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ABSTRACT
Background and methods High body mass index (BMI) 
is a major risk factor for several non- communicable 
diseases. The increasing concern about the health and 
economic burden of BMI makes it essential for countries 
to track their progress on major modifiable risk exposures. 
The aim of the study is to estimate the burden attributable 
to high BMI in Belgium, in terms of years of life lost due 
to disability (YLD), years of life lost due to premature 
mortality (YLL) and disease costs, using comparative 
risk assessment. We followed the general framework 
established in the Global Burden of Diseases, Injuries and 
Risk Factors study. Population attributable fractions were 
calculated for the year 2018 for selected health outcomes 
using local estimates of BMI and burden of disease 
estimates from the Belgian Burden of Disease study.
Results According to our figures, around 37 800 YLD, 
56 000 YLL and €1.85 billion in healthcare costs can be 
attributed to a high BMI. Diabetes had the highest number 
of YLD attributable to high BMI followed by musculoskeletal 
disorders. Cardiovascular diseases accounted for the 
highest burden in terms of YLL attributable to high BMI, 
followed by diabetes and different forms of cancers (i.e., 
breast, colon and rectum and oesophageal cancer).
Conclusion A substantial proportion of the burden of 
disease could be prevented when reducing BMI in Belgium. 
This evidence on the impact of risk factors is important for 
monitoring disease burdens and setting priorities for health 
prevention policies.

INTRODUCTION
High body mass index (BMI) is a major risk 
factor for cardiovascular diseases,1 type 2 
diabetes mellitus1 and several cancers,2 and 
is associated with important musculoskeletal 
disorders, such as osteoarthritis.3 According 
to the World Health Organization (WHO), 
almost 60% of adults (63% of males and 54% 
of females) and nearly one in three school- 
aged children (29% of boys and 27% of 
girls) are living with overweight or obesity in 
the European region. More than 13% of all 
deaths across the WHO European region are 

attributed to overweight and obesity.4 High 
BMI has been considered for years a growing 
public health crisis and an epidemic.5 The 
exposure to an increasingly ‘obesogenic’ envi-
ronment increased the consumption of foods 
and beverages that are unhealthy, as well as 
promoted sedentary lifestyles through reduc-
tions in opportunities for active mobility in 
daily lives.6 Concerns about the health and 
economic burden of increasing BMI have 
led to overweight and obesity being included 
among the global non- communicable disease 
targets of the Sustainable Development 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ High body mass index (BMI) is a major risk factor 
for several non- communicable diseases. In Belgium, 
like in other Western countries, the average BMI of 
the population has increased over the past decades. 
The Global Burden of Diseases, Injuries and Risk 
Factors (GBD) study provides estimates on the bur-
den attributable to high BMI at global level. These 
often are not produced with the best available data, 
which is why local burden of disease studies have 
been launched in several countries to have more 
local estimates.

WHAT THIS STUDY ADDS
 ⇒ The study provides an estimation of the burden at-
tributable to high BMI in Belgium, using locally avail-
able data sources. This work is part of the national 
burden of disease study (Belgian Burden of Disease 
[BeBOD]) which aims to calculate the burden for dis-
eases and risk factors in Belgium.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ If the GBD estimates provide an important tool for 
comparison of the burden across countries, the 
estimates presented in this study (and in general 
in BeBOD) represent a better fit for comparison of 
diseases and subgroups within Belgium. This paper 
highlights the urgent need for interventions to re-
duce the burden of high BMI.
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Goals.7 In Belgium, like in other Western countries, 
the average BMI of the population has increased over 
the past decades among both children and adults.8 
According to the Belgian Health Examination Survey, 
in 2018, more than half of the adult population was 
affected by overweight and 16% was affected by obesity.8 
This is predicted to increase among Belgian adults within 
the next 10 years.9 It is therefore essential for countries, 
including Belgium, to track their progress on high BMI.

