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ABSTRACT

Objective To investigate the prevalence of
cardiometabolic risk factors (CMRFs), target organ damage
(TOD) and its associated factors among adults in Freetown,
Sierra Leone.

Design This community-based cross-sectional study used
a stratified multistage random sampling method to recruit
adult participants.

Setting The health screening study was conducted
between October 2019 and October 2021 in Western Area
Urban, Sierra Leone.

Participants A total of 2394 adult Sierra Leoneans aged
20 years or older were enrolled.

Outcome measure Anthropometric data, fasting lipid
profiles, fasting plasma glucose, TOD, clinical profiles

and demographic characteristics of participants were
described. The cardiometabolic risks were further related
to TOD.

Results The prevalence of known CMRFs was 35.3%

for hypertension, 8.3% for diabetes mellitus, 21.1% for
dyslipidaemia, 10.0% for obesity, 13.4% for smoking

and 37.9% for alcohol. Additionally, 16.1% had left
ventricular hypertrophy (LVH) by ECG, 14.2% had LVH by
two-dimensional echo and 11.4% had chronic kidney
disease (CKD). The odds of developing ECG-LVH were
higher with diabetes (OR=1.255, 95% Cl (0.822 to 1.916)
and dyslipidaemia (OR=1.449, 95%Cl (0.834 t0 2.518).
Associated factors for higher odds of Left Ventricular Mass
Index by echo were dyslipidaemia (OR=1.844, 95%Cl
(1.006 to 3.380)) and diabetes mellitus (OR=1.176,

95% Cl (0.759 to 1.823)). The odds of having CKD were
associated with diabetes mellitus (OR=1.212, 95%Cl
(0.741 to 1.983)) and hypertension (OR=1.163, 95% Cl
(0.887 to 1.525)). A low optimal cut-off point for ECG-

LVH (male 24.5 mm vs female 27.5 mm) was required to
maximise sensitivity and specificity by a receiver operating
characteristics curve since the odds for LVH by ECG were
low.

Conclusions This study provides novel data-driven
information on the burden of CMRF and its association
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= A major strength of this study is its community-
based design and the first study of its kind on a
larger population in Sierra Leone.

= The study was statistically powered to produce
results that are representative of adults in Sierra
Leone.

= The study is limited as it could not infer direct cau-
sality between risk factors and effect outcomes.

= Since some of the outcomes (fasting plasma glu-
cose, HbA1c and fasting lipid profile) are limited by
the reliance on single time point measurements, it
may result in measurement errors and the potential
of underestimating cardiometabolic risk factors.

= Chronic kidney disease (CKD) assessment by single
serum creatinine without assessing for proteinuria,
which also indicates the presence of CKD, will lead
to an underestimation of CKD.

with preclinical TOD in a resource-limited setting.

It illustrates the need for interventions in improving
cardiometabolic health screening and management in
Sierra Leonean.

INTRODUCTION
Cardiometabolic diseases (CMD) are a group
of complex disorders, including cardiovas-
cular diseases and diabetes mellitus. The
spectrum of CMD begins with insulin resis-
tance, a trait that is expressed early in life and
later will progress to clinically identifiable
high-risk states of pre-diabetes, then to type 2
diabetes mellitus and cardiovascular diseases
(CVD).!

CVD is of great interest because its insid-
ious progression is marked by a multistage
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pathogenesis that is often heralded by asymptomatic
changes in the heart, kidney and blood vessels." * The
associated risk factors of CMD are a cluster of obesity
(particularly central adiposity), dyslipidaemia, psychoso-
cial stress, unhealthy lifestyles like physical inactivity, lack
of consumption of fruits/vegetables, cigarette smoking
and harmful alcohol consumption.” > These risk factors
are associated with dysfunctional biomedical processes
within the body, with the potential of triggering cardio-
vascular diseases (CVD) and their related complications
of chronic non-communicable diseases (NCDs).*™

According to WHO, NCDs are the leading causes of
morbidity and mortality, with more than three-quarters
of NCD deaths occurring in low-income and-middle-
income countries.’ In 2017, the Global Burden of Disease
Study reported a dramatic increase in the total number
of deaths in NCD by 22.7% (21.5%-23.9%) from 2007
to 2017, while the disability-adjusted life-years related to
CVDs were 73.3%. During the same period (2007-2017),
there was an estimated increase of 7.61million deaths,
with the highest rate in western sub-Saharan Africa
(SSA).” This epidemiological transition from communi-
cable to NCDs in SSA could account for the exponen-
tial increase in cardiometabolic risk factors (CMRFs).?
The recent demographic change witnessed in urban
settings of many LMICs may be attributed to adopting
western lifestyle behaviours, including poor eating habits,
harmful alcohol consumption and cigarette smoking.”™"
These settings will also be a favourable platform for devel-
oping CMRFs and their attending target organ damage
(TOD). While there is recognition of the rising burden
of NCDs across Africa, scanty information exists in most
SSA countries because of the absence of well-developed
health programmes for the comprehensive evaluation
and management of high-risk individuals."* "> Our under-
standing of this spectrum of diseases is disproportionately
informed by studies conducted in developed countries.
Such findings may not be entirely applicable to individ-
uals in developing countries. Reasons for this could be
related to differences in genetic characteristics and CVD
risk factors across countries and regions.'*

Sierra Leone is one of the least developed countries in
the world, with a double burden of communicable and
NCDs. The 11 years of devastating civil war (1991-2002)
disrupted the health system, and its long-term effects were
still seen during the public health crisis caused by the
2013-2016 Ebola outbreak.'® '° Since the civil war, Sierra
Leone has experienced significant urbanisation in recent
years, and this demographic evolution has impacted the
socioeconomic growth recovery of the nation. This type of
chaotic urbanisation, also referred to as a ‘complex urban
health crisis’, is seen in other SSA countries because it
serves as a harbinger that is accelerating NCD burden
and is an existential threat to the health and development
of a nation."™"

In Sierra Leone, the evaluation of CVDs has been
conducted by several small studies but with very little
information on the assessment of the CMRF burden.***

Although a recent survey in a provincial district setting
(rural and urban) suggested a high prevalence of CMREF,
there are limited data estimating preclinical TOD in this
West African country.” In addition, there is no report of a
direct evaluation of CMRF in any settlement in the capital
city of Sierra Leone. This study aimed to comprehensively
evaluate the prevalence of cardiovascular risk factors and
TOD in a population-based study in Freetown, Sierra
Leone. The study also investigated how these known
CVDREFs are associated with preclinical cardiac and renal
TOD among adults aged 20 years or more.

METHODS

Patient and public involvement

Patients and the public were not involved in the plan-
ning, designing, conducting, reporting or information
dissemination.

Study setting and design

This population-based cross-sectional study was a health
screening survey conducted between October 2019
and October 2021 among adults living in Western Area
Urban, Freetown, Sierra Leone. It was a screening and
awareness programme for NCDs in Western Area Urban,
initiated and funded by Ecobank Sierra Leone Limited.
Freetown is the capital city of Sierra Leone, with an esti-
mated 1.5million inhabitants.”> Freetown is important
because of its densely heterogeneous population and the
main business centre of Sierra Leone. It sets the trend
for the rest of the country as its demographic distribution
is similar to other larger cities. All ethnic groups in the
country can be found in Freetown, with Krio and English
being the primary spoken languages.

Sample size calculation, participant recruitment and selection
The study was designed to provide results that truly
represent the adult population in Sierra Leone. A month
before the awareness and screening campaign for NCDs,
citizens within the Freetown municipality were informed
about these activities by repeated mass communication
through national radio and television stations. We used
a stratified random sampling strategy to recruit adult
Sierra Leonean participants aged >20. Western Area
Urban—TFreetown is divided into eight official electoral
constituencies (Central I, II, East I, II, III and West I, II,
IIT), and the first stage in the sampling strategy was to
select all eight constituencies. This was followed by subdi-
viding each constituent region into subzones using the
2015 census data,25 and subsequently, one of the subzonal
communities was selected by simple random sampling.
The selected communities were namely: Calabar Town—
East III, Low-Cost Housing Community—East II, Ginger
Hall Community—East I, Mountain Cut Community—
Central II, PWD/Pademba Road community—Central
I, Brookfield’s Community—West II and Aberdeen
Community—West III. Potential participants within each
selected subzonal community were line-listed at their

Russell JBW, et al. BMJ Open 2023;13:€067643. doi:10.1136/bmjopen-2022-067643

1ybuAdoo
Aq pa1odl0Id 'SUOdS Dd-CING:BU0aT BLIBIS Te €202 ‘9T A8\l Uo /w02 (g uadolwa//:dny woiy papeojumoq "€20Z AelNl 9T U0 £79/90-2202-uadolwd/9eTT 0T se paysiignd 1siy :uado NG


http://bmjopen.bmj.com/

community health centre, and simple random sampling
methods were used to select these enlisted individuals.
The following participants were excluded: Pregnant and
lactating mothers, those with mental illness/dementia
and persons unwilling to grant consent.

