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Abstract

Introduction

Access to care for cardiovascular disease risk factors (CVDRFs) in low- and middle-income

countries is limited. We aimed to describe the need and access to care for people with

CVDRF and the preparedness of the health system to treat these in Bo, Sierra Leone.

Methods

Data from a 2018 household survey conducted in Bo, Sierra Leone, was analysed. Demo-

graphic, anthropometric and clinical data on CVDRF (hypertension, diabetes mellitus or dys-

lipidaemia) from randomly sampled individuals 40 years of age and above were collected.

Future risk of CVD was calculated using the World Health Organisation–International Soci-

ety of Hypertension (WHO-ISH) calculator with high risk defined as >20% risk over 10

years. Requirement for treatment was based on WHO package of essential non-communi-

cable (PEN) disease guidelines (which use a risk-based approach) or requiring treatment

for individual CVDRF; whether participants were on treatment was used to determine

whether care needs were met. Multivariable regression was used to test associations

between individual characteristics and outcomes. Data from the most recent WHO Service

Availability and Readiness Assessment (SARA) were used to create a score reflecting

health system preparedness to treat CVDRF, and compared to that for HIV.
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Results

2071 individual participants were included. Most participants (n = 1715 [94.0%]) had low

CVD risk; 423 (20.6%) and 431 (52.3%) required treatment based upon WHO PEN guide-

lines or individual CVDRF, respectively. Sixty-eight (15.8%) had met-need for treatment

determined by WHO guidelines, whilst 84 (19.3%) for individual CVDRF. Living in urban

areas, having education, being older, single/widowed/divorced, or wealthy were indepen-

dently associated with met need. Overall facility readiness scores for CVD/CVDRF care for

all facilities in Bo district was 16.8%, compared to 41% for HIV.

Conclusion

The number of people who require treatment for CVDRF in Sierra Leone is substantially

lower based on WHO guidelines compared to CVDRF. CVDRF care needs are not met equi-

tably, and facility readiness to provide care is low.

Introduction

The prevalence of cardiovascular disease (CVD—for example, myocardial infarction and

strokes) and its risk factors (CVDRF, for example, diabetes, hypertension, or hypercholestero-

laemia) is increasing in lower- and -middle income countries (LMICs) [1]. However, access to

high-quality care for these conditions in many LMICs is known to be limited, resulting in sub-

optimal metrics at each point in the cascade of care—being diagnosed, receiving treatment,

and having the condition controlled [2–5].

CVD and CVDRF are chronic conditions, with potentially complex management require-

ments, and the necessity for ongoing, potentially multidisciplinary, care. Hence, a healthcare

platform consisting of coordinated, continuous, and comprehensive health system structures

and processes ideally needs to be in place to provide high quality outcomes [6–8]. Although, it

is recognised that the availability of structures and processes (often considered as healthcare

service readiness) doesn’t necessarily equate to receipt of effective clinical care [9, 10], health-

care service readiness is a necessary requirement for this [9]. While more data are needed,

studies available suggest that health service readiness for providing effective diagnosis and clin-

ical care for CVD and CVDRF is limited in many LMICs [11–13].

Scaling up healthcare services to provide for CVDRFs is cost-effective, with treating indi-

vidual CVDRFs to target known to be less cost effective than using a risk-based approach with

treatment for CVDRF given based upon the individual’s future predicted risk of CVD [14–16].

International guidelines developed for use in LMICs, such as WHO package of essential non-

communicable (PEN) guidelines and South Africa’s PC 101, advocate a risk-based approach to

managing CVDRFs. Determining which policies to implement for the management of

CVDRF at a country level requires understanding of the current status of services, the popula-

tion in need of treatment, and the population who is currently accessing services. In, Sierra

Leone where the focus of healthcare provision has been on infectious diseases and maternal,

neonatal and child health, this information is lacking.

In this analysis done in Bo, one of the 16 districts in Sierra Leone, we describe individual’s

estimated CVD risk and socio-demographic factors associated with being at high risk; assess

numbers of people who would require risk-based treatment based on current WHO PEN

guidelines or a treat to target approach based on the presence of one or more individual
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CVDRFs; assess whether people who require treatment are accessing it; and show service read-

iness to provide care for CVD/CVDRF. Finally, we compare service readiness for CVD/

CVDRF to that for HIV care which has been a main focus of funding during the millennium

development goal (MDG) era, to give an indication of what level of service readiness is possible

to achieve with investment.

Methods

This is an analysis of the data from a 2018 household survey conducted in Bo, Sierra Leone

and data from the most recent WHO Service Availability and Readiness Assessment (SARA)

done in 2017 [2, 17].

Setting

Sierra Leone is located in West Africa. It is one of the least developed countries in the world.

In 2017, the percentage of the gross domestic product (GDP) spent on health was 8.75% [18].

However, domestic general government health expenditure is only 1.23% of GDP; out of

pocket (OOP) expenditure contributes 55.18% of total health expenditure and the external

funding of health is high [18, 19]. The focus of external funding for health has been on com-

municable diseases, whereas NCDs (of which CVD and CVDRF are only a subset) received

only $510,000 of a total of $170 million in 2017 [20, 21]. By contrast, HIV services received $30

million [20, 21].

The study was carried out in Bo district in the Southern province of Sierra Leone. It is the

fifth most populous district in the country and comprises 15 rural chiefdoms and 24 urban

areas [22]. Its district headquarters, Bo, is the second largest city in Sierra Leone [22]. The dis-

trict has a recorded population of 575,478 constituting 8.1% of the country’s population with

the majority living in rural areas (66.1%) [22]. Adults aged 40 years of age and above, among

whom this study was done, comprise 17.4% of the total population [22]. In Bo district, health-

care is provided by a mix of public and private–for profit or not for profit–facilities at the pri-

mary or secondary healthcare levels [22].

Household survey

The study sample included were men or women 40 years of age and above, this age group was

selected given the increasing risk of CVDRF with age and to be congruent with other similar

surveys [2, 23–26]. The surveys were developed in English, but translated into Mende or Krio

by a bilingual speak, and back translated into English to check the accuracy of the translation.

Sampling. Numbers of participants to sample from urban and rural areas were calculated

based on the proportions of people known to be living in these areas. The population in the

area was not well delineated in census data, therefore sampling proceeded by first randomly

selecting from rural chiefdoms or urban sub districts and, for the rural areas, by further ran-

domly selecting villages or settlements from each chiefdom. Seven rural chiefdoms or urban

sub districts were randomly selected to participate, and two settlements or villages were further

randomly selected within each rural chiefdom.

Data collection. Data were collected electronically by trained data collectors using ODK

software. Survey questions asked gender, age, marital status (as single, cohabiting, currently

married, multiple partners, divorced, widowed, or refused), and highest level of education

completed (no formal schooling, primary, junior secondary, senior secondary, higher educa-

tion, or refused). There were 49 questions on house construction materials and household

assets. Questions on smoking, awareness of presence of CVD or CVDRF, and whether respon-

dents were on treatment for these risk factors were based on the WHO Stepwise survey; for
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those who reported suffering from a CVDRF, whether care had been accessed was asked.

Blood pressure was measured in the seated position using an Omron M6 AC LED Monitor.

Three measurements were taken five minutes apart. Blood samples were taken in the morning

after an 8 hour overnight fast. Glucose and cholesterol were measured using the Accutrend1

Plus Blood Test Meter (Diagnostics Roche) point of care device, with cholesterol being mea-

sured in every second participant. If participants reported not fasting prior to blood sampling,

they were recorded as non-fasting. The conversion rate of 1.11 was used to convert capillary

glucose to plasma glucose [27]. Glucose was measured in all participants, whilst due to

resource constraints, cholesterol samples were obtained from every second participant.

