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Abstract

Background: Left ventricular systolic dysfunction (LVSD) may develop without coronary artery disease, hyperten-
sion (HT), or valvular pathologies in patients with diabetes mellitus (DM), which is defined as diabetic cardiomyopathy
(DCM) and its pathophysiology is still unclear. Diabetic retinopathy (DR) is a microvascular complication of DM, and
patients with DR have increased risk for the development of heart failure (HF). Two-dimensional speckle tracking
echocardiography (2D-STE) evaluates longitudinal deformation in left atrium (LA) myocardium and previous studies
utilizing 2D-STE have revealed the detrimental effects of DM on LA functions. Although some studies have shown the
association between DR and left ventricle (LV) systolic functions, as far as the researchers of this study investigated,
there is no study evaluating the relationship between LA deformation parameters and DR. Hence, we aimed to inves-
tigate the relationship between the presence and the degree of DR and LA deformation parameters.

Results: LA deformation parameters were analyzed in terms of LA reservoir, conduit, and contractile functions
according to the degree of DR. LA reservoir strain value was 14.2 £ 3.6 in normal retina group, 12.2+4.1 in non-pro-
liferative diabetic retinopathy (NPDR) group, and 13+ 3.7 in proliferative diabetic retinopathy (PDR) group (P=0.04).
LA contractile strain was 15.94+6.8 in normal retina group, 13.1+47.4 in NPDR group, and 9.9 4+4.7 in PDR group
(P<0.001). LA conduit strain was 30.1 +6.6 in normal retina group, 25.3+ 6.5 in NPDR group, and 22.9 +£4.9 in PDR
group (P<0.001). Proportional odds regression for association between clinical data, echocardiographic parameters,
and LA contractile strain function showed that increasing creatinine (from 0.7 to 1.0; OR 0.71; 95% C1 0.51-0.99;
P=0.04), DR presence (OR 0.24; 95% C| 0.11-0.50; P=10.001), and increasing left atrial volume index (LAVI) (from 33.5
10 52.6; OR 0.62; 95% Cl 0.43-0.89; P=0.01) were associated with decreasing LA function; however, other variables
indicated no association.

Conclusions: Our results showed the relationship between LA deformation parameters and DR, although micro-
vascular involvement is not a certainly defined cardiovascular risk factor. Further prospective studies are needed to
determine the clinical importance of DR presence and its degree for deformation parameters.
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Background

Diabetes mellitus (DM) and the related cardiovascu-

lar complications are the important causes of morbid-
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valvular pathologies, and which is defined as diabetic
cardiomyopathy (DCM). Although the pathophysiol-
ogy of DCM is still unclear, oxidative stress, renin-
angiotensin system activation, impaired mitochondrial
function, microangiopathy, hyperinsulinemia, insulin
resistance, hyperglycemia, and hyperlipidemia have
been suggested as most possible contributors [1, 2].

Diabetic retinopathy (DR) is a specific and common
microvascular complication of DM. Studies have shown
that the presence of DR has a high risk for heart failure
(HF), independent of well-known cardiovascular risk
factors [3].

In DCM, diastolic dysfunction (subclinical in general)
is the most common cardiac manifestation thought to
occur secondary to microvascular disease, and its asso-
ciation with DR supports this etiology [4]. In patients
with or without microvascular complications, the
presence of subclinical LVSD -even before diastolic
dysfunction- could not be detected with routine tran-
sthoracic echocardiographic (TTE) assessment. Hence,
for early diagnosis, the two-dimensional speckle track-
ing echocardiography (2D-STE) gains importance in
patients with DM and preserved left ventricle ejection
fraction (LVEF) [5].

The left atrium (LA) has multiple functions like con-
traction, conduit, and reservoir. LA interacts with the
LV, the latter chamber fills. The prognostic role of the
LA function in several conditions such as atrial fibril-
lation, HF, stroke, and valvular heart diseases has been
described in previous studies [6].

2D-STE evaluates longitudinal deformation in the LA
myocardium and previous research utilizing 2D-STE
have revealed the detrimental effects of DM on the LA
functions [7, 8]. Although studies have shown the asso-
ciation between DR and LV systolic functions [9], as far
as the researchers of this study investigated, there is no
study evaluating the relationship between LA deforma-
tion parameters and DR. Hence, in this study, we aimed
to investigate the relationship between the presence
and the degree of DR and LA deformation parameters
using 2D-STE technique.

