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ABSTRACT
Introduction Prior studies have revealed the increasing 
prevalence of obesity and its associated health effects 
among ageing adults in resource poor countries. 
However, no study has examined the long- term and 
economic impact of overweight and obesity in sub- 
Saharan Africa. Therefore, we quantified the long- term 
impact of overweight and obesity on life expectancy 
(LE), quality- adjusted life years (QALYs) and total direct 
healthcare costs.
Methods A Markov simulation model projected 
health and economic outcomes associated with three 
categories of body mass index (BMI): healthy weight 
(18.5≤BMI <25.0); overweight (25.0≤BMI < 30.0) and 
obese (BMI ≥30.0 kg/m2) in simulated adult cohorts 
over a 50- year time horizon from age fifty. Costs were 
estimated from government and patient perspectives, 
discounted 3% annually and reported in 2017 US$. 
Mortality rates from Ghanaian lifetables were adjusted 
by BMI- specific all- cause mortality HRs. Published input 
data were used from the 2014/2015 Ghana WHO Study 
on global AGEing and adult health data. Internal and 
external validity were assessed.
Results From age 50 years, average (95% CI) remaining 
LE for females were 25.6 (95% CI: 25.4 to 25.8), 23.5 
(95% CI: 23.3 to 23.7) and 21.3 (95% CI: 19.6 to 21.8) 
for healthy weight, overweight and obesity, respectively. 
In males, remaining LE were healthy weight (23.0; 
95% CI: 22.8 to 23.2), overweight (20.7; 95% CI: 20.5 
to 20.9) and obesity (17.6; 95% CI: 17.5 to 17.8). In 
females, QALYs for healthy weight were 23.0 (95% CI: 
22.8 to 23.2), overweight, 21.0 (95% CI: 20.8 to 21.2) 
and obesity, 19.0 (95% CI: 18.8 to 19.7). The discounted 
total costs per female were US$619 (95% CI: 616 to 
622), US$1298 (95% CI: 1290 to 1306) and US$2057 
(95% CI: 2043 to 2071) for healthy weight, overweight 
and obesity, respectively. QALYs and costs were lower in 
males.
Conclusion Overweight and obesity have substantial 
health and economic impacts, hence the urgent need 
for cost- effective preventive strategies in the Ghanaian 
population.

INTRODUCTION
Obesity (body mass index, BMI≥30.0 kg/
m2) is one of the leading risk factors for 
non- communicable diseases (NCDs) and 
has become a major global health concern.1 
Since 1980, the prevalence of obesity has 
doubled among adults in most parts of the 

Key messages

What is already known?
 ► Obesity is a significant global public health chal-
lenge because it is a major risk factor for many non- 
communicable diseases (NCDs) and independently 
predicts overall mortality.

 ► While its prevalence has increased, there is very 
scanty information on the long- term health and eco-
nomic impacts of obesity in sub- Saharan Africa.

What are the new findings?
 ► To our knowledge, this is the first health economic 
modelling study that predicts the long- term health 
and economic impacts of obesity in the Ghanaian 
adult population.

 ► Our results show that overweight and obesity are 
associated with substantial health and economic 
burden.

What do the new findings imply?
 ► As a major risk factor for NCDs, our evidence re-
inforces WHO’s anticipated double burden of com-
municable and NCDs in the near future in most 
low- income and middle- income countries.

 ► The substantial economic burden found will signifi-
cantly increase over the coming decades if proactive 
steps are not implemented to reduce the increasing 
prevalence of overweight and obesity.

 ► This study has developed a readily available mod-
el to support cost- effectiveness analysis of obesity 
preventive interventions.
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world including sub- Saharan Africa.1 2 Obesity substan-
tially increases morbidity, disability and mortality, and 
poses a significant economic burden to populations.1 3 
In spite of the difficulty associated with its management,4 
health consequences and cost burden,3 5 the prevalence 
of obesity is increasing in many places.2 6 This increase 
may present a major challenge to households, clinicians, 
health systems and, especially, decision- makers when 
allocating resources to prevent or manage obesity7 and 
obesity- related disabilities.

