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Background: Although an electrocardiogram (ECG) is often used as the only tool to detect
left ventricular hypertrophy (LVH) in many out-patient clinics in sub-Saharan Africa (SSA),
its sensitivity has been reported to be low especially among black populations, and several
studies have reported gender differences. These observations have however not been widely
studied among SSA blacks.

Aim: To study the sensitivity and specificity of the ECG in detecting echocardiographic
LVH in a sample of native adult Tanzanians.

Methods: Echocardiography and 12-lead resting ECGs were performed in Tanzanian adults
who participated in studies to determine the prevalence and functional consequences of
abnormal left ventricular geometry in out-patients with hypertension and diabetes. ECG-
LVH was determined using Sokolow-Lyon (S-L) and Cornell product (C-P) criteria, and
compared with echocardiographic LVH.

Results: In total, 326/425 (76.7%) participants of the original cohort had both ECG and
echocardiogram measurements, and were included in this analysis. Echocardiographic LVH
was present in 23.7% and 26.2% of men and women, respectively, while ECG-LVH was
detected by S-L in 36.3% of men and 17.3% of women, and by C-P criteria in 20% of men
and in 30.4% of women. The sensitivity [95% CI] and specificity [95% CI] of the S-L criteria
was 43.8% [26.8-62.1%] and 66.0% [55.9-74.9%] in men while it was 36% [23.3-50.9%]
and 89% [82.8-93.7%] in women, respectively. For the C-P criteria, the sensitivity and
specificity were 43.8% [26.8—-62.1%] and 87.4% [79.0-92.8%] in men and 60% [45.2—
73.3%] and 80.1% [89.7-97.8%] in women, respectively.

Conclusion: The sensitivity of the ECG to detect LVH is low in this population, but better
than that found in many white populations. Men and women have differences in the
sensitivity of the different ECG criteria, with men performing better with S-L and women
with C-P criteria. These differences should be considered when including or excluding cases
with ECG-LVH in our populations.

Keywords: clectrocardiogram, left ventricular hypertrophy, echocardiography, sensitivity,
specificity, Tanzania, sub-Saharan Africa

Introduction

Left ventricular hypertrophy (LVH) is a strong and independent predictor of cardio-
vascular disease events including myocardial infarction, sudden death, stroke, con-
gestive heart failure and overall CVD mortality.'’ The existence of LVH in
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hypertensive, diabetic or even the general population has
therefore important implications for assessing risk and for
management with regards to decision making on interven-
tions and/or medications to be used.®

LVH has been found to be highly prevalent among
hypertensive and diabetic blacks in Africa and in the
USA,” ' which could partly explain the increased cardio-
vascular morbidity and mortality seen in blacks.'*'* Tt is
therefore especially important to accurately diagnose LVH
in these populations. To date, a number of highly accurate
diagnostic tests for LVH detection are available, and they
include cardiac magnetic resonance imaging (MRI), com-
puted tomography (CT) - Scan and more recently 3- and
4-dimensional echocardiography.'> These tests are however
limited by their costs and/or invasiveness, and therefore not
recommended for regular clinical use. Two-dimensional
trans-thoracic echocardiography is currently the recom-
mended standard diagnostic test for the detection of
LVH.® Despite this, echocardiography is still not available
in many parts of sub-Saharan Africa (SSA),'® making most
clinicians in the region rely on the electrocardiogram (ECG)
as the only tool available to diagnose or exclude LVH.
However, the ECG has generally been questionable in its
ability to detect or refute a true LV mass increase due to its
variable and

sensitivity specificity,'”

18,19

with  gender
differences, making it an unreliable test especially
among black populations.?>*' Furthermore, other factors
including age, body habitus, race, underlying condition as
well as the ECG criteria used, are known to influence the
sensitivity and specificity of the ECG.*

Most of the previous studies on ECG among SSA
populations have studied the prevalence and factors asso-
ciated with ECG-LVH.>**° Only few studies from the
region have studied the ECG sensitivity and specificity to
detect LV mass 26729

Furthermore, the gender difference in the sensitivity and

echocardiographic increase.
specificity of the ECG has not been previously studied.
The current study was therefore carried out to determine
the sensitivity and specificity of the commonly used ECG-
LVH criteria, the Sokolow-Lyon (S-L) and the Cornell
product (C-P) criteria, and to study gender differences in
a sample of native Tanzanian adults.

Methods
Study Design and Population

This was a cross-sectional study conducted among
untreated hypertensives, diabetic patients and normal

individuals who participated in studies that were done to
determine prevalence and functional consequences of
echocardiographically determined LVH at Muhimbili
National Hospital in Dar es Salaam, Tanzania.”'®>° The
present analysis include all adult (=18 years) participants
for whom an electrocardiogram was also recorded at the
time of echocardiogram examination.

