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Introduction
Hypertension is a non-communicable disease recognized as an 
essential public health concern, affecting both developed and 
developing countries globally.1-4 Despite the policy agenda 
implemented by both economically developed and developing 
nations to kerb the menace,5 hypertension remains a signifi-
cant predisposition for the development of cardiovascular dis-
eases (CVD).2 It has also been reported that hypertension 
accounts for 50% of total cardiovascular heart disease (CHD) 
morbidity and mortality worldwide.6

Significantly 40% of the adult population in the African 
continent is estimated to have hypertension making it the 
commonest non-communicable disease.7 Extant literature has 
also shown that the prevalence of hypertension has increased 
substantially over the years ranging between 19% and 40% in 
Sub-Saharan Africa.8-10 More so, studies in other locales, 
including Nigeria and Kenya have suffered a major setback in 

the management of hypertension due to the rising cost of treat-
ment.11,12 Furthermore, a cardiovascular risk factor such as 
hypertension if not well controlled is a recipe for cardiovascular 
complications.13

Within the Ghanaian society, hypertension has steadily 
seen an increase in prevalence making it an important public 
health issue even in poor rural communities.10 Recently pub-
lished systematic reviews in Ghana reported a prevalence 
between 24.0% and 30.1% in adult populations.1,14 In 2017 
hypertension was reported as the third leading cause of hospi-
tal admissions and the leading cause of morbidity and death in 
Ghana.14 Besides the debilitating complications associated 
with hypertension, it poses a huge health expenditure on suf-
ferers of the disease and the health care system.15 Also, some 
studies conducted in the Democratic Republic of Congo 
(DRC) and Ethiopia revealed that 15.4% and 46.6% of patients 
had their blood pressure poorly controlled and the plausible 
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explanation could be attributed to the cost of treatment for 
hypertension.16 This phenomenon of poor hypertension con-
trol owing to the cost of treatment with its catastrophic conse-
quences puts enormous pressure on the individual and the 
already burdened health care system.17 Despite considerable 
gains made by the National Health Insurance Scheme (NHIS) 
since its inception, the transitioning of Ghana away from 
development-assisted funds, co-payment has now become the 
order of the day in our health facilities and this has worsened 
the plight of hypertension patients.15,18

Most studies on hypertension in Ghana have examined the 
prevalence, risk factors, awareness, adherence, challenges, and 
management.2,5,10,14,16,18-20 It is against this backdrop that this 
study seeks to model the lifetime cost of managing hyperten-
sion in Ghana considering the paucity of data in the area. This 
will provide empirical evidence on the lifetime cost of manag-
ing hypertension in Ghana for policy formulation. This paper 
provides a modelled estimate of the lifetime, annual, and 
monthly cost of managing hypertension in Ghana.

Methodology
Overview of Ghana’s health system

Ghana is politically and administratively organized into sixteen 
(16) regions and 260 districts. Each district is further divided 
into health sub-districts and communities, and the delivery of 
health services is operationally and administratively coordinated 
with these organizations. The Ghana Health Service (GHS) 
and Teaching Hospitals (THs) are semi-autonomous entities 
tasked with providing public health services under an act of par-
liament (Act 525 of 1996). In addition, there are various faith-
based, private-for-profit, and quasi-governmental institutions, 
as well as mental health facilities. The Ministry of Health 
(MOH) oversees all of these institutions, with a focus on policy 
creation, resource mobilization and allocation, and monitoring 
and evaluation. Community-Based Health Planning and 
Services (CHPS) are at the bottom of the primary health care 
hierarchy, functioning as the health system’s initial point of con-
tact for a set population of 5000 people or 750 families, which is 
sometimes coterminous with electoral zones. These are tasked 
with providing preventative health services and treating minor 
ailments in the community using over-the-counter medica-
tions. Health Centres (HCs) serve persons in a sub-district’s 
catchment area and are responsible for providing basic curative 
and preventive health services. They are the first point of con-
tact between the communities and CHPS.19

Although health centres are required to serve catchment 
populations of 20 000 or fewer, in metropolitan areas they can 
be extended (in size and staffing) and designated as polyclinics 
to service bigger populations.19,20 According to one assessment, 
several metropolitan polyclinics were working at the level of 
hospitals, despite their designation, due to increased popula-
tion demand for services. The district/primary hospitals are at 
the apex of the primary health care hierarchy, serving as 

district-level referral centres for preventative, curative, and 
emergency health care to populations ranging from 100 000 to 
200 000. However, it is estimated that at least half of the dis-
tricts were without these primary/district hospitals, resulting in 
additional strain in other facilities that run beyond their 
capacity.19,20

Overview of model type, structure, and assumptions

Using a cost of illness framework,21,22 we simulated the cost of 
hypertension management in Ghana taking into account 4 of 
the common target organ complications with the most mortal-
ity implications. A decision analytic model (DAM) was devel-
oped in Microsoft® Excel to simulate the progression of 
hypertension patients in Ghana for a hypothetical cohort of 
30-year-old patients. Since hypertension and its associated 
complications are long-term in nature, we employed a Markov 
model in simulating the lifetime cost of illness.23 Hypertension 
is well documented as a significant risk factor for several life-
threatening conditions, including stroke, coronary heart disease, 
heart failure, kidney failure, and myocardial infarction. Other 
complications of concern from hypertension are eye problems 
(retinopathy) and erectile dysfunction among others.2,24

