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Abstract

Background: Low- and middle-income countries are facing an increasing burden of disability and death due to
cardiovascular diseases. Policy makers and healthcare providers alike need resource estimation tools to improve
healthcare delivery and to strengthen healthcare systems to address this burden. We estimated the direct medical
costs of primary prevention, screening, and management for cardiovascular diseases in a primary healthcare center
in Nepal based on the Global Hearts evidence based treatment protocols for risk-based management.

Methods: We adapted the World Health Organization’s non-communicable disease costing tool and built a model
to predict the annual cost of primary CVD prevention, screening, and management at a primary healthcare center
level. We used a one-year time horizon and estimated the cost from the Nepal government’s perspective. We used
Nepal health insurance board’s price for medicines and laboratory tests, and used Nepal government’s salary for
human resource cost. With the model, we estimated annual incremental cost per case, cost for the entire
population, and cost per capita. We also estimated the amount of medicines for one-year, annual number of
laboratory tests, and the monthly incremental work load of physicians and nurses who deliver these services.

Results: For a primary healthcare center with a catchment population of 10,000, the estimated cost to screen and
treat 50% of eligible patients is USD21.53 per case and averages USD1.86 per capita across the catchment
population. The cost of screening and risk profiling only was estimated to be USD2.49 per case. At same coverage
level, we estimated that an average physician’s workload will increase annually by 190 h and by 111 h for nurses,
i.e., additional 28.5 workdays for physicians and 16.7 workdays for nurses. The total annual cost could amount up to
USD18,621 for such a primary healthcare center.

Conclusion: This is a novel study for a PHC-based, primary CVD risk-based management program in Nepal, which
can provide insights for programmatic and policy planners at the Nepalese municipal, provincial and central levels
in implementing the WHO Global Hearts Initiative. The costing model can serve as a tool for financial resource
planning for primary prevention, screening, and management for cardiovascular diseases in other low- and middle-
income country settings globally.
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Background
Cardiovascular disease (CVD) is the leading cause of dis-
ability and death globally, accounting for 14.8% of dis-
ability adjusted life years [1, 2]. Low- and middle-income
countries disproportionately bear this burden [3]. In
Nepal, CVD is the number one cause of death, account-
able for approximately a quarter of deaths in 2015 [1].
The Government of Nepal has committed to achieve a
25% reduction in mortality from non-communicable dis-
eases (NCDs) including CVD, cancer, diabetes, and
chronic respiratory diseases by 2025 [4]. Another goal is
to prevent ischemic heart disease and stroke by man-
aging 50% of eligible patients with medicines and coun-
selling [4].
Nepal has been adopting the World Health Organiza-

tion’s (WHO) Package of Essential Noncommunicable
disease interventions (PEN) for primary care in low-
resource settings [3], and participates as a pilot site for
the WHO Global Hearts Initiative [5] in order to meet
the target goals. These programs recommend using a
score developed by the International Society of Hyper-
tension, which is calculated based on age, sex, blood
pressure, smoking status, and fasting blood glucose and
cholesterol [6]. This is an absolute risk score that esti-
mates the likelihood of someone developing a cardiovas-
cular event over a 10-year period [6]. Individuals may
fall into any of four risk categories: < 10%, 10–20%, 20–
30, and > 30% [6]. Those classified as first category (<
10%) receive only behavioral counselling on healthy life-
style, and are followed up after one year. Individuals at
higher risk are treated with medicines and counselled on
healthy lifestyle, with increased intensity and follow up
[6] (Additional file 1).
Despite the Government of Nepal acknowledging

CVD as a major priority, there are no local data on the
cost of providing risk score-based CVD primary preven-
tion and management services at the primary level. Cost-
ing analyses can assist policymakers and program
planners in estimating care delivery costs and program-
matic logistics including: human resources, essential
medicine formularies, supplies, and laboratory tests (see
Methods>Human resources below for a detailed descrip-
tion of human resources in the context of primary CVD
prevention and management in Nepal). This study esti-
mates the annual, direct medical costs of providing risk-
based, primary CVD prevention, screening and manage-
ment according to the WHO Global Hearts Initiative at
a hypothetical primary healthcare center (PHC) in
Nepal, serving a population of 10,000, at 50% coverage.

Methods
Setting
The setting for this study is a hypothetical primary
healthcare center (PHC) in Nepal, which exist at scale

throughout the country’s 75 districts. The country’s pub-
lic health system delivers health care services through
primary, secondary and tertiary-level healthcare services
and facilities. The primary level provides basic minimum
health care and serves as a first point of contact; this
care is delivered via networks of community health
workers and at health-posts and PHCs. The secondary
level includes hospitals, which serve as referral units to
the primary level, and the tertiary level includes specialty
hospitals and other higher referral centers. There are
over 200 PHCs in Nepal, each staffed with at least one
medical officer (MBBS physician), a staff nurse, and sev-
eral mid-level providers.

