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Abstract

Introduction: The resting electrocardiogram is generally called upon in the
evaluation of cardio-vascular risk in diabetics. Thus we proposed in this work to
evaluate electrocardiographic changes in patients with type 2 diabetes. Methods:
This was a cross-sectional and descriptive observation that took place from 1
January 2014 to 1 October 2014 in the Internal Medicine/Endocrinology De-
partments of Pikine National Hospital and Cardiology National Hospital of
Grand-Yoff. Results: One hundred (100) patients consisted of 43 male and 57
female diabetics. The sex ration male/female ratio was 0.7. The average age
was 58.3 years. Men were twice as likely to be active as women. Rhythm dis-
orders were noted in 20% of patients, 13% of whom were women. Right atrial
hypertrophy was found in 11% of patients and left hypertrophy in both men
and women (25%). Wolf-Parkinson White syndrome was present in 2% of pa-
tients. A complete right bundle block was present in 11% of patients. Primary
repolarization disorders were noted in 17% of patients and secondary in 18%
of patients, postero-diaphragmatic necrosis in 14% of patients, real posterior
necrosis in 2% of patients, extensive anterior necrosis in 15% of patients. The
QT interval was lengthened in 21% of patients including 14 women. Left ven-
tricular hypertrophy was present in 33% of patients and right ventricular
hypertrophy was found in 10% of patients. The bivariate analysis showed that
electrocardiographic abnormalities were more correlated with the association
of certain risk factors such as hypertension and dyslipidemia, the feminine
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gender, but also the poor glycemic balance. On the other hand, physical activ-
ity and treatment had a protective effect. Conclusion: The ECG is certainly
insufficient for an exhaustive exploration of the heart of the diabetic patient,
but still very useful in our conditions of exercise to improve the care of our
patients.
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1. Introduction

Diabetes mellitus is currently a pandemic [1]. It is a formidable metabolic dis-
order because of its evolution, most often insidious. This leads to a delay in di-
agnosis and has the consequence of exposing the patients to complications espe-
cially cardio-vascular [2]. Resting electrocardiogram is commonly used among
the range of complementary examinations for cardiovascular risk evaluation. It
allows to highlight a number of abnormalities regardless of the existence of car-
diovascular risk factors but also and especially ischaemic heart disease often in
silent clinical expression [3]. The ECG poses in our regions a problem of availa-
bility and achievement due to lack of means. As a result, diabetic patients lose
any benefit from their realization on their care, but also our knowledge of the
prevalence of electrocardiographic abnormalities, their distribution and their
determinants within this population remain limited. Such knowledge is valuable
not only to help to better adapt international practical recommendations to local
realities but also to highlight the particularities of our patients compared to
those elsewhere and to follow their evolution over time.

In view of these realities, we thought it was necessary to participate at least
partially to better understand electrocardiographic abnormalities of people with
diabetes in our context, setting down the prevalence and determinants of elec-
trocardiographic changes in patients with type 2 diabetes to the Department of
Internal Medecine of the National Hospital of Pikine and Cardiology of Grand
Yoff. Moreover, we are not aware of any previous studies on this subject in Se-

negal.

2. Patients and Methods

We made our survey in 2 national hospitals located in the Dakar region: Nation-
al Hospital of Pikine, Department of Internal Medicine and National Hospital of
Grand Yoff, cardiology department. These two centers are references in the con-
text of the care of patients living with diabetes.

This was a cross-sectional and descriptive observation survey. The study was
conducted during the period from 1 January 2014 to 1 October 2014. It consisted
of all patients with type 2 diabetes cared in hospital. All type 2 diabetic patients

DOI: 10.4236/0jim.2017.73007

65 Open Journal of Internal Medicine


https://doi.org/10.4236/ojim.2017.73007

M. A. Ndour et al.

were included in the study, regardless of gender, age, ethnicity, or religion. The
patient was informed of the subject of our study and his consent requested in
view of its inclusion in our study. He was also aware of his diabetes status and
the complications he would be exposed to. The data were collected in strict re-
spect of medical confidentiality.

All patients were systematically checked up annually as part of the care of
their disorders. This check up included a physical examination, fasting blood
glucose test, multi-reagent test urine, serum creatinine assay with calculation of
creatinine clearance, lipid balance including total cholesterol dosage, HDL cho-
lesterol and triglycerides), a glycated hemoglobin assay (HbAlc), a resting ECG,
and an ophthalmologic examination with an eye or retinography background.
Our patients were recruited as part of this annual review.

