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Abstract

Background

High blood pressure is a leading risk factor for death and disability in sub-Saharan Africa
(SSA). We evaluated the costs and cost-effectiveness of hypertension care provided within
the Kwara State Health Insurance (KSHI) program in rural Nigeria.

Methods

A Markov model was developed to assess the costs and cost-effectiveness of population-
level hypertension screening and subsequent antihypertensive treatment for the population
at-risk of cardiovascular disease (CVD) within the KSHI program. The primary outcome was
the incremental cost per disability-adjusted life year (DALY) averted in the KSHI scenario
compared to no access to hypertension care. We used setting-specific and empirically-col-
lected data to inform the model. We defined two strategies to assess eligibility for antihyper-
tensive treatment based on 1) presence of hypertension grade 1 and 10-year CVD risk of
>20%, or grade 2 hypertension irrespective of 10-year CVD risk (hypertension and risk
based strategy) and 2) presence of hypertension in combination with a CVD risk of >20%
(risk based strategy). We generated 95% confidence intervals around the primary outcome
through probabilistic sensitivity analysis. We conducted one-way sensitivity analyses
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across key model parameters and assessed the sensitivity of our results to the performance
of the reference scenario.

Results

Screening and treatment for hypertension was potentially cost-effective but the results were
sensitive to changes in underlying assumptions with a wide range of uncertainty. The incre-
mental cost-effectiveness ratio for the first and second strategy respectively ranged from
US$ 1,406 to US$ 7,815 and US$ 732 to US$ 2,959 per DALY averted, depending on the
assumptions on risk reduction after treatment and compared to no access to antihyperten-
sive treatment.

Conclusions

Hypertension care within a subsidized private health insurance program may be cost-effec-
tive in rural Nigeria and public-private partnerships such as the KSHI program may provide
opportunities to finance CVD prevention care in SSA.

Introduction

Raised blood pressure is the leading risk factor for disease burden and mortality worldwide,
mainly due to associated cardiovascular diseases (CVD).[1,2] Nearly 80% of CVD-related mor-
tality occurs in low- and middle-income countries (LMICs).[3,4] People in LMICs die from
CVD at a younger age compared to people in high income countries, often in their most pro-
ductive years. CVD in LMICs have a large economic impact, both at household and macro-
economic level, due to catastrophic healthcare expenditures and through loss of income and
labour productivity.[3,4]

The prevalence of hypertension and its complications is increasing rapidly in sub-Saharan
Africa (SSA) with an age-standardized hypertension prevalence of 19.1% in 1990 compared to
25.9% in 2010.[1,5,6] Adequate treatment of hypertension greatly reduces the risk of CVD.[7]
However, treatment coverage of antihypertensive medication is low due to limited awareness,
accessibility and affordability of quality treatment for hypertension in settings with overbur-
dened health systems.[6,8-11] There is an urgent need to develop and evaluate the costs and
effects of innovative service delivery models for the management of hypertension that guaran-
tee access to high quality care for patients.

The Kwara State Health Insurance (KSHI) program is an initiative of the Kwara State Gov-
ernment[12], Hygeia Community Health Care (HCHC)[13], the Health Insurance Fund[14]
and PharmAccess Foundation[15] to improve access to affordable and quality healthcare for
low income population in Kwara State, rural Nigeria. The insurance program provides cover-
age for primary and limited secondary care, including antihypertensive treatment. In addition,
the program aims to improve the quality of care in the participating healthcare facilities by
facilitating the upgrade of their infrastructure, training of staff in guideline-based care, and
management support. Individual enrolment in the program is voluntary and participants pay
about 12% of the premium. At the time of the study, the participant part of the premium was
approximately US$ 2 per year, currently the participants pay approximately US$ 3 per year.
The remaining part of the premium is subsidized, mainly by the Kwara State Government (see
section B in S1 File for more information).
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Previous studies have shown hypertension treatment to be a cost-effective intervention in
high risk individuals in modelling studies from SSA. [16-21] We previously showed that
hypertension management through the KSHI program was effective in reducing blood pressure
in a cohort of people with hypertension[22,23] and evaluated costs of hypertension care from a
healthcare perspective.[24] In this paper, we aim to evaluate the costs and cost-effectiveness of
hypertension management through the KSHI program at scale, for the population at risk of
CVD using empirical data from our previous studies and program monitoring databases.

To the best of our knowledge, this study is the first economic evaluation of hypertension
treatment in SSA to use empirically collected data on population risk distributions, cost of care,
treatment coverage and blood pressure reduction after treatment. In addition, it is the first
study to incorporate the costs of setting up and managing a service delivery model that pro-
vides access to care for patients. Furthermore, we have tested a large set of assumptions across
key model parameters, some of which have not yet been addressed in previous cost-effective-
ness studies of hypertension treatment in SSA.[16,18,19,21]

Materials and Methods

We developed a Markov model to assess the costs and cost-effectiveness of population-level
hypertension screening and subsequent antihypertensive treatment in the context of a health
insurance program, from the healthcare provider perspective. We compared this intervention
to a reference scenario where the insurance program is not operational and people do not have
access to screening or treatment for hypertension. The choice for this reference scenario was
based on the observation that insurance coverage and antihypertensive treatment coverage in
the population was 0% and 4.6% respectively before the program was rolled-out.[22,23] Infor-
mation regarding the quality of the antihypertensive treatment or the continuity of the treat-
ment was unavailable. We simulated a cohort of 10,000 individuals aged 30-79 years with no
previous CVD for ten years. The primary outcome was the incremental cost per disability-
adjusted life year (DALY) averted.

2.1 Model

We characterized the individuals into 192 unique CVD risk profiles based on sex, age, blood
pressure, the presence of diabetes mellitus, smoking status, and total cholesterol. The distribu-
tion of risk factors in the population were sourced from population-based household surveys
undertaken as part of the overall evaluation of the KSHI program (Table 1). These surveys
were conducted in rural Kwara State. In the surveys, demographic, socioeconomic and medical
information including measurements of blood pressure, and cholesterol were collected. Ethical
clearance for the surveys conducted in Kwara was obtained from the ethical review committee
of the University of Ilorin Teaching Hospital (04/08/2008, UITH/CAT189/11/782). Informed
consent was obtained from all participants by signature or by fingerprint, as approved by the
ethical review committee. The methods used for these surveys and a description of the study
setting are described briefly in the supplement (S1 File sections A and B) and in more detail
elsewhere. [8,22,23]

In our model, every year individuals experience a risk of having a stroke or a coronary heart
disease (CHD) event; these events could be either fatal (defined as death within one year of the
event) or non-fatal (Fig 1).

The probabilities of having a stroke or a CHD event (including myocardial infarction (MI)
and angina pectoris (AP)) were based on the Framingham ten-year risk equations for stroke
and CHD [25,26] and converted to one-year probabilities for every one-year cycle in the ten-
year period. The proportions of fatal and non-fatal stroke and CHD events as well as the
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Table 1. Input parameters for cost-effectiveness analyses.

Population and risk factor
distributions

Proportion (SE) Average (SE) Distribution Source #
Age categories
30-44 years old 0.37 (0.01) 35.8 (0.15) Beta Kwara HH survey
45-59 years old 0.34 (0.01) 50.1 (0.15) Beta Kwara HH survey
60-69 years old 0.19 (0.01) 62.5 (0.14) Beta Kwara HH survey
70-79 years old 0.11 (0.01) 71.8 (0.17) Beta Kwara HH survey
Gender, male 0.45 (0.01) - Beta Kwara HH survey
Hypertension severity”
No hypertension 0.77 (0.01) 114.0 (0.30) Beta Kwara HH survey
Hypertension, stage 1 0.13 (0.01) 142.66 (0.56) Beta Kwara HH survey
Hypertension, stage 2 0.11 (0.01) 173.49 (1.36) Beta Kwara HH survey
Total Cholesterol
TC > 5 mmol/L 0.08 (0.01) 5.49 (0.05) Beta Kwara HH survey
TC <=5 mmol/L 0.92 (0.01) 3.66 (0.02) Beta Kwara HH survey
High Density Lipoprotein
Cholesterol
TC > 5 mmol/L* 0.08 (0.01) 1.36 (0.09) Beta Kwara HH survey
TC < =5 mmol/L* 0.92 (0.01) 1.08 (0.02) Beta Kwara HH survey
Current daily smoking 0.12 (0.01) N.A. Beta Kwara HH survey
Diabetes 0.04 (0.01) N.A. Beta Kwara HH survey
Probabilities and
outcomes in model
Stroke event Base Case Range Distribution Source #
Probability of stroke event Framingham risk score per risk profile per year [26]
Probability of stroke to be 0.53 0.50-0.57 Triangular [30—-42]
fatal within one year
Survival time if stroke fatal 82.0 days 77.6-89.6 days Triangular [30-42]
within one year
Survival time if stroke non- Age- and gender-specific, adapted to Nigeria [43,44]
fatal within one year
CHD event Base Case Range Distribution Source #
Probability of CHD event Framingham risk score per risk profile per year [25]
Probability of CHD to be 0.30 0.26-0.33 Triangular [16,45,46]
fatal within one year
Survival time if CHD fatal 49.3 days 44.3-61.3 days Triangular [16,45,46]
within one year
Survival time if CHD non- Age- and gender-specific, adapted to Nigeria [44,47]
fatal within one year
Other death Distribution Source #
Probability of non-CVD Age- and gender-specific table in supplement [44]
mortality per year
Hypertension treatment Base Case Range Distribution Source #
Coverage in KSHI program 29% - - Kwara HH survey
SBP decrease—individuals -20 (-31.6—8.4) Triangular Kwara HH survey
on antihypertensive
treatment (mmHg)
SBP decrease—screened 2.4 (-6.0-0) Triangular Kwara HH survey
hypertensive individuals, not
on antihypertensive
treatment (mmHg)

