather-
osclerotic disease in African Caribbean patients and yet 
higher prevalence of stroke and heart failure than their 
European counterparts, challenges the axiom that stroke 
and ischaemic heart disease have the same mechanisms 
just affecting different vascular beds. It also supports the 
role of microcirculatory dysfunction in the aetiopatho-
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genesis of stroke. This is further supported by the obser-
vation that two measures of microvascular damage as-
sessed in the Atherosclerosis Risk In Communities (ARIC), 
namely retinopathy and cerebral white matter lesions 
as detected on magnetic resonance imaging (MRI) pre-
dict future stroke [26]. Additionally, elevated UAER, as 
a marker of systemic microcirculatory dysfunction, pre-
dicts both incident stroke and survival after stroke. 

The microcirculation and clinical practice
Most CVD occurs in the proportionately larger number 
of individuals with low to moderate absolute risk. Clin-
ical intervention decisions are often based on the like-
lihood that an individual will have a CV event over 
a given period of time; however, these decisions are 
often made on an incomplete assessment of risk. Inves-
tigating the retinal microvasculature is relatively simple 
and can be employed on a large-scale. As such, it has 
been translated into clinical practice for those with dia-
betes. Similarly UAER translates easily into clinical prac-
tice as assessment of ACR which can be measured on 
a single urine specimen. Changes in urinary albumin 
excretion have been shown to be very useful for es-
timating risk of future CV events [27]. Therefore pro-
gression of urinary albumin excretion should be pre-
vented and regression thereof regarded as a primary 
treatment goal when reducing the risk for CVD. How-
ever, there is limited data on the long-term cost-effec-
tiveness of systematic screening for urinary albumin 
excretion and more importantly, targeting it as a thera-
peutic outcome in those at high risk either by virtue of 
their hypertension or their past disease such as stroke, 
transient ischaemic attack or myocardial infarction. This 
clearly requires further investigation. 

Conclusions
The role of the microcirculation in the aetiopathogene-
sis of CVD in those with diabetes has been highlighted 
in a series of epidemiological studies over the last cen-
tury. We currently recognise the independent morbid-
ity of microvascular disease and the prognostic role this 
carries for future disease. Current epidemiological stud-
ies are focusing on attempting to untangle the inter-re-
lationship between risk factors and pathological mech-
anisms in order to attempt to determine whether these 
represent therapeutic targets or simple markers of un-
measured risk. These studies have produced a para-
digm shift in the understanding of vascular disease es-
pecially in diabetes, have triggered many mechanistic 
studies and provide evidence to support clinical moni-
toring of microvascular function in the future. 

Acknowledgment
We would like to acknowledge support of the Peninsula 
NIHR Clinical Research Facility. The views expressed in 
this publication are those of the authors and not nec-
essarily those of the NHS, the NIHR or the Department 
of Health. 

Disclosures
WDS has received speaker honoraria, conference spon-
sorship, unrestricted educational grants and/or at-
tended meetings sponsored by Boehringer Ingelheim, 
Bristol Myers Squibb, Colgate Palmolive, Eli Lilly, Glaxo 
SmithKline, Lundbeck, Menarini, Merck, Novartis, Novo 
Nordisk, Pfizer, Sanofi Aventis, Servier, Takeda. He holds 
research grants from Colgate Palmolive, Novo Nordisk 
and Novartis. DDA has no conflicts of interest. PMP is an 
employee and shareholder of Novartis Pharma.

References | Literatúra

1. Guerin AP, Blacher J, Pannier B at al. Impact of aortic stiffness atte-
nuation on survival of patients in end-stage renal failure. Circulation 
2001; 103(7): 987–992.

2. Laurent S, Boutouyrie P, Asmar R et al. Aortic stiffness is an inde-
pendent predictor of all-cause and cardiovascular mortality in hyper-
tensive patients. Hypertension; 37(5): 1236–41. 

3. Cruickshank K, Riste L, Anderson SG et al. Aortic pulse-wave velocity 
and its relationship to mortality in diabetes and glucose intolerance: an in-
tegrated index of vascular function? Circulation 2002; 106(16): 2085–2090. 

4. Strain WD, Chaturvedi N, Dockery F at al. Increased arterial stiff-
ness in Europeans and African Caribbeans with type 2 diabetes cannot 
be accounted for by conventional cardiovascular risk factors. Am 
J Hypertens 2006; 19(9): 889–896. 

5. Airaksinen KE, Salmela PI, Linnaluoto MK et al. Diminshed arterial 
elasticity in diabetes: association with fluorescent advanced glycosyla-
tion end products in collagen. CardiovascRes 1993; 27: 942. 

6. Monnier L, Mas E, Ginet C et al. Activation of oxidative stress by 
acute glucose fluctuations compared with sustained chronic hypergly-
cemia in patients with type 2 diabetes. JAMA 2006; 295(14): 1681–1687. 