Interventions to prevent or manage obesity in popula-
tions with high prevalence can be resource intensive. As 
obesity is a major risk factor for NCDs, evaluating associ-
ated policies could pose significant challenges as NCDs 
impose enormous health and economic effects.1 5 While 
clinical trials are limited by time, and therefore can 
provide evidence of short- term to medium- term effects, 
economic modelling is a method that can provide esti-
mates of the possible long- term effects.8 Estimating the 
long- term effects of overweight and obesity are neces-
sary to identify differences in subpopulations, inform 
the development and correctly target obesity prevention 
and management strategies, and the allocation of health 
resources.9 A key long- term metric that has also been 
useful in communicating the impact of obesity is years of 
life lost (YLL).10 In this context, YLL is estimated as the 
difference between the remaining life expectancy (LE) 
of a person with healthy weight and that of person with 
overweight or obesity.9 10 Previous studies have shown 
that compared with healthy weight, the remaining LE 
due to obesity is lower.9–11

Despite the challenges obesity presents,1 12 there is a 
dearth of studies estimating the long- term impacts of obesity 
on health and economic outcomes in sub- Saharan Africa. 
Therefore, the aim of this study was to quantify the long- 
term health and economic effects of overweight and obesity 
in Ghana. Specifically, we reported remaining LE, YLL, 
quality- adjusted life years (QALYs) and the direct healthcare 

costs stratified by sex for healthy weight, overweight and 
obesity for individuals aged 50 years at baseline. Finally, we 
estimated the YLL, QALYs and total costs scaled up to the 
entire 50- year- old population with overweight and obesity, 
compared with those with healthy weight.

METHODS
Model description
A Markov model that used survey- estimated parame-
ters was adapted in this study to simulate the health and 
costs outcomes for a hypothetical adult cohort of 10 000 
subjects,13 14 accounting for age, sex and BMI status. The 
model generated remaining LE, YLL, QALYs and costs for 
persons with healthy weight, overweight and obesity. Second- 
order Monte Carlo simulation in which the values were simul-
taneously drawn from multiple distributions was performed. 
The cycle length was 1 year and the subjects, with initial age 
of 50 years, were simulated until death or until age 100 years. 
This study used an initial age of 50 years due to the availa-
bility of key input parameters for this age.15–17 To estimate 
the impact of different categories of BMI on remaining LE, 
YLL, QALYs and costs, simulated subjects were assumed to 
remain in their BMI category for their lifetime. Even though 
in reality there might be changes in the BMI of these individ-
uals, there is little information to estimate the annual BMI 
changes for this population.

There were two health states: alive and dead with 
dead as an absorbing state.18 A subject either remained 
in the alive state or moved onto the next cycle or died 
(figure 1). The probability of death was determined by 
the mortality rates from the Ghanaian general popu-
lation adjusted according to the BMI category.14 BMI- 
specific mortality was estimated as a function of age, sex 
and BMI category. Current age- specific and sex- specific 
prevalences of individuals in each BMI category were 
estimated in our previous studies,15 age- specific and sex- 
specific mortality rates were taken from the 2015 Ghana 

Figure 1 Structure of the Markov model. # denotes the remainder of the probability at the terminal node. LE, life 
expectancies.
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life tables19 (table 1), and BMI- specific HRs of all- cause 
mortality taken from the published literature20 (table 2). 
An increased risk of mortality for each 5- unit increase of 

BMI allowed the variation of mortality for subjects based 
on the BMI category.9 20 The methods used to determine 
mortality rates have been described elsewhere.9

Health state utilities (HSUs)16 and direct healthcare 
costs data17 for each BMI category were simulated using 
beta and gamma distributions, respectively. The model was 
constructed using TreeAge Pro Suite V.2018 R1.1 (TreeAge 
Software, Williamstown, Massachusetts, USA). One- way 
(shown in tornado diagram) and probabilistic sensitivity 
analyses were used to address parameter uncertainty. The 
model was tested on its face, internal and external validity.

