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ABSTRACT

Background: Globally, steps to revitalise programmes deploying community health work-
ers (CHWSs) on a national scale have been growing, but few economic evaluations have
been done on system-integrated CHW programmes. Ghana has dual cadres of CHWs:
community health officers (CHOs) and community health volunteers (CHVs). CHO plays
a major role in primary health services but has suffered from chronic staff shortages. We
activated CHVs in communities to mitigate the negative impact due to CHO shortages.
The CHVs conducted home visits and provided health education to prevent childhood
diseases.

Objective: We evaluated the cost-effectiveness and cost-benefit of activating CHVs.
Methods: In a cluster-randomised trial with 40 communities in rural Ghana, the changes in
disease incidence were inferred from a statistical model using a Bayesian generalised linear
multilevel model. We evaluated the total incremental cost, benefit, and effectiveness for the
intervention from an economic model. In cost-effectiveness analysis, disability-adjusted life
years (DALYs) were estimated using a decision tree model. In the cost-benefit analysis, the
cost-benefit ratio and net present value of benefit were estimated using a decision tree
model, and a standardised sensitivity analysis was conducted. The decision tree model was
a one-year cycle and run over 10-years. Costs, benefits, and effectiveness were discounted at
a rate of 3% per year.

Results: According to the cost-effectiveness analysis, the programme was highly likely to
exceed the WHO-CHOICE threshold (1-3 times GDP per capita), but it was unlikely to exceed
the conservative threshold (10-50% of GDP per capita). In the cost-benefit analysis, the mean
and median cost-benefit ratios were 6.4 and 4.8, respectively.

Conclusion: We found the potential economic strengths in the cost-benefit analysis. To
integrate CHW programmes with national health systems, we need more research to find
the most effective scope of work for CHWs.

ARTICLE HISTORY
Received 13 December 2022
Accepted 12 April 2023

RESPONSIBLE EDITOR
Stig Wall

KEYWORDS

Community health
volunteers; Ghana; economic
feasibility; cost benefit; cost
effectiveness

Background

access to essential healthcare 2030 if the current

The recent global consensus that community- — P3c¢ of progress remains unchanged [3]. One of

based primary healthcareCBPHC) is the single
most important means of achieving universal
health coverage (UHC) and the Sustainable
Development Goals has been re-visited [1]. In
2018, the global health community approved the
Astana Declaration, reaffirming that UHC cannot
be achieved without strong support from CBPHC
[2]. In 2019, the UN General Assembly adopted
a historic resolution on the commitment of all the
member states to achieve UHC by 2030 [3].
However, the resolution also warned that one-
third of the world’s population will not have

the reasons that the pace has stagnated is due to
the shortage of essential healthcare workers.
Globally, 18 million additional health workers are
needed to ensure effective coverage of essential
health services. This problem is most serious in
Africa, which is the only continent that will suffer
from a health worker shortage by 2030 due to its
rapid population growth. According to the World
Health Organization (WHO), Africa’s health
worker shortage is estimated to increase by 36%,
from 4.5 million in 2013 to 6.1 million in
2030 [4].
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Correspondingly, interest in revitalising national
programmes involving community health workers
(CHWs) is growing. Several case studies have demon-
strated that community-based interventions, ranging
from family planning to neonatal survival, can be
effectively delivered by CHWs in low- and middle-
income countries [5]. Moreover, after the recent pub-
lic health crisis of COVID-19, the argument has been
made that CHWs are also needed in health systems in
high-income countries [6].

Nonetheless, many existing CHW programmes are
small scale, run by nongovernmental organisations,
and not integrated into national health systems, and
in many cases, these programmes fail to be scaled up
[7]. To expand a CHW programme to a national
scale, it is necessary to conduct an economic evalua-
tion of the relative value of investments in the pre-
sence of an improved CHW programme within the
health system to obtain more robust evidence [8]. To
date, there have been few economic evaluations of
CHW programmes integrated into national health
systems [9].