(Continued)
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Table 1. (Continued)

Relative risk reduction Base Case Range Distribution Source #
(RRR) per 10 mmHg SBP
decrease
RRR Stroke—based on 2.38 2.13-2.63 Triangular [7]
Lawes 30-44 years old
RRR Stroke—based on 2 1.92-2.04 Triangular [7]
Lawes 45-59 years old
RRR Stroke—based on 1.56 1.52-1.61 Triangular [7]
Lawes 60-69 years old
RRR Stroke—based on 1.37 1.32-1.43 Triangular [7]
Lawes 70-79 years old
RRR CHD-based on Lawes 1.92 1.54-2.38 Triangular [7]
3044 years old
RRR CHD-based on Lawes 1.67 1.56-1.75 Triangular [71]
45-59 years old
RRR CHD-based on Lawes 1.33 1.27-1.39 Triangular [7]
60-69 years old
RRR CHD-based on Lawes 1.25 1.191.32 Triangular [7]
70-79 years old
RRR Stroke—based on 1.16 1.14-1.18 Triangular Calculated from[48]
Rapsomaniki
RRR CHD-based on 1.16 1.15-1.18 Triangular Calculated from[48]
Rapsomaniki
Cost parameters (2012 US
$)
Base Case Range Distribution Source #
Cost of hypertension care 112 101-126 Triangular Adapted from [24]
per patient per year
Cost of screening per 5 4-6 Triangular [49]
person screened
Above-service delivery 24 - Triangular KSHI program management
costs of insurance program
management per patient per
year
Cost of acute care after a 380 242-1,556 Triangular Base Case: UITH data, [24]
stroke per patient Range: [16,17,19,35,50-57]
Cost of follow up care after 240 206-275 Triangular [24]
a stroke per patient per year
Cost of acute care after 181 115-1,180 Triangular Base Case: UITH data, [24]
CHD event per patient Range: [16,17,19]
Cost of follow up care after 278 235-320 Triangular [24]
CHD event per patient per
year
DALY assumptions
Base Case Range Distribution
Disability weight during 0.553 0.363-0.738 Triangular Adapted from [27]
survival period after a fatal
stroke (death during first
year)
Disability weight during 0.256 0.021-0.553 Triangular Adapted from [27]

survival after a non-fatal
stroke

(Continued)
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Table 1. (Continued)

Disability weight during 0.180 0.135-0.250 Triangular Adapted from [27]
survival period after a fatal
CHD event (death during

first year)

Disability weight during 0.09 0.022-0.234 Triangular Adapted from [27]
survival after a non-fatal

CHD event

Disability weight while on 0.031 0.017-0.05 Triangular [27]

antihypertensive treatment

# Details on assumptions made and sources used can be found in the supplemental material.

A No hypertension: SBP < 140 AND DBP < 90; Hypertension grade 1: SBP between 140—159 mmHg and/or DBP between 90-99 mmHg; Hypertension
grade 2: SBP of at least 160 mmHg and/or DBP of at least 100 mmHg.

* HDL was not taken as a separate variable for defining risk profiles. HDL average was calculated for high and low TC groups.

Abbreviations: SE: Standard error; Kwara HH survey: Kwara household survey; TC: Total cholesterol; CHD: Coronary heart disease; CVD: Cardiovascular
disease; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; RRR: Relative risk reduction; KSHI: Kwara State Health Insurance; UITH:
University of llorin Teaching Hospital; DALY Disability adjusted life year.

doi:10.1371/journal.pone.0157925.t001

average number of days of survival after CVD events that led to death within the first year after
the event were based on figures from the literature (Table 1, and Table D, Table E and section
E in S1 File). For non-fatal CVD events, we did not model repeat events but assigned an aver-
age survival time according to age and gender, based on figures from the literature (Table I,
and Table D, Table E and section G in S1 File). Finally, individuals could also die from non-
CVD related causes. Non-CVD mortality was sourced from the 2010 Global Burden of Disease
study (Table 1, and Table A and section E in S1 File).[27]

2.2 Intervention

The intervention modeled is population-level hypertension screening and subsequent antihy-
pertensive treatment for high CVD risk individuals in the context of the KSHI program. We
defined two eligibility strategies for treatment. The first was a CVD risk and hypertension-

Non-fatal stroke

@ Non-fatal CHD . Non-CVD death

Fig 1. Structure of the Markov model.

doi:10.1371/journal.pone.0157925.g001
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based strategy, where all individuals with hypertension stage 1 (systolic blood pressure between
140-159 mmHg and/or diastolic blood pressure between 90-99 mmHg)[28] combined with a
ten-year CVD risk greater than 20% as well as all individuals with hypertension stage 2 (systolic
blood pressure of at least 160 mmHg and/or diastolic blood pressure of at least 100 mmHg)
[28], regardless of their ten-year CVD risk, were eligible for hypertensive treatment.[29] These
groups are eligible for treatment according to the guidelines used in the KSHI program. The
second strategy was CVD risk based, where all hypertensive individuals with a ten-year CVD
risk greater than 20% were eligible for treatment. This approach is comparable to strategies
tested in previous cost-effectiveness studies.[16,18,19,21] We will refer to the two strategies as
the risk and hypertension based strategy and risk based strategy, respectively.

We assumed that the intervention reduced the probability of having a CVD event. Mortality
and morbidity after a CVD event were assumed to be equal in the KSHI scenario and the refer-
ence scenario (Table 1). Finally, the coverage of the intervention was assumed to be the same as
the observed antihypertensive treatment coverage in a population living in an area with access
to the KSHI program for four years. As the observed treatment coverage was four years after
access to antihypertensive care became available, this estimate includes attrition to the program
over this timeframe (Table 1, and section F, S1 File).

2.3 Costs

We considered: 1) costs of delivering hypertension care within the context of the KSHI pro-
gram, and 2) costs of CVD events (including acute care and follow-up care). The costs of deliv-
ering hypertension care were assigned only to the intervention scenario while the costs of CVD
events were assigned to events in both the intervention and the reference scenario. The costs of
delivering hypertension care included population-level screening costs, service delivery for
individual hypertension treatment and insurance program costs associated with the local oper-
ations of HCHC and program management at PharmAccess level, that we will refer to as
above-service delivery costs. The cost of population-level screening was derived from WHO
estimates.[49] Service delivery cost for hypertension care was sourced from a costing study in
the Ogo Oluwa Hospital, a private hospital participating in the KSHI program.[24] These costs
included both direct costs for consultation, tests and drugs as well as indirect building and
overhead costs. We included costs of antihypertensive drugs and acetyl salicylic acid (aspirin)
based on observed utilization in Ogo Oluwa Hospital. An overview of components can be
found in Table F and section H in S1 File. More details on the approach and methodology of
the costing study can be found in the original publication.[24] Above-service delivery costs
were added as a mark-up to all individuals on antihypertensive treatment (Table 1). The calcu-
lation of the above-service delivery costs was based on realized and projected expenses and is
explained in detail in S1 File, Table H and section H.

Using an ingredients approach, we estimated acute care costs for stroke based on guidelines
(from LMIC for stroke[58-60] and in absence of LMIC guidelines from HIC for CHD[61,62])
as well as discussion with local specialists from the University of Ilorin Teaching Hospital
(UITH; a tertiary hospital in the program area which is one of the referral hospitals for patients
in the KSHI program) to determine what was feasible and available in the setting of our study.
Acute care costs included in-hospital stay, tests, and drugs. Highly specialized clinical interven-
tions were excluded. Data from the costing study as well as additional data from UITH on utili-
zation and costs were used (Table 1, and Table I and section H, S1 File).

We validated acute care costs with figures from WHO-CHOICE, National Health Interview
Survey (NHIS) and literature from SSA, excluding data from South Africa where the standard
of care is higher compared to the rest of SSA.[16,17,19,35,50-57] Costs for follow-up care after
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CVD events were assumed to be equal to antihypertensive treatment costs with the addition of
a number of drugs, depending on the event (Table 1, and Table ] and section H, S1 File). All
prices were collected in local currency and are presented in 2012 US$ using the mean exchange
rate of the study period (1 US$ = 154.4 NGN). Cost estimates derived from other studies were
adjusted for inflation using standard methods.[63]

2.4 Analysis

The intervention effect was attributed to two components: 1) screening for hypertension com-
bined with lifestyle advice for individuals with high blood pressure, and 2) antihypertensive
drug treatment. The magnitude of the effect was based on the results of an impact study that
we conducted in the program area where people were screened for hypertension, offered insur-
ance and access to hypertension treatment.[23] We applied blood pressure reductions as
observed for 1) individuals who were screened, told to have hypertension and given informa-
tion about lifestyle measures but who were not on pharmacological treatment during the four
year follow-up survey that was part of the impact study; and 2) for individuals who were also
treated with antihypertensive drugs (Table 1, and section F, S1 File).

Subsequently, reductions in blood pressure were translated into reductions of CVD risk
which were applied to the annual risks of stroke and CHD events. For this step, we tested three
different assumptions in scenarios. First, we used the observed blood pressure reduction to
recalculate the Framingham scores for each individual risk profile. Additionally, we applied
two estimates of relative risk reduction that were derived from meta-analyses on the effect of
lowering blood pressure on stroke and CHD outcomes. We compared relative risk reduction
based on a recent meta-analysis by Rapsomaniki et al[48], to the relative risk reduction esti-
mate described by Lawes et al.[7,64] We will refer to these scenarios as “Framingham”, “Rapso-
maniki”, and “Lawes” assumptions (Table 1, and Table B and section F, S1 File).