Study population
Parameters including the prevalence of the BMI catego-
ries,15 HSUs16 and direct healthcare costs17 were estimated 
using the 2014/2015 Ghana WHO’s Study on global 
AGEing and adult health (WHO SAGE). The parameters 

Table 1 Key parameters in the model (prevalence, health state utilities and mortality rates)

Parameters Age 
groups, 
years

Females Males

DistributionsBMI categories
Healthy 
weight Overweight Obese

Healthy 
weight Overweight Obese

Prevalence 
(95% CI)

            

50–59 0.468 (0.413 
to 0.520)

0.259 (0.235 
to 0.314)

0.262 (0.221 
to 0.305)

0.656 
(0.590 to 
0.713)

0.271 (0.219 
to 0.334)

0.072 
(0.044 to 
0.121)

60–69 0.520 (0.461 
to 0.578)

0.243 (0.204 
to 0.290)

0.237 (0.181 
to 0.300)

0.687 
(0.614 to 
0.760)

0.275 (0.204 
to 0.349)

0.038 
(0.021 to 
0.066)

70–79 0.587 (0.511 
to 0.645)

0.282 (0.233 
to 0.345)

0.131 (0.093 
to 0.192)

0.819 
(0.758 to 
0.866)

0.139 (0.098 
to 0.196)

0.043 
(0.024 to 
0.080)

85+ 0.759 (0.659 
to 0.808)

0.153 (0.099 
to 0.299)

0.088 (0.065 
to 0.169)

0.774 
(0.677 to 
0.855)

0.202 (0.122 
to 0.301)

0.024 
(0.008 to 
0.072)

Health state 
utilities (average 
(95% CI))

50–59 0.807 (0.792 
to 0.823)

0.805 (0.786 
to 0.825)

0.795 (0.772 
to 0.818)

0.837 
(0.821 to 
0.852)

0.840 (0.813 
to 0.866)

0.797 
(0.722 to 
0.871)

Beta

60–69 0.793 (0.775 
to 0.810)

0.802 (0.782 
to 0.823)

0.754 (0.708 
to 0.800)

0.822 
(0.809 to 
0.836)

0.815 (0.783 
to 0.847)

0.832 
(0.764 to 
0.899)

Beta

70+ 0.737 (0.719 
to 0.756)

0.733 (0.701 
to 0.765)

0.710 (0.654 
to 0.766)

0.763 
(0.743 to 
0.782)

0.729 (0.669 
to 0.789)

0.715* Beta

Mortality rates
(per 1000) for the 
general population

50–54 0.009 0.012

55–59 0.012 0.017

60–64 0.021 0.026

65–69 0.034 0.040

70–74 0.059 0.067

75–79 0.102 0.112

80–84 0.164 0.177

85+ 0.273 0.286

Prevalence,15 health state utilities16 and mortality rates19 were taken from previous studies.
*CIs were not estimated due to insufficient data, (the subsample for males with obesity in age group 70 years and above, n=13).
BMI, body mass index.

Table 2 Key parameter in the model (HR)

*HR

BMI ranges

Distributions15–25 kg/m² 25–50 kg/m²

Age 
groups, 
years

    

35–59 0.76 (0.71–0.81) 1.37 (1.31–1.42) Not reported

60–69 0.77 (0.73–0.82) 1.32 (1.27–1.36)

70–79 0.82 (0.77–0.87) 1.27 (1.23–1.32)

80–89 0.89 (0.80–0.97) 1.16 (1.10–1.23)

