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INTRODUCTION

ABSTRACT

Aims/Introduction: Diastolic cardiac dysfunction in type 2 diabetes (DD2D) is a critical
risk of heart failure with preserved ejection fraction. However, there is no established
biomarker to detect DD2D. We aimed to investigate the predictive impact of fragmented
QRS (fORS) on electrocardiography on the existence of DD2D.

Materials and Methods: We included in-hospital patients with type 2 diabetes
without heart failure symptoms who were admitted to our institution for glycemic
management between November 2017 and April 2021. An fQRS was defined as an
additional R wave or notching/splitting of the S wave in two contiguous
electrocardiography leads. DD2D was diagnosed according to the latest guidelines of the
American Society of Echocardiography.

Results: Of 320 participants, 122 patients (38.1%) had fQRS. DD2D was diagnosed in 82
(25.6%). An fORS was significantly associated with the existence of DD2D (odds ratio 4.37,
95% confidence interval 2.33-8.20; p < 0.0001) adjusted for seven potential confounders.
The correlation between DD2D and diabetic microvascular disease was significant only
among those with fORS. Classification and regression tree analysis showed that fORS was
the most relevant optimum split for DD2D.

Conclusions: An fORS might be a simple and promising predictor of the existence of
DD2D. The findings should be validated in a larger-scale cohort.

these modalities require expert techniques for the assessments.

Patients with type 2 diabetes mellitus and heart failure (HF)
with preserved ejection fraction (HFpEF) have a poorer prog-
nosis and quality of life, as well as higher hospitalization and
cardiovascular mortality compared with their counterparts with-
out diabetes'. Diastolic cardiac dysfunction in type 2 diabetes
(DD2D) is a critical risk for HFpEF>. As the clinical course of
DD2D has been reported as adjustable’, screening DD2D in
the early stage of diabetes is crucial.

Currently, modalities, such as transthoracic echocardiograms
(TTE)* and cardiac magnetic resonance imaging’, are applied
for the diagnosis of diastolic cardiac dysfunction. However,
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Thus, a reliable, simple and quickly-applicable biomarker is
required for DD2D screening in daily clinics.

Fragmented QRS (fQRS) on a standard resting 12-lead elec-
trocardiogram (ECG) includes various QRS complex morpholo-
gies as follows: various RSR’ patterns; additional R wave (R’) or
notching in the nadir of the S wave; the presence of >1 R/
(fragmentation) in two contiguous leads; and corresponding to
a significant coronary artery territory’. We recently reported a
higher prevalence of fQRS in patients with diabetes than
patients with metabolic syndrome without diabetes’.

A few studies examined the relationship between fQRS and
diastolic function in diabetes. One showed the correlation
between fQRS and diastolic function parameters on TTE, not
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in diastolic dysfunction, in type 2 diabetes patients®. The other
showed that those with diastolic dysfunction, including 41% of
type 2 diabetes patients, were more likely to be diagnosed as
HFpEF when accompanying fQRS’. However, to our knowl-
edge, little data exist regarding the relationship between the
presence of fQRS and DD2D. The present study aimed to
investigate whether fQRS could be a predictor of DD2D among
patients with type 2 diabetes.

MATERIALS AND METHODS

Study population

This was a retrospective cross-sectional observational study on
a hospital-based cohort. We analyzed data of patients who were
hospitalized for glycemic management in Toyama University
Hospital, Toyama, Japan, between November 2017 and April
2021. The inclusion criteria were as follows: (i) type 2 diabetes
with evaluation data of diabetic microvascular diseases (MVDs),
ECG and TTE; (ii) left ventricular ejection fraction >40%; (iii)
no symptomatic HF; and (iv) no persistent atrial fibrillation.
MVD included neuropathy, retinopathy or nephropathy'. The
exclusion criteria were as follows: (i) type 1 diabetes; (ii) sec-
ondary diabetes; (iii) refractory malignant diseases; (iv) depen-
dency on hemodialysis; (v) cardiac deposition diseases; (vi)
symptomatic coronary artery disease or percutaneous coronary
intervention within a year; (vii) severe valvular disease or valve
replacement/implantation within a year; and (viii) severe hep-
atic dysfunction (Child-Pugh score >10).