Sample Size

The sample size was calculated using the Kish-Leslie
formula and a total of 320 subjects was enough to deter-
mine the prevalence of ECG-LVH at a power of 80%,
using the previous known prevalence of 16% in the

Tanzanian adult diabetic population.”

Data Collection Methods
Socio-Demographic and Clinical Variables

Structured questionnaires were used to record the partici-
pants’ socio-demographic characteristics, cardiovascular
risk factors and use of medications. Height, weight, waist
and hip circumference were measured. Body mass index
was calculated from body weight in kilograms divided by
height in m? and obesity was considered present when

body mass index was > 30kg/m?.*!

Waist circumference
was considered increased when it was >88 cm in women
and >110 c¢cm in men.

A mercury sphygmomanometer was used to measure
blood pressure, and a set of three readings, five minutes
apart were performed by an experienced study nurse. For
analysis, the average of the last two readings was taken as
the participant’s clinic blood pressure.

Blood samples were drawn in the morning after an
overnight fast and analyzed for creatinine, lipid profile
and glucose. Biochemical tests were performed with the
use of a chemistry analyser (Abbott Architect, Illinois,
USA) at the Muhimbili National Hospital laboratory,
while blood glucose was analyzed at the clinic using
a HemoCue AB glucose analyzer (Angelholm, Sweden).

Electrocardiography

All electrocardiograms were performed at the Muhimbili
National Hospital Electrocardiogram laboratory using
a Phillips Machine. A 12-lead ECG was used and mea-
surements were done in a quiet room by an experienced
nurse. All ECGs were interpreted by the primary investi-
gator and proofread by another senior cardiologist. QRS
duration was measured to the nearest 4 ms and the R-wave
amplitudes in leads aVL, Vs, and Vg; and S wave
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amplitudes in leads V; and V; were measured to the
nearest 0.5 mm (0.05 mV) using calipers. The product of
QRS duration times the Cornell voltage combination
(RaVL + SV;, with 8§ mm added in women) was used
with a threshold value of 2440 mm x ms to identify LVH
in the Cornell product criteria.*? Sokolow-Lyon voltage
(SV; + RVss) > 38 mm was considered to indicate LVH.

Echocardiography

All echocardiograms were performed by the primary
investigator (PC) after receiving special training in echo-
cardiography. A SONOS 7500 Phillips machine equipped
with a 3-MHz transducer and second harmonic imaging
was used. Quantitative echocardiography was performed
following the American Society of Echocardiography
guidelines.*> LV mass was calculated using the anatomi-
cally validated formula by Devereux.** For this analysis,
LV hypertrophy was considered present when LV mass
indexed for body surface area exceeded 115 g/m* in men
and 95 g/m? in women.® Relative Wall Thickness was
calculated as the ratio of end-diastolic posterior wall thick-
ness to end-diastolic LV internal radius and considered
increased if >0.43."

Data Handling and Statistical Methods
Data management and statistical analysis was performed
using SPSS for Windows version 21.0 (SPSS Inc,
Chicago, Illinois, USA). Data were expressed as mean =+
SD for continuous variables and as percentages for catego-
rical variables. Groups of patients were compared using chi-
square test for categorical variables and unpaired Student’s
t-test, as appropriate. Bivariate correlations were assessed by
Pearson’s correlation coefficient. A two-tailed p-value of
<0.05 was considered statistically significant.

Ethical Considerations

The study was performed in accordance with the Helsinki
Declaration on studies involving human subjects. Ethical
approval was obtained from the Muhimbili University of
Health and Allied Sciences’ research and publication com-
mittee, and all participants signed a written informed con-
sent form before any data were collected.

Results

Out of the 425 participants of the original cohort, 326 (76.7%)
were eligible for this study and had both ECG and echocardio-
gram measurements. Table 1 shows the demographic and