*HR increased per 5 kg/m2 unit increase of BMI.20
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estimated for the older adult who were 50 years and above 
were used for this modelling exercise as they were nation-
ally representative in the WHO SAGE data.15–17 21 Addi-
tionally, while data on prevalence and HSUs were avail-
able for all adults aged 18 years and older, costs data were 
available only for those above 50 years.15–17 Of the 4735 
survey respondents, 1114 were excluded as they were less 
than 50 years of age or had missing or biologically implau-
sible weight (weight <30.0 kg or >250.0 kg), height (height 
<100 cm or >250 cm) and waist (circumference <25.0 cm 
or >220 cm) measurements22 23 ; resulting in 3350 for 
analysis. SAGE used a stratified multistage cluster design 
to collect data that yielded national and subnational esti-
mates with acceptable precision using region and locality 
(rural/urban) as the primary sampling unit.21. Survey 
weights provided by WHO SAGE were applied in all esti-
mations to ensure that values are representative of the 
Ghanaian population. Please visit http://www. who. int/ 
healthinfo/ sage/ cohorts/ en for further information on 
the WHO SAGE.

Base case population
The WHO SAGE database was the source of most of the 
model’s parameters. As such, the base case population 
was Ghanaian adults aged 50 years.

BMI measurement
In the WHO SAGE data, anthropometric measurements 
of body weight and height of respondents were taken by 
trained interviewers using a weighing scale and stadiom-
eter following standard protocols.21 BMI was calculated 
as a person’s weight in kilograms divided by the square 
of their height in metres and obesity was defined using 
cut- offs following the WHO classification. Three BMI 
(kg/m2) categories were used: healthy weight, 18.5≤BMI 
<25.0; overweight, 25.0≤BMI < 30.0; and obesity as BMI 
≥30.0.24 Pregnant women were exempted from weight 
measurements and excluded from this analysis.21

Health state utilities
BMI category- specific HSUs were used to calculate QALYs. 
These were taken from a published study conducted by 
our group using the Ghanaian population.16 It is the only 
study to- date that has estimated BMI- related utility values 
in this population. This study reported HSUs among a 
nationally representative sample of Ghanaian adults, 
stratified by age, sex and BMI categories (table 1).

Costs
Costs were used from both the government and patient 
perspectives and were limited to direct healthcare costs 
(table 3). These costs, stratified by BMI categories 
were taken from our previous study.17 Costs included 
self- reported out- of- pocket costs and the government 
National Health Insurance Scheme (NHIS) claims, both 
of which were estimated for outpatient consultations and 
inpatient admissions. Total costs were estimated as the 
sum of out- of- pocket and the government’s NHIS costs. 
All costs were then converted into US$ equivalent using 
the 2017 average exchange rate (US$1≈ GHS 4.3562) . 
Future costs were discounted at 3%.

YLL, QALYs losses and extra costs
Using healthy weight as a comparator, we estimated the 
average YLL, QALYs lost and the extra direct healthcare 
total costs due to overweight and obesity. Average YLL 
was estimated as the difference in average remaining 
LE between subjects with healthy weight and those who 
were overweight or obese.9 The same process was used 
to estimate the average QALYs lost and additional costs. 
The estimated average effects of YLL, QALYs and extra 
costs were scaled up to the entire 50- year- old popula-
tion in each BMI category based on the 2015 projected 
Ghanaian population.25

Model validity
Validation of the model followed the recommendations 
of the International Society of Pharmacoeconomics and 
Outcomes Research Task- Force 7.26 This was conducted 
in three ways: face validity, internal validity and external 
validity. Face validity was a subjective approach and 
involved people with health expertise in the disease 
area, to ensure the model incorporates the highest level 
of health and epidaemiological evidence. The overall 
structure of the model, population and outcomes were 
reviewed and validated by health economists (AJP, LS, SL), 
biostatisticians (LB, NM, GOB), a clinician (AJP) and an 
epidaemiologist (CGM). Internal validity using goodness 
of fit was performed to test whether the model correctly 
reproduced the input parameters.27 The model was used 
to reproduce sex- specific and age- specific mortalities and 
compared the sex- specific and age- specific mortalities 
used as input parameters. We fitted a linear regression 
and estimated the squared linear correlation coefficient 
(R2), an index of the degree to which the data variation 

