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Abstract

Background: Diabetic cardiomyopathy is one of the macrovascular complications in type 1 diabetes mellitus (T1DM).
Left ventricular dysfunction primarily reflects diastolic dysfunction which is early sign of diabetic cardiomyopathy.
Improved glycemic control can delay the onset and progression of this complication. An important indicator of long-
term glycemic control is glycosylated hemoglobin (HbA1c).

Objective: The aim of this study is to evaluate the correlation between HbA1lc levels with left ventricular diastolic
function in children with T1DM.

Methods: This study was an observational study with cross-sectional design in children aged 1 month-18 years with
T1DM, at Prof Dr. .G.N.G. Ngoerah Hospital, Denpasar from November 2019-September 2021, using consecutive
sampling. Glycosylated hemoglobin (HbA1c) was meassured by blood samping and LV function was assessed by using
tissue Doppler imaging (TDI). Statistical analysis was done by Pearson and Spearman correlation test. A p-values of
<0.05 was considered statistically significant.

Results: A total of 36 subjects were recruited in this study. There was a low positive correlation between HbA1lc levels
with E/e’ ratio (r=0.284, p=0.047), and MPI (r=0.358, p=0.020). After adjusting body mass index and duration of T1DM
as confounding variables, we found a low positive correlation between HbA1c levels and E/e’ ratio (r=0.325, p=0.030),
MPI (r = 0.390, p=0.020).

Conclusion: HbA1C has a positive correlation with left ventricular diastolic function in children with T1DM.
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1. Introduction

Type 1 diabetes mellitus (T1DM) is one of the most common endocrine and metabolic conditions in childhood,
characterized by chronic hyperglycemia due to pancreatic beta-cell damage [1]. The prevalence of T1DM has increased
by 2-5% every year. In Indonesia, the incidence of T1DM is 0.3 per 10.000 children, which there are two peaks of
incidence, namely at the age of 5-6 years and 11 years [2]. Poor glycemic control can cause complications of T1DM that
can affect the function of organ systems [2,3]. The long-term complications of T1DM mainly included microvascular and
macrovascular complications. One of the macrovascular complications in T1DM is diabetic cardiomyopathy [2,3,4].
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The alteration of myocardial function induced by diabetes mellitus begin earlier than generally thought, and these
changes may be accelerated when glycemic control is poor. Patients with TIDM may have deterioration of left
ventricular (LV) function despite the absence of further concomitant cardiac problems[5]. The most frequent and
earliest detectable functional abnormality in dilated cardiomyopathy (DCM) is diastolic dysfunction [4,5,6].

Echocardiography is a non-invasive method used to diagnose diabetic cardiomyopathy or diabetes-induced myocardial
dysfunction. Tissue Doppler imaging (TDI) is a modal of echocardiography that has proven to be more useful to evaluate
ventricular filling in diabetes patients. Presently, the ratio of early diastolic mitral inflow velocity to early diastolic mitral
annulus velocity (E/e' ratio) is used for the evaluation of LV filling pressure, and it has been used as a marker to diagnose
diastolic dysfunction. Myocardial Performance Index (MPI/Tei Index), which includes both systolic and diastolic time
intervals to assess the global cardiac dysfunction, was found to provide important prognostic information for the risk
of future congestive heart failure beyond other measurements of cardiac function [7-10].

Studies to evaluate the use of TDI in detection of cardiac dysfunction in children with T1DM are few and conflicting [8-
12]. Whereas study about the correlation between HbAlc levels and MPI is still rarely done. To the best of our
knowledge, no study to date has been conducted on the correlation between HbA1c levels and MPI in Indonesia. Early
detection of left ventricular diastolic dysfunction in T1DM children must be done to prevent further cardiovascular
complications and it is expected to reduce morbidity and mortality in T1DM children. Therefore, we ought to analyze
the correlation of HbA1c levels with left ventricular diastolic function in children with TIDM.

2. Method

This was an observational study with cross-sectional design. This study was conducted at the Department of Child
Health in Prof Dr. I.G.N.G. Ngoerah Hospital, Denpasar, Bali, from November 2019 to September 2021. The inclusion
criteria were T1DM patient aged 1 month to 18 years old, whom were willing to participate in the study and provided
informed consent. Patients with concomitant illness affecting cardiac function, consuming heart medications,
hypertension, chronic infection, acute or chronic kidney failure, thyrotoxicosis, underwent chemotherapy, and severe
anemia were excluded. Samples were collected by using consecutive sampling. The minimum sample size was 36
subjects.

