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ABSTRACT

Aim: To estimate the sample size for the prevalence of pre-clinical left ventricular diastolic
dysfunction using two American college of echocardiography guidelines in a semi-urban Nigerian
population.

Study Design: Cross sectional, population based.

Place and Duration of Study: Neni, Anambra State, Nigeria on the 18th and 19th December 2023.
Methodology: Fifty subjects with age range of 18—70 years were consecutively recruited after a
community awareness creation. Subjects gave informed oral and/or written consent before
proceeding for an interviewer administered questioning of their biodata and clinical history.
Anthropometric measurements were obtained followed by clinical examination and
electrocardiography. Echocardiography was done using the American Society of Echocardiography
(ASE) guideline with the left ventricular diastolic function assessed using the 2009 and 2016
guidelines.

Results: Mean age of participants was 54.3+14.0 years consisting of 15 males and 35 females.
The prevalence of pre-clinical left ventricular diastolic dysfunction was 16% and 14% using the ASE
2009 and 2016 guidelines respectively.

Conclusion: Prevalence enabling accurate sample size calculation for the main study was
obtained. Modifications were made to the research proposal based on lessons learnt.

Keywords: Prevalence; pre-clinical; diastolic dysfunction; left ventricular; population; Nigeria,
echocardiography.
1.INTRODUCTION Africans. To the best of our knowledge,

population prevalence on the subject matter is

Sample size is the minimum number of subjects
needed to answer a research question and it is
crucial in the planning and designing of a study.
Key components to appropriately estimate
sample size are an acceptable level of
significance (P value) dependent on alpha,
power of the study- complement of beta (1 — B),
effect size defined as the minimum difference
that is clinically and biologically credible and
population variability of an outcome which is
usually unknown but can be estimated from a
pilot or previous studies. [1,2] Others include 1-
tailed or 2-tailed testing, outcome of interest,
study design and allocation ratio [3].

Racial, gender and age differences exist in
cardiovascular structure and function, risks of
heart failure as well as cardiac response to these
risks [4,5]. Black populations have been shown to
have a higher arterial afterload, left ventricular
(LV) dimension, mass and concentricity [6,7].
Significant differences also exist in the left atrial
(LA) dimension, LV ejection fraction (EF), mitral
annular velocity, tricuspid regurgitant jet pressure
gradient and right ventricular dimension [4,6,8].

High-quality data is insufficient in Africa [9,10].
Evidence based medicine has become patient
centered considering individual differences.
Therefore, data from the White population may
not be applied completely to native black

lacking in the African continent. Hence, aim of
this pilot study to estimate the sample size for the
prevalence of pre-clinical LV diastolic dysfunction
(LVDD) in a semi-urban Nigerian population with
normal ejection fraction.

2. MATERIALS AND METHODS
2.1 Settings

Neni, a semi-urban population with about 30,000
indigenes and non-indigenes according to a
written data from the administrative office of Neni
town union in April 2023. It is located in Anaocha
Local Government Area (LGA) of Anambra state,
Southeastern, Nigeria [11]. The town hosts the
headquarters of the LGA, a diagnostic centre of a
Federal Teaching Hospital and three primary
health care centres.

2.2 Subjects

Fifty persons were recruited consecutively over
two days on the 18" and 19" December 2023 at
a government primary health care centre after
awareness was created in churches and by the
town crier.

2.2.1 Exclusion criteria

Included history  of
parenchymal or

pulmonary vascular,
obstructive airway disease,
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history or evidence of any terminal illness e.g.
malignancy, symptoms and signs of heart failure,
atrial fibrillation, artificial pacemaker, poor
echocardiographic window, ejection fraction less
than 52% for males and 54% for females,
unreliable determination of diastolic dysfunction,
moderate or severe valvular heart disease and
cardiomyopathy.

2.3 Data Collection

2.3.1 Clinical history

An  interviewer-based questionnaire  was
administered to obtain the biodata, history of
traditional cardiovascular disease risk factors,
obstructive airway and heart failure symptoms.