Based on standard treatment guidelines for hypertension 
management in Ghana and expert opinion of internal and 
family medicine physicians,25 we focussed the modelling efforts 
on target organ complications that are associated with inten-
sive resource use: stroke, heart failure, kidney failure, myocar-
dial infarction.26,27

Markov transition states were identified and represented in 
the schematic diagram (Figure 1) in which it is assumed that 
persons with hypertension would have a risk of progression into 
1 or more of the 4 possible states—stroke, heart failure, chronic 
kidney failure, or myocardial infarction, each of which could lead 
to death. Based on the literature, we also assumed interactions 
between these states, in that myocardial infarction could lead to 
stroke and heart failure, which could also result in chronic kidney 
failure.26-29 The cohort of patients is assumed to enter the model 
following a diagnosis of hypertension without any target organ 
complication, where they face the respective probabilities of 
transitioning from one of the above-mentioned states to another.

The typical Markovian assumption was made where it was 
assumed that the transition probability from one state to 
another remains fairly constant throughout the patients’ life-
time. Although this ‘memoryless assumption’ of a typical 
Markov model may seem strong, the absence of age-specific 
morbidity and mortality rates for hypertension in Ghana and 
other neighbouring countries15 limited us from implementing 
time-or age-dependent transition probabilities, which are rec-
ommended as solutions to the memoryless assumption.23,30,31 
The model tracks a cohort of 30-year-old patients until death, 
or they are up to Ghana’s average life expectancy of 63 years. 
Box 1 provides simple mathematical expressions of the state 
transitions assumed in the model.
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Cycle length, discounting, and half-cycle correction

In Ghana’s standard treatment guidelines,25 patients with 
hypertension or the associated target organ complications are 
usually scheduled for monthly reviews and/or refills of medica-
tions. Also, as patients with the target complications are associ-
ated with high mortality rates, a 1-month cycle length is 
assumed in this model. The Ghana Government does not have 
an official discount rate for analysis but the Bank of Ghana 
periodically publishes a reference rate for planning. Accordingly, 
we discounted the long-term cost by 10% per annum in line 
with the average annual reference rate at the time of modelling 
as published by Ghana.32 Given the ongoing discourse about 
the added value of half-cycle correction,33 we made no adjust-
ments for half-cycle correction in the simulation.

Cost data

We employed a bottom-up protocol-based itemized costing 
approach22 to estimate the cost of each episode of treatment of 
hypertension and the related target organ complications. The 
use of healthcare resources in the treatment of hypertension 
and the associated target organ complications was guided by 
the Ghana Standard Treatment Guidelines25 and the corre-
sponding unit costs were taken from National Health Insurance 
Scheme (NHIS) price list in Ghana.34 We considered the 
direct medical cost such as diagnostics/investigations, consul-
tations, inpatient admissions, and medication, which were all 

taken from the NHIS price list. From the patient perspective, 
we also included the cost of transport. All costs are presented in 
both Ghana Cedis and 2022 equivalent to United States 
Dollars (USD) using an exchange of 1 USD to 7.31 Ghana 
Cedis.

The Ghana Standard Treatment Guidelines (2017) provides 
different lines of treatment options for the diseases considered 
in the study. For example whereas some hypertensives with no 
complication maybe put on Thiazide Diurretics, others may be 
on Calcium Channel Blockers, Angiotension Converting 
Enzyme (ACE) inhibitors or Angiotension receptor Blockers 
(ARBs). These classes of medications vary in their cost and are 
not necessarily prescribed for all persons suffering from hyper-
tension. To adjust the cost to account for these variations, we 
adopted a weighting approach used by the Ghanaian Ministry 
of Health in a similar modelling study in Ghana15—see 
Supplemental Material 1. This approach uses the proportion of 
hypertensives prescribed these medications to adjust the cost. 
The proportion of patients prescribed the different medications 
was adopted from the MOH based on the National Health 
Insurance claims data. Table 1 provides the summary cost data 
used as model input while the detailed unit cost of items and 
services are contained in Supplemental Material 1.

Also, the lost productivity cost was assumed to be the mini-
mum wage of Ghana for each day of clinic visit. We did not 
account of reduced productivity across the life of persons suf-
fering hypertension or its cost as we deemed that loss to not be 

Figure 1. Model structure (Markov Model for hypertension).
Source: Authors’ construction.



4 Health Services Insights 

Box 1. Mathematical expressions of the Markov model.