Medical record review and variable definitions

We reviewed the data of comprehensive examinations including
MVD evaluation. The examination also contained a self-
reported health questionnaire that included information on dia-
betes onset and previous histories. The diagnoses of type 2 dia-
betes were based on the American Diabetes Association
diagnostic criteria; diagnosed using hemoglobin Alc >6.5%
(National Glycohemoglobin Standardization Program), a fasting
blood glucose concentration of >126 (7.0 mol/L) mg/dL or a
random blood glucose concentration of >200 mg/dL"", or if the
health questionnaire showed current medications for diabetes.
Diabetic retinopathy was diagnosed by ophthalmologists using
standardized stereoscopic seven-field fundus photographs. Dia-
betic neuropathy was defined as established autonomic neu-
ropathy with the coefficient of variation of R-R interval <2.5%
or positive orthostatic distention evaluated with the Schellong
test. Diabetic nephropathy was defined with urinary albumin
excretion >30 mg/g creatinine or estimated glomerular filtration
ratio <60 mL/min/1.73 m* The patients’ blood pressures were
measured by ward nurses, with patients in the sitting position
in the early morning within 1 h of waking up on the second
day of admission. Hypertension was diagnosed if peripheral
blood pressure was >140/90 mmHg, or if the health question-
naire showed current antihypertensive medications'®. Coronary
artery disease was diagnosed if significant coronary artery ste-
noses existed as >75% on coronary cine angiography and >50%
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on coronary computed tomography angiography. Peripheral
arterial disease was diagnosed if the lowest resting ankle-
brachial index was <0.9".

ECG acquisition and evaluation of fQRS

ECG record was obtained on admission in the supine position
with electrocardiogram FCP-7431 (Fukuda Denshi Co. Ltd.,
Tokyo, Japan; filter range 0.16-100 Hz, AC filter 60 Hz,
25 mm/s, 10 mm/mV). An fQRS was defined as follows®: QRS
complex morphologies included various RSR’ patterns, includ-
ing an additional R wave (R'), notching of the R wave or the S
wave, or the presence of more than one R’ (fragmentation) in
two continuous leads corresponding to a major lead set for
major coronary artery territory. An fQRS was present if alter-
ations were found in two or more contiguous anterior leads,
lateral leads or inferior leads.

We followed the fQRS evaluation in cases with bundle
branch block'. Right and left bundle branch blocks were
defined by the standard ECG criteria (QRS duration >120 ms),
and f-bundle branch block was defined as various RSR’ pat-
terns with or without a Q wave, with more than two R waves
(R) or more than two notches in the R wave, or more than
two notches in the downstroke or upstroke of the S wave in
two contiguous leads corresponding to a major coronary artery
territory. All ECGs were assessed by a single cardiologist
blinded to the patients’ clinical and laboratory characteristics.
The concordance rate for detecting fQRS was 97% to the previ-
ously published studies”">'°.

TTE Data collection and diagnosis of DD2D

All echocardiographic examinations were carried out at clini-
cally stable conditions by the cardiologists who were blinded to
the clinical data. Echocardiographic image recordings and mea-
surements were obtained using a 3.75-MHz standard probe
(EPIQ G7; Philips Inc., Amsterdam, the Netherlands). Standard
echocardiographic parameters were measured including the
ratio of peak early diastolic (E) and peak atrial systolic (A)
transmitral flow velocities (E/A) and the E-wave to E' ratio (E/
E') on tissue Doppler imaging.

We diagnosed DD2D as satistying both left ventricular ejec-
tion fraction >40% and two abnormal parameters among E/EF/
ratio, E' velocity and tricuspid regurgitation velocity'’. An aver-
age E/E ratio >14, a lateral E/E' ratio >13 or a septal E/E’ >15
was considered abnormal. Septal E' velocity <7 cm/s or lateral
E’ velocity <10 cm/s was considered abnormal. Tricuspid regur-
gitation velocity >2.8 m/s was considered abnormal.

Statistical analysis

Continuous variables are expressed as the mean + standard
deviation, and categorical variables are expressed as numbers
and percentages. Continuous variables were compared using an
unpaired t-test or a Mann—Whitney U-test. A comparison of
the categorical variables between the groups was carried out
using a y’-test. Multivariable logistic regression analysis was
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carried out to assess the predictive impact of fQRS on the exis-
tence of DD2D adjusted for other potential confounders. For
the stepwise analysis, parameters associated with fQRS with
p < 0.10 were included in the analysis. The classification and
regression tree analysis was carried out to investigate the predic-
tive impact of independent variables, including fQRS, on
DD2D. Classification and regression tree analysis was carried
out recursively to form a tree of decision rules for powerful
modeling, and p < 0.05 was considered statistically significant.
The number of optimal splits was determined with k-fold cross-
validation (k = 5). Statistical analysis was carried out using JMP
Pro 15.2.1 on Mac (SAS Institute Inc., Cary, NC, USA).