Ghana has a long history of integrating CHW's
into its primary health system, called Community-
Based Health Planning and Services (CHPS), making
it a suitable country for evaluating system-integrated
CHW programmes [10]. Ghana’s CHPS system is run
by the dual cadres of CHWSs: community health offi-
cers (CHOs) and community health volunteers
(CHVs) [11]. CHOs are government-paid full-time
nurses residing near the community, while CHVs
are part-time volunteers residing in the community.
CHOs receive 2 years of training in nursing school,
while CHVs receive 1-2weeks of workshop-based
training. In principle, CHOs serve 3,000-5,000 resi-
dents in 5-8 communities (named a CHPS zone), and
CHVs support CHOs. Both CHOs and CHVs are
recruited, trained, rewarded, and monitored by the
regional team of the Ghana Health Service under the
Ghanaian government. In 2016, Ghana had 2,523
CHOs and 19,411 CHVs across 5,062 CHPS
zones [12].

Regular home visits are among CHWS’ primary
CBPHC interventions. Home visits are related to
health promotion and surveillance across various
topics, ranging from newborns to
communicable diseases [7]. In Ghana, home visits
have been emphasised since the introduction of the
CHPS system [10]. Ghana’s health policy requires
CHOs to visit all households in the catchment area
every quarter.'' However, adherence to home visits is
poor. According to some surveys, 27-70% of the
respondents said they had never had a home visit in
the past 3 months [13,14].

We implemented a method of activating CHVs to
conduct home visits in Volta, a region rarely visited
by CHOs, and evaluated whether it contributed to

non-

childhood disease prevention. Our study aimed to
evaluate the causal effect of activating CHVs for
childhood disease prevention and its economic feasi-
bility from a societal perspective through a field
experiment. We performed cost-effectiveness and
cost-benefit analyses of CHV activation in Ghana’s
primary healthcare system. The health impact evalua-
tion of our field experiment has been previously
published, and this economic evaluation is a follow-
up study to the previous health impact evaluation.

Methods
Trial design

From 1 February 2015, to 20 September 2016,
a cluster randomised trial was conducted to measure
the causal effect of the intervention on the reduction
of diarrhoea and high fever among children
(ISRCTN49236178). Our study area covered 40
communities in the Ketu South district in the
Volta region of Ghana. The study population was
24,765 people from 4,953 households. Systematic
sampling was applied to select study participants in
the clusters (communities). The data collectors vis-
ited households in each community using the inter-
val method, in which the total number of
households in a community is divided by the cluster
size. They started by visiting a household located
nearest to the main road, from which they contin-
ued to visit the next nth household based on the
interval (e.g. the next fifth household if the interval
was 5). They asked any household members if they
had at least one under-5 child. If the household did
not meet the eligibility criterion, the household was
excluded, and the data collectors continued visiting
the next nth one.

The primary outcomes of the trial were the period
prevalence (proxy measurement of cumulative inci-
dence) of diarrhoea and high fever (proxy measure-
ment of malaria) among children under 5 years of
age. Data were collected by conducting
a longitudinal panel survey three times (at 0, 6 and
12 months). We adopted a phase-in design in which
CHYV's were first activated for 20 communities in the
intervention group, and CHVs were activated for 20
communities in the control group after the end-line
survey was completed. Details of the trial design are
provided in the study protocol of the supplementary
material #2.

Intervention

The intervention comprised the activation of CHVs.
CHVs’ core task was to visit each household once
every 2 months. They were recommended to spend at
least 30 minutes on each visit. During the visits,



CHVs were instructed to use visuals to provide health
education on 10 key messages. The messages
included information on preventing diarrhoea and
malaria: specifically, stating that proper hand-
washing and improved hygiene and sanitation can
prevent diarrhoea and sleeping under an insecticide-
treated mosquito net can prevent malaria. CHVs were
also encouraged to support CHOs and mobilise com-
munity members to attend child welfare clinics,
which were held on a monthly basis in the
community.