Table 3 Key parameter in the model (direct healthcare costs (US$))

Costs type

BMI category Distributions

Healthy weight
mean (95% CI)

Overweight
mean (95% CI)

Obese
mean (95% CI)

OOP 14.5 (10.3 to 18.6) 30.2 (18.9 to 41.5) 48.2 (25.6 to 70.8) Gamma
NHIS 20.3 (18.8 to 21.7) 47.3 (41.7 to 53.0) 83.6 (60.7 to 96.40) Gamma

Direct healthcare costs (US$)17 were taken from our previous study.
NHIS, National Health Insurance Scheme; OOP, out of pocket.
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can be explained. As part of the internal validation 
process, one- way sensitivity analysis of key parameters was 
conducted to check whether the results changed in the 
direction expected when the base values were varied. By 
way of external validation, the model was used to predict 
life expectancies for males and females from age 25 to 85 
years using a 5- year age interval and compared with those 
in the life table. The estimated LEs were assumed to be 
valid if they fell within 1% of the observed LEs reported 
in the life tables when all the BMI categories are kept at 
their prevalence levels in the model.

Uncertainty and sensitivity analyses
Health economic models are mostly characterised by 
some degree of uncertainty.27 28 Tornado diagrams, one- 
way and probabilistic sensitivity analyses were used to 
address uncertainty. One- way sensitivity analyses were 
performed to identify the impact of key parameters on 
the outcomes by varying them from their base case values. 
The parameters were listed in tornado diagrams, ranked 
by the magnitude of their impact on the outcomes. The 
prevalence of healthy weight, overweight and obesity, 
the probability of death for all BMI categories, utility 
values and costs were varied by ±20% of the values used 
in the base case analysis.27 Finally, probabilistic sensitivity 
analysis using second- order Monte Carlo simulation was 
conducted to incorporate multiple parameter uncertain-
ties simultaneously. This allowed for the estimation of the 
CIs, which quantifies the level of uncertainties around 
the calculated LEs, QALYs and costs.

Role of the funding source
The SAGE Wave 2 was supported by WHO and the US 
National Institute on Aging’s Division of Behavioural 
and Social Science Research through Interagency Agree-
ments (OGHA 04034785; YA1323-08- CN-0020; Y1- AG-
1005-01) with WHO. Financial and in- kind support has 
come from the University of Ghana’s Department of 
Community Health.

Patient and public involvement
This is a modelling study and did not directly involve 
patients and the public in the research question devel-
opment, design or analysis. Rather the research devel-
opment process was informed by the need for evidence 
to inform decision- making by policy- makers and health 
systems managers across the gatekeeping levels of health-
care that includes the community. A coauthor (SL) has 
worked at different gatekeeping levels and at the policy- 
making level in Ghana.

RESULTS
Validity assessment
Face validity was confirmed by our clinical, biostatistical, 
health economics and epidaemiological experts. The 
internal validation using the model to compare sex- 
specific and age- specific mortalities with published sex- 
specific and age- specific mortalities (online supplemental 

figure 1) obtained an R2 of 0.999 for females and 0.998 
for males. Univariate sensitivity analyses showed that the 
results changed in the expected direction when each 
input parameter was varied by ±20%. For example, when 
the base case probability of death for 50- year- old women 
with obesity was varied by ±20%, LE varied from 23.7 to 
24.5 years, QALYs ranged between 21.4 and 22.2 and 
costs from US$1131 to US$1158. For external validity, the 
overall hypothetical cohort in the model predicted LEs 
from age 25 years using a 5- year interval for males and 
females, which were compared and found to be almost 
identical to the LEs in the Ghanaian life table (online 
supplemental table 1). The R2 for the predictions and the 
published LEs were 0.998 in males and 0.999 in females.