The aim of the study is to estimate the attributable 
burden of high BMI in Belgium, in terms of years of 
life lost due to disability (YLD), years of life lost due to 
premature mortality (YLL) and disease costs. We used 
comparative risk assessment to quantify the fraction of 
the burden of specific diseases that could be avoided if 
the risk factor—in this specific case of high BMI—had 
been maintained at healthy levels.

METHODS
The estimation of the attributable to high BMI (≥25 kg/
m2) followed the general framework established for 
comparative risk assessment, as used in the Global Burden 
of Diseases, Injuries and Risk Factors (GBD) study10 (see 
figure 1). Population attributable fractions (PAF) were 
calculated for the year 2018 for selected health outcomes 
using international literature (GBD study) and local esti-
mates of BMI and burden of disease estimates from the 
Belgian Burden of Disease (BeBOD) study.11 All the anal-
yses were conducted in R V.4.2.2.12 In what follows, each 
of these steps will be described in more detail.

Estimation of population exposure
BMI estimates were computed using self- reported height 
and weight from the Belgian Health Interview Survey 

(BHIS) of 2018. The BHIS is a cross- sectional population 
survey conducted every 5 years in Belgium.

A stratified multi- stage, clustered sampling method 
is applied based on the national register number, as 
described in detail elsewhere.13 The data included in this 
study are from the survey conducted between January 
and December 2018 among a representative sample of 
the Belgian population (N=11 611) and comprises data 
on health and related- health behaviours and other 
determinants. Interviews were performed using face- 
to- face interview questionnaire, supplemented with a 
self- administered questionnaire covering more sensitive 
topics.13 We included in our analysis only the respon-
dents of the survey, meaning everyone aged 15 years and 
older. In our analysis, we opted for a continuous distribu-
tion of BMI.

Relative risk estimates
We included 15 risk- outcome pairs derived from the 
systemic assessments conducted in the GBD study 2019.10 
These included: oesophageal cancer, colon and rectum 
cancer, gallbladder and biliary tract cancer, pancreatic 
cancer, breast cancer, uterine cancer, ovarian cancer, 
kidney cancer, thyroid cancer, ischaemic heart disease, 
ischaemic stroke, intracerebral haemorrhage, suba-
rachnoid haemorrhage, type 2 diabetes, osteoarthritis 
hip, osteoarthritis knee and low back pain. We adopted 
the relative risks used in the GBD study 2019 (online 
supplemental appendix section 1), as also used in other 
national burden of disease studies.14 These assumed that 
people younger than 20 years have no increased risk due 
to their BMI and that the same risk applies for morbidity 
and mortality outcomes of each disease.

Figure 1 Flowchart of data analysis—in lighter grey the data sources.
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An exponential function was used to characterise the 
shape of the relative risk across BMI units: RR

(
BMI−25

)
/5 . 

Meaning that for every 5 kg/m2 units increase in BMI an 
increase in risk equal to the age, sex and disease- specific 
relative risk was estimated. Furthermore, no risk increase 
was accounted for BMI below 25.10

Population attributable fraction
The PAF was calculated based on the comparative risk 
assessment approach, using the following formula:
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where P(x) is the prevalence of the BMI value (x) for the 
participants in the BHIS and  RR
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d   the relative risk of 
disease d associated with a BMI equal to x.  P
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was computed at individual level based on the individual 
BMI and the corresponding age- and sex- specific relative 
risk. For each age and sex combination, a survey weighted 
average of the combination of BMI and RR was computed 
and applied in the PAF formula. Age groups- and sex- 
specific PAFs were calculated for each risk- outcome pair.

Attributable burden of disease
The burden of disease attributable to high BMI was 
derived by multiplying age- and sex- specific PAFs of each 
disease by the corresponding burden. Figure 2 summa-
rises the data sources used for each outcome. These 
included YLD and YLL, and total attributable healthcare 
costs. We used the prevalence approach for the compu-
tation of YLD,15 with estimates from the BeBOD study 
(see online supplemental appendix section 1 for details 
on the data sources used for each disease) and disability 
weights derived from the GBD study 2019.10 The data 
source for YLL computation was the national mortality 
registry, and the results can be found in Devleesschauwer 
and Scohy.16 Healthcare costs were computed using data 
linkages (see online supplemental appendix section 2 for 
more details). The health and economic burden of all the 

disease categories refer to the year 2018. The methods 
and the results for the burden computation are described 
in online supplemental appendix sections 3 and 4. For 
each disease, the sum of the attributable burden was then 
divided by the sum of the total burden to have the total 
sex- specific PAFs. This might have caused a difference in 
PAF for morbidity and mortality outcomes (even if the 
risk functions were the same), as the burden distribution 
among the ages is not equally distributed for morbidity 
and mortality outcomes.

