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Introduction Type 1 diabetes is a major cause of 
cardiovascular death; diabetic cardiomyopathy (DCM) is 
the most important cause of mortality among diabetic 
patients. There is an increasing body of evidence that 
the most important inducer of DCM is microvascular 
injury. The aim of this study is to establish a potential 
relationship between low frequency/high frequency (LF/
HF) ratio and DCM and to set a possible predictive cutoff 
of LF:HF ratio for early detection of DCM.

Methods 75 type 1 diabetic patients together with 75 
controls were assessed using tissue Doppler imaging 
for left ventricular (LV) and right ventricular (RV) diastolic 
function, and heart rate variability (HRV) indices including 
LF/HF ratio. Type 1 diabetic patients were also assessed 
for parameters of glycemic and lipid profile control.

Results Cases showed a statistically significant 
increase in LF/HF ratio compared to controls reflecting 
reduced HRV. Also, LV and RV diastolic function were 
reduced in cases compared to controls, there was a 
significant correlation between LV E/E’ ratio (ratio of early 
transmitral velocity and average early mitral annular and 

basal septal velocities) and LF/HF ratio. LF/HF ratio was 
able to predict LV diastolic dysfunction as expressed by 
the LV E/E’ ratio with a sensitivity of 96%.

Conclusion HRV indices notably LF/HF ratio seem 
to be an early and sensitive predictor of DCM, the latter 
finding not only underlines the role of microvascular injury 
in the induction of DCM but might help also for the early 
detection and reversal of it. Cardiovasc Endocrinol Metab 
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Introduction
Diabetes increases the risk of cardiovascular complications. 
However, the precise mechanisms contributing to the con-
dition referred to as diabetic cardiomyopathy (Diabetic 
Cardiomyopathy) have remained elusive. Modifiable risk fac-
tors include uncontrolled hyperglycemia, dyslipidemia and 
sedentary lifestyle. Nonmodifiable risk factors include some 
genetic susceptibilities such as aldehyde dehydrogenase and 
glucosidase gene polymorphism [1–3]. The main inducer of 
diabetic cardiomyopathy is ischemia resulting from micro-
vascular dysfunction. The current insight into coronary artery 
disease puts emphasis on microcirculatory dysfunction. An 
extensive body of literature exists on the impaired coronary 
microcirculation in diabetics, without epicardial arteries lesions, 
but depending on the endothelium impairment and its remod-
eling. This coronary remodeling is the result of microvascular 
dysfunction; this microvascular dysfunction is also manifested 

as microalbuminuria and autonomic neuropathy [4]. Cardiac 
autonomic neuropathy (CAN) is defined as the impairment of 
cardiovascular autonomic control in patients with established 
diabetes following the exclusion of other causes. CAN, espe-
cially at the early stages, can be subclinical, and thus as the 
disease progresses, it becomes clinically evident [5]. There is 
evidence that CAN is an independent predictor of microvas-
cular dysfunction, and might precede other forms of micro-
vascular involvement such as microalbuminuria or coronary 
dysfunction [6]. As CAN reflects microvascular dysfunction, 
and this microvascular dysfunction induces progressive myo-
cardial remodeling resulting in diabetic cardiomyopathy, we 
can therefore hypothesize that CAN severity can be used, as 
an independent predictor of myocardial dysfunction in the 
context of diabetes; to date, there is no single report linking the 
two pathologies together. Early detection of diabetic cardiomy-
opathy (DCM) and treatment of modifiable risk factors have 
been found to alter the course of diabetic cardiomyopathy [7].

Detection of CAN might help in this issue. Tissue 
Doppler also offers itself as a reliable early detector of 
early cardiomyopathic changes, tissue Doppler imaging 
(TDI) can detect subclinical cardiomyopathic changes 
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earlier than conventional echocardiographic parameters 
such as fractional shortening and ejection fraction.

The primary outcome parameter of this study is to detect 
changes in heart rate variability and tissue Doppler 
indices in type 1 diabetic patients (T1DM). Secondary 
outcome parameters include correlation between such 
indices and glycated hemoglobin as a measure of diabetic 
control and low-density lipoprotein (LDL) as a measure 
of dyslipidemia to determine which of those parameters is 
a more reliable inducer of CAN. Finally, yet importantly 
we aim to set a cutoff value for one of the CAN indices to, 
best, predict the occurrence of myocardial dysfunction.