Definition of variables. Age was used as a continuous variable or categorised into the fol-

lowing groups: 40–49, 50–59, 60–69, 70–79, and>80. Educational level was dichotomised as

any completed education (primary or higher) or no completed education. Marital status was

categorised as single/widowed/divorced or married/cohabiting. Wealth quintiles were derived

using Filmer and Pritchetts’ method from the first principal component of household assets

and construction materials [28]. Based on thresholds for individual CVDRF in use at the time

of the study, having hypertension was defined as systolic blood pressure� 140 or

diastolic� 90mmHg, calculated using the average of the final two BP readings, or being on

treatment for hypertension in the past two weeks. Diabetes was defined as fasting plasma glu-

cose (FPG)�7.0 mmol/L (126 mg/dL), or random plasma glucose (RPG)�11.1 mmol/L (200

mg/dL), or being on treatment for diabetes in the past 2 weeks. Dyslipidaemia was defined as

measured total cholesterol level� 6.21 mmol/L, or low-density lipoprotein (LDL)� 4.1

mmol/L, or high-density lipoprotein (HDL) < 1.19 mmol/L [2, 29, 30]. Smoking was classified

as current smoker if participants either reported currently smoking or had ceased within in

the last year, or non-smoking. Ten-year cardiovascular disease risk was computed using the

WHO-ISH equations (which were in use at the time that the survey was done) using laboratory

measurements [31]. WHO-ISH scores were derived from data collected on age, sex, smoking

status, diabetes status as well as cholesterol and blood pressure measurements. Patients with

self-reported MI, angina or stroke were excluded from the entire analysis as our consideration

was primary prevention of CVD.

The methods have been described in full before [2].

SARA survey

Data collection. Each of the 1284 public or private health facilities in Sierra Leone were

included in the SARA survey [12]. The questionnaire was based upon the standard WHO

SARA tool and the survey was conducted as detailed in their SARA report [17]. The question-

naires were pilot tested in facilities in the Western Area of Sierra Leone and adjusted before

rolling out throughout the country. The SARA surveys capture data at each facility on presence

of infrastructure and basic amenities, health workforce, service delivery and utilisation, avail-

ability of treatment guidelines, basic equipment, and treatments [12]. Data were collected by

trained fieldworkers who administered the questionnaire to relevant facility staff. Data from

facilities in Bo district were used for this study, to correspond to the population from which

household survey data were collected.

Definition of variables. Facilities were classed as either primary or secondary care facili-

ties (there are no tertiary hospitals in the district). Primary care clinics were Maternal and

Child Health Posts (MCHP), Community Health Posts (CHP), and Community Health Cen-

ters (CHCs) [17]. Secondary care facilities were defined as district government hospitals and

all other hospitals (private). Facility ownership was defined as government or private-owned.

Facility readiness scores to provide care for CVDRF or HIV were derived from components
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required to deliver either HIV or CVDRF care. These were captured under the domains of

equipment, diagnostic capacity, guidelines, medicines, and trained staff. Variables included in

the initial survey were captured under the broad headings of non-communicable diseases or

HIV, and as defined in the SARA manual [17, 32]. The authors further discussed variables to

include or exclude from the above domains, based on clinical knowledge and experience of

service provision in low resourced settings. What the different domains include is described in

Appendix 1 in S1 File. For example MRI was not included as there is no MRI machine to be

found in the country, and whilst it may be expected that a district level secondary hospital

would have a CT scanner, this is not reasonable to expect of primary care facilities. Compo-

nents included under each domain for CVDRF and HIV are shown in the S1 File. For both

CVDRF and HIV, a score was created for each domain as the number of components present

divided by the total number of components achievable. Scores are shown for each facility level

by individual domain and inclusive of all domains.

Outcome measures

The primary outcome measure was the proportion of the study sample defined as being at

high 10-year risk of having a cardiovascular event, here defined as>20% risk as done in previ-

ous studies [33]. The WHO/ISH Risk score includes age, gender, smoking, diabetes, blood

pressure, cholesterol and appropriate WHO epidemiological sub region [34]. Two secondary

outcomes were studied–firstly the number of people who would require treatment for any

CVDRF based on the WHO-PEN guidelines (which were available in 2018). WHO-PEN

guidelines recommend treatment for hypertension if BP is�160/90mmHg or if BP is�140/

90mmHg and CVD risk is >20%; treatment with hypoglycaemic agents is required if there is a

diagnosis of diabetes; statin and aspirin treatment should be given if there is diabetes and a 10

year risk>20%, or 10 year risk is>30%; and ACE inhibitors should be given if diabetes is pres-

ent and 10 year risk >20% (Appendix 2 in S1 File). The other secondary outcome was the

number of people who would require treatment for the individual risk factors of diabetes,

hypertension, or dyslipidaemia as defined by the study criteria, if a treat-to-target approach

were used. Other outcomes describe access to care as the proportions of participants who

required treatments under WHO-PEN guidelines and who were on those treatments and facil-

ity readiness to provide care.

Sample size and statistical analysis

For the household survey, a sample size of 1893 participants was required to allow detection of

diabetes prevalence (the risk factor thought likely to have the lowest prevalence) of 4% with a pre-

cision of ±1% [35]. To allow for non-response and non-availability of data, we oversampled by

20%. For the SARA survey, no sampling was done and all facilities in the district were included.

WHO-risk scores were calculated using generated by the WHO/ISH Risk R-package [34].

For the household survey data, probability weights for age and sex in Bo were calculated

from the 2015 Population and Household Census [22], and all analyses were done using weight

adjustments. Continuous data are described as mean (SD) or median (IQR) if not normally

distributed. Categorical variables are described as unweighted n and weighted %. For compari-

sons of continuous data we used t-tests or non-parametrics tests Mann-Whitney/ANOVA if

data were skewed. Multivariable analyses of categorical outcomes were done using binary

logistic regression. Age was not entered into the model assessing associations with high CVD

risk, given its use in calculating the risk score. We did a complete case analysis for the multi-

variable analysis whilst the denominator for the univariate analysis varied. All analyses were

done using SPSS V.26 (IBM).
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Ethical approval

Ethical approval was sought and given from the Sierra Leone Ethical and Scientific Review

Committee and the BDM Research Ethics sub-committee at King’s College London (HR-17/

18-7298). Consent to undertake the study was obtained from each village chief or community

leader. Consent was obtained from all individuals participating in the study. In the events were

participants were illiterate, the consent form was read out to them in the local language and an

inked-thumb signature obtained.

Results

A total of 2071 individuals were included in the household survey study sample. The 128 par-

ticipants who reported a prior history of myocardial infarction (n = 79), angina (n = 26) stroke

(n = 29) were excluded leaving 1943 participants available for analysis (Fig 1). In total 778 par-

ticipants (missing data = 5) had complete case information in the sample with measured cho-

lesterol, and 1114 (missing data = 46) in the sample without cholesterol (Fig 1). Weighted and

unweighted demographic characteristics of the study sample with and without cholesterol

measured are presented in Table 1. Apart from age there were no differences between the two

samples. In the total sample, the majority of the study sample was from rural areas 1167

(63.1%), there were slightly more males 845 (50.9%) than females and the mean age was 54.9

(SD 12.8) years. Most individuals were between 40–49 years old, 639 (44.0%), were married/

cohabiting, 1297 (72.4%) and had no completed education 1306 (67.4%). Out of the sample

that had cholesterol measured 431 (52.3%) had one or more CVDRFs (hypertension, diabetes,

or dyslipidaemia defined using the study criteria).