HPTNoCompt = HPTNoCompt-1 – (HPTNoCompt-1 X ProbHPTNoComp-MI) - (HPTNoCompt-1 X ProbHPTNoComp-stoke) - (HPTNoCompt-1 X 
ProbHPTNoComp-HF) + (HPTNoCompt-1 X ProbHPTNoComp-CKD) . . ..Equation 1

Stroket = Stroket-1 + (HPTNoCompt-1 X ProbHPTNoComp-stroke) + (MIt-1 X ProbMI-stoke) -Stroket-1 X Probstroke-death) . . ..Equation 2

MIt = MIt-1 + (HPTNoCompt-1 X ProbHPTNoComp-MI) - MIt-1 X ProbMI-stoke) - MIt-1 X ProbMI-HF) - MIt-1 X ProbMI-death . . ..Equation 3

HFt = HFt-1 + (HPTNoCompt-1 X ProbHPTNoComp-HF) + (MIt-1 X ProbMI-HF) – (HFt-1 X ProbHF-CKD) – (HFt-1 X ProbHF-death) . . ..Equation 4

CKDt = CKDt-1 + (HPTNoCompt-1 X ProbHPTNoComp-CKD) + (HFt-1 X ProbHF-CKD) – (CKDt-1 X ProbCKD-death) . . ..Equation 5

Deatht = Deatht-1 + (MIt-1 X ProbMI-death) + (HFt-1 X ProbHF-death) + (Stroket-1 X Probstroke-death) + (CKDt-1 X ProbCKD-death) . . ..Equation 6

ProbRemainHPT = 1- (ProbHPTNoComp-MI + ProbHPTNoComp-stoke ProbHPTNoComp-HF + ProbHPTNoComp-CKD) . . ..Equation 7

ProbRemainStroke = 1 - Probstroke-death . . ..Equation 8

ProbRemainMycoradiacInfarction = 1 – (ProbMI-stoke + ProbMI-HF + ProbMI-death) . . ..Equation 9

ProbRemainHeartFailure = 1 – (ProbHF-CKD + ProbHF-death) . . ..Equation 10

ProbRemainCKD = 1 – (ProbHF-CKD + ProbCKD-death) . . ..Equation 11

Where:

 ■ HPTNoCompt is hypertension without complication at time, t.

 ■ MIt is myocadiac infarction at time, t.

 ■ HFt is heart failure at time, t.

 ■ CKDt is chronic kidney disease at time, t.

 ■ Stroket is stroke at time, t.

 ■ ProbHPTNoComp-MI is the probability of moving from hypertension without complication to myocadiac infarction

 ■ ProbHPTNoComp-stroke is the probability of moving from hypertension without complication to stroke

 ■ ProbHPTNoComp-HF is the probability of moving from hypertension without complication to heart failure

 ■ ProbHPTNoComp-CKD is the probability of moving from hypertension without complication to chronic kidney disease

 ■ ProbMI-stroke is the probability of moving from myocadiac infarction to stroke

 ■ ProbMI-HF is the probability of moving from myocadiac infarction to heart failure

 ■ ProbHF-CKD is the probability of moving from heart failure to chronic kidney disease

 ■ ProbMI-death is the probability of moving from myocadiac infarction to death

 ■ ProbHF-death is the probability of moving from heart failure to death

 ■ Probstroke-death is the probability of moving from stroke to death

 ■ ProbCKD-death is the probability of moving from chronic kidney disease to death

 ■ ProbRemainHPT is the Probability of remaining in the state of HPT without complication during a cycle

 ■ ProbRemainStroke is the Probability of remaining in the state of Stroke during a cycle (once the person has stroke)

 ■  ProbRemainMycoradiacInfarction is the Probability of remaining in the state of Myocardial Infarction during a cycle (once the person has 
Myocardial Infarction)

 ■  ProbRemainHeartFailure is the Probability of remaining in the state of Heart Failure during a cycle (once the person has Heart Failure)

 ■  ProbRemainCKD is the Probability of remaining in the state Chronic Kidney Disease during a cycle (once the person has Chronic Kidney 
Disease)
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part of the cost of treatment but the wider economic impact of 
the disease. This may be considered a limitation when inter-
preting the findings of this study.

Transition probabilities

Conversion of proportions to rates and transition probabilities 
was done using standard formulae with the aid of Microsoft 
Excel21,30 (Shown in Table 2 below).

Sensitivity analysis

In this study, evidence on the transition probabilities was partly 
obtained from clinical experts as there were no relevant con-
text-specific studies to inform their estimation. Consequently, 
it was not feasible to represent parameter uncertainty analysis 
in the form of Probabilistic Sensitivity Analysis (PSA).5 Hence, 
we conducted a one-way Deterministic Sensitivity Analysis 
(DSA) in which ‘parameter values are varied manually to test 
the sensitivity of the model’s results to specific parameters or 
sets of parameters’38 (p. 724). We reflected the plausible range 
of the parameter estimates obtained from the clinical experts 
(Shown in Table 2 above). We simultaneously varied the tran-
sition probabilities with their respective lower range to get our 
best-case (low) estimates and then with their respective upper 
range to obtain our worst-case (high) estimates. In the results, 
we presented the uncertainty estimates as ranges around our 
point estimates of the cost of managing hypertension. Best 
practice guidelines in medical decision modelling recommend 
that “...where there is very little information on a parameter 
because either there are very few studies informing the estima-
tion or there are no data, an expert opinion must be relied on. 