Costing model
We adapted the CVD-diabetes treatment cost sheet from
the WHO NCD Costing Tool [7], an excel file that pro-
jects costs for scaling comprehensive NCD programs na-
tionally (see Additional file 1 for costing model). The
WHO NCD Costing Tool was developed as part of the
PEN interventions tools for low-resource settings [7, 8].
While this tool is useful to forecast financial resources at
a national and sub-national level, we adapted the tool to
predict the costs of primary CVD prevention, screening,
and management at the primary healthcare center level,
which required only descriptive information about the
catchment area population and the applicable unit costs.
We estimated the direct costs for implementing CVD

‘risk-based management’ as outlined in the Global
HEARTS Technical package for CVD management at a
PHC in Nepal [9]. We defined direct costs as costs re-
lated to service provision including: human resources,
medicines, and laboratory tests. We included costs for
screening, treatment, and follow up for patients present-
ing at a hypothetical PHC in Nepal (see Additional file 1
for costing model). We thus calculated the costs strictly
from the perspective of the public sector healthcare sys-
tem (i.e. a PHC managed by the Ministry of Health and
Population) and have not included patient-specific costs
such as transportation, caregivers, and lost income.
The input parameters and output estimates of the model

are listed in Table 1. The model estimated annual cost per
case, cost for the entire population, and cost per capita. It
also estimated the amount of medicines for one-year, an-
nual number of laboratory tests, and the monthly incre-
mental work load of physicians who deliver these services.

Services
The PHC, a municipal-level service unit, was chosen for
this study because the HEARTS Technical package is de-
signed for such primary healthcare delivery settings. We
estimated the catchment area population of a PHC at
10,000 and used the treatment protocols from the
HEARTS Technical package [9] (Additional file 1) to
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assign services and medicines needed for each risk cat-
egory. According to the protocol, a physician assesses
the patient’s medical history and conducts a clinical
examination upon arrival at the PHC. Suspected or
known cases of ischemic heart disease are referred to a
higher center, while the rest of the patients are sent for
laboratory tests (costs associated with these referral cases
are not included in this costing study). Each CVD risk
score was then calculated based on the medical examin-
ation and laboratory test results [6]. Medical treatment
was provided to the individuals with a risk score of
≥10%, while only behavioral counselling is provided for
those with a risk score of < 10%.

Target population
We calculated the age and sex distribution of the popu-
lation using National Population and Census 2011 data
[10]. Globally, several guidelines suggest routine cardio-
vascular risk assessment for people aged 40 years and
above, thus we focused on that population in our esti-
mation [11–15]. We estimated the proportion of adults
40 years of age and older, with at least one NCD risk fac-
tor, as identified in the Nepal STEPS survey 2013 [16].
We assumed the center’s population coverage to be 50%,
which was the coverage goal set by the Government of
Nepal’s targets in the Multisectoral Action Plan for the
Prevention and Control of Non Communicable Diseases
(2014–2020) [4]. We also did a sensitivity analysis with
varying coverage of 20, 40, 50, 60, 80, and 100%
(Additional file 2). Due to the lack of population-wide
CVD absolute risk distribution data from Nepal, we used
the population risk profile for WHO South-East Asia Re-
gion C for estimates of risk distribution in Nepal [6, 17].
We used the term ‘cases’ to denote all unique individ-

uals arriving at the PHC to receive CVD services, regard-
less of their risk status. Individuals with risk > 10%
enrolled in treatment were considered ‘patients’.

Costs
We estimated the cost from the perspective of Nepal’s
Ministry of Health and Population, as the payer for pub-
lic PHCs in Nepal. We used a one-year time horizon,
presenting costs both in current Nepali rupees (NPR)
and current US Dollars (USD).

Medicine and laboratory tests pricing
To calculate pharmaceutical and laboratory service
prices, we used the standard rates made available by the
Health Insurance Board [18]. The Board published a
standard rate list of medicines and services, on the basis
of which they reimburse the healthcare facilities, regard-
less if they are a PHC or a tertiary hospital, for the ser-
vices they provide to an insured patient. We assume that
administration and supply chain costs for medicines and
laboratory have been included when determining these
rates by the board, and thus we have not included such
additional costs in our study. The HEARTS Technical
package suggested the use of two types of statins: either
Simvastatin, or Atorvastatin. We used only Atorvastatin
in our study because it is one of the drugs in the stand-
ard rate list. We consulted with a WHO representative
to determine the daily average dose of the drugs for
costing purposes (AA personal correspondence, March
22, 2017).

Human resources
At least one physician (known locally as medical officers;
physicians holding only a Bachelor of Medicine, Bach-
elor of Surgery degree and no postgraduate medical edu-
cation training) and at least one nurse (nurses holding
either a 4 year Bachelor of Science in Nursing degree or
a 3 year Proficiency Certificate Level diploma) are as-
sumed to be employed at the PHC as is consistent with
the Ministry of Health and Population’s staffing patterns
[19]. Actual staffing patterns at PHCs vary and may in-
clude auxiliary nurse midwives, health assistants, and
other auxiliary health workers who are presumed not to
be involved in primary CVD prevention, screening, or
management per the Global Hearts protocol (see above
section Methods>Services) [19]. We assumed physicians
spend 5 minutes for first-visit medical examinations and
5 minutes for interpreting laboratory results and risk
profiling. Each physician’s encounter for subsequent pa-
tient visits was assumed to be 5 minutes and the nurse’s
encounter with the patient for counselling sessions was
also assumed to be 5 minutes. This encounter time was
consistent with findings from a systematic review which
reported that 50% of the global population spent on an