2.3.2 Blood pressure

Blood pressure (BP) was checked using the
oscilliometric method (Omron M3 HEM-RML31
sphygmomanometer was used) on both arms
and the arm with the higher reading was used for
a recheck after 30mins.

2.3.3 Anthropometry

Weight and height measurements were taken
with the subjects standing on a standard
weighing scale and stadiometer with no shoes,
heavy clothing, or head gear. Both readings were
reported to the nearest kilogram and centimetre.
Body mass index (BMI) and body surface area
(BSA) were calculated using the Du bois formula.

2.3.4 Electrocardiography

A 12-lead electrocardiography (ECG) was
performed by a trained technician using Cardiovit
AT-1 Schillers (Switzerland) ECG machine.

2.3.5 Echocardiography

Echocardiography was performed using GE
healthcare Vivid iq (China) echocardiography
machine with a 3SC transducer. One cardiologist
with experience in both Asian and Black
populations performed the echocardiography
using the American Society of Echocardiography
(ASE) guideline,[12] in the standard parasternal
long (PLAX), apical five(A5C), four(A4C) and
two(A2C) chamber views [13]. A two-dimensional
(2D)-guided  direct measurement of the
interventricular septal wall thickness at end
diastole (IVSd), LV internal diameter at end
diastole (LVIDd), and the posterior wall thickness

(PWTd) at end diastole measurements were
obtained according to ASE guideline [12]. The
machine automatically calculated the EF using
the Teichholz’s formula [13]. EF greater than or
equal to 54% and 52% were considered normal
for females and males respectively [14]. From the
A4C view, using the pulse wave doppler (PWD),
the sample volume was placed at the tip of the
mitral leaflets. The mitral infow E and A wave
velocities were obtained. The machine
automatically gave the E/A ratio and deceleration
time (DT) on tracing the slope of the E wave. The
A wave duration was taken in millisecs. Subjects
were asked to bear down to assess changes on
the mitral E/A ratio during valsalva manoeuvre.
Tissue doppler imaging (TDI) was used to obtain
the mitral annular velocities with the sample
volume placed at the septal and lateral annulus
respectively to obtain the septal and lateral e'
velocities. Average of the septal and lateral e
was calculated manually. Average E/ e' was
obtained by diving the E velocity with the
average sum of the septal and lateral ¢€!
velocities. Continuous wave doppler (CWD) with
sample volume placed at the vena contracta of
the tricuspid regurgitant jet gave the maximum
tricuspid regurgitation velocity (TRVmax) from
the spectral envelope. Isovolumic relaxation time
(IVRT) was obtained from the A5C view with the
PWD, sample volume was placed in the LV
cavity to obtain both the left ventricular outflow
and mitral inflow spectral profiles. Due to
technical challenges encountered in the field the
pulmonary venous waves were not used for
assessment. Left atrial maximum volume index
(LAVI) was obtained in the A4C and A2C
views at ventricular end systole using the
formula: [15]

LAVI =8/3 [ (A1 X A2)/ L
BSA

= 8.5(A1XA2)/L.
BSA

After the left atrial area was traced in both views
and assigned Al and A2 respectively. Length of
left atrium (L) was assigned L1 and L2
respectively and was measured as a line drawn
from the midpoint (of another line, drawn from
the mitral septal and lateral annulus) to the roof
of the left atrium (LA). The shorter of L1 and L2
was used in the formula.

2.3.5.1 ASE (2009) guideline for diagnosing
diastolic dysfunction [16,17]

Diagnosis of diastolic dysfunction in the presence
of normal EF was made when average e' < 9
cm/s and LAVI 234ml/m?.
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2.3.5.2 ASE (2016) guideline for diagnosing
diastolic dysfunction [18]

Diagnosis of diastolic dysfunction in the presence
of normal EF was made when three out of the
four following parameters are present; septal e' <
7cm/s or lateral e! < 10cm/s; Ave E/ e! >14; LAVI
>34 ml/m?2; TRVmax > 280cm/s.