The interrogation and consultation of clinical records of the participants
would allow then to gather information on the status, circumstances of diabetes
discovery, existing complications and their stages, on-going drug therapy, car-
diovascular risk factors, family history. Each patient had a medical record with a
complete physical examination, the examination data were summarized into
syndromic summary.

The ECG with 12 leads was systematic in all patients; it provided the anoma-
lies found during the interpretation.

The main axes were the rhythm, the regularity, the search for rhythm disord-
ers, the P wave, the PR interval, the QRS complex, the ST segment, the T wave,
the QT interval, the overload.

Variants of the normal ECG:

In the elderly individual: often respiratory arrhythmias, arrhythmias with
extrasystole type, low voltage (endomyocardial fibrosis), left axial deviation, re-
polarization disorders were noted.

In obese patients: the decrease of the amplitude of the R waves in all the
branches, the QRS axis can be deviated to the left, the T waves flattened and the
fine Q waves in the positional posterior derivations.

In competition athletes: sinus bradycardia, lengthening of the PR interval
(BAV 1* degree) with sometimes aspects of 2™ stage BAV with Wenckebach pe-
riod.

In black subjects: anomalies of ventricular repolarization, straight precordial
derivations +++.

Other tests were made according to the clinical orientation:

Holter ECG, Echocardiography, Echodoppler of the neck vessels, abdominal
echography, brain scan etc.

A questionnaire was submitted to each patient. The data were collected on the
basis of a pre-coded, anonymous and self-administered questionnaire. The pa-
tient was informed of the subject of our study and his consent requested in view
of its inclusion in our study. He was also aware of his diabetes status and the

complications he would be exposed to. Data were collected in strict compliance
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with medical confidentiality.

To determine the size of the sample, this formula: n = (z)’p (1 — p)/d*

n = sample size; z = confidence level according to the normal centered re-
duced law (for a confidence level of 95%, z = 1.96, for a confidence level of 99%,
z = 2.575); p = estimated proportion of the population with the characteristic
(when unknown, p = 0.5); d = tolerated margin of error (for example, the actual
proportion is to be 5%).

The results were captured and analyzed using electronic questionnaire devel-
oped using SPSS 20.0 software. The graphics were made using the Excel module
of the 2007 MS Office suite. This software had allowed calculating frequencies,
averages and standard deviations. The bivariate analysis was made using the
Chi-square tests (Pearson and Yates) for comparisons of proportions. The com-
parison of the average was carried out using the Student test. The difference was
considered to be statistically significant at <5%. The odds ratio (OR) surrounded
by its confidence interval allowed to quantify the strength of the bond. Variables
with more than 10% missing data were not analyzed.

The study population was described using variables studied. This descriptive

study was done with the calculation of frequencies for the quantitative variables.

3. Results

3.1. Clinical Profile of Patients

The 100 patients recruited consisted of 43 patients living with the male-type di-
abetic and 57 with the female-type diabetic women. The sex ratio was 0.7. The
average age of the patients was 58.3 years with a standard deviation of 13.7. The
extremes were 30 and 84 years with a median of 60 years. The most represented
age group for women was 58 - 68 years (31.5% of women) and 47 - 57 years for
men (27.9%) (p = 0.043). Men were twice as likely to work as women, with a sta-
tistically significant difference (p < 0.05).

In our series, 54 patients had pre-existing complications including 33 with
non-proliferative diabetic retinopathy. Men were 3 times more likely to be active
smokers than women, and the difference was statistically significant (p < 0.001).

HTA was found in 71% of our patients, more common in women: 57.7% of
women were hypertensive compared to 42.2% of men. The difference was not
statistically significant (p = 0.095). Among the hypertensive known on drugs
treatment, the majority were monotherapy, the enzyme inhibitors and calcic in-
hibitors were the most prescribed in almost 30% of cases.

The prevalence of dyslipidemia was 34.1% that is to say 34 individuals. The
majority was marked by a high LDL-c level (32%). A low HDL level was ob-
served in 29 patients (29%). A higher rate of LDL-cholesterol was found more
frequently in women: 17% compared to 15% for men; this difference was not
statistically significant (p = 0.4).

Hygiene-dietetic measures were required throughout the 100% treatment.