Power analysis

Our previous study showed the ratio of fQRS was 36.0% in the
participants with type 2 diabetes’. Using this ratio and y’-test
sample size calculations, evaluation of 302 patients in total
allowed detection of 30% difference in the prevalence of DD2D
between 60% in the participants with fQRS and 30% in those
without fQRS at 99% power and 0.005 significance level.

RESULTS

A total of 547 in-hospital diabetes patients were admitted. We
excluded 227 patients according to the exclusion criteria: admit-
ted in emergency or semi-emergency (n = 33); type 1 diabetes
(n = 20); under immunosuppression (n = 5); diabetes after the
surgical resection of the pancreas (n = 10); permanent
hemodialysis (n = 6); refractory malignant diseases (n = 27);
less than one year from cardiac intervention (n = 8); persistent
atrial fibrillation (n = 20); no ankle-brachial index evaluation
(n = 14); no examinations by ophthalmologists (n = 18); lack-
ing ECG (n = 4); lacking TTE (n = 27); inability to evaluate E/
E ratio (n = 27); and left ventricular ejection fraction <40%
(n = 8). We finally included 320 patients in the present study.

Table 1 presents baseline characteristics, and Table 2 presents
electrocardiogram findings. fQRS was observed in 38.1% of
patients. A total of 82 patients (25.6%) had DD2D. fQRS was
mainly observed in the inferior region. Patients with DD2D
were older and had more comorbidities than those without
DD2D. Of note, 79 out of 82 (96%) DD2D participants had
multiple MVDs.

Multivariate analysis showed that fQRS was an independent
predictor of DD2D (odds ratio 4.37, 95% confidence interval
2.33-8.20, p < 0.0001) after adjusting for potential confounders:
age, sex and the number of MVDs (Table 3).

The classification and regression tree analysis showed the
most relevant optimum split of DD2D versus fQRS and other
potential confounders (Figure 1). As the cross-validation R’
value increment between eight and nine splits was not >0.005,
eight was considered optimal. The eight-node classification
model showed an R* of 0.263. The optimal tree showed a cor-
rect classification rate of 79.7% and a negative predictive value
of 93.7%. In patients without fQRS, female sex and age
>65 years were associated with DD2D.

http://wileyonlinelibrary.com/journal/jdi

The prevalence of DD2D increased along with the number
of MVDs (Figure 2). DD2D showed a tight association with
MVD, because the MVD paralleled with the prevalence of
DD2D (R* = 0.0611, p < 0.0001), and almost all DD2D cases
possessed at least one MVD. This tendency between DD2D
and the number of MVDs was observed significantly only in
patients with fQRS (R* = 0.1095, p = 0.0004), but not those
without fQRS (R* = 0.0189, p = 0.3293), showing fQRS corre-
lated with DD2D associated with MVD. The relationships
between each of the MVD and DD2D are shown in Figure 3.
Nephropathy correlated most significantly with diastolic dys-
function among MVDs.

DISCUSSION

In the present study, we showed statistically that an fQRS was
the most significant determinant of DD2D with high specificity.
The prevalence of fQRS of 38.1% in the current study was
quite similar to the prevalence of fQRS in type 2 diabetes;
36.0%’, 28.1%°, 33.1%'® and 37.5%'" in previous reports. As
ECG is available at any clinic or medical checkup, it can be a
simple and useful modality to estimate the presence of DD2D
among diabetes patients. The screening for DD2D through
ECG evaluation should be routine, especially for older female
patients with MVD. Patients with fQRS should be further
examined with TTE and other modalities. We suppose that the
clinical significance of fQRS will change the consensus toward
implementing routine ECG evaluation in diabetes.