Usually, a conservative approach [to DSA] should be adopted 
with an appropriately broad range of possible estimates elicited 
from each expert, reflected in how opinions are combined 
across experts and incorporated into the uncertainty analysis”38 
(p. 726). Although our approach is consistent with the best 
practice guidelines for transparency,39 future observational 
studies to estimate the transition probabilities will improve the 
point estimates of the estimated cost and enhance opportuni-
ties to conduct PSA. Also, structural uncertainty was not con-
sidered necessary as there were no alternative treatment 
guidelines used in Ghana that we could use to construct an 
alternative structure of the model for comparison. Although 
essential, structural uncertainty analysis is seldomly conducted 
compared to parameter uncertainty analysis.30

Results
Probability of progression from one disease state  
to another

We modelled a hypothetical cohort of 30-years-old Ghanaians 
diagnosed with hypertension, initially with no complications. 
Given that Ghana’s average life expectancy at birth is estimated 
to be 63 years, we modelled the cohort for 33 years (presumably 
until they die or have reached the life expectancy in the coun-
try. As some of the transition probabilities were estimated from 
expert opinion, we used a wide plausible range as a measure of 
uncertainty assessment.

Our base results show that by 10 years from diagnosis, the 
probability of death from any of the 4 complications (ie, stroke 
myocardial infarction, heart failure, and chronic kidney disease) 
is roughly 41.03% (range: 26.74%-61.54%). By 20 years (or 
243 months) from diagnosis, the probability of death (from any 

Table 1. Summary of cost data used as model input.

DISEASE STATE WEIGHTED 
AVERAGE 
MEDIcATIOn AnD 
TREATMEnT cOST 
(GHS)

InVESTIGATIOnS 
(GHS)

FREqUEncy OF 
VISITS ASSUMED

TOTAl 
cOST 
(GHS)

cOST 
OF 
TRAVEl 
(GHS)

lOST 
pRODUcTIVITy 
cOST (GHS)

TOTAl 
pATIEnT 
cOST 
(GHS)

Overall medicine cost 
per visit (HpT without 
complication)

491.33 11.38 12 Visits per year 
assumed

 

Overall medicine cost 
per visit (HpT with 
complication)

1345.89 11.38 8 per visit (12 visits 
per year assumed)

1357.27 12.84 162.36 1532.47

Stroke 4464.00 8.20 8 per visit (12 visits 
per year assumed)

4472.20 12.84 162.36 4647.40

Myocardiac infarction 14 745.60 50.66 8 per visit (12 visits 
per year assumed)

14 796.26 12.84 162.36 14 971.46

chronic kidney disease 23 248.80 7.20 8 per visit (12 visits 
per year assumed)

23 256.00 12.84 162.36 23 431.20

Heart failure 6759.00 13.47 8 per visit (12 visits 
per year assumed)

6772.47 12.84 162.36 6947.67

Data source: nHIS price list and service tariffs, 2019.
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Table 2. Transition probabilities.

pARAMETER ABBREVIATIOn AnnUAl pROBABIlITy SOURcE(S) ExpERT OpInIOn

HpT no complication—
Stroke

HpTnocompStk Annual rate: 3.8% Sanuade et al35  

Est. monthly prob.: .0032  

HpT no complication—
Myocardial Infarction

HpTnocompMI Annual rate: 5% Expert opinion Expert opinion from two 
Internal Medicine 
physicians and Family 
Medicine physician 
(consensus achieved on 
different interview dates)

Est. monthly prob.: .0042

HpT no complication—
Health Failure

HpTnocompHF Annual rate: 2.4% Ekore et al36  

Est. monthly prob.: .0020  

HpT no complication—
chronic Kidney Disease

HpTnocompcKD Annual rate: 5% Expert opinion Expert opinion from two 
Internal Medicine 
physicians and Family 
Medicine physician 
(consensus achieved on 
different interview dates)

Est. monthly prob.: .0042

probability of remaining in 
the state of HpT without 
complication during a cycle 
(once the person has HpT)

probRemainHpT Est. monthly prob.: .9865 calculated as: 
1 − (probHpTnocomp-

MI + probHpTnocomp-stoke 
probHpTnocomp-

HF + probHpTnocomp-cKD)

 

Stroke-Death StkDth 60% over 3-years Walker et al37  

Est. monthly prob.: .0488  

probability of remaining in 
the state of Stroke during a 
cycle (once the person has 
stroke)

probRemainStroke Est. monthly prob.: .9512 calculated as: 
1 − probstroke-death

 

Myocardial Infarction-
Death

MIDth Annual rate: 5% Expert opinion Expert opinion from two 
Internal Medicine 
physicians and Family 
Medicine physician 
(consensus achieved on 
different interview dates)

Est. monthly prob.: .0066

Myocardial Infarction—
Stroke

MIStk Est. monthly prob.: .0083 Expert opinion Expert opinion from two 
Internal Medicine 
physicians and Family 
Medicine physician 
(consensus achieved on 
different interview dates)

Myocardial Infarction—
Heart Failure

MIHF Est. monthly prob.: .0124 Expert opinion Expert opinion from two 
Internal Medicine 
physicians and Family 
Medicine physician 
(consensus achieved on 
different interview dates)

probability of remaining in 
the state of Myocardial 
Infarction during a cycle 
(once the person has 
Myocardial Infarction)

probRemainMycoradiacInfarction Est. monthly prob.: .9726 calculated as: 1 − (ProbMI-

stoke + ProbMI-HF + ProbMI-

death)

 

Heart Failure—Death HFDth Est. monthly prob.: .0075 Expert opinion Expert opinion from an 
internal Medicine physician.