We worked to integrate our interventions into the
national health system and minimise external inter-
ference. CHVs were recruited by community com-
mittees based on their literacy, volunteerism, and
work experience. Ghana Health Service’s District
Health Management Team coordinated the recruit-
ment process according to national guidelines. The
CHYV's were trained for 5 days before being deployed.
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During the training, CHVs learned the basics of
essential child healthcare as well as the concepts,
roles, and responsibilities of the CHPS system, and
reporting and recording skills.

The framework of economic evaluation

Figure 1 presents a graphical representation of the
framework that we used. We combined the frame-
works of causal inference and economic evaluation
for estimating the economic consequences of the
intervention rigorously. For the causal inference fra-
mework, we applied a Bayesian approach estimates
the average treatment effect of the intervention with
the BRMS package in R [15]. For the economic
evaluation framework, we adopted Bayesian methods
for health technology assessment proposed by
Gabrio et al. [16] As depicted in Figure 1, we for-
mulated the decision problem first. We then inferred

Decision Problem

Bayesian
Causal Inference

Causal Infererlce Framework

Statistical Model

'

Economic Model

&

Cost Benefit
Measures

Standardized
Sensitivity Analysis

Ecoiomic Evaluation Framework

Cost Effectiveness
Measures

Decision Analysis

Figure 1. The framework of the trial-based economic evaluation.
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Table 1. The scenarios of standardised sensitivity analysis (SSA).

Unadjusted Life Expectancy

Adjusted Life Expectancy

(Ghana's average age) (2 years-old)
VSL = Ghana’s GNI per capita X 160 SSA 1 SSA 2
VSL = Ghana's GNI per capita X 100 B SSA 3 SSA 4
VSL = (Ghana's GNI/US's GNI)'->income elasticit)y (jgrg yg| SSA 5 SSA 6

*VSL = Value of Statistical Life; GNI = Gross National Income.

the causal effects of the intervention on reducing
diarrhoea and malaria, which are two major child-
hood infectious diseases in Ghana. The causal effects
were inferred as probabilistic samples that repre-
sented the intervention outcomes, and these samples
were then used as inputs for the economic models
that evaluated the Cost-Effectiveness and the Cost-
Benefit metrics. The Cost-Effectiveness metrics com-
prised Incremental Cost-Effectiveness Ratio (ICER)
and Cost-Effectiveness Acceptability Curve (CEAC).
The Cost-Benefit metrics consisted of Cost-Benefit
Ratio (CBR) and Net Present Value for Benefit
(NPVB). From the Cost-Effectiveness Analysis, we
estimated the density of ICERs by plotting the Cost-
Effectiveness Plane. The dots on the plane repre-
sented probabilistic samples of incremental effective-
ness (x-axis) and incremental cost (y-axis). A shaded
part of the plane indicated the area that 1 DALY was
averted with a cost less than Ghana’s GNI per capita.
We plotted CEAC, in which we illustrated five dif-
ferent cost-effectiveness thresholds (CETs) reflecting
a guidance of WHO-CHOICE study and a recent
study on optimal cost-effectiveness thresholds for
low- and middle-income countries [17,18]. For the
Cost-Benefit Analysis, we draw violin plots to
explain the results of the standardised sensitivity
analysis. The advantage of violin plots is that they
show the entire distribution of estimates and can
deal with a multimodal distribution with more than
one peak. Table 1 shows the six scenarios of the
standardised  sensitivity = analysis  reflecting
a suggestion by Robinson et al. [19] Finally, we
conducted decision analysis to support the policy-
making process for community health worker pro-
grammes in Ghana and other low- and middle-
income countries.