They were the first stage of treatment associated with metformin or another
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non-insulin antidiabetic drug to 74%. The majority of our patients (80%) had

blood glucose levels above 1.26 g/1 (7 mmol/l).

The average HbAIC was 7.9% with a standard deviation of 1.2. Extremes

ranged from 6% to 12%. Hypertriglyceridemia was more frequent in women:

31% versus 17%, the difference was statistically significant (p < 0.001). These re-

sults are confined to Table 1.

Table 1. Profile of 100 diabetic patients.

Variables

Number
Average age
Occupation
Smoking
Known median duration of diabetes
Hypertension and treatment
HTA
Systolic blood pressure
Diastolic blood pressure
Diuretics
ACE inhibitors
Calcium inhibitors
Central
Beta-blockers
Bithérapy
Lipid profile profil lipidique
Hypertryglyceridaemia
Hypo HDL
Hyper LDL
Family history diabetes
Family diabetes

Stroke

Men
n (%)

43 (43%)
58.7
28 (65.96%)
6 (6%)

6(0-22)

35 (57.7%)

145.6 (45.7%)

84 (15.2%)
3 (1%)

9 (3.1%)
8 (2.8%)
0
3 (1.05%)

5 (1.7%)

4(1.7%)
13 (5.5%)

14 (6%)

7 (3%)

1 (0.4%)

Diabetes treatment and glycemic balance

Metformin
Sulfamide
Insulin
Capillary blood glucose (mg/dl)

Average glycated hemoglobin

23 (9.8%)

8 (3.4%)

4 (1.7%)
178

8.3

Women
n (%) P
57 (57%) 0.08
57.83 0.043
21 (35%) p<0.05
2 (2%) p <0.001
7(1-4)
24 (42.2%) p =0.095

151.3 (32.3%) 0.34

91 (14.3%) 0.20

4(0.9%)

7 (1.6%)

10 (2.4%)

2 (0.4%)

4(0.9%)

6 (1.4%)

8 (4.5%) 0.4
16 (9.1%) 0.91
18 (10.2%) 0.45
5 (2. 8%) 0.32

2 (1.1%) 0.4
42 (23.9%) 0.001

6 (3.4%) 0.32

5 (2.8%) 0.43

189 0.02
7.8

Total
n (%)

100

49 (49%)
8 (8%)

74 (74%)

65 (65%)
38 (38%)
14 (14%)
(10.1%)
(25.4%)
(27.1%)
(1.6%)
(10.1%)

10 (16.9%)

12 (12%)
29 (29%)

32 (32%)

12 (12%)

3 (3%)

65 (65%)
14 (14%)
9 (9%)
183

7.99
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3.2. Abnormalities at the ECG

The abnormalities found at the ECG were summarized as follows:

Rhythm disorders were noted in 20% of patients, 13% of whom were women.
Right atrial hypertrophy was found in 11% of patients and left hypertrophy in
both men and women (25%). Wolf-Parkinson White syndrome was present in
2% of patients. A complete right bundle block was present in 11% of patients.
Primary repolarization disorders were noted in 17% of patients and secondary in
18% of patients, postero-diaphragmatic necrosis in 14% of patients, real post-
erior necrosis in 2% of patients, extensive anterior necrosis in 15% of patients.
The QT interval was lengthened in 21% of patients including 14 women. Left
ventricular hypertrophy was present in 33% of patients and right ventricular
hypertrophy was found in 10% of patients. These anomalies are summarized in
Table 2.

The bivariate analysis showed that electrocardiographic abnormalities were
more correlated with the association of certain risk factors such as hypertension
and dyslipidemia, the feminine gender, but also the poor glycemic balance. In

addition, the physical activity and the treatment had a protective effect.

4. Discussion

A number of 100 patients consisted of 43 male and 57 female diabetics. The
sex/male/female ratio was 0.7. This prevalence was close to that one found by
Gueye and al [4] in 2009 in a study made with a representative sample of the
Dakar population on the prevalence of diabetes. She noted a female predomin-
ance (59%).

Among our patients several abnormalities were detected at the ECG and most
were correlated with the factors associated with diabetes.