Patients and methods
Study subjects:
This cross-sectional study included 78 adolescents (12–
18 years old) with T1D diagnosis following criteria of the 
Diabetes, Endocrine and Metabolism Pediatric Unit, at the 
Cairo University Children Hospital [Glycated Hemoglobin 
(Hb1Ac) >7.5% and fasting glucose> 126 mg/dL]. Patients 
with type-2 diabetes or monogenic diabetes, congenital heart 
diseases or arrhythmias, acute or chronic systemic disease 
that can affect cardiac function (i.e. hypertension and renal 
failure) and patients under medications known to affect 
cardiac physiology (i.e. beta-blockers, angiotensin-convert-
ing enzyme inhibitors, diuretics and anti-arrhythmic) were 
excluded from the study. This study included as well 75 age 
and sex-matched controls.

The study protocol was approved by the ethical commit-
tee of the pediatrics’ Department of Cairo University.

Study methods
History taking and physical examination
Patients were subjected to a full clinical history including 
data from age, sex, onset of diabetes, diabetes duration, 
daily insulin requirements and blood and urine readings. 
Physical examination by an endocrinologist included a 
blood pressure assessment anthropometric data were col-
lected including weight, height and body surface area.

Laboratory assessment
Blood samples were collected from T1DM girls and boys. 
Blood-EDTA was immediately centrifugated (20 min, 
2500 rpm, 4 °C), and plasma was stored at −80 °C until use. 
The fasting blood glucose, HbA1c, total cholesterol and 
LDL cholesterol were evaluated in the Clinical Pathology 
Department at the Cairo University Children Hospital. 
Urine samples were also collected for quantification of the 
albumin to creatinine ratio (A/C). The presence of microal-
buminuria or macro-albuminuria was diagnosed in patients 
when A/C was 30–299 mg/g or ≥300 mg/g, respectively.

Heart rate variability
All measurements of heart rate variability (HRV) were con-
ducted in the morning between 9 and 11 a.m. in a room with 
a stable room temperature while the participant was lying in 

the resting supine position for 10 min and breathing at a normal 
pace. HRV was measured by computerized analysis of short-
term heart rate samples (1024 beats) using schiller Cardiovit 
AT 60 in which the software autocratically calculates all heart 
rate indices in a comprehensive and accurate form using hang-
ing window type; 1024 beat analysis by the fast Fourier trans-
formation method [8]. Short-term electrocardiogram (ECG) 
recording was used to derive the statistical parameters of the 
normal R-R intervals (NN intervals) of the ECG and com-
putes several time and frequency domain HRV indices. The 
time domain indices of HRV are the SD of the NN intervals 
(SDNN), the root mean square differences of successive NN 
intervals (RMSSD) and PNN50 (percentage of adjacent RRIs 
that differ by more than 50 ms). The frequency domain indices 
of HRV are the low frequency (LF: 0.04–0.15 Hz) and high fre-
quency (HF: 0.15–0.40 Hz) spectral components were used, as 
well as the (LF/HF ratio). SDNN is a measure of overall HRV, 
so lower SDNN levels indicate reduced overall HRV. RMSSD 
and HF power represent the parasympathetic component of 
the HRV, and thus parasympathetic loss is quantified by the 
reduction in the RMSSD and HF power. The LF power is 
indicative of the sympathetic control of the cardiac function, 
and an increased LF/HF ratio denotes the increased sympa-
thy-ovagal balance. Combined parasympathetic and sympa-
thetic loss is indicated by a reduction in all the above HRV 
parameters including the LF/HF ratio.

Echocardiography:
Echocardiography was performed in girls and boys at 
the end of the study by using conventional trans-tho-
racic two-dimensional (2D) Echo/Doppler (M-mode) 
and TDI with the General Electric Vivid 7 Ultrasound 
System (Vingmed model N-3190, Horten, Norway) 
according to the guidelines of the American Society of 
Echocardiography.

M-mode measurements were performed at the tips of the mitral 
valve leaflets in the parasternal long axis view. Left ventricu-
lar (LV) dimensions were examined in systole and dias-
tole, and then, fractional shortening and ejection fraction 
were estimated. Also, the left ventricular end-diastolic 
volume index (LVEDVI) was calculated by dividing 
LVEDV by body surface area.

By combined Conventional and Tissue Doppler Imaging

(1) The ratio of early transmitral velocity to average early 
diastolic mitral annular and basal septal velocities (LV 
E/E’) was assessed.

(2) Deceleration time was calculated from transmitral 
doppler

(3) Using 2D echocardiography, Left Atrial Volume Index 
was calculated by the mean volumes obtained by the 
Simpson method at 2- and 4-chamber apical views, con-
sidering maximum atrial area before ventricular systole 
and mitral opening, and excluding left atrial appendage 
and pulmonary vein confluency [9].
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Statistical analysis
Data were analyzed using IBM (International Business 
Machines) SPSS (The Statistical Package for the Social 
Sciences) Statistics version 23 (Armonk, New York, USA). 
Normally distributed numerical variables were presented 
as mean and SD and inter-group differences were com-
pared using the unpaired t-test.