Table 1 Costing model input and output parameter estimates

Input (parameters to enter in the model) Output (parameters estimated from the model)

• Unit price of medicines • Annual cost per case

• Unit cost of laboratory tests • Annual cost for the entire population

• Monthly salary of clinicians • Annual cost per capita

• Service utilization rates • Amount of different medicines needed in a year

• Coverage rates • Monthly incremental work load of physicians (time)

• Population demographics
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average 5 minutes or less time with their primary care
physicians during each encounter [20].
We used the Ministry of Health and Population’s

healthcare professionals’ salary scale for human resource
costs of physician and nurses. A working year of 240
working days, and 40 h per week, as per the Government
calendar, was used to calculate per minute price of hu-
man resources.

Results
Laboratory test costs at PHCs are listed in Table 2 in
both NPR and USD.
The average daily dose and costs for medicines are

listed in Table 3. Atorvastatin was found to be the most
expensive drug among others, at USD0.10 per day.
Table 4 shows the incremental increase in time re-

quired for healthcare providers in delivering these ser-
vices. In a population of 10,000, we estimate that the
total number of patients needing primary CVD manage-
ment (24.67%) over age 40 with at least one risk factor
(70.12%) at 50% coverage will be 865. Of those 865 pa-
tients, 50 (5.7%) will need a referral to a tertiary center
further CVD management (see Additional file 1 for
population model). At 50% coverage, with a PHC serving
a population of 10,000, an average physician’s workload
will increase annually by 190 h for physicians and by
111 h for nurses, i.e., additional 28.5 workdays for physi-
cians and 16.7 workdays for nurses.
In Table 5, we show the annual cost of treating cases

by different risk types. The cost for a medical examin-
ation and risk profiling during the first visit is USD2.49
per case per year. The cost to treat patients with higher
risk is greater, as people with higher risk need more fre-
quent follow up and more intense medical treatment.
There are also additional medicine costs for treating dia-
betic patients.
Table 6 provides the annual cost of treatment at the

population level for a PHC serving a catchment area of
10,000 people at 50% coverage rate. We estimate 2 mil-
lion rupees (USD18,621) are needed to provide direct
medical services to the entire catchment area based on

the HEARTS Technical package. The average total cost
per case per year is USD21.53, and the cost per capita
per year is estimated to be USD1.86.
When the total annual cost is disaggregated, medicines

cause the largest additional cost (80%), followed by la-
boratory tests (15%). Doctor’s office visit and counselling
from nurses are responsible for a relatively smaller share
of cost in the total direct medical cost i.e., 3 and 2%
respectively.

Discussion
For a PHC with a catchment population of 10,000, the es-
timated cost to screen and treat 50% of eligible patients
according to the WHO Global Heart Initiative risk-based
primary CVD management was USD21.53 per case,
USD1.86 per capita, and USD18,621 in total per annum.
The cost of a medical exam and risk screening eligible
people for CVD is USD2.49 (NPR 257.52) per person in
Nepal. We estimated that a PHC with a catchment popu-
lation of 10,000 will require USD18,600 annually to pro-
vide medicines, laboratory analysis, and human resources
for primary CVD prevention, screening, and management
services to 50% of the eligible population.
The treatment cost per patient is higher for patients

with higher risk scores. A study in Tanzania reported
the incremental cost to treat patients with a risk of >
30% to be almost double the cost to treat patients with a
risk of 10–20%, and is consistent with our findings as
well [21]. Notably, however, the Tanzanian cost esti-
mates were significantly higher than the estimates we
have calculated here, which may be due to regional cost
differences in service availability, supply chains, or
patient-related utilization. Hence, early screening and
management can be a key strategy to prevent patients
from moving into higher risk categories and incurring

Table 2 Laboratory test costs

Laboratory tests Cost per testb

NPR USD

Urine routine testa 40 0.39

Random blood glucose 60 0.58

Urine ketone 50 0.48

Serum creatinine 100 0.97

Total cholesterol 150 1.45

Serum potassium 150 1.45
aUrine routine test includes urine glucose and protein test
b1 USD = 103.36 NPR

Table 3 Daily cost of WHO Global Hearts medicines

Drugs Average
daily
dose
(mg)

Cost per daya

NPR USD

Medicines for high blood pressure

Amlodipine 10 7.00 0.07

Atenolol 50 3.50 0.03

Enalapril 10 8.00 0.08

Hydrochlorthiazide 25 2.95 0.03

Medicines for high blood glucose

Metformin 1500 6.00 0.06

Glibenclamide 10 3.46 0.03

Insulin Isophane 24(IU) 1.51 0.02

Medicine for high cholesterol

Atorvastatin 10 10.77 0.10
a1 USD = 103.36 NPR
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larger costs. Early intervention has been shown to lower
the costs of services compared to treating patients with
higher risk of CVD-related morbidity in developing
countries [22].
The estimated annual cost per case is USD21.50, while

the per capita cost is USD1.86. Our results are similar to
another study analyzing the per capita cost for risk-
based management in low-income countries [23]. A pre-
vious WHO study estimated the cost of screening to be
USD3.00 per person (USD3.40 per person when adjusted
to 2018 rates) in low-income countries [8]. Our study
demonstrated that a PHC with a catchment population
of 10,000 will require USD18,600 annually to provide
medicines, laboratory analysis, and human resources for
primary CVD prevention, screening, and treatment ser-
vices to 50% of the eligible population.