2.4 Statistical Analysis

IBM-SPSS version 25.0 (Chicago lllinois, USA)
was used for analysis. Frequency tables,
percentages, mean, and standard deviation were
used to provide a descriptive summary of the
study participants. Prevalence was calculated
as the total number of subjects with
diastolic dysfunction divided by the sample
population.

3. RESULTS

Table 1 shows the socio-demographic profile of
the respondents. Table 2 shows history of
participants’ cardiovascular disease risks and
symptoms.

Prevalence of left ventricular diastolic dysfunction
using the 2009 ASE guideline was 16% as
shown in Table 3.

Prevalence of left ventricular diastolic dysfunction
using the 2016 ASE guideline was 14% as
shown in Table 4.

4. DISCUSSION

Prevalence of LVDD in a general population from
previous studies [19,20,21,22] outside the
African continent varied from 11.1 — 67.4%
depending on the population characteristics and
diagnostic criteria. The prevalence in a German
study [19] dropped to 3.1% when left atrial
enlargement was considered. This may explain
the low prevalences in our study, as LAVI was a
parameter used in both diagnostic guidelines
[18,21,22]. All previous but the German study
[19] did not consider the left atrial volume in their
diagnostic criteria. A dilated LAVI is a marker of
chronically elevated left ventricular filling
pressure in the presence of other diastolic
parameters and also has prognostic implications.
A Tibetan study [21] had a prevalence of 34.39%

Table 1. Socio-demographic characteristics of respondents

Variable Frequency (n=50) Percent (%)
Age of respondents in years

Mean+SD 54.3+14.0

Age of respondents in groups

<40 years 7 14.0
40-49 years 7 14.0
50-59 years 17 34.0
=60 years 19 38.0
Gender

Male 15 30.0
Female 35 70.0
Marital status

Single 5 10.0
Married 30 60.0
Divorced 13 26.0
Widowed 2 4.0
Educational attainment of respondent

No formal education 3 6.0
Primary education 12 24.0
Secondary education 16 32.0
Tertiary education 19 38.0
Employment status

Unemployed 9 18.0
Self-employed 33 66.0
Paid employment 8 16.0

SD- standard deviation
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Table 2. Cardiovascular risk factors and symptoms of participants

Variable Frequency (n=50) Percent (%)
History of hypertension

Yes 24 48
No 26 52
History of diabetes mellitus

Yes 7 14
No 43 86
History of alcohol use

Yes 17 34
No 33 66
History of smoking

Yes 0 0
No 50 100
History of cough

Yes 1 2.0
No 49 98.0
History of breathlessness

Yes 12 24
No 38 76
History of leg swelling

Yes 1 2.0
No 49 98.0

Table 3. Left ventricular diastolic dysfunction using the 2009 ASE guideline

Variable Frequency (n=50) Percent (%)
Ave e'< 9cm/s

Yes 20 40.0

No 30 60.0

LAVI 234ml/m?

Yes 29 58.0

No 21 42.0
Diastolic dysfunction (2009)

Present 8 16.0
Absent 42 84.0

LAVI- left atrial maximum volume index; Ave e' — average sum of the mitral annular septal and lateral velocities

using the 2009 ASE guideline in a population
living at a higher altitude than our study
participants. Higher altitude is an independent
risk factor for LVDD [21,23] and may have
contributed to the higher prevalence. Our study
excluded subjects with renal dysfunction,
coronary artery disease, significant valvular heart
disease and cardiomyopathy which a Hispanic
study [22] with a high prevalence of 67.4%
included.

Limitations of this study are that the sample size
calculation is dependent on the value chosen by
the investigator(s) which is small therefore,
results may differ from large scale studies. Also,
causality cannot be established since it is an
observational study.

Study is however, feasible with the following
recommendations;

1. 1.Data collection should be carried out for
nine days with three consecutive days
dedicated to each of the three
primary health care centres located in the

town.
2. 2.Pulmonary venous waveform  will
not be wused in grading diastolic

dysfunction as there may be
difficulty getting reliable waveforms in the
field.