Univariate analysis was performed between LF/HF ratio 
and LV E/E’ ratio on one hand and each of the following 
metabolic indices on the other hand: HbA1c, cholesterol, 
high density lipoprotein, LDL, triglycerides and Alb/Cr 
ratio.

A Scatter plot was performed to illustrate the relationship 
between heart rate variability as expressed by LF/HF 
ratio and LV diastolic function as expressed by LV E/E’ 
ratio, deceleration time and left atrium volume index

Receiver operating characteristic analysis to determine 
the diagnostic accuracy and cutoffs of LF/HF ratio in the 
prediction of LV diastolic dysfunction was illustrated in 
the form of an interactive dot diagram. (LV E/E’ ratio ≥8 
was considered diagnostic of LV diastolic dysfunction as 
a classification variable) [10]

P value <0.05 was considered statistically significant

Results
Table 1 shows a comparison of the demographic and clin-
ical parameters between cases and controls; cases were 
matched for age and body surface area for controls. The 
mean age of patients was 12 ± 2 years with no statisti-
cal difference compared to the control arm 11 ± 2. BMI 
was comparable between the two study groups 20 ± 3 in 
patients and 20 ± 1

Table 2 is a comparison of HRV data between cases and 
controls, LF/HF ratio was significantly higher in cases 
compared to controls (1.9 ± 0.6 vs. 0.9 ± 0.14, respectively) 
reflecting cardiac autonomic dysfunction in diabetic 
patients compared to the control arm.

Table 3 compares the Echocardiographic data between 
cases and controls, M-Mode derived parameters showed 

no statistically significant difference between patients 
and control groups (fractional shortening: 37 ± 6 vs. 
38 ± 5 respectively). LV diastolic function parameters 
showed the most statistically significant difference 
between diabetics and controls. Deceleration time 
was higher in patients compared to controls (182 ± 11 
vs. 150 ± 7). Left atrium volume index was significantly 
higher in cases compared to controls (37 ± 2 vs. 31 ± 1). 
Finally, LV E/E’ ratio was higher in diabetics compared 
to controls (9 ± 3 vs. 7 ± 0.8), respectively.

Table 4 is a regression analysis between relevant echocar-
diographic and HRV indices and biochemical parameters. 
It is noticeable that biochemical parameters were signifi-
cantly correlated with LF: HF ratio, the correlation coef-
ficient was highest between LF/HF and HbA1c (0.6), 
followed by LDL (0.52), cholesterol and triglycerides 
(0.46 and 0.42, respectively).

Figure 1 is a regression analysis showing a tight correla-
tion between LV diastolic function as expressed by LV 
E/E’ ratio and LF: HF ratio with a P < 0.001 and r = 0.91.

Figure 2 is a regression analysis showing a tight correla-
tion between LV diastolic function as expressed by DT 
and LF: HF ratio with a P < 0.00; r = 0.94.

Figure  3 is a regression analysis showing a tight corre-
lation between LV diastolic function as expressed by 
left atrium volume index ratio and LF: HF ratio with a 
P < 0.001; r = 0.92.

Figure 4 is an interactive dot diagram showing the best 
cutoff level of LF: HF ratio to predict LV diastolic dys-
function, a cutoff of 1.89 was predictive of the likelihood 
of diastolic dysfunction with a sensitivity of 96 % and 
specificity of 100%.

Discussion
Cardiovascular disease is the most common cause of death 
in diabetic patients and is currently one of the leading 
causes of death overall in the industrialized world. While 
ischemic events range highest in the list of diabetic car-
diovascular complications, diabetic patients also develop 

Table 1 Demographic and clinical parameters of cases vs. 
controls

Parameters 

Patients
(n = 75)

Control
(n = 75)

P value Mean ±SD Mean ±SD 

Age (year) 12.19 2.37 11.34 2.17 0.235
Weight (kg) 44.77 13.81 44.85 10.27 0.976
Height (cm) 146.89 14.03 147.62 11.09 0.786
BMI (kg/m²) 20.19 3.34 20.19 1.99 0.999
SBP (mmHg) 115.62 11.5 104.14 9.81 *0.000
DBP (mmHg) 77.04 8.33 68.42 5.65 *0.000
HR 87.8 7.06 90.57 16.34 0.218

HR, heart rate.
*P < 0.05 = significant.