The sample size was calculated using the clinical esti-
mated prevalence of 22% for hypertension in Sierra
Leone.”” The minimum sample size was assessed using
the Leslie Kish formula®":

_ Zxp(1-p)
- &2

where n is the sample size (number of adult partici-
pants), p is the expected prevalence of hypertension in
an adult population (p=0.22) and d is the precision (if
5%, d=0.05). The Z value is 1.96 for a 95% CI.

n=263

To minimise bias and allow attrition of non-response
and non-availability of data, the sample size was oversam-
pled by 20%.

n=263+52.7 = 316.42

Using a design effect of eight subzonal communities to
adjust the sample size:

n=316.42 x 8.0 = 2531.36 ~ 2531

Procedure and data collection

All eligible potential participants in each selected
community were invited to participate in the ‘aware-
ness and screening campaign for NCD’ on a designated
date at the National Victoria Park. The WHO stepwise
approach guided the process of data collection for this
study. Medical students, doctors and nurses were trained
on the campaign’s conduct, including data collection.
(Flow chart during the campaign is shown in figure 1).

Demographic and health history

A standard questionnaire was used to obtain informa-
tion on demographics (age, sex and education), lifestyle
(fruit and vegetable consumption, smoking status and
physical activity) and medical history (family history of
hypertension and diabetes mellitus). Translators were
used for participants who could not understand English.
An OMRON M3 electronic sphygmomanometer with an
appropriate cuff size was used to record a participant’s
blood pressure in the sitting position, and measurements
were taken after at least 3-5min of rest. The mean of
the two recorded readings was taken as the participant’s
blood pressure. Body weight, height and waist circumfer-
ence (WC) were measured with light clothes and bare
feet.

Outcome measures and definition

i.  Hypertension was defined as an average systolic blood
pressure (SBP) of 140mm Hg or higher, or diastolic
blood pressure (DBP) of 90mm Hg or greater or a
participant-reported current use of antihypertensive
medication.”

ii. A participant who smoked more than 100 sticks of
cigarettes in their lifetime and still smoking at the in-
terview was referred to a smoker, while an ex-smoker
was someone who had stopped smoking at least 28
days before the interview.*

iii. Data on alcohol consumption were based on the
WHO step survey tool.*

iv. Physical activity was classified into ‘low’, ‘moderate’
and ‘vigorous’.

A. Low physical activity: sedentary lifestyles at work
and home.

B. Moderate physical activity: brisk walking, domes-
tic house chores and general house task such as
roofing and painting, moderate farm work like
weeding.

v.  Vigorous physical activity: running, briskly ascending
and descending hill tasks, intense farm working and
carrying masses >20kg.”!

vi. The body mass index (BMI) was calculated as a ra-
tio of the weight in kilograms and the square of the
height in metres. BMI-based body habitus (in kg/
m?) was classified as underweight (BMI<18.5), nor-
mal weight (BMI=18.5-24.9), overweight (BMI=25.0-
29.9) and obese (BMI>30).%

CMRFs definition

The CMRFs measured in this study include blood pres-

sure, fasting blood sugar, HbAlc (Glycated Haemo-

globin), WC, BMI and serum lipids.

vi. Overall obesity was defined as BMI>30kg/m”.

vii. Abdominal obesity was defined as WC >88cm for
women and 102 cm for men.*

viii. Diabetes mellitus was defined as a fasting blood
glucose (FBG) level of 7.0mmol/L or greater,
HbA1¢26.5%, or the use of insulin or an oral hypo-
glycaemic agent. Pre-diabetes was defined as FPG
between 6.1 mmol/L (110mg/ dL) and 6.9 mmol/L
(124.9mg/dL).*

At the health screening venue (Victoria Park),
consented and enrolled participants who had completed
their screening questionnaires were referred for cardiac
evaluation, ECG, echocardiographic and to an accredited
reference laboratory for blood sample collection.

Clinical biochemistry measurements

Participants’ blood samples were collected from the
median cubital vein between 8:00 and 10:00 hours, after
overnight fasting for 8-10hours. These samples were
processed within 4hours of collection per manufac-
turers’ instructional protocols, using Beckman Coulter:
AU480 Chemistry System. Glucose, total cholesterol
(TC), triglycerides, high-density lipoprotein (HDL-C)
and low-density lipoprotein (LDL-C) were analysed.
America Diabetes Association cut-points were used to
evaluate lipid panel markers and DM abnormalities.
Dyslipidaemia was defined as TG=1.70 mmol/L (150 mg/
dL), TC=6.22mmol/L (240mg/dL), LDL>3.3mmol/L
(130mg/dL), HDL<1.04mmol/L (40mg/dL), use of
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Recruitment

Estimated for eligibility (n = 2531)

Excluded during the initial screening:
e Pregnant women

Lactating mothers

Mental illness/dementia

Bodily handicapped

Persons unwilling to grant consent.

A\ 4

Enrolment

Invited to participation (n = 2531)

Excluded:
e Participant who declined (n = 61)

A 4

Lab: Blood sampling

Participation at Community participation (n = 2470)
Victoria Park
Zone 1: n=302
Zone 2: n =298
Zone 3:n =294
Zone 4: n =308
Zone 5:n =297
Zone 6: n =302
Zone 7:n =296
Zone 8: n =297
Cardiac: ECG & Echo Excluded:

o Participants without blood sample (n = 45)
o Participants without ECG/Echo (n=31)

Analysis

n=239%4

Figure 1

lipid-lowering medications, was considered an abnormal
high.”

Preclinical TOD definition

A cardiologist evaluated each participant for cardiac
TOD using transthoracic echocardiography (GE vivid e
ultrasound system equipped with MSR-RS 1.5 to 3.5 MHz
sector and linear probe). The recommended formula for
calculating left ventricular mass was used by measuring
the two-dimensional guided M-mode imaging. The LVM
index was calculated by dividing LVM by body surface
area (see online supplemental method 1). Cardiac TOD
for left ventricular hypertrophy (LVH) was defined as Left
Ventricular Mass Index (LVMI) >95g/ m? for women and
>115g/m” for men, according to the American Society of
Echocardiography (ASE) recommendation.”® Renal TOD

Steps involved during recruitment of participants and final analysis of data.

was evaluated by using the estimated glomerular filtration
rate (eGFR), an essential chronic kidney disease (CKD)
marker®’ (online supplemental method 2).

Statistical analysis

Data analysis was done by using IBM SPSS Statistical V.2.6
and STATA V.17 software. Baseline characteristics, CMRFs
and TOD characteristics were analysed by sex and zones.
Categorical variables were expressed as numbers and
percentages, and the Pearson y* test was used to assess
the difference. Continuous variables were expressed
as mean+SDand compared using a one-way analysis of
variance. Median and IQR were used when necessary.
Multivariable logistic regression was done to deter-
mine associations between demographic characteristics
and cardiovascular risk factors. A two-tailed p<0.05 was

4

Russell JBW, et al. BMJ Open 2023;13:€067643. doi:10.1136/bmjopen-2022-067643

1ybuAdoo
Ag persiold 'suods 9d-ING:8U08T BUBIS T8 £202 ‘9T Ae U0 /wod fwqg uadolwqy/:dny woly papeojumod "£Z0zZ AN 9T U0 £79/90-220z-uadolwa/9eTT 0T Se paysiiand 1s1y :usdo rINg


https://dx.doi.org/10.1136/bmjopen-2022-067643
https://dx.doi.org/10.1136/bmjopen-2022-067643
http://bmjopen.bmj.com/

considered statistically significant. Subsequently, receiver
operating characteristics (ROCs) were conducted to eval-
uate and compare the sensitivity of the different CMRFs.
A multivariate binary logistic regression with a forced
entry for all independent variables assessed the odds of
targeted organ damage (LVH, LVMI and CKD) and its
association with CMRFs. To determine the influence of
potential confounders on the association between CMRFs
and targeted organ damage, the following models were
generated: model 1 adjusted for age and sex; model
2 adjusted for age, sex, marital status, education level,
income and occupation.

RESULTS

Basic characteristics of the study

A total of 2531 participants were recruited into the study,
with a response rate of 94.6%. We excluded 54 partici-
pants who were absent on the ‘screening and awareness
campaign’ day, 53 who refused blood sampling by venous
puncture, and 30 whose ECG and echocardiographic
data were missing. Finally, 2394 participants (52.2%
female) with a mean age of 41.9+12.3 years (p=0.550)
were included in the analysis. Participants from the
eight subzonal communities were equally selected
without significant differences in population distribution
(p=0.950). The baseline sociodemographic and clinical
characteristics of all the participants are shown in tables 1
and 2. While unemployment (38.8%) and being single
(39.9%) were high among the study participants, we also
noted that most of the participants were earning <SLE500
(<US$30) a month. According to WHO criteria, 91.1% of
the study population consumed less than three servings
of vegetables and fruits per week. Compared with women,
more men were physically active (54.4% vs 45.6%) and
consumed alcohol (51.5% vs 48.1%).