Model predictions for the base case (age 50 years)
The results for the base case simulations are presented 
in table 4 for both males and females aged 50 years. The 
average remaining LE for healthy weight females was 
25.6 (95% CI: 25.4 to 25.8) years and healthy weight 
males was 23.0 (95% CI: 22.8 to 23.2) years. LE of females 
and males who were overweight was 23.5 (95% CI: 23.3 to 
23.7) years and 20.7 (95% CI: 20.5 to 20.9) years, respec-
tively, and that for obese was 21.3 (95% CI: 19.6 to 21.8) 
years and 17.6 (95% CI: 17.5 to 17.8) years for females 
and males, respectively. The average remaining QALYs 
at age 50 years for those who were overweight (female: 
21.0: 95% CI: 20.8 to 21.2, male: 19.0: 95% CI: 18.8 to 
19.2) and obese (female: 19.0: 95% CI: 18.8 to 19.7, male: 
16.0: 95% CI: 15.8 to 16.2) were lower compared with 
those with healthy weight (female: 23.0: 95% CI: 22.8 
to 23.2, male: 21.0: 95% CI: 20.8 to 21.2). The average 
total costs at the same age were higher for overweight 
(female: US$1298: 95% CI: 1290 to 1306, male: US$1177: 
95% CI: 1169 to 1186) and obesity (female: US$2057: 
95% CI: 2043 to 2071, male: US$1831: 95% CI: 1817 to 
1846) compared with those with healthy weight (female: 
US$619: 95% CI: 616 to 622, male: US$571: 95% CI: 567 
to 575).

YLL, QALYs losses and extra costs
The base case analysis of average and population scaled 
up effect of overweight and obesity on LE, QALYs and 
healthcare costs are presented in table 5. The average 
effects for overweight were YLL (female: 2.1: 95% CI: 1.9 
to 2.3, male: 2.3: 95% CI: 2.1 to 2.5), QALYs lost (female: 
2.0: 95% CI: 1.8 to 2.3, male: 2.0: 95% CI: 1.8 to 2.2) and 
extra total costs (female: US$679: 95% CI: 675 to 683, 
male: US$607: 95% CI: 602 to 611). The average effect 
due to obesity were YLL (female: 4.3: 95% CI: 4.1 to 4.5, 
male: 5.4: 95% CI: 5.2 to 5.6), QALYs lost (female: 4.0: 
95% CI: 3.8 to 4.7, male: 5.0: 95% CI: 4.8 to 5.2) and 
extra total costs (female: US$1438: 95% CI: 1427 to 1449, 
male: US$1260: 95% CI: 1250 to 1271). When the average 
effect was scaled up to the total overweight population, 
notable losses were observed for YLL (females: 66 129: 
95% CI: 59 771 to 72 170 and males: 58 107: 95% CI: 
53 348 to 62 865 years), QALYs (females: 63 585: 95% CI: 
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58 499 to 72 170 and males: 50 092: 95% CI: 45 584 to 54 
600 years) and extra total costs (females: $21.5: 95% CI: 
21.4 to 21.7 million and males: US$15.2: 95% CI: 15.0 to 
15.3 million). For the population with obesity, substan-
tial losses were estimated. The YLLs were 112 992 (95% 
CI: 108 240 to 117 744) and 30 630 (95% CI: 29 718 to 
31 657) years in females and males, respectively. The 
QALYs lost were 105 600 (95% CI: 101 376 to 123 024) 
and 28 520 (95% CI: 27 607 to 29 433) years in females 
and males, respectively. Extra total costs were estimated 
at US$38.0 (95% CI: 37.6 to 38.2) million and US$7.1 
(95% CI: 7.1 to 7.4) million in females and males, respec-
tively. Of note, the health and economic burdens were 
substantially higher among females compared with 
males. Overweight and obesity combined contributed to 
267 869 (95% CI: 251 077 to 284 437) YLL, 247 779 (95% 
CI: 233 066 to 279 227) lost QALYs and an extra cost of 
US$81.9 (95% CI: 81.3 to 82.5) million in the Ghanaian 
population aged 50 years.

