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ABSTRACT
Objective To undertake a cost- effectiveness analysis of 
a Community- based Hypertension Improvement Project 
(ComHIP) compared with standard hypertension care in 
Ghana.
Design Cost- effectiveness analysis using a Markov 
model.
Setting Lower Manya Krobo, Eastern Region, Ghana.
Intervention We evaluated ComHIP, an intervention 
with multiple components, including: community- based 
education on cardiovascular disease (CVD) risk factors 
and healthy lifestyles; community- based screening and 
monitoring of blood pressure by licensed chemical sellers 
and CVD nurses; community- based diagnosis, treatment, 
counselling, follow- up and referral of hypertension 
patients by CVD nurses; telemedicine consultation by CVD 
nurses and referral of patients with severe hypertension 
and/or organ damage to a physician; information and 
communication technologies messages for healthy 
lifestyles, treatment adherence support and treatment refill 
reminders for hypertension patients; Commcare, a cloud- 
based health records system linked to short- message 
service (SMS)/voice messaging for treatment adherence, 
reminders and health messaging. ComHIP was evaluated 
under two scale- up scenarios: (1) ComHIP as currently 
implemented with support from international partners and 
(2) ComHIP under full local implementation.
Main outcome measures Incremental cost per 
disability- adjusted life- year (DALY) averted from a societal 
perspective over a time horizon of 10 years.
Results ComHIP is unlikely to be a cost- effective 
intervention, with current ComHIP implementation and 
ComHIP under full local implementation costing on average 
US$12 189 and US$6530 per DALY averted, respectively. 
Results were robust to uncertainty analyses around model 
parameters.
Conclusions High overhead costs and high patient costs 
in ComHIP suggest that the societal costs of ensuring 
appropriate hypertension care are high and may not 
produce sufficient impact to achieve cost- effective 
implementation. However, these results are limited by 
the evidence quality of the effectiveness estimates, 
which comes from observational data rather than from 
randomised controlled study design.

INTRODUCTION
High blood pressure is the leading cause of 
cardiovascular disease (CVD) and deaths 
worldwide.1 The prevalence of hypertension 
in low- income and middle- income countries 
(LMICs), where over 80% of CVD mortality 
occurs worldwide,2 is estimated to be as high 
or higher than in many high- income coun-
tries.3 In a systematic review of the burden 
of hypertension in sub- Saharan Africa (SSA), 
the overall prevalence of hypertension was 
estimated at 30%.4 For individuals with hyper-
tension, treatment with antihypertensive 
drugs substantially reduces the risk of CVD 
events, such as stroke, myocardial infarction 
and heart failure.5 In Ghana, hypertension 
is an important public health problem, with 
its prevalence in adults being estimated to 
be between 19% and 48%.6 CVD is also an 
important public health problem, having 
been identified as the second leading cause 
of death after diarrhoeal diseases.7 8 A cross- 
sectional analysis using data from the 2014 
Ghana Demographic and Health Survey 
(DHS) showed that 45.6% of hypertensive 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Previous studies have not considered the cost- 
effectiveness of comprehensive hypertension con-
trol strategies incorporating community- based 
screening and management of hypertension pa-
tients as well as information technology tools to 
support patient education and treatment adherence.

 ⇒ This economic evaluation used patient- level data 
from a large before- and- after study of such a 
community- based model of hypertension care.

 ⇒ A comprehensive and detailed costing study of the 
community- based hypertension care model was un-
dertaken from a societal perspective.

 ⇒ The before- and- after study from which the esti-
mates of effectiveness are derived did not include 
a control group.
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individuals were aware of their condition, 40.5% were on 
hypertension treatment, and only 23.8% had their blood 
pressure controlled.9

Previous estimates of the costs and cost- effectiveness 
of hypertension treatment have suggested that it has the 
potential to be cost- effective in SSA.10–13 Based on model-
ling studies undertaken for the whole of SSA, Murray et al11 
Ortegón et al12 and Mendis et al13 found that hypertension 
treatment and education interventions in high- risk indi-
viduals were cost- effective. Rosendaal et al10 estimated, in 
the context of rural Nigeria, that a hypertension screening, 
treatment and lifestyle advice intervention could be cost- 
effective.10 However, in a context of low hypertension 
control,4 9 these previous studies did not include the costs 
of increasing coverage and adherence by enabling inter-
ventions which, in addition to providing hypertension 
treatment, use both information and communication 
technologies (ICTs) and community- based screening and 
management for the control of hypertension. We present 
here a cost- effectiveness analysis of such a comprehensive 
intervention to scale up hypertension treatment services 
at the community level; the Community- based Hyperten-
sion Improvement Project (ComHIP) in Ghana.

METHODS
Study setting and intervention
ComHIP was a 2- year hypertension control programme 
led by the Ghana Health Service (GHS) with support 
from the international non- profit organisation FHI360. 
ComHIP is based on a public–private partnership. The 
private sector is engaged through licensed chemical sellers 
(LCS), who are community pharmacists. The project uses 
ICTs and task shifting to enhance the capacity of the 
GHS to improve management and control of hyperten-
sion. The ComHIP implementation has the following 
components: (1) Community- based education on CVD 
risk factors and healthy lifestyles; (2) Community- based 
screening and monitoring of blood pressure by LCS 
and CVD nurses; (3) Community- based diagnosis, treat-
ment, counselling, follow- up and referral of hypertension 
patients (when needed) by CVD nurses; (4) Telemedicine 
consultation by CVD nurses and referral of patients with 
severe hypertension and/or organ damage to a physician; 
(5) ICT messages for healthy lifestyles, treatment adher-
ence support and treatment refill reminders for hyper-
tension patients and (6) Commcare, a cloud- based health 
records system linked to short- message service (SMS)/
voice messaging for treatment adherence, reminders and 
health messaging.14 ComHIP was implemented in the 
district of Lower Manya Krobo (from now on, the inter-
vention district). A total of 1339 individuals were enrolled 
in the programme by December 2016.15 A full list of 
ComHIP activities can be found in online supplemental 
tables S1 and S2 in the supporting information file. For 
more details about the ComHIP implementation see 
Adler et al.15 ComHIP was independently evaluated by the 
Ghana School of Public Health and the London School 

of Hygiene and Tropical Medicine—the evaluation 
included several substudies. The main study was a cohort 
study of hypertensive individuals enrolled in ComHIP in 
the intervention district.15 The primary outcome of this 
cohort study was hypertension control, and secondary 
outcomes included changes in blood pressure and knowl-
edge of risk factors for hypertension.15 The authors found 
that after 12 months of intervention, 72% of patients had 
their hypertension controlled and that systolic/diastolic 
blood pressure were reduced, respectively, by 12.2 and 
7.5 mm Hg.15 In addition to the cohort study, the study 
team performed two repeat cross- sectional surveys at 
baseline and endline, one in the intervention district and 
one in a control district.14 The primary outcomes of the 
surveys included hypertension prevalence, hypertension 
awareness, proportion of individuals under treatment, 
hypertension control and blood pressure levels.14 Finally, 
the evaluation included a cost- effectiveness analysis, the 
results of which we report here.

Cost-effectiveness analysis design
We performed a cost- effectiveness modelling exercise, 
estimating the incremental costs per disability- adjusted 
life- year (DALY) averted, of ComHIP compared with 
standard hypertension care (ie, current hypertension 
management practice by the GHS) for a general popu-
lation of adult individuals aged 18–79 in Ghana. This 
choice of population was made to be able to represent all 
individuals in the community.

We modelled two scenarios for ComHIP. The first 
scenario, current ComHIP scale- up, was characterised by 
the existing implementation of ComHIP in a hypothet-
ical scale- up to a general population of 10 000 adult 
individuals. In this population, the prevalence of hyper-
tension was estimated based on the total proportion of 
hypertensive patients found across the intervention and 
control districts by the cross- sectional survey undertaken 
by the research team at endline (=33.68%). The scenario 
involved the annual provision of ComHIP- related services 
by the GHS and LCS with support from FHI360. The 
second scenario, GHS- LCS ComHIP scale- up, was character-
ised by the implementation of ComHIP by the GHS and 
LCS without assuming continuing support from FHI360 in 
the same population. The difference between the current 
ComHIP scale- up and the GHS- LCS ComHIP scale- up 
scenario is that the former scenario uses FHI360 unit costs 
while the latter uses local unit costs for cost estimation. We 
took this approach as some of the unit costs incurred by 
FHI360 are higher than local unit costs. These scenarios 
were compared with standard care, which was character-
ised by the existing hypertension management by the 
GHS in a hypothetical scale- up to a general population 
of 10 000 adult individuals. Online supplemental table 
S3 in the supporting information file provides further 
details about the resource consumption characterising 
the programme costs estimated for the scale- up of the 
two ComHIP scenarios and of the standard hypertension 
care scenario. We note here that although developing 
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a hypothetical scenario with a ComHIP scale- up to the 
entire population of the country or to the entire popula-
tion of a region would have been preferable, estimating 
with some degree of accuracy the resource consumption 
characterising the programme costs which is required for 
such a scale- up was not deemed possible.

The cost- effectiveness analysis was conducted over 
a time frame of 10 years from a societal perspective 
including healthcare provider and patient costs. Our 
analysis included extensive primary data collection of the 
costs of hypertension management from both a provider 
and patient perspective, combined with effectiveness data 
from the ComHIP patient cohort and a decision analytical 
model to estimate costs and health impact over the time 
frame of the study. The estimation of all input parameters 
is described below.

The decision analytical model
In order to estimate the cost- effectiveness of ComHIP 
compared with standard hypertension care, we developed 
a Markov model that estimated costs and health outcomes 
associated with the two interventions over a time period 
of 10 years. The main hypothesis of the model was that 
better hypertension control under ComHIP reduces the 
risk of CVD events compared with standard hypertension 
care. These CVD events can be coronary heart disease 
(CHD) (including angina and myocardial infarction) 
and stroke. Lower risk of CVD events leads to a reduction 
in the number of DALYs lost to patients over the period 
covered by the model. The Markov model is further 
described in section 1.1.2 and online supplemental figure 
S1 of the supporting information file. The model was 
implemented using Treeage Pro software.16

Probabilities of stroke and CHD events
We used the Framingham 10- year risk equations for stroke 
and CHD (myocardial infarction and angina)17 18 to esti-
mate the probabilities of stroke and CHD events for the 
ComHIP and standard care scenarios as a function of indi-
vidual patient characteristics such as blood pressure levels, 
age, gender, smoking status and clinical history. Initially, 
we aimed to obtain this information from individuals 
on hypertension treatment in the surveys undertaken in 
the intervention (ComHIP) and control (standard care) 
districts at the end of the ComHIP evaluation. However, 
the number of individuals who reported being on treat-
ment for hypertension in these surveys was very low (33 
in total across both districts). To obtain the data to popu-
late the Framingham equations, we used individual- level 
information available from the cohort study, an obser-
vational study of patients on ComHIP without a control 
group of patients on standard hypertension care. Demo-
graphic, behavioural and clinical history information in 
these patients was available at enrolment into the study. 
At enrolment, patients also reported whether they were 
on hypertension treatment. Data on blood pressure levels 
was available at enrolment into the study and over time as 
patients went for clinical consultations or blood pressure 

control visits. To estimate the probabilities of stroke and 
CVD events in the ComHIP and standard care scenarios, 
we applied the Framingham 10- year risk equations for 
stroke and CHD to individual patient characteristics 
(average systolic and diastolic blood pressure, age, gender, 
self- reported smoking status, self- reported diabetes status, 
estimated total- to- high- density- lipoprotein (HDL) choles-
terol level) comparing two groups of patients:

 ► For ComHIP, we used the characteristics from all 
patients who were on antihypertensive medication 
in the programme for at least 12 months (n=219). 
The effect of ComHIP on blood pressure was oper-
ationalised in these patients by using the latest blood 
pressure readings available from these patients as 
close as possible to the date of their last medication 
prescription.

 ► For standard care, we used the characteristics from 
the subgroup of the 219 patients described above who 
had reported being on the standard hypertension 
care at recruitment into the study (n=142). The effect 
of standard care on blood pressure was operation-
alised in these patients by using the blood pressure 
readings available from these patients at enrolment 
into the study.

For ComHIP, the choice of the 219 patients who were on 
hypertensive medication for at least 12 months was moti-
vated by the risk of bias associated with including patients 
lost to follow- up. These patients may have experienced 
a temporary drop in blood pressure while on ComHIP, 
but we could not assume that this drop would be main-
tained after loss to follow- up or impact their longer- term 
blood pressure levels or CVD risk. For standard care, the 
inclusion of the subgroup of these 219 patients who had 
reported being on hypertension treatment at study enrol-
ment was motivated by the evaluation study design. While 
there were no longitudinal patient- level data available 
(including data on blood pressure over time or on losses 
to follow- up) from an equivalent cohort of patients on 
standard care, there were both data on the standard care 
treatment status and blood pressure levels when these 
patients were enrolled in the study.