Mortality and morbidity outcomes were translated into years of life lost (YLLs) due to pre-
mature death and years lived with disability (YLDs), respectively, to calculate the total number
of DALYs in each scenario. To calculate YLDs, we applied disability weights due to CVD events
based on the utilities defined in the GBD 2010 (Table 1, and Table C and section G, S1 File).
[27] We also applied a disability weight to the period of time when patients were on antihyper-
tensive treatment.[27] We used standard methods[65] without age weighting[27] to calculate
DALYs. Incremental cost-effectiveness ratios (ICER) were calculated as the difference in costs
divided by the difference in DALY between the intervention and reference scenario. We took
a lifetime perspective when calculating costs and health benefits following from events that
occurred in the ten-year intervention timeframe. Future costs and health outcomes were dis-
counted at 3% per year.

2.5 Uncertainty and sensitivity analysis

We constructed 95% confidence intervals around the primary outcome results through a prob-
abilistic sensitivity analysis (PSA; Monte Carlo simulation) in which parameters were ran-
domly sampled from their probability distributions in 1,000 iterations (Table 1). Results from
the PSA are presented in cost-effectiveness acceptability curves.[66] Additionally, one-way sen-
sitivity analyses were conducted in which model parameters were varied outside their confi-
dence intervals. We tested the sensitivity of our model to the proportion of stroke and CHD
events that were fatal within one year; the length of survival of non-fatal events; variation in
above-service delivery costs; the costs of acute care after a stroke event; the costs of acute care
after a CHD event; costs of hypertension care; a change in effect of blood pressure treatment;
increased CVD risk at baseline; and discount rates.
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The model was programmed using Microsoft Excel 2013 (Microsoft Corp), population dis-
tribution and effectiveness data were calculated using Stata (version 12.0; StataCorp). We con-
ducted and present this study following the Consolidated Health Economic Evaluation
Reporting Standards (CHEERS) guidelines[67] and the published standards of the Bill and
Melinda Gates Foundation, Methods for Economic Evaluation Project.[68]

Results
3.1 Health impact

Population-level screening and providing anti-hypertensive treatment in the context of a vol-
untary health insurance program using the risk and hypertension based strategy would result
in a 4%, 3%, and 8% reduction in the number of stroke events and a 2%, 3% and 6% reduction
in the number of CHD events using the Framingham, Rapsomaniki, and Lawes assumptions
respectively. In the risk based strategy, a lower number of stroke and CHD events would be
avoided (3% and 2% respectively for the Framingham assumption, 3% and 2% for the Rapso-
maniki assumption and 7% and 4% for the Lawes assumption). The total number of DALY
averted in a population of 10,000 individuals are presented in Tables 2 and 3 by treatment eligi-
bility strategy.

3.2 Costs

The cost per individual in the reference scenario was US$ 60.8, corresponding to acute event
care and secondary prevention. The cost per individual of the risk and hypertension based
strategy was US$ 99.6 for the Framingham, US$ 99.5 for the Rapsomaniki and US$ 97.4 for the
Lawes scenario. The cost per individual of the risk based strategy was lower compared to the
risk and hypertension based strategy and was estimated at US$ 79.1 for the Framingham, US$
79.0 for the Rapsomaniki and US$ 77.3 for the Lawes scenario (Table 3). The reduction in costs
attributable to a reduction in costs for acute care of CVD events and follow up care due to the
intervention was between 2% and 7%, depending on the scenario (Table 2).

3.3 Cost-effectiveness

The mean ICERs for the risk and hypertension based strategy were US$ 7,815 using the Fra-
mingham assumption, US$ 6,256 using the Rapsomaniki assumption and US$ 1,406 using the
Lawes assumption. The mean ICERs for the risk based strategy were substantially lower at US$
2,959, US$ 2,498 and US$ 732 using the Framingham, Rapsomaniki and Lawes assumptions
respectively (Table 3). The uncertainty bounds around these estimates are presented in

Table 3.

The mean ICER in Lawes for the risk and hypertension based strategy and the mean ICER
in Lawes and Rapsomaniki in the risk based strategy are considered cost-effective at a willing-
ness-to-pay threshold of one GDP per capita per DALY averted, which was US$ 2,742 in Nige-
ria in 2012.[69] However, only one set of assumptions could consistently be considered cost-
effective when we include uncertainty in model parameters (risk based strategy, Lawes).

3.4 Uncertainty analysis

Fig 2A and 2B show the result of the probabilistic sensitivity analysis and illustrate the proba-
bility of antihypertensive treatment provided through the KSHI program to be cost-effective
against a range of willingness-to-pay thresholds. At a willingness-to-pay threshold of US$
2,742 (one GDP per capita), the probability of the risk and hypertension based strategy to be
cost-effective compared to the reference scenario was 1%, 4% and 95% respectively under the
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Table 2. Outcomes in costs (US$ 2012) and DALYs averted for a cohort of 10,000 individuals.

Strategy 1. Treatment eligibility: risk and hypertension based

Strategy 2. Treatment eligibility: risk based

Reference
scenario

KSHI
Framing-ham

KSHI Rapso-
maniki

KSHI Lawes

Reference
scenario

KSHI
Framing-ham

KSHI Rapso-
maniki

KSHI Lawes

Stroke events

241

232

233

221

241

234

235

225

CHD events

416

408

404

392

416

410

407

398

DALYs
averted (from
events
prevented)

reference

130

142

342

reference

95

106

259

DALYs lost
(due to
treatment)

reference

80

80

81

reference

33

33

34

NET DALYs
averted

reference

50

62

261

reference

62

73

226

Total costs

607,608

996,082

995,255

973,734

607,608

790,766

789,974

772,617

Screening
Costs

0

47,400

47,400

47,400

0

47,400

47,400

47,400

Hypertension
treatment
costs

0

293,674

293,893

296,196

0

121,395

121,595

122,775

Above-service
delivery costs
for KSHI
program

63,453

63,500

63,998

26,229

26,273

26,527

Care after
CVD event
costs

607,608

591,555

590,462

566,141

607,608

595,741

594,707

575,915

Reduction in
acute and
follow-up
costs after
CVD event

reference

2.6%

2.8%

6.8%

reference

2.0%

2.1%

5.2%

% of total
costs related
to KSHI
intervention*

0%

36%

36%

36%

0%

25%

25%

27%

*Total costs related to KSHI intervention includes screening, hypertension treatment and above-service delivery costs. Framingham: assuming
recalculation of Framingham equation; Rapsomaniki: assuming relative risk reduction based on Rapsomaniki[48]; Lawes: assuming relative risk reduction
based on Lawes[7] Abbreviations: KSHI: Kwara State Health Insurance; CHD: Coronary Heart Disease; DALYs: Disability Adjusted Life Years; CVD:
Cardiovascular disease.

doi:10.1371/journal.pone.0157925.1002

Framingham, Rapsomaniki and Lawes assumptions (Fig 2A). The probability of the program
to be cost-effective when using a risk based strategy was 52%, 68% and 99% respectively under
the Framingham, Rapsomaniki and Lawes assumption (Fig 2B).

The bounds of the 95% confidence intervals included negative ICERs. Negative ICERs in

the case of our model do not indicate a cost-reduction but indicate cases where DALY are
incurred rather than averted following the burden of being on treatment for long periods of
time without having any events (the strategy is then considered dominated). This occurred in
7% and 3.9% of the 1,000 iterations for the Framingham and the Rapsomaniki scenarios in the
risk and hypertension based strategy and in 0.3% and 0.2% respectively in the risk based strat-
egy. We present the cost-effectiveness plane for all iterations in Fig A, S1 File.
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10/20



@’PLOS ‘ ONE

Hypertension Screening and Treatment in Nigeria

Table 3. Cost-effectiveness of KSHI program (US$ 2012).

Reference
scenario
KSHI
Framing-
ham

KSHI
Rapso-
maniki

KSHI
Lawes

Strategy 1. Treatment eligibility: risk and hypertension based Strategy 2. Treatment eligibility: risk based

Total cost
incurred

607,608

996,082

995,255

973,734

Total
DALYs
incurred

5,086

5,036

5,024

4,826

DALYs ICER ICER Total cost Total DALYs ICER ICER
averted compared | compared incurred DALYs averted compared | compared
to SoC, to SoC, incurred to SoC, to SoC,
mean MC, mean MC,
median median
(2.5-97.5 (2.5-97.5
percentile) percentile)
ref ref ref 607,608 5,086 ref ref ref
50 7,815 6,282 790,766 5,024 62 2,959 2,644
(dominated (1,270 to
to 48,193) 14,379)
62 6,256 5,315 789,974 5,013 73 2,498 2,221
(dominated (1,121 to
to 45,211) 8,484)
260 1,406 1,287 772,617 4,860 226 732 634 (306 to
(dominated 2,021)
to 3,317)

Framingham: assuming recalculation of Framingham equation; Rapsomaniki: assuming relative risk reduction based on Rapsomaniki[48]; Lawes:
assuming relative risk reduction based on Lawes[7] Abbreviations: KSHI: Kwara State Health Insurance; DALYs: Disability Adjusted Life Years; ICER:
incremental cost-effectiveness ratio; SoC: standard of care. MC: monte carlo simulation.

doi:10.1371/journal.pone.0157925.1003

One-way sensitivity analyses illustrated that our primary outcome estimates were sensitive
to variations in discount rate, effect of treatment on systolic blood pressure, above-service
delivery costs, inclusion of disability weights for being on antihypertensive treatment and costs
of hypertension treatment (Fig 3A and 3B, and Tables K and L, S1 File. In particular, our esti-
mates based on Framingham and Rapsomaniki assumptions were less robust than those based
on Lawes assumptions to variations in key parameters.