The costs estimated here must be considered in the
context of local healthcare spending. The Government
of Nepal currently spends USD10.12 per capita in
healthcare expenditure [24], thus, an increase of
USD1.86 per capita would amount to a 18.4% increase
in healthcare spending. It is also important to note that
only 23% of the total healthcare expenditure is paid by
the Government while 60% is out-of-pocket [24], with
some out-of-pocket healthcare expenditure estimates for
specific locales, medical conditions, and sub-populations
being even higher (the remainder is paid via external de-
velopment assistance sources) [25, 26]. High out-of-
pocket healthcare expenditures threaten people with low
economic status due to impoverishment. In a recent re-
port, the Nepal Noncommunicable Diseases and Injuries
Poverty Commission reported that NCDs and injuries

Table 4 Incremental time of healthcare providers in CVD management cases

Clinical encounter Time per case per year (minutes) Patients
needing
services
annually

Time to treat the population per year (minutes)

Physiciana Nurse Physician Nurses

First visit-clinical exam 5 0 865 4325 0

First visit-risk profiling 4 0 815 3264 0

Management for risk < 10% 0 5 566 0 2832

Management for risk 10–20% with high blood pressure 10 10 60 600 600

Management for risk 10–20% with high cholesterol 10 10 60 600 600

Management for risk 20–30% 10 10 52 520 520

Management for risk > 30% 20 20 77 1540 1540

Management of diabetic patients 20 20 29 580 580

Annual incremental time (minutes) 11,429 6675

(hours) 190 111

Annual incremental time (workdays)b 28.5 16.7
aPhysician provides medical treatment and nurse conducts counselling sessions
bAnnual incremental time calculated based on healthcare staff members working 40 h per week and 6 days a week

Table 5 Annual cost of treatment disaggregated by service type

Services Physician’s
encounter

Laboratory
Testsa

Counsellinga Drugsa Annual cost per caseb

NPR USD

First visit-clinical exam 26.26 0 0 0 26.26 0.25

First visit-risk profiling 21.01 210.25 0 0 231.26 2.24

plus additional cost for management of patients in each risk categories

risk < 10% 0 0 19.10 0 19.10 0.18

risk 10–20% with high blood pressure 52.52 0 38.20 3149.04 3239.76 31.34

risk 10–20% with high cholesterol 52.52 400 38.20 3931.05 4321.77 41.81

risk 20–30% 52.52 760 38.20 7463.34 8054.06 77.92

risk > 30% 105.04 1160 76.40 7463.34 8444.78 81.70

plus additional cost for

Diabetes management 79.28 780 76.40 5413.06 6194.50 59.93
aAll prices are in NPR unless mentioned otherwise
b1 USD = 103.36 NPR
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account for 33% of out-of-pocket healthcare expenditure
by Nepalese patients [27]. Catastrophic healthcare ex-
penses for secondary CVD treatment and the resulting
impoverishing effect have already been noted in many
low- and middle-income countries including Nepal [28].
Given this relationship, the Lancet Taskforce on NCDs
and Economics recommends removing financial barriers
to the poor to improve healthcare systems financing
[28]. This makes a case for the Government of Nepal to
increase spending on primary CVD prevention, screen-
ing, and management strategies to reduce the disease
burden, as well as to protect the poor from economic
hardship and financial shock [29].
While our study is purely based on theoretical model-

ing, some insights arise from this work. In particular,
total costs will vary by coverage level. The total annual
cost would be about USD6,000 at a 20% coverage rate,
and about USD24,000 for an 80% coverage rate. One
strategy for the Government of Nepal is to reduce over-
all costs at higher coverage and to raise the current cut-
off risk level for treatment to > 20% [6]. Increasing the
threshold for treatment would reduce costs overall but
could result in lower healthcare benefits [30]. The cost
savings might then be short-term, as future costs relat-
ing to treating complications of unidentified high-risk
patient could even be higher.
Investing in primary CVD prevention, screening, and

management utilizing a risk-based approach is a highly
cost-effective intervention [23, 31, 32]. Investing in pri-
mary prevention can be a cost saving strategy as treating
acute and post-acute ischemic heart disease are more ex-
pensive [32]. In Nepal, myocardial infarction manage-
ment costs USD435, which is 234 times the cost of
primary CVD prevention, screening, and management as
calculated in our study [18]. Similarly, management of
diabetes complications costs USD155 per person, com-
pared to only USD 60 for primary diabetes management
[18]. The Government of Nepal currently provides free