The two groups of patients were comparable in that 
they did not differ substantially in terms of blood pres-
sure, key demographic or behavioural characteristics at 
enrolment into the ComHIP study. Furthermore, they did 
not differ substantially in terms of blood pressure levels 
at the time of the last blood pressure measurement (see 
online supplemental table S4 in the supporting informa-
tion file).

Using the Framingham risk equations, we estimated 
the n- year probabilities of CHD and stroke events (n=1–
10) in both sets of individual patient data. We then used 
standard formulas to convert these n- year probabilities 
to 1 year probabilities (ie, the probability of an event 
between year n and year n+1). We allowed for repeat 
stroke/CHD events under the assumption, for simplicity, 
that the probability of a repeat event was not changed by 
a previous event. We used beta probability distributions19 
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to express uncertainty in the annual probabilities—
summary measures of these probabilities can be found in 
online supplemental tables S5 and S6 in the supporting 
information file.

The annual probabilities of treatment for first/repeat 
stroke/CHD and the annual probabilities of death after 
treatment for first/repeat stroke/CHD were obtained 
from an expert opinion exercise with two experienced 
clinicians from the GHS, as there are no data available for 
these probabilities in the peer- reviewed literature. Each 
of the two clinicians was asked to provide a low/average/
high estimate for these probabilities based on his/her 
clinical experience. We averaged the results of the expert 
opinion elicitation exercise across the two clinicians. We 
used triangular probability distributions to express uncer-
tainty in these annual probabilities. Summary measures 
of these probabilities are available in online supplemental 
table S7 in the supporting information file.

The probabilities of hypertension patients dying from 
causes other than CVD and of no hypertension patients 
dying from any cause were estimated from the Global 
Burden of Disease study20—see section 1.2.1 in the online 
supplemental file for more details.

Costs
Our model includes six cost- incurring health states (no 
hypertension, hypertension, treated first CHD event, 
treated repeat CHD event, treated first stroke event, 
treated repeat stroke event). We estimated the annual 
societal cost per individual (no hypertension) and per 
patient (hypertension, treated first CHD event, treated 
repeat CHD event, treated first stroke event, treated 
repeat stroke event) for each of the two ComHIP scenarios 
and for the standard care scenario for the 10- year period 
of the analysis. For all patient costs, annual societal costs 
were separated into annual costs accruing to the health-
care provider and annual costs accruing to the patient 
(ie, patient- level costs). Healthcare provider costs were 
separated into the costs of health service provision to 
patients (variable costs) and into overhead costs. For all 
health states, we estimated separately the costs of the first 
year and the costs of subsequent years.

For the healthcare provider costs of no hypertension, 
we estimated the hypertension screening costs per indi-
vidual from the ComHIP database and assigned it to the 
portion of the population in the intervention/control 
districts which were not hypertensive. For the health-
care provider costs of hypertension, our starting point 
for estimating the annual costs per patient of current 
ComHIP scale- up was the estimation of the annual costs 
of healthcare provision to patients, including screening 
(ie, the time of healthcare staff, the medication and diag-
nostic tests consumed per patient per year) from data in 
the ComHIP cohort database. For the cost- effectiveness 
model, these costs were estimated in the sample of 219 
patients who were on treatment for at least 12 months 
in ComHIP, as this was the sample of patients used for 
the calculation of intervention effectiveness. For the 

estimation of the annual costs of implementing the 
ComHIP programme, we adjusted these costs by the 
losses to follow- up during the first year on ComHIP. 
Once we estimated the annual costs of health service 
provision we estimated the annual overhead costs, that 
is, the costs of the resources not directly related to 
health service provision. For this task, we undertook an 
ingredients- based costing exercise of ComHIP activities. 
Following standard costing methodology,21 these activi-
ties were divided into those corresponding to the start- up 
period (the period during which the project was set up, 
that is, before the implementation of any patient- related 
activities) and into the postimplementation period 
(further details can be found in section 1.1.1. and online 
supplemental table S1 and S2 in the supporting infor-
mation file). We adjusted all quantities by the changes 
in programme activities assumed for the scale- up of the 
project to serve a general population of 10 000 individ-
uals (see online supplemental table S3 in the supporting 
information file). For GHS- LCS ComHIP scale- up we 
used the same approach and data but valuing all services 
currently provided by FHI360 at local prices. Further 
details of these cost calculations can be found in section 
1.1.3 of the supporting information file.

The estimation of the annual healthcare provider costs 
of hypertension per patient in standard care was based 
on an expert opinion elicitation exercise with three 
clinical experts. We used this approach as we could not 
find information on detailed resource consumption for 
hypertension patients over a follow- up period of 1 year 
in the Ghanaian literature. Overhead costs for standard 
care (technical staff support, administrative staff support, 
medical and office equipment, vehicles) were estimated 
based on the overhead costs of ComHIP but excluding the 
cost of ComHIP- specific activities (training, programme 
coordination, app development and support) as shown 
in online supplemental table S3 in the supporting infor-
mation file.

Annual individual and patient- related costs of hyper-
tension screening and management in ComHIP were esti-
mated using a survey of ComHIP patients (n=257) and 
in standard care using a survey of patients with hyperten-
sion in the district not in ComHIP (n=130). Patients were 
asked questions about the direct medical expenditures, 
direct non- medical expenditures and productivity losses 
due to time seeking treatment and time lost to work (both 
valued at the reported monthly income)—see online 
supplemental table S8 in supporting information file.

A breakdown of the annual societal costs per patient 
for standard care, including both healthcare costs and 
patient- related costs can be found in online supplemental 
tables S9–S11 in the supporting information file.

Annual CHD and stroke healthcare provider costs were 
estimated using clinical expert opinion elicitation exer-
cises and annual CHD and stroke patient costs using a mix 
of clinical expert opinion and data from the same patient 
surveys as above—for more details see online supple-
mental tables S12–S14. Annual societal costs for CVD 
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treatment in the ComHIP and standard care scenarios 
are shown in online supplemental table S15.

We used gamma probability distributions19 to express 
uncertainty in the costs per patient of the hypertension 
health state for ComHIP and triangular probability distri-
butions over a wide range (±30%) to express uncertainty 
in the annual costs of no hypertension, of hypertension 
for standard care and in the annual costs of CVD- related 
health states.

Disability weights
Disability weights for the different health states included 
in the Markov model (hypertension, CHD/treated, 
CHD/untreated, stroke/treated, stroke/untreated) were 
drawn from the Global Burden of Disease 2016 study.20 
The uncertainty range for these parameters was based 
on varying degrees of severity for each condition also 
from the same study (see online supplemental table S16 
in the supporting information file). The death state was 
assigned a disability weight of 1. We used triangular prob-
ability distributions to express uncertainty in the disability 
weights.

Analysis
We estimated the mean incremental cost per DALY averted 
of the ComHIP scenarios compared with standard care. 
All results are expressed in constant 2017 US$ using the 
average 12- month exchange rate between the US$ and 
the Ghanaian cedi for 2017 (US$1=GH₵4.38).22 Costs 
and health outcomes were discounted at an annual rate 
of 3%. We used the most recent estimate of the willing-
ness to pay (WTP) threshold reflecting opportunity costs 
from Ghana23 adjusted for inflation (=US$645) and, in 
sensitivity analysis, the Ghanaian gross domestic product 
(GDP) per capita for 2017 (=2025 US$).24 The GDP per 
capita has been used as a cost- effectiveness threshold in 
published evaluations of similar interventions—see, for 
example, Roseendal et al10 and Gaziano et al.25 Uncer-
tainty in the input parameters was assessed using a proba-
bilistic sensitivity analysis (PSA; Monte Carlo simulation) 
in which input parameters were randomly sampled from 
their respective distributions in 10 000 iterations. We 
performed a sensitivity analysis on the estimation of CVD 
probabilities using the WHO CVD Risk Chart Working 
Group CVD risk charts for Western SSA.26 For details, 
see section 2.1.2 and online supplemental tables S17 and 
S18 in the supporting information file. In addition, we 
performed a threshold analysis on key parameters (shown 
in section 2.1.3 and online supplemental table S19 in the 
supporting information file).

In addition to the above, as our comparison focuses 
only on those retained on care, we performed a scenario 
analysis modelling the cost- effectiveness of ComHIP and 
standard care including in both interventions lost to 
follow- up in hypertension treatment during the first year:

 ► For ComHIP, out of 905 individuals aged 18–79 in the 
ComHIP cohort who started treatment, 686 (76%) 
were lost to follow- up before the end of the first year. 

To incorporate first- year losses to ComHIP follow- up 
into the Markov model, we estimated the annual risk 
of CHD/ stroke of these 686 individuals using their 
last available blood pressure readings. We estimated 
the first- year hypertension treatment costs of these 
individuals for their duration of follow- up.

 ► For standard care, we had no data on lost to follow- up, 
so we used the proportions of those receiving standard 
care at enrolment to those who were not receiving 
standard care at enrolment (56%:44%) as an indi-
rect estimate of first- year lost to follow- up. We then 
estimated separately the annual risk of CHD/ stroke 
for individuals in the two groups using their blood 
pressure readings at the time of enrolment into the 
ComHIP cohort. We also adjusted the first- year costs 
for those estimated to be lost to follow- up assuming 
that they spent on average the same amount of time 
on treatment as those lost to follow- up in the ComHIP 
cohort. Finally, we also explored a second scenario 
where standard care had as high a lost to follow- up as 
ComHIP (76%).

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

RESULTS
Costs of hypertension across scenarios
Table 1 shows the annual societal costs of hyperten-
sion management in the base case for the two ComHIP 
scenarios and for the standard care scenario. These are 
the total annual costs (including hypertension screening, 
diagnosis and treatment) to the healthcare provider 
and to patients of implementing ComHIP and standard 
care for a population of 10 000 adults in the intervention 
district. A detailed breakdown of these costs is provided 
in section 2.2 and online supplemental tables S20–S22 of 
the supporting information file.

From table 1, current ComHIP scale- up is estimated to 
have an annual societal cost of US$903 285—it is 20% more 
costly than GHS- LCS ComHIP scale- up at US$751 322 
per year—this difference is due to the lowering of unit 
costs (for the most part salaries) in the transfer of services 
between FHI360 and the GHS. At US$462 636 per year, 
standard care annual societal costs are 51% and 62% 
of the costs of current ComHIP scale- up and GHS- LCS 
ComHIP scale- up, respectively. With respect to the costing 
structure, note that postimplementation costs make 
up the bulk of all annual costs (96% and 98% for each 
respective ComHIP scenario and 100% for the standard 
care scenario). Of these postimplementation costs, the 
largest cost driver is health service provision (the time of 
healthcare staff, the medication and diagnostic test costs, 
the patient- level costs including time seeking health-
care, out- of- pocket expenditures and time lost to work, 
and the costs of screening non- hypertensives) with 71%, 
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Table 1 Annual societal costs of hypertension screening, diagnosis and treatment (2017 US$)

Scenario Healthcare provider costs Patient- level costs Societal costs %

SCENARIO (no of patients on hypertension treatment) CURRENT ComHIP SCALE- UP (n=3368)

Annual start- up costs
(incremental costs*)

33 097
(33 097)

- 33 097
(33 097)

4

  1. ComHIP app development 5229 - 5229 16

  2. Training 11 338 - 11 338 34

  3. Management 16 529 - 16 529 50

Annual post- implementation costs
(incremental costs*)

475 645
(222 289)

394 543
(185 263)

870 188
(407 552)

96

  1. ComHIP app support 15 672 - 15 672 2

  2. Acquisition of clinical and IT equipment 20 849 - 20 849 2

  3. Health service provision to hypertensive patients 179 845 385 633 565 478 65

  4. Health service provision to non- hypertensive individuals 42 820 8910 51 730 6

  5. Management 216 459 – 216 459 25

Total annual costs
(incremental costs*)

508 742
(255 386)

394 543
(185 263)

903 285
(440 649)

100

  Overhead costs=total annual costs − health service provision 286 076

  Overhead costs per patient 84.94

SCENARIO (no of patients on treatment) GHS- LCS ComHIP SCALE- UP (n=3368)

Annual start- up costs
(incremental costs*)

15 499
(15 499)

- 15 499
(15 499)

2

  1. ComHIP app development 207 - 207 1

  2. Training 8955 - 8955 58

  3. Management 6338 - 6338 41

Annual post- implementation costs
(incremental costs*)

341 280
(87 924)

394 543
(185 263)

735 823
(273 187)