Discussion

Our study found that screening and treatment for hypertension within a health insurance pro-
gram in Nigeria could be cost-effective at a willingness-to-pay threshold of one GDP per capita
per DALY averted. The likelihood of having a cost-effective program was higher when the
hypertensive population eligible for treatment was restricted to those with a high 10-year CVD
risk, than when eligibility was expanded to the population with grade 2 hypertension, irrespec-
tive of 10-year CVD risk.

Our conclusion was sensitive to underlying assumptions and is presented with substantial
uncertainty. Our assumption on CVD risk reductions following treatment of high blood pres-
sure had a large effect on the ICERs. When we applied relative risk reductions as reported by
WHO (Lawes), between 95% (for the risk and hypertension based strategy) and 99% (for the
risk based strategy) of the iterations were considered cost-effective at a willingness-to-pay
threshold of one GDP per capita. When we used a recalculation of the Framingham score after
treatment to determine risk reduction, only 1% and 52% of the iterations were considered cost-
effective respectively.

The reference scenario to which the KSHI scenario is compared represents no access to
hypertension care. This is the best estimate of base case currently in our setting. The KSHI sce-
narios (including two eligibility criteria) present our best representation of the clinical practice
expected in a KSHI setting. In the one-way sensitivity analyses, we vary our input parameters
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Fig 2. 2A: Cost-effectiveness acceptability curve, risk and hypertension based strategy. Fig 2B: Cost-
effectiveness acceptability curve, risk based strategy. Legend Fig 2A and 2B: GDP Nigeria 2012: US$
2,742; Framingham: assuming recalculation of Framingham equation; Rapsomaniki: assuming relative risk
reduction based on Rapsomaniki[48]; Lawes: assuming relative risk reduction based on Lawes|[7].

doi:10.1371/journal.pone.0157925.9002

to extreme ranges in order to assess the robustness of the findings. A reduction in hypertension
care costs increased cost-effectiveness. The estimated reduction in costs was based on a combi-
nation of task-shifting from doctors to nurses, minimal target organ damage screening, and a
reduction in the number of consultations per year.[24] Studies are needed to determine how
and if these changes in service have an effect on health outcomes. An increase in insurance pro-
gram costs decreased the cost-effectiveness of hypertension care. For the base case insurance
program costs, we used a weighted average of realized and projected costs of the first 12 years
of the program. This includes costs of starting up and scaling up of the program that are
expected to decrease over time. We varied this parameter widely to reflect the possibility of this
intervention being set up in another context with much higher program costs. An increase or
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(A) -5,000 -4,000 -3,000 -2,000 -1,000 0 1,000 2,000 3,000 4,000 5,000
Prevalence LVH{noHT:7.3%, HT 1:17.6%,HT2:19.2%}
% fatal of stroke events {25%, 75%} =
% fatal of CHD events {15%, 45%} -
Survival non-fatal events {50% reduction} Lon=ibaund, REmingram
Cost prevention care * {US$ 56.87} ¥ Upper bound, Framingham
Changes comparable to previous CE studies* Lower bound, Rapsomaniki
Above service costs {US$12.05, US$ 120.50} =—_ ® Upper bound, Rapsomaniki
Acute cost stroke event {US$ 241.94, US$ 1,556.40} : Lower bound, Lawes
Acute cost CHD event {US$ 114.90,US$ [,180.10} H Upper bound, Lawes
Discounting {0%, 10%}
No utility loss for hypertension treatment
Treatment effect SBP {-8.4 mmHg, -31.6 mmHg} —— ‘
(B) -5,000 -4,000 -3,000 -2,000 -1,000 0 1,000 2,000 3,000 4,000 5,000
Prevalence LVH{noHT:7.3%, HT |:17.6%,HT2:19.2%}
% fatal of stroke events {25%, 75%} _-
_[
% fatal of CHD events {15%, 45%} —
Survival non-fatal events {50% reduction} ‘ Lower bound, Framingham
Cost prevention care * {US$ 56.87} ‘ " Upper bound, Framingham
Changes comparable to previous CE studies* Lower bound, Rapsomaniki
Above service costs {US$12.05, US$ 120.50} [ ® Upper bound, Rapsomaniki
Acute cost stroke event {US$ 241.94, US$ 1,556.40} i Lower bound, Lawes
Acute cost CHD event {US$ 114.90,US$ [,180.10} ] Ulbpar boind, iases
Discounting {0%, 10%} ‘ ‘
No utility loss for hypertension treatment ‘ '
Treatment effect SBP {-8.4 mmHg, -31.6 mmHg} ‘ | | ‘ |

Fig 3. 3A: One-way sensitivity analysis, risk and HT based strategy. Fig 3B: One-way sensitivity analysis, risk based strategy. Legend Fig 3A and
3B: Presents the change in ICER (incremental costs per DALY averted) compared to the baseline when parameter input is either varied in a high and low
bound or when parameter input is varied to an alternative scenario (presented as lower bound). Darker and lighter bars represent the change in ICER when
a parameter is varied to a respectively lower value (or alternative scenario) and higher value compared to the baseline estimate. *effect of treatment on
SBP: -14.6, coverage of 100% for eligible patients and no disability loss for hypertension treatment. Abased on observed costs in a scenario when limited
diagnostic testing and task-shifting from doctors to nurses[24]. Abbreviations: SBP: systolic blood pressure; CHD: coronary heart disease; LVH: left
ventricle hypertrophy. noHT: no hypertension; HT1: hypertension stage 1; HT2: hypertension stage 2. All values for the parameters tested as well as
resulting ICERs are reported in Tables Kand L (S1 File).

doi:10.1371/journal.pone.0157925.g003

decrease of systolic blood pressure reduction in response to treatment increased and decreased
the cost-effectiveness respectively. However, our base case reflects the systolic blood pressure
reduction observed in a population living in an area with access to the KSHI program.

Our findings demonstrate limitations of cost-effectiveness analyses for CVD prevention in
SSA. First, there are no long term prospective cohort studies from SSA that have evaluated the
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association between (change in) CVD risk factors and CVD events and therefore there are no
validated equations to determine 10-year CVD risk or relative risk reductions after treatment
for populations from SSA. Furthermore, the Framingham equation for stroke is not validated
for individuals below 55 years of age and is not intended as a tool to recalculate stroke risk after
treatment. Therefore, our use of the Framingham equations might have underestimated the
baseline risk of our population as evidence suggests that people from SSA have higher inci-
dence of CVD and CVD-related mortality at a younger age and at lower blood pressure levels
compared to people from Caucasian descent.[70-72]

Secondly, the younger age groups with grade 2 hypertension may have a lower 10-year CVD
risk but a high lifetime risk, as has been shown in particular for people from African descent.
[70-72] Clinical guidelines therefore recommend antihypertensive treatment irrespective of
10-year CVD risk in people with grade 2 hypertension.[29,73] For the younger age groups, the
majority of the CVD events is expected to take place after the 10-year time horizon of the inter-
vention. Our model therefore did not capture all the benefits of treatment. At the same time,
the younger age groups did incur a disability weight for using antihypertensive treatment dur-
ing the full time span of the model. This might have led to conservative cost-effectiveness esti-
mates. This also explains why a risk based strategy could be considered more cost-effective, as
less (young) people would be eligible for treatment and therefore will not incur the disability
weight for antihypertensive treatment. Thirdly, like other studies[16-19,21], we limited our
analysis of CVD events to stroke and CHD and did not include other CVD such as heart fail-
ure, vascular renal failure, and peripheral artery disease because equations to estimate the prob-
ability of events or risk reduction after treatment were not available. However, it is known that
especially Africans with hypertension are at increased risk to develop renal and heart failure.
[74-78] Therefore, our estimates of cost-effectiveness are likely to be conservative. Fourthly,
we did not model subsequent events following a primary event. Unfortunately, there is scarce
data from SSA on the probability and costs of re-events, or on disability and survival after sub-
sequent events following a primary event to inform our model. Therefore, we take into account
re-events by using average survival time after an event. This average survival includes life years
lost due to re-events as well as follow-up care costs by means of secondary prevention of CVD
events. Fifthly, by comparing each scenario to the base case separately, we are providing a lim-
ited scope of the effects that might be achieved with each intervention. While this scoping exer-
cise is valuable given the paucity of CVD-related economic evaluations in SSA, ideally, we
would compare mutually exclusive scenarios simultaneously to identify the optimal expansion
pathway given a cost-effectiveness threshold. Finally, we did not estimate the effect of scale on
unit costs, for lack of evidence of economies or diseconomies of scale in this population and
restricted the analysis to a healthcare provider perspective. As CVD in an African population
typically occurs during the productive age[70], a societal perspective taking productivity losses
due to CVD into account would probably have resulted in more cost-effective estimates of pre-
ventive treatment.

Previous studies evaluating cost-effectiveness of CVD prevention or hypertension care in
SSA reported lower ICERs compared to our results.[16-19,21] However, most studies make
assumptions on costs and treatment effects based on international databases and studies from
high income countries.[16,18,19,21] In general, they use lower estimates for costs of preventive
treatment, do not include disability weights for being on antihypertensive treatment (exclusion
of this disability weight in a one-way analysis showed an improvement in cost-effectiveness),
and use relative risk reductions based on the Lawes study [7] that reports larger effects of treat-
ment compared to other studies.[48] The strength of our study is, therefore, the use of empiri-
cally collected data for population risk distributions, costs of care, treatment coverage, blood
pressure reduction after treatment, and the use of several sources for CVD risk reduction after
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treatment to illustrate the uncertainty around these estimates. In line with the recommenda-
tions from the global burden of disease study [27], we included a 0.031 disability weight for
using antihypertensive treatment as the use of chronic preventive treatment has been shown to
reduce the quality of life.[79] This is especially relevant in settings with long travel and waiting
times for healthcare such as in SSA.