Methods

In this single-center retrospective observational study,
patients with DM, and who had been evaluated for
retinopathy and referred to our outpatient cardiology
clinic for cardiovascular system examination between
September 2020 and April 2021 were included. The
medical history, electrocardiogram and other nonin-
vasive/invasive test results, physical examination, lab-
oratory findings, echocardiography reports, as well as
the results of LA strain analysis and 2D and Doppler
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echocardiography images were obtained from the hos-
pital electronic database.

Patients with known coronary artery disease, those
with ischemia diagnosed by noninvasive methods, and
subjects with moderate to severe mitral valve regurgita-
tion and without LA strain analysis were excluded from
the study. Finally, a total of 147 patients met the inclusion
criteria and were enrolled.

GE Vivid 7 ultrasound system was utilized for echo-
cardiographic evaluation of the patients. Chamber diam-
eters, wall thicknesses, LA volumes, and LVEF were
assessed according to the recommendations of the Euro-
pean Association of Cardiovascular Imaging (EACI).
Moreover, LA strain analysis was performed using
2D-STE with Echo-Pac software package designed for LV
strain evaluation, according to the previous guidelines [8,
10] and LA strain was also evaluated with this software.

The local ethical committee approved the study and all
patients signed a written informed consent.

Statistical analysis

Numerical data were presented as mean and standard
deviation (SD). Categorical data were defined as fre-
quency and percentage. We used Student’s t-test and
analysis of variance (ANOVA) to compare continuous
data, and Pearson’s Chi-Square test was used for com-
parison of categoric data. To determine independent
predictors for dependent variable (LA strain parameters
function), crude and adjusted proportional odds regres-
sion analyses were used.

Outcome variable
Left atrial strain parameters (contractile strain).

Statistical modeling

Multivariable proportional odds regression models were
used. Predictors (confounders) of multivariable were
selected according to previous literature. P-value less
than 0.05 was defined as a statistical significance. Sta-
tistical analyses were performed using R 4.04 software
(Vienna, Austria).

Results

In this study, a total of 147 diabetic patients were
enrolled. The baseline characteristics of the patients
according to the presence or absence of retinopathy are
presented in Table 1. All patients were diagnosed with
DM. The mean value of HbAlc (%) in the normal retina
group was 7.3+0.9, while it was 8.9+1.9 in the retin-
opathy group. The mean age in patients without retin-
opathy was 52.6+9.3, while it was 55.44+10.3 in the
retinopathy group. HT was present in 33 (66.7%) and 68
(58.6%) patients in normal retina and retinopathy groups,
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Table 1 Comparison of baseline clinical and laboratory parameters in diabetics with normal retina versus retinopathy

Variable Normal Retina, (n=51) Retinopathy present, (n =96) P-value
Age, (years) 52.6(9.3) 55.4(10.3) 0.09
Gender (Female), n (%) 36 (66.7) 62 (53.4) 0.14
HT, n (%) 36 (66.7) 68 (58.6) 0,40
Systolic BP (mm Hg) 1353 (15.8) 137.6 (19.4) 044
Diastolic BP (mm Hg) 79.1 (104) 829 (12.6) 0.06
Smoking, n (%) 8(14.8) 42 (36.2) 0.008
Lipid lowering therapy, n (%) 22 (40.7) 18 (15.5) 0.001
Glucose (mg/dL) 161 (53.7) 235(93.5) <0.001
Creatinine (mg/dL) 0.8(0.3) 09(0.3) 0.03
Albumin (mg/dL) 43(04) 4.5(04) 0.04
LDL (mg/dL) 91.5(23.7) 121.4 (46.3) 0.004
TSH (mIU/L) 1.5(0.7) 1.9(0.5) 052
Microalbumin/creatinine (spot urine) 7.60 (3.60) 194 (10.5) <0.001
WBC (1 Oa/pL) 7.1(1.6) 7.7(1.7) 0.46
Hemoglobin (g/dL) 12.5(1.5) 13.1(14) 0.005
HbATc (%) 7.30(0.9) 8.9(1.9) <0.001
hs-CRP (mg/L) 0.6 (0.7) 0.6 (0.8) 0.74

Continuous variables are presented as mean and standard deviation (SD)

BP, Blood pressure; LDL, low-density lipoprotein; TSH, Thyroid stimulating hormone; WBC, White blood cell; hs-CRP, High sensitive C-reactive protein

respectively. Other clinical and laboratory parameters are
shown in Table 1.