Sensitivity analysis
One- way sensitivity analyses of key parameters showed 
impact on the LE, QALYS and costs for 50 year olds 
(online supplemental figures 2–4). It demonstrated that 
for LE, the most sensitive parameters were the proba-
bilities of dying for healthy weight, overweight and for 
persons with obesity. For QALYs, the parameters with 
the greatest impact were HSUs for healthy weight, over-
weight and for persons with obesity. For costs, total costs 
for obesity, total costs for overweight and NHIS costs for 
obesity had the greatest impact. The probabilistic sensi-
tivity analysis estimated the total impact of parameter 
uncertainty on the model and provided the CIs around 
the mean. It produced the best mean LEs, QALYs and 
costs. The CIs presented in table 4 and extrapolated to 
table 5 showed that the estimates were robust.

DISCUSSION AND CONCLUSION
The objective of this study was to quantify the long- term 
impact of overweight and obesity on LE, QALYs and total 
direct healthcare costs in Ghana. Our findings show that 
being overweight or obese is associated with significantly 
lower LEs and QALYs and higher healthcare costs, with 
these effects being higher in females. Overall, over a 
50- year period, the aggregate losses due to overweight 
and obesity in the entire Ghanaian population aged 50 
years were 267 859 YLL, 247 799 QALYs lost and an extra 
cost of US$82 million, of which 64% will be borne by the 
government’s NHIS.

Previous studies in other settings have shown that over-
weight and obesity are associated with YLL, loss of QALYs 
and increased costs.9 14 28 For example, when the impact 
of obesity on QALYs and costs was examined in the USA 
over a 10- year period,29 researchers found that being 
obese led to an average of 1.2 QALYs lost per person and 
increased total medical costs of US$42 800 per person 
compared with having healthy weight. Identical studies in 

the Belgian population28 modelled over a 20- year period 
showed that a unit decrease in BMI resulted in improved 
QALYs and reduced costs. For example, Verhaeghe et al28 
found that in females, a 1- unit reduction in BMI among 
persons with obesity resulted in €1039 cost saving and 
in overweight, €785 was saved. They found that the cost 
impact was higher among females compared with males. 
Extrapolating this to the Belgian population resulted in 
an economic benefit of €15.9 million over the 20- year 
period. The huge costs reported in these studies was 
because costs were estimated based on various obesity- 
related diseases and disabilities, and the availability of 
national cost data.

In our study, overweight and obesity had dramatic 
adverse health and financial effects on individuals as well 
as the total population. Even though the average YLL was 
higher in males compared with females, the scaled up 
effect in the female population were higher mainly due 
to the higher prevalence of overweight and obesity in 
that population. Thus, in general, overweight and obesity 
have enormous impacts on the health and economic 
outcomes in the various studied populations,9 10 28 and 
Ghana was no exception. In Ghana, the prevalence of 
overweight and obesity are steadily increasing, partic-
ularly in the female population.15 With looming crises 
of NCDs and an under- resourced health system with 
constant budget cuts, a huge impact of overweight and 
obesity on health and economic outcomes in the popula-
tion necessitates urgent cost- effective interventions.