CMRFs of study participants

The prevalence of hypertension was 35.3%, diabetes
mellitus was 8.3%, and combined overweight and obesity
(O/0) was 35.6%. In comparison with women, gender
differences were notsignificantin SBP (128.9+23.5 mm Hg
vs 128.4+23.3mm Hg, p=0.516) and DBP (86.0+11.2mm
Hg vs 85.0. £ 12.6mm Hg, p=0.188). Anthropometric
data also revealed significant gender differences in waist-
height ratio (WHtR) risk (p<0.001), WC (p<0.001) and
WHR (p<0.001).

Association between demographic characteristics and
cardiovascular risk factors

The association between baseline demographic charac-
teristics and cardiovascular risk factors were presented in
online supplemental table 1. Multivariate logistic regres-
sion analysis for hypertension showed that the age group
(30-39 years) (OR=0.163; 95%CI: (0.079 to 0.336),
p<0.001), high income >SLE 2,000 (OR=0.574; 95% CI:
(0.421 to 0.782), p<0.001), unemployed (OR=2.100;
95%CI (1.407 to 3.134), p<0.001) and self-employed

(OR=1.912; 95%CI: (1.282 to 2.849), p=0.001) were
independently associated with hypertension. The OR of
having hypertension was strongest with unemployment.
Diabetes mellitus shows a significant association with
the age group 30-39 years (OR=0.093; 95% CI: (0.023 to
0.378), p<0.001), income >SLE 2000 (OR=0.548; 95% CI:
(0.348 to 0.865), p<0.001), income SLE1100-SLE2000
(OR=0.376; 95%CI: (0.239 to 0.591), p<0.001) and
income SLE500-SLE1000 (OR=0.376; 95% CI: (0.239 to
0.591), p<0.001). Dyslipidaemia was associated with the
age group 40-49 years (OR=0.255; 95%CI: (0.121 to
0.537), p<0.001), and all occupational groups, including
self-employment (OR=5.210; 95% CIL: (3.123 to 8.691),
p<0.001), unemployment (OR=2.440; 95% CI: (1.469 to
4.052) p=0.001), retired (OR=2.085; 95% CI: (1.276 to
3.408), p=0.003), student (OR=4.389, 95% C.I. (1.778 to
10.834)). Overweight/obesity was significantly associated
with all educational levels: primary education (OR=5.781;
95% CI (4.181 to 7.994), p<0.001), secondary education
(OR=7.595, 95% CI (5.378 to 10.726), p<0.001), tertiary
education (OR=2.220, 95% CI (1.605 to 3.071), p>0.001)
and unemployment (OR=0.647, 95% CI (0.452 to 0.925),
p<0.001). For alcohol, the regression analysis shows an
independent association in all age groups, and all educa-
tional levels, while smoking as a risk factor was only asso-
ciated with participants earning SLE1100-SLE2000. WC
was associated with the age group 40-49 years and the
various cadres of occupation.

Preclinical TOD of the study participants

In this study, 16.1% had ECG-LVH, while 14.2% had an
abnormal LVMI by two-dimensional echo measurement.
The participants’ impaired kidney function (eGFR) was
11.4%, with eGFR stage II being the highest at 7.1%.
Men had a significantly higher risk of eGFR staging than
women (p<0.018)

Association of CMRFs with preclinical tissue organ damage
Tables 3-5 show the multivariate binary logistic regres-
sion analysis results between CMFRs and the indices of
TOD. The OR of CMREF in relation to TOD is also shown
in online supplemental figure 1.

In table 3, diabetes mellitus (OR=1.176, 95% CI (0.759 to
1.823)) and dyslipidaemia (OR=1.844, 95%C.I. (1.006 to
3.380)) were strongly associated with LVH. After adjusting
sex and age for potential confounders in table 4, model 1
showed that DM was the only CMRF associated with LVH,
while in model 2, alcohol and diabetes were associated with
LVH. Table 5 shows that the multivariate binary logistic
regression analysis for LVMI shows a strong association with
diabetes mellitus (OR=1.176, 95% C.I (0.759 to 1.823)) and
dyslipidaemia (OR=1.844, 95%C.I (1.006 to 3.380)). On
adjusting age and sex to determine the influence of poten-
tial confounders, model 1 analysis established an association
of diabetes mellitus, dyslipidaemia and WC with LVMI, while
model 2 showed an additional cofounder of alcohol being
associated with LVMI. For CKD (table 5), the multivariate
analysis shows that the odds of having CKD was strongly
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Table 1 Sociodemographic and clinical characteristics of participants -%
Characteristics Total n (%) Female n (%) Male N (%) 2
No 2304 1250 1144 P value () @
Age, by group %
20-29 years 447 (18.7) 255 (57.0) 192 (43.0) <0.001 (28.9) %
30-39 years 703 (29.4) 383 (54.5) 320 (45.5) S
40-49 years 684 (28.6) 359 (52.5) 325 (47.5) é
50-59 years 356(14,9) 141 (39.6) 215 (60.4) :\
>60 years 204 (8.5) 112 (54.9) 92 (45.1) 5
Income (currency=Leone) g
0-500 920(38,4) 504 (54.8) 416 (45.2) 0.052 (7.715) }%
500-1000 666 (27.8) 319 (47.9) 347 (52.1) ,:3,
1100-2000 490 (20.5) 256 (52.2) 234 (46.2) §
>2000 318 (13.3) 171 (53.8) 147 (46.2) §
Education level i?
None 618 (25.8) 318 (51.5) 300 (48.5) 0.095 (6.361) (é)
Primary 479 (20.0) 273 (57.0) 206 (43.0) o
Secondary 835 (34.9) 432 (51.7) 403 (48.3) §
Tertiary 462 (19.3) 227 (49.1) 235 (50.9) E
Marital status N
single 955 (39.9) 504 (52.8) 451 (47.2) 0.699 (1.428) g
Married 737 (30.8) 372 (50.5) 365 (49.5) §
Seperated/divorce 586 (24.5) 310 (52.9) 276 (47.1) o §_
Widow 115 (4.8) 63 (54.8) 52 (45.2) é (_QD;
Occupation ‘% g
Employed 500 (20.9) 302 (60.4) 198 (39.6) <0.001 (27.6) =
Self employed 531 (22.2) 241 (45.4) 290 (54.6) ‘-;
Unemployed 930 (38.8) 466 (50.1) 464 (49.9) S
Retired 167 (7.0) 96 (57.5) 71 (42.5) ?9,,
Student 264 (11.0) 145 (54.9) 119 (45.1) =
Blood pressure (mm Hg) %
Normal 1061 (44.3) 510 (48.1) 551 (51.9) 0.002 (15.15) %\)
Prehypertension 489 (20.4) 278 (56.9) 211 (43.1) S
Hypertension stage 1 644 (26.9) 360 (55.9) 284 (44.1) §
Hypertension stage 2 200 (8.4) 102 (51.0) 98 (49.0) =
Diabetes (mmol/l) N
Normal (<6 mmol/L) 2084 (87.1) 1080 (51.8) 1004 (48.2) 0.234 (2.9) N
Pre-diabetes (6.0-6.9 mmol/L) 103 (4.3) 51 (49.5) 52 (50.5) %
Diabetes (>7.0mmol/L) 199 (8.3) 115 (57.8) 84 (42.2) o
Fruits/vegetable o
<3 serving 2182 (91.1) 1143 (52.4) 1039 (47.6) 0.592 (0.28) §
>3 serving 212 (8.9) 107 (50.5) 105 (49.5) %
Alcohol E
Never 1486 (62.1) 783 (52.7) 703 (47.3) 0.234 (2.9) 8
Current previous 652 (27.2) 316 (48.5) 336 (51.5) ‘(é)
Previous 256 (10.7) 151 (59.0) 105 (41.0) ?
Smoking g
Continued g
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Table 1 Continued -%
Characteristics Total n (%) Female n (%) Male N (%) z
No 2394 1250 1144 P value () g
Never 2073 (86.6) 1088 (52.5) 985 (47.5) 0.797 (0.45) §
Current 198 (8.3) 100 (50.5) 98 (49.5) %
Ex smoker 123 (5.1) 62 (50.4) 61 (49.6) S
Daily physical activity é
Low 895 (37.4) 481 (53.7) 414 (46.3) =
Moderate 939 (39.2) 515 (54.8) 424 (45.2) §
Vigorous 511 (21.3) 233 (45.6) 278 (54.4) %
Lipids s
Total cholesterol (TC) (6.2 mmol/L) :'é
Normal 2163 (90.4) 1171 (54.1) 992 (45.9) <0.001 (32.25) B
High 231 (9.6) 79 (34.2) 152 (65.8) §
LDL-C (>3.3mmol/L) %
Normal 2077 (86.8) 1083 (52.1) 994 (47.9) 0.858 (0.03) S
High 317 (13.2) 167 (52.7) 150 (47.3) &
HDL-C (<1.04mmol/L) §
Normal 2129 (88.9) 1142 (53.6) 987 (46.4) <0.001 (15.68) N
High 317 (13.2) 108 (40.8) 157 (59.2) B
Triglyceride (1.7 mmol/L) g
Normal 1862 (77.8) 1011 (54.3) 851 (45.7) <0.001 (14.58) §
High 530 (22.1) 238 (44.9) 292 (55.1) s :.j_
Measures of adiposity g 2
BMI (kg/m?) 5S
Underweight 38 (1.6) 21 (565.3) 17 (44.7) 0.066 (7.2) _g
Normal 1502 (62.7) 794 (52.9) 708 (47.1) g
Overweight 612 (25.6) 329 (53.8) 283 (46.2) %
Obese 240 (10.0) 106 (44.2) 134 (55.8) r‘g
Waist circumference (=94 cm men, >80cm women) 5‘
Normal 1882 (78.6) 870 (46.2) 1012 (53.8) 0.003 (8.569) 3
Abnormall 512 (21.4) 274 (53.5) 238 (46.5) 3
WHIR risk S
Normal (<0.5) 1050 (43.9) 36 (3.4) 1014 (96.6) <0.001 (1786.73) §
Increased risk (0.51-0.59) 1276 (53.3) 1146 (89.8) 130 (10.2) ja;
High risk (>0.6) 68 (2.8) 68(100) 0 (0.0) §
WHR (>0.90 men, >0.85women) $
Low (<0.5) 763 (31.9) 753 (98.7) 10 (1.3) 0.210 (3.12) :U,’
Moderate (0.51-0.59) 273 (11.4) 271 (99.3) 2 (0.7) %
High (>0.6) 207 (8.6) 207(100) 0 (0.0) o
Target organ damage %
ECG-LVH (mm/mV) g
No 2009 (83.9) 951 (47.3) 1058 (52.7) 0.315 (1.010) %
Yes 385 (16.1) 193 (50.1) 192 (49.9) 8
LVMI (g/m?) §
No 2055 (85.8) 969 (47.2) 1086 (52.8) 0.127 (2.329) o
Yes 339 (14.2) 175 (51.6) 164 (48.4) g
Continued S