Primary outcome

Most participants (n = 1715 [94.0%]) had a risk score of�20% and were categorised as low

risk. In binary logistic regression, including the following factors—area of living, educational

level, marital status and wealth quintiles—living in urban areas, having no education, or being

single/widowed/divorced was independently associated with higher CVD risk compared to the

referent categories (Table 2).

Fig 1. Flow diagram of individuals included in the study.

https://doi.org/10.1371/journal.pone.0274242.g001
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Secondary outcomes

According to WHO PEN guidelines, 423 (20.6%) of the study sample required treatment for at

least one CVDRF (Table 3). When disaggregating by treatment required, 410 (20.0%) people

required treatment for hypertension; 69 (3.3%) for diabetes; 74 (3.2%) for statin and/or aspirin;

and 18 (0.6%) required an ACE-inhibitor (Table 4). When considering treat-to-target

approaches for individual CVD risk factors, of the total sample, 431 (52.3%) would require

treatment for at least one CVDRF. When disaggregating by condition requiring treatment 998

Table 1. Unweighted and weighted demographic characteristics of the study sample in the sample with and without measured cholesterol.

Sample with cholesterol measured

(n = 778)

Sample without cholesterol measured

(n = 1114)

VARIABLE VARIABLE GROUPS Unweighted n (%) Weighted (%) Unweighted n (%) Weighted (%)

LOCATION Rural 484 (61.3) 63.3% 683 (61.3) 63.0%

Urban 294 (38.7) 36.7% 431 (38.7) 37.0%

SEX Female� 464 (59.6) 53.3% 583 (52.3) 46.1%

Male 314 (40.4) 46.7% 531 (47.7) 53.9%

AGE Mean (SD) 56.8 (13.1) 54.5 (12.5) 57.7 (13.4) 55.3 (13.05)

AGE GROUPS (5 missing) 40–49� 275 (35.5) 45.3% 364 (32.7) 43.0%

50–59 213 (27.4) 24.9% 289 (26.0) 23.8%

60–69 139 (17.9) 15.6% 208 (18.7) 16.2%

70–79 85(10.9) 7.9% 160 (14.4) 10.4%

�80 64 (8.2) 6.3% 91 (8.2) 6.6%

MARITAL STATUS (2 missing) Single / Divorced / Widowed� 248 (31.7) 27.5% 356 (30.7) 27.5%

Married / Co-habiting 534 (68.3) 72.5% 803 (69.3) 72.5%

EDUCATION No complete education 528 (67.9) 66.5% 778 (68.1) 68.8%

Any education 250 (32.1) 33.5% 336 (31.9) 31.8%

WEALTH QUINTILES 1 (poorest) 137 (17.6) 18.3% 218 (20.5) 21.2%

2 155 (19.9) 21.1% 216 (20.3) 20.8%

3 139 (17.9) 18.7% 216 (20.3) 20.1%

4 174 (22.4) 22.6% 192 (18.1) 18.1%

5 (wealthiest) 152 (19.5) 19.3% 221 (20.8) 19.9%

�p<0.05 for comparison between the group which had cholesterol measurements done and the group that did not

https://doi.org/10.1371/journal.pone.0274242.t001

Table 2. Multivariable associations between weighted demographic characteristics and being at high CVD risk

(>20%) (n = 1892).

VARIABLE GROUP OR (95% CI) p

Location Rural Referent -

Urban 1.15 (1.07–1.23) <0.001

Educational level No completed education Referent _

Any education 0.90 (0.84–0.96) 0.002

Marital status Married /co-habiting Referent _

Single/divorced/widowed 2.50 (2.36–2.65) <0.001

Wealth Quintiles 1 (poorest) Referent _

2 0.71 (0.65–0.78) < 0.001

3 0.94 (0.86–1.02) 0.144

4 0.89 (0.82–0.97) 0.011

5 (wealthiest) 0.86 (0.78–0.95) <0.001

https://doi.org/10.1371/journal.pone.0274242.t002
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(48.4%) were hypertensive, 69 (3.3%) were diabetic, and 57 (6.9%) of those who had their cho-

lesterol measured were dyslipidaemic.

Out of the total 20.6% (423) of the people who required treatment according to WHO PEN

guidelines, only 68 (15.8%) were receiving the required treatment (Table 3), however, our sur-

vey didn’t ask about ACE inhibitor use, so we were unable to report on this. Of the 431

Table 3. People that should be treated according to PEN guidelines or diagnostic criteria, and proportions on treatment currently n (weighted percentages)

(n = 1892).

GROUPS N (%�) of total sample that

should be on any treatment

according to WHO PEN

guidelines

N (%�) of the sample who should

be on treatment according to

WHO PEN guidelines, and are

receiving that treatment

N (%�) of total sample that should be

on treatment of individual CVD risk

factor (hypertension, or diabetes or

cholesterol)

N (%�) on sample that should be

on treatment for individual CVD

risk factors and who are receiving

that treatment

For any required

CVDRF treatment

423 (20.6%) 68 (15.8%) 431 (52.3%)�� 84 (19.3%)

For hypertension 410 (20.0%) 56 (13.4) 998 (48.4%) 136 (13.3%)

For diabetes 69 (3.3%) 13 (18.3) 69 (3.3%) 13 (18.3%)

With Statin/for

dyslipidaemia

74 (3.2%) 0 (0) 57 (6.9%)�� 0 (0%)��

With Aspirin 74 (3.2%) 5 (6.9%)

With ACE-

inhibitors

18 (0.6%) No information

Note that one participant may need multiple treatments so the total is lower than the sum of participants requiring treatment

�Weighted percentages

�� Denominator n = 778 which is the sample with outcome variables including cholesterol measured

https://doi.org/10.1371/journal.pone.0274242.t003

Table 4. Multivariable associations between weighted demographic characteristics and being on any treatment.

VARIABLE Odds of being on treatment in those defined

by PEN guidelines as requiring treatment

Odds of being on treatment in those who have

a diagnosis of either hypertension, diabetes, or

dyslipidemia�

OR (95% C.I) p OR (95% C.I) p

Location Rural Referent Referent

Urban 2.03 (1.82–2.26) <0.001 1.30 (1.20–1.40) <0.001

Gender Female Referent Referent

Male 0.50 (0.44–0.59) <0.001 1.03 (0.95–1.11) 0.516

Age group 40–49 Referent Referent

50–59 2.17 (1.92–2.44) <0.001 1.87 (1.71–2.04) <0.001

60–69 1.76 (1.54–2.02) <0.001 2.89 (2.63–3.67) <0.001

70–79 1.79 (1.52–2.12) <0.001 2.34 (2.06–2.65) <0.001

� 80 1.07 (0.87–1.31) 0.543 1.52 (1.29–1.79) 0.001

Educational level No completed education Referent Referent

Any education 4.40 (3.90–4.83) <0.001 2.56 (2.36–2.75) <0.001

Marital status Married / co-habiting Referent Referent

Single/divorced/widowed 1.06 (0.95–1.19) 0.288 2.08 (1.91–2.25) <0.001

Wealth Quintiles 1 Referent Referent

2 1.26 (0.95–1.67) 0.116 1.88 (1.54–2.31) <0.001

3 2.92 (2.27–3.76) <0.001 3.10 (2.55–3.75) <0.001

4 6.56 (5.20–8.28) <0.001 5.90 (4.91–7.10) <0.001

5 5.12 (4.05–6.49) <0.001 8.77 (7.26–10.60) <0.001

� n = 778 which is the sample with measured cholesterol

https://doi.org/10.1371/journal.pone.0274242.t004
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(52.3%) people who met the criteria for either diagnosis of hypertension, diabetes and/or dysli-

pidaemia 84 (19.3%) were on any treatment.