3. 3.Training rehearsals for the data
collectors/ interviewers every morning of
each study day.
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Table 4. Left ventricular diastolic dysfunction using the 2016 ASE guideline

Variable Frequency (n=50) Percent (%)
Septal e' < 7cm/s or Lateral e' < 10cm/s

Yes 28 72.0
No 14 28.0
Ave E/ e' >14

Yes 1 2.0
No 49 98.0
LAVI >34 ml/m?

Yes 36 56.0
No 22 44.0
TRVmax > 280cm/s

Yes 14 28.0
No 36 72.0
Diastolic dysfunction (2016)

Present 7 14.0
Absent 43 86.0

e' — mitral annular velocity; LAVI- left atrial maximum volume index; Ave E/ e'— left ventricular filling pressure;
TRVmax- tricuspid regurgitation velocity maximum

5. CONCLUSION

This pilot study achieved its aim in calculating the
sample size for the main study and also proves
study’s feasibility.

ACKNOWLEDGEMENTS

Special thanks to Chief (Mrs) I.S. Ajulufo and
Chief B.A. Madu who obtained approval and
acted as middlemen between investigators and
the community.

CONSENT

Informed oral and/or written consent were
obtained from all participants aged between 18 —
70years, after the Traditional Ruler and President
General of the town union gave their
permissions.

ETHICAL APPROVAL

Ethical approval was obtained from the Health
Research Ethics Committee of the University of
Nigeria Teaching Hospital Enugu, Nigeria with
reference no NHREC/05/01/2008B-
FWAO00002458-1RB00002323.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1.

133

Das S, Mitra K, Mandal M. Sample size
calculation basic principles. Indian J
Anaesth 2016; 60:652-656.

Noordzij M, Tripepi G, Dekker FW, Zoccali
C, Tanck MW, Jager KJ. Sample size
calculations basic principles and common
pitfalls. Nephrol Dial Transplant. 2010;25:
1388-1393

DOI: 10.1093/ndt/gfp732

Farrokhyar F, Reddy D, Poolman RW,
Bhandari M. Practical tips for surgical
research why perform a priori sample
size calculation. Can J Surg 2013;56:207-
213.

LaBounty TM, Bach DS, Bossone E,
Kolias TJ. Effect of race on
echocardiographic measures of cardiac
structure and function. Am J Cardiol.
2019;124:812-818.

DOI: 10.1016/j.amjcard.2019.05.049.
Chandra A, Skali H, Claggett B, Solomon
SD, Rossi JS, Russell SD. Race and
gender-based differences in cardiac
structure and function and risk of heart
failure. JACC. 2022;79:355-368.
Fernandes-Silva MM, Shah AM, Hegde S,
Goncalves A, Claggett B, Cheng S. Race-
related differences in left ventricular
structural and functional remodeling in
response to increased afterload the ARIC
study. JACC Heart Fail 2017;3:157-165.



10.

11.

12.

13.

14.

15.

Udora et al.; J. Adv. Med. Med. Res., vol. 36, no. 5, pp. 128-135, 2024; Article no.JAMMR.115616

EchoNoRMAL collaboration. Ethnic-
specific normative reference values for
echocardiographic LA and LV size, LV
mass and  systolic  function the
EchoNoRMAL study. JACC Cardiovasc
Imaging. 2015;8:656-665.

American Heart Association. Size, strength
of hearts right side differs by age, gender,
race/ethnicity.
Available:http://www.sciencedaily.com/rele
ases/2011/06/110606161024.htm

Assessed 30 March 2024.

Marincola E, Kariuki T. Quality research in
Africa and why it is important. ACS Omega
2020;5:24155-24157.

Available:https://dx.doi.org/10.1021/acsom
ega.0c04327

Musa SM, Haruna UA, Manirambona E,
Eshun G, Ahmad DM, Dada DA. Paucity of
health data in Africa an obstacle to digital
health implementation and evidence-
based practice. Public Health Rev. 2023;
44:1-5.