Heart Failure—chronic 
Kidney Disease

HFcKD Est. monthly prob.: .0066 Expert opinion Expert opinion from an 
internal Medicine physician.

probability of remaining in 
the state of heart failure 
during a cycle (once the 
person has heart failure)

probRemainHeartFailure Est. monthly prob.: .9859 calculated as: 1 − (probHF-

cKD + probHF-death)
 

chronic Kidney Disease—
Death

cKDDth Est. monthly prob.: .0083 Expert opinion Expert opinion from an 
internal Medicine physician.

conversions of proportion to a rate and then to probability were done using standard formulae.33 (p. 51). The probability of remaining a particular state is the difference 
been 1 and the combined probability of transitioning away from that state during a cycle.
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of the modelled complications) among the cohort is estimated 
to be 69.61% (range: 53.02%-85.23%). However, by the 30th 
anniversary (or 360 months) the probability of death among 
the cohort is 82.3% (range: 69.23%-93.28%).

Furthermore, our simulation shows that, within 10 years of 
initial diagnosis of hypertension with complications, the prob-
ability of remaining alive but with stroke is 1.74%; 4.80% for 
myocadiac infarction; 9.04% for heart failure; and 17.59% for 
chronic kidney disease. Also, by the 20th anniversary of initial 
diagnosis, the probability of being alive and with any of the 4 
complications is roughly 17.88%, while the probability of stay-
ing alive, but with only stroke is 0.35%; 1.12% for myocardial 
infarction; and 12.34% for chronic kidney disease. Finally, by 
the 30th anniversary of diagnosis, when at least 82.3% of the 
modelled cohort would have died, the probability of staying 
alive with no complication is negligibly 0.76%, while the prob-
ability of staying alive but with at least 1 of the 4 complications 
is about 7.72% (See Figure 2).

Estimated lifetime, annual, and monthly  
cost of treatment

Using cost data collected from the NHIS tariffs (shown in Table 
1 and Supplemental Material 1) and resource use according to 
the National Standard Treatment Guidelines, our simulation 
shows that the lifetime discounted cost of treating hypertension 
is about GHS 869 106 which could range between GHS 570 239 
and GHS 1.202 million if the wide uncertainty in is taken into 
account. This is equivalent to USD 119 056 (range: USD 78 115-
164 723). This lifetime cost assumes that the cohort is initially 1 
or more of 4 complications (ie, stroke, myocardiac infarction, 
heart failure, and chronic kidney disease).

For short-term planning, the undiscounted cost of monthly 
treatment is estimated to be averagely GHS 3908 but may 
range from GHS 2091 to GHS 5801, equivalent to USD 
535.36 (range: USD 286.40-794.63). However, these costs 
substantially vary according to the type of complications devel-
oped by a patient. For example, hypertensive patients with 
chronic kidney disease who may require haemodialysis have an 
undiscounted estimated monthly cost of GHS 2790 as com-
pared to GHS 57 for those with stroke, but not needing hospi-
tal admission. Thus, the average monthly cost of chronic kidney 
disease is at least 8 times higher than that of heart failure; 6 and 
a half folds that of myocardial infarction and as much as 10 
times that of hypertensive patients without complications. 
When the plausible range of uncertainty associated with the 
transition probability is taken into consideration, the cost dif-
ferential between hypertensive patients with chronic kidney 
disease compared with those with heart failure is 6.7 to 7.4-
folds and as much as 22 to 24-folds for patients without any 
complication. Table 3 provides the simulated cost from the 
patient perspective. The overall cost difference between the 
patient’s perspective of cost and that of the NHIS perspective 
is 2.14% (range: 1.94%-2.57%). This translates into a dis-
counted value of GHS 18 213 over a lifetime (ranging from 
GHS 14 290 to GHS 22 876). Table 4 provides the simulated 
cost from the NHIS perspective.