For some diseases, the definition used for the rela-
tive risks of the GBD study did not match the BeBOD 
disease list. This was due to the GBD’s disaggregating 
causes to a further level. For example, osteoarthritis was 
disaggregated by GBD in different types of osteoarthritis 
(hip, knee, hand and other types of osteoarthritis), out 
of which osteoarthritis of the knee and osteoarthritis of 
the hip had an increased risk linked to high BMI. In the 
BeBOD study, osteoarthritis was estimated as a single 
disease. To adjust for the mismatch, a range of sources 
were used to identify the proportion of the total preva-
lence of the disease that would correspond to the disag-
gregation available for the relative risk. For example, the 
GBD study provides the proportion of osteoarthritis of 
the hip and knee of the total prevalence of osteoarthritis. 
PAFs were calculated at the GBD cause level and then 
multiplied by the proportions summarised in online 
supplemental appendix table 3 to calculate the attribut-
able burden. In addition, the data source used for the 
computation of the burden of diabetes does not allow 
to differentiate between diabetes type 1 and type 2. This 
means that the PAF computed here is specific to diabetes 
type 2 but applied to the overall burden of diabetes.

Uncertainty analysis
We used 1000 Monte Carlo simulations to propagate 
the uncertainty in the different inputs (i.e., distribution 
of BMI, relative risk). The survey weighted mean and 
standard error of the  P(x) RR(x)d   by age and sex were 

Figure 2 Summary of data sources used for each disease and outcome. BHIS, Belgian Health Interview Survey.
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used to have 1000 draws taken from a normal distribu-
tion assumed for the average risk. Uncertainty around 
the relative risk input was estimated using 1000 draws 
from a gamma distribution. The parameters of the latter 
(i.e., shape and scale) were computed based on the mean 
and confidence intervals available in GBD 2019. The two 
were combined resulting in 1000×1000 PAFs. The 95% 
CIs are presented for the age- and sex- specific PAF esti-
mates only.

RESULTS
High BMI (≥25 kg/m2) significantly contributed to the 
burden of the 15 diseases studied. The results of the 
contribution of high BMI to the disease outcomes can be 
found in online supplemental appendix section 4. More 
specifically, online supplemental appendix table 6 shows 
the PAF and the attributable burden by sex and disease. 
The highest PAF was the one for type 2 diabetes which 
accounted for 41.5% of the morbidity burden for females 
and 44.5% for males. Uterine cancer represented the 
second highest attributable fraction for females (around 
24% of the overall burden), whereas for males subarach-
noid haemorrhage was the second highest (23.0% of the 
burden). In terms of mortality PAF, diabetes was still the 
highest (but lower compared with morbidity PAF) with 
25.4% for females and 38.8% for males. Age- specific PAF 
estimates can be found in online supplemental appendix 
section 4 (Zenodo dataset). Diabetes type 2 was the 

disease for which the attributable burden was the highest 
in ages 25–35 years. For most diseases, the peak PAF was 
observed in the age group 55–65.

The burden attributable to high BMI summed up to 
around 37 800 YLD, 55 995 YLL and €1.85 billion in 
healthcare costs attributable to high BMI in Belgium in 
2018. Within the diseases studied, type 2 diabetes had the 
highest attributable burden equal to 9109 YLD, 2556 YLL 
and €345 million in healthcare costs for females and 9905 
YLD, 4762 YLL and €380 million for males. The second 
highest contributor to the YLD attributable to high 
BMI was low back pain with 3276 YLD for females and 
2798 YLD for males. Low back pain was also the second 
highest contributor to the attributable healthcare costs 
with almost 67 million € for females and 57 million € for 
males. In terms of attributable YLL, the highest burden 
was for ischaemic heart disease with 5709 YLL for females 
and 14 767 YLL for males. Ischaemic heart disease was 
also the disease for which the attributable healthcare cost 
was the highest.