Recent discussions about willingness-to-pay thresholds have raised the concern that any
chosen threshold (such as one or three GDP per capita) is of limited value for decision making
as interventions can be cost-effective but not affordable or feasible to implement.[80] This is
particularly relevant in our study, as GDP per capita is a national measure, while we aim to
inform decision making in one of Nigeria’s poorest states.

In settings such as in Nigeria, where almost 66% of healthcare expenditures is paid out-of-
pocket by patients[11], coverage of CVD prevention treatment will remain low if access to
care for patients is not guaranteed. Although CVD preventive treatment may be considered
cost-effective, implementation is hampered by lack of affordability due to low healthcare
budgets in many SSA countries. [10,11] For example, total public healthcare expenditure per
capita was only US$ 93 in Nigeria in 2012.[81] We evaluated cost-effectiveness of hyperten-
sion care within a health insurance program for low income groups. The co-premium for
enrollees of the health insurance program of US$ 3 is low and represents 1% of the annual
per capita consumption in the lowest consumption quintile of the population in which the
KSHI program is available. However, for some of the poorest households even this small co-
premium is still not affordable. To ensure equity and accessibility, the Kwara State Govern-
ment, which subsidizes the remainder of the premium, has the intention to exempt the poor-
est vulnerable groups from co-premiums in the future. In addition, other states in Nigeria are
aiming for universal coverage in the future. By embedding hypertension care in an opera-
tional program and including above-service delivery costs in our analysis, our cost-effective-
ness estimates move away from a theoretical analysis and reflect the potential results of a real
world intervention that has been proven feasible in providing patients with access to care.
Policymakers can compare our results to the cost-effectiveness of CVD prevention care deliv-
ery through other programs, thereby making informed choices about the best strategy to
combat the increasing burden of CVD.

Conclusions

Hypertension screening and treatment may be cost-effective in rural Nigeria, at a willingness-
to-pay threshold of one GDP per capita per DALY averted, with an important uncertainty
around this conclusion. Even if cost-effective, CVD prevention may not be affordable in many
SSA settings within current levels of government healthcare expenditures. Public-private part-
nerships such as the KSHI program provide opportunities to finance CVD prevention care in
SSA.
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S1 File. Methods and additional results.
(DOCX)

Acknowledgments

We thank Heleen Nelissen, Alex Boers, all QUICK study staff and staff of Ogo Oluwa Hospital
for their contribution to the data on the cost of hypertension care.

PLOS ONE | DOI:10.1371/journal.pone.0157925 June 27,2016 15/20


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0157925.s001

@’PLOS ‘ ONE

Hypertension Screening and Treatment in Nigeria

We thank Ferdinand Wit, Berber Kramer, Daniella Brals, Emily Gustafsson-Wright, Lizzy
Brewster, Jacques van der Gaag and all members of the Household Survey Study Group for
their contribution to the data on the effectiveness of hypertension care.

We thank Yemi Adegboye, Lanre Omotosho and the team at the University of Ilorin Teach-
ing Hospital for their contributions to the data on stroke events.

We thank PharmAccess Foundation and Hygeia Nigeria limited for their support of the
study.

This study was initiated by Prof Joep Lange who passed away on July 17, 2014. We dedicate
this work to his memory.

Author Contributions

Conceived and designed the experiments: NTAR MEH GBG CS WR. Performed the experi-

ments: NTAR MEH MDV OAB EOS PMK KA TMA. Analyzed the data: NTAR MEH MDV
GBG. Contributed reagents/materials/analysis tools: NTAR MEH MDV OAB EOS PMK PA
KA DVE SST TMA WR GBG. Wrote the paper: NTAR MEH MDV OAB EOS PMK PA KA
DVE SST TMA WR CS GBG.

References

1. LimSS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H. A comparative risk assessment of
burden of disease and injury attributable to 67 risk factors and risk factor clusters in 21 regions, 1990—
2010: a systematic analysis for the Global Burden of Disease Study 2010. 2012; 380: 2224—2260. doi:
10.1016/S0140-6736(12)61766-8 PMID: 23245609

2. Poutler NR, Prabkaharan D, Caulfield M. Hypertension. Lancet. 2015; doi: 10.1016/S0140-6736(14)
61468-9 [Epub ahead of print]

3. World Health Organization. Global status report on noncommunicable diseases 2010. Geneva, Swit-
zerland: World Health Organization; 2011.

4. World Health Organization. Global status report on noncommunicable diseases 2014: attaining the
nine global noncommunicable diseases targets; a shared responsibility. Geneva: World Health Orga-
nization; 2014.

5. Adeloye D, Basquill C. Estimating the Prevalence and Awareness Rates of Hypertension in Africa: A
Systematic Analysis. Schnabel RB, editor. PLoS ONE. 2014; 9: e104300. doi: 10.1371/journal.pone.
0104300 PMID: 25090232

6. Ibrahim MM, Damasceno A. Hypertension in developing countries. The Lancet. 2012; 380: 611-619.

Lawes CM, Vander Hoorn S, Law MR, Elliott P, MacMahon S, Rodgers A. High blood pressure. Com-
parative Quantification of Health Risks: Global and Regional Burden of Disease Attributable to Selected
Major Risk Factors. Geneva: World Health Organization; 2004. pp. 281-390. Available: hitp://apps.
who.int/iris/bitstream/10665/42792/1/9241580348_eng_Volume1.pdf#page=305

8. Hendriks ME, Wit FWNM, Roos MTL, Brewster LM, Akande TM, de Beer IH, et al. Hypertension in Sub-
Saharan Africa: Cross-Sectional Surveys in Four Rural and Urban Communities. Atashili J, editor.
PLoS ONE. 2012; 7: €32638. doi: 10.1371/journal.pone.0032638 PMID: 22427857

9. Mendis S, Abegunde D, Yusuf S, Ebrahim S, Shaper G, Ghannem H, et al. WHO study on Prevention
of REcurrences of Myocardial Infarction and StrokE (WHO-PREMISE). Bull World Health Organ. 2005;
83: 820-829. PMID: 16302038

10. Samb B, Desai N, Nishtar S, Mendis S, Bekedam H, Wright A, et al. Prevention and management of
chronic disease: a litmus test for health-systems strengthening in low-income and middle-income coun-
tries. Lancet. 2010; 376: 1785—-1797. doi: 10.1016/S0140-6736(10)61353-0 PMID: 21074253

11. The World Bank. Out-of-pocket health expenditure (% of total expenditure on health) [Internet]. 2014
[cited 1 Sep 2014]. Available: http://data.worldbank.org/indicator/SH.XPD.OOPC.TO.ZS/countries/1\W-
C9-ZG-NG-ZF-A4?display=default

12. Kwara State Government. Kwara State [Internet]. [cited 10 Aug 2015]. Available: www.kwarastate.gov.
ng

13. Hygeia group. Hygeia Community Health Care [Internet]. [cited 10 Aug 2015]. Available: http://www.
hygeiagroup.com/Businesses/HCHC.aspx

PLOS ONE | DOI:10.1371/journal.pone.0157925 June 27,2016 16/20


http://dx.doi.org/10.1016/S0140-6736(12)61766-8
http://www.ncbi.nlm.nih.gov/pubmed/23245609
http://dx.doi.org/10.1016/S0140-6736(14)61468-9
http://dx.doi.org/10.1016/S0140-6736(14)61468-9
http://dx.doi.org/10.1371/journal.pone.0104300
http://dx.doi.org/10.1371/journal.pone.0104300
http://www.ncbi.nlm.nih.gov/pubmed/25090232
http://apps.who.int/iris/bitstream/10665/42792/1/9241580348_eng_Volume1.pdf#page=305
http://apps.who.int/iris/bitstream/10665/42792/1/9241580348_eng_Volume1.pdf#page=305
http://dx.doi.org/10.1371/journal.pone.0032638
http://www.ncbi.nlm.nih.gov/pubmed/22427857
http://www.ncbi.nlm.nih.gov/pubmed/16302038
http://dx.doi.org/10.1016/S0140-6736(10)61353-0
http://www.ncbi.nlm.nih.gov/pubmed/21074253
http://data.worldbank.org/indicator/SH.XPD.OOPC.TO.ZS/countries/1W-C9-ZG-NG-ZF-A4?display=default
http://data.worldbank.org/indicator/SH.XPD.OOPC.TO.ZS/countries/1W-C9-ZG-NG-ZF-A4?display=default
http://www.kwarastate.gov.ng
http://www.kwarastate.gov.ng
http://www.hygeiagroup.com/Businesses/HCHC.aspx
http://www.hygeiagroup.com/Businesses/HCHC.aspx

@’PLOS ’ ONE

Hypertension Screening and Treatment in Nigeria

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Health Insurance Fund. Health Insurance Fund Website [Internet]. 2014 [cited 8 Oct 2014]. Available:
http://hifund.org/

Pharmaccess Foundation. PharmAccess Foundation website [Internet]. [cited 13 Mar 2015]. Available:
http://pharmaccess.org/RunScript.asp?p=ASP\Pg0.asp

Gaziano TA, Opie LH, Weinstein MC. Cardiovascular disease prevention with a multidrug regimen in
the developing world: a cost-effectiveness analysis. The Lancet. 2006; 368: 679-686.

Ekwunife Ol, Okafor CE, Ezenduka CC, Udeogaranya PO. Cost-utility analysis of antihypertensive
medications in Nigeria: a decision analysis. Cost Eff Resour Alloc. 2013; 11: 2. doi: 10.1186/1478-
7547-11-2 PMID: 23343250

Murray CJ, Lauer JA, Hutubessy RC, Niessen L, Tomijima N, Rodgers A, et al. Effectiveness and costs
of interventions to lower systolic blood pressure and cholesterol: a global and regional analysis on
reduction of cardiovascular-disease risk. The Lancet. 2003; 361: 717-725.