Factors associated with being on treatment if recommended using either a WHO-PEN

based or treat to target approach are presented in Table 4. In general, living in an urban area,

being female, being older than 50 years of age, educated, being single/married/divorced, or in

a higher wealth quintile, was associated with being on treatment when required.

Readiness to provide care

For the SARA survey, a total of 138 facilities were included, the majority were primary care

facilities (94.2%) and the remaining were secondary care facilities. Of primary care facilities,

73.1% were found in the rural areas and 87.5% of secondary care facilities were in urban areas

(Appendix 3 in S1 File). 92% of all facilities were government-owned and almost all of these

were primary care facilities. Only 12.5% of secondary facilities were government-owned. Con-

sidering general amenities, most facilities didn’t have their own power supply and just over

half had a water supply (55.8%). 62.3% of facilities–all of them primary care—operated outpa-

tient services only. Most facilities had a private consultation room (84.8%), reported access to

emergency transportation (68.1%), and communication equipment (77.5%).

The overall readiness scores for CVDRF care for all facilities in Bo district was 16.8%

(Table 5 and Appendix 4 in S1 File). Domain score for basic equipment was over half (67.0%),

but only 5.8% of facilities had any glucometers. Diagnostic capacity score was low (8.8%) with

very few facilities having any of the required diagnostic equipment [12]. Only two facilities had

an ECG, none of the secondary care facilities had a CT scanner, and just 2.2% of all facilities

had trained staff for CVDRF care. The medicines domain scored 5.9% with fewer than 10% of

all facilities having each required medication, apart from aspirin (23.2% of facilities). None of

the facilities had guidelines for diagnosis and management of CVDRF. Overall readiness score

for HIV care in all facilities was 41.0% (Table 5 and Appendix 5 in S1 File). Basic equipment

domain score was 80.2% and diagnostic capacity had the lowest score (18.6%). Trained staff

for HIV care and availability of medicines for HIV scored 41.3% and 45.0% respectively.

Guideline score was low (19.9%).

There was a statistically significant difference between overall readiness scores obtained for

CVDRF and HIV for all facilities (p = 0.018); and for primary facilities (p = 0.017). Difference

Table 5. Summary readiness scores for cardiovascular disease and cardiovascular disease risk factors (CVDRF) and HIV/AIDS for selected secondary and primary

care facilities in Bo, Sierra Leone–see S1 File for components in each domain.

CVDRF HIV/AIDS

Secondary care

(n = 8)

Primary care

(n = 130)

All (n = 138) Secondary care

(n = 8)

Primary care

(n = 130)

All (n = 138)

Overall score 44 15.2� 16.8� 52.8 40.3� 41�

Domain Domain score (%) Domain score (%) Domain score

(%)

Domain score (%) Domain score (%) Domain score

(%)

BASIC EQUIPMENT 85 65.8 67 91.7 79.5 80.2

DIAGNOSTIC

CAPACITY

55 8 10.9 25 18.2 18.6

STAFF 25 0.80 2.20 56.3 40.4 41.3

MEDICINES 50 2.9 5.88 53.8 44.6 45

GUIDELINES 0 0 0 37.5 18.8 19.9

�p<0.05

Comparisons were done between overall CVD and HIV readiness. Differences were statistically significant for all facilities and also primary care facilities.

https://doi.org/10.1371/journal.pone.0274242.t005
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between readiness scores for CVDRF and HIV at secondary facilities were not statistically sig-

nificant (p = 0.550).

Discussion

In this study we have triangulated across multiple data sources to show the need for and state

of access to care for CVDRF among people 40 years of age or above living in Bo, Sierra Leone.

We have shown that a moderate proportion of the population has a high WHO-ISH 10-year

risk score for CVD. Moreover, a substantial proportion requires treatment based on risk-based

WHO PEN guidelines or diagnostic criteria for individual CVDRFs. Receipt of care for those

requiring treatment is low, regardless of whether based upon presence of individual risk fac-

tors or need for treatment based upon WHO PEN guidelines. We also found that facilities

were not ready to manage CVDRFs, the readiness was especially low in primary care facilities,

and there were differences between readiness to provide CVDRF care compared HIV/AIDS

care at facilities.

The prevalence of CVDRFs is increasing in low income countries (LIC), and our findings

add valuable knowledge of the high rates of CVDRFs and low access to care for these in Sierra

Leone [2, 36–39]. Similar issues have been shown in neighbouring countries in Sub-Saharan

Africa [35, 39–43]. Although the majority of our study population did not have high overall

CVD risk according to WHO-ISH risk prediction, the percentage of people in the high risk

category (>20%) is still large and greater than what has been shown in other LMICs [44]. One

of the factors associated with having increased risk was living in an urban area, which could

indicate that continuing increase in urbanisation might give higher WHO risk among the

Sierra Leonean population in the future, as has been seen in upper middle income-countries

such China [45, 46]. However other studies from other LMICs have suggested CVDRFs might

have reached their peak in urban areas [46, 47]. Other factors associated with increased risk in

our study population were low education level, or being unmarried, showing an unequitable

distribution of risk, as concurs with other studies in LICs [44, 45]. Our results that show that

more of the population require treatment for individual risk factors using a treat-to target

approach than when using risk-based guidelines (we used WHO PEN) concurs with other

studies, some of which have additionally demonstrated large cost-benefit gains in using risk-

based treatment [14].

We have also shown that many people are without access to the treatment that they need to

prevent future cardiovascular disease, with met need for care being low regardless of whether

need was assessed based on presence of individual risk factors or overall risk. However, met

need for care was lower when considering the WHO PEN risk-based approach than a treat-to-

target approach, which perhaps reflects a low uptake of the risk-based approach amongst care-

providers. In our study population, people were more likely to access care if they lived in an

urban area, were of female gender, were in the age group 50–59, had education, or had higher

wealth. Hence access to care is inequitable. This has previously been shown in other settings

when assessing equitability of progressing through the cascade of care for CVDRF, suggesting

that equitable access to care is a universal problem and priority needs to be given to those who

are known to be at high risk, but have low levels of access [3, 9]. Along with poor met need for

care, we have shown that the burden of CVDRF is not matched by readiness of the health ser-

vices to deal these conditions. We found there were inadequacies in all of the domains for

health services readiness for CVDRFs that were assessed in the SARA survey, with staff and

medicines domains remarkably poor. Developing health services to enable equitable access for

people who need to treat cardiovascular disease risk factors is complex, and no one factor can

improve access [9]. However, key requirements are political will and funding [20, 48]. Whilst

PLOS ONE Cardiovascular disease risk and management in Bo, Sierra Leone

PLOS ONE | https://doi.org/10.1371/journal.pone.0274242 September 9, 2022 10 / 15

https://doi.org/10.1371/journal.pone.0274242


Sierra Leone has a NCD plan and a director of NCDs in the MoHS, funding for NCDs is

clearly inadequate [49]. Of the total ODA budget for Sierra Leone, only 510,000$ were ear-

marked for all NCD care in 2017 [21]. Considering a major part of the general health budget

in Sierra Leone comes from external funding, international aid funders need to give consider-

ably more attention to NCDs and CVDRFs, which may potentially overload the health system

in the coming years.