Abnormalities were found in 20 (20%) percent of patients, including 13
women, 6 were housewives (p = 0.08). HTA and physical inactivity were present
in 11%, a low HDL-c in 14% of patients and 9% a high LDL-c. All patients who
had an arrhythmia had an HbA1C greater than 7% (p = 0.001, OR: 1.2 (0.09 -
12.3)). Tachycardia was present in 28% of patients, including 16 women (16%)
and bradycardia in 7 patients (7%). Hypertensive patients were 1.5 times more
likely to have a rhythm disorder. Anastase et al [5] who had conducted the same
study in Cameroon found this predominance of arrhythmias in women with
higher proportions: 31 patients (15%) in men and 37 patients (17.4%) in women
p = 0.5). HAD was found in 11% of patients and HAG in equal proportions in
men and women (25%), in 28% without profession, in 33% hypertensive (p =
0.007), in 5% with diabetic cardiomyopathy.

Conduction disorders were found in 11% of patients, the study concluded at a
1* degree BAV in 2 patients and a Wolf-Parkinson White syndrome in 2 pa-
tients. Women were twice as likely to have a short PR (p = 0.003, OR: 1.3), which
was also present in 6% hypertensive patients. A high LDL-c level was noted in
3% of patients and a low HDL-c in 2%. The mean HbAI1C was 8%. The right

DOI: 10.4236/0jim.2017.73007

69 Open Journal of Internal Medicine


https://doi.org/10.4236/ojim.2017.73007

M. A. Ndour et al.

Table 2. Electrocardiographic abnormalities detected.

Anomaly ECG Number of cases

IRREGULAR RHYTHM 20
NON-SINUSAL RHYTHM 10
TACHYCARDY 28
BRADYCARDY 7

PR SHORT 6

PR ELONGATE 2

AXIS DEVIE A LEFT 38

RIGHT AXIS RIGHT 7
DURATION QRS ELONGATE 5

PR SHORT 6

PR ELONGATE 2

BAV 1* DEGRE 2

LEFT ATRIAL HYPERTROPHY 50
RIGHT HYPERTROPHY ATRIAL 11
Q-WAVE 32

RIGHT BRANCH BLOCK 11
ENDOCARDIAL UNDER LESION 35
EPICARDIAL UNDER LESION 9
TROUBLES OF REPOLARIZATION 13
ISCHAEMIA UNDER EPICARDIAL 20
ISCHAEMIA UNDER ENDOCARDIAL 6
RIGHT VENTRICULAR HYPERTROPHY 11
LEFT VENTRICULAR HYPERTROPHY 33
QT ELONGATE 4
HEMIBLOC ANTERIOR 10
EXTRASYSTOL ATRIAL 3
EXTRASYSTOL VENTRICULAR 10

branch block was found in 11% of patients, the anterior hemi block in 10%.
Anastase et al. [5] found an abnormal conduction in 11.9% of patients with a
statistically significant difference in distributions between men and women (p =
0.003).

The study found primary troubles in 17 patients (17%) and secondary disord-
ers in 18 patients (18%), a T-wave hyperkalaemia in 4 patients (4%). 11 males
and 17 females was more correlated with the female (p = 0.04, OR = 0.9 IC), and
was significantly correlated with the T-wave abnormality: 0.03 - 4.5. In 9% of pa-
tients, 7% of patients with ischemic heart disease and 8% with hypertension (p =

0.03, OR = 2.02) had an epicardial lesion. These disorders were mainly corre-
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lated with poor glycemic control noted more in women (p = 0.03, OR = 2.4). An
endocardial lesion was found in 33% of patients, 13 of whom were men (13%),
22 women (p = 0.152) and 27% hypertensive (p = 0.002, OR = 4.33). Anastase et
al. /5] found the T-wave abnormality in 80 patients, that is to say 20.9%, the
presence of diabetic nephropathy significantly associated with T-wave aberra-
tions [OR: 0.45 (95% CI: 0, 24 to 0.83)] and myocardial ischemia [OR: 0.47
(from 0.23 to 0.95)]; Otherwise, as in our study, diabetes medications and dis-
ease control markers were not associated with outcomes.

Indeed, these T wave abnormalities are, in one hand, repolarization disorders
related to left ventricular hypertrophy and/or hypertension as reported in some
African studies [5] [6].

Matthew et al. [6] found a prevalence of abnormalities dominated by T-wave
abnormalities (154 patients, that is to say 24.3%). This high prevalence of
T-wave abnormalities can be strong predictors of ischaemic heart disease as re-
ported by several heights, however several studies report the physiological aspect
in the black subject of the negative T wave.