The estimated cost of treatment for Ghana’s burden 
of hypertension

Extrapolating the cost of illness estimates for the overall bur-
den of hypertension in Ghana, we used the most recent esti-
mates of prevalence from a systematic review and meta-analysis.1 

Figure 2. The modelled probability of being in one of the states (complications) related to hypertension in Ghana.
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The systematic review estimates the prevalence of hyperten-
sion in the general population to be 30.3% (95% CI: 26.1%-
34.8%) (See Table 5 below). We used the point estimate as the 
base estimate and used the confidence interval as a measure of 
parameter uncertainty. The results show that the undiscounted 
cost for treating hypertension and related complications from 
the patient perspective (assuming all patients were diagnosed 
and received treatment is about GHS 438.124 million (USD 
60.017 million). This translates into a monthly cost of 36.5 mil-
lion (USD 5 million). When the associated uncertainty in the 
prevalence of hypertension is taken into consideration, the esti-
mated monthly cost is between GHS 31.4 million (USD 
4.3 million) to GHS 41.93 million (USD 5.744 million). A 
total amount of 71% of the estimated cost will likely be due to 
treatment for chronic kidney disease with 7%, 9%, and 11% for 
hypertension without complications, heart failure, and myocar-
dial infarction, respectively.

Discussion
This study simulated the cost of treating a cohort of patients 
with hypertension who have the risk of developing at least 1 
stroke, heart failure, myocardial infarction, and/or chronic kid-
ney disease. Our simulation shows that on average, the proba-
bility of being alive and without any complications by 30 years 
of the initial diagnosis is negligibly 0.76%. The 10-year proba-
bility of survival with or without any complication is 58.97% 
(range: 38.46%-73.26%), which significantly declines to 30.39% 
(range: 14.77%-46.98%) by the 20th year of living with hyper-
tension before plummeting drastically to 17.7% (range: 6.72%-
30.77%) after 30 years of initial diagnosis. These findings are 
consistent with survival analysis conducted in Africa.40 In the 
context of Ghana, there has not been a detailed survival analysis 
of hypertensive patients (to the best of our knowledge) to enable 
us to compare with our results to further affirm the validity of 
the simulation. Under the circumstances, we presented the 

Table 3. Estimated cost of treatment for hypertension and related complications (patient perspective of cost in Ghana cedis).

ASSUMpTIOn UnDIScOUnTED cOST DIScOUnTED cOST

TRAnSITIOn 
pROBABIlITIES 
USED

DISEASE STATE lIFETIME 
cOST

AnnUAl 
cOST

AVERAGE 
MOnTHly 
cOST

lIFETIME 
cOST

AnnUAl 
cOST

AVERAGE 
MOnTHly 
cOST

Base values Hypertension without 
complications

113 178.76 3455.84 287.99 87 592.66 2674.58 222.88

Stroke 22 209.85 678.16 56.51 15 885.19 485.04 40.42

Myocardiac infarction 167 226.13 5106.14 425.51 113 037.59 3451.53 287.63

Heart failure 136 691.37 4173.78 347.82 78 776.99 2405.40 200.45

chronic kidney disease 1 096 597.81 33 483.90 2790.33 573 813.69 17 521.03 1460.09

Overall 1 535 903.92 46 897.83 3908.15 869 106.11 26 537.59 2211.47

lower range of 
transition 
probabilities

Hypertension without 
complications

65 880.31 2011.61 167.63 56 293.25 1718.88 143.24

Stroke 244 008.20 7450.63 620.89 130 101.62 3972.57 331.05

Myocardiac infarction 211 291.24 6451.64 537.64 137 690.92 4204.30 350.36

Heart failure 323 469.91 9876.94 823.08 189 174.73 5776.33 481.36

chronic kidney disease 1 435 052.79 43 818.41 3651.53 689 220.80 21 044.91 1753.74

Overall 2 279 702.45 69 609.24 5800.77 1 202 481.32 36 716.99 3059.75

Upper range of 
transition 
probabilities

Hypertension without 
complications

13 544.50 413.57 34.46 13 127.00 400.82 33.40

Stroke 379 943.88 11 601.34 966.78 255 223.39 7793.08 649.42

Myocardiac infarction 44 105.01 1346.72 112.23 36 735.95 1121.71 93.48

Heart failure 56 071.51 1712.11 142.68 42,587.66 1300.39 108.37

chronic kidney disease 327 979.33 10 014.64 834.55 222 564.79 6795.87 566.32

Overall 821 644.23 25 088.37 2090.70 570 238.78 17 411.87 1450.99

Exchange rate: 1 USD = 7.31 GHS.
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results to internal medicine physicians and epidemiologists who 
provided consistent opinions in support of the validity of the 
simulation.

Furthermore, our simulation suggests that the average dis-
counted cost of treatment for hypertension over a lifetime 
(approximately 33 years after diagnosis) is about GHS 869 106 
(USD 119 056), ranging from GHS 570 239 (USD 78 145) to 
GHS 1 202 481 (USD 164 723), based on the plausible range 
of transition probabilities in the disease progression. These 
estimates, which translate into an undiscounted average 
monthly cost of GHS 3908 (USD 535) appeared to be similar 
to previous cost-effectiveness studies of hypertension medi-
cines and community-based intervention in Ghana.15 This 
estimated cost from the patient perspective is likely to be unaf-
fordable for out-of-pocket paying patients. For instance, our 
simulated cost of GHS 288 (USD 40) for monthly treatment 
of uncomplicated hypertension is roughly 71% of the mini-
mum daily wage per month (GHS406) if a person is not cov-
ered under the social health insurance scheme, with an 
estimated coverage of only 40% and with rampant out-of-
pocket payments amongst the insured.41 Additionally, our 