DOI: 10.3389/phrs.2023.1605821

Neni, Anambra. [Wiki]

Available:https://en.wikipedia.org/wiki/Neni
,/Anambra#Location

Assessed 30 march 2024.

Lang RM, Badano LP, Mor-Avi V, Afilalo J,
Armstrong A, Ermade L, et al
Recommendation for cardiac chamber
guantification by echocardiography in
adults: An update from the American
society of Echocardiography and the
European Association of Cardiovascular
imaging. J Am Soc Echocardiogr. 2015;
28:1-39.

Houghton AR. Making sense of
Echocardiography. 2nd ed. Boca
Raton: Taylor and Francis Group. 2014:1-
306.

Lang RM, Badano LP, Mor-Avi V, Afilalo J,
Armstrong A, Erade L et al
Recommendation for cardiac chamber
guantification by echocardiography in
adults: An update from the American
society of Echocardiography and the
European Association of Cardiovascular
imaging. J Am Soc Echocardiogr. 2015;
28:1-39.

Rao MS. Left Atrial Volume Index (LAVI) in
the evaluation of left ventricular diastolic
dysfunction. J Evol Med Dent Sci.
2015;4:2532-2539.

DOI: 10.14260/jemds/2015/365.

16.

17.

18.

19.

20.

21.

22.

134

Kossaify A, Nasr M. Diastolic dysfunction
and the new recommendations for
echocardiographic assessment of left
ventricular diastolic function summary of
guidelines and novelties in diagnosis and
grading. J Diagn Med Sonogr. 2019;35:
317-325.

DOI: 10.1177/8756479319836781
Nagueh SF, Appleton CP, Gillebert TC,

Marino PO, Oh JK, Smiseth OA
et al Recommendation for the
evaluation of left ventricular diastolic
function by echocardiography.
Eur J Echocardiograph. 2009;10:165-
193.

Nagueh SF, Smiseth OA, Appleton CP,
Byrd B, Dokanish H, Edvardsen T et al.
Recommendations for the evaluation of left
ventricular  diastolic  dysfunction by
echocardiography: An update from the
American society of echocardiography and

the European Association of
cardiovascular imaging. J Am
Soc Echocardiograph. 2016;29:277-

314.

Fischera M, Baesslera A, Henseb HW,
Hengstenberga C, Muscholla M, Holmera

S et al. Prevalence of left ventricular
diastolic dysfunction in the
community results from a doppler

echocardiographic-based survey of a
population sample. Eur Heart J. 2003;24:3
20-328.

Kuznetsova T, Herbots H, Lopez B, Jin Y,
Richart T, Thijs L et al. Prevalence of left
ventricular diastolic dysfunction in a
general population. Circ Heart Fail. 2009;2:
105-112.

DOI:
10.1161/CIRCHEARTFAILURE.108.82262
7

Zheng C, Chen Z, Zhang L, Wang X, Dong
Y, Wang J et al. Metabolic risk factors and
left ventricular diastolic function in middle-

aged Chinese living in the Tibetan
plateau. J Am Heart Assoc. 2019;8:
e010454.

DOI: 10.1161/JAHA.118. 010454

Rodriguez Castro CE, Lyapin A, Pattathan
M, Negrin J, Mukherjee D. Prevalence
and predictors of left ventricular
diastolic dysfunction in a Hispanic
patient population. Int J Angiol 2013;22:
229-234.


about:blank
about:blank

Udora et al.; J. Adv. Med. Med. Res., vol. 36, no. 5, pp. 128-135, 2024; Article no.JAMMR.115616

23. Stembridge M, Ainslie PN, Donnelly J, habitual  altitude and developmental
MacLeod NT, Joshi S, Hughes stage. Am J Physiol Heart
MG et al. Cardiac structure and Circ Physiol. 2016;310: H740-
function in adolescent Sherpa; effect of H746.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/115616

135