Ortegon M, Lim S, Chisholm D, Mendis S. Cost effectiveness of strategies to combat cardiovascular
disease, diabetes, and tobacco use in sub-Saharan Africa and South East Asia: mathematical model-
ling study. BMJ. 2012; 344: e607—e607. doi: 10.1136/bmj.e607 PMID: 22389337

Mendis S, Chestnov O. Costs, Benefits, and Effectiveness of Interventions for the Prevention, Treat-
ment, and Control of Cardiovascular Diseases and Diabetes in Africa. Prog Cardiovasc Dis. 2013; 56:
314-321. doi: 10.1016/j.pcad.2013.09.001 PMID: 24267438

Robberstad B, Hemed Y, Norheim OF. Cost-effectiveness of medical interventions to prevent cardio-
vascular disease in a sub-Saharan African country—the case of Tanzania. Cost Eff Resour Alloc.
2007; 5. doi: 10.1186/1478-7547-5-3

Hendriks ME, Wit FWNM, Akande TM, Kramer B, Osagbemi GK, Tanovic Z, et al. Effect of Health Insur-
ance and Facility Quality Improvement on Blood Pressure in Adults With Hypertension in Nigeria: A
Population-Based Study. JAMA Intern Med. 2014; 174: 555. doi: 10.1001/jamainternmed.2013.14458
PMID: 24534947

Hendriks ME, Rosendaal NTA, Wit FWNM, Bolarinwa OA, Kramer B, Brals D, et al. Sustained effect of
health insurance and facility quality improvement on blood pressure in adults with hypertension in Nige-
ria: A population-based study. Int J Cardiol. 2016; 202: 477-484. doi: 10.1016/j.iicard.2015.09.036
PMID: 26440455

Hendriks ME, Bolarinwa OA, Nelissen HE, Boers AC, Gomez GB, Tan SS, et al. Costs of cardiovascu-
lar disease prevention care and scenarios for cost saving: a micro-costing study from rural Nigeria. J
Hypertens. 2015; 33: 376—684. doi: 10.1097/HJH.0000000000000402 PMID: 25380164

Anderson KM, Odell PM, Wilson PWF, Kannel WB. Cardiovascular disease risk profiles. Am Heart J.
1990; 293-298.

Wolf PA, D’Agostino RB, Belanger AJ, Kannel WB. Probability of stroke: a risk profile from the Framing-
ham Study. Stroke. 1991; 22: 312-318. doi: 10.1161/01.STR.22.3.312 PMID: 2003301

Murray CJL, Ezzati M, Flaxman AD, Lim S, Lozano R, et al. GBD 2010: design, definition, and metrics.
Lancet. 2012; 380: 2063—-2066. doi: 10.1016/S0140-6736(12)61899-6 PMID: 23245602

National High Blood Pressure Education Program. The seventh report of the Joint National Committee
on prevention, detection, evaluation, and treatment of high blood pressure. 2004; Available: http://www.
ncbi.nim.nih.gov/books/NBK9621/

World Health Organization, UNAIDS. Prevention of cardiovascular disease [Internet]. World Health
Organization; 2007. Available: https://books.google.com/books?hl=en&lr=&id=AS2RmtQVuLwC&oi=
fnd&pg=PT5&dq=%22frontiers+or+boundaries.+Dotted+lines+on+maps+represent+approximate
+border+lines+for+which%22+%22contained+in+this+publication.+However,+the+published+material
+is+being%22+%22and+cerebrovascular+events+(strokes)+frequently+occur+suddenly,%22+&ots=
AlLod4_6LK&sig=iquvRZ980zZ10c3wAofESRM-GPM

Alkali NH, Bwala SA, Akano AO, Osi-Ogbu O, Alabi P, Ayeni OA. Stroke risk factors, subtypes and 30-
day case fatality in Abuja, Nigeria. Niger Med J. 2013; 54: 129—135. doi: 10.4103/0300-1652.110051
PMID: 23798800

Damasceno A, Gomes J, Azevedo A, Carrilho C, Lobo V, Lopes H, et al. An Epidemiological Study of
Stroke Hospitalizations in Maputo, Mozambique: A High Burden of Disease in a Resource-Poor Coun-
try. Stroke. 2010; 41: 2463-2469. doi: 10.1161/STROKEAHA.110.594275 PMID: 20930157

Danesi MA, Okubadejo NU, Ojini FI, Ojo OO. Incidence and 30-day case fatality rate of first-ever stroke
in urban Nigeria: The prospective community based Epidemiology of Stroke in Lagos (EPISIL) phase Il
results. J Neurol Sci. 2013; 331: 43—47. doi: 10.1016/j.jns.2013.04.026 PMID: 23726277

Desalu OO, Wahab KW, Fawale B, Olarenwaju TO, Busari OA, Adekoya AO, et al. A review of stroke
admissions at a tertiary hospital in rural Southwestern Nigeria. Ann Afr Med. 2011; 10: 80-85. doi: 10.
4103/1596-3519.82061 PMID: 21691011

PLOS ONE | DOI:10.1371/journal.pone.0157925 June 27,2016 17/20


http://hifund.org/
http://pharmaccess.org/RunScript.asp?p=ASP\Pg0.asp
http://dx.doi.org/10.1186/1478-7547-11-2
http://dx.doi.org/10.1186/1478-7547-11-2
http://www.ncbi.nlm.nih.gov/pubmed/23343250
http://dx.doi.org/10.1136/bmj.e607
http://www.ncbi.nlm.nih.gov/pubmed/22389337
http://dx.doi.org/10.1016/j.pcad.2013.09.001
http://www.ncbi.nlm.nih.gov/pubmed/24267438
http://dx.doi.org/10.1186/1478-7547-5-3
http://dx.doi.org/10.1001/jamainternmed.2013.14458
http://www.ncbi.nlm.nih.gov/pubmed/24534947
http://dx.doi.org/10.1016/j.ijcard.2015.09.036
http://www.ncbi.nlm.nih.gov/pubmed/26440455
http://dx.doi.org/10.1097/HJH.0000000000000402
http://www.ncbi.nlm.nih.gov/pubmed/25380164
http://dx.doi.org/10.1161/01.STR.22.3.312
http://www.ncbi.nlm.nih.gov/pubmed/2003301
http://dx.doi.org/10.1016/S0140-6736(12)61899-6
http://www.ncbi.nlm.nih.gov/pubmed/23245602
http://www.ncbi.nlm.nih.gov/books/NBK9621/
http://www.ncbi.nlm.nih.gov/books/NBK9621/
https://books.google.com/books?hl=en&amp;lr=&amp;id=AS2RmtQVuLwC&amp;oi=fnd&amp;pg=PT5&amp;dq=%22frontiers+or+boundaries.+Dotted+lines+on+maps+represent+approximate+border+lines+for+which%22+%22contained+in+this+publication.+However,+the+published+material+is+being%22+%22and+cerebrovascular+events+(strokes)+frequently+occur+suddenly,%22+&amp;ots=AILod4_6LK&amp;sig=iquvRZ98OzZ1Oc3wAofESRM-GPM
https://books.google.com/books?hl=en&amp;lr=&amp;id=AS2RmtQVuLwC&amp;oi=fnd&amp;pg=PT5&amp;dq=%22frontiers+or+boundaries.+Dotted+lines+on+maps+represent+approximate+border+lines+for+which%22+%22contained+in+this+publication.+However,+the+published+material+is+being%22+%22and+cerebrovascular+events+(strokes)+frequently+occur+suddenly,%22+&amp;ots=AILod4_6LK&amp;sig=iquvRZ98OzZ1Oc3wAofESRM-GPM
https://books.google.com/books?hl=en&amp;lr=&amp;id=AS2RmtQVuLwC&amp;oi=fnd&amp;pg=PT5&amp;dq=%22frontiers+or+boundaries.+Dotted+lines+on+maps+represent+approximate+border+lines+for+which%22+%22contained+in+this+publication.+However,+the+published+material+is+being%22+%22and+cerebrovascular+events+(strokes)+frequently+occur+suddenly,%22+&amp;ots=AILod4_6LK&amp;sig=iquvRZ98OzZ1Oc3wAofESRM-GPM
https://books.google.com/books?hl=en&amp;lr=&amp;id=AS2RmtQVuLwC&amp;oi=fnd&amp;pg=PT5&amp;dq=%22frontiers+or+boundaries.+Dotted+lines+on+maps+represent+approximate+border+lines+for+which%22+%22contained+in+this+publication.+However,+the+published+material+is+being%22+%22and+cerebrovascular+events+(strokes)+frequently+occur+suddenly,%22+&amp;ots=AILod4_6LK&amp;sig=iquvRZ98OzZ1Oc3wAofESRM-GPM
https://books.google.com/books?hl=en&amp;lr=&amp;id=AS2RmtQVuLwC&amp;oi=fnd&amp;pg=PT5&amp;dq=%22frontiers+or+boundaries.+Dotted+lines+on+maps+represent+approximate+border+lines+for+which%22+%22contained+in+this+publication.+However,+the+published+material+is+being%22+%22and+cerebrovascular+events+(strokes)+frequently+occur+suddenly,%22+&amp;ots=AILod4_6LK&amp;sig=iquvRZ98OzZ1Oc3wAofESRM-GPM
http://dx.doi.org/10.4103/0300-1652.110051
http://www.ncbi.nlm.nih.gov/pubmed/23798800
http://dx.doi.org/10.1161/STROKEAHA.110.594275
http://www.ncbi.nlm.nih.gov/pubmed/20930157
http://dx.doi.org/10.1016/j.jns.2013.04.026
http://www.ncbi.nlm.nih.gov/pubmed/23726277
http://dx.doi.org/10.4103/1596-3519.82061
http://dx.doi.org/10.4103/1596-3519.82061
http://www.ncbi.nlm.nih.gov/pubmed/21691011