Interstitial fibrosis, capillary endothelial changes and capillary
basal laminar thickening are often observed from the very early
stage of diabetes™. Chronic hyperglycemia can activate extracel-
lular signal-regulated protein kinase 1/2 and p38 mitogen-
activated protein kinase-mediated intracellular signaling, thereby
regulating procollagen gene expression, resulting in cardiac
fibroblasts activation®*%. fQRS was shown to be a valid bio-
marker for cardiac fibrosis'*. Among the two possible underly-
ing mechanisms of diastolic cardiac dysfunction (stiff
cardiomyocytes and interstitial fibrosis)*’, from the current
results, it is conceivable that DD2D is mainly attributed to
interstitial fibrosis. Also, the finding that nephropathy most sig-
nificantly correlated with DD2D is interesting. The diastolic
cardiac dysfunction is markedly more progressed in patients
with diabetic nephropathy than those with chronic glomeru-
lonephritis independent of cardiac hypertrophy**. Procollagen
gene expression, which plays a significant role in interstitial
fibrosis progression in DD2D, could contribute to glomerular
and tubulointerstitial fibrosis in diabetic nephropathy®.

This is the first study showing the association between fQRS
and diagnosed diastolic cardiac dysfunction according to the
American Society of Echocardiography 2016 guideline'’. The
cut-off values of E/E' ratio and E' velocity for diagnosing
DD2D were determined with the hemodynamic significance as
the values reflecting the elevation of end-diastolic pressure of
the left ventricles®. Until the update of the guidelines, there
were differences in the parameters, and cut-off values in the
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Table 1 | Baseline characteristics
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Total (n = 320) DD2D (+) (n = 82) DD2D (-) (n = 238) p-value
Age (years) 673 £ 126 724 £ 96 655+ 13 <0.0001
Male sex, n (%) 193 (60.3%) 38 (46.3%) 155 (65.1%) 00027
Duration of diabetes (years) 157+ 118 20+ 117 142+ 114 <0.0001
Medical history
Aortic stenosis 8 (2.5%) 6 (7.3%) 2 (0.8%) 00012
Coronary artery disease 73 (22.8%) 23 (28.1%) 50 (21.0%) 0.1901
Hypertension 247 (77.2%) 71 (86.6%) 176 (74.0%) 00187
Paroxysmal atrial fibrillation 14 (44%) 4 (49%) 10 (4.2%) 0.7962
Prior stroke 41 (12.8%) 15 (183%) 26 (10.9%) 00851
Peripheral arterial disease 50 (15.6%) 25 (30.5%) 25 (10.5%) <0.0001
Systolic BP (mmHg) 134+ 18 139+ 18 133+ 17 00041
Diastolic BP (mmHg) 81+ 12 80+ 13 8112 05698
BMI (kg/m?) 252 * 49 255+ 5 253+ 49 09618
eGFR (mL/min/1.73 m?) 735+ 259 632+ 236 77 £ 257 <0.0001
Laboratory
HbATc (%) 96+ 16 95+ 17 9716 04001
TC (mg/dL) 180 + 40 173 £ 42 183 £ 39 0.0663
Triglyceride (mg/dL) 141 + 81 145 £ 86 140 + 80 0.5941
HDL-C (mg/dL) 48+ 14 47 £ 15 48 £ 14 06145
ALT 277+ 216 251 £ 212 285+ 217 0.2232
gGTP 479 + 582 459 + 606 486 £ 575 0.723
BNP 382 + 584 612 + 81 30 £453 <0.0001
UAE 198 + 527 344 £+ 781 148 + 395 00036
Medication, n (%)
ACEi or ARB 125 (39.1%) 44 (53.7%) 81 (34.0%) 00017
[3-Blocker 49 (15.3%) 20 (24.4%) 29 (12.2%) 0.0081
MRA 10 (3.1%) 6 (7.32%) 4 (1.7%) 00114
Any diuretics 74 (23.2%) 24 (29.3%) 50 (21.1%) 0.1308
Any oral antidiabetic medication 268 (83.8%) 65 (79.3%) 203 (85.3%) 0.2021
Insulin 26 (394%) 47 (57.3%) 79 (33.2%) 0.0001
No. diabetic microvascular diseases
0 50 (15.6%) 3 (3.7%) 47 (19.7%) <0.0001
1 110 (34.4%) 23 (280%) 87 (36.6%)
2 115 (35.9%) 36 (43.9%) 79 (33.2%)
3 45 (14.1%) 20 (24.4%) 25 (10.5%)
Any diabetic microvascular diseases 270 (84.4%) 79 (96.3%) 191 (80.3%) 0.0003
TTE parameter
LAD 369 £ 59 38557 363 £ 59 00044
LVDd 452+ 5 453 + 54 451 + 48 0.8242
VS 94+ 13 945 + 145 936 + 126 05725
LVEF 67+ 77 6539 675 %71 00268
Septal E/F 121+ 4 173 £ 32 103 £ 24 <0.0001
Lateral E/F' 91+ 33 129 + 34 78+ 2.1 <0.0001
Average E/F 106 + 34 151+ 27 912 <0.0001
Septal E/ 56+ 18 42 +1 6+18 <0.0001
Lateral £ 75+ 25 59+ 16 8t 25 <0.0001