estimate of approximately GHS 2790 undiscounted monthly 
cost of treatment for hypertensive patients with chronic kidney 
disease is also consistent with an average of GHS 2800 esti-
mated by the Tamale Teaching Hospital for patients receiving 
treatment in that facility but is largely beyond the income levels 
of most Ghanaian. Ironically, long-term treatment with hae-
modialysis (life-saving management of chronic kidney disease) 
is also considered too expensive and excluded from the benefits 
package of the NHIS.34 Our simulation shows that up to 71% 
of the overall cost of treating hypertension with any complica-
tion is likely to be due to chronic kidney disease. A recent 
report of the Ghana renal registry corroborates that most 
patients on kidney replacement therapy in Ghana resulted 
from hypertension (38%) and diabetes and that 96.2% of them 
required haemodialysis (the main cost driver in the cost of 
treating hypertensive kidney disease in our simulation).42

Our estimate show that using the recent evidence on the 
plausible prevalence of hypertension, the economic burden (in 
terms of treatment cost) is roughly GH¢ 438.124 million 
(ranging from GH¢ 377.394 million to GH¢ 503.192 million), 
which represents roughly 0.08% of the gross domestic product 

Table 4. cost differentials between patient and health system perspectives (in Ghana cedis).

TRAnSITIOn 
pROBABIlITIES USED

DISEASE STATE nHIS pATIEnT cOST DIFF % DIFF

Base values Hypertension without 
complications

77 578.59 87 592.66 10 014.07 12.91

Stroke 15 286.34 15 885.19 598.85 3.92

Myocardiac infarction 111 714.79 113 037.59 1322.80 1.18

Heart failure 76 790.46 78 776.99 1986.53 2.59

chronic kidney disease 569 523.16 573 813.69 4290.53 0.75

Overall 850 893.35 869 106.11 18 212.76 2.14

lower range of transition 
probabilities

Hypertension without 
complications

49 857.50 56 293.25 6435.75 12.91

Stroke 125 196.98 130 101.62 4904.64 3.92

Myocardiac infarction 136 079.62 137 690.92 1611.30 1.18

Heart failure 184 404.29 189 174.73 4770.44 2.59

chronic kidney disease 684 067.35 689 220.80 5153.45 0.75

Overall 1 179 605.75 1 202 481.32 22 875.57 1.94

Upper range of transition 
probabilities

Hypertension without 
complications

11 626.25 13 127.00 1500.75 12.91

Stroke 245 601.86 255 223.39 9621.53 3.92

Myocardiac infarction 36 306.05 36 735.95 429.90 1.18

Heart failure 41 513.72 42,587.66 1073.94 2.59

chronic kidney disease 220 900.62 222 564.79 1664.17 0.75

Overall 555 948.50 570 238.78 14 290.28 2.57
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(GDP), but ranges from 0.07% to 0.09%) in 2022. In context, 
Ghana’s health expenditure is estimated at 3.4% of GDP on 
health, hence comprehensively addressing the treatment needs 
of hypertension and related complications may require only a 
small proportional increase in health spending relative to the 
GDP. Ghana’s per capita health expenditure of USD 75 is 
lower than the African average of USD128 per capita and sig-
nals a need for more and efficient investments in health, includ-
ing addressing the treatment needs of those living with 
hypertension and related complications.

Also, the treatments recommended for some hypertension 
and related complications by the standard treatment guidelines 
are not readily available in all parts of the country. For example, 
there are facilities for haemodialysis in patients with kidney 
disease, but they are only available in 5 out of 16 political and 
administrative regions of the country.42 Thus, the cost esti-
mated in this simulation better represents a protocol-based 
cost of illness rather than the ‘true cost’ experienced by all 

patients across the country. Similarly, the majority of hyperten-
sion patients in Ghana are unaware of their status, and those 
aware are often not on appropriate orthodox treatment or are 
non-compliant with the recommended regimen.16,43 A previ-
ous study attributed the large degree of treatment non-compli-
ance to the high cost of treatment.29

Limitations of the Study
The main limitation of the study relates to structural and 
parameter uncertainties. Structurally, we used only 4 (stroke, 
myocardial infarction, heart failure, and chronic kidney) 
amongst numerous plausible complications associated with 
hypertension. Although the choice of these potential compli-
cations was informed by the advice of expert clinicians based 
on complications that contribute greatest to hypertension-
related mortalities in Ghana and tend to require resource-
intensive treatment, the omission of other equally important 
complications such as coronary heart disease and erectile 

Table 5. Estimated cost of treatment for hypertension in Ghana based on the prevalence rate.