98

  1. ComHIP app support 7660 - 7660 1

  2. Acquisition of clinical and IT equipment 20 849 - 20 849 3

  3. Health service provision to hypertensive patients 179 845 385 633 565 478 77

  4. Health service provision to non- hypertensives 42 820 8910 51 730 7

  5. Management 90 106 - 90 106 12

Total annual costs
(incremental costs*)

356 779
(103 423)

394 543
(185 263)

751 322
(288 686)

100

  Overhead costs=total annual costs - Health service provision 134 115

  Overhead costs per patient 39.82

  SCENARIO (no of patients on treament) STANDARD CARE (n=3368)

Annual start- up costs - - - 0

  1. ComHIP app development - - - -

  2. Training - - - -

  3. Management - - - -

Annual post- implementation costs 253 356 209 280 462 636 100

  1. ComHIP app support - - - 0

  2. Acquisition of clinical and IT equipment 9929 - 9929 2

  3. Health service provision to hypertensive patients 192 527 209 280 401 807 87

  4. Management 50 900 - 50 900 11

Total annual costs 253 356 209 280 462 636 100

  Overhead costs=total annual costs − health service provision 60 829

  Overhead costs per patient 18.06

Sources: own calculation based on cost analysis.
*Incremental costs with respect to the annual costs of the standard care scenario.
ComHIP, Community- based Hypertension Improvement Project; GHS- LCS, Ghana Health Service- licensed chemical seller.
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84% and 87% of the postimplementation costs respec-
tively, followed by the programme management costs 
(coordination meetings and field activities, technical staff 
support, administration costs) with 25%, 12% and 11%, 
respectively. Importantly, note the cost structure from 
table 1 results in an annual overhead cost per patient that 
differs substantially across scenarios—US$84.94 for the 
current ComHIP scale- up scenario, about twice as large 
as for the GHS- LCS ComHIP scale- up scenario and four 
times as large as for standard care. For the estimation of 
the annual programme costs, with lost to follow- up, the 
average annual societal costs per patient were US$197.20 
in current ComHIP scale- up, US$152.10 in GHS- LCS 
ComHIP scale- up and US$119.63 in standard care.

For the cost- effectiveness analysis, with no losses to 
follow- up, the average societal costs per patient in year 
1 with initial diagnosis (without initial diagnosis) were 
US$264.17 (US$244.56) in current ComHIP scale- up, 
US$219.05 (US$199.44) in GHS- LCS ComHIP scale- up, 
and US$157 (US$141) in standard care. Of note, current 
ComHIP care was on average 68% (73%) more expensive 
per patient than standard hypertension care. GHS- LCS 
ComHIP scale- up was on average between 39% (41%) 

more expensive per patient than standard care. The 
main cost drivers for these cost differences were, first, 
the differences in overhead costs and, second, the differ-
ence in patient- level costs which is mainly due to a higher 
number of visits to the healthcare provider in ComHIP.

Cost-effectiveness analysis
Table 2 presents the total costs in the base case of the 
different scenarios over 10 years separated into cost 
components.

From table 2, note that the overhead costs of hyperten-
sion and the patient- level costs are the main cost drivers of 
the differences in 10- year costs between scenarios. Partic-
ularly, note how the overhead costs of current ComHIP 
scale- up are more than four times the overhead costs 
of standard care and the patient- level costs of current 
ComHIP scale- up are 80% greater than the patient- level 
costs of standard care.

Table 3 shows the results of the base- case cost- 
effectiveness analysis.

From table 3, in the base case, ComHIP helps 
prevent on average 75 CHD events and 45 strokes in a 
general population of 10 000 individuals over a period 

Table 2 10- year costs of different scenarios by cost component (2017 US$)

Current ComHIP 
scale- up %

GHS- LCS ComHIP 
scale- up %

Standard
care %

Total costs (Incremental costs*)

Health service costs 1 386 292
(−199 408)

18 1 386 292
(−199 408)

22 1 585 700 32

Overhead costs 2 215 779
(1 752 299)

30 1 038 827
(575 347)

16 463 480 9

Patient- level costs 2 863 469
(1 268 919)

39 2 863 469
(1 268 919)

46 1 594 550 33

Costs of CVD 974 190
(−286 570)

13 974 190
(−286 570)

16 1 260 760 26

TOTAL 10 year costs (Incremental 
costs*)

7 439 730
(2 535, 240)

100 6 262 778
(1 358 288)

100 4 904 490 100

Sources: own calculation based on cost- effectiveness modelling.
*Incremental costs with respect to the costs of the standard care scenario.
ComHIP, Community- based Hypertension Improvement Project; CVD, cardiovascular disease; GHS- LCS, Ghana Health Service- licensed 
chemical seller.

Table 3 Cost- effectiveness analysis (base case)

Intervention Cost (US$)
Incremental 
cost (US$)

CVD events 
(stroke/CHD)

CVD events averted 
(stroke/CHD) DALYs

DALYs 
averted ICER

Standard care 4 904 490 238/285 7883

Current ComHIP scale- 
up

7 439 730 2 535 240 193/210 45/75 7675 208 12 189

Standard care 4 904 490 238/285 7883

GHS- LCS ComHIP 
scale- up

6 262 778 1 358 288 193/210 45/75 7675 208 6530

CHD, coronary heart disease; ComHIP, Community- based Hypertension Improvement Project; CVD, cardiovascular disease; DALY, disability- 
adjusted life- year; GHS, Ghana Health Service; ICER, incremental cost- effectiveness ratio; LCS, licensed chemical seller.
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of 10 years. Cases averted are driven in the model by 
the lower average blood pressure levels estimated for 
ComHIP (systolic=132.27 mm Hg; diastolic=81.04 mm 

Hg) compared with standard care (systolic=147.65; 
diastolic=90.14). 208 DALYs are averted overall. The 
incremental cost- effectiveness ratio (ICER) of current 
ComHIP scale- up versus standard care is US$12 189 per 
DALY averted. For a WTP threshold of US$645 per DALY 
averted23 current ComHIP scale- up is not cost- effective, 
and neither is it for a WTP threshold of 1 GDP per capita 
(=2025 US$).24 The ICER of GHS- LCS ComHIP scale- up 
is US$6530 per DALY averted, also not cost- effective for 
the same WTP thresholds.

Figure 1 shows, for the base case, the cost- effectiveness 
acceptability curves resulting for both comparisons from 
the probabilistic sensitivity analysis (PSA) reflecting 
uncertainty in the model inputs (the incremental cost- 
effectiveness scatterplots are shown in online supple-
mental figures S2 and S3 in the supporting information 
file).

From figure 1, considering uncertainty in the input 
parameters, the probability that current ComHIP scale- up 
is cost- effective is 0% at WTP= US$ 645 and 0.45% at 
WTP= US$2025. The probability that GHS- LCS ComHIP 
scale- up is cost- effective is 0.8% at WTP= US$645 and 
11.5% at WTP= US$2025.

Table 4 shows the incremental cost- effectiveness of both 
ComHIP scenarios compared with standard hyperten-
sion care after incorporating drop- outs in hypertension 
treatment.

Assuming a drop- out rate of 44% in standard care, 
current ComHIP scale- up has an estimated ICER of 
US$7363 per DALY averted and is not cost- effective at 
any of the two WTP thresholds. In contrast, GHS- LCS 
ComHIP scale- up is both more effective and less costly 
than standard care, which is now the dominated alter-
native. This is because fewer drop- outs in standard care 
result in higher overall treatment costs than in GHS- LCS 
ComHIP scale- up which are not compensated by a higher 

Figure 1 Cost- effectiveness acceptability curves in the 
base case: Current ComHIP scale- up and GHS- LCS ComHIP 
scale- up versus standard care. ComHIP, Community- based 
Hypertension Improvement Project; GHS, Ghana Health 
Service; LCS, licensed chemical seller; WTP, willingness to 
pay.

Table 4 Cost- effectiveness analysis (including drop- outs)

Intervention Cost (US$) Incremental cost (US$) DALYs DALYs averted ICER

Current ComHIP scale- up (76% drop- outs year 1) vs standard care (44% drop- outs year 1)

Standard care 3 583 740 7811

Current ComHIP scale- up 4 482 100 898 360 7689 122 7363

GHS- LCS ComHIP scale- up (76% drop- outs year 1) vs standard care (44% drop- outs year 1)

Standard care 3 583 740 7811 Dominated

GHS- LCS ComHIP scale- up 3 371 850 (211 890) 7689 122

Current ComHIP scale- up (76% drop- outs year 1) vs standard care (76% drop- outs year 1)

Standard care 2 630 690 7817

Current ComHIP scale- up 4 482 100 1 851 410 7689 128 14 462

GHS- LCS ComHIP scale- up (76% drop- outs year 1) vs standard care (76% drop- outs year 1)

Standard care 2 630 690 7817

GHS- LCS ComHIP scale- up 3 371 850 741 160 7689 128 5789

ComHIP, Community- based Hypertension Improvement Project; DALY, disability- adjusted life- year; GHS, Ghana Health Service; ICER, 
incremental cost- effectiveness ratio; LCS, licensed chemical seller.
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impact on health outcomes—we did not pick up a higher 
hypertension control in those reporting being on treat-
ment with standard care vs those reporting not being on 
treatment. Assuming a drop- out rate of 76% in standard 
care, neither current ComHIP scale- up nor GHS- LCS 
ComHIP scale- up are cost- effective at the same thresholds 
with respective ICERs being US$14 462 per DALY averted 
and US$5789 per DALY averted.

DISCUSSION
Our study found that ComHIP is unlikely to be a cost- 
effective health intervention in Ghana for two different 
cost- effectiveness thresholds: one (lower) opportunity- 
cost- based threshold23 and one (higher) based on the 
Ghanaian GDP per capita. Our base case results were 
robust considering the uncertainty associated with our 
underlying assumptions (including substantial uncertainty 
in the costs of CHD and stroke treatment and uncertainty 
associated with the annual probability of CHD and stroke 
events). However, our economic evaluation is fundamen-
tally limited by the evidence quality associated with the 
effectiveness estimates, which come from observational 
data rather than from a randomised control study design. 
Nevertheless, our study provides some important findings. 
First, this is one of the first studies examining the cost- 
effectiveness of hypertension screening and treatment 
using a community scale- up model. This model incorpo-
rates community- based education on CVD risk factors and 
healthy lifestyles, screening and hypertension monitoring 
by community pharmacists and CVD nurses, community- 
based hypertension diagnosis, treatment, counselling and 
follow- up with a cloud- based app for health record system 
linked to SMS/voice messaging for treatment adherence 
support and health messaging.14 We find much higher 
overhead costs (related to the cost of development of the 
app, mobile devices, training of community pharmacists 
and clinical staff, coordination meetings and field activ-
ities) and patient- level costs in both ComHIP scenarios. 
This substantial increase in costs, even when accounting 
for the higher prices used in international support asso-
ciated with the current ComHIP scale- up suggests that 
the costs of ensuring appropriate care are high; and in 
this case could not produce sufficient impact to achieve 
cost- effective implementation. Second, our study adopts 
a societal perspective and thus incorporates not only the 
costs to the GHS but also the costs to patients of being on 
hypertension treatment (which are not inconsiderable in 
the Ghanaian context) and also estimates of the costs of 
informal care of patients suffering from CVD events.

Our results add to the growing body of evidence on 
the cost- effectiveness of providing hypertension care in 
LMICs. In Vietnam, Nguyen et al27 estimated the cost- 
effectiveness of alternative hypertension screening 
options (namely, varying intervals for screening and 
varying ages to start screening) compared with no hyper-
tension screening using a Markov model over 10 years 
in the base case. They used the Asia Cardiovascular Risk 

Prediction Model to estimate the probabilities of CVD 
events and, like us, modelled repeat CVD events, using a 
provider perspective. It is unclear whether they included 
the health system costs of supporting service delivery 
or just the prices of commodities. They found that for 
most scenarios the intervention was cost- effective. In 
Nigeria, Rosendaal et al10 evaluated the cost- effectiveness 
of population- level screening and subsequent treatment 
compared with no screening or treatment. They used a 
Markov model over 10 years and did not model repeat 
CVD events. They used different assumptions to model 
CVD events, including (like us) the Framingham risk 
equations. For the costs, which were based on an existing 
costing study28 and on clinical guidelines, they used the 
healthcare provider perspective. Using a WTP threshold 
of 1× GDP per capita (US$2742), they found that hyper-
tension screening, with incremental costs per DALY 
averted ranging from US$732 to US$7815, could be cost- 
effective under most assumptions. When using the Fram-
ingham risk equation, they found hypertension screening 
was either not cost- effective or borderline cost- effective 
depending on the patient eligibility criteria. Finally, there 
is a third study by Gaziano et al25 conducted in Guatemala, 
Mexico and South Africa. They evaluated the potential 
cost- effectiveness (from a healthcare provider perspec-
tive, ie, excluding patient- level costs) of using commu-
nity health workers to screen for CVD in community 
settings using a paper- based tool or a mobile app and a 
Markov model over the lifetime of individuals. The study 
used CVD risk equations developed by the authors and 
modelled repeat CVD events. They found that the inter-
vention was either cost- saving or highly cost- effective in 
all settings. In summary, the results from the literature 
are not conclusive. Among the possible explanations for 
the difference between our results and those of the other 
studies are the following:
1. The use of different risk prediction models.
2. The use of different periods for the estimation of ef-

fectiveness—in particular, Nguyen et al27 and Gaziano 
et al25 estimated effectiveness over the lifetime of indi-
viduals. Hypertension patients in younger age groups 
have a lower 10- year risk but a higher lifetime risk of 
CVD, especially those of African descent.10 29 30 This 
may have led to an underestimate of health outcomes 
in our study which estimated health outcomes over a 
period of 10 years.