treatment for heart diseases to senior citizens over 75
years [33]. Therefore, investment in early prevention can
potentially reduce the Government’s long-term expendi-
tures for treatment of heart disease in the elderly. Cost
savings would also result from a potential reduction in
mortality, as a high proportion of the NCD burden lies
in working age adults [3]. Nugent and Brouwer estimated
that the expected return on investment of the CVD risk-
based management intervention is USD34 for every USD1
spent on hypertension management for a medium- to
high-risk patient at 50% coverage [34]. Reaching a level of
50% coverage of primary CVD prevention, screening, and
management in low-income countries is expected to bring
2.3 times in economic return and 3.8 times in economic
and social return [35]. This means investing USD1.86 per
capita in primary CVD prevention, screening, and man-
agement can bring in USD4.3 per capita in economic
return, and USD7 in economic and social return. If pro-
jected for Nepal’s total population of 29 million, this
would require an investment of USD54 million and yield
an economic return of USD124 million. Thus, investing in
primary CVD prevention, screening, and management
could be a win-win situation for Nepal with reductions in
premature mortality as well as the potential for long-term
economic returns.
Our study estimated that the direct cost of manage-

ment of type 2 diabetic patients is USD60 per annum. A
cross-sectional study in a public hospital in Nepal esti-
mated the direct cost to range from USD54 to USD113
annually [36]. Such a large range in cost is likely because
of large variation in the cost of medicines in their study,
which ranged from USD18 to USD66, and accounted for
more than 80% of direct medical costs. The study also
included transportation costs, food during hospital visits,
and in some cases the cost of lifestyle modification
services. We did not include those costs in our study, as
our study estimated the cost from the Government of
Nepal’s perspective.

Table 6 Annual cost of treatment for a population of 10,000 people at 50% coverage

Services and treatment Unit
cost
(NPR)

Target
Population

Total Cost

NPR USD

First visit-medical examination 26.26 865 22,715 220

First visit-risk profiling 231.26 815 188,708 1826

risk < 10% 19.10 566 10,830 105

risk 10–20% with high blood pressure 3239.76 60 194,386 1881

risk 10–20% with high cholesterol 4321.77 60 259,306 2509

risk 20–30% 8054.06 52 418,811 4052

risk > 30% 8444.78 77 650,248 6291

Management of diabetic patients 6194.50 29 179,641 1738

Total cost 1,924,645 18,621

1 USD = 103.36 NPR
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The cost of medicines was the largest driver of costs for
each level of risk management, as is consistent with other
studies [23, 31, 36]. The National Health Accounts report
of Nepal indicates that almost 40% of current health ex-
penditure costs are pharmaceutical expenditures [37].
This means that variability in drug prices can have a
higher impact on variation of overall cost. One measure to
control the pharmaceutical price could be fixing the max-
imum retail price of medicines, as is being currently done
by the National Health Insurance Board of Nepal [18].
It is also important to note that the program incurs

not only additional costs, but puts a demand on the
existing healthcare system as a whole. Currently PHCs
in Nepal have one physician and one staff nurse
employed full time, along with other non-physician
healthcare workers. If this program is to be imple-
mented, there is an additional workload for providers.
There is also a need to strengthen the laboratory, as this
intervention can potentially require additional laboratory
services for 865 people annually. We estimate that the
program will also need around 200,000 units (tablet/cap-
sule/vial) of medicines annually, which means logistic
management capacity has to be increased, as well. Link-
ing patients to chronic care also means ensuring a con-
tinuous supply of medicines, which is difficult given that
many Nepalese healthcare facilities are unable to main-
tain stocks of medicines throughout the year [38].
There are six major limitations of our study. The first

major limitation is that we have only included incremen-
tal costs in terms of direct medical cost including: hu-
man resources, laboratory tests, and treatment. We have
not included capital costs, assuming sufficient PHC in-
frastructure. Many actual PHCs may need infrastructure
upgrades, strengthening of administrative services, and
human resource training prior to initiating this program,
which is not currently captured in our study. Second, we
heavily relied on assumptions on coverage, adherence,
providers’ time, and service utilization rates to develop
the cost estimates as the program has not yet been im-
plemented. In future research studies, using actual pa-
tient data including costs, utilization, time allocated per
encounter, and other real-world details will provide
more accurate insights into these questions. Third, we
modelled our study with an ideal scenario where all pa-
tients are followed through the patient care pathway
model. In actual practice, healthcare systems may lose
some patients in each of the treatment steps from
screening to treatment to follow-up. Fourth, we assumed
the availability of medicines and services match with the
needs of the population, but many of the healthcare
facilities in Nepal struggle with scarcity of trained
human resources and medical supplies for NCDs [38].
We acknowledge that some PHCs, especially in remote
places of Nepal, may not have a physician, but only have

non-physician healthcare workers. If needed, the user of
the costing model can customize the human resource
section to adjust to different local contexts. Fifth, we are
not able to capture costs from the patient’s perspective,
which includes the costs of transportation, caregivers,
lost income, etc. These additional costs may be substan-
tial, can impede patients from seeking care, and are im-
portant to understanding the total societal cost of CVD
management services. And sixth, our model only
accounts for costs associated with western biomedical
care and not alternative therapeutics obtained through
non-Western providers [39].
A prospective costing study during the program’s actual

implementation is needed to overcome these limitations.
A costing tool developed to accompany the Global Hearts
technical package is currently being pilot tested in several
other countries with support from the US Centers for Dis-
ease Control. Future studies may also include other
systems-level costs like human resources training, logistic
management, and administrative costs in addition to dir-
ect medical costs. The next step is to implement and re-
fine this model in a care delivery setting.