The study found postoperative diaphragmatic necrosis in 14 patients, 14%,
real posterior necrosis in 2 patients, extensive anterior necrosis in 15 patients,
that is to say 15%, and anterior infarction on BBG with the sign of Cabrera. They
were present in 21 hypertensive patients (p = 0.03, OR = 1.16, IC = 0.093 - 14.5).
These data were more associated with poor glycemic control but also with the
high prevalence of hypertension in these patients. This prevalence is similar to
that one found in stroke patients in a South African study [7], and thus provides
more evidence to support the high cardiovascular risk of patients with diabetes
in our regions.

The QT interval was lengthened in 21% of patients, 14 of whom were women
(p = 0.6). It was more common in sedentary patients (14%) and in 7% with non-
proliferative diabetic retinopathy (p = 0.027, OR = 1.3, IC: 0.4 - 3.45). (p = 0.04,
OR = 1.03, IC: 0.05 - 7.8), 11% with poor glycemic control (p = 0.000), and 7%
with a low HDL-c (p = 0.000).

Left ventricular hypertrophy was present in our study in 33% of patients, 15%
of whom were men and 18% of women (p = 0.09). The majority (57%) had more
than 10 years of diabetes (p = 0.03), the risk was multiplied by 1.8. In hyperten-
sive patients (71%), it was present in 25 patients, is 25% (p = 0.009, OR = 3.04).
Right ventricular hypertrophy was found in 10% of patients, including 6% of
men and 4% of women, in 5 patients with diabetes for more than 10 years, in 8
hypertensive patients, 7 in moderate activity (3%) and mild (4%) in 3 known
dyslipidemic patients. Lutalle et al [8], in a similar study in Tanzania found a
prevalence of 16% of HVG in a study looking for this anomaly in diabetic pa-
tients. These high prevalences may be related to the high prevalence of hyper-
tension in our studies 71% and 50.5% for Anastase et al. [6].

The strong relationship between hypertension and diabetes plays an impor-

tant role in the development HVG and myocardial ischemia. Hypertension, ob-
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Table 3. Results of bivariate analyzes between risk factors and electrocardiographic ab-

normalities.
Risk of having an
Risk factors P QOdds ratio . X J .
electrocardiographic abnormality
Gender female 0.006 1.5 Increases
Physical activity 0.68 Not increases

Personal background and terrain:

« HTA 0.004 1.8 Increases
« Stroke 0.57 Not increases

« Diabetes 0.003 1.3 Increases

« Dyslipidemia 0.015 14 Increases
Obesity 0.9 Not increases

High blood pressure 0.005 1.5 Increases

Diabetes 0.004 1.8 Increases

Dyslipidemia 0.022 1.5 Increases
Active smoking 0.6 Not increases
Passive smoking 0.8 Not increases
Old smoking 0.44 Not increases
Sedentary lifestyle 0.54 Not increases

HbA1lc greater than 7% 0.003 1.7 increases
Antidiabetic treatment 0.8 Not increases

esity and dyslipidemia are reported to aggravate the prevalence of these abnor-
malities in type 2 diabetics, comparable to a study on the occurrence of HVG
(Hense and Himero [9]). Electrocardiographic abnormalities were more corre-
lated with the association of certain risk factors such as hypertension, dyslipide-
mia, feminine gender, but also poor glycemic control. In addition, physical ac-
tivity and treatment by metformin and/or associated with insulin had a protec-
tive effect. These bivariate analysis data are shown in Table 3. The multivariate
analysis of the different risk factors by logistic regression on the electrocardio-
graphic abnormalities showed that 2 of these factors increased the risk of pre-
senting anomalies: the female gender, hypertension. Good control of risk factors

had a protective effect.

5. Conclusions

Electrocardiographic abnormalities are common in patients with diabetes but
also relate to other associated risk factors. This makes it possible to better eva-
luate the impact of cardio-vascular risk on the heart but also to predict the oc-
currence of cardiovascular accidents in our context. The analysis of the electro-
cardiographic results in relation to the epidemiological data makes it possible to
formulate some recommendations:

e Advocate for ECG availability in annual diabetic check up;
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Support patients with ischemic heart disease, diabetic cardiomyopathy, or
other abnormalities, by concentrating their treatment on the better monitor-
ing and balance of associated cardiovascular risk factors;

Increase the number of patients through a study with more sites and set up a
coordinated system of follow-up and care of patients involving all the actors

concerned.
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