@’PLOS ‘ ONE

Hypertension Screening and Treatment in Nigeria

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Feigin VL, Lawes CM, Bennett DA, Barker-Collo SL, Parag V. Worldwide stroke incidence and early
case fatality reported in 56 population-based studies: a systematic review. Lancet Neurol. 2009; 8:
355-369. doi: 10.1016/S1474-4422(09)70025-0 PMID: 19233729

Kengne AP, Anderson CS. The neglected burden of stroke in Sub-Saharan Africa. Int J Stroke. 2006;
1: 180-190. doi: 10.1111/].1747-4949.2006.00064.x PMID: 18706015

Ntsekhe M, Damasceno A. Recent advances in the epidemiology, outcome, and prevention of myocar-
dial infarction and stroke in sub-Saharan Africa. Heart. 2013; 99: 1230-1235. doi: 10.1136/heartjnl-
2012-303585 PMID: 23680888

Ogun SA, Ojini FI, Ogungbo B, Kolapo KO, Danesi MA. Stroke in South West Nigeria: A 10-Year
Review. Stroke. 2005; 36: 1120—1122. doi: 10.1161/01.STR.0000166182.50840.31 PMID: 15879325

Osuntokun BO, Bademosi O, Akinkugbe OO, Oyediran AB, Carlisle R. Incidence of stroke in an African
City: results from the Stroke Registry at Ibadan, Nigeria, 1973—1975. Stroke. 1979; 10: 205-207. doi:
10.1161/01.STR.10.2.205 PMID: 442145

Pikija S, Cvetko D, Malojcic B, Trkanjec Z, Pavlicek I, Lukic A, et al. A Population-Based Prospective
24-Month Study of Stroke: Incidence and 30-Day Case-Fatality Rates of First-Ever Strokes in Croatia.
Neuroepidemiology. 2012; 38: 164—171. doi: 10.1159/000336114 PMID: 22473420

Wahab KW. The burden of stroke in Nigeria. Int J Stroke. 2008; 3: 290—-292. doi: 10.1111/j.1747-4949.
2008.00217.x PMID: 18811746

Walker RW, Rolfe M, Kelly PJ, George MO, James OFW. Mortality and Recovery After Stroke in The
Gambia. Stroke. 2003; 34: 1604—1609. doi: 10.1161/01.STR.0000077943.63718.67 PMID: 12817107

Walker RW, Jusabani A, Aris E, Gray WK, Whiting D, Kabadi G, et al. Post-stroke case fatality within an
incident population in rural Tanzania. J Neurol Neurosurg Psychiatry. 2011; 82: 1001-1005. doi: 10.
1136/jnnp.2010.231944 PMID: 21386108

Hannerz H, Nielsen ML. Life Expectancies Among Survivors of Acute Cerebrovascular Disease.
Stroke. 2001; 32: 1739-1744. doi: 10.1161/01.STR.32.8.1739 PMID: 11486099

Global Health Observatory Data Repository—Life Tables Nigeria 2012. In: WHO [Internet]. 2014 [cited
21 Oct 2014]. Available: http://apps.who.int/gho/data/?theme=main&vid=61200

Law MR, Wald NJ, Morris JK, Jordan RE. Value of low dose combination treatment with blood pressure
lowering drugs: analysis of 354 randomised trials. BMJ. 2003; 326: 1427—1431. PMID: 12829555

Kannel WB, Feinleib M. Natural History of Angina Pectoris in the Framingham Study. Prognosis and
Survival. Am J Cardiol. 1972; 154-163. PMID: 5058341

Zukel WJ, Cohen BM, Mattingly TW, Hrubec Z. Survival following first diagnosis of coronary heart dis-
ease. Am Heart J. 1969; 78: 159-170. PMID: 4895776

Rapsomaniki E, Timmis A, George J, Pujades-Rodriguez M, Shah AD, Denaxas S, et al. Blood pres-
sure and incidence of twelve cardiovascular diseases: lifetime risks, healthy life-years lost, and age-
specific associations in 1- 25 million people. The Lancet. 2014; 383: 1899-1911.

WHO. Scaling up action against NCDs: How much will it cost? [Internet]. [cited 7 Apr 2014]. Available:
http://whglibdoc.who.int/publications/2011/9789241502313_eng.pdf

WHO. WHO | Health service delivery costs [Internet]. 2008 [cited 13 Oct 2014]. Available: http://www.
who.int/choice/cost-effectiveness/inputs/health_service/en/

NHIS. NHIS healthcare providers service price list [Internet]. 2011. Available: http://dhminigeria.com/
downloads/NHIS_drugs_pricelist_2011.pdf

Adoukonou T, Kouna-Ndouongo P, Codjia J-M, Covi R, Tognon-Tchegnonsi F, Preux P-M, et al. Cout
direct hospitalier des accidents vasculaires cérébraux a Parakou au nord du Benin. Pan Afr Med J.
2013; 16. doi: 10.11604/pam|.2013.16.121.2790

Guinhouya KM, Tall A, Kombate D, Kumako V, Apetse K, Belo M, et al. [Cost of stroke in Lomé (Togo)].
Sante. 2010; doi: 10.1684/san.2010.0192

Gombet TR, Ellenga-Mbolla BF, lkama MS, Ekoba J, Kimbally-Kaky G. [Cost of emergency cardiovas-
cular care at the University Hospital Center in Brazzaville, Congo]. Med Trop. 2009; 69: 45—47.

Touré K, Ndjaye NM, Séne Diouf F, Ndiaye M, Diallo AK, Ndao AK, et al. [Evaluation of the cost of
stroke management in Dakar, Senegal]. Med Trop Mars. 2005; 65: 458—64. PMID: 16465816

Kolo P. Cost of managing acute first-ever stroke at the University of llorin Teaching Hospital, Nigeria:
preliminary report. Unpublished. 2010;

Birabi BN, Oke KiI, Dienye PO, Okafor UC. Cost Burden of Post Stroke Condition in Nigeria: A Pilot
Study. Glob J Health Sci. 2012; 4. doi: 10.5539/gjhs.v4n6p17

Lindsay P, Furie KL, Davis SM, Donnan GA, Norrving B. World Stroke Organization Global Stroke Ser-

vices Guidelines and Action Plan: Guidelines. Int J Stroke. 2014; 9: 4-13. doi: 10.1111/ijs.12371 PMID:
25250836

PLOS ONE | DOI:10.1371/journal.pone.0157925 June 27,2016 18/20


http://dx.doi.org/10.1016/S1474-4422(09)70025-0
http://www.ncbi.nlm.nih.gov/pubmed/19233729
http://dx.doi.org/10.1111/j.1747-4949.2006.00064.x
http://www.ncbi.nlm.nih.gov/pubmed/18706015
http://dx.doi.org/10.1136/heartjnl-2012-303585
http://dx.doi.org/10.1136/heartjnl-2012-303585
http://www.ncbi.nlm.nih.gov/pubmed/23680888
http://dx.doi.org/10.1161/01.STR.0000166182.50840.31
http://www.ncbi.nlm.nih.gov/pubmed/15879325
http://dx.doi.org/10.1161/01.STR.10.2.205
http://www.ncbi.nlm.nih.gov/pubmed/442145
http://dx.doi.org/10.1159/000336114
http://www.ncbi.nlm.nih.gov/pubmed/22473420
http://dx.doi.org/10.1111/j.1747-4949.2008.00217.x
http://dx.doi.org/10.1111/j.1747-4949.2008.00217.x
http://www.ncbi.nlm.nih.gov/pubmed/18811746
http://dx.doi.org/10.1161/01.STR.0000077943.63718.67
http://www.ncbi.nlm.nih.gov/pubmed/12817107
http://dx.doi.org/10.1136/jnnp.2010.231944
http://dx.doi.org/10.1136/jnnp.2010.231944
http://www.ncbi.nlm.nih.gov/pubmed/21386108
http://dx.doi.org/10.1161/01.STR.32.8.1739
http://www.ncbi.nlm.nih.gov/pubmed/11486099
http://apps.who.int/gho/data/?theme=main&amp;vid=61200
http://www.ncbi.nlm.nih.gov/pubmed/12829555
http://www.ncbi.nlm.nih.gov/pubmed/5058341
http://www.ncbi.nlm.nih.gov/pubmed/4895776
http://whqlibdoc.who.int/publications/2011/9789241502313_eng.pdf
http://www.who.int/choice/cost-effectiveness/inputs/health_service/en/
http://www.who.int/choice/cost-effectiveness/inputs/health_service/en/
http://dhmlnigeria.com/downloads/NHIS_drugs_pricelist_2011.pdf
http://dhmlnigeria.com/downloads/NHIS_drugs_pricelist_2011.pdf
http://dx.doi.org/10.11604/pamj.2013.16.121.2790
http://dx.doi.org/10.1684/san.2010.0192
http://www.ncbi.nlm.nih.gov/pubmed/16465816
http://dx.doi.org/10.5539/gjhs.v4n6p17
http://dx.doi.org/10.1111/ijs.12371
http://www.ncbi.nlm.nih.gov/pubmed/25250836

@’PLOS ‘ ONE

Hypertension Screening and Treatment in Nigeria

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Chandra V, Pandav, Rajesh, Laxminarayan, Ramanan, Tanner, Caroline, Manyam, Bala, Rajkumar,
Sadanand, et al. Neurological Disorders. Disease Control Priorities in Developing Countries, 2nd edi-
tion. Washington, D.C.: World Bank; 2006. pp. 627—643. Available: http://www.ncbi.nlm.nih.gov/
books/NBK11793/?report=printable

Gaziano, Reddy KS, Paccaud F, Horton, Sue, Chatuverdi, Vivek. Cardiovascular Disease. Disease
Control Priorities in Developing Countries, 2nd edition. Washington, D.C.: World Bank; 2006. pp.
645-662. Available: http://www.ncbi.nim.nih.gov/books/NBK11767/pdf/ch33.pdf

O’Gara PT, Kushner FG, Ascheim DD, Casey DE, Chung MK, Lemos JA, et al. 2013 ACCF/AHA
Guideline for the Management of ST-Elevation Myocardial Infarction. Circulation. 2013; 127: e362—
e425. doi: 10.1161/CIR.0b013e3182742cf6 PMID: 23247304

Amsterdam EA, Wenger NK, Brindis RG, Casey DE, Ganiats TG, Holmes RH, et al. 2014 AHA/ACC
Guideline for the Management of Patients With Non—ST-Elevation Acute Coronary Syndromes. Circu-
lation. 2014; 130: 2246-2264.