Conclusions
PHCs in Nepal can provide primary CVD risk-based
management, screening, and treatment at an average
cost of USD21 per case or USD2 per capita. This is the
first costing study for a PHC-based, primary CVD risk-
based management program in Nepal, which can assist
program planners at the Nepalese municipal, provincial
and central levels in implementing the WHO Global
Hearts Initiative. This method of cost estimation and
this costing exercise can also be utilized in other low-
resource settings around the world to inform decisions
around the affordability of CVD prevention services.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s41256-020-0130-2.

Additional file 1. CVD costing tool.

Additional file 2. Sensitivity analysis.

Abbreviations
CVD: Cardiovascular disease; NCD: Non-communicable disease;
NPR: Nepalese rupee; PEN: Package of Essential Non-communicable Disease
Interventions; PHC: Primary healthcare center; USD: United States dollar;
WHO: World Health Organization

Acknowledgements
We wish to express our appreciation to the Nepal Ministry of Health and
Population for their continued efforts to improve the public-sector health-
care system in rural Nepal. We are indebted to the staff members at public
sector healthcare facilities around Nepal whose commitment to serving pa-
tients and dedication to improving the quality of healthcare in Nepal con-
tinues to inspire us. We would also like to thank our colleagues at RTI
International, especially Brian Hutchinson and Benjamin Allaire for their assist-
ance with the healthcare costing resources, and Annette Fitzpatrick and

Aryal et al. Global Health Research and Policy             (2020) 5:2 Page 7 of 9

https://doi.org/10.1186/s41256-020-0130-2
https://doi.org/10.1186/s41256-020-0130-2


Joseph Dieleman at the University of Washington for their supervision in the
initial phase of this study.

Authors’ contributions
AA: conceptualization, data curation, formal analysis, investigation,
methodology, project administration, visualization, writing – original draft
preparation, writing – review & editing. DC: formal analysis, writing – review
& editing. SH: formal analysis, writing – review & editing. AK: formal analysis,
writing – review & editing. PN: formal analysis. AS: formal analysis. RN:
conceptualization, formal analysis, funding acquisition, investigation,
methodology, project administration, supervision, validation, visualization,
writing – original draft preparation, writing – review & editing. DS: formal
analysis, supervision, writing – review & editing. All authors read and
approved the final manuscript.

Funding
The research for this publication was supported by a grant from the Centers
for Disease Control and Prevention (CDC) through TEPHINET, a program of
the Task Force for Global Health, Inc. Its contents are solely the responsibility
of the authors and do not necessarily represent the views of The Task Force
for Global Health, Inc., TEPHINET, or the CDC. The funders had no role in
study design, data collection and analysis, decision to publish, or preparation
of the manuscript.

Availability of data and materials
The dataset supporting the conclusions of this article is included in
Additional file 1.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
AA and DC are employed by and, SH, PN, and DS work in partnership with a
nonprofit healthcare company (Nyaya Health Nepal, with support from the
USA-based non-profit, Possible) that delivers free healthcare in rural Nepal
using funds from the Government of Nepal and other public, philanthropic,
and private foundation sources. SH and DC are employed part time by and
DC is a faculty member at a public university (University of Washington). DC
is a faculty member and SH is employed by a private medical school (Arn-
hold Institute for Global Health at the Icahn School of Medicine at Mount
Sinai). AK is a medical resident at a private medical school (NYU Langone
Health). PN is a graduate student at a public university (University of North
Carolina). AS is a faculty member at a private university (Kathmandu Univer-
sity School of Medical Sciences). AS is a faculty member at a private univer-
sity (Yale School of Public Health). RN is employed by a nonprofit
organization (RTI International) providing research and technical services
using funds from public sector research funding and service contracts. DS is
employed by an academic medical center (Brigham and Women’s Hospital)
that receives public sector research funding, as well as revenue through pri-
vate sector fee-for-service medical transactions and private foundation
grants. DS is employed by an academic medical center (Beth Israel Deacon-
ess Medical Center) that receives public sector research funding, as well as
revenue through private sector fee-for-service medical transactions and pri-
vate foundation grants. DS is a faculty member at a private university (Har-
vard Medical School). DS is employed by an academic research center
(Ariadne Labs) that is jointly supported by an academic medical center (Brig-
ham and Women’s Hospital) and a private university (Harvard TH Chan
School of Public Health) via public sector research funding and private phil-
anthropy. All authors have read and understood Global Health Research and
Policy’s policy on competing interests, and declare that we have no compet-
ing financial interests. The authors do, however, believe strongly that health-
care is a public good, not a private commodity.