We compared readiness for CVDRF with that for HIV, considering HIV as an exemplar

of what could be achieved with sustained funding and political attention. HIV was a leading

health focus of the Millennium Development Goals and Sierra Leone receives around $30

million per year in funding [20, 21]. We found that although preparedness for HIV was not

high, there was significantly higher preparedness for HIV care compared to CVD care in pri-

mary care facilities, indicating that similar achievements could be seen for CVDRF in Sierra

Leone if there is commensurate funding and political will. Although our aim was not to

prioritise one health area over another, especially given the different disease trajectories of

HIV and CVDRF, it is worth reflecting that prevalence of HIV in Sierra Leone is 1.7% [50],

whereas CVDRFs have been shown to affect up to 77% of the population. This difference in

need suggests that funding and political attention for CVDRF could and should be increased

[2].

This study has several limitations. First of all we could only measure cholesterol in half of

the sample due to lack of resources, and therefore some of the analyses had to be done without

including hyperlipidaemia. However as we have shown in Table 1 there were few differences

between the participants with measured cholesterol and those without measured cholesterol.

In addition the WHO-ISH risk prediction algorithm allows for missing cholesterol data,

increasing its feasibility in low resource settings, and allowing an estimate of CVD risk to be

calculated for the full sample in this study. We didn’t account for individual’s knowledge of

disease status when assessing whether treatment was given for CVDRF. Although knowledge

of a disease is a pre-requisite for treating it, our assessment started from the assumption that

all those who needed treatment should be on it. The data collection for the household survey

was also limited to areas within 40 km of Bo City due to accessibility. However all chiefdoms

within Bo District are within this radius and were included and randomised; it is unlikely that

the areas further away from Bo would be different to ones selected in this study. We did not

control for clustering at household level as few houses supplied more than one participant.

Moreover participants in our study sample could be accessing care, but not be on medications

due to costs, poor technical quality and stockouts.

Conclusion

In this study we have shown multiple interconnecting factors related to low met care-need for

CVDRF in Bo, Sierra Leone. The prevalence of CVDRFs is high and a moderate proportion of

the study population is at high risk for future cardiovascular events. A large proportion of the

study population should be under primary prevention treatment according to WHO PEN

guidelines, but very few currently are. The number of people needing treatment is even higher

when using individual diagnostic cut offs for CVDRFs. The health system preparedness for

treating CVDRFs and CVD events is remarkably low and significantly lower than for HIV

care. Our results suggest multiple ways of improving met-need for care, including prioritising

initiatives to increase access in those groups whose access to care is significantly low. However,

all initiatives require funding, and the notably low levels of funding for CVDRFs and NCDs

requires to be addressed if Sierra Leone is going to be able to achieve equitable access to quality

care for CVDRF in the near future.

PLOS ONE Cardiovascular disease risk and management in Bo, Sierra Leone

PLOS ONE | https://doi.org/10.1371/journal.pone.0274242 September 9, 2022 11 / 15

https://doi.org/10.1371/journal.pone.0274242


Supporting information

S1 File.

(PDF)

Acknowledgments

We thank the data collectors (DC) and field manager (FM) who worked on this study for their

tireless commitment. These include: Ramatu Senesie DC; Allieu Abu Sheriff DC; Albert Sidikie

Sama FM; Abdulai Kamara DC; Umu Binta Bah DC; Michael Dawson DC; Christiana Pratt

DC; Michael E. Garrick DC; Peter Tamba Morsay DC; Francess Koker DC; Ismael Vandi DC;

Samuel Kamanda DC; Wilfred A. U. Jimmy DC- Team Supervisor; Yvonne Vincent DC; Abu

Bakarr Mansaray DC; Mariama Jalloh DC- Team Supervisor; In addition, we also want to

thank and acknowledge the interns (Kadijatu Assiatu Kargbo; Amara Vandi Fomba; Rita kal-

lon; Veronica Manty Marrah; Carpenter Emmanuel; Bangura A. Ronald; Kpallu Kpakila Sahr;

Habibatu Adama Konuwa who supported our research team other research activities.

Author Contributions

Conceptualization: Haja Wurie, Miles D. Witham, Justine I. Davies.

Data curation: Tahir Bockarie, Haja Wurie, Rashid Ansumana, Miles D. Witham, Justine I.

Davies.

Formal analysis: Maria Lisa Odland, Khadija Gassama, Justine I. Davies.

Funding acquisition: Miles D. Witham, Justine I. Davies.

Methodology: Haja Wurie, Miles D. Witham, Justine I. Davies.

Project administration: Rashid Ansumana, Justine I. Davies.

Supervision: Justine I. Davies.

Writing – original draft: Maria Lisa Odland, Khadija Gassama.

Writing – review & editing: Maria Lisa Odland, Tahir Bockarie, Haja Wurie, Rashid Ansu-

mana, Miles D. Witham, Oyinlola Oyebode, Lisa R. Hirschhorn, Justine I. Davies.

References
1. Collaborators GBDCoD. 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 Dis-

ease Study 2017. Lancet. 2018; 392(10159):1736–88. Epub 2018/11/30. https://doi.org/10.1016/

S0140-6736(18)32203-7 PMID: 30496103; PubMed Central PMCID: PMC6227606.

2. Odland ML, Bockarie T, Wurie H, Ansumana R, Lamin J, Nugent R, 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(9):e038520. Epub 2020/09/11. https://doi.org/10.1136/bmjopen-2020-038520 PMID:

32907906; PubMed Central PMCID: PMC7482482.

3. Geldsetzer P, Manne-Goehler J, Marcus ME, Ebert C, Zhumadilov Z, Wesseh CS, et al. The state of

hypertension care in 44 low-income and middle-income countries: a cross-sectional study of nationally

representative individual-level data from 1.1 million adults. Lancet. 2019; 394(10199):652–62. Epub

2019/07/23. https://doi.org/10.1016/S0140-6736(19)30955-9 PMID: 31327566.

4. Manne-Goehler J, Geldsetzer P, Agoudavi K, Andall-Brereton G, Aryal KK, Bicaba BW, et al. Health

system performance for people with diabetes in 28 low- and middle-income countries: A cross-sectional

study of nationally representative surveys. PLoS Med. 2019; 16(3):e1002751. Epub 2019/03/02.

https://doi.org/10.1371/journal.pmed.1002751 PMID: 30822339; PubMed Central PMCID:

PMC6396901 following competing interests: AS has received research funding from Johnson & John-

son, Inc.