echocardiographic evaluation of diastolic dysfunction. The
mean prevalence of DD2D in a recent meta-analysis was 46%
with a wide variation between 21% and 81%". The prevalence
of DD2D was 55% in 113 participants in the previous hospital-
based evaluation for Japanese patients with type 2 diabetes in

2011%®, We consider that the updated guideline allows universal
evaluation of DD2D with diagnosing the advanced cases with
E/E cut-off values with high specificity.

Last, we discuss diabetic cardiomyopathy, characterized by
diastolic cardiac dysfunction from the early stage of
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Table 1. (Continued)
Total (n = 320) DD2D #) (n = 82) DD2D (=) (n = 238) p-value
TRV (measured in 49 patients) 225+ 036 249 + 055 221+ 03 00538
E/A 08 £ 025 084 + 027 0.79 £ 025 0.1071

Diastolic dysfunction 82 (25.6%)

Continuous data given as the mean = standard deviation, n (%) or median (interquartile range) unless otherwise specified. Hypertension was diag-
nosed if peripheral blood pressure (BP) was >140/90 mm Hg or if the health questionnaire showed current antihypertensive medications. Coronary
artery disease was diagnosed if significant coronary artery stenoses existed as >75% on coronary cine angiography and >50% on coronary com-
puted tomography angiography. Peripheral arterial disease was diagnosed if the lowest resting ankle-brachial index was <0.9. ACEi angiotensin-
converting enzyme inhibitor; ALT, alanine aminotransferase; ARB angiotensin Il receptor blocker; BMI, body mass index; BNP, brain natriuretic pep-
tide; DD2D, diastolic cardiac dysfunction in type 2 diabetes; eGFR, estimated glomerular filtration rate; gGTP, gamma-glutamy! transpeptidase; GLP-1,
glucagon like peptide —1; HbA1c, hemoglobin Alc; HDL, high-density lipoprotein; IVS, interventricular septal thickness; LAD, left atrial diameter; LVDd,
left ventricular diastolic diameter; LVEF, left ventricular ejection fraction; MRA, mineral receptor antagonists; TC, total cholesterol; TRV, tricuspid valve
regurgitation velocity; TTE, transthoracic echocardiography; UAE, urinary albumin excretion.

Table 2 | Electrocardiogram findings

Total (n = 320) DD2D ) (n = 82) DD2D (=) (n = 238) p-value
CVRR (%) 266+ 1.72 222+ 138 281 £ 181 0.0072
Heart rate (b.p.m) 73 £ 125 739 £ 133 726 £ 123 04229
Blocks
1 AVB 5 (1.6%) 2 (24%) 3 (1.3%) 04580
RBBB 20 (6.3%) 3 (3.7%) 17 (7.1%) 02610
LBBB 4 (1.3%) 2 (24%) 2 (0.8%) 02611
fORS 122 (38.1%) 49 (59.8%) 73 (30.7%) <0.0001
fQRS region
Inferior leads 104 (32.5%) 45 (54.9%) 59 (24.8%) <0.0001
Anterior leads 47 (14.7%) 18 (22.0%) 29 (12.2%) 00312
Lateral leads 13 (4.1%) 6 (7.3%) 7 (2.9%) 0.0835
Multiple regions 35 (109%) 15 (18.3%) 20 (84%) 00133
fORS morphologies
Fragmented QRS 21 (6.6%) 7 (85%) 14 (5.9%) 04026
rSr 9 (2.8%) 4 (4.9%) 5 (2.1%) 0.189%
Notched S 90 (28.1%) 37 (45.1%) 53 (22.3%) <0.0001
RSR’ 12 (38%) 6 (7.3%) 6 (2.5%) 0.0487
Notched R 92 (28.8%) 38 (46.3%) 54 (22.7%) <0.0001
RSR" with ST elevation 4 (1.3%) 1 (1.2%) 3 (1.3%) 09770

Continuous data given as the mean + standard deviation, n (%) or median (interquartile range) unless otherwise specified. Fragmented QRS (fQRS)

finding was categorized following Das et al® 2006 and Das et al.'