Author details
1Nyaya Health Nepal, Kathmandu, Nepal. 2Department of Global Health,
University of Washington, Seattle, WA, USA. 3Department of Anthropology,
University of Washington, Seattle, WA, USA. 4Henry M. Jackson School of
International Studies, University of Washington, Seattle, WA, USA. 5Icahn

School of Medicine at Mount Sinai, Arnhold Institute for Global Health, New
York, NY, USA. 6Department of Medicine, NYU Langone Health, New York,
NY, USA. 7Gillings School of Public Health, University of North Carolina,
Chapel Hill, NC, USA. 8School of Medical Sciences, Kathmandu University,
Dhulikhel, Nepal. 9Center for Methods in Implementation and Prevention
Science, Yale School of Public Health, New Haven, CT, USA. 10Department of
Chronic Disease Epidemiology, Yale School of Public Health, New Haven, CT,
USA. 11RTI International, Seattle, WA, USA. 12Department of Medicine, Division
of Global Health Equity, Brigham & Women’s Hospital, 75 Francis Street,
Boston, MA 02115, USA. 13Department of Medicine, Beth Israel Deaconess
Medical Center, Boston, MA, USA. 14Department of Medicine, Harvard
Medical School, Boston, MA, USA. 15Ariadne Labs, Brigham and Women’s
Hospital and Harvard T.H. Chan School of Public Health, Boston, MA, USA.

Received: 1 July 2019 Accepted: 5 January 2020

References
1. Naghavi M, Abajobir AA, Abbafati C, Abbas KM, Abd-Allah F, Abera SF, et al.

Global, regional, and national age-sex specific mortality for 264 causes of
death, 1980-2016: a systematic analysis for the global burden of disease
study 2016. Lancet. 2017;390(10100):1151–210.

2. Global Health Estimates 2016: Disease burden by cause, Age, Sex, by
Country and by Region, 2000–2016. http://www.who.int/healthinfo/global_
burden_disease/estimates/en/index1.html. Accessed 4 Sept 2018.

3. World Health Organization. Package of Essential Noncommunicable (PEN)
Disease Interventions for Primary Health Care in Low-Resource Settings.
Geneva: WHO Press; 2010.

4. Governmetn of Nepal. Multisectoral Action Plan for the Prevention and
Control of Non Communicable Diseases (2014-2020). Kathmandu:
Government of Nepal; 2014.

5. World Health Organization. Global Hearts Initiative. http://www.who.int/
cardiovascular_diseases/global-hearts/en/. Accessed 4 Sept 2018.

6. World Health Organization. Prevention of cardiovascular disease: Guidelines for
assessment and management of cardiovascular risk. Geneva: WHO Press; 2007.

7. Chisholm D, Mendis S, Abegunde D. NCD costs–best buys software 2012.
Geneva: World Health Organization; 2012.

8. World Health Organization. Scaling up action against noncommunicable
diseases: How much will it cost? Geneva: WHO Press; 2011.

9. World Health Organization. HEARTS Technical package for cardiovascular
disease management in primary health care. Geneva: WHO Press; 2018.

10. Government of Nepal. National Population and Housing Census 2011
(National Report). Kathmandu: Central Bureau of Statistics and National
Planning Commission Secretariat; 2012.

11. Bernard SL, Lux L, Lohr KN. Healthcare delivery models for prevention of
cardiovascular disease (CVD). London: Foundation TH; 2009.

12. Graham I, Atar D, Borch-Johnsen K, Boysen G, Burell G, Cifkova R, et al.
European guidelines on cardiovascular disease prevention in clinical
practice: executive summary: fourth joint task force of the European Society
of Cardiology and Other Societies on cardiovascular disease prevention in
clinical practice (constituted by representatives of nine societies and by
invited experts). Eur Heart J. 2007;28(19):2375–414.

13. Goff David C, Lloyd-Jones Donald M, Bennett G, Coady S, D’Agostino Ralph
B, Gibbons R, et al. 2013 ACC/AHA guideline on the assessment of
cardiovascular risk. Circulation. 2014;129(25_suppl_2):S49–73.

14. Kavousi M, Leening MJG, Nanchen D, Greenland P, Graham IM, Steyerberg
EW, et al. Comparison of application of the ACC/AHA guidelines, adult
treatment panel III guidelines, and European Society of Cardiology
Guidelines for cardiovascular disease prevention in a European cohort.
JAMA. 2014;311(14):1416–23.

15. Arnett DK, Blumenthal RS, Albert MA, Michos ED, Buroker AB, Miedema MD,
et al. 2019 ACC/AHA guideline on the primary prevention of cardiovascular
disease. J Am Coll Cardiol. 2019;74(10):e177–e232.

16. Aryal KK, Neupane S, Mehata S, Vaidya A, Singh S, Paulin F. Non
communicable diseases risk factors: STEPS Survey Nepal 2013. Kathmandu:
Nepal Health Research Council; 2014.

17. Abidov A, Chehab O. Cardiovascular risk assessment models: have we found
the perfect solution yet? J Nucl Cardiol; 2019. https://link.springer.com/
article/10.1007/s12350-019-01642-x#citeas.

18. Health Insurance Board: Rate list of services under benefit package. http://
shs.gov.np/site/content/detail/health-care-packages. Accessed 4 Sept 2018.