g
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Table 1 Continued
Characteristics Total n (%) Female n (%) Male N (%)
No 2394 1250 1144 P value ()
eGFR stages (mL/min/1.73 m?)
Stage | 2123 (88.7) 1124 (52.9) 999 (47.1) 0.018 (10.086)
Stage Il 169 (7.1) 77 (45.6) 92 (54.4)
Stage I 96 (4.0) 49 (51.0) 47 (49.0)
Stage IV 6 (0.3) 0 (0.0) 6 (100)
eGFR (mL/min/1.73 m?)
Normal 2120 (88.6) 1022 (48.2) 1098 (51.8) 0.251 (1.318)
Abnormal 274 (11.4) 122 (44.5) 152 (55.5)

BMI, body mass index; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LVH, left
ventricular hypertrophy; LVMI, Left Ventricular Mass Index; WHtR, Waist-Height-Ratio.

associated with diabetes mellitus (OR=1.212, 95% CI (0.741
to 1.983)), hypertension (OR=1.163, 95%CI (0.887 to
1.525)), alcohol (OR=1.003, 95% CI (0.772 to 1.303)), low
HDL-C (OR=1.261, 95% CI (0.881 to 1.804)), high LDH-C
(OR=1.355 95%CI (0.754 to 2.433)) and TC (OR=1.170,
95% CI (0.663 to 2.066) ). Regression (model 1 and model 2)
adjustment analysis demonstrated diabetes mellitus and high
low HDL-C as the strongest determinant for LVH.

The relationship between clinical sensitivity and specificity
for ECGLVH as a TOD by gender was evaluated using the

ROC curve. A low optimal cut-off point for ECG-LVH (male
24.5 vs female 27.5mm) was required to maximise sensitivity
and specificity (figure 2). Additional information on the
sensitivity and specificity of parameters related to TOD is
shown in online supplemental table 2.

DISCUSSION
Health screenings are essential for identifying the burden
of cardiovascular risk factors and their complications

Table 2 Mean (+SD) of specific demographic, clinical and biochemical characteristics of participants stratified by sex
Characteristics Total, mean (+SD) Female, mean (+SD) Male, mean (+SD) P value
Age (year) 41.9 (12.3) 42 (12) 42 (13) 0.550
BMI (kg/m?) 24.8 (4.7) 24.62 (4.4) 25.04 (4.99) 0.029
WC (cm) 87.1 (8.3) 93.63 (4.47) 80.0 (5.01) <0.001
WHtR 0.5 (0.05) 0.54 (0.03) 46 (0.03) <0.001
WHR 0.88 (0.05) 0.94 (0.06) 0.81 (0.06) <0.001
SBP (mm Hg) 127.8 (23.3) 128.9 (23.5) 128.4 (23.3) 0.516
DBP (mm Hg) 85.7 (11.3) 86 (11) 85 (12) 0.188
Triglyceride 1.65 (0.34) 1.63 (0.32) 1.66 (0.35) 0.013
Total cholesterol (mmol/l) 4.97 (0.72) 4.89 (0.66) 5.05 (0.77) <0.001
HDL-C (mmol/I) 1.29 (0.27) 1.31 (0.24) 1.28 (0.29) 0.016
LDL-C (mmol/l) 2.99 (0.66) 3.00 (0.65) 2.98 (0.66) 0.315
TC/HDL 4.25 (2.29) 4.06 (1.98) 4.46 (2.58) <0.001
LDL/HDL 2.51 (1.25) 2.47 (1.19) 2.56 (1.30) 0.085
Non-HDL-C 3.67 (0.84) 3.59 (0.75) 3.77 (0.92) <0.001
Non-HDL/HDL 3.25 (2.29) 3.06 (1.98) 3.46 (2.58) <0.001
FBS (mmol/l) 5.10 (1.64) 5.16 (1.67) 5.04 (1.61) 0.080
HbA1c (%) 5.21 (1.03) 5.21 (1.09) 5.20 (0.96) 0.964
Creatinine level (ummol/l) 79.63 (21.19) 86 (22) 73(17) <0.001
eGFR (mL/min/1.73m? 98.37 (15.63) 100 (15) 97(16) <0.001

BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FBS, Fasting Blood Sugar; HbA1c, Glycated

Hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressur; TC, total cholesterol; WC, waist
circumference; WHtR, waist-height ratio.
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Figure 2 Area under the curve for specific TOD (LVH, LVMI, eGFR). CKD, chronic kidney disease; eGFR, estimated glomerular
filtration rate; LVH, left ventricular hypertrophy; LVMI, Left Ventricular Mass Index; ROC, receiver operating characteristics; TOD,

target organ damage.

(kidney disease, stroke and coronary artery disease), as
these may adversely influence the quality of life of an
individual.® This notwithstanding, population-based
screening remains limited in LMICs. Our study provides
the largest data on CMRFs in health screening for NCD
in Sierra Leone.

It is the first study to characterise the distribution of
CMRFs and preclinical TOD among adults in Sierra
Leone. Our findings indicate that CMRFs are common
among adult Sierra Leoneans with hypertension, diabetes
and dyslipidaemia having the strongest association with
specific preclinical TOD. The study suggests a high
prevalence of CMRFs for CVD, as many Sierra Leonean
adults have at least one significant risk factor: hyperten-
sion (35.6%), diabetes mellitus (8.3%), overweight/
obesity (37.3%), abdominal obesity (21.4%), dyslipi-
daemia (21.4%) and alcohol consumption (37.7%). The
reported prevalence in our study is consistent with find-
ings from other studies in SSA. ¥ In Sierra Leone, the
observed patterns of CMRFs indicate that a demographic
health transition might be occurring faster than previ-
ously reported.”” ** * Therefore, our study has contrib-
uted critical evidence on the burden and distribution of
CMRFs among adults living in an urban setting in SSA.