Table 2 Comparison between heart rate variability data in 
patients and controls

Parameters 

Patients Controls

P value Mean ±SD Mean ±SD 

Average RR (ms) 683.85 71.96 641.60 83.79 0.008
SDNN (ms) 43.86 18.98 93.85 27.58 0.04
PNN50% 14.7 16.06 17.97 14.77  0.311
RMSSD (ms) 39.13 24.69 62.34 30.82 *0.03
LF/HF 1.95 0.6 0.92 0.14 *0.000

Average RR, normal R- R intervals; HF, high frequency 0.15–0.40 Hz, LF/HF 
ratio; LF, low frequency 0.04–0.15 Hz., PNN50%, the number of instances per 
hour in which two consecutive R-R intervals differ by more than 50 ms; RMSSD, 
root mean square of the difference of successive R-R intervals; SDNN, SD of all 
normal R- R intervals.
*P < 0.05 = significant.
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heart failure in the absence of arterial hypertension and 
myocardial ischemia [11,12].

Changes in patterns of HRV provide a sensitive and early 
indicator of impaired microvascular function. High HRV 
is a sign of good adaptation, characterizing a healthy indi-
vidual with efficient autonomic mechanisms. Inversely, 
low HRV is generally an indicator of abnormal and insuffi-
cient adaptation of the autonomic nervous system, which 
may indicate the presence of physiological malfunction 
in the individual [13].

Our patients were 75 diabetic children with a mean dura-
tion of diabetes 3.75

Our findings indicate that individuals with type1 diabe-
tes have altered HRV, characterized by a reduction in HF 
power and RMSSD, reflecting lower parasympathetic 
modulation, and overall variability SDNN. In addition, 
we found that the LF/HF ratio and LF are increased sig-
nificantly in the type 1 diabetes group as compared with 
healthy controls, which suggests an impaired balance of 
cardiac autonomic modulation (CAM) towards a sympa-
thetic overflow and reduced parasympathetic modulation 
in diabetic children.

The present study shows that in, T1DM children, 
SDNN and RMSSD were significantly lower indicat-
ing a decrease in overall HRV. It also shows that T1DM 
children have higher LF and LF/HF ratio components 
of frequency domain indices which mainly measure the 
sympatho-vagal balance to the heart reflecting an increase 
in sympathetic nerve activity in these persons. The LF/
HF ratio has been proposed to be an accurate measure 
of the overall sympatho-vagal balance of the autonomic 
nervous system in which higher values indicate a more 
sympathetically driven cardiovascular system. The LF/
HF ratio showed the highest statistically significant dif-
ference between cases and controls [14].

The guidelines for screening diabetic CAN suggest the 
screening of CAN at the time of diagnosis in type-2 dia-
betics but after a minimum of 5 years in type 1 diabetics 
Our study goes in contradiction with such guidelines, as 
there is evidence in our series of earlier onset of CAN 
before the 5-year interval signaled in the guidelines [15]. 
The early occurrence of CAN in our study group warrants 
the need for earlier screening of Type 1 diabetic patients 
for CAN by heart variability tools.

Our patients were also subjected to the evaluation of 
cardiac function by M-mode, conventional and tissue 
Doppler echocardiography. The main findings regard-
ing diastolic dysfunction were 14 (18.7%) patients with 
ventricular diastolic dysfunction. Criteria for diagnosis 
of diastolic dysfunction depended on the combination 
of both conventional and tissue Doppler parameters so 
there is an additional role of tissue Doppler in identifying 
and early diagnosis of diastolic dysfunction. With conven-
tional and tissue doppler echocardiography, normal sys-
tolic function and impaired diastolic dysfunction of both 
ventricles were demonstrated in our T1DM patients. 
This was also reported by Khattab et al. [16].

HRV indices were significantly correlated with indices of 
diabetic control and dyslipidemia; in contrast, the diastolic 
dysfunction observed was not significantly correlated with 
any of the metabolic indices measured. These findings go in 
agreement with the description offered by Hegazy et al. [17] 

Table 3 Comparison between M-mode echocardiography data of 
patients and controls

Parameters 

Patients Controls

P value Mean ±SD Mean ±SD 

MM derived FS% 37.91 6.05 38.65 5.60 0.55
MM derived EF% 75.46 7.82 74.94 8.06 0.752
MM derived LVEDVI 71.66 4.53 69.74 4.73 0.67
TAPSE (mm) 19.40 3.16 20.05 3.74 *0.055
E/E’ Tricuspid annular 8.2 0.51 6.2 0.32 *0.04
LV E/E’ 9.11 3.94 7.08 0.88 *0.000
Deceleration time 182 11 150 7 0.000
LA volume index 37 2 31 1 0.000

EF, ejection fraction; FS%, fractional shortening; LA, left atrium; LVEDVI, left ven-
tricular end-diastolic volume index; LV E/E’, ratio of transmitral early inflow velocity 
to average early diastolic basal septal and mitral annular velocities; MM, motion 
mode; TAPSE, tricuspid annular plane systolic excursion, Tricuspid annular E/E’, 
Ratio of early tricuspid inflow velocity to early diastolic tricuspid annular velocity.
*P < 0.05 = significant.