3. The range of costs included—for example, none of 
the studies except ours used the societal perspective—
hence, they did not include any patient- related costs in 
the analysis. In addition, it is not clear if Nguyen et al27 
included the health system costs of supporting health 
service delivery; similarly, it is not entirely clear the 
extent to which Gaziano et al25 included the overhead 
costs of administration and other supportive services 
into their cost estimates.

4. The use of different decision rules for establishing 
cost- effectiveness. For example, Nguyen et al27 used 
as a much higher threshold for cost- effectiveness (3 × 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-039594 on 2 S

eptem
ber 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


10 Pozo- Martin F, et al. BMJ Open 2021;11:e039594. doi:10.1136/bmjopen-2020-039594

Open access 

GDP per capita=US$15 000) than we did. It is unclear if 
their results would hold at the opportunity- cost based 
threshold of current US$1602.23

Our results add to the evidence that current models of 
hypertension screening are unlikely to be cost- effective; 
and that much more work is still required to develop 
methods of implementation to address this growing 
burden of disease related to hypertension in LMICs.

The Markov model that we have implemented in this 
cost- effectiveness study has several limitations. While we 
tried to test sensitivity to loss to follow- up, our evidence 
base is weak. In a recent study using data from the 
Ghana DHS about 60% of patients with hypertension 
are estimated not to follow treatment.9 Clearly, differ-
ences in the patients dropping out between ComHIP 
and standard care would affect cost- effectiveness, should 
ComHIP retain more people in care. In fact, retention 
levels were low, including a 3- month period where due 
to operational levels there was a gap in the provision 
of Commcare services.15 We did not explore the effects 
on blood pressure and costs of the interventions in the 
short term (ie, under 1 year). This was due to the lack of 
follow- up data from patients on standard care. In addi-
tion, the estimation of CVD patient- level costs included 
data from few individuals (n=7). Although these data 
were supplemented with expert opinion from clinicians 
and the resulting costs estimates were subjected to sensi-
tivity analysis, we acknowledge its limitations. Further, 
the model relies on the Framingham risk equations to 
estimate the risk of CVD events. These equations were 
estimated based on a cohort of hypertensive patients 
from the USA, and hence are not validated for patients 
from Ghana. We chose to model cost- effectiveness over 
a period of 10 years (the time span for which the Fram-
ingham equations provide predicted CVD probabilities) 
and did not project cost- effectiveness over the lifetime of 
the cohort. As mentioned before, hypertension patients 
in younger age groups have a lower 10- year risk but a 
higher lifetime risk of CVD, which means that we may have 
underestimated the health outcomes and hence the cost- 
effectiveness of ComHIP by not extending the modelling 
to the lifetime of the cohort. In addition, the Framingham 
equations were used to estimate the effect of short- term 
changes in blood pressure on the risk of stroke and CHD 
for patients under treatment for these conditions. This 
may have led to an overestimation of the annual proba-
bilities of stroke and CHD in the cost- effectiveness model. 
Furthermore, as in other cost- effectiveness studies of 
hypertension interventions, we only modelled CHD and 
stroke as possible adverse events of hypertension. This is 
due to lack of data about the relationship between hyper-
tension and the risk of other illnesses, but it likely led to 
an underestimate of the benefits of ComHIP. In addition, 
for pragmatic reasons, we used triangular distributions to 
characterise uncertainty in the following parameters—
the probability of treatment for first time/repeat stroke 
or CHD, the probability of death after first time/repeat 
stroke or CHD, the cost of hypertension treatment in the 

standard care scenario and the cost of screening non- 
hypertensives. An improved characterisation of uncer-
tainty would have involved modelling this uncertainty in 
these parameters with gamma or beta distributions.

CONCLUSION
Hypertension is a growing global public health issue, for 
which effective treatment is available. While our study 
does not demonstrate positive economic evidence on 
the ComHIP model of care, it is critical to note that our 
result was driven by the way the intervention was deliv-
ered. Unfortunately, ComHIP failed to develop a model 
of delivery that achieved sufficient levels of retention and 
use at an acceptable cost. Our study along with others, 
suggests that there is an urgent remaining need for a 
substantial programme of global research, using sound 
study designs, to establish cost- effective ways of delivering 
this effective treatment to the populations who need it in 
LMICs.
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Correction: Cost- effectiveness of a Community- based 
Hypertension Improvement Project (ComHIP) in Ghana: 
results from a modelling study

Pozo- Martin F, Akazili J, Der R, et al. Cost- effectiveness of a Community- based 
Hypertension Improvement Project (ComHIP) in Ghana: results from a modelling 
study. BMJ Open 2021;11:e039594. doi: 10.1136/bmjopen- 2020- 039594

This article was previously published with an error.
1. There is a typographical error in table 1. The annual costs of healthcare provi-

sion for non- hypertensive patients in the ComHIP current scale- up and ComHIP 
GHS- LCS scale- up scenarios should be, ‘42820’ US$ instead of ‘4282’ US$ for 
the healthcare provider and ‘8910’ US$ instead of ‘891’ US$ for the patient- 
level costs. As a result of this typographical error, the calculations in table 1 are 
incorrect. The corrected table 1 is shown below.

2. To clarify the data in table 1, the second line of first paragraph under Results section 
has been modified to:
These are the total annual costs (including hypertension screening, diagnosis 
and treatment) to the healthcare provider and to patients of implementing 
ComHIP and standard care for a population of 10 000 adults in the intervention 
district.

3. The data related to table 1 has been updated in the second paragraph in the 
Results section addressing the results of the table. The paragraph now reads:
From table 1, current ComHIP scale- up is estimated to have an annual societal cost 
of US$903 285—it is 20% more costly than GHS- LCS ComHIP scale- up at US$751 
322 per year—this difference is due to the lowering of unit costs (for the most part 
salaries) in the transfer of services between FHI360 and the GHS. At US$462 636 
per year, standard care annual societal costs are 51% and 62% of the costs of cur-
rent ComHIP scale- up and GHS- LCS ComHIP scale- up, respectively. With respect to 
the costing structure, note that postimplementation costs make up the bulk of all 
annual costs (96% and 98% for each respective ComHIP scenario and 100% for the 
standard care scenario). Of these postimplementation costs, the largest cost driver is 
health service provision (the time of healthcare staff, the medication and diagnostic 
test costs, the patient- level costs including time seeking healthcare, out- of- pocket 
expenditures and time lost to work, and the costs of screening non- hypertensives) 
with 71%, 84% and 87% of the postimplementation costs respectively, followed 
by the programme management costs (coordination meetings and field activities, 
technical staff support, administration costs) with 25%, 12% and 11%, respective-
ly. Importantly, note the cost structure from table 1 results in an annual overhead 
cost per patient that differs substantially across scenarios—US$84.94 for the current 
ComHIP scale- up scenario, about twice as large as for the GHS- LCS ComHIP scale- 
up scenario and four times as large as for standard care. For the estimation of the 
annual programme costs, with lost to follow- up, the average annual societal costs 
per patient were US$197.20 in current ComHIP scale- up, US$152.10 in GHS- LCS 
ComHIP scale- up and US$119.63 in standard care.

4. The two tables extending the results of table 1 in the online supplemental file have 
also been updated.
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Table 1 Annual societal costs of hypertension screening, diagnosis and treatment (2017 
US$)

Scenario
Healthcare provider 
costs

Patient- level 
costs

Societal 
costs %

SCENARIO (no of patients on hypertension 
treatment)

CURRENT ComHIP scale- up (n=3368)

Annual start- up costs
(incremental costs*)

33 097
(33 097)

– 33 097
(33 097)

4

  1. ComHIP app development 5229 – 5229 16

  2. Training 11 338 – 11 338 34

  3. Management 16 529 – 16 529 50

Annual post- implementation costs
(incremental costs*)

475 645
(222 289)

394 543
(185 263)

870 188
(407 552)

96

  1. ComHIP app support 15 672 – 15 672 2

  2. Acquisition of clinical and IT equipment 20 849 – 20 849 2

  3. Health service provision to hypertensive 
patients

179 845 385 633 565 478 65

  4. Health service provision to non- hypertensive 
individuals

42 820 8910 51 730 6

  5. Management 216 459 – 216 459 25

Total annual costs
(incremental costs*)

508 742
(255 386)

394 543
(185 263)

903 285
(440 649)

100

  Overhead costs=total annual costs − health 
service provision

286 076     

  Overhead costs per patient 84.94     

SCENARIO (no of patients on treatment) GHS- LCS ComHIP SCALE- UP (n=3368)

Annual start- up costs
(incremental costs*)

15 499
(15 499)

– 15 499
(15 499)

2

  1. ComHIP app development 207 – 207 1

  2. Training 8955 – 8955 58

  3. Management 6338 – 6338 41

Annual post- implementation costs
(incremental costs*)

341 280
(87 924)

394 543
(185 263)

735 823
(273 187)

98

  1. ComHIP app support 7660 – 7660 1

  2. Acquisition of clinical and IT equipment 20 849 – 20 849 3

  3. Health service provision to hypertensive 
patients

179 845 385 633 565 478 77

  4. Health service provision to non- hypertensives 42 820 8910 51 730 7

  5. Management 90 106 – 90 106 12

Total annual costs
(incremental costs*)

356 779
(103 423)

394 543
(185 263)

751 322
(288 686)

100

  Overhead costs=total annual costs - health 
service provision

134 115     

  Overhead costs per patient 39.82     

  SCENARIO (no of patients on treatment) STANDARD CARE (n=3368)

Annual start- up costs – – – 0

  1. ComHIP app development – – – –

  2. Training – – – –

  3. Management – – – –

Continued
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Scenario
Healthcare provider 
costs

Patient- level 
costs

Societal 
costs %

Annual post- implementation costs 253 356 209 280 462 636 100

  1. ComHIP app support – – – 0

  2. Acquisition of clinical and IT equipment 9929 – 9929 2

  3. Health service provision to hypertensive 
patients

192 527 209 280 401 807 87

  4. Management 50 900 – 50 900 11

Total annual costs 253 356 209 280 462 636 100

  Overhead costs=total annual costs - health 
service provision

60 829     

  Overhead costs per patient 18.06     

Sources: own calculation based on cost- analysis.
*Incremental costs with respect to the annual costs of the standard care scenario

Table 1 Continued
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1. METHODS. 

1.1. Cost-effectiveness analysis design 

1.1.1. Characterisation of health intervention scenarios. 

ComHIP was implemented at the end of 2014 in the Lower Manya Krobo district (from now on, the 

intervention district), with a population of 89,426 of which 84% live in urban areas. There are two 

public hospitals and a mission hospital, four public health centres (main contact points and main 

points of patient referrals), five health centres, seven functional community-based health planning 

and services (CHPS) compounds, and around 75 LCS in the district. Tables S1 and S2 describe the 

main CoMHIP programme activities and sub-activities. 

Table S1. ComHIP activities/sub-activities, costs and sources of cost data (start-up). 

