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Left ventricular remodeling impacts coronary flow reserve
in diabetic patients: what is the mechanism?
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Diyabetli hastalarda sol ventrikül yeniden şekillenmesi
koroner akım rezervini etkilemektedir: Mekanizması nedir?
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In the absence of epicardial coronary artery stenosis, 
assessment of coronary flow reserve (CFR) helps 

to identify microvascular function. Transthoracic 
echocardiography has been shown to provide accu-
rate measurement of CFR. It has several advantages 
including its non-invasive nature, wider availability, 
lower cost, and lack of radiation exposure, when com-
pared with other modalities like invasive intracoro-
nary measurements, positron emission tomography 
and magnetic resonance imaging.

It has been well established in previous studies 
that CFR is depressed in patients with diabetes, and 
that this is significantly related to prognosis, even in 
the absence of significant coronary artery disease.[1] 
Vasomotor function is impaired in patients with type 
2 diabetes, due to decreased bioavailability of endo-
thelium-dependent nitric oxide.[2] Also, secretion of 
vasoconstrictor mediators like endothelin-1 and an-
giotensin-II are increased. Moreover, wall thickening 
of intramural arterioles and reduced capillary vessel 
density have been reported in patients with diabetes.
[3] Many people with diabetes have also hypertension, 
obesity, and metabolic syndrome, each of which may 
contribute to impaired CFR.[4] All these factors may 
lead to myocardial ischemia and adverse cardiovas-
cular events in this patient population. In the study 
by Yuksel Kalkan and colleagues[5] in this issue of the 

journal, the authors report that in addition to impaired 
CFR in patients with diabetes compared to normal 
controls, impairment of CFR also differs according to 
the degree of left ventricular remodeling. In diabetic 
patients with concentric left ventricular hypertrophy, 
CFR was lowest compared with other patterns of left 
ventricular remodeling. This preliminary observation 
in diabetic patients could provoke other pathophysi-
ological mechanisms underlying impaired CFR.

Four different patterns of ventricle adaptation can 
be recognized based on the relationship between left 
ventricle mass and relative wall thickness: (1) concen-
tric left ventricular hypertrophy (increased mass and 
wall thickness), (2) eccentric hypertrophy (increased 
mass, normal relative wall thickness), (3) concentric 
remodeling (normal mass, increased relative wall 
thickness) and (4) normal left ventricular geometry. 
Concentric hypertrophy is known to be associated 
with high arterial pressure. In the study by Yuksel 
Kalkan et al., systolic and diastolic blood pressures 
were not different between patients with different 
left ventricular adaptations. However, HbA1C levels 
were significantly higher in the group with concen-
tric hypertrophy. It was reported almost two decades 
ago that hyperglycemia and hyperinsulinemia may 
promote concentric changes in the left ventricle, even 
in normotensive patients.[6] Even though data was not 



presented in the study, one may assume that diabetes 
duration may also have an impact on left ventricular 
adaptation. In this sense, poorly-controlled diabetes 
could lead to concentric hypertrophy, and eventually 
worse CFR.

Left ventricular mass index was another parameter 
that was significantly related to CFR in the present 
study. An inverse relation was also demonstrated in 
diabetic patients in previous studies. In a study by 
Galderisi and colleagues diabetic and hypertensive pa-
tients had higher left ventricular mass index, relative 
wall thickness and lower CFR compared to controls.
[7] However; left ventricular mass index, and not rela-
tive wall thickness, was the main predictor of reduced 
CFR. Interestingly, in an older paper, patients with 
hypertension were studied and it was found that CFR 
was reduced to the greatest extent in those patients 
with concentric remodeling, and only left ventricular 
wall thickness had a linear relationship with CFR[8].
Yuksel Kalkan et al. reported that not only left ven-
tricular mass index, but also left ventricular geometry, 
has an impact on CFR in diabetic patients with nor-
mal blood pressure. Hypertension and diabetes may 
induce similar adaptational changes in left ventricular 
geometry. However, different findings related to the 
effect of these changes on CFR between patients with 
diabetes and hypertension suggest that there may be 
specific mechanisms related to each disease.