Figure 3 compares the total burden of the disease and 
the burden attributable to high BMI in terms of YLD. 
Musculoskeletal disorders had the highest total number 
of YLD among the selected diseases (178 065 YLD). 
12 332 YLD within musculoskeletal disorders could be 
attributed to a high BMI. Similarly, almost half of the 
total burden of diabetes (88 393 YLD) and 5151 YLD of 
the total burden of cardiovascular disorders (31 772 YLD) 

Figure 3 Total and attributable years of life lost due to disability (YLD) per disease—each rectangle represents the total 
burden in terms of YLD for each of the diseases (colours represent disease groups). The grey area inside each rectangle 
represents the burden in terms of YLD attributable to high body mass index. The bigger the area the bigger the number of YLD.
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could be attributed to a high BMI. The total burden of 
the selected cancers amounted to 20 417 YLD, out of 
which 1274 could be attributed to high BMI.

In terms of YLL, cardiovascular disorders had the 
highest burden with 249 037 YLL in 2018, out of which 
31 893 YLL were attributable to high BMI. For all observed 
cancers, 14 746 YLL could have been avoided within the 
total burden of 219 040 YLL. Type 2 diabetes had a total 
burden of 22 321 YLL and 7318 YLL were attributable to 
high BMI (see figure 4).

DISCUSSION
This study aimed to quantify the burden attributable to 
high BMI in terms of YLD, YLL and healthcare costs. 
According to the figures of 2018, around 37 800 YLD, 
56 000 YLL and €1.85 billion in healthcare costs could 
be attributed to high BMI. In particular, diabetes had 
the highest number of YLD attributable to high BMI 
followed by musculoskeletal disorders. Cardiovascular 
diseases accounted for the highest burden in terms of 
YLL attributable to high BMI, followed by diabetes and 
different forms of cancers (ie, breast, colon and rectum 
and oesophageal cancer).

Our results are based on the comparative risk assess-
ment approach in line with the methodology used in the 
GBD study. Nevertheless, we used exposure and burden 
estimates locally available from the BeBOD study. Our 
attributable burden estimates are in general lower than 
those estimated for Belgium by GBD the study for 2019 
but the conclusions are the same regarding the contribu-
tion of high BMI to type 2 diabetes and ischaemic heart 
disease.10 The differences might be explained by the use 
of different data inputs for the exposure, the prevalence 

and mortality. Our estimates are derived from nation-
ally representative data sources that are more accurate 
to describe the Belgian burden. Nevertheless, GBD esti-
mates account for self- reported bias of BMI and media-
tion of different risk factors that might also lead to higher 
results.

Compared with other European studies that used 
comperative risk assessment as measure of attributable 
burden, our estimates were lower than the PAF calculated 
for cardiovascular disease mortality based on a study in the 
Netherlands (14% vs 50%, respectively)17 but were similar 
to those of a study conducted in the England and Wales.18 
However, within the latter study, the PAF for mortality for 
type 2 diabetes was much higher than the one found in 
our study (77% vs 33%, respectively). When comparing 
our estimates to a Swedish study that computed high BMI 
PAF, they found a much bigger difference among sexes in 
the PAF for circulatory diseases compared with our study, 
while the estimates of PAF for musculoskeletal disorders 
in the same study aligned with ours.19 These differences 
could be explained by a number of different methods 
employed. For example, the above- mentioned Dutch 
study combines BMI and waist circumference to predict 
cardiovascular disease mortality within a cohort study.