Activities and sub-activities Resource data Sources of resource 

data 

Sources of unit costs/prices 

START-UP PERIOD 

1. ComHIP app 

development 

Time of FHI360 staff to 

develop the ComHIP app 

activity logs / staff 

interviews 

FHI360 salary scales 

2. Training in the use of the 

ComHIP app and 

hypertension management 

2.1. Development of 

training modules 

2.2. Training of trainers 

2.3. Training of licensed 

chemical sellers (LCS) 

2.4. Training of community 

health officers (CHO) 

2.5. Training of CVD nurses 

2.6. Training of hospital and 

community pharmacists 

2.7. Training of community 

volunteers 

 

For 2.1-2.7: 

  

1. Time of FHI360 staff, 

time of MoH staff, time of 

patient, time of other 

agents 

2. Per Diems 

3. Fuel 

4. Accommodation  

5. Venue rental 

 

 

 

 

 

 

FHI360 activity logs/ 

staff interviews/ 

financial records 

 

 

 

1. FHI360/MoH/consultant 

salary scales, minimum legal 

salary in Ghana 

2-5. FHI360 financial records 

 

 

 

 

3. Management 

3.1. Coordination meetings 

to launch ComHIP 

3.2. Field activities to 

launch ComHIP 

3.3. Technical staff support 

3.4. General administration 

3.4.1. Administration staff 

support 

3.4.2. Office equipment and 

supplies 

3.4.3. Vehicles (including 

maintenance) 

3.4.4. Office space and 

overheads 

 

For 3.1.-3.2: 

Same as Training costs 

above 

 

For 3.3: 

1. Time of FHI360 

technical staff time net of 

training and coordination 

activities 

For 3.4: 

1. Time of FHI360 

administrative staff 

2. Vehicle depreciation 

and maintenance 

allocated to ComHIP 

3. Office equipment 

depreciation allocated to 

ComHIP  

4. Office rental and 

overheads allocated to 

ComHIP 

 

For 3.1.-3.2: 

Same as Training 

costs above 

 

For 3.3: 

1. Activity logs/staff 

interviews 

 

 

For 3.4: 

FHI360 financial 

records 

 

 

 

 

 

For 3.1.-3.2: 

Same as Training costs above 

 

 

For 3.3: 

1. Activity logs/staff 

interviews 

 

 

For 3.4: 

FHI360 financial records 
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Table S2. ComHIP activities/sub-activities, costs and sources of cost data (post-implementation). 

Activities and sub-

activities 

Resource data Sources of resource 

data 

Sources of unit 

costs/prices 

POST-IMPLEMENTATION PERIOD 

1. ComHIP app support 1.1. Time of FHI360 staff 

to develop the ComHIP 

app 

1.2. Internet 

connectivity 

activity logs / staff 

interviews 

FHI360 salary scales 

 

 

FHI360 financial records 

2. Acquisition of clinical 

and ICT equipment 

2.1. Mobile devices and 

implements 

2.2. Blood pressure 

machines 

2.3. Weighting scales and 

stadiometers 

2.4. Glucometers 

2.5. Lancets and strips 

2.6. Rechargeable batteries 

 

Clinical and ICT 

equipment depreciation 

 

FHI360 financial 

records 

 

FHI360 financial records 

3. Health service provision 

3.1. Clinical staff time 

costs/ patient non-health 

care costs 

3.2. Diagnostic tests 

3.3. Medications 

 

3.1. Time of clinical 

staff/ patient time (at 

diagnosis and over 12 

months), patient OOP 

expenditures, time lost 

to work by patients over 

12 months on 

programme 

3.2. Type and number 

of diagnostic tests per 

patient by hypertension 

grade at diagnosis and 

over 12 months 

3.3. Type and number 

of medications 

consumed during 12 

months on programme 

 

3.1. Timesheets with 

LCS and MoH staff 

on project + number 

of patient visits from 

ComHIP patient 

database / ComHIP 

patient survey 

 

3.2. Expert opinion 

elicitation exercise in 

intervention district 

 

 

3.3. ComHIP patient 

database  

 

3.1. Minimum legal salary 

for Ghana and MoH staff 

salaries/ ComHIP patient 

monthly income from 

survey 

 

 

 

3.2. NHIS diagnostic tests 

price list 

 

 

 

3.3. NHIS medication price 

list 

4. Management 

4.1. Coordination meetings  

4.2. Field activities  

4.3. Technical staff support 

4.4. General administration 

4.4.1. Administration staff 

support 

4.4.2. Office equipment 

and supplies 

4.4.3. Vehicles (including 

maintenance) 

4.4.4. Office space and 

overheads 

Same as point 3 on 

previous page 

Same as point 3 on 

previous page 

Same as point 3 on 

previous page 
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Table S3 describes the main resource consumption characterising the programme costs of the 

current ComHIP implementation (as is), for the two modelled ComHIP scenarios and for standard 

hypertension care. 

Table S3. Resource consumption, current and by scale-up scenario. 

 

ComHIP implementation as is Current ComHIP 

scale-up 

scenario 

GHS-LCS ComHIP 

scale-up 

scenario 

Standard hypertension care 

Patients on treatment*= 965 

General population  

covered**= 2,865 

 

Patients on treatment*= 3,368 

General population  

Covered**= 10,000 

 

Patients on treatment*= 3,368 

General population  

Covered**= 10,000 

 

Health care staff trained: 

9 clinicians 

31 CVD nurses 

45 community health officers (CHOs) 

7 hospital pharmacists 

4 community pharmacists 

46 licensed chemical sellers (LCS) 

61 community volunteers 

Health care staff trained: 

23 clinicians 

54 CVD nurses 

65 community health officers (CHOs) 

13 hospital pharmacists 

8 community pharmacists 

75 licensed chemical sellers (LCS) 

31 community volunteers 

N/A 

ICT and medical equipment and 

supplies: 

78 Tablets 

70 blood pressure gauges 

70 rechargeable batteries 

29 weighing scales/stadiometers 

20 glucometers 

2300 lancets and strips 

 

ICT and medical equipment and 

supplies: 

170 Tablets 

157 blood pressure gauges 

157 rechargeable batteries 

45 weighing scales/stadiometers 

22 glucometers 

6900 lancets and strips 

 

Medical equipment and  

supplies: 

157 blood pressure gauges 

157 rechargeable batteries 

45 weighing scales/stadiometers 

22 glucometers 

6900 lancets and strips 

 

Staff: 

3 full-time equivalents (FTE) 

technical support staff 

0.83 FTE administrative staff 

Staff: 

4 FTE technical support staff 

0.83 FTE administrative staff 

Staff: 

4 FTE technical support staff 

minus time of technical staff in 

ComHIP coordination meetings, 

field activities and training. 

0.83 FTE administrative staff 

Office equipment/furniture for 

technical support staff: 

4 laptops 

1 digital camera 

9 office chairs 

3 desks 

3 cabinets 

3 phones 

Office equipment/furniture for 

technical support staff: 

5 laptops 

1 digital camera 

10 office chairs 

4 desks 

3 cabinets 

4 phones 

Office equipment/furniture for 

technical support staff: 

5 laptops 

1 digital camera 

10 office chairs 

4 desks 

3 cabinets 

4 phones 

ComHIP app: 

485 hours app development 

116 hours of app deployment 

support 

Average of 2700 GhC/month in 

connectivity fees 

ComHIP app: 

485 hours app development 

232 hours of app deployment 

support 

Average of 2700 GhC/month in 

connectivity fees 

N/A 

Vehicles: 

3 cars 

Vehicles: 

3 X 1.15 cars (=increase in 15% in car 

use) 

Vehicles: 

3 X 1.15 cars 

*Patients on hypertension treatment are patients who received a prescription at any time while on the programme 

**General population reached is calculated considering that the prevalence of hypertension in the intervention district is 

estimated to be 33.7% from a recently conducted survey 
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1.1.2. The Markov model. 

Figure S1 presents an outline of the Markov model, where we have included details of the health 

states and of the transitions between the states only for the ComHIP branch. Costs and health 

outcomes (DALYs) were modelled over a period of 10 years. 

Figure S1. Outline of the Markov model. 

 

 
 

In our model, individuals with hypertension experience each year a risk of stroke, a risk of coronary 

heart disease (CHD), or a risk of death from causes other than CVD. Individuals who suffer a stroke 

or a CHD can be treated or not treated. They can then survive or die (we made the simplifying 

assumption that death from CHD or stroke occurred immediately after the event). Those who 

survive experience in the following year a risk of repeat stroke or repeat CHD. Individuals without 

hypertension experience each year a risk of death from any cause. They can survive or die. Those 

who survive continue in the no hypertension state in the following year. For simplicity, we assume 

individuals in the “no hypertension” state do not develop hypertension.  
 

1.1.3. Estimation of societal costs 

Health care provider costs -Current ComHIP scenario and GHS-LCS ComHIP scenario 

 

We estimated annual costs as follows:  

 

For the individuals in the population not diagnosed with hypertension (66.32%, see section 1.2.1 

below), we estimated the annual costs of screening per individual in the ComHIP database (= 6.46 

US$). 

 

For the patients identified with hypertension: 

 

Hypertension

Untreated CHD 

event

Treated stroke 

event

Death

Treated CHD 

event

Untreated stroke 

event

ComHIP

Standard 

care

No hypertension

Hypertension

No hypertension

Population

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2020-039594:e039594. 11 2021;BMJ Open, et al. Pozo-Martin F



6 

 

- First, we selected all patients who had been on treatment for at least 12 months. Patient selection 

was based on those individuals having started treatment who had received hypertension medication 

prescriptions at least 12 months after joining the study. For each patient on treatment for at least 12 

months (n=219), we extracted from the ComHIP app database the number of health care visits by 

type (screening visit, hypertension confirmation visit, follow-up visit). Using time sheets in a sample 

of LCS and GHS health care visits (43 LCS screening visits, 5 CVD nurse hypertension confirmation 

visits, 58 CVD nurse follow-up visits, 10 clinician follow-up visits) we estimated the average time of 

staff per type of visit and valued it at the corresponding staff salary. Multiplying cost per visit by the 

number of annual visits per type per patient, we estimated the annual staff time cost for each 

individual patient; 

 

- Second, for each patient we extracted from the ComHIP app database the type, dosage and 

duration of all medication prescriptions and valued this medication consumption at National Health 

Insurance Service (NHIS) reimbursement cost. From this we calculated the annual medication cost 

per patient; 

 

- Third, diagnostic tests consumption per patient was estimated for different levels of hypertension 

severity using an expert opinion exercise with three clinicians who were asked about the type and 

number of tests done over 12 months for a typical patient with mild/ moderate/ severe 

hypertension as defined in the ComHIP clinical protocol. These were then valued at NHIS 

reimbursement costs and allocated to each individual patient according to his/her level of 

hypertension severity.  

 

We separated annual costs per patient into year one (including screening and hypertension 

confirmation visits with related diagnostic tests) and year two-and-following (excluding these visits). 

Once we estimated the annual costs of health care provision per patient, we estimated the annual 

overhead costs per patient. For this task we undertook a ingredients-based costing exercise of the 

ComHIP intervention supplemented with an expert opinion elicitation exercise with clinicians. We 

defined ComHIP in terms of activities and sub-activities.  

 

Following standard programme costing methodology (1), activities were separated into a start-up 

period (i.e. before the implementation of patient-related activities) and a post-implementation 

period. Broadly, start-up period activities included 1) ComHIP app development, 2) training of health 

care and other staff in the use of the ComHIP app and in the clinical protocol for treating patients, 3) 

Management of the ComHIP project during start-up (including coordination meetings to launch 

ComHIP, field activities, time of technical FHI360 staff, and general administration). Post-

implementation activities net of direct health care provision included 1) ComHIP app support, 2) 

Acquisition of clinical and IT equipment (i.e. tablets for the health care workers), and 4) 

Management of the ComHIP programme during post-implementation.  

 

For each activity, wherever possible we estimated economic costs, i.e. actual resource use. Time of 

staff was obtained from activity logs supplemented with staff interviews and valued using individual 

staff salaries. Office equipment and furniture use was based on an inventory and valued at market 

prices. The costs of vehicle utilisation and maintenance, rentals and utilities were drawn from 

administrative records. ComHIP Medical and IT equipment quantities used were obtained from 
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administrative records and valued at their purchase prices adjusted by inflation where necessary. 

Start-up costs were considered capital costs and annualised and discounted over a period of the 

estimated lifetime of the project (10 years). We adjusted all quantities by the changes in programme 

activities assumed for the scale-up of the project to serve a general population of 10,000 individuals. 

Annual programme costs per patient were estimated by dividing total annual programme costs by 

the number of patients within this general population who would be treated considering the current 

prevalence of hypertension in the intervention district (n=3368) 

 

The annual health care provider costs for the GHS-LCS ComHIP scale-up scenario were based on the 

same scale-up assumptions as for the current ComHIP scale-up scenario but assuming that all 

services currently provided by FHI360 would be provided by the GHS – and hence valued at local 

salaries. 

  

Health care provider costs - standard care 

For the estimation of direct health care costs, we undertook an expert elicitation exercise with three 

clinicians from the control district with ample experience in the management of hypertension 

patients using the standard of care. Each of the three clinicians was asked to estimate the average 

resource consumption in terms of time of staff, diagnostic tests, and medication in 1) the diagnosis 

and 2) 12-month treatment of patients with different levels of hypertension severity 

(mild/moderate/high) as per standard clinical guidelines. Time of resource consumption was valued 

at GHS salary levels, diagnostic test and medication use were valued at NHIS reimbursement costs. 