Table | Demographic and Clinical Characteristics of the Study Population

Characteristics Men Women p-value
n=135 n= 191
Age (years) 49.8+14.7 49.3+13.4 0.723
Height (cm) 16748 156+6 <0.001
Weight (kg) 71.8£15.0 69.5£14.7 0.169
Body Mass Index (kg/m?) 25.8+4.7 28.4+5.5 <0.001
Body Surface Area (m?) 1.80+0.19 1.69+0.18 <0.001
Waist circumference (cm) 9113 95+13 0.011
Pulse rate (beats/min) 76x14 7914 0.013
Systolic Blood Pressure (mmHg) 146124 147+27 0.745
Diastolic Blood Pressure (mmHg) 88+15 9016 0.331
Pulse pressure (mmHg) 5717 5617 0.695
Fasting Blood Glucose (mmol/l) 7.8+44 8.0+4.1 0611
Total cholesterol (mmol/l) 4.8+1.1 5.6x1.5 <0.001
HDL-C (mmol/l) 1.1£0.3 1.24£0.3 0.002
LDL-C (mmol/l) 3.4+1.0 4.0+1.4 <0.001
Tryglycerides (mmol/l) 1.5+0.8 1.6x1.2 0.237
Serum Creatinine (umol/l) 117+86 93143 0.002
Groups, n (%)
Hypertensive 44 (32.6) 76 (39.8) 0.096
Diabetic 59 (43.7) 87 (45.5)
Normal 32 (23.7) 28 (14.7)
Note: Results are mean +SD unless stated otherwise.
Abbreviations: HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol.
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Table 2 Mean Values for Electrocardiographic and Echocardiographic Findings in Men and Women

Findings Men n = 135 Women n = 191 p-value

Electrocardiographic

S-amplitude in lead V| (mm) 9.7+4.9 10.4+4.8 0.213
S-amplitude in lead V3 (mm) 14.318.1 11.9+6.8 0.003
R-amplitude in lead aVL (mm) 6.0+4.4 5.9+£35 0.944
R-amplitude in lead Vs (mm) 21.0+8.4 14.8+6.0 <0.001
R-amplitude in lead V¢ (mm) 18.0+7.6 14.3+5.8 <0.001
QRS duration (ms) 88+14 83%12 <0.001
Sum of SV, + RVs (mm) 30.7£10.9 25.2+8.8 <0.001
Sum of SV + RV¢ (mm) 27.7£10.5 24.7+8.9 0.006
Cornell sum (mm) 20+9 18+8 0.012
Cornell product (mm x ms) 1824+1056 2139£775 <0.001

Echocardiographic

LV end diastolic diameter (cm) 4.6+0.6 4.4+0.6 <0.001
Intraventricular Septum in diastole (cm) 1.16+0.28 1.11+0.30 0.116
LV posterior wall in diastole (cm) 0.97+0.21 0.92+0.24 0.060
Relative wall thickness 0.43%0.12 0.43£0.14 0.781
LV Mass (g) 180.7£72.0 152.6£59.6 <0.001
LV Mass Index (g/m?) 100.2+38.2 90.7+35.4 0.022

Abbreviation: LV, left ventricular.

Table 3 Clinical and Echocardiographic Correlation Coefficients (r) for Sokolow-Lyon and Cornell-Product Indices in Men and
Women

Characteristics Sokolow-Lyon (mm) Cornell Product (mm x ms)
Men Women Men Women

Clinical () r () ()
Age (years) —0.222%* 0.069" 0.113™ 0.206%*
Height (cm) -0.227%* —0.209** -0.050™ —0.272%%*
Weight (kg) —0.23 1%+ ~0.198#* 0.010™ ~0.015™
Body Mass Index (kg/m?) —0.140™ -0.132"™ 0.053" -0.118™
Waist circumference (cm) -0.216* —0.148* 0.064" 0.036™
Body Surface Area (m?) —0.256%* —0.223%* -0.010™ —0.175%
Systolic Blood Pressure (mmHg) 0.051™ 0.324k* 0.046" 0.397°k*
Diastolic Blood Pressure (mmHg) 0.103" 0.306%** 0.077" 0.366%¥*
Pulse pressure (mmHg) -0.017™ 0.226%* -0.002" 0.287°#*
Fasting Blood Sugar (mmol/l) -0.012" —0.197%** -0.134" -0.079"
Total Cholesterol (mmol/l) -0.172" -0.068" -0.171™ -0.012"™
HDL-C (mmolll) —0.112" 0.079™ ~0.156™ ~0.140"
LDL-C (mmol/l) —0.149" -0.035™ -0.164™ 0.018™
Triglycerides (mmol/l) —0.068" -0.085" 0.031™ 0.029™
Serum Creatinine (umol/l) 0.185* 0.241** 0.202* 0.195%*

Echocardiographic
Intraventricular septum in diastole (cm) —0.029" 0.193%* 0.199* 0.304%%*
LV posterior wall in diastole (cm) 0.087" 0.256%#* 0.244%* 0.294#*
Relative wall thickness -0.012"™ 0.145% 0.066" 0.140™
LV end diastolic diameter (cm) 0.179* 0.153* 0.247** 0.275%%*
LV mass (g) 0.136™ 0.325%#* 0.35 |k 0.466%%*
LV mass index (g/m?) 0.220%* 0.400%%* 0.374%%* 0.534%%*