Y; ~ Poisson(4;)
= Qclyster[i] + .Bcluster[i] * Intervention

Statistical model

This economic evaluation used Bayesian inference to
estimate the causal effects of the trial, but the pre-
vious health impact evaluation of the same trial used
a frequentist’s approach.'”” In Figure 2, our target
parameter was the rate ratio of childhood diarrhoea
and high fever period prevalence (proxy measure-
ment of relative risk) between the intervention and
control groups. Bayesian inference is a process of
inferring the probability distribution of parameters
of a target population from data using Bayes’ theorem
[20]. We used the credible interval for estimating the
trial effects, which is comparable to the confidence
interval in frequentist statistics. We interpreted the
credible interval in which the true estimate (relative
risk between the groups) would lie within the interval
in 95% probability, given the observed RCT data.
We used a Poisson generalised linear multilevel model
(GLMM) to analyse the data. The Poisson model is an
appropriate method to infer relative risk by comparing
the incidence of two groups based on count data. We also
adopted a multilevel model that used random mixed
effects in clusters to align the trial characteristics and
the statistical model [10,21]. We also used weak-
informative prior distributions for the target parameters.

Economic model

We deduced the total incremental cost of activating
CHVs in the health system over the next 10-year
period. In Figure 3, we calculated three types of direct
financial costs. The start-up cost (Cost;;—) is a one-
time investment at the beginning stage, for purposes
such as recruiting and initial training. Capital cost
(Costeay) refers to elements that have remaining

log(A)
gz;zz:::] ~ MVNormal ([g] S )
s =(5 o)

o, O
0 O'B)

a,B ~ Normal(0,0.5)

Oq) O'ﬁ

Figure 2. Statistical model for Bayesian inference.

~ Halfcauchy(0,10)
R ~ LKJcorr(2)
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CoStrorar = CoStspmg + X1o1(CoStegy + Costrey * 1™V, 1+ = (1 — dicount rate), t = nth year

Costg—¢ = recruitment + training
Costcq: = equipment + activitiy kits

Cost,, = medical supplies + communication + incentives + supervision + utilities + personnel

Figure 3. Economic model for cost.

values over time, such as vehicles and equipment.
The recurrent cost (Cost,.;) includes expenses that
reoccur every year such as consumables. To measure
financial costs precisely, we retrospectively extracted
micro-cost data from the expenditure records of the
project. We verified the quality of the cost data by
consulting its validity with project staff.

In addition to financial costs, we also reflected
various economic costs in our model, including the
time spent by caregivers, CHVs, CHOs, the monitor-
ing staff of Ghana Health Service, and project consul-
tants. Finally, the total incremental cost was converted
to a constant 2016 US dollars ($1 =GHS 3.91) and
discounted annually by 3% [17]. We modelled the
probabilistic uncertainty of the total cost by using
a log-normal probability distribution, assuming the
standard deviation as 25% of the mean value. Table 2
briefly shows the values of the cost parameters that we
used in the economic model for cost calculation. More
specific information on the cost parameters was
attached to the supplementary material #1.

In Figure 4, the economic model for the expected
incremental effectiveness, we created a decision tree
model for the one-year cycle and ran the model over

expected causal paths from reduced relative risk
inferred from the statistical model to the amount of
disability-adjusted life years (DALYs).

First, in the statistical model, the relative risk of
diseases between the two groups was inferred, and
the relative risk reduction was derived by subtract-
ing 1 from the relative risk. Second, the reduced
disease cases in the target population (intervention
group) were calculated from the combined prob-
ability of the relative risk reduction and the average
incidence of diseases in the intervention group.
Third, we calculated the number of averted
DALYs in the target population during a 1-year
cycle by proportionally shifting the reduced disease
cases to mild, moderate, severe, and fatal states.
Finally, the total expected incremental DALYs
over the 10-year period was calculated by applying
the annual population growth rate of 2.2%, the
discount rate of 3% and the CHVs’ attrition rate
of 8.3% to the 1-year cycle economic model for ten
times. We estimated the attrition rate of CHVs
based on field research in rural Ghana finding
that after activating CHVs, they began to deactivate
at an attrition rate of 8.3% per year and did not