We averaged results across the three clinicians to obtain a total annual cost per patient for year one 

on treatment (including diagnosis) and for subsequent years on treatment (i.e. excluding diagnosis) 

by level of hypertension severity and assigned these costs to each individual reporting being on 

standard of care at start of the study who were retained at 12 month endline. The annual overhead 

costs per patient were estimated based on the overhead costs that were calculated for the GHS-LCS 

ComHIP scale-up scenario but excluding all ComHIP-related programme activities.  

 

Costs of CVD events 

Estimation of the costs of CVD events were based on an expert opinion exercise with two 

experienced clinical experts. The two experts met together and did a joint consensual assessment of 

the direct health care provision costs. They were asked to estimate the average resource 

consumption (time of clinical staff, diagnostic tests, medication, in-hospital stays) of CHD 

(angina/myocardial infarction) and stroke patients over 12 months, including diagnosis and follow-

up. Resources were valued in the same way as with the expert opinion exercises to determine the 

costs of hypertension treatment in standard hypertension care. Based on this exercise, we estimated 

the annual health care provider cost per patient for year one on treatment (including diagnosis) and 

for subsequent years on treatment (excluding diagnosis), to which we added the hypertension 

medication costs in each scenario. Overhead costs were drawn from the literature (2).  

 

Patient-related costs 

In order to estimate annual patient-related costs of hypertension for the ComHIP scenario we did a 

survey of hypertension treatment costs in a group of ComHIP patients (n = 257). Similarly, in order to 
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estimate annual patient-related costs of hypertension for the standard care scenario we did a survey 

of patients on standard care (n=130).  Annual patient-related costs of CVD-related events were 

estimated from those patients on the standard of care who reported having suffered a CVD event 

(n=7) and complemented with clinicians’ expert opinion. In order to calculate the patient-level costs 

of CVD events, we added an estimate of annual informal care costs. This estimate was based on a 

Thai study which analysed the time costs of informal care in disabled stroke patients (3). We 

assumed informal care was required throughout the year for all patients with severe and moderate 

stroke - estimated in a survey in Ghana (4) respectively as 12% and 35% and during the period 

unable to work for patients with CHD and angina.  

 

In order to estimate the annual societal costs of the hypertension health state per patient for both 

ComHIP scenarios and standard care, we summed the annual health care provider costs of 

hypertension management estimated for each patient in each scenario to the average annual 

patient-related cost (excluding patient expenditures in medical costs to avoid double counting) in 

the same scenario. The same approach was taken to estimate the annual societal costs per patient 

of the CVD-related health states (treated first CHD event, treated repeat CHD event, treated first 

stroke event, treated repeat stroke event), to which we added the medication costs of hypertension 

treatment. 

 

1.2. Data inputs for cost-effectiveness analysis 

In this section we present in detail all the data inputs for the Markov model, i.e. probabilities, costs 

and disability weights. 

 

1.2.1. Probabilities 

The probability of hypertension in ComHIP and standard hypertension care was 0.3368, i.e.  33.68% 

of the population had hypertension. This value was based on the overall proportion of individuals 

with hypertension in the endline surveys undertaken in the intervention and control districts as part 

of the ComHIP evaluation. The probability of no hypertension was the complementary probability, 

i.e 0.6632 or 66.32%. Results from the endline surveys are unpublished, but details of the survey 

design and content can be found in Lamptey et al (5)  

Table S4 presents a description of the blood pressure and demographic characteristics of the 

individuals from which the probabilities of CVD events were estimated and the results of the 

statistical comparison (using a two-tailed t-test assuming unequal variances for continuous variables 

and a two-tailed z-test for the comparison of proportions).  

Table S4 shows the values of the variables that drive the 10-year CVD risks in the ComHIP and 

standard care scenarios. In Table S4, the “mean systolic blood pressure (latest measurement)” and 
the “mean diastolic blood pressure (latest measurement)” for the ComHIP group (respectively, 132.7 

mm Hg and 81.4 mm HG) were used to estimate the 10-year CVD risks in the ComHIP scenario. The 

“mean systolic blood pressure (measurement before starting treatment in ComHIP)” and the “mean 
diastolic blood pressure (measurement before starting treatment in ComHIP)” for the standard care 

group (respectively, 147.65 mm Hg and 90.14 mm HG) drive the 10-year CVD risks in the standard 

care scenario.  
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Table S4. Blood pressure and demographic characteristics of individuals on ComHIP/ standard care. 

 

Characteristic COMHIP1 (n=219) Standard care2 (n=142) p-value for assessing 

difference between 

the two groups 

Mean age 56.5 56.8 p = 0.78 

Proportion of women 65.7% 62.7% P = 0.60 

Proportion of 

individuals who smoke 

(self-reported) 

0.4% 0% p = 0.69 

Proportion of 

individuals with 

diabetes (self-

reported 

4.1% 4.9% p = 0.71 

Mean systolic blood 

pressure 

(measurement before 

starting on treatment 

in ComHIP) 

147.13 147.65 p = 0.78 

Mean systolic blood 

pressure (latest 

measurement) 

132.27 132.37 p = 0.96 

Mean diastolic blood 

pressure 

(measurement before 

starting on treatment 

in ComHIP) 

90.36 90.14 p = 0.88 

Mean diastolic blood 

pressure (latest 

measurement) 

81.04 80.50 p = 0.65 

1All individuals aged 18-79 on treatment in ComHIP for more than 12 months 

2All individuals aged 18-79 on treatment in ComHIP for more than 12 months reporting being on hypertension treatment at 

the time of joining the ComHIP patient cohort 

 

Tables S5 and S6 present, respectively the one-year probabilities of CHD and stroke for ComHIP and 

standard hypertension care. Table S7 presents the probabilities of treatment/no treatment and of 

death after treatment/no treatment with their ranges. 
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Table S5. Mean (SD) one-year probabilities of CHD for Beta distributions 

 Year 

1 2 3 4 5 6 7 8 9 10 

 

COMHIP 

 

 

0.0039 

(0.0050) 

 

 

0.0053 

(0.0055) 

 

0.0060 

(0.0057) 

 

0.0066 

(0.0059) 

 

0.0070 

(0.0060) 

 

0.0074 

(0.0061) 

 

0.0077 

(0.0062) 

 

0.0081 

(0.0062) 

 

0.0084 

(0.0063) 

 

0.0086 

(0.0063) 

Standard 

hypertension 

care 

 

0.0059 

(0.0064) 

 

 

0.0076 

(0.0069) 

 

0.0085 

(0.0072) 

 

0.0091 

(0.0073) 

 

0.0096 

(0.0074) 

 

0.0100 

(0.0075) 

 

0.0104 

(0.0076) 

 

0.0107 

(0.0076) 

 

0.0110 

(0.0076) 

 

0.0113 

(0.0076) 

 

Table S6. Mean (SD) one-year probabilities of stroke for Beta distributions 

 Year 

1 2 3 4 5 6 7 8 9 10 

 

COMHIP 

 

 

0.0026 

(0.0024) 

 

 

0.0045 

(0.0035) 

 

0.0046 

(0.0036) 

 

0.0056 

(0.0045) 

 

0.0060 

(0.0049) 

 

0.0066 

(0.0051) 

 

0.0080 

(0.0065) 

 

0.0084 

(0.0075) 

 

0.0070 

(0.0063) 

 

0.0082 

(0.0062) 

Standard 

hypertension 

care 

 

0.0033 

(0.0030) 

 

 

0.0055 

(0.0039) 

 

0.0056 

(0.0041) 

 

0.0069 

(0.0053) 

 

0.0074 

(0.0059) 

 

0.0080 

(0.0059) 

 

0.0099 

(0.0079) 

 

0.0106 

(0.0092) 

 

0.0089 

(0.0078) 

 

0.0099 

(0.0072) 

 

Table S7. Mode (ranges) one-year probabilities of treatment/no treatment and of death after 

treatment/no treatment for Triangular distributions. 

Treatment after 

first time CHD  

Treatment after 

repeat CHD  

Death with 

treatment after 

first time CHD  

Death with 

treatment after 

repeat CHD  

Death without 

treatment after 

first time CHD  

Death without 

treatment after 

repeat CHD  

 

0.908 

(0.817-1.000) 

 

0.808 

(0.696-0.908) 

 

 

0.368 

(0.288-0.450) 

 

0.588 

(0.492-0.663) 

 

0.608 

(0.450-0.767) 

 

0.754 

(0.658-0.871) 

Treatment after 

first time stroke  

Treatment after 

repeat stroke  

Death with 

treatment after 

first time stroke  

Death with 

treatment after 

repeat stroke  

Death without 

treatment after 

first time stroke  

Death without 

treatment after 

repeat stroke  

 

0.933 

(0.867-1.000) 

 

0.900 

(0.800-1.000) 

 

 

0.356 

(0.278-0.450) 

 

0.407 

(0.308-0.510) 

 

0.550 

(0.433-0.667) 

 

0.533 

(0.433-0.633) 

 

 

With respect to the mortality due to overall causes, which was estimated for two age groups (56-60 

and 61-65) as the mean age of the population in the model was 55.5, it was, respectively, 0.01564 at 

ages 56-60 and 0.02906 at ages 61-65. The mortality due to non-CVD causes, again estimated for the 

two same age groups, this time subtracting CVD mortality from overall mortality, was, respectively, 

0.01022 at ages 56-60 and 0.02036 at ages 61-65. 
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1.2.2. Costs. 

1.2.2.1. Hypertension treatment costs. 

Patient-level costs 

Table S8 presents the estimations of patient-level costs of hypertension treatment based on the 

patient surveys. 

Table S8. Average patient-level costs for hypertension treatment: ComHIP and standard care (2017 

US$) 

 Screening 

visit 

First 

confirmation 

consultation 

Second 

confirmation 

consultation 

Hypertension 

review 

consultations 

Blood 

pressure 

management 

visits 

Pharmacy 

visits 

All visits 

 COMHIP 

Number of 

patients 

answering 

198 178 182 166 169 177  

Direct 

medical 

costs 

0 0 0 5.27 0 NA* 5.27 

Direct 

non-

medical 

costs 

0.53 0.80 1.13 15.27 8.83 16.45 43.01 

Cost of 

time 

seeking 

treatment 

0.81 1.14 1.05 18.62 16.23 19.28 57.12 

SUBTOTAL 1.34 1.94 2.18 39.16 25.06 42.41 105.4 

Cost of 

time lost 

to work 

      9.22 

TOTAL       114.62 

 STANDARD CARE 

Number of 

patients 

answering 

N/A N/A N/A 123 N/A 123  

Direct 

medical 

costs 

   13.99  NA* 13.99 

Direct 

non-

medical 

costs 

   14.09  6.79 20.87 

Cost of 

time 

seeking 

treatment 

   15.30  4.29 19.59 

SUBTOTAL    43.38  22.15 54.45 

Cost of 

time lost 

to work 

      7.68 

TOTAL       62.13 

*Not applicable, as medical costs of treatment were included in the health care provider cost 
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From Table S8, the total estimated annual patient-level costs per patient are 114.6 US$ in ComHIP, 

about 80% higher than the annual patient-level costs per patient in standard care. The main cost-

drivers for this difference are, first, the additional costs in time spent seeking health care by patients 

in ComHIP (nearly threefold those of standard care patients) and the direct non-medical costs 

(including payments for transport and payments for non-medical items such as childcare).  

 

Societal costs 

In current ComHIP scale-up, the resulting mean annual undiscounted societal costs per patient were 

264.2 US$ (SD= 36.45) for year 1 on treatment and 244.56 US$ (SD= 33.75) for years 2 and following 

years on treatment. In GHS-LCS ComHIP scale-up, the resulting mean annual undiscounted societal 

costs per patient were 219.05 US$ (SD= 36.45) for year 1 on treatment and 199.44 US$ (SD= 33.75) 

for years 2 and following years on treatment.  