Abbreviations: HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; LV, left ventricular ™ and ¥ denotes significant levels at p <
0.05, < 0.01 and < 0.001, respectively. ns, not significant.
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Figure | Prevalence of electro- and echo-cardiographic LVH in men and women.

clinical characteristics in men and women. The mean (SD)age  and had higher serum creatinine levels when compared with
of the total population was 49.5 (13.9) years (range 18-85), women. Women had higher mean values for overweight and
and 58.6% were women. On average, men were taller, leaner  an unfavourable lipid profile.
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Figure 2 Correlation between the S-L and C-P indices with echocardiographic LV mass index.
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Table 4 Sensitivity and Specificity of the ECG in Detecting Echocardiographic LVH in Men and Women

ECG - Criteria Men

Women

Sensitivity

Specificity

Sensitivity

Specificity

Sokolow-Lyon

43.8% (14/32%100)

66.0% (68/103*100)

Confidence Interval [26.8-62.1] [55.9-74.9]
Cornell-Product 43.8% (14/32*100) 87.4% (90/103*100)
Confidence Interval [26.8-62.1] [79.0-92.8]
Both Criteria 28.1% (9/32*100) 95.1% (98/103*100)
Confidence Interval [14.4-46.9] [88.5-98.2]

36.0% (18/50%100)
[23.3-50.9]
60.0% (30/50%100)
[45.2-73.3]
28.0% (14/50%100)
[16.7-42.7]

89% (126/141%100)
[82.8-93.7]
80.1% (113/141%100)
[72.4-86.2]
95.0% (134/141%100)
[89.7-97.8]

Table 2 shows the mean values for electrocardio-
graphic and echocardiographic findings compared between
men and women. Most of the electrocardiographic findings
differed between men and women, with men having sig-
nificantly higher mean values of chest leads voltages, as
well as higher mean QRS duration, all p<0.01. On the
other hand, women had significantly higher mean value
for the C-P criteria (p<0.001). On echocardiography, men
had significantly higher mean values for LV end diastolic
diameter, higher LV mass and LV mass index, all p < 0.05.

Table 3 shows the correlation between clinical and
echocardiographic parameters with sum of voltage (as
a function of S-L criteria) and the total Cornell-product
index (as a function of C-P criteria). For the S-L criteria
men had best correlations between leanness parameters
and the sum of S-L, but no significant correlations with
blood pressure. On the other hand, women in addition to
measures of leanness, had also significant correlations
between S-L and blood pressure. In men, only serum
creatinine correlated with the C-P criteria, while several
factors including age, blood pressure as well as serum
creatinine showed significant correlations in women.

LV mass index had significant correlation with both
ECG LVH criteria in men and women, although women
had better correlation coefficients in both criteria (Table 3).

The prevalence of LVH by electrocardiogram and echo-
cardiogram is shown in Figure 1. In those diagnosed to have
ECG-LVH, only 10.4% and 11% of men and women respec-
tively were diagnosed by both the S-L and C-P criteria.

The correlation between LV mass index with the
S-L and C-P indices as continuous variables is shown in
Figure 2. Both criteria had significant and positive correla-
tions with LV mass index as shown in the figure. Inserting
the defining variables for LVH, Figure 2 shows the ability
of the ECG to detect true LV mass increase as detected by
echocardiography. Repeating this analysis using LV mass

indexed for height®’ did not much alter the correlations
and the sensitivity results.

As shown in Table 4, the sensitivity and specificity of
the two ECG criteria differed between men and women,
with women having best sensitivity and specificity using
the C-P criteria, while men had equal sensitivity using the
S-L criteria, and the overall poorest specificity when the
S-L criteria was used. Of note, when both criteria were
used, the sensitivity dropped to 28% but with a higher
specificity at 95% for both men and women (Table 4).

Discussion

Accurate diagnosis of LVH is important for clinical decision
making. The cheap and readily available ECG has tradition-
ally been the mainstay screening tool, however there are
increasing concerns that the ECG is problematic in detecting
true LVH.*> The present study confirms, and adds to the
current literature among sub-Saharan black populations that
the commonly used criteria S-L and C-P have low sensitivity
in a native Tanzanian population, nonetheless with high
specificity in detecting echocardiographic LVH. Further,
there are ECG differences between men and women.