2008. AVB, atrioventricular block; CVRR, coefficient of variation of R-R interval,

DD2D, diastolic cardiac dysfunction in type 2 diabetes; LBBB, left bundle branch block; RBBB, right bundle branch block.

diabetes™. The precise diagnosis of diabetic cardiomyopathy
is quite challenging in real-world settings due to the high fre-
quency of accompanying hypertension and subclinical coronary
heart diseases in diabetes. Recent considerations show that dia-
betic cardiomyopathy could be a microvascular manifestation
of diabetes®. Then, diabetic cardiomyopathy and DD2D could
share interstitial fibrosis mediated by microvascular inflamma-
tion by hyperglycemia. Recent studies have shown that the
number of MVDs paralleled the prevalence of DD2D, HFpEF*
and the hazard ratio for hospitalization for HF>. MVD is well-

correlated with the elevated risk of incident HF**, In addition,
HFpEF with MVD shows an increased incidence of HF hospi-
talization and HF death among type 2 diabetes patients®. Fur-
thermore, as MVD is robustly associated with glycemic
management, it is acceptable that tight glycemic management
could be the therapeutic option for preventing the onset and
progression of HF*>*, Further large-scale trials should be car-
ried out to validate the intensive glycemic management on HF
prevention with high-risk individuals screened by fQRS in
type 2 diabetes.
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Table 3 | Potential predictors of diastolic cardiac dysfunction in type 2 diabetes including fragmented QRS

Independent variables Univariate analysis Multivariate analysis CART model

OR (95% Cl) p-value  OR (95% Cl) p-value  OR (95% CI) p-value
fORS 336 (199-565) <00001 437 (233-820) <00001 445 (240-824) <0.0001
Female sex 2.16 (1.30-360) 00027 300 (1.60-5.64) 00005 285 (1.54-524)  0.0006
Age (every 10 years) 173 (1.34-225)  <00001 1 57 (1.17= 217) 00023 162 (121-2.18) 00006
No. diabetic microvascular complication, every 1 complication 200 (148-2.70)  <0.0001 47 (1.04-2.10) 0029  155(1.11-2.18)  0.0095
Aortic stenosis 932 (1.8447.12) 00012 1202 (1 89L76 62) 00049
PAD 374 (200-699) <00001 280 (1.29-6-06) 0009 287 (136-607) 00059
Insulin treatment 2.70 (162-4.52) 0.0001 209 (1.14-384) 00168
Systolic BP (every 10 mmHg) 1.24 (1.07-144) 0004 2 (1.03-145) 00228 122 (1.04-145 00158
CAD 147 (0.83— 260) 0.1901
Prior stroke 183 (091-3.65) 00851
eGFR (every 5 mL/min/1.73 m?) 089 (084—094) <0.0001
BMI (every 1 kg/m?) 096 (095-105) 09616
HbATC (every 1%) 093 (0.80-1 09) 0.3%
Heart rate (every 10 bp.m) 1.09 (0.89-1.33) 04222
Duration of diabetes (every 5 years) 122 (1.10-136)  <0.0001

BMI, body mass index; BP, blood pressure; CAD, coronary artery disease; CART, classification and regression tree analysis; Cl, confidence interval;
eGFR, estimated glomerular filtration rate; fORS, fragmented QRS; HbATc, hemoglobin Alc; OR, odds ratio; PAD, peripheral artery disease.

All Rows [320
DD2D(+) | 82
DD2D(-) |238
fORS(+) |122 fQRS(-) 198
DD2D(+) | 49 DD2D(+) |33
DD2D(-) |73 DD2D(-) |165
MVC#=>1 [105 | [MVC#<T | 17 female |88 male 110
DD2D(+) | 49 | |DD2D(H#) | O DD2D(+) (22 DD2DH) | 11
DD2D(-) |56 | |DD2D() | 17 DD2D(-) |66 DD2D(-) |99
PAD(+) |20 PAD(-) 85 sBP=122 | 73 | [sBP<122 |15 | |age=65 |68 ||age<65 |42
DD2D(+)| 16 DD2D(+) | 33 DD2D(+) | 22 | |DD2D(+) |0 | |DD2D(+) |11 | |DD2D(#) | O
DD2D(-) | 4 DD2D(-) | 52 DD2D(-) | 51 DD2D(-) |15 DD2D(-) |57 | |DD2D(-) |42
Statistics Confusion matrix of the optimal tree
age>74 |12 |lage<74 | 8 | |sBP=135 |35||sBP<135 | 50 Deviance R-Squared 0263 | | actual class | count| ves no | %correct
DD2D(+) | 12 11DD2D(H) | 4 | |PD2D() | 201 |DDDH) | 13 | | pverage Loglikelihood | 0420 |yes 82 | 32 | s0 | 300%
DD2D(-) | 0 ||DD2D() | 4 DD2D(-) [ 15] [DD2D() |37
Area under ROC curve 0.803 no 238 15 223 93.7%
Misclassification cost 0.203 all 320 47 273 79.7%