Authors reported that E/A ratio, as an index for 
left ventricular diastolic function, was related to re-
duced CFR. However, the relation was not significant 
in multivariate analysis. Galderisi and colleagues 
have nicely shown that not E/A, but mitral annular 
Em/Am (obtained by tissue Doppler imaging) was 
significantly related to reduced CFR in patients with 
hypertension.[9] Since it is well known that concentric 
hypertrophy may lead to impaired relaxation of the 
left ventricle, comprehensive analysis of the left ven-
tricular diastolic function in diabetic patients with dif-
ferent patterns of left ventricular geometry would be 
very helpful in identifying the mechanism of reduced 
CFR in those patients.

 One of the major limitations of the present study is 
that absence of significant epicardial coronary artery 
stenosis was not demonstrated by coronary angiogra-

phy. Instead, clinical variables were used. Even mild 
coronary artery disease may lead to reduced CFR in 
patients with left ventricular concentric hypertrophy.

Data presented by Yuksel Kalkan et al. needs to be 
confirmed in further studies with an attempt to pro-
vide information on the mechanism of reduced CFR 
in the subset of diabetic patients with left ventricular 
concentric hypertrophy. Also, we need information on 
the follow-up of these patients, and the impact of con-
centric hypertrophy and low CFR on their prognoses.

Conflict-of-interest issues regarding the authorship or 
article: None declared.

REFERENCES

1. Cortigiani L, Rigo F, Gherardi S, Galderisi M, Bovenzi F, Si-
cari R. Prognostic meaning of coronary microvascular disease 
in type 2 diabetes mellitus: a transthoracic Doppler echocar-
diographic study. J Am Soc Echocardiogr 2014;27:742-8. 

2. Williams SB, Cusco JA, Roddy MA, Johnstone MT, Creager 
MA. Impaired nitric oxide-mediated vasodilation in patients 
with non-insulin-dependent diabetes mellitus. J Am Coll Car-
diol 1996;27:567-74. CrossRef

3. Beckman JA, Creager MA, Libby P. Diabetes and athero-
sclerosis: epidemiology, pathophysiology, and management. 
JAMA 2002;287:2570-81. CrossRef

4. Pirat B, Bozbas H, Simsek V, Yildirir A, Sade LE, Gursoy Y, 
et al. Impaired coronary flow reserve in patients with meta-
bolic syndrome. Atherosclerosis 2008;201:112-6. CrossRef

5. Yuksel Kalkan G, Gur M, Elbasan Z, Baykan AO, Kuloglu 
O, Sahin DY, et al. Left ventricle geometry affects coronary 
flow reserve in diabetic patients. Turk Kardiyol Dern Ars 
2015:43;49-57.

6. Ohya Y, Abe I, Fujii K, Ohmori S, Onaka U, Kobayashi K, et 
al. Hyperinsulinemia and left ventricular geometry in a work-
site population in Japan. Hypertension 1996;27:729-34. CrossRef

7. Galderisi M, Capaldo B, Sidiropulos M, D’Errico A, Ferrara 
L, Turco A, et al. Determinants of reduction of coronary flow 
reserve in patients with type 2 diabetes mellitus or arterial 
hypertension without angiographically determined epicardial 
coronary stenosis. Am J Hypertens 2007;20:1283-90. CrossRef

8. Schäfer S, Kelm M, Mingers S, Strauer BE. Left ventricular 
remodeling impairs coronary flow reserve in hypertensive pa-
tients. J Hypertens 2002;20:1431-7. CrossRef

9. Galderisi M, Cicala S, Caso P, De Simone L, D’Errico A, 
Petrocelli A, et al. Coronary flow reserve and myocardial 
diastolic dysfunction in arterial hypertension. Am J Cardiol 
2002;90:860-4. CrossRef

Left ventricular remodeling impacts coronary flow reserve in diabetic patients 59

http://dx.doi.org/10.1016/j.echo.2014.02.010
http://dx.doi.org/10.1016/0735-1097(95)00522-6
http://dx.doi.org/10.1001/jama.287.19.2570
http://dx.doi.org/10.1016/j.atherosclerosis.2008.02.016
http://dx.doi.org/10.1161/01.HYP.27.3.729
http://dx.doi.org/10.1016/j.amjhyper.2007.08.005
http://dx.doi.org/10.1097/00004872-200207000-00031
http://dx.doi.org/10.1016/S0002-9149(02)02708-X