For standard hypertension care, Tables S9-S11 present the annual societal costs of hypertension 

treatment by hypertension grade.   
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Table S9. Annual costs of hypertension treatment for standard hypertension care (2017 US$): Grade 

1 hypertension 

 Resources Costs 

 Expert 1 Expert 2 Expert 3 Expert 1 Expert 2 Expert 3 Mean 

SOCIETAL COST YR 1       150.41 

PATIENT-LEVEL COST       62.13 

TOTAL HEALTH CARE 

PROVISION COSTS YR 1  

   

86.07 86.07 98.47 

 

88.28 

OVERHEAD COSTS    

18.06 18.06 18.06 

 

18.06 

TOTAL HEALTH CARE 

PROVISION COST 

DIAGNOSIS + 12 MONTH 

FOLLOW-UP* 

   

61.65 61.65 87.55 

 

 

 

70.28 

COST DIAGNOSIS    11.7 11.5 25.2 16.2 

Consultations 2x10 min 2x5 min 2x10 min 0.4 0.2 0.4 0.3 

Diagnostic tests:    11.3 11.3 24.7 15.7 

Lipid profile 1 1 1 5.6 5.6 5.6  

Chest x-ray 1 1 1 3.5 3.5 3.5  

Full blood count 1 1  2.1 2.1   

Liver function   1   10.8  

Kidney function   1   4.7  

SOCIETAL COST YR 2 AND 

FOLLOWING 

   

   

 

134.27 

PATIENT-LEVEL COST       62.13 

TOTAL HEALTH CARE 

PROVISION COST YR 2 AND 

FOLLOWING 

   

68.01 68.01 80.41 

 

 

72.14 

OVERHEAD COSTS    18.06 18.06 18.06 18.06 

*TOTAL HEALTH CARE 

PROVISION COST 12 

MONTH FOLLOW-UP 

   

49.95 49.95 62.35 

 

 

54.1 

Consultations 6x5 min 7x5 min 6x5 min 1.1 1.3 1.1 1.2 

Diagnostic tests:    11.3 11.3 23.9 15.5 

Bue and creatinine   1   2.7  

Lipid profile 1 1 1 5.6 5.6   

Chest x-ray 1 1 1 3.5 3.5 3.5  

Full blood count 1 1 1 2.1 2.1 2.1  

Liver function   1   10.8  

Kidney function   1   4.7  

Medication with non-

compliance and dropouts 

(=50%): 

   

37.35 37.35 37.35 

 

 

37.35 

Medication:    74.7 74.7 74.7 74.7 

Aspirin 75 mg daily 365 365 365 5.0 5.0 5.0  

Nifedipine 20 mg twice 

daily  

365x2 365x2 365x2 

28.2 28.2 28.2 

 

Losartan 50 mg daily 365 365 365 41.5 41.5 41.5  
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Table S10. Annual costs of hypertension treatment for standard hypertension care (2017 US$): 

Grade 2 hypertension 

 Resources Costs 

 Expert 1 Expert 2 Expert 3 Expert 1 Expert 2 Expert 3 Mean 

SOCIETAL COST YR 1       152.84 

PATIENT-LEVEL COST       62.13 

TOTAL HEALTH CARE 

PROVISION COSTS YR 1 

   

   

 

90.71 

OVERHEAD COSTS       18.06 

TOTAL HEALTH CARE 

PROVISION COST 

DIAGNOSIS + 12 MONTH 

FOLLOW-UP* 

   

63.6 63.6 90.75 

 

 

 

72.65 

COST DIAGNOSIS    11.65 11.65 25.6 16.3 

Consultations 2x10 min 2x10 min 2x10 min 0.4 0.4 0.9 0.4 

Diagnostic tests:    11.25 11.25 24.7 15.75 

Lipid profile 1 1 1 5.6 5.6 5.6  

Chest x-ray 1 1 1 3.5 3.5 3.5  

Full blood count 1 1  2.1 2.1   

Liver function   1   10.8  

Kidney function   1   4.7  

SOCIETAL COST YR 2 

AND FOLLOWING 

   

   

136.54 

 

PATIENT-LEVEL COST 

   

   

62.13 

TOTAL HEALTH CARE 

PROVISION COSTS YR 2+ 

   

70.01 70.01 83.21 

 

74.41 

OVERHEAD COSTS    18.06 18.06 18.06 18.06 

*TOTAL HEALTH CARE 

PROVISION COST 12 

MONTH FOLLOW-UP 

   

51.95 51.95 65.15 

 

 

56.35 

Consultations: 9x10 min 9x10 min 7x15 min 3.3 3.3 3.9 3.5 

Diagnostic tests:    11.3 11.3 23.9 15.5 

Bue and creatinine   1   2.7  

Lipid profile 1 1  5.6 5.6   

Chest x-ray 1 1 1 3.5 3.5 3.5  

Full blood count 1 1 1 2.1 2.1 2.1  

Liver function   1   10.8  

Kidney function   1   4.7  

Medication with non-

compliance and 

dropouts (=50%): 

   

37.35 37.35 37.35 

 

 

37.35 

Medication:    74.7 74.7 74.7 74.7 

Aspirin 75 mg daily 365 365 365 5.0 5.0 5.0  

Nifedipine 20 mg twice 

daily  

365x2 365x2 365x2 

28.2 28.2 28.2 

 

Losartan 50 mg daily 365 365 365 41.5 41.5 41.5  
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Table S11. Annual costs of hypertension treatment for standard hypertension care (2017 US$): 

Grade 3 hypertension 

 Resources Costs 

 Expert 1 Expert 2 Expert 3 Expert 1 Expert 2 Expert 3 Mean 

SOCIETAL COST YR 1       213.89 

PATIENT-LEVEL COST       62.13 

TOTAL HEALTH CARE 

PROVISION COSTS YR 1 

   

82.36 81.66 185.76 

 

151.76 

OVERHEAD COSTS    18.06 18.06 18.06 18.06 

TOTAL HEALTH CARE 

PROVISION COST 

DIAGNOSIS + 12 MONTH 

FOLLOW-UP* 

   

64.5 63.8 271.7 

 

 

 

133.7 

COST DIAGNOSIS    11.5 11.5 25.3 16.1 

Consultations 1x10 min 1x10 min 2x10 min 0.2 0.2 0.4  

Diagnostic tests:    11.3 11.3 24.9  

Lipid profile 1 1 1 5.6 5.6 5.6  

Chest x-ray 1 1 1 3.5 3.5 3.5  

Full blood count 1 1  2.1 2.1   

Liver function   1   10.9  

Kidney function   1   4.7  

SOCIETAL COST YR 2 AND 

FOLLOWING 

   

   

197.6 

PATIENT-LEVEL COST       62.13 

TOTAL HEALTH CARE 

PROVISION COSTS YR 2+ 

   

71.06 70.9 264.46 

 

135.47 

OVERHEAD COSTS    18.06 18.06 18.06 18.06 

*TOTAL HEALTH CARE 

PROVISION COST 12 

MONTH FOLLOW-UP 

   

53.0 52.3 246.4 

 

 

117.24 

Consultations 12x10 min 10x10 min 10x15 min 

4.4 3.7 6.6 

 

4.91 

Diagnostic tests:    11.3 11.3 48.6 23.7 

Bue and creatinine   1   2.7  

Lipid profile 1 1 2 5.6 5.6 11.2  

Chest x-ray 1 1 1 3.5 3.5 3.5  

Full blood count 1 1 1 2.1 2.1 2.1  

Liver function   2   21.7  

Kidney function   2   9.4  

Medication with non-

compliance and dropouts 

(=50%): 

   

37.35 37.35 191.2 

 

 

88.63 

Medication:    74.7 74.7 382.4 177.23 

Aspirin 75 mg daily 365 365 365 5.0 5.0 5.0  

Nifedipine 20 mg twice 

daily  

 

365x2 

 

365x2 

 

365x2 28.2 28.2 28.2 

 

Losartan 50 mg daily 365 365 365 41.5 41.5 41.5  

IV labetolol 20 mg once   1     

IV hydralazine 5 mg once   1     

Labetalol 100 mg 2 daily   365x2   16.0  

Atenolol 50 mg 2 daily   365x2   172.6  

Carvedilol 6.25 mg daily   365   83.0  

Methyldopa 250 mg 2 daily   365x2   33.2  

 

In order to estimate the mean hypertension treatment cost for standard hypertension care, the 

societal costs calculated in tables S9-S11 were assigned to each patient in the ComHIP cohort who 

reported being on treatment at enrolment by hypertension grade. This resulted in a total mean 
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societal cost of 157.05 (SD=18.93) US$ for yr 1 treatment and a total mean societal cost of 141.12 

(SD=18.94) US$ for yr2 and following years treatment. 

1.2.2.2. CVD treatment costs. 

Tables S12 and S13 present the aggregate annual health service provision costs of treating angina, 

myocardial infarction, and stroke for, respectively, the acute phase and the 12-month follow-up.  

Table S12. Annual health service provision costs of treating angina, myocardial infarction (MI) and 

stroke (US$): acute phase 

 Angina Myocardial infarction Stroke 

 Resources Costs Resources Costs Resources Costs 

 TOTAL ACUTE PHASE 101.5 TOTAL ACUTE PHASE 137 TOTAL ACUTE PHASE 548.01 

 In-hospital stay (4 

days) 

42.98 In-hospital stay (7 

days) 

75.22 In-hospital stay (14 

days) 

150.44 

 Time of clinical staff: 38.39 Time of clinical staff: 38.39 Time of clinical staff: 65.22 

 Clinician (60 min) 5.68 Clinician (60 min) 5.68 Clinician (140 min) 13.25 

 Nurse (1440 min) 27.03 Nurse (1440 min) 27.03 Nurse (1120 min) 21.02 

 Anaesthesist (60 min) 5.68 Anaesthesist (60 min) 5.68 Physiotherapist (840 

min) 

30.94 

 Diagnostic tests: 10.32 Diagnostic tests: 10.32 Diagnostic tests:  

 Cholesterol level (1) 5.62 Cholesterol level (1) 5.62 Chest x-ray (1) 3.55 

 Kidney function (1) 4.70 Kidney function (1) 4.70 Lipid profile (1) 5.62 

 Medication: 9.76 Medication: 9.76 Blood culture (1) 1.86 

 Isosorbide dinitrate 

10 mg 2.5 times a day 

3.41 Isosorbide dinitrate 

10 mg 2.5 times a day 

3.41 Urine culture (1) 1.67 

 Pethidine 100 mg 4.82 Pethidine 100 mg 4.82 Hemoglobin levels (1), 

inc: 

2.40 

 Tramadol 50mg 3 

daily  

0.47 Tramadol 50mg 3 

daily  

0.47 HB estimation 1.00 

 Soluble aspirin 200 

mg daily 

0.12 Soluble aspirin 200 

mg daily 

0.12 WBC + differentials 1.41 

 Anti-lipids 15 mg daily 0.54 Anti-lipids 15 mg daily 0.54 Kidney function (1) 4.70 

 Clopidrogel 75 mg 

daily 

0.37 Clopidrogel 75 mg 

daily 

0.37 liver function (1) 10.84 

     Medication: 325.23 

     Nifedipine 20 mg 2 per 

day 

3.18 

     Losartan 50mg once 

daily 

1.59 

     Mythaldopa 250 mg 2 

daily 

3.18 

     Cefnaxone 2g daily 21.48 

     Augmentine 625mg 2 

per day 

8.40 

     Fragmin 5000iu daily 112.1 

     Clexane 40mg daily 137.2 

     Atorvastatin 15 mg daily 1.88 

     Piracetam 800mg 2 

daily 

12.73 
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Table S13. Annual health service provision costs of treating angina, myocardial infarction (MI) and 

stroke (US$): 12-month follow-up  

 Angina Myocardial infarction Stroke 

 Resources Costs Resources Costs Resources Costs 

 TOTAL FOLLOW-UP 186.29 TOTAL FOLLOW-UP 161.40 TOTAL FOLLOW-UP 278.30 

 Time of professionals: 36.24 Time of professionals: 45.55 In-hospital stay (10 

days): 

107.46 

 Clinician (240 

minutes) 

22.72 Clinician (240 

minutes) 

22.87 Time of professionals: 45.44 

 Nurse (80 minutes) 1.50 Nurse (80 minutes) 1.51 Clinician (480 min) 45.44 

 Pharmacist (160 

minutes) 

5.89 Pharmacist (160 

minutes) 

15.24  - 

 Nutritionist (160 

minutes) 

5.89 Nutritionist (160 

minutes) 

5.93  - 

 Tests over 12  

months: 

46.16 Tests over 12 

months: 

46.16  - 

 chest x-ray (1) 3.55 chest x-ray (1) 3.57  - 

 Kidney function (2) 9.40 Kidney function (2) 9.46 Tests over 12  

months: 

41.07 

 Liver function (2) 21.68 Liver function (2) 21.82 chest x-ray (1) 3.55 

 Lipid profile (2) 11.24 Lipid profile (2) 11.31 lipid profile (2) 11.24 

 Treatment over 12 

months: 

104.41 Treatment over 12 

months: 

79.52 blood culture (1) 1.86 

 Isosorbide dinitrate 

10 mg 2.5 times a day 

for a month 

25.58 Isosorbide dinitrate 

10 mg 2.5 times a day 

for a month 

25.58 urine culture (1) 1.67 

 Soluble aspirin 75 mg 

daily 

4.98 Soluble aspirin 75 mg 

daily 

4.98 Hemoglobin levels (3) 7.21 

 Atrovastatin 20 mg 

daily 

73.86 Anti-lipids 15 mg 

daily 

48.96 Kidney function (1) 4.70 

     Liver function (1) 10.84 

     Treatment over 12 

months: 

107.05 

     Mythaldopa 250 mg 2 

daily 

58.09 

     Atorvastatin 15 mg 

daily 

48.96 

 

In order to estimate the costs of CHD/treated for year 1 and year 2 and following we estimated the 

annual societal costs (including the health service provision costs above, overhead costs at 76% of 

the direct costs and the average annual patient costs – these last ones presented in Table S14). We 

then calculated the weighted average of the year 1 and year 2 and following societal costs taking 

into account the relative frequency of angina and myocardial infarction (6). Finally, for all cost 

estimates we used a wide (30%) uncertainty range and a triangular distribution for sensitivity 

analysis. 