ASSUMpTIOn
UnDIScOUnTED cOST 
(1000 GHS)

DIScOUnTED cOST  
(1000 GHS)

ESTIMATED 
pREVAlEncE  
OF HpT

ESTIMATED nUMBER 
OF GHAnAIAnS 
nEEDInG TREATMEnT

DISEASE STATE AnnUAl 
cOST

AVERAGE 
MOnTHly 
cOST

AnnUAl 
cOST

AVERAGE 
MOnTHly 
cOST

30.3% as estimated 
by Atibila et al1,18

9 342 102 Hypertension without 
complications

32 284.81 2690.40 24 986.24 2082.19

Stroke 6335.47 527.96 4531.33 377.61

Myocardiac infarction 47 702.09 3975.17 32 244.54 2687.04

Heart failure 38 991.90 3249.32 22 471.53 1872.63

chronic kidney disease 312 810.02 26 067.50 163 683.23 13 640.27

 Overall 438 124.30 36 510.36 247 916.88 20 659.74

26.1% (lower 
confidence interval 
as estimated by 
Atibila et al1,18)

8 047 157 Hypertension without 
complications

27 809.69 2317.47 21 522.80 1793.57

Stroke 5457.29 454.77 3903.22 325.27

Myocardiac infarction 41 089.92 3424.16 27 775.00 2314.58

Heart failure 33 587.08 2798.92 19 356.67 1613.06

chronic kidney disease 269 450.22 22 454.18 140 994.47 11 749.54

 Overall 377 394.20 31 449.52 213 552.16 17 796.01

34.8% (Upper 
confidence interval 
as estimated by 
Atibila et al1,18)

10 729 543 Hypertension without 
complications

37 079.58 3089.97 28 697.07 2391.42

Stroke 7276.38 606.37 5204.30 433.69

Myocardiac infarction 54 786.56 4565.55 37 033.33 3086.11

Heart failure 44 782.78 3731.90 25 808.89 2150.74

chronic kidney disease 359 266.96 29 938.91 187 992.62 15 666.05

 Overall 503 192.26 41 932.69 284 736.22 23 728.02

Exchange rate: 1 USD = 7.31 GHS as of April 2022.
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dysfunction must be considered as structural limitations of the 
model. With the improved availability of data, future simula-
tions should endeavour to include as many complications as 
feasible.

We conducted an extensive literature search but did not find 
context-specific high-quality evidence from clinical trials and 
observational studies to precisely estimate the probabilities of 
moving from one disease state to another (transition probabili-
ties). As guided by the Society for Medical Decision Making 
(SMDM) guidelines, we elicited the transition probabilities 
from expert opinion. In doing so, we also elicited the plausible 
range of the parameter estimates which was used to test the 
sensitivity of our base results. This also resulted in a wide range 
of cost estimations to reflect the level of uncertainty in our 
data. In this regard, future studies should explore the rate of 
developing complications among hypertensive patients in 
Ghana, which will contribute to more precise cost estimates in 
future simulations.

Furthermore, the unit cost data were taken from NHIS price 
and tariff list, which some industry players opine that, may be 
less than the ‘true cost’ of drugs and services in the market. Also, 
the NHIS service tariffs are differentiated for the public, private 
for-profit, and private not-for-profit, as well as the different 
levels of care although the medicines list, has uniform prices. 
For simplicity, we used the service tariffs for primary hospitals 
for common procedures and services as the primary hospitals 
provide more than 95% of the care required by hypertensive 
patients in Ghana.44 The treatment protocol for hypertension 
treatment in tertiary hospitals which are assessed by less than 
5% of the population also tends to slightly differ from the 
national Standard Treatment Guidelines. Against the back-
drop of the aforesaid, we decided to use the tariffs for primary 
hospitals which represents to a large extent, the usual practice 
for hypertension management in Ghana, but this should be 
considered a limitation as our simulation does not provide a dif-
ferentiated cost of treatment based on the type of health facility 
accessed by patients in the country.

Implications for Health Policy and Research
In terms of health policy, it will be imperative for Ghana to 
initiate comprehensive healthy lifestyle interventions aimed at 
delaying the onset of hypertension (HPT) and encouraging 
routine blood pressure monitoring. Such measures are crucial 
for the early detection and effective management of pre-hyper-
tension and hypertension. Research indicates that these inter-
ventions significantly mitigate the development of complications, 
most notably chronic kidney disease (CKD)—which our study 
highlights that CKD is the complication that could account for 
approximately 67% of the lifetime treatment costs associated 
with hypertension. Therefore, it is essential for future health 
policies to prioritize community-based hypertension prevention 
and management strategies.

Additionally, the Government of Ghana need to address 
the impoverishing out-of-pocket payments associated with 
hypertension-related complications, particularly CKD treat-
ment costs substantially exceed the average income levels in 
Ghana and are not covered by the National Health Insurance 
Scheme (NHIS) benefit package. Hence, future health poli-
cies must incorporate strategies to alleviate the economic bur-
den posed by these complications.

Also, the Ghanaian health system should emphasize the 
establishment of wellness centres and non-communicable dis-
ease (NCD) clinics within all primary healthcare facilities. 
This strategic move will enhance the capacity of the healthcare 
system to deliver comprehensive and effective care for hyper-
tension and its associated complications, thereby improving 
public health outcomes.

Lastly, future studies should also focus on the rate of devel-
oping complications among hypertensive patients in Ghana. 
This will contribute to more precise cost estimates in future 
simulations.
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