This study’s prevalence of hypertension (35.5%) is
similar to other community-based studies in SSA.**™** This
prevalence of hypertension was identical to the previous
WHO STEPS survey in 2009 that reported 37% in males
and 33% in females.”” The study design and age popu-
lation of 25-65 years used in the STEPs survey make it
difficult to compare with our study. In Sierra Leone, a
much higher prevalence of hypertension (49.6%) was

recently reported in a provincial district by Odland et
al. In comparison, a lower rate of hypertension (22%)
was reported by Geraedts ef al when compared with this
study.”**® The disparity may be attributed to the age differ-
ences of the studied cohorts (20 years and above in our
study, unlike 40 years and above in the reported survey
by Odland et al*). The difference may also be ascribed
to the study design, sociodemographic characters and
lifestyle patterns of the study participants. Our estimated
prevalence (8.3%) of type 2 diabetes mellitus is higher
than the prevalence reported from other studies in Sierra
Leone—3.5% in 2009, 5.5% in 2021, 6.2% in 2017, 2.4%
in the urban population and 0% in the rural population
in 1997.%*** The high urban prevalence of diabetes in
our study was partly due to the combined use of FBG and
HbAlc, unlike other studies conducted in Sierra Leone
and the greater variance in fasting glucose among urban
participants. Additionally, the high prevalence of DM in
this study compared with previous studies could be partly
attributable to previous studies being 10-15 years earlier.
Even though the prevalence of diabetes is higher in this
study, the small population size and methodology used in
previous studies would make comparisons difficult.
Overweight (26.5%) and obesity (10.0%) were surpris-
ingly more common in our study, as Sierra Leone is one of
the poorest countries in the world. The estimated 36.5%
of overweight/obese reported in this study is higher than
the 25% reported by Odland et al, the first study to eval-
uate CVDRFs in a larger sample size in Sierra Leone.*
Our study’s estimated finding of O/O is consistent with
other studies from Ghana, Nigeria and Ethiopia.*™™ Our
study’s high proportion of individuals with increased BMI
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may suggest an upward trend in this risk factor, thereby
supporting the hypothesis of rapid urbanisation and a
westernised lifestyle. Previous studies have indicated that
WG, as an indicator of abdominal obesity, correlates posi-
tively with a risk for cardiovascular diseases.*” Abdominal
obesity was more common in our study, with men more
likely than females to be affected, probably because of the
tendency of central obesity. Similarly, a study conducted in
Ethiopia showed WC to be associated with hypertension.”

Even though BMI is an independent cardiometa-
bolic risk for cardiovascular diseases, there is evidence
strongly suggesting WHtR>0.5 as the highest predictor of
all CMRFs for both sexes, even more than BMI and WC
combined.”" ® When WHtR was analysed, more than half
of the study participants were categorised into ‘increased
risk (53.3)” and ‘high risk (2.8)’. WHtR as a predictor of
cardiovascular events was generally higher in our study
than BMI and WC. This result confirmed earlier findings
in existing literature.” The results of WHtR>0.5 allow us
to conclude that more adults Sierra Leoneans are at ‘early
health risk’ for cardiovascular disease.

The previous perception that dyslipidaemia was rare
among black Africans is now being discredited by several
studies showing a high prevalence of dyslipidaemia
among black Africans.”® * In this study, elevated TG
(22.1%) was the most prominent form of dyslipidaemia,
followed by an elevated LDL-C and HDL-C, with women
having the highest prevalence of all measures of dyslip-
idaemia in comparison to men. This observed pattern
of dyslipidaemia prevalence in our study is similar to a
survey conducted in Ghana® but inconsistent with results
documented by Asiki et aP* and Gebreegziabiher et al,”®
where the most prevalent dyslipidaemia markers were
HDL-C, TC and LDL-C. Despite the observed disparities
in the different measures of dyslipidaemia, studies have
reported a high prevalence of all forms of dyslipidaemia
among women.””~* This study further demonstrated that
women were more likely to have high levels of low HDL-C
although the widely accepted belief that HDL is male
specific.”* *® These findings illustrate the importance of
health screening for dyslipidaemia as many of the study
participants are dyslipidaemic.

WHO has identified several major risk factors for a
cardiovascular disorder, including smoking, alcohol
consumption, unhealthy diets and physical inactivity.” *!
About one-third of the participants had consumed alcohol
in this study, and the rate/frequency of consumption
was high. Our report is higher than the WHO-reported
general prevalence of alcohol consumption in most SSA
countries.” The increased consumption of alcohol in our
study could partly be attributed to our youthful partici-
pants that comprised about half of the cohort with the
ability to afford its cost. It was observed in this study that
one-third of participants do not engage in any form of
exercise, with women being less educated, unemployed
and physically inactive than their men counterparts.
These results are consistent with reports from a Ghanaian
study.” Cigarette smoking was generally uncommon

in our study, but the impact of ‘Shesha pipe smoking’
among young age must be evaluated.

Our analysis to identify the association between CMRFs
and some demographic variables revealed that hyper-
tension was associated with the youthful age group,
non-employment status and increased income. Never-
theless, diabetes mellitus was associated with the young
and increased income. Dyslipidaemia was associated with
middle age and non-employment. Education level, all age
groups and being a student were associated with alcohol
consumption. Earning more income was associated with
smoking, while young age and all employment status were
associated with WC. Our study’s findings are consistent
with several SSA studies* '*®' ® and confirm our earlier
statement that CMRFs are the principal causes of cardio-
vascular diseases in Sierra Leone.

We investigate the role of CMRFs in developing preclin-
ical TOD. Studies on LVH are scarce in Africa because
of the non-availability of electrocardiograms and echocar-
diograms in many settings. However, few studies on the
black population living in Africa show an overall preva-
lence of LVH of 4.1% in Ghana, 62% in Cameroon, 41%
in the Gambia and 41% in Angola.”” **® In our study,
the prevalence of LVH by ECG and LVMI was 16.1% and
12.4%, respectively. Our findings were higher than the
Ghanaian study® but comparatively lower than other
African reports. The odds of having LVH either by ECG
or LVMI were further evaluated in this study, and our
findings demonstrated a strong association with diabetes
and dyslipidaemia. Other studies have found hyperten-
sion to have a strong association with LVH, even though it
is inconsistent with our findings. The weak association of
hypertension with LVH in this study could be attributed
to our youthful study population (about half of the popu-
lation is less than age 40 years), as most of the hyper-
tensives were young. Studies have reported that LVH in
hypertensives is increased several fold with ageing and
in hypertensives with risk factor-adjusted cardiovascular
morbidity, which was unlike our study.*® *”

Using the regression model adjustment analysis,
diabetes mellitus was identified as the strongest determi-
nant for LVH in our study. Other studies have reported
LVH to be common among patients with diabetes, with
LVH being a strong predictor of cardiovascular disease
in diabetics.”®® Since hypertension is a low predictor of
LVH in this study, an ROC curve was performed to show
the relationship between clinical sensitivity and specificity
for ECG-LVH cut-off. This demonstrated that a low cut-off
points for ECG-LVH (male 24.5mm vs female 27.5mm)
were required to maximise sensitivity and specificity. This
analysis suggests that LVH may occur at a much lower
cut-off for Sierra Leoneans and that the standard cut-off
points for LVH may fail as a screening tool for TOD in
this setting. These findings need further research and
in-depth evaluation in future studies. The prevalence of
CKD in our population was 11.6%, and the odds of having
CKD were strongly associated with diabetes mellitus,
hypertension, alcohol, low HDL-C, high LDH-C and TC.
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Regression (model 1 and model 2) adjustment analysis
demonstrated diabetes mellitus and high low HDL-C
as the strongest determinant for LVH. These findings
confirmed the recent results by Coker et al who reported
diabetes mellitus as the second most common cause
of CKD for admission into a tertiary hospital in Sierra
Leone, while Kachimanga et al reported a high preva-
lence of 29.9% CKD in Rural Sierra Leone.” ™! Hence,
the strong association of diabetes mellitus as a risk factor
for CKD observed in this study is a wake-up call for action
on kidney disease screening and prevention programmes
in Sierra Leone.

Our findings should be interpreted within the context
of the following limitation. Since the study is cross-
sectional in design, it could not conclude direct causality
inference of risk factors and effect outcomes. Addi-
tionally, as a health screening study, some of the clin-
ical outcomes were not repeated, and this may result
in measurement errors, with the potential of underesti-
mating CMRFs. CKD assessment by single serum creati-
nine without assessing for proteinuria, which indicates
the presence of CKD, will also lead to an underestimation
of CKD. However, the findings in our study are consistent
with other large prospective studies in LMICs.

Conclusion

The study provides novel data-driven information on the
burden of cardiometabolic risk and its association with
TOD, as it is the first health screening survey on a larger
population in Sierra Leone. This study’s relatively high
prevalence of CMRFs indicates that CVD is increasing in
Sierra Leone, a country whose health services are already
overburdened by tuberculosis, malaria and HIV/AIDS.
Despite the various assumptions underlying these projec-
tions, the importance of this work cannot be overesti-
mated. The result of this study could serve as the basis
for advocacy with an urgent call for action in establishing
programmes that would improve the control and manage-
ment of CMRFs and CVD, along with other NCDs.