Table S14 below shows the average patient-level costs of CVD events for the acute care and 12-

month follow-up phases as estimated from the patient survey (n=7) and expert clinical opinion. 
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Table S14. Average patient-level costs for CVD events (2017 US$) 

 Angina Myocardial Infarction Stroke 

ACUTE CARE COST 44.79 59.12 92.51 

Medical costs NA* 

Non-medical costs 20.69 

Cost of time seeking 

health care 

5.01 

Cost of time lost to 

work 

19.09 33.42 66.81 

Cost of informal care 0 0 0 

12 MONTH FOLLOW-

UP COST  

361.31 560.23 1152 

Medical costs NA* 

Non-medical costs 70.94 

Cost of time seeking 

health care 

11.90 

Cost of time lost to 

work 

200.52 343.75 906.68 

Cost of informal care 77.95 133.64 162.37 

*Not applicable, as medical costs of treatment were included in health care provider costs 

Table S15 presents the societal costs of CVD treatment for year 1 and years 2 and following for, 

respectively, ComHIP (both scenarios) and standard care. 

 

Table S15. Societal costs of CVD treatment for year 1 and years 2 and following (US$): ComHIP and 

standard care 

 Total annual societal cost 

ComHIP 

Total annual societal cost standard 

care 

YR 1 CHD 904 931 

YR 2 AND 

FOLLOWING CHD 

654 681 

YR 1 STROKE 2550 2578 

YR 2 AND 

FOLLOWING STROKE 

1548 1575 
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1.2.3. Disability weights. 

 

Disability weights for the different health states included in the Markov model were estimated 

based on the Global Burden of Disease 2016 study and on the peer-reviewed literature. Table S16 

displays the modes and their ranges of these disability weights. 

 

Table S16. Disability weights for each health state with ranges for Triangular distributions. 

Health state Disability weights mode 

and ranges 

GBD health state 

Hypertension  Mode: 0.031 

Min: 0.017 

Max: 0.05 

Based on GBD as reported by Rosendaal et al 

No hypertension 0 Full health 

CVD/treated Mode: 0.08 

Min: 0.033 

Max: 0.167 

Moderate angina due to IHD and respective 

bounds 

CVD/untreated Mode: 0.167 

Min: 0.11 

Max: 0.24 

Severe angina due to IHD and respective bounds 

Stroke/treated Mode: 0.372 

Min: 0.253 

Max: 0.478 

Weighted average of acute and chronic 

haemorrhagic and ischemic stroke health states 

(mild/ moderate/ high moderate/ severe/ very 

severe consequences) – weights are based on 

stroke severity distribution as reported in Feigin 

et al 

Stroke/untreated Mode: 0.415 

Min: 0.283 

Max: 0.531 

Weighted average of acute and chronic 

haemorrhagic and ischemic stroke health states 

(mild/ moderate/ high moderate/ severe/ very 

severe consequences) – weights are based on 

adapting the stroke severity distribution in 

Feigin et al assuming there are no mild strokes 

Death 1 Death 
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2. RESULTS. 

2.1. Cost-effectiveness 

2.1.1. Incremental cost-effectiveness scatterplots (base case) 

Figure S2 shows the incremental cost-effectiveness scatterplot (ICES) of current ComHIP scale-up 

versus standard care compared to the two willingness-to-pay ratios used in the paper. Figure S3 

shows the incremental cost-effectiveness scatterplot of GHS-LCS ComHIP scale-up versus standard 

care compared to two willingness-to-pay ratios used in the paper. The ICES show how uncertainty 

affects the cost-effectiveness over 10,000 probabilistic sensitivity analysis simulations. In any 

simulation where the results of the analysis were actually cost-effective, the green dots show under 

the diagonal willingness-to-pay dashed line.  

Figure S2. Incremental cost-effectiveness scatterplot, current ComHIP scale-up versus standard care 
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Figure S3. Incremental cost-effectiveness scatterplot, GHS-LCS ComHIP scale-up versus standard care 

 

 

 

2.1.2. Sensitivity analysis on CVD probabilities (WHO CVD Risk Chart Working Group) 

It was not possible from the cardiovascular disease risk charts developed by the WHO CVD Risk Chart 

Working Group (7) to re-estimate the annual probabilities of a CHD or a stroke event in the ComHIP 

and Standard care scenarios as had been done using the Framingham 10-year risk equations (8, 9). 

However, it was possible to estimate the average 10-year risk of a CVD event for the two scenarios. 

For this task, we applied the Western Sub-Saharan Africa cardiovascular disease charts to the blood 

pressure, gender and age data from, respectively, the sample of 216 individuals on hypertension 

treatment for at least 12 months (ComHIP scenario) and the sub-sample of these individuals who 

had reported being on standard hypertension treatment at enrolment into ComHIP (Standard care 

scenario). Table S17 shows how the 10-year risk differed when estimated using the two approaches. 
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Table S17. Average 10-year CVD risks for patients in the ComHIP and standard care scenarios: 

Framingham equations versus WHO-ISH risk charts 

 Framingham risk equations WHO cardiovascular disease 

risk charts 

 10-year risk of 

CHD 

10-year risk of 

stroke 

10-year risk of 

CVD 

10-year risk of CVD 

ComHIP 0.066 0.06 0.126 0.06 

Standard 

care 

0.089 0.072 0.161 0.08 

 

From Table S17, the risk of CVD in the ComHIP and Standard care scenarios was approximately 50% 

when estimated using the WHO cardiovascular disease risk charts compared to the Framingham risk 

equations. The base case cost-effectiveness analysis was then repeated adjusting downwards the 

annual probabilities of CHD and stroke by 50% for both the ComHIP and the Standard care scenario. 

Table S18 presents the results from this sensitivity analysis. 

 

Table S18. Cost-effectiveness analysis (sensitivity analysis on the base case: annual probabilities of 

CHD and stroke events reduced by 50%) 

Intervention Cost (US$) Incremental 

Cost (US$) 

DALYs DALYs averted ICER 

Standard care 4,419,957     7,440     

Current 

ComHIP scale-

up 7,131,690 2,711,733   7,334 106      25,582  

            

Standard care 4,419,957     7,440     

GHS-LCS 

ComHIP scale-

up 5,923,610 1,503,653   7,334 106      14,185  

  

From Table S18, reducing the annual probabilities of CHD and stroke events by 50% leads to a 

decrease in the number of DALYs averted by ComHIP compared to Standard care from 208 in the 

base case to 106 (a drop of 49%). For the current ComHIP scale-up vs standard care comparison, 

incremental costs increase by 176,493 US$, leading to a mode than-doubling of the incremental 

cost-effectiveness ratio (ICER) from 12,189 US$ per DALY averted in the base case to 25,582 US$ per 

DALY averted in the sensitivity analysis. For the GHS-LCS ComHIP scale-up versus standard care 

comparison, incremental costs increase by 145,365 US$: in consequence, the ICER in the sensitivity 

analysis increases to 14,185 US$ per DALY averted, more than double of the original 6,530 US$ per 

DALY averted.    
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2.1.3. Threshold analysis on key parameters 

Table S19 below shows the results of the threshold analysis estimating the percentage change 

required in key model parameters for the current ComHIP scale-up and the GHS-LCS ComHIP scale-

up scenarios to be cost-effective at a willingness-to-pay threshold of 2025 US$ (Ghana’s GDP per 
capita). The key model parameters used in the threshold analysis were: the societal cost of 

hypertension treatment, the annual probabilities of CVD events (including both CHD and stroke 

events), and the societal cost of all CVD events. 

Table S19. Threshold analysis for key parameters. 

Parameter changed in threshold analysis % change for cost-effectiveness at WTP = 2025 

Current ComHIP scale-up vs Standard care: 

1. Cost of hypertension treatment in ComHIP scale-up 

2. Cost of hypertension treatment in Standard care 

3. Cost of CVD events in ComHIP scale-up 

4. Cost of CVD events in Standard care 

 

5. Annual probabilities of CVD in ComHIP scale-up 

6. Annual probabilities of CVD in Standard Care 

 

 

-34% 

+60% 

No change in cost-effectiveness if costs = 0 

No change in cost-effectiveness if costs increase 

by 100% 

-99% 

+80% 

GHS-LCS scale-up vs Standard care: 

1. Cost of hypertension treatment in ComHIP scale-up 

2. Cost of hypertension treatment in Standard care 

3. Cost of CVD events in ComHIP scale-up 

4. Cost of CVD events in Standard care 

5. Annual probabilities of CVD in ComHIP scale-up 

6. Annual probabilities of CVD in Standard Care 

 

 

-18% 

+29% 

-91% 

+65% 

-43% 

+33% 

 

For the current ComHIP scale-up vs Standard care comparison, results were most sensitive to 

changes in the societal costs of hypertension treatment in ComHIP – a drop of 34% in these societal 

costs would make the intervention cost-effective. Results were most insensitive to changes in the 

societal costs of CVD events (both CHD and stroke events). For the GHS-LCS scale-up vs Standard 

care comparison, results were most sensitive to changes in the societal cost of hypertension 

treatment in ComHIP – a drop of 18% in these costs would make the intervention cost-effective. 

Results were most insensitive to changes in the societal costs of CVD events. 
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Table S22. Total annual costs (2017 US$): Standard care. 

  

Agent: MoH/NHIS Patient TOTAL %

TOTAL COST 253,356        209,280    462,636     100.0%

% 54.8% 45.2% 100.0%

START-UP COSTS -                 -             -             0.0%

% 0.0% 0.0% 0.0%

1 ComHIP app development -                 -             -             0.0%

2. Training -                 -             -             0.0%

2.1 Developing of training modules -                 -             -             0.0%

2.2. Training trainers -                 -             -             0.0%

2.3. Training LCS -                 -             -             0.0%

2.4. Training CHOs -                 -             -             0.0%

2.5. Training CVD nurses -                 -             -             0.0%

2.6. Training Physicians -                 -             -             0.0%

2.7. Training hospital and community 

pharmacists -                 -             -             0.0%

2.8 Community volunteers training -                 -             -             0.0%

3. Management -                 -             -             0.0%

3.1. Coordination meetings to launch ComHIP -                 -             -             0.0%

3.2. Field activities to launch ComHIP -                 -             -             0.0%

3.3. Technical staff support -                 -             -             0.0%

3.4. General administration -                 -             -             0.0%

3.4.1. Administration staff support -                 -             -             0.0%

3.4.2. Office equipment and supplies -                 -             -             0.0%

3.4.3. Vehicles (including maintenance) -                 -             -             0.0%

3.4.4. Office space and overheads -                 -             -             0.0%

ANNUAL IMPLEMENTATION COSTS 253,356        209,280    462,636     100.0%

% 54.8% 45.2% 100.0%

1 ComHIP app support -                 -             -             0.0%

2. Acquisition of clinical and IT equipment 9,929            9,929         2.1%

2.1. Mobile devices and their implements -                 -             0.0%

2.2. Blood pressure machines 3,970             -             3,970         40.0%

2.3. Weighing scales and stadiometers 1,348             -             1,348         13.6%

2.4. Glucometers 1,818             -             1,818         18.3%

2.5. Lancets and strips 728                -             728             7.3%

2.6. Rechargeable batteries 2,065             -             2,065         20.8%

3. Health service provision 192,527        209,280    401,807     86.9%

3.1. Clinical staff time costs/ Patient non-

health care costs 5,558             209,280     214,838     0.0%

3.2. Diagnostic tests 83,450          -             83,450       0.0%

3.3. Medications 103,519        -             103,519     0.0%

4. Management 50,900          -             50,900       11.0%

4.1. Coordination meetings -                 -             -             0.0%

4.2. Field activities -                 -             -             0.0%

4.3. Technical staff support 22,346          -             22,346       43.9%

4.4. General administration 28,554          -             28,554       56.1%

4.4.1. Administration staff support 3,397             -             3,397         11.9%

4.4.2. Office equipment and supplies 6,495             -             6,495         22.7%

4.4.3. Vehicles (including maintenance) 7,160             -             7,160         25.1%

4.4.4. Office space and overheads 11,501          -             11,501       40.3%
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