To our knowledge, this is the first study in Ghana and 
sub- Saharan Africa to have estimated the long- term 
effects of overweight and obesity on health and economic 
outcomes.2 15 It is expected that most low- income and 
middle- income countries (LMICs) will likely face one of 
the biggest global health crises due to increasing rates 
of NCDs, yet healthcare is inequitable and inaccessible, 
and health facilities are under- resourced along with a 
limited proportion of the health budget available to 
manage NCDs. Besides the association with NCDs and 
higher all- cause mortality,20 obesity has been associated 
with reduced quality of life and LE,9 and high economic 
costs.5 28 Thus, for populations facing an increasing preva-
lence of overweight and obesity, the provision of concrete 
evidence of the long- term effects based on validated 
clinical and epidaemiological data, and the subsequent 
development of cost- effective interventions is vital. Our 
validated model has been developed at a very important 
time when decision- makers are confronted with chal-
lenges of identifying cost- effective measures to manage 
obesity as well as prioritisation of resources to achieve 
major local and global health goals.30

Cost- effectiveness analysis (CEA), particularly in 
NCDs, is generally lacking in most parts of Africa 
due to the lack of parameters, technical capacity and 
organisational support to do so.31 32 To ensure the 
effective implementation of the Universal Healthcare 
Coverage and effective resource utilisation, Ghana 
has to proactively develop ways to reduce burden of 
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disease. Hypertension, an NCD with one of its major 
risk factors as obesity, has been identified as one of the 
high spending and high burden disease areas33 and the 
Ministry of Health in Ghana commenced work in CEA 
of hypertension management.34 Effective management 
of such high burden disease areas requires evidence- 
based high- level resource prioritisation, and health 
systems, policies and operational preparedness. Thus, 
the model developed in this study becomes vital in the 
conduct of CEA to support resource prioritisation and 
preparedness specifically, in the area of NCDs. Our 
study has some limitations. First, the BMI- specific HRs 
used to calculate the BMI category- specific probability 
of dying in our model were taken from a large global 
population sample,20 and were not specific to Ghana. 
Second, in order to estimate the long- term outcomes, 
our model assumes that a subject would remain in the 
same BMI category over the period. Thus, the model 
overly depended on the current BMI prevalence rather 
than varying prevalence over time. As costs were esti-
mated from self- reported health services utilisation, it 
might be subject to recall bias which may lead to over-
estimation or underestimation of the costs. Finally, costs 
used were limited to outpatient consultations and inpa-
tient admissions17 due to the lack of other cost data, 
such as physiotherapy and dietician services and indirect 
costs (eg, cost associated with presenteeism and absen-
teeism from work) in the Ghanaian population. Thus, 
apart from the costs not reflecting the full direct health-
care costs in the population, we did not include indirect 
costs of overweight and obesity. However, studies have 
shown that obesity is increasingly associated with factors 
that reduce work productivity such as absenteeism and 
presenteeism, as well as short- term disabilities,29

Despite the above limitations in our study, most input 
parameters were estimated from the Ghanaian popula-
tion for which the model has been developed, in- line 
with best practice recommendations.35 Additionally, the 
internal and external validations and the sensitivity anal-
yses performed showed that the clinical and epidaemi-
ological data used in our model produced results that 
were close to the reality in this population. The choice of 
modelling technique through to reporting also followed 
best practice.13 Furthermore, the results from our model-
ling study bridge an important gap in the evidence in this 
area in Ghana and in most sub- Saharan African popu-
lations. Additionally, our model has been developed 
at a strategic time when most LMICs need to urgently 
develop sustainable and cost- effective weight reduction 
strategies to curb the burgeoning overweight and obesity 
prevalence. Some past initiatives that will require CEA in 
Ghana include the continual comprehensive behaviour 
change communication regarding obesity by the Ghana 
Health Services,36 and Ghana governments’ strategic 
promotion of the use of locally produced healthy foods.37 
The main idea behind these initiatives has been to 
support obesity prevention by highlighting the value of 
consuming ‘whole, fresh and unprocessed ingredients’.37

We have estimated the long- term impact of overweight 
and obesity on LE, YLL, QALYs and direct health-
care costs in Ghana. In conclusion, the study findings 
suggest that overweight and obesity are associated with 
substantial health and economic burdens in Ghana. This 
research provides essential evidence for policy- makers to 
set priorities during healthcare resource allocation. Our 
model can serve as a basis for future cost- effectiveness 
studies for weight management strategies for this 
population.
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