10-years by computing probabilities through  remain active in the community after 10 years.*!
Table 2. Parameters for economic model (cost).
Life span Total Cost

Type Account (Year) Unit Cost (US$) Unit Cost (GHS) (USS)

Initial cost CHV recruitment Once 8,670 33,900 10,102
Initial cost CHV initial training Once 1,024 4,005 10,524
Capital cost Equipment 5 40,000 156,400 40,000
Capital cost CHV activity kits 2 132 518 10,879
Recurrent cost CHV consumables 1 10 41 860

Recurrent cost Medical supplies 1 184 720 15,099
Recurrent cost Communication 1 46 180 1,872

Recurrent cost Motivation 1 1,545 6,044 14,925
Recurrent cost Supervision 1 2,635 10,305 18,841
Recurrent cost Administration 1 1,491 5,833 17,902
Recurrent cost Personnel 1 50,837 198,773 100,280

* More detail information on the parameters is included in the supplementary material #1.

reduced rate,
malaria

incidence,
malaria

Home
Visitation

reduced rate,
diarrhea

incidence,
diarrhea

Figure 4. Economic model for effectiveness.

moderate

adverted
YLDs

averted DALYs

averted
YLLs
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Table 3. Parameters for economic model (probabilistic).

Name Mean Upper Lower Type
Disability weight for diarrhea with mild severity 0.074 0.104 0.049 beta
Disability weight for diarrhea with moderate severity 0.188 0.264 0.125 beta
Disability weight for diarrhea with severe severity 0.247 0.348 0.164 beta
Disability weight for malaria with mild severity 0.006 0.012 0.002 beta
Disability weight for malaria with moderate severity 0.051 0.074 0.032 beta
Disability weight for malaria with severe severity 0.133 0.190 0.088 beta
Diarrhea Incidence 2.055 2.443 1.675 lognormal
Malaria Incidence 0.433 0.582 0.264 lognormal
Life expectancy at 2 ages 65.9 67.2 64.5 Normal

The rates of population growth and discount were
obtained by referring to the recent World Bank
dataset and WHO guideline [17,22].

We evaluated the incremental cost-effectiveness of our
model with the incremental cost-effective ratio (ICER)
per DALY and the probability of accepting the cost-
effective thresholds (CETs). We set up five CET' to reflect
variation in policymakers’ willingness-to-pay. The first
and second CET's (20% and 50% of GDP per capita) were
selected with reference to previous studies investigating
CETs based on opportunity costs in low- and middle-
income countries [18]. The third to fifth CETs (1 to 3
times GDP per capita) were selected by referring to the
widely used WHO-CHOICE study [17]. Tables 3 and 4
briefly show the values of the parameters that we used in
the economic model for the effectiveness and benefit
calculation. The detailed information on the parameters
was attached to the supplementary material #1.

In Figure 5, the economic model for the expected
incremental benefit, both health and non-health out-
comes, were evaluated as the monetary value of the
expected incremental benefits. For health benefits, we
calculated the number of fatal and non-fatal disease
cases prevented by home visits. The fatal and non-
fatal cases were evaluated by the statistical life value
(VSL) and cost of illness. For non-health benefits,
CHOs’ time value was calculated by multiplying the
saved time by the average hourly wage [23]. Since
Bayesian inference directly infers the underlying
probabilistic samples of the target parameters, the

Table 4. Parameters for economic model (constant).

probabilistic sensitivities of the parameters are fully
reflected without sensitivity analysis. However, an
additional sensitivity analysis was conducted to deal
with uncertainties in the benefit model, such as
income elasticity and indirect VSL estimation. We
conducted a standard sensitivity analysis of the ben-
efit model with reference to the recent guide to cost-
benefit analysis for global health [24]. We adopted
societal perspective for all analyses, and all reprodu-
cible codes for this study can be found at https://osf.
io/xsvwr/.