Both ECG criteria used for LVH diagnosis in this study had
low sensitivity regardless of gender, similar to previous studies
in Africa?®?*?? and from other parts of the world,'”-'#2021-36
The sensitivity seen in this study is however relatively higher
than that obtained from several studies among white
populations.'”?*373% 'In a recent publication from the
Netherlands, de Hartog-Keyzer and colleagues reported the
ECG to be only 14% sensitive in detecting echocardiographic
LVH in a population of patients with long-standing
hypertension,'” while in the Losartan Intervention For
Endpoint reduction (LIFE) study the sensitivity among white
patients was 27% and 45% when the S-L and C-P criteria were
used, respectively.”” In a meta-analysis performed by Pewsner
et al. which included mainly white populations in Europe and
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America, the sensitivity reported ranged between 8.5-21%,®
again much lower than the findings using either of the ECG
criteria in the current study of black native Tanzanians.
Nevertheless, our results show that the ECG only detected
a few (between 36-60%) of the participants with echocardio-
graphic LVH, leaving many others as false negatives. In clin-
ical practice, this is unfavorable since patients with LVH need
special attention in terms of medications choice and risk stra-
tification, therefore a more sensitive test would be best. Others
have suggested that the ECG should not be used to detect LVH
due to its low and unreliable sensitivity.*® However, previous
studies have found LVH detected by ECG provides indepen-
39 and this has

been attributed to other mediation of prognosis including

dent prognostication of cardiovascular events,

genetic differences seen in electrocardiographic LVH.* It is
therefore sensible to note that the ECG remains a valuable test
in clinical cardiology.

Apart from the S-L in men, the other ECG criteria in this
study had high specificity ranging from 80-89%, meaning
that the ECG in this aspect was good in detecting patients
without LVH. This finding has been reported by
others' 1820262836 4 it is generally known that the ECG
is mostly highly specific.”” In the LIFE study which included
both black and white hypertensives in Europe and America,
using the S-L criteria, the ECG was less specific among
blacks (44%) when compared with whites (69%) in that
study.”” The findings in this study show a relatively higher
specificity even with the S-L criteria, and suggest that the
lower specificity observed among blacks compared with
whites in the LIFE study was likely due to the low specificity
in men and not in women, as seen in this study (Table 4).
However, in a setting of low sensitivity, the high specificity
does not make sensible clinical meaning since many patients
with LVH are, to begin with, labeled as without LVH. In this
study, the specificity reached 95% when both criteria were
positive for LVH, but at a very low sensitivity of 28%. Of
note only 10.4% of women and 11% of men participants in
our study were detected by both criteria, confirming the
general observation that patients who meet one set of ECG
criteria for LVH commonly do not meet other criteria.>> Okin
et al. found that only 11.2% of patients with LVH by either
Cornell voltage criteria or Sokolow-Lyon criteria had LVH
diagnosed by both criteria in a large multiracial sample of
patients with hypertension,*® remarkably similar to the pre-
sent study.

Men and women differ in terms of their body habitus
as well as cardiac muscle mass, with different ECG
criteria giving different

sensitivity and specificity

between men and women.*> In the present study, using
the S-L, men compared with women had better sensitiv-
ity (43.8% versus 30%), but at a cost of lower specifi-
city (66% versus 89%). While women performed better
with the C-P criteria reaching a sensitivity of 60%
(versus 43.8%). These differences between men and
women are similar to previous reports from outside
SSA,>!83641 and our study confirms this observation
also in a native black population from Tanzania. Of
note, in this study the clinical and echocardiographic
parameters correlated better with the C-P criteria in
women (Table 3) indicating a true relationship between
the increased C-P indices with clinical and echocardio-
graphic parameters. On the other hand, the S-L being
calculated from chest leads, favored men due to the fact
that the chest leads are in close proximity with the heart,
different from women (due to the breast tissue), as
others have suggested.’®*' Of note, men had signifi-
cantly higher mean values for chest leads V3 — Vo6,
compared with women (Table 2), and these are likely
to translate to higher S-L indices, and therefore higher
sensitivity to detect LVH, although at a cost of low
specificity. It is also seen in our findings that among
men, the S-L index did not correlate with important
clinical variables for LVH including blood pressure,
indicating a lack of relationship between the two
(Table 3). This has translated to the lowest ECG-LVH
specificity in this study (60%), also confirming previous
other studies.?'=*%*!

This study is among the first to study the sensitivity
and specificity of ECG in detecting echocardiographic
LVH in Tanzania, therefore the study provides baseline

data for future comparisons.

Conclusion

The sensitivity of the ECG to detect LVH is low in this
population, comparable to previous observations but better
than that found in many white populations. Men and women
have differences in the sensitivity of the S-L and C-P criteria,
with men performing better with S-L and women with
C-P criteria. These differences should be considered when
including or excluding cases with ECG-LVH among our
populations.
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