The patient had their history taken and explained about the examination. Informed consent was obtained from all
parents of patients. The examination including cardiac examination, blood pressure (BP) measurement,
electrocardiogram, and blood sampling, as well as echocardiography were performed. HbAlc level was determined
using ion-exchange HPLC method [2]. Left ventricular diastolic function was observed using two-dimensional
echocardiography. A TDI examination of the left ventricle was conducted by placing the PW Doppler sample volume
over the portion of mitral annulus, close to the posterior wall of the left ventricle, in the apical four-chamber view.

The following parameters were measured: ejection fraction, tricuspid annular plane systolic excursion (TAPSE), peak
early filling velocity (E), peak late atrial filling velocity (A), E/A ratio, deceleration time of E velocity (DT), isovolumic
relaxation time (IVRT), and early peak velocities of mitral annulus (e’). Thus, E/e’ ratio and LV MPI were calculated. Two
pediatric cardiologist consultants interpreted the electrocardiography and echocardiography results.

Data were calculated using the statistic method, i.e., mean, standard deviation, and normality test using Shapiro Wilk
Test. Spearman’s and Pearson correlation tests were used to assess the correlation between parameters. A p-value of <
0.05 was considered statistically significant. Body mass index and duration of T1DM were considered as confounding
factors that were adjusted using Pearson's partial correlation analysis. This study was approved by Research Ethics
Committee of the Faculty of Medicine, Udayana University/Sanglah General Hospital.

3. Result

During the study period, a total of 38 patients with T1IDM were eligible; however, only 36 subjects were finally analyzed
due to two subjects being unwilling to participate. In this study, the median age was 13.96 years and most of the subjects
were female (22 subjects). The predominance of diabetes duration was less than 4 years in 23 subjects with median of
2.8 years. This study found that the mean HbA1clevel was 9.51 +2.88 %. The detailed baseline characteristics of subjects
included in this study are shown in Table 1.
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Table 1 Characteristics of subjects

Variable Value (n=36 subjects)
Age, median (range), years 13.96 (3-18)
Gender, n (%)

Female 22 (61.1)
Body Mass Index, mean (SD), kg/m? 19.4 (4.79)
Nutritional status, n (%)

Severly wasted 1(2.8)
Wasted 7 (19.4)
Well-nourished 14 (38.9)
Overweight 6 (16.7)
Obese 8(22.2)

Age at diagnosis of DM, mean (SD), years 9.33(3.93)
Diabetes duration, median (range), years 2.8 (0.1-11)
Hemoglobine Level, mean (SD), g/dL 12.98 (1.45)
Systolic blood pressure, median (range), mmHg 100 (80-120)
Diastolic blood pressure, median (range), mmHg 70 (60-90)
HbA1c Levels, mean (SD), g/dL 9.51 (2.88)
Cardiac functional status, n (%)

NYHA 1 25 (69.4)
NYHA 2 9 (25)

NYHA 3 2 (5.6)

NYHA 4 0 (0)
Electrocardiogram characteristics, n (%)

Normal sinus rhythm 16 (44.4)
Prolonged QTc interval 18 (50)

Left ventricular hypertrophy 2(5.6)
Echocardiography characteristics

Ejection fraction, mean (SD), % 71.47 (6.55)
TAPSE (cm), mean (SD), cm 2.12 (0.33)
E/A ratio, median (range) 1.50 (1.0-2.4)
E/€’ ratio, mean (SD) 6.94 (1.31)
MP], median (range) 0.63 (0.32-1.46)

SD: Standard deviation, NYHA: New York Heart Association, TAPSE: Tricuspid annular plane systolic excursion, MPI: Myocardial performance index
The Pearson correlation test revealed a significantly low positive correlation between HbA1lc levels and E/e’ ratio

(r=0.284, p=0.047). A low positive correlation was observed between HbAlc level and MPI (r=0.358, p=0.020)
(Spearman’s correlation test). Correlation of HbA1c levels with E/e’ Ratio and MPI was shown in Table 2.
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Table 2 Correlation of HbA1c levels with E/e’ Ratio and Myocardial Performance Index

Variable | HbAlc

Correlation Coefficient | p-value
E/e’ ratio | 0.284 0.047
MPI 0.358 0.020

After adjusting for confounding variables (body mass index and duration of diabetes), a partial correlation analysis
showed a significant low correlation between HbA1c levels and E/e’ ratio (r=0.325, p=0.030), and also a significant low
correlation between HbA1c levels and MPI (r = 0.390, p=0.020) (Table 3).