Results

Using a Bayesian GLMM statistical model, we ana-
lysed how childhood disease incidence changed
through the baseline, mid-line, and end-line longitu-
dinal panel data. We found that compared to the
control group, the incidence of the outcomes of inter-
est among children under 5 in the intervention group
changed to a 95% credible interval of 0.661-1.128
(median: 0.862) for diarrhoea and a 95% credible
interval of 0.670-1.107 (median: 0.860) for high
fever. In addition, the incidence of diarrhoea in the
intervention group was lower than that of the control
group, with a probability of 86.7%, and the incidence
of malaria was lower than that of the control group,
with a probability of 88.6%. The total cost over the
10years of period was estimated to $1,714,676,
including start-up costs of $21,433 (1.3%), capital

Name Value Name Value Name Value Name Value

Transition probability of 0.624 Transition probability of 0.289 Transition probability of 0.042 Case Fatality Rate of 0.0005
diarrhea (mild) diarrhea (moderate) diarrhea (severe) diarrhea

Transition probability of 0.500 Transition probability of malaria 0.300 Transition probability of 0.200 Case Fatality Rate of 0.024
malaria (mild) (moderate) malaria (severe) malaria

Duration of diarrhea 42 Duration of malaria 7  CHV's annual attrition rate 0.083 Discount Rate 0.03
(days) (days)

reduced risk,
malaria

reduced risk,
diarrhea

Figure 5. Economic model for benefit.

Home
visitation

reduced cases,
malaria -
reduced cases, -
diarrhea

fatal value of statistical life

non-fatal


https://osf.io/xsvwr/
https://osf.io/xsvwr/

costs of $251,796 (14.7%) and recurrent costs of
$1,441,448 (84%).

Based on the statistical and economic models
above, a cost-effectiveness analysis was performed
by constructing 32,000 probability samples. In
Figure 6, the cost-effectiveness analysis found that
the 95% credible interval for the ICER ranged from
-$720 to $2,919 (median: $1,150). The average ICER
was $1,768, lower than Ghana’s 2016 GDP per capita
of $1,931. We found a 65.3% probability of reducing
1 DALY at a cost less than GDP per capita. In
Figure 6, the area marked in green is the section
corresponding to probability samples that reduced 1
DALY at a lower cost than the GDP per capita.

We measured the probability of averting 1 DALY
at a cost less than Ghana’s GDP per capita and
accepting five different cost-effectiveness thresholds.
In Figure 7, we plotted a cost-effectiveness accept-
ability curve and analysed which proportion of the
32,000 probability samples exceeded five different
CETs. For the first CET, which was the most

GLOBAL HEALTH ACTION e 7

conservative (20% of GDP per capita), no sample
exceeded the threshold. For the second CET (50%
of GDP per capita), 26.5% of the probability samples
crossed the threshold. For the third to fifth CETs (1
to 3 times GDP per capita), 65.3%, 81.4%, and 85.3%
of the probability samples crossed the threshold.
Starting with the third CET, the probability of
exceeding the threshold was higher than the prob-
ability of not exceeding the threshold.

Next, a cost-benefit analysis was conducted by
converting health and non-health effects into benefits
of monetary value. Overall, the mean and median of
the cost-benefit ratio were 6.4 and 4.8, respectively.
Of the 32,000 probability samples, 85.7% had a cost-
benefit ratio of more than 1, and 65.8% had a cost-
benefit ratio of more than 3. The median current
value of the net benefit was $6.5 million. In Figures
8 and 9, a standardised sensitivity analysis (SSA) was
conducted that changed the value of income elasti-
city, proportional life expectancy and the value of
statistical life (VSL). In Figures 8 and 9, there were

20M+

16 M+

Cost (Million US$)

Density of
o Probabilities

3000
2000

1000

-6000 -3000

0
Averted DALYs

3000 6000

Points in green area are the probabilities that 1 DALY is averted by less than Ghana's GNI per capita

Figure 6. Cost-effectiveness plane.

w1 ] |

CET 1 CET 2 CET 3
20% GDP || 50% GDP 100% GDP

per capita || per capita per capita

0.50

0.25

Probability of achieving cost-effectiveness

0.00 1 —

0.754 /

CET 4
200% GDP

per capita

CETS5
300% GDP

per capita

0 2000

4000 6000

Willingness to pay for the intervention (US$)

Figure 7. Cost-effectiveness acceptability curve.