Figure 1 | Classification and regression tree analysis of 320 patients with diabetes for diastolic cardiac dysfunction in type 2 diabetes (DD2D) with
eight candidates as fragmented QRS (fQRS), age, aortic stenosis, sex, insulin treatment, peripheral artery disease (PAD), systolic blood pressure (sBP)
and the number of diabetic microvascular diseases (MVD); ROC, receiver operating characteristic.

© 2022 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 13 No. 6 June 2022 1057



ORIGINAL ARTICLE

Yagi et al.

70%

http://wileyonlinelibrary.com/journal/jdi

R2=10.1095, P = 0.0004

60%
c
S
(@)
5 o0 R2=00611,P < 0.0001
2
©
3
T 40%
3
=
S %
5 30% / R2=00189, P=0.3293
5 /
g /
]
S 20% /
g /
&

/ 7
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Figure 2 | The relationship between the percentages of participants with diastolic cardiac dysfunction was stratified according to the number of
diastolic cardiac dysfunction in type 2 diabetes (DD2D). The number of diabetic microvascular diseases (MVD) and rates of DD2D observed in the
total patients (left), fragmented QRS (fORS) (+) patients (middle) and fORS (=) patients (right). White bar with dots represents no MVD; striped bar,
one MVD; dark gray bar, two MVDs; and black bar, three MVDs. The predictive ability of the number of MVDs for the presence of DD2D was
calculated using Pearson's x? analysis. R-value and p-value over subject group reflected the intragroup difference. DM, type 2 diabetes; HbAI1c,

hemoglobin Alc.

This was a single-center retrospective study with a cross-
sectional study design, so there was only a little evidence of the
relationship between fQRS and DD2D. Thus, prospective multi-
center studies with larger patient populations and longitudinal
data are required to assess the present findings further. We did
not carry out cardiac magnetic resonance imaging and
histopathological evaluation. Another limitation was the rela-
tively small sample size cohort; however, we believe that the
restricted sample size contributed to maintaining the reliability
of this study. All MVDs were supported with objective evalua-
tion, not self-reported. All the participants who undertook TTE
were closely examined by qualified cardiologists, and the possi-
bility of overlooked silent ischemia was rare. Finally, we should
mention the exclusion of type 1 diabetes patients. One previous
report showed that the prevalence of diastolic cardiac dysfunc-
tion in type 1 diabetes patients was 14.4% in patients with a

mean age of 50 years’’. We excluded patients with type 1 dia-
betes due to low numbers in the Japanese population and the
significant difference in mean age compared with patients with
type 2 diabetes.

In summary, the present results show that fQRS is a predic-
tor for DD2D. The result recommends that diabetologists con-
sider the routine evaluation of fQRS through ECG in all
patients with diabetes and its complications. Further investiga-
tion in a prospective study is required to prevent HF progres-
sion and clarify optimal glycemic management for HF
prevention in patients with type 2 diabetes with fQRS.
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Figure 3 | The relationship between the percentages of participants with diastolic cardiac dysfunction was stratified according to each diabetic
microvascular disease (MVD). The existence of (a) nephropathy, (b) neuropathy and (c) retinopathy. Each figure shows the total patients (left),
fragmented QRS (fORS) (+) patients (middle) and fORS (=) patients (right). White bar with dots represents each MVD (-); striped bar, each MVD (+).
The predictive ability of the existence of each MVD for the presence of diastolic cardiac dysfunction in type 2 diabetes (DD2D) was calculated
using Pearson’s ¥ analysis. R-value and p-value over subject group reflected the intragroup difference. DM, type 2 diabetes.
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