Table 3 Partial correlation between HbA1lc with E/e’ Ratio and MPI after adjusting the confounding variables

Variable Adjusting HbA1c

Correlation Coefficient | p-value
E/e’ ratio BMI and duration of diabetes 0.325 0.030
MPI 0.390 0.020

4. Discussion

Type 1 diabetes melitus (T1DM) is one of the most common chronic diseases of childhood that has an increasing
incidence by more than seven times from 3.88 to 28.19 per 100,000 population in 2000 and 2010 [13]. Data fom The
Indonesian Pediatrician Association showed that 1220 children with TIDM dominated by group age 10-14 year old in
2018 [14]. In this study, the mean age at the time of diagnosis DM was 9.33 + 3.93 years, with the highest proportion of
children aged of 10-14 years as many as 16 subjects (44.4%). Similar results were also reported by and Dabalea et al.15
and Kim et al [16].

Glycated hemoglobin (HbA1c) is an important indicator of long-term glycemic control and can describe the cumulative
glycemic history of the preceding two to three months. The Indonesian Pediatrician Association recommends target
HbA1c less than 7.5% in T1DM patients. HbAlc more than 7.5% indicate poor glycemic control [1,2]. In this study, the
mean HbA1c levels among the participants was 9.51 * 2.88%, which is higher than the recommended target. This result
was in line with a study by Bakhoum et al [8]. that found the mean HbA1lc levels was 9.77 + 1.42%. Another study by
Indriyani and Adji [17] reported that 18 of 28 children with T1DM had HbAlc more than 9%. Wulandari [18] also
reported that 73% of 26 children with T1DM had HbA1c levels more than 7.5%.

This study revealed that most of subjects were adolescents and females (61.1%). Adolescents tend to have poor
glycemic control due to the hormonal changes that can induce insulin resistance. The pubertal growth spurt induced by
steroid and pubertal growth hormone, both of which counteract insulin's effects, in conjunction with the pubertal peak.
Insulin sensitivity can decrease at the beginning of puberty and then retrieve to normal after completing somatic growth
and sexual maturation [18,19]. Some studies also revealed that the HbAlc level was significantly higher in female
patients [18,20,21]. Possible reason might be due to hormonal factors and psychological problems. These conditions
can affect the treatment effectiveness and are frequently associated with poor glycemic control. Females have higher
body fat and hypertropic adipose cell. It has been associated to higher levels of leptin, that thought to play some role in
insulin resistance and induce poor glycemic control [21,22].

Cardiovascular disease risk remains significantly high in T1DM patients. Diabetic cardiomyopathy is characterized by
myocardial dilatation and hypertrophy, as well as decrease in the systolic and diastolic function of the left ventricular
(LV). The LV function was impairment before the clinical signs of congestive heart failure manifest. Diastolic dysfunction
has been identified as an early sign of diabetic cardiomyopathy preceding systolic impairment [23]. Left ventricular
diastolic dysfunction can be determined by calculated E/e’ ratio and MPI. E/e’ ratio has been considered and proven to
be effective in determining left ventricular filling pressure[24]. In present study, the average E/e’ ratio was 6.94 + 1.31.
In line with a study carried out by Ali et al.[9] found that the average E/e' septal ratio was 6.9+ 1.6 and E/e’ lateral ratio
was 6.4+ 1.7. Otherwise, a previous study by Bruvand et al.[25] revealed a higher E/e’ ratio of 8.1 + 1.6. This discrepancy
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may be associated with the differences in diabetes duration. Bruvand et al [25] studied in 146 T1DM patients revealed
average diabetes duration of 5.6 + 1.6 years. In this study, the median diabetes duration was 2.8 years (range 0.1-11
years). Left ventricular diastolic dysfunction can be independently associated with diabetes duration. The longer the
duration of diabetes can increase LV diastolic dysfunction and increased risk of cardiovascular disease [26].