LVEE, end-diastolic volume, left atrial volume index
(LAVI), and LV-twist values were similar between normal
retina and retinopathy groups; however, mitral annular
plane systolic excursion (MAPSE) decreased in retin-
opathy group (13+2 and 12+ 2, respectively; P=0.004).
Also, global longitudinal strain (GLS) was lower in
retinopathy group compared to normal retina group
(— 18.9+2.1 and — 17.8+2.7, respectively; P=0.008).
Other echocardiographic parameters are presented in
Table 2.

LA deformation parameters were analyzed in terms of
LA reservoir, conduit, and contractile functions accord-
ing to the degree of DR. The LA reservoir strain value
was 14.243.6 in normal retina group, 12.2£4.1 in
NPDR group, and 13£3.7 in PDR group (P=0.04). LA
contractile strain was 15.946.8 in normal retina group,
13.1£47.4 in NPDR group, and 9.914.7 in PDR group
(P<0.001). LA conduit strain was 30.1+6.6 in normal
retina group, 25.3+6.5 in NPDR group, and 22.94+4.9 in
PDR group (P<0.001). Three-dimensional plot for pre-
dicting LA conduit function according to DR presence
and age is shown in Fig. 1.

Density histogram of LA contractile strain values of the
three groups is shown in Fig. 2.

The results of proportional odds regression analy-
sis for association between clinical data, echocardio-
graphic parameters, and LA contractile strain function

demonstrated that increasing creatinine (from 0.7 to 1.0;
OR 0.71; 95% CI 0.51-0.99; P=0.04), retinopathy pres-
ence (OR 0.24; 95% CI 0.11-0.50; P=0.001), and increas-
ing LAVI (from 33.5 to 52.6; OR 0.62; 95% CI 0.43-0.89;
P=0.01) were associated with decreasing LA function;
however, other variables did not show any association
(Table 3).

Discussion

In this study, we determined an association between DR
and LA contractile functions (OR 0.24; 95% CI 0.11-0.50;
P=0.001). Additionally, an increase in the degree of DR
was correlated with a decrease in LA contractile, conduit,
and reservoir functions (Table 4).

The key role of LA remodeling in patients with DCM
has been shown. Structural, mechanical, and functional
changes develop in LA. Studies also revealed that LA
function is a predictor for cardiovascular diseases in DM,
even in patients without any cardiovascular risk factors
[11, 12].

2D-STE is more sensitive than Doppler-derived strain
measures because it allows angle independent direct
analysis of myocardial deformation. The sensitivity of
2D-STE for LA mechanics has been recently validated.
Abnormalities in LA strain have been shown in some
clinical conditions, including LV hypertrophy, congenital
heart diseases, dilated cardiomyopathy, and prolonged
strenuous exercise [13—15].



Kulahcioglu et al. The Egyptian Heart Journal (2022) 74:30 Page 4 of 6
Table 2 Comparison of basic echocardiographic parameters in diabetics with normal retina vs. retinopathy

Variables Normal retina, (h=51) Retinopathy present, (n =96) P-value
LV septal wall (cm) 1.1(0.1) 1.1(0.1) 0.11

LV posterior wall (cm) 1(0.1) 1.1(0.1) 0.03
End-diastolic diameter 4.7 (04) 4.6(0.5) 0.13
End-systolic diameter 29(03) 2.9(0.5) 0.85
End-diastolic volume, 4CH 87.6 (20.6) 89.2 (27) 0.69
End-systolic volume, 4CH 38.8(10.6) 409 (18) 043
LVEF (Teicholtz) 67.6(7.5) 66.2 (8.7) 0.34
LVEF (Biplane Simpson) 55.2(6.1) 529(7.8) 0.07
TAPSE (mm) 23(2) 22 (4) 0.006
MAPSE (mm) 13(2) 12(2) 0.004

E value 0.70(0.62,0.79) 0.65 (0.55,0.78) 0.28
Avalue 0.80 (0.67, 0.90) 0.90(0.75,1.0) 0.04
LAVI (mL/m?) 42.7 (31.8,49.8) 44.7 (36.1, 53) 0.19

Dt (m/s) 245 (39) 239 (46) 039

LV twist 20.8(7.7) 194 (6.2) 022
GLS —189(2.1) —178(27) 0.008

Continuous variables are presented as mean and standard deviation (SD)

LV, Left ventricle; 4CH, Four-chamber; LVEF, Left ventricle ejection fraction; TAPSE, Tricuspid annular plane systolic excursion; MAPSE, Mitral annular plane systolic
excursion; LAV, Left atrial volume index; Dt, Deceleration time; GLS, Global longitudinal strain

Adjusted to Sys BP: 135 mm Hg, GLS: - 18.6, LAVI: 43.8, creatinine:0.8, HbAlc: 8

Fig. 1 Three-dimensional plot for predicting LA conduit function

according to DR presence and age

The etiology for LA remodeling in DM is not well-
known. Chronic hyperglycemia induces fibrosis in both
ventricular and the atrial myocardium.