7. Su G, Mi SH, Tao H et al. Impact of admission glycemic variability, 
glucose, and glycosylated hemoglobin on major adverse cardiac events 
after acute myocardial infarction. Diabetes Care 2013; 36(4): 1026–1032. 

8. Rizzo MR, Barbieri M, Marfella R et al. Reduction of oxidative stress 
and inflammation by blunting daily acute glucose fluctuations in pa-
tients with type 2 diabetes: role of dipeptidyl peptidase-IV inhibition. 
Diabetes Care 2012; 35(10): 2076–2082. 

9. Barbieri M, Rizzo MR, Marfella R et al. Decreased carotid athero-
sclerotic process by control of daily acute glucose fluctuations in dia-
betic patients treated by DPP-IV inhibitors. Atherosclerosis 2013; 
227(2): 349–354. 

10. Rizzoni D, Agabiti Rosei E. Small artery remodeling in hyperten-
sion and diabetes. Curr Hypertens Rep 2006; 8(1): 90–95.

11. Rizzoni D, Porteri E, Guelfi D at al. Structural alterations in sub-
cutaneous small arteries of normotensive and hypertensive patients 
with non-insulin-dependent diabetes mellitus. Circulation 2001; 
103(9):1238.

12. Schofield I, Malik R, Izzard A at al. Vascular structural and functio-
nal changes in type 2 diabetes mellitus: Evidence for the roles of ab-
normal myogenic responsiveness and dyslipidemia. Circulation 2002; 
106(24): 3037–3043. 

13. Scalia R, Gong Y, Berzins B at al. Hyperglycemia is a major determi-
nant of albumin permeability in diabetic microcirculation: the role of 
mu-calpain. Diabetes 2007; 56(7): 1842–1849.

14. Strain WD, Chaturvedi N, Bulpitt CJ et al. Albumin excretion rate 
and cardiovascular risk: could the association be explained by early 
microvascular dysfunction? Diabetes 2005; 54(6): 1816–1822. 

15. Strain WD, Chaturvedi N, Hughes A et al. Associations between 
cardiac target organ damage and microvascular dysfunction: the role 
of blood pressure. J Hypertens 2010; 28(5): 952–958. 

16. Levy BI, Schiffrin EL, Mourad JJ et al. Impaired tissue perfusion: 
a pathology common to hypertension, obesity, and diabetes mellitus. 
Circulation 2008 Aug 26; 118(9): 968–976. 

proLékaře.cz | 13.7.2025



Strain WD et al. Diabetes, cardiovascular disease and the microcirculation 21

Forum Diab 2015; 4(1): 14–21

vyskytne KV udalosť počas určitého obdobia, avšak tieto 
rozhodnutia sú robené po neúplnom zhodnotení rizika. 
Vyšetrovanie mikrocirkulácie sietnice je relatívne jedno-
duché a môže byť uskutočnené na veľkej skupine pa-
cientov. Vyšetrenie sa uplatnilo najmä u diabetikov. Hod-
notenie UEAR a ACR je široko uplatnené v klinickej praxi, 
keď je potrebný odber len jednej vzorky moču. Zmeny 
vylučovania albumínu sa osvedčili ako veľmi užitočné 
pri hodnotení budúceho KV rizika [27]. Predchádzanie 
progresie a nastolenie regresie vylučovania albumínu 
do moču by malo byť cieľom pri redukcii rizika KVCH. Na 
druhej strane ale chýbajú dôkazy o dlhodobej efektív-
nosti skríningu vylučovania albumínu do moču ako aj pri 
cielenej liečbe u pacientov s hypertenziou s predchádza-
júcou mozgovou príhodou, tranzientným ischemickým 
atakom alebo infarktom myokardu. Toto sa musí podro-
biť ďalšiemu výskumu. 

Záver
Úloha mikrocirkulácie v etiopatogenéze KVCH bola 
skúmaná v niekoľkých epidemiologických štúdiách 
u pacientov s diabetom v priebehu minulého storočia. 
Aktuálne je nezávislý vplyv mikovaskulárnych ochorení 
na morbiditu a ich prognostická úloha pre rozvoj budú-
cich ochorení. Súčasné epidemiologické štúdie sa za-
meriavajú na identifikovanie asociácií medzi rizikovými 
faktormi a patologickými mechanizmami v zmysle, či 
jednotlivé rizikové faktory predstavujú liečebné ciele 
alebo len jednoduché markery nemerateľného rizika. 
Tieto štúdie posunuli chápanie vaskulárneho ochore-
nia, najmä pri diabete. Taktiež dopomohli k uskutočne-
niu mnohých štúdií, ktoré podporujú klinické monitoro-
vanie funkcií mikrocirkulácie v budúcnosti. 
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