PLOS ONE Cardiovascular disease risk and management in Bo, Sierra Leone

PLOS ONE | https://doi.org/10.1371/journal.pone.0274242 September 9, 2022 12 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0274242.s001
https://doi.org/10.1016/S0140-6736%2818%2932203-7
https://doi.org/10.1016/S0140-6736%2818%2932203-7
http://www.ncbi.nlm.nih.gov/pubmed/30496103
https://doi.org/10.1136/bmjopen-2020-038520
http://www.ncbi.nlm.nih.gov/pubmed/32907906
https://doi.org/10.1016/S0140-6736%2819%2930955-9
http://www.ncbi.nlm.nih.gov/pubmed/31327566
https://doi.org/10.1371/journal.pmed.1002751
http://www.ncbi.nlm.nih.gov/pubmed/30822339
https://doi.org/10.1371/journal.pone.0274242


5. Flood D, Seiglie JA, Dunn M, Tschida S, Theilmann M, Marcus ME, et al. The state of diabetes treat-

ment coverage in 55 low-income and middle-income countries: a cross-sectional study of nationally rep-

resentative, individual-level data in 680 102 adults. Lancet Health Longev. 2021; 2(6):E340–E51.

https://doi.org/10.1016/s2666-7568(21)00089-1 WOS:000659728300014. PMID: 35211689

6. Donabedian A. Evaluating the quality of medical care. Milbank Mem Fund Q. 1966; 44(3):Suppl:166–

206. Epub 1966/07/01. PMID: 5338568.

7. Starfield B. Is primary care essential? The Lancet. 1994. https://doi.org/10.1016/s0140-6736(94)90634-

3 PMID: 7934497

8. Starfield B, Shi L. Policy relevant determinants of health: an international perspective. Health Policy.

2002; 60(3):201–18. Epub 2002/04/20. https://doi.org/10.1016/s0168-8510(01)00208-1 PMID:

11965331.

9. Davies JI, Reddiar SK, Hirschhorn LR, Ebert C, Marcus ME, Seiglie JA, et al. Association between

country preparedness indicators and quality clinical care for cardiovascular disease risk factors in 44

lower- and middle-income countries: A multicountry analysis of survey data. PLoS Med. 2020; 17(11):

e1003268. Epub 2020/11/11. https://doi.org/10.1371/journal.pmed.1003268 PMID: 33170842; PubMed

Central PMCID: PMC7654799.

10. Leslie HH, Hirschhorn LR, Marchant T, Doubova SV, Gureje O, Kruk ME. Health systems thinking: A

new generation of research to improve healthcare quality. PLoS Med. 2018; 15(10):e1002682. Epub

2018/10/31. https://doi.org/10.1371/journal.pmed.1002682 PMID: 30376581; PubMed Central PMCID:

PMC6207294 following competing interests: MEK is a member of the Editorial Board of PLOS

Medicine.

11. Program TDHS. SPA Overview [cited 2021 5th of July]. Available from: https://dhsprogram.com/

methodology/Survey-Types/SPA.cfm.

12. World Health Organisation. Service Availability and Readiness Assessment (SARA) 2015 [cited 2021

5th of July]. Available from: Service Availability and Readiness Assessment (SARA).

13. Seiglie JA, Servan-Mori E, Begum T, Meigs JB, Wexler DJ, Wirtz VJ. Predictors of health facility readi-

ness for diabetes service delivery in low- and middle-income countries: The case of Bangladesh. Diabe-

tes Res Clin Pract. 2020; 169:108417. Epub 2020/09/07. https://doi.org/10.1016/j.diabres.2020.108417

PMID: 32891691; PubMed Central PMCID: PMC8092080.

14. Basu S, Wagner RG, Sewpaul R, Reddy P, Davies J. Implications of scaling up cardiovascular disease

treatment in South Africa: a microsimulation and cost-effectiveness analysis. Lancet Glob Health. 2019;

7(2):e270–e80. Epub 2018/12/12. https://doi.org/10.1016/S2214-109X(18)30450-9 PMID: 30528531.

15. Basu S, Yudkin JS, Kehlenbrink S, Davies JI, Wild SH, Lipska KJ, et al. Estimation of global insulin use

for type 2 diabetes, 2018–30: a microsimulation analysis. Lancet Diabetes Endocrinol. 2019; 7(1):25–

33. Epub 2018/11/25. https://doi.org/10.1016/S2213-8587(18)30303-6 PMID: 30470520.

16. Basu S, Flood D, Geldsetzer P, Theilmann M, Marcus ME, Ebert C, et al. Estimated effect of increased

diagnosis, treatment, and control of diabetes and its associated cardiovascular risk factors among low-

income and middle-income countries: a microsimulation model. Lancet Glob Health. 2021; 9(11):

e1539–e52. Epub 2021/09/26. https://doi.org/10.1016/S2214-109X(21)00340-5 PMID: 34562369;

PubMed Central PMCID: PMC8526364.

17. Ministry of Health Sierra Leone. Summary report of the 2017 SARA plus in Sierra Leone: Service Avail-

ability and Readiness Assessment (SARA), Quality of Care Survey and Data Quality Review 2017

[cited 2021 6th of July]. Available from: https://mohs2017.files.wordpress.com/2018/05/mohs-sierra-

leone_sara-report_final.pdf.

18. The World Bank. 2022 [cited 2022 14th of June]. Available from: https://data.worldbank.org/.

19. Barr A, Garrett L, Marten R, Kadandale S. Health sector fragmentation: three examples from Sierra

Leone. Global Health. 2019; 15(1):8. Epub 2019/01/24. https://doi.org/10.1186/s12992-018-0447-5

PMID: 30670026; PubMed Central PMCID: PMC6341573.

20. Global Burden of Disease Health Financing Collaborator N. Evolution and patterns of global health

financing 1995–2014: development assistance for health, and government, prepaid private, and out-of-

pocket health spending in 184 countries. Lancet. 2017; 389(10083):1981–2004. Epub 2017/04/24.

https://doi.org/10.1016/S0140-6736(17)30874-7 PMID: 28433256; PubMed Central PMCID:

PMC5440770.

21. Instiute for Health Metrics and Evaluation. Flows of development assistance for health 2021. Available

from: https://vizhub.healthdata.org/fgh/.

22. Leone SS. Population and Housing Census 2015. Available from: https://www.statistics.sl/images/

StatisticsSL/Documents/final-results_-2015_population_and_housing_census.pdf.

23. Wagner RG, Crowther NJ, Micklesfield LK, Boua PR, Nonterah EA, Mashinya F, et al. Estimating the

burden of cardiovascular risk in community dwellers over 40 years old in South Africa, Kenya, Burkina

PLOS ONE Cardiovascular disease risk and management in Bo, Sierra Leone

PLOS ONE | https://doi.org/10.1371/journal.pone.0274242 September 9, 2022 13 / 15

https://doi.org/10.1016/s2666-7568%2821%2900089-1
http://www.ncbi.nlm.nih.gov/pubmed/35211689
http://www.ncbi.nlm.nih.gov/pubmed/5338568
https://doi.org/10.1016/s0140-6736%2894%2990634-3
https://doi.org/10.1016/s0140-6736%2894%2990634-3
http://www.ncbi.nlm.nih.gov/pubmed/7934497
https://doi.org/10.1016/s0168-8510%2801%2900208-1
http://www.ncbi.nlm.nih.gov/pubmed/11965331
https://doi.org/10.1371/journal.pmed.1003268
http://www.ncbi.nlm.nih.gov/pubmed/33170842
https://doi.org/10.1371/journal.pmed.1002682
http://www.ncbi.nlm.nih.gov/pubmed/30376581
https://dhsprogram.com/methodology/Survey-Types/SPA.cfm
https://dhsprogram.com/methodology/Survey-Types/SPA.cfm
https://doi.org/10.1016/j.diabres.2020.108417
http://www.ncbi.nlm.nih.gov/pubmed/32891691
https://doi.org/10.1016/S2214-109X%2818%2930450-9
http://www.ncbi.nlm.nih.gov/pubmed/30528531
https://doi.org/10.1016/S2213-8587%2818%2930303-6
http://www.ncbi.nlm.nih.gov/pubmed/30470520
https://doi.org/10.1016/S2214-109X%2821%2900340-5
http://www.ncbi.nlm.nih.gov/pubmed/34562369
https://mohs2017.files.wordpress.com/2018/05/mohs-sierra-leone_sara-report_final.pdf
https://mohs2017.files.wordpress.com/2018/05/mohs-sierra-leone_sara-report_final.pdf
https://data.worldbank.org/
https://doi.org/10.1186/s12992-018-0447-5
http://www.ncbi.nlm.nih.gov/pubmed/30670026
https://doi.org/10.1016/S0140-6736%2817%2930874-7
http://www.ncbi.nlm.nih.gov/pubmed/28433256
https://vizhub.healthdata.org/fgh/
https://www.statistics.sl/images/StatisticsSL/Documents/final-results_-2015_population_and_housing_census.pdf
https://www.statistics.sl/images/StatisticsSL/Documents/final-results_-2015_population_and_housing_census.pdf
https://doi.org/10.1371/journal.pone.0274242