Author affiliations

"Department of Internal Medicine, College of Medicine And Allied Health Sciences,
University of Sierra Leone, Freetown, Sierra Leone

%Directorate of Non-Communicable Diseases and Mental Health, Sierra Leone
Ministry of Health and Sanitation, Freetown, Sierra Leone

3Department of Mathematics and Statistics, Fourah Bay College, University of Sierra
Leone, Freetown, Sierra Leone

“School of Medical Sciences, Department of Internal Medicine, University of Cape
Coast, Cape Coast, Ghana

SDepartment of Pharmacology and Therapeutics, Faculty of Basic Medical Sciences,
College of Medicine and Allied Health Sciences, University of Sierra Leone,
Freetown, Sierra Leone

®Department of Community Health, Faculty of Clinical Sciences, College of Medicine
& Allied Health Sciences, University of Sierra Leone, Freetown, Sierra Leone
"Department of Internal Medicine, Choithrams Memorial Hospital, Freetown, Sierra
Leone

Twitter James Baligeh Walter Russell @James B.W. Russell@AProfJamesBWRu

Acknowledgements The authors acknowledge the financial support provided
by Ecobank Sierra Leone Limited. We thank Dr Jattu Rahman-Sesay, Dr. Tejan
Mansaray and Dr. Jajuah for coordinating the screening campaign at Victoria Park.

We express gratitude to the 4th year medical students (2019) and nurses who
served as data collectors including the field manager who worked tirelessly in
ensuring that this study was successful. These medical students have graduated
as Medical Doctors and they include: Dr Mohamed Samura, Dr Abdul Karim Bah,

Dr Evelyn Hawa Kamara, Dr Chernor Abubakarr Barrie, Paul Thoronka, Dr Osman
Kanneh, Dr Alieu Kanu, Dr Vidal Dupigny, Dr Scholastica Nduisi, Dr Omar Bah. A big
thank to nurses from the Ministry of Health and Sanitation: Zainab Kargbo, Fatmata
Koroma, Abigail Pratt, Claudia Campbell, Angel Jones, Lovetta Davies, Fatmata
Bangura, Albert Rogers, Patrick Coker, Abibatu Jones, Silvia Kanyako and Gillian
Jones. We are also grateful for the technical laboratory assistance the Ecomed
Advance Medical Laboratory provided. Additionally, we thank the staff of Prime Care
Medical Clinic: Fatmata Nicol, Belinda Mattia, Mariatu Turay, and George Russell,
who supported in the cardiac screening of the participants. We wish to thank all the
participants enrolled in this study.

Contributors JBWR and SS contributed equally to this work. JBWR, SS, TRK and
SC were responsible for the design of the study. VC and MS were responsible for
coordinating data project acquisition and community recruitment of participants.
SKS, TRK and JK performed the statistical analyses. The first draft was written

by JBWR, SS, AB and OTA. 0ZM, JC, AJ and SL reviewed and edited the final
manuscript. DRL reviewed all stages of the drafted manuscript for important
intellectual content. All authors contributed to data interpretation, critically reviewed
the first draft, approved the final version and agreed to be accountable for the work.
JBWR is the guarantor of this study.

Funding Ecobank Sierra Leone funded this study, but the award/grant number is
unavailable.

Disclaimer The funders had no role in the study design, data collection, data
analysis, data interpretation, or writing of the report. The corresponding author had
full access to all the data in the study and had final responsibility for the decision to
submit for publication.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by
Government of Sierra Leone Office of the Sierra Leone Ethics and Scientific Review
Committee. Ministry of Health and Sanitation Sierra Leone. An ID for our ethics
approval was not given and this is the standard practice of the ethics committee.
Participants gave informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. The
anonymised dataset supporting this study’s findings is available on reasonable
request from the corresponding author as cited in the publication.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

James Baligeh Walter Russell http://orcid.org/0000-0003-4732-6588
Theresa Ruba Koroma http://orcid.org/0000-0002-6826-7102
Santigie Sesay http://orcid.org/0000-0003-0899-3935

Sulaiman Lakoh http://orcid.org/0000-0002-7639-0004

Ansumana Bockarie http://orcid.org/0000-0003-1173-1493

Joseph Sam Kanu http://orcid.org/0000-0003-0799-6907

Abdul Jalloh http://orcid.org/0000-0001-6596-1097

Victor Conteh http://orcid.org/0000-0003-0560-8894

14

Russell JBW, et al. BMJ Open 2023;13:€067643. doi:10.1136/bmjopen-2022-067643

1ybuAdoo
Aq pa1odl0Id 'SUOdS Dd-CING:BU0aT BLIBIS Te €202 ‘9T A8\l Uo /w02 (g uadolwa//:dny woiy papeojumoq "€20Z AelNl 9T U0 £79/90-2202-uadolwd/9eTT 0T se paysiignd 1siy :uado NG


https://twitter.com/James B.W. Russell@AProfJamesBWRu
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-4732-6588
http://orcid.org/0000-0002-6826-7102
http://orcid.org/0000-0003-0899-3935
http://orcid.org/0000-0002-7639-0004
http://orcid.org/0000-0003-1173-1493
http://orcid.org/0000-0003-0799-6907
http://orcid.org/0000-0001-6596-1097
http://orcid.org/0000-0003-0560-8894
http://bmjopen.bmj.com/

Sorie Conteh http://orcid.org/0000-0002-2827-9707
Mohamed Smith http://orcid.org/0000-0003-3004-2298
Durodami R Lisk http://orcid.org/0000-0002-7085-3055

REFERENCES

1

20

21

22

23

24

25

Guo F, Moellering DR, Garvey WT. The progression of
cardiometabolic disease: validation of a new cardiometabolic
disease staging system applicable to obesity. Obesity (Silver Spring)
2014;22:110-8.

Roth GA, Mensah GA, Johnson CO, et al. Global burden of
cardiovascular diseases and risk factors, 1990-2019: update from
the GBD 2019 study. J Am Coll Cardiol 2020;76:2982-3021.

World Health organization. In: Noncommunicable Diseases Progress
Monitor. 2017.

Cannon CP. Cardiovascular disease and modifiable cardiometabolic
risk factors. Clin Cornerstone 2007;8:11-28.

Alberti KGMM, Zimmet P, Shaw J, et al. The metabolic syndrome -- a
new worldwide definition. Lancet 2005;366:1059-62.

Grundy SM. Pre-Diabetes, metabolic syndrome, and cardiovascular
risk. J Am Coll Cardiol 2012;59:635-43.

Roth GA, Abate D, Abate KH, et al. Global, regional, and national
age-sex-specific mortality for 282 causes of death in 195 countries
and territories, 1980-2017: a systematic analysis for the global
burden of disease study 2017. The Lancet 2018;392:1736-88.
Miranda JJ, Barrientos-Gutiérrez T, Corvalan C, et al. Understanding
the rise of cardiometabolic diseases in low- and middle-income
countries. Nat Med 2019;25:1667-79.

Allender S, Wickramasinghe K, Goldacre M, et al. Quantifying
urbanization as a risk factor for noncommunicable disease. J Urban
Health 2011;88:906-18.

Kadiri S, Walker O, Salako BL, et al. Blood pressure, hypertension
and correlates in urbanised workers in Ibadan, Nigeria: a revisit. J
Hum Hypertens 1999;13:23-7.

Allender S, Lacey B, Webster P, et al. Level of urbanization and
noncommunicable disease risk factors in Tamil Nadu, India. Bull
World Health Organ 2010;88:297-304.

Moran A, Forouzanfar M, Sampson U, et al. The epidemiology of
cardiovascular diseases in sub-Saharan Africa: the global burden of
diseases, injuries and risk factors 2010 study. Prog Cardiovasc Dis
2013;56:234-9.

Holmes MD, Dalal S, Volmink J, et al. Non-Communicable diseases
in sub-Saharan Africa: the case for cohort studies. PLoS Med
2010;7:1000244.

Mendis S, Abegunde D, Oladapo O, et al. Barriers to management of
cardiovascular risk in a low-resource setting using hypertension as
an entry point. J Hypertens 2004;22:59-64.

World Health Organisation. Ebola situations report. Geneva, 2016.
Available: https://www.who.int/csr/disease/ebola/situationreports/
archive/en/

Koroma IB, Javadi D, Hann K, et al. Non-Communicable diseases in
the Western area district, Sierra Leone, following the Ebola outbreak.
F1000Res 2019;8:795.

Juma K JP, Shumba C. Non-Communicable diseases and
urbanization in African cities: a narrative review. In: Public Health

in Developing Countries - Challenges and Opportunities. London:
Intech Open, 2019.

Tabutin D, Schoumaker B. The demography of sub-Saharan Africa
from the 1950s to the 2000s. A survey of changes and a statistical
assessment. Population (English Edition, 2002-) 2004;59(3/4):457.
Benziger CP, Roth GA, Moran AE. The global burden of disease
study and the preventable burden of ncd. Gh 2016;11:393.

Lisk DR, Williams DE, Slattery J. Blood pressure and hypertension in
rural and urban Sierra leoneans. Ethn Dis 1999;9:254-63.

Meehan KA, Bankoski AJ, Tejan E, et al. Hypertension in bo, Sierra
Leone. Ethn Dis 2011;21:237-42.