The implications of this analysis are multiple. Consid-
ering that overweight and obesity are growing problems 
globally, monitoring the burden of high BMI contrib-
utes to shedding light on the urgency of implementing 
internationally recommended effective policy actions 
to address obesogenic food environments, via, among 
others, the implementation of food and drink restric-
tions and taxation, restrictions on food marketing and 
advertising. The importance of estimating the impact 

Figure 4 Total and attributable (YLL) per disease—each rectangle represents the total burden in terms of YLL for each of 
the diseases (colours represent disease groups). The grey area inside each rectangle represents the burden in terms of YLL 
attributable to high body mass index. The bigger the area the bigger the number of YLL.
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of risk factors lies not only in the need to inform health 
policies but also to identify research priorities and form 
a basis for future modelling of trends and interventions. 
The same methodology (comparative risk assessment) 
can be used to estimate the possible impact of different 
interventions on the burden attributable to a risk factor 
by altering the counterfactual scenario.

Strength and limitations
One important strength of the study is the use of nation-
ally available data sources for BMI and the burden of the 
different diseases. These were selected considering the 
specificity and sensitivity of the data sources as being the 
most suitable available ones in Belgium. Some of these, 
like the mortality registry and the cancer registry data, 
represent a complete coverage of the events occurring 
in Belgium. Nevertheless, since the exposure estimates 
were self- reported by survey participants, they are subject 
to recall and social desirability biases. A recent study 
conducted on the data of BHIS of 2018 found that using 
self- reported BMI allowed to detect only 78% of BHIS 
participants with overweight and 69% of BHIS partici-
pants with obesity.20 This led to an underestimation of 
our PAF estimates, which might explain some of the 
differences with the other studies. Data availability also 
affected the possibility to analyse all the diseases that are 
related to high BMI. For instance, cardiovascular diseases 
like atrial fibrillation and hypertensive heart disease are 
also linked to high BMI but since no burden of disease 
estimates are yet available in the Belgian national burden 
of disease study, it was not possible to include them. In 
addition, different European studies have evaluated PAF 
of high BMI for prostate cancer21 22 but the GBD study 
2019 did not provide relative risks for this risk- outcome 
pair. This may have led to an underestimation of the total 
attributable burden.

Our study did not consider the joint effects that a 
combination of risk factors or comorbidities can have on 
the risk attributable burden. For example, physical inac-
tivity and high blood pressure share a common causal 
pathway with high BMI in the development of cardiovas-
cular disease and type 2 diabetes. The burden might also 
be affected by the co- occurrence of different diseases, 
for example diabetes can be a risk factor for cardiovas-
cular diseases. In addition, the relative risks provided by 
GBD consider the same increased risk for morbidity and 
mortality outcomes, which represents a simplification of 
the actual risk. These are estimated by pooling together 
into a pooled cohorts, or meta- analyses of cohorts of 
different studies that include prospective observational 
studies (cohort, pooled cohort and case–control studies) 
and randomised controlled trials.10 Relative risks from 
studies that controlled for confounding were incorpo-
rated but not the ones that accounted for factors along 
the causal pathway between exposure and outcome.10 
Limited information is given on which confounders are 
included. The absence of, or the limited, control for 
appropriate confounders might undermine the causal 

claims made through the PAF. The PAF bias will depend 
on the magnitude of the confounding, the prevalence 
of confounding variable and the strength of association 
between exposure and outcome.23

Future research could look at the estimates here 
presented together with other major factors such as 
smoking and alcohol. Martin- Moreno and colleagues 
evaluated the proportions of cancer incidence attribut-
able to different avoidable risk factors in Europe and high 
BMI ranked third in men (after smoking and alcohol) 
and second in women (after smoking).24 This ranking 
may alter, and in the next decade, as smoking prevalence 
decreases in some countries, obesity may become the 
biggest attributable cause of cancer in women.

CONCLUSION
A substantial proportion of the burden of disease, in 
particular the burden related to type 2 diabetes, low back 
pain, cardiovascular diseases and some types of cancer 
can be attributed to high BMI. This evidence on the 
impact of risk factors is important for monitoring disease 
burdens and setting priorities for health prevention poli-
cies.
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