Kumaranayake L. The real and the nominal? Making inflationary adjustments to cost and other eco-
nomic data. Health Policy Plan. 2000; 15: 230—-234. PMID: 10837047

Asia Pacific Cohort Studies Collaboration. Blood Pressure Indices and Cardiovascular Disease in the
Asia Pacific Region: A Pooled Analysis. Hypertension. 2003; 42: 69—75. doi: 10.1161/01.HYP.
0000075083.04415.4B PMID: 12756223

Fox-Rushby, Hanson K. Calculating and presenting disability adjusted life years (DALYs) in cost-effec-
tiveness analysis. Health Policy Plan. 2001; 16: 326-331. PMID: 11527874

Fenwick E, O’'Brien BJ, Briggs A. Cost-effectiveness acceptability curves—facts, fallacies and frequently
asked questions. Health Econ. 2004; 13: 405—415. doi: 10.1002/hec.903 PMID: 15127421

Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D, et al. Consolidated health
economic evaluation reporting standards (CHEERS)—explanation and elaboration: a report of the
ispor health economic evaluation publication guidelines good reporting practices task force. Value
Health. 2013; 16: 231-250. doi: 10.1016/j.jval.2013.02.002 PMID: 23538175

NICE International. Bill and Melinda Gates Foundation Methods for Economic Evaluation Project [Inter-
net]. 2014. Available: http://www.nice.org.uk/Media/Default/About/what-we-do/NICE-International/
projects/MEEP-report.pdf

The World Bank. GDP per capita (current US$) | Data | Table [Internet]. [cited 30 Jun 2015]. Available:
http://data.worldbank.org/indicator/NY.GDP.PCAP.CD

Jolly S, Vittinghoff E, Chattopadhyay A, Bibbins-Domingo K. Higher Cardiovascular Disease Preva-
lence and Mortality among Younger Blacks Compared to Whites. Am J Med. 2010; 123: 811-818. doi:
10.1016/j.amjmed.2010.04.020 PMID: 20800150

Bibbins-Domingo K, Pletcher MJ, Lin F, Vittinghoff E, Gardin JM, Arynchyn A, et al. Racial Differences
in Incident Heart Failure among Young Adults. N Engl J Med. 2009; 360: 1179—1190. doi: 10.1056/
NEJMoa0807265 PMID: 19297571

Howard G, Lackland DT, Kleindorfer DO, Kissela BM, Moy CS, Judd SE, et al. Racial Differences in the
Impact of Elevated Systolic Blood Pressure on Stroke Risk. JAMA Intern Med. 2013; 173: 46. doi: 10.
1001/2013.jamainternmed.857 PMID: 23229778

Mancia G, Fagard R, Narkiewicz K, Redoén J, Zanchetti A, B6hm M, et al. 2013 ESH/ESC Guidelines
for the management of arterial hypertension: The Task Force for the management of arterial hyperten-
sion of the European Society of Hypertension (ESH) and of the European Society of Cardiology (ESC).
J Hypertens. 2013; 31: 1281-1357. doi: 10.1097/01.hjh.0000431740.32696.cc PMID: 23817082

Sliwa K, Mayosi BM. Recent advances in the epidemiology, pathogenesis and prognosis of acute heart
failure and cardiomyopathy in Africa. Heart. 2013; 99: 1317—1322. doi: 10.1136/heartjnl-2013-303592
PMID: 23680887

Makubi A, Hage C, Lwakatare J, Kisenge P, Makani J, Ryden L, et al. Contemporary aetiology, clinical
characteristics and prognosis of adults with heart failure observed in a tertiary hospital in Tanzania: the
prospective Tanzania Heart Failure (TaHeF) study. Heart. 2014; 100: 1235—1241. doi: 10.1136/
heartjnl-2014-305599 PMID: 24743164

Callender T, Woodward M, Roth G, Farzadfar F, Lemarie J-C, Gicquel S, et al. Heart Failure Care in
Low- and Middle-Income Countries: A Systematic Review and Meta-Analysis. Byass P, editor. PLoS
Med. 2014; 11: €1001699. doi: 10.1371/journal.pmed.1001699 PMID: 25117081

Ogah OS, Stewart S, Falase AO, Akinyemi JO, Adegbite GD, Alabi AA, et al. Contemporary Profile of
Acute Heart Failure in Southern Nigeria. JACC Heart Fail. 2014; 2: 250—259. doi: 10.1016/j.jchf.2013.
12.005 PMID: 24952692

Reinier K, Nichols GA, Huertas-Vazquez A, Uy-Evanado A, Teodorescu C. Race and Sudden Cardiac
Arrest. Circulation. 2015; 380-387.

PLOS ONE | DOI:10.1371/journal.pone.0157925 June 27,2016 19/20


http://www.ncbi.nlm.nih.gov/books/NBK11793/?report=printable
http://www.ncbi.nlm.nih.gov/books/NBK11793/?report=printable
http://www.ncbi.nlm.nih.gov/books/NBK11767/pdf/ch33.pdf
http://dx.doi.org/10.1161/CIR.0b013e3182742cf6
http://www.ncbi.nlm.nih.gov/pubmed/23247304
http://www.ncbi.nlm.nih.gov/pubmed/10837047
http://dx.doi.org/10.1161/01.HYP.0000075083.04415.4B
http://dx.doi.org/10.1161/01.HYP.0000075083.04415.4B
http://www.ncbi.nlm.nih.gov/pubmed/12756223
http://www.ncbi.nlm.nih.gov/pubmed/11527874
http://dx.doi.org/10.1002/hec.903
http://www.ncbi.nlm.nih.gov/pubmed/15127421
http://dx.doi.org/10.1016/j.jval.2013.02.002
http://www.ncbi.nlm.nih.gov/pubmed/23538175
http://www.nice.org.uk/Media/Default/About/what-we-do/NICE-International/projects/MEEP-report.pdf
http://www.nice.org.uk/Media/Default/About/what-we-do/NICE-International/projects/MEEP-report.pdf
http://data.worldbank.org/indicator/NY.GDP.PCAP.CD
http://dx.doi.org/10.1016/j.amjmed.2010.04.020
http://www.ncbi.nlm.nih.gov/pubmed/20800150
http://dx.doi.org/10.1056/NEJMoa0807265
http://dx.doi.org/10.1056/NEJMoa0807265
http://www.ncbi.nlm.nih.gov/pubmed/19297571
http://dx.doi.org/10.1001/2013.jamainternmed.857
http://dx.doi.org/10.1001/2013.jamainternmed.857
http://www.ncbi.nlm.nih.gov/pubmed/23229778
http://dx.doi.org/10.1097/01.hjh.0000431740.32696.cc
http://www.ncbi.nlm.nih.gov/pubmed/23817082
http://dx.doi.org/10.1136/heartjnl-2013-303592
http://www.ncbi.nlm.nih.gov/pubmed/23680887
http://dx.doi.org/10.1136/heartjnl-2014-305599
http://dx.doi.org/10.1136/heartjnl-2014-305599
http://www.ncbi.nlm.nih.gov/pubmed/24743164
http://dx.doi.org/10.1371/journal.pmed.1001699
http://www.ncbi.nlm.nih.gov/pubmed/25117081
http://dx.doi.org/10.1016/j.jchf.2013.12.005
http://dx.doi.org/10.1016/j.jchf.2013.12.005
http://www.ncbi.nlm.nih.gov/pubmed/24952692

el e
@ ) PLOS ‘ ONE Hypertension Screening and Treatment in Nigeria

79. Hutchins R, Viera AJ, Sheridan SL, Pignone MP. Quantifying the utility of taking pills for cardiovascular
prevention. Circ Cardiovasc Qual Outcomes. 2015; 8: 155—163. doi: 10.1161/CIRCOUTCOMES.114.
001240 PMID: 25648463

80. Marseille E, Larson B, Kazi DS, Kahn JG, Rosen S. Thresholds for the cost—effectiveness of interven-
tions: alternative approaches. Bull World Health Organ. 2015; 93: 118—124. doi: 10.2471/BLT.14.
138206 PMID: 25883405

81. The World Bank. Health expenditure per capita [Internet]. [cited 12 Aug 2015]. Available: http://data.
worldbank.org/indicator/SH.XPD.PCAP

PLOS ONE | DOI:10.1371/journal.pone.0157925 June 27,2016 20/20


http://dx.doi.org/10.1161/CIRCOUTCOMES.114.001240
http://dx.doi.org/10.1161/CIRCOUTCOMES.114.001240
http://www.ncbi.nlm.nih.gov/pubmed/25648463
http://dx.doi.org/10.2471/BLT.14.138206
http://dx.doi.org/10.2471/BLT.14.138206
http://www.ncbi.nlm.nih.gov/pubmed/25883405
http://data.worldbank.org/indicator/SH.XPD.PCAP
http://data.worldbank.org/indicator/SH.XPD.PCAP