World Health Organisation. Who steps Sierra Leone. 2009. Available:
https://www.who.int/ncds/surveillance/steps/2009_Sierra_Leone
FactSheet_EN.Pdf

Sundufu AJ, Bockarie CN, Jacobsen KH. The prevalence of type 2
diabetes in urban bo, Sierra Leone, and in the 16 countries of the
West Africa region. Diabetes Metab Res Rev 2017;33.

Odland ML, Bockarie T, Wurie H, et al. Prevalence and access to
care for cardiovascular risk factors in older people in Sierra Leone: a
cross-sectional survey. BMJ Open 2020;10:e038520.

Statistics Sierra. 2015 population and housing census. 2015
Available: https://www.statistics.sl/images/StatisticsSL/Documents/
final-results_-2015_ population_and_housing_census.pdf

26

27

28

29

30

31

32

36

38

39

40

41

42

43

44

45

46

47

48

Geraedts TUM, Boateng D, Lindenbergh KC, et al. Evaluating the
cascade of care for hypertension in Sierra Leone. Trop Med Int
Health 2021;26:1470-80.

Kish L. Survey sampling. IX + 643 S., 31 Abb., 56 Tab., Preis 83 S.
New York, London: John Wiley & Sons, Inc, 1965.

Hernandez-Vila E. A review of the JNC 8 blood pressure guideline.
Tex Heart Inst J 2015;42:226-8.

St Claire S, Fayokun R, Commar A, et al. The world Health
organization’s world no tobacco day 2020 campaign exposes
tobacco and related industry tactics to manipulate children and
young people and hook a new generation of users. J Adolesc Health
2020;67:334-7.

Riley L, Guthold R, Cowan M, et al. The world Health organization
stepwise approach to noncommunicable disease risk-factor
surveillance: methods, challenges, and opportunities. Am J Public
Health 2016;106:74-8.

WHO. What is moderate-intensity and vigorous-intensity physical
activity? Available: https://www.who.int/dietphysicalactivity/physical_
activity_ intensity/en/ [Accessed 16 Aug 2019].

WHO. Body mass index. BMI. 2018. Available: http://www.euro.who.
int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/
body-mass-index-bmi [Accessed 19 Dec 2018].

Okosun IS, Choi S, Dent MM, et al. Abdominal obesity defined

as a larger than expected waist girth is associated with racial/
ethnic differences in risk of hypertension. J Hum Hypertens
2001;15:307-12.

American Diabetes Association. Diagnosis and classification of
diabetes mellitus. Diabetes Care 2011;34 Suppl 1:562-9.

Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults. Executive summary of the third report of the
National cholesterol education program (NCEP) expert panel on
detection, evaluation, and treatment of high blood cholesterol in
adults (adult treatment panel Ill). JAMA 2001;285:2486-97.
Marwick TH, Gillebert TC, Aurigemma G, et al. Recommendations
on the use of echocardiography in adult hypertension: a report from
the European association of cardiovascular imaging (EACVI) and the
American Society of echocardiography (ase). J/ Am Soc Echocardiogr
2015;28:727-54.

Stevens LA, Li S, Kurella Tamura M, et al. Comparison of the CKD
epidemiology collaboration (CKD-EPI) and modification of diet in renal
disease (MDRD) study equations: risk factors for and complications
of CKD and mortality in the kidney early evaluation program (keep).
American Journal of Kidney Diseases 2011;57:59-16.

Oladapo OO, Salako L, Sadiq L, et al. Target-organ damage and
cardiovascular complications in hypertensive Nigerian Yoruba
adults: a cross-sectional study: cardiovascular topics. CVJA
2012;23:379-84.

Price AJ, Crampin AC, Amberbir A, et al. Prevalence of obesity,
hypertension, and diabetes, and cascade of care in sub-Saharan
Africa: a cross-sectional, population-based study in rural and urban
Malawi. Lancet Diabetes Endocrinol 2018;6:208-22.

World Health Organization African Regional Office. Cardiovascular
diseases in the African region: current situation and perspectives.
2004. Available: http://www.afro.who.int/rc55/documents/afr_rc55_
12_cardiovascular.pdf

Gyakobo M, Amoah AG, Martey-Marbell D-A, et al. Prevalence of
the metabolic syndrome in a rural population in Ghana. BMC Endocr
Disord 2012;12:25.

Hendriks ME, Wit FWNM, Roos MTL, et al. Hypertension in sub-
Saharan Africa: cross-sectional surveys in four rural and urban
communities. PLoS One 2012;7:32638.

Desormais |, Amidou SA, Houehanou YC, et al. The prevalence,
awareness, management and control of hypertension in men and
women in Benin, West Africa: the TAHES study. BMC Cardiovasc
Disord 2019;19:303.

Hamoudi A, Ben Abdelaziz A, Melki S, et al. Epidemiology of arterial
hypertension in Tunisia: hammam Sousse sahloul heart study
(HSHS). Tunis Med 2022;100:167-79.

Ceesay MM, Morgan MW, Kamanda MO, et al. Prevalence of
diabetes in rural and urban populations in southern Sierra Leone: a
preliminary survey. Trop Med Int Health 1997;2:272-7.

Adedoyin RA, Mbada CE, Bisiriyu LA, et al. Relationship of
anthropometric indicators with blood pressure levels and the risk of
hypertension in Nigerian adults. Int J Gen Med 2008;1:33-40.
Solomon S, Mulugeta W. Disease burden and associated risk factors
for metabolic syndrome among adults in Ethiopia. BMC Cardiovasc
Disord 2019;19:236.

Ross R, Neeland IJ, Yamashita S, et al. Waist circumference as a
vital sign in clinical practice: a consensus statement from the IAS
and ICCR Working group on visceral obesity. Nat Rev Endocrinol
2020;16:177-89.

Russell JBW, et al. BMJ Open 2023;13:067643. doi:10.1136/bmjopen-2022-067643

15

1ybuAdoo
Ag persiold 'suods 9d-ING:8U08T BUBIS T8 £202 ‘9T Ae U0 /wod fwqg uadolwqy/:dny woly papeojumod "£Z0zZ AN 9T U0 £79/90-220z-uadolwa/9eTT 0T Se paysiiand 1s1y :usdo rINg


http://orcid.org/0000-0002-2827-9707
http://orcid.org/0000-0003-3004-2298
http://orcid.org/0000-0002-7085-3055
http://dx.doi.org/10.1002/oby.20585
http://dx.doi.org/10.1016/j.jacc.2020.11.010
http://dx.doi.org/10.1016/s1098-3597(07)80025-1
http://dx.doi.org/10.1016/S0140-6736(05)67402-8
http://dx.doi.org/10.1016/j.jacc.2011.08.080
http://dx.doi.org/10.1016/S0140-6736(18)32203-7
http://dx.doi.org/10.1038/s41591-019-0644-7
http://dx.doi.org/10.1007/s11524-011-9586-1
http://dx.doi.org/10.1007/s11524-011-9586-1
http://dx.doi.org/10.1038/sj.jhh.1000722
http://dx.doi.org/10.1038/sj.jhh.1000722
http://dx.doi.org/10.2471/BLT.09.065847
http://dx.doi.org/10.2471/BLT.09.065847
http://dx.doi.org/10.1016/j.pcad.2013.09.019
http://dx.doi.org/10.1371/journal.pmed.1000244
http://dx.doi.org/10.1097/00004872-200401000-00013
https://www.who.int/csr/disease/ebola/situationreports/archive/en/
https://www.who.int/csr/disease/ebola/situationreports/archive/en/
http://dx.doi.org/10.12688/f1000research.18563.2
http://dx.doi.org/10.5772/intechopen.83134
http://dx.doi.org/10.5772/intechopen.83134
http://dx.doi.org/10.2307/3654914
http://dx.doi.org/10.1016/j.gheart.2016.10.024
http://dx.doi.org/10421088
http://dx.doi.org/21749030
https://www.who.int/ncds/surveillance/steps/2009_Sierra_Leone_FactSheet_EN.Pdf
https://www.who.int/ncds/surveillance/steps/2009_Sierra_Leone_FactSheet_EN.Pdf
http://dx.doi.org/10.1002/dmrr.2904
http://dx.doi.org/10.1136/bmjopen-2020-038520
https://www.statistics.sl/images/StatisticsSL/Documents/final-results_-2015_%20population_and_housing_census.pdf
https://www.statistics.sl/images/StatisticsSL/Documents/final-results_-2015_%20population_and_housing_census.pdf
http://dx.doi.org/10.1111/tmi.13664
http://dx.doi.org/10.1111/tmi.13664
http://dx.doi.org/10.14503/THIJ-15-5067
http://dx.doi.org/10.1016/j.jadohealth.2020.06.026
http://dx.doi.org/10.2105/AJPH.2015.302962
http://dx.doi.org/10.2105/AJPH.2015.302962
https://www.who.int/dietphysicalactivity/physical_activity_%20intensity/en/
https://www.who.int/dietphysicalactivity/physical_activity_%20intensity/en/
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
http://dx.doi.org/10.1038/sj.jhh.1001179
http://dx.doi.org/10.2337/dc11-S062
http://dx.doi.org/10.1001/jama.285.19.2486
http://dx.doi.org/10.1016/j.echo.2015.05.002
http://dx.doi.org/10.1053/j.ajkd.2010.11.007
http://dx.doi.org/10.5830/CVJA-2012-021
http://dx.doi.org/10.1016/S2213-8587(17)30432-1
http://www.afro.who.int/rc55/documents/afr_rc55_12_cardiovascular.pdf
http://www.afro.who.int/rc55/documents/afr_rc55_12_cardiovascular.pdf
http://dx.doi.org/10.1186/1472-6823-12-25
http://dx.doi.org/10.1186/1472-6823-12-25
http://dx.doi.org/10.1371/journal.pone.0032638
http://dx.doi.org/10.1186/s12872-019-01273-7
http://dx.doi.org/10.1186/s12872-019-01273-7
http://dx.doi.org/35852253
http://dx.doi.org/10.1046/j.1365-3156.1997.d01-265.x
http://dx.doi.org/10.2147/ijgm.s3643
http://dx.doi.org/10.1186/s12872-019-1201-5
http://dx.doi.org/10.1186/s12872-019-1201-5
http://dx.doi.org/10.1038/s41574-019-0310-7
http://bmjopen.bmj.com/