(CET 1~5 = Cost-Effectiveness Thresholds 1~5)
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SSA: Standardized Sensitivity Analysis; LE: Life Expectancy

Figure 8. Violin plots on cost-benefit ratio.
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six different sensitivity analyses from SSA1 to SSAS,
and even in the most pessimistic scenario (SSA 5),
76.6% of the 32,000 probability samples had a cost-
benefit ratio of more than 1. The parameters in the
sensitivity analysis can be found in the supplementary
material #1.

Discussion

In the cost-effectiveness analysis, specific CETs were
applied to determine economic feasibility. The prob-
ability of satisfying the conservative first and second
CETs was very low. However, there was a high pos-
sibility of satisfying the third to fifth CETSs, which are
commonly used. On the other hand, economic feasi-
bility was consistently achieved in the cost-benefit
analysis. In most probability samples, the cost-

benefit ratio was greater than 1, and there was
a high probability of the cost-benefit ratio exceeding
3. Even in the most pessimistic sensitivity analysis
scenario, there was also a high probability that the
cost-benefit ratio would be more than 1.

Previous research has shown that home visits for
CHWSs are affordable in low- and middle-income
countries, saving the lives of newborns, lowering the
incidence of HIV, and increasing exclusive breast-
feeding [25-27]. The results of our study require
careful interpretation. Activating CHVs in Ghana’s
health system to induce disease reduction in children
through home visits meets the WHO-CHOICE
thresholds (third to fifth CET). However, those
thresholds cannot be viewed as simple indicators of
economic feasibility due to the lack of a rigorous
analysis of Ghana’s national budget constraints [18].



Rather, the first and second CETs, which reflect
common budget constraints in low- and middle-
income countries, may have more realistic thresholds,
and our study did not meet these thresholds.
Therefore, we interpreted that the activation of
CHVs only for childhood disease prevention could
not necessarily achieve economic feasibility without
additional budget support from donor countries.
Similarly, the cost-benefit analysis shows that more
benefits than costs are likely to occur, but the cost-
benefit analysis should not be interpreted as indica-
tive of absolute economic feasibility because it should
be compared with other potential interventions that
the policymaker in Ghana has. Also, the cost-benefit
analysis only shows benefits without considering
national budget constraints. Therefore, more research
is needed to support the result of the cost-benefit
analysis.

Nevertheless, this study has clear implications.
First, CHVs’ home visits conducted solely to prevent
childhood disease through behaviour change are not
economically feasible within Ghana’s health system.
Therefore, it seems that CHVs” home visits should be
combined with tasks whose economic feasibility has
been verified. According to a previous field-based
economic evaluation conducted in Ghana, CHVS
intensive home visits after childbirth for newborn
survival were economically feasible [25]. Therefore,
to increase economic feasibility, CHVs" home visits
should be structured in a way that includes both tasks
of childhood disease prevention and newborn
survival.

Second, this study implies that in health systems
like that of Ghana, where dual cadres of CHWs are
operated, CHVSs’ role in conducting effective home
visits may have an indirect effect on reducing the
burdens of CHOs. This demonstrates that CHVs are
not a replaceable measure of CHOs; instead, they
constitute a sustainable health workforce that works
in harmony with CHOs. According to Ghana’s health
policy, two CHOs should be deployed per CHPS
zone, but in fact, only one CHO is working in 44%
of CHPS zones [28]. Regional inequality is also ser-
ious. The staff availability ratio is 91% in Greater
Accra, but only 53% in Volta [28]. A shortage of
workforce causes a decrease in motivation and stress
of health and medical workers in the field [29].
Currently, 7 out of 10 healthcare workers in Ghana,
including CHOs, have moderate to severe stress from
burnout [30]. Therefore, CHVs’ home visits play
a significant role in responding to the problems
caused by shortages of CHOs in Ghana.