Aryal et al. Global Health Research and Policy             (2020) 5:2 Page 8 of 9

http://www.who.int/healthinfo/global_burden_disease/estimates/en/index1.html
http://www.who.int/healthinfo/global_burden_disease/estimates/en/index1.html
http://www.who.int/cardiovascular_diseases/global-hearts/en/
http://www.who.int/cardiovascular_diseases/global-hearts/en/
https://link.springer.com/article/10.1007/s12350-019-01642-x#citeas
https://link.springer.com/article/10.1007/s12350-019-01642-x#citeas
http://shs.gov.np/site/content/detail/health-care-packages
http://shs.gov.np/site/content/detail/health-care-packages


19. Government of Nepal. Annual Report 2073/74 (2016/17). Kathmandu:
Ministry of Health and Population, Department of Health Services; 2018.

20. Irving G, Neves AL, Dambha-Miller H, Oishi A, Tagashira H, Verho A, et al.
International variations in primary care physician consultation time: a
systematic review of 67 countries. BMJ Open. 2017;7(10).

21. Ngalesoni F, Ruhago G, Norheim OF, Robberstad B. Economic cost of
primary prevention of cardiovascular diseases in Tanzania. Health Policy
Plan. 2014;30(7):875–84.

22. Weintraub WS, Daniels SR, Burke LE, Franklin BA, Goff DC Jr, Hayman LL,
et al. Value of primordial and primary prevention for cardiovascular disease:
a policy statement from the American Heart Association.(report). Circulation.
2011;124(8):967–90.

23. Lim SS, Gaziano TA, Gakidou E, Reddy KS, Farzadfar F, Lozano R, et al.
Prevention of cardiovascular disease in high-risk individuals in low-income
and middle-income countries: health effects and costs. Lancet. 2007;
370(9604):2054–62.

24. Global Health Expenditure Database. http://apps.who.int/nha/database.
Accessed 5 Sept 2018.

25. Saito E, Gilmour S, Rahman MM, Gautam GS, Shrestha PK, Shibuya K.
Catastrophic household expenditure on health in Nepal: a cross-sectional
survey. Bull World Health Organ. 2014;92(10):760–7.

26. Mishra SR, Kandel N, Subedi N, Khanal V. Variation in prices of cardiovascular
drugs in public and private pharmacies in Nepal. Health Serv Res Manag
Epidemiol. 2015;2:2333392814566508.

27. The Nepal NCDI Poverty Commission National Report: An Equity Initiative to
Address Noncommunicable Diseases and Injuries. The Nepal NCDI Poverty
Commission National Report: An Equity Initiative to Address
Noncommunicable Diseases and Injuries. Kathmandu: Nepal NCDI Poverty
Commission. 2018.

28. Jan S, Laba T-L, Essue BM, Gheorghe A, Muhunthan J, Engelgau M, et al.
Action to address the household economic burden of non-communicable
diseases. Lancet. 2018;391(10134):2047–58.

29. Niessen LW, Mohan D, Akuoku JK, Mirelman AJ, Ahmed S, Koehlmoos TP,
et al. Tackling socioeconomic inequalities and non-communicable diseases
in low-income and middle-income countries under the sustainable
development agenda. Lancet. 2018;391(10134):2036–46.

30. Murray CJL, Lauer JA, Hutubessy RCW, 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. Lancet. 2003;361(9359):717–25.

31. Ha DA, Chisholm D. Cost-effectiveness analysis of interventions to prevent
cardiovascular disease in Vietnam. Health Policy Plan. 2011;26(3):210–22.

32. Ortegón 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 modelling study. BMJ. 2012;344.

33. Government of Nepal. Social Service Unit Implementation Guideline.
Kathmandu: Government of Nepal; 2010.

34. Nugent R, Brouwer E. Benefits and costs of the noncommunicable disease
targets for the post-2015 development agenda. In: Lomborg B, editor.
Prioritizing development: a cost benefit analysis of the United Nations’
sustainable development goals. Cambridge, United Kingdom., New York, N.
Y.: Cambridge University Press; 2018.

35. Bertram MY, Sweeny K, Lauer JA, Chisholm D, Sheehan P, Rasmussen B,
et al. Investing in non-communicable diseases: an estimation of the return
on investment for prevention and treatment services. Lancet. 2018;
391(10134):2071–8.

36. Shrestha N, Lohani SP, Angdembe MR, Bhattarai K, Bhattarai J. Cost of
diabetes mellitus care among patients attending selected outpatient clinics.
J Nepal Med Assoc. 2013;52(6):343–8.

37. Pandey JP, Karn R, Shrestha DK, Garg CC, Neupane GP. Nepal National
Health Accounts, 2012/13–2015/16. Kathmandu: Ministry of Health and
Population GoN; 2018.

38. Government of Nepal. Nepal Health Facility Survey 2015. Kathmandu:
Ministry of Health; 2017.

39. Clark J. Medicalization of global health 3: the medicalization of the non-
communicable diseases agenda. Global Health Action. 2014;7(1):24002.

Aryal et al. Global Health Research and Policy             (2020) 5:2 Page 9 of 9

http://apps.who.int/nha/database

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Setting
	Costing model
	Services
	Target population
	Costs
	Medicine and laboratory tests pricing
	Human resources

	Results
	Discussion
	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References