49 Gutema BT, Chuka A, Ayele G, et al. Predictive capacity of 61 Yuyun MF, Sliwa K, Kengne AP, et al. Cardiovascular diseases
obesity indices for high blood pressure among southern Ethiopian in sub-Saharan Africa compared to high-income countries: an
adult population: a who steps survey. BMC Cardiovasc Disord epidemiological perspective. Glob Heart 2020;15:15.
2020;20:421. 62 Belue R, Okoror TA, Iwelunmor J, et al. An overview of

50 Lam BCC, Koh GCH, Chen C, et al. Comparison of body mass cardiovascular risk factor burden in sub-Saharan African countries: a
index (BMI), body adiposity index (BAI), waist circumference (wc), socio-cultural perspective. Global Health 2009;5:10.
waist-to-hip ratio (WHR) and waist-to-height ratio (whtr) as predictors 63 Jingi AM, Noubiap JJN, Kamdem P, et al. Determinants
of cardiovascular disease risk factors in an adult population in and improvement of electrocardiographic diagnosis of left
Singapore. PLoS ONE 2015;10:60122985. ) o ventricular hypertrophy in a black African population. PLoS One

51 Umano GR, Di Sessa A, Cirillo G, et al. Waist-to-height ratiois 2014:9:296783.
more strong!y assomatgd thqn other Welght-rel'ated anthropometric 64 Nkum BC, Micah FB, Ankrah TC, et al. Left ventricular hypertrophy
measures with metabolic variables. Acta Paediatr 2019;108:2296-7. and insulin resistance in adults from an urban community in the

52 Ashwelll M’,’ Gi.bson S. Waist-to-heig.ht.ratio as an. indic‘ator qf ;‘early Gambia: cross-sectional study. PLoS One 2014:9:¢93606.
o o e B o 2ot soncics, *+>*¢ 65 Bldo MP Gonalves Mk Capngana OP o Provaenceand

53 Noubiap JJ, Bigna JJ, Nansseu JR, et al. Prevalen’ce of dyslipidaemia i};gfglggg%?:z galreg}o\(/zr;?g;g;gfg.g?ggg Ig black Africans.
i;nn%ré% g?:gas/ I/[]/ éfl';'ﬁaz'oi gy;teegggtl;:gg\;lew and meta-analysis. The 66 Zhang H, Hu L, Wei X. Prognostic value of left ventricular hypertrophy

54 Asiki G, Murphy GAV, Baisley K, et al. Prevalence of dyslipidaemia in hypertensive patients: a meta-analysis of slectrocardiographic
and associated risk factors in a rural population in south-western studies. J Cl”.’. Hy pertens (Greenwich) 2020;22:254-60. .
Uganda: a community based survey. PLoS One 2015;10:e0126166. 67 Pevx_/sner D Juni B Egggr M, et al. Accurac_y of ele_ctrocardlogrgph.y

55 LiJ, Owusu IK, Geng Q, et al. Cardiometabolic risk factors and in d|agno§|s of_left ventricular hypertrophy in arterial hypertension:
preclinical target organ damage among adults in Ghana: findings systerr_1at|c review. BMJ 2007_;335:71 1. . .
from a national study. J Am Heart Assoc 2020;9:017492. 68 Egughl K, Boden-AInga B,JinZ, etal. Assomathn be.tween dlapetes

56 Gebreegziabiher G, Belachew T, Mehari K, et al. Prevalence of mellitus anq left ventricular hypertrophy in a multiethnic population.
dyslipidemia and associated risk factors among adult residents of Am J Cardiol 2008;101:1787-91. .
mekelle City, Northern Ethiopia. PLoS ONE 2021;16:€0243103. 69 Somaratne JB, Whalley GA, Poppe KK, et al. Screening for left

57 Phan BAP, Toth PP. Dyslipidemia in women: etiology and ventricular hypertrophy in patients with type 2 diabetes mellitus in
management. Int J Womens Health 2014;6:185-94. the community. Cardiovasc Diabetol 2011;10.

58 We]ty FK. Cardiovascular disease and dys||p|dem|a in women. Arch 70 Coker J, Abiri O, Nwosu OJ, et al. The burden of renal admissions in
Intern Med 2001;161:514-22. a tertiary hospital in Sierra Leone. BMC Nephrol 2022;23:167.

59 Meagher EA. Addressing cardiovascular disease in women: focus on 71 Kachimanga C, Williams AJ, Bangura M, et al. High prevalence of
dyslipidemia. J Am Board Fam Pract 2004;17:424-37. chronic kidney disease among people living with hypertension in

60 Cifkova R, Kraj¢oviechova A. Dyslipidemia and cardiovascular rural Sierra Leone: a cross-sectional study. Int J Nephrol Renovasc
disease in women. Curr Cardiol Rep 2015;17:609. Dis 2021;14:459-74.

16 Russell JBW, et al. BMJ Open 2023;13:e067643. doi:10.1136/bmjopen-2022-067643

1ybuAdoo
Aq pa1odl0Id 'SUOdS Dd-CING:BU0aT BLIBIS Te €202 ‘9T A8\l Uo /w02 (g uadolwa//:dny woiy papeojumoq "€20Z AelNl 9T U0 £79/90-2202-uadolwd/9eTT 0T se paysiignd 1siy :uado NG


http://dx.doi.org/10.1186/s12872-020-01686-9
http://dx.doi.org/10.1371/journal.pone.0122985
http://dx.doi.org/10.1111/apa.14992
http://dx.doi.org/10.1136/bmjopen-2015-010159
http://dx.doi.org/10.1016/S2214-109X(18)30275-4
http://dx.doi.org/10.1016/S2214-109X(18)30275-4
http://dx.doi.org/10.1371/journal.pone.0126166
http://dx.doi.org/10.1161/JAHA.120.017492
http://dx.doi.org/10.1371/journal.pone.0243103
http://dx.doi.org/10.2147/IJWH.S38133
http://dx.doi.org/10.1001/archinte.161.4.514
http://dx.doi.org/10.1001/archinte.161.4.514
http://dx.doi.org/10.3122/jabfm.17.6.424
http://dx.doi.org/10.1007/s11886-015-0609-5
http://dx.doi.org/10.5334/gh.403
http://dx.doi.org/10.1186/1744-8603-5-10
http://dx.doi.org/10.1371/journal.pone.0096783
http://dx.doi.org/10.1371/journal.pone.0093606
http://dx.doi.org/10.1007/s40292-018-0267-y
http://dx.doi.org/10.1111/jch.13795
http://dx.doi.org/10.1136/bmj.39276.636354.AE
http://dx.doi.org/10.1016/j.amjcard.2008.02.082
http://dx.doi.org/10.1186/1475-2840-10-29
http://dx.doi.org/10.1186/s12882-022-02806-7
http://dx.doi.org/10.2147/IJNRD.S342099
http://dx.doi.org/10.2147/IJNRD.S342099
http://bmjopen.bmj.com/










	Burden of cardiometabolic risk factors and preclinical target organ damage among adults in Freetown, Sierra Leone: a community-­based health-­screening survey
	Abstract
	Introduction﻿﻿
	Methods
	Patient and public involvement
	Study setting and design
	Sample size calculation, participant recruitment and selection
	Procedure and data collection
	Demographic and health history
	Outcome measures and definition
	CMRFs definition
	Clinical biochemistry measurements
	Preclinical TOD definition
	Statistical analysis

	Results
	Basic characteristics of the study
	CMRFs of study participants
	Association between demographic characteristics and cardiovascular risk factors
	Preclinical TOD of the study participants
	Association of CMRFs with preclinical tissue organ damage

	Discussion
	Conclusion

	References