These first and second implications could both
assist in evidence-based policy-making that defines
the optimal work scope of the dual cadres of CHWs
in Ghana’s health system. This study also has impli-
cations for the global health community. To integrate
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CHW programmes with national health systems, we
need to find the most effective scope of work for
CHWSs within national health systems. To this end,
more economic evaluations of field experiment based
CHW programmes need to be carried out. Ethiopia,
for example, operates dual cadres of CHW's within its
national health system (health extension workers and
the Women’s Development Army), similar to the
CHVs and CHOs of Ghana. Our study may provide
ideas for future studies to specify the optimal scope of
work for the dual cadres of CHWs in the Ethiopian
setting.

This study has three main limitations. First, since
this study used a probabilistic approach to cost-
effectiveness and cost-benefit using Bayesian infer-
ence with weak prior information, the study’s results
should not be interpreted as deterministic conclu-
sions. Second, although this study used period pre-
valence as a proxy measure of incidence, there may be
differences from the actual incidence in the popula-
tion because the duration of diarrhoea and malaria
onset is shorter than the longitudinal panel survey
cycle. Third, using high fever as a proxy measure for
malaria may overestimate the amount of DALYs,
because high fever may be associated with other
infections with low disability weights, such as respira-
tory diseases.

Conclusion

Since conservative thresholds are more appropriate
for low- and middle-income countries, we interpreted
the results as indicating that activating CHV’s home
visits to prevent childhood diseases did not satisfy
economic feasibility. However, we found the potential
economic strengths in the cost-benefit analysis, and
the economic feasibility may be improved after inte-
grating more tasks for CHV. To integrate CHW
programmes with national health systems, we need
to find the most effective scope of work for CHWs
within national health systems.

Acknowledgments

The authors thank the project team members for their
efforts and contributions to improving maternal and
child health in the Volta Region, Ghana. They extend
their appreciation to the CHVs and CHNs, community
members, the Ketu South District Assembly, the Ketu
South DHMT, and the Ghana Health Service. Special
thanks go to Dr. Joseph Teye Nuertey and Dr. Yaw
Ofori Yeboah, Director and Deputy Director of Public
Health, Volta Regional Health Directorate, respectively.

Disclosure statement

No potential conflict of interest was reported by the
author(s).



10 Y. CHO ET AL.

Authors’ contributions

Conceptualisation: Y.C., S.C. Data curation: Y.C., D.J.
Formal analysis: Y.C., D.J. Funding acquisition: Y.C.
Investigation: Y.C., S.C. Methodology: Y.C., D.J. S.C.
C.O. Supervision: S.C. C.O. K.A. Validation: D.J.
Writingoriginal: Y.C. Writing-review & editing: D.]J.
K.A.C.O.S.C. All authors read and approved the final
manuscript.

Ethics and consent

Ethical approval for the trial was obtained from the Ghana
Health Service Ethics Review Committee (GHS-ERC:07/01/
15), and the evaluation was supplementarily approved by
the Harvard T.H. Chan School of Public Health (IRB17-
2051). Informed consent was obtained from caregivers in
written form for participation.

Funding information

This study is supported by the Korea International
Cooperation Agency (KOICA) under the “Project for
Improving Maternal and Child Healthcare in Volta
Region, Ghana (P2013-00192-1)”. The funder had no role
in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Paper context

Activating community health volunteers in Ghana to
induce disease reduction in children did not meet the
realistic cost-effectiveness thresholds in low- and mid-
dle-income countries. Although, there was a high prob-
ability that one dollar’s investment in activating
community health volunteers in Ghana would yield
more than 3 dollars return in cost-benefit analysis.
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