Table 4 Correlation between laboratory data and echocardiographic data (tissue Doppler imaging) and most relevant heart rate variabil-
ity data in diabetic patients.

Parameters 

E/E’ (tricuspid annular) LV E/E’ Deceleration Time LA volume LF/HF

r P value r P value R P value r P value r P value 

HbA1C% −0.177 0.129 0.247 0.06 0.28 0.063 0.18 0.08 0.602 0.000*
Cholesterol (mg/dl) −0.325 0.06 0.235 0.08 0.22 0.07 0.26 0.23 0.422 0.000*

LDL (mg/dl) −0.281 0.07 0.233 0.06 0.13 0.08 0.16 0.43 0.528 0.000*
HDL (mg/dl) −0.215 0.064 0.091 0.435 0.19 0.12 0.23 0.07 0.208 0.073
TG (mg/dl) −0.359 0.08 0.229 0.07 0.25 0.09 0.33 0.06 0.467 0.000*
Alb/cr ratio −0.166 0.155 0.267 0.08 0.22 0.19 0.27 0.26 0.378 0.04*

HbA1c, glycosylated hemoglobin; HDL, high density lipoprotein; HF, high frequency 0.15–0.40 Hz, LDL, low density lipoprotein; LF, low frequency 0.04–0.15 Hz; LF/HF, 
ratio of LF and HF; LV E/E’, ratio of transmitral early inflow velocity to average early diastolic basal septal and mitral annular velocities; TG, triglycerides; mg/dl, milligram 
per deciliter; Tricuspid annular E/E’, ratio of early tricuspid inflow velocity to early diastolic tricuspid annular velocity.
*P < 0.05 = significant.
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regarding the progress of diabetes-induced myocardial injury. 
He described two stages of DCM; a latent subclinical period, 
during which cellular structural insults and abnormalities 
occur initially leading to diastolic dysfunction and progressing 
to degenerative changes, which the myocardium is unable to 
repair, with subsequent irreversible pathological remodeling. It 
seems that CAN represents the reversible stage where revers-
ing modifiable risk factors can help to halt the occurrence of 
DCM; whereas diastolic dysfunction, previously considered a 
reversible stage seems to develop independently of the modi-
fiable metabolic risk factor [17].
Moreover, LV diastolic function was significantly pos-
itively correlated with LF/HF ratio, this finding was 

accompanied by a significant correlation between microal-
buminuria and LF/HF ratio. The latter two findings go in 
agreement with Faulkner et al. [18] who stated that HRV 
is an early predictor of microvascular dysfunction respon-
sible for renal damage in diabetes. Our study is by far the 
first, to highlight the potential of HRV to predict LV dias-
tolic dysfunction; this also might outline the pathogene-
sis of diabetic cardiomyopathy. The microvascular injury 
seems to play an important role in the observed diastolic 
dysfunction and might be early predictable through LF/
HF ratio. Nevertheless, we determine the best predictive 
cutoff of LF/HF ratio >1.89 with a sensitivity of 96% and 
specificity of 100%.

Fig. 1

Scatter plot showing the relationship between LF/HF ratio and LV E/E’ ratio. HF, high frequency; LF, low frequency; LV E/E’, Ratio of early transmi-
tral inflow and average early diastolic mitral annular and basal septal velocities.

Fig. 2

Scatter plot showing the relationship between LF/HF ratio and LV DT. HF, high frequency; LF, low frequency; LV DT, deceleration time.
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Finally, yet importantly, HRV indices showed less 
interobserver variability than tissue Doppler param-
eters which reflects the reliability of its use for early 
detection of the earliest stages of cardiac involvement 
in diabetes.

Conclusion
This study is by far the earliest study to underline the rela-
tionship between CAN and the development of DCM. 
Such relationship reveals that microvascular involvement 
might be at the core of the development of DCM. The 

knowledge of that might help in the early screening of 
diabetic patients using LF: HF ratio and to reverse the 
modifiable risk factors to halt the development of DCM.
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