Poor glycemic control was associated left ventricular diastolic dysfunction[10]. Our results demonstrated a significant
positive correlation between HbAlc levels and E/e’ ratio (r=0.284, p=0.047). A previous study by Shishehbor et al. [12]
reported a strong positive correlation between E/e’ ratio and HbA1c levels in 25 adult patients with T1DM (r=0.68 and
p<0.05). On the contrary, different research by Gul et al. [26] showed no significant correlation between HbA1lc levels
and E/e' ratio (p>0.05). Ali et al. [9] also reported a very weak positive correlation between HbA1c levels and the E/e’
ratio (r=0.10 and p>0.05). The difference result might be partly explained by the differences in glycemic control among
participants. In this study, 22 of 36 study participants (72.2%) had poor glycemic control, whereas study by Ali et al [.9]
revealed that most subjects had good glycemic control (58.7%).

In this study, we found that the median MPI was 0.63 (range 0.32-1.46). Similarly, Salem et al. [24] reported that the
mean MPI in TIDM children was 0.57 + 0.15 [24]. Study by Bakhoum et al. [8] also found similar result (0.58 + 0.18).
Our results demonstrated a positive correlation between HbA1clevels and LV MPI (r=0.358, p=0.020). A previous study
by Pattoneri etal.[27] in Type 2 DM revealed significant correlation between HbA1c levels and MPI (r=0.37 and p<0.01).

MPI was associated with left ventricular performance in the early stages of heart failure [27]. A higher MPI values show
increase of IVRT and IVCT, also decrement of ejection time. The isovolumic contraction time (IVCT) reflects the time
when calcium enters the myoplasm from the sarcolemma, while isovolumic relaxation time reveals the removal of Ca2+
from the myoplasm by Ca2+-ATPases. Most of the abnormal myocardial contractility and relaxation appears to be
caused by changes in cellular CaZ+ processing in the myocardium, which was impaired in DM patients [8].

The partial correlation test revealed a statistically significant positive correlation between HbA1c levels and E/e' ratio
(r=0.325, p=0.030), left ventricular MPI (r=0.390, p=0.015) while controlling for BMI and diabetes duration. Changes in
left ventricular diastolic function are common with increasing BMI. The heart adapts to chronic volume overload in
obese patients. This condition will result in structural changes such as eccentric hypertrophy and abnormalities in
diastolic function in the early stages [28].

Body mass index was also associated with glycemic control in T1DM patients. Adequate insulin therapy can reduce
glycosuria, increase appetite and metabolism of T1DM. Thus, it can induce weight gain [29,30]. In T1DM, weight gain
during insulin therapy might be considered as a normalization of lost weight and associated with improved glycemic
control. A lower BMI may indicate low glucose utilization, inadequate insulin therapy, and poor glycemic control [30].
Our study found that the mean BMI was 19.4 + 4.79 kg/m?2. This result is in accordance with Abd-El Aziz et al. [31] that
found mean BMI of 19.29 + 2.7 kg/m2 among the T1DM children. A higher BMI can indicate excess energy stored as fat
tissue, causing central obesity [32]. Increased abdominal visceral fat can increased free fatty acids, triggering a state of
hyperinsulinemia, increased glucose production by the liver, and induced hypertriglyceridemia. This condition can
adversely affect glycemic control and increase the risk of macrovascular complications in T1DM [29,30,32].

The duration of T1DM can impact the LV diastolic function. In this study, we found the median diabetes duration was
2.8 years (range 0.1-11 years). Adal et al. [33] reported that the longer diabetes duration had lower E/A ratio and longer
IVRT than those with shorter diabetes duration. A study by Kim and Kim [10] also found an association between
diabetes duration more than four years and LV diastolic dysfunction in T1IDM. Early detection of heart function can
prevent macrovascular complications in TIDM. The International Society for Pediatric and Adolescent Diabetes (ISPAD)
recommends screening of macrovascular complications in T1DM aged more than 11 years with diabetes duration for 2-
5 years. Initial screening can be done by regularly measuring the blood pressure and conducting lipid profile
examinations every two years. Early detection needs to be done if there is a family history of hypercholesterolemia and
cardiovascular disease [34].

The limitations of this study were non-homogeneous diabetes duration and not determined the lipid profile. Therefore,
we could not rule out dyslipidemia as one of the factors that correlated with left ventricular diastolic dysfunction. In
further research, it is possible to consider BMI, duration of diabetes, and examining lipid profiles. Thus, it is expected to
obtain more representative correlation results.
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5. Conclusion

In conclusion, HbA1c has a significant and positive correlation with E/e’ rasio and MPI in children of TIDM. The early
detection of LV diastolic dysfunction must be performed to prevent cardiovascular risk and also to reduce morbidity
and mortality rates in children with T1DM.
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