Hyperglycemia is also related with enhanced angioten-
sin II, TGF-P signaling, and increased reactive-oxygen

species (ROC) production that probably promote atrial
fibrosis in DCM, and it is associated with increased col-
lagen synthesis.

Hyperglycemia can also be responsible for increased
levels of advanced glycation end-products, which also
provokes an increase in laminin and collagen, and thereby
fibrosis. The decrease in LA elasticity related with fibrosis
is a principal factor for all LA functions [16, 17].

The presence of DR suggests clinically manifested
microvascular involvement in DM, and it is associated
with impaired LV diastolic and/or systolic functions and
might be a predictor of major adverse cardiac events.
2D-STE can detect subclinical functional changes in LA
before the occurrence of structural changes [18, 19].

Georgievska-Ismail et al. evaluated the role of 2D-STE
in LA systolic dysfunction in DM, suggesting that LA
deformation mechanics are impaired in patients with
DM and heart failure with preserved ejection fraction
(HFpEF) [20]. Also, Y. Mochizuki et al. demonstrated
both LA systolic and diastolic dysfunctions in type 2 DM
with diabetic nephropathy and albuminuria [21].

In addition to these studies, in our study, the presence
of DR (as a microvascular involvement) was found to be
associated with a decrease in LA contractile functions
(normal retina group: 15.9 (6.8); NPDR group: 13.1 (7.4);
and PDR group: 9.9 (4.7); P<0.001).

In patients with DM, preventing the occurrence
of DCM is an important strategy, which might be
achieved by preventing DR because the association
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Fig. 2 Density histogram of LA contractile strain values of the three groups

Table 3 Comparison of advanced echocardiographic parameters in diabetics with normal retina versus non-proliferative and

proliferative retinopathy

Variables Normal retina, (1=51)  Non-proliferative retinopathy Proliferative retinopathy present, P-value
present, (n=54) (n=42)
LAVI (mL/m?) 426 (14.0) 46 (133 53 (25) 0.006
E Mitral 0.7 (0.1) 0.7(0.2) 0.7 (0.2) 0.07
A Mitral 0.8(0.2) 09(0.2) 1(0.2) 0.10
LA strain rate S 1.5(04) 1.2(0.3) 1.1(0.3) 0.01
LA strain rate E —1.2(0.6) —0.9(0.5) —0.9(0.5) 0.01
LA strain rate A —1.7(0.6) —15(0.6) —1.7(0.6) 0.19
LA strain conduit 30.1 (6.6) 253 (6.5) 229(4.9) <0.001
LA strain reservoir 14.2 (3.6) 122 (4.1) 13(3.7) 0.04
LA strain contractile 15.9 (6.8) 13.1(7.4) 9.9 4.7) <0.001

Continuous variables are presented as mean and standard deviation (SD)
LAVI, Left atrial volume index; LA, Left atrium

Table 4 Proportional odds regression model for predicting LA
contractile strain function

Variables Odds ratio Confidence interval P-value
Age (from 44 to 75 years)  2.07 0.72-5.89 0.17
HbA1C (%) (7.2 t0 9.4) 1.09 0.72-1.64 0.66
Systolic BP (mmHg) (125 0.90 0.61-1.31 0.58

to 150)

Creatinine (mg/dL) (0.7 0.71 0.51-0.99 0.04
to1)

Retinopathy presence 0.24 0.11-0.50 0.001
GLS (= 19910 — 16.6) 0.79 0.53-1.18 0.26
LAVI (mL/m?) (33.5 to 0.62 0.43-0.89 0.01

52.6)

BP, Blood pressure; LAVI, Left atrial volume index; GLS, Global longitudinal strain

with microvascular involvement for both clinical con-
ditions is well-defined. After the development of DR,
modification of cardiovascular risk factors and close
cardiac evaluation might be helpful.

Study limitations

Due to nature of regression model we might not include
some important confounder, also this study is a single
center study. We used retrospective design, even if con-
secutively admitted patients were included.
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Conclusions

Our results showed the relationship between left atrial
deformation parameters and diabetic retinopathy,
although microvascular involvement is not a certainly
defined cardiovascular risk factor. Further prospec-
tive studies are needed to determine the clinical impor-
tance of DR presence and its degree for deformation
parameters.
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