Faso and Ghana. BMJ Glob Health. 2021; 6(1). Epub 2021/01/23. https://doi.org/10.1136/bmjgh-2020-

003499 PMID: 33479017; PubMed Central PMCID: PMC7825268.

24. Wagner RG, Crowther NJ, Gomez-Olive FX, Kabudula C, Kahn K, Mhembere M, et al. Sociodemo-

graphic, socioeconomic, clinical and behavioural predictors of body mass index vary by sex in rural

South African adults-findings from the AWI-Gen study. Glob Health Action. 2018; 11(sup2):1549436.

Epub 2018/12/01. https://doi.org/10.1080/16549716.2018.1549436 PMID: 30499746; PubMed Central

PMCID: PMC6282437.

25. Odland ML, Payne C, Witham MD, Siedner MJ, Barnighausen T, Bountogo M, et al. Epidemiology of

multimorbidity in conditions of extreme poverty: a population-based study of older adults in rural Burkina

Faso. BMJ Glob Health. 2020; 5(3):e002096. Epub 2020/04/28. https://doi.org/10.1136/bmjgh-2019-

002096 PMID: 32337079; PubMed Central PMCID: PMC7170422.

26. Payne CF, Wade A, Kabudula CW, Davies JI, Chang AY, Gomez-Olive FX, et al. Prevalence and corre-

lates of frailty in an older rural African population: findings from the HAALSI cohort study. BMC Geriatr.

2017; 17(1):293. Epub 2017/12/29. https://doi.org/10.1186/s12877-017-0694-y PMID: 29281995;

PubMed Central PMCID: PMC5745732.

27. D’Orazio P, Burnett RW, Fogh-Andersen N, Jacobs E, Kuwa K, Kulpmann WR, et al. Approved IFCC

recommendation on reporting results for blood glucose: International Federation of Clinical Chemistry

and Laboratory Medicine Scientific Division, Working Group on Selective Electrodes and Point-of-Care

Testing (IFCC-SD-WG-SEPOCT). Clin Chem Lab Med. 2006; 44(12):1486–90. Epub 2006/12/14.

https://doi.org/10.1515/CCLM.2006.275 PMID: 17163827.

28. Filmer D and Pritchett LH. Estimating Wealth Effects without Expenditure Data-or Tears: An Application

to Educational Enrollments in States of India 2001.

29. NICE National Institute for Health and Care Excellence. Conditions and diseases guidance by topic

2019. Available from: https://www.nice.org.uk/guidance/conditions-and-diseases.

30. Passarella P, Kiseleva TA, Valeeva FV, Gosmanov AR. Hypertension Management in Diabetes: 2018

Update. Diabetes Spectr. 2018; 31(3):218–24. Epub 2018/08/25. https://doi.org/10.2337/ds17-0085

PMID: 30140137; PubMed Central PMCID: PMC6092891.

31. Mendis S, Lindholm LH, Mancia G, Whitworth J, Alderman M, Lim S, et al. World Health Organization

(WHO) and International Society of Hypertension (ISH) risk prediction charts: assessment of cardiovas-

cular risk for prevention and control of cardiovascular disease in low and middle-income countries. J

Hypertens. 2007; 25(8):1578–82. Epub 2007/07/11. https://doi.org/10.1097/HJH.0b013e3282861fd3

PMID: 17620952.

32. World Health Organisation. Service Availability and Readiness Assessment (SARA) An annual monitor-

ing system for service delivery Reference Manual 2013 [cited 2021 6th of July]. Available from: https://

www.who.int/healthinfo/systems/SARA_Reference_Manual_Full.pdf.

33. Thulani UB, Mettananda KCD, Warnakulasuriya DTD, Peiris TSG, Kasturiratne K, Ranawaka UK, et al.

Validation of the World Health Organization/ International Society of Hypertension (WHO/ISH) cardio-

vascular risk predictions in Sri Lankans based on findings from a prospective cohort study. PLoS One.

2021; 16(6):e0252267. Epub 2021/06/08. https://doi.org/10.1371/journal.pone.0252267 PMID:

34097699; PubMed Central PMCID: PMC8183983.

34. Collins D, Lee J, Bobrovitz N, Koshiaris C, Ward A, Heneghan C. whoishRisk—an R package to calcu-

late WHO/ISH cardiovascular risk scores for all epidemiological subregions of the world. F1000Res.

2016; 5:2522. Epub 2017/04/04. https://doi.org/10.12688/f1000research.9742.2 PMID: 28357040;

PubMed Central PMCID: PMC5345772.

35. 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(7). Epub 2017/04/

27. https://doi.org/10.1002/dmrr.2904 PMID: 28444863.

36. Lisk DR, Williams DE, Slattery J. Blood pressure and hypertension in rural and urban Sierra Leoneans.

Ethn Dis. 1999; 9(2):254–63. Epub 1999/07/27. PMID: 10421088.

37. Williams DE, Lisk DR. A high prevalence of hypertension in rural Sierra Leone. West Afr J Med. 1998;

17(2):85–90. Epub 1998/08/26. PMID: 9715112.

38. Meehan KA, Bankoski AJ, Tejan E, Ansumana R, Bangura U, Stenger DA, et al. Hypertension in Bo,

Sierra Leone. Ethn Dis. 2011; 21(2):237–42. Epub 2011/07/14. PMID: 21749030.

39. Awad M, Ruzza A, Mirocha J, Setareh-Shenas S, Pixton JR, Soliman C, et al. Prevalence of hyperten-

sion in the Gambia and Sierra Leone, western Africa: a cross-sectional study. Cardiovasc J Afr. 2014;

25(6):269–78. Epub 2014/10/22. https://doi.org/10.5830/CVJA-2014-058 PMID: 25333811; PubMed

Central PMCID: PMC4327182.

40. Ezejimofor M, Uthman O, Chen YF, Ezejimofor B, Ezeabasili A, Stranges S, et al. Magnitude and pat-

tern of hypertension in the Niger Delta: a systematic review and meta-analysis of community-based

PLOS ONE Cardiovascular disease risk and management in Bo, Sierra Leone

PLOS ONE | https://doi.org/10.1371/journal.pone.0274242 September 9, 2022 14 / 15

https://doi.org/10.1136/bmjgh-2020-003499
https://doi.org/10.1136/bmjgh-2020-003499
http://www.ncbi.nlm.nih.gov/pubmed/33479017
https://doi.org/10.1080/16549716.2018.1549436
http://www.ncbi.nlm.nih.gov/pubmed/30499746
https://doi.org/10.1136/bmjgh-2019-002096
https://doi.org/10.1136/bmjgh-2019-002096
http://www.ncbi.nlm.nih.gov/pubmed/32337079
https://doi.org/10.1186/s12877-017-0694-y
http://www.ncbi.nlm.nih.gov/pubmed/29281995
https://doi.org/10.1515/CCLM.2006.275
http://www.ncbi.nlm.nih.gov/pubmed/17163827
https://www.nice.org.uk/guidance/conditions-and-diseases
https://doi.org/10.2337/ds17-0085
http://www.ncbi.nlm.nih.gov/pubmed/30140137
https://doi.org/10.1097/HJH.0b013e3282861fd3
http://www.ncbi.nlm.nih.gov/pubmed/17620952
https://www.who.int/healthinfo/systems/SARA_Reference_Manual_Full.pdf
https://www.who.int/healthinfo/systems/SARA_Reference_Manual_Full.pdf
https://doi.org/10.1371/journal.pone.0252267
http://www.ncbi.nlm.nih.gov/pubmed/34097699
https://doi.org/10.12688/f1000research.9742.2
http://www.ncbi.nlm.nih.gov/pubmed/28357040
https://doi.org/10.1002/dmrr.2904
http://www.ncbi.nlm.nih.gov/pubmed/28444863
http://www.ncbi.nlm.nih.gov/pubmed/10421088
http://www.ncbi.nlm.nih.gov/pubmed/9715112
http://www.ncbi.nlm.nih.gov/pubmed/21749030
https://doi.org/10.5830/CVJA-2014-058
http://www.ncbi.nlm.nih.gov/pubmed/25333811
https://doi.org/10.1371/journal.pone.0274242


studies. J Glob Health. 2018; 8(1):010420. Epub 2018/06/15. https://doi.org/10.7189/jogh.08.010420

PMID: 29899980; PubMed Central PMCID: PMC5997369.

41. Oguoma VM, Nwose EU, Skinner TC, Digban KA, Onyia IC, Richards RS. Prevalence of cardiovascular

disease risk factors among a Nigerian adult population: relationship with income level and accessibility

to CVD risks screening. BMC Public Health. 2015; 15:397. Epub 2015/05/01. https://doi.org/10.1186/

s12889-015-1709-2 PMID: 25925238; PubMed Central PMCID: PMC4415344.

42. Kodaman N, Aldrich MC, Sobota R, Asselbergs FW, Poku KA, Brown NJ, et al. Cardiovascular Disease

Risk Factors in Ghana during the Rural-to-Urban Transition: A Cross-Sectional Study. PLoS One.

2016; 11(10):e0162753. Epub 2016/10/13. https://doi.org/10.1371/journal.pone.0162753 PMID:

27732601; PubMed Central PMCID: PMC5061429.

43. Cappuccio FP, Micah FB, Emmett L, Kerry SM, Antwi S, Martin-Peprah R, et al. Prevalence, detection,

management, and control of hypertension in Ashanti, West Africa. Hypertension. 2004; 43(5):1017–22.

Epub 2004/03/24. https://doi.org/10.1161/01.HYP.0000126176.03319.d8 PMID: 15037552.

44. Peiris D, Ghosh A, Manne-Goehler J, Jaacks LM, Theilmann M, Marcus ME, et al. Cardiovascular dis-

ease risk profile and management practices in 45 low-income and middle-income countries: A cross-

sectional study of nationally representative individual-level survey data. PLoS Med. 2021; 18(3):

e1003485. Epub 2021/03/05. https://doi.org/10.1371/journal.pmed.1003485 PMID: 33661979; PubMed

Central PMCID: PMC7932723.

45. Rosengren A, Smyth A, Rangarajan S, Ramasundarahettige C, Bangdiwala SI, AlHabib KF, et al.

Socioeconomic status and risk of cardiovascular disease in 20 low-income, middle-income, and high-

income countries: the Prospective Urban Rural Epidemiologic (PURE) study. Lancet Glob Health.

2019; 7(6):e748–e60. Epub 2019/04/28. https://doi.org/10.1016/S2214-109X(19)30045-2 PMID:

31028013.

46. McCarthy K, Cai LB, Xu FR, Wang PG, Xue HL, Ye YL, et al. Urban-Rural Differences in Cardiovascular

Disease Risk Factors: A Cross-Sectional Study of Schoolchildren in Wuhan, China. PLoS One. 2015;

10(9):e0137615. Epub 2015/09/10. https://doi.org/10.1371/journal.pone.0137615 PMID: 26352586;

PubMed Central PMCID: PMC4564102.

47. Prabhakaran D, Roy A, Praveen PA, Ramakrishnan L, Gupta R, Amarchand R, et al. 20-Year Trend of

CVD Risk Factors: Urban and Rural National Capital Region of India. Glob Heart. 2017; 12(3):209–17.

Epub 2017/04/16. https://doi.org/10.1016/j.gheart.2016.11.004 PMID: 28411147.

48. Shiffman J, Smith S. Generation of political priority for global health initiatives: a framework and case

study of maternal mortality. Lancet. 2007; 370(9595):1370–9. Epub 2007/10/16. https://doi.org/10.

1016/S0140-6736(07)61579-7 PMID: 17933652.

49. REPUBLIC OF SIERRA LEONE MINISTRY OF HEALTH AND SANITATION. National Non-Communi-

cable Diseases STRATEGIC PLAN 2013–2017. Available from: https://www.iccp-portal.org/system/

files/plans/Sierra%20Leone%20-%20NCD%20strategic%20plan%20doc%202013-2017.pdf.

50. UNAIDS. Country progress report—Sierra Leone 2020. Available from: https://www.unaids.org/sites/

default/files/country/documents/SLE_2020_countryreport.pdf.

PLOS ONE Cardiovascular disease risk and management in Bo, Sierra Leone

PLOS ONE | https://doi.org/10.1371/journal.pone.0274242 September 9, 2022 15 / 15

https://doi.org/10.7189/jogh.08.010420
http://www.ncbi.nlm.nih.gov/pubmed/29899980
https://doi.org/10.1186/s12889-015-1709-2
https://doi.org/10.1186/s12889-015-1709-2
http://www.ncbi.nlm.nih.gov/pubmed/25925238
https://doi.org/10.1371/journal.pone.0162753
http://www.ncbi.nlm.nih.gov/pubmed/27732601
https://doi.org/10.1161/01.HYP.0000126176.03319.d8
http://www.ncbi.nlm.nih.gov/pubmed/15037552
https://doi.org/10.1371/journal.pmed.1003485
http://www.ncbi.nlm.nih.gov/pubmed/33661979
https://doi.org/10.1016/S2214-109X%2819%2930045-2
http://www.ncbi.nlm.nih.gov/pubmed/31028013
https://doi.org/10.1371/journal.pone.0137615
http://www.ncbi.nlm.nih.gov/pubmed/26352586
https://doi.org/10.1016/j.gheart.2016.11.004
http://www.ncbi.nlm.nih.gov/pubmed/28411147
https://doi.org/10.1016/S0140-6736%2807%2961579-7
https://doi.org/10.1016/S0140-6736%2807%2961579-7
http://www.ncbi.nlm.nih.gov/pubmed/17933652
https://www.iccp-portal.org/system/files/plans/Sierra%20Leone%20-%20NCD%20strategic%20plan%20doc%202013-2017.pdf
https://www.iccp-portal.org/system/files/plans/Sierra%20Leone%20-%20NCD%20strategic%20plan%20doc%202013-2017.pdf
https://www.unaids.org/sites/default/files/country/documents/SLE_2020_countryreport.pdf
https://www.unaids.org/sites/default/files/country/documents/SLE_2020_countryreport.pdf
https://doi.org/10.1371/journal.pone.0274242

