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Background: Studies on disease burden in Taiwan are lacking. We aimed to quantify the burden of cardiovascular

disease (CVD) attributable to high body mass index (BMI) in Taiwan.

Methods: Using a comparative risk assessment approach from the Global Burden of Disease study, we estimated

the population attributable fraction (PAF), attributable CVD burden, and disability-adjusted life years (DALYs)

according to sex, age, and area of residence in Taiwan. The BMI distribution for the population was obtained from

the National Health Interview Survey in 2013. CVD was defined as an ischemic heart disease or stroke.

Results: The attributable PAF for CVD from high BMI was 18.0% (19.6% in men and 15.6% in women), and it was

highest (42.7%) in those aged 25-30 years. Adults aged 60-65 years had the highest absolute DALYs (11,546). The

average relative age-standardized attributable burden was 314 DALYs per 100,000 person-years, and it was highest

in those aged 75-80 years (1,407 DALYs per 100,000 person-years). Those living in Taitung County had the highest

PAF of 21.9% and the highest age-standardized attributable burden (412 DALYs).

Conclusions: In Taiwan, an 18% reduction in CVDs could be achieved if obesity/overweight was prevented. Prevention

was most effective in early adulthood. The absolute CVD burden from obesity/overweight was highest in middle-

aged men, and the relative burden was highest in older adults. Resource allocation in targeted populations and

specific areas to eliminate CVD and health inequities is urgently required.
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Abbreviations

BMI Body mass index

CRA Comparative risk assessment

CVD Cardiovascular disease

DALY Disability-adjusted life years

GBD Global Burden of Disease

IHD Ischemic heart disease

NHIRD National Health Insurance Research Database

NHIS National Health Interview Survey

PAF Population attributable fraction

pys Person-years

RR Relative risk

SD Standard deviation

UI Uncertainty interval

YLD Years lived with disability

YLL Years of life lost



BACKGROUND

Obesity and overweight have reached epidemic le-

vels worldwide and contribute to substantial cardiovas-

cular disease (CVD) and other health risks.
1

CVDs in-

clude ischemic heart disease (IHD), stroke, and other

heart diseases,
2

and IHD and ischemic stroke account for

approximately 50% and 17.7% of CVD deaths, respec-

tively.
3

CVD deaths increased from 1990 to 2019 and re-

main the leading cause of mortality worldwide.
3

Among

CVD risk factors, obesity plays a role in the direct struc-

tural and functional adaptations of the cardiovascular

system, and it acts as an indirect mediator of other co-

existing risk factors.
4

Globally, CVD burden attributable

to obesity/overweight or high body mass index (BMI)

has been increasing over the past three decades.
5

Com-

pared to China, Japan, Singapore, and South Korea, Tai-

wan has the highest age-standardized disability-adjusted

life years (DALYs) attributable to high BMI compared to

other CVD risk factors.
5

Reasons for the high BMI attri-

buted to more CVD burden than other risk factors in Tai-

wan merit further exploration. The prevalence of high

BMI is known to vary with sex, age, income, and educa-

tion.
6

Publications on detailed demographics and geo-

graphic differences in BMI in Taiwan are lacking. To com-

pare these differences, we used comparative quantified

estimation to illustrate the CVD burden attributed to a

high BMI in Taiwan.

The Global Burden of Disease (GBD) Study, conducted

by the Institute of Health Metrics and Evaluation, provides

a systematic, scientific effort to periodically quantify the

comparative magnitude of health loss.
7

The GBD study

includes estimates from 154 countries, 87 risk factors,

286 causes of death, and 3,228 sequelae.
7

DALYs is a sum-

mary measurement to sum the years of life lost (YLLs)

and years lived with disability (YLDs), which represent

premature death and disability from a certain health

condition.
8

To measure a certain risk factor, we assessed

the population attributable fraction (PAF) and attribut-

able burden. PAF was defined as the proportional reduc-

tion in mortality or morbidity that would occur if past

population exposure to a risk factor was reduced to a

counterfactual condition. The attributable burden was

defined as the disease burden that would occur if expo-

sure had been shifted to an alternative exposure.

In the GBD geographical framework, the estimates

for 204 countries were hierarchically grouped into 21 re-

gions, seven super-regions, and globally. In Bayesian

modeling of the GBD framework, a higher geographical

hierarchy of “region-level” data were prior assumptions

and would be the posterior best estimates if the lower

“country-level” data were lacking. In the GBD framework,

Taiwan, China, and South Korea were categorized in East

Asia rather than in the high-income Asia Pacific due to

political concerns.
7

Thus, incorrect conclusions
9

due to

inappropriate region-level prior assumptions occurred.

However, a large amount of country-level data from pe-

riodic population-based health surveys and universal

health insurance is readily available.
10

Thus, to reflect the

health outcomes in Taiwan, this study aimed to quantify

the PAF and attributable CVD burden due to high BMI

using the GBD framework. We also aimed to compare

disease burden between different sex, age, and geo-

graphic area groups to identify the most susceptible

populations for resource allocation and policy making.

METHODS

Using the comparative risk assessment (CRA) ap-

proach from the GBD study,
11

we quantified the PAF and

CVD disease burden related to high BMI. PAF was a func-

tion of the prevalence of exposure (high BMI) and rela-

tive risk (RR) for the association between high BMI and

CVD. We used National Health Interview Survey (NHIS)

data to estimate the prevalence, and used the RR de-

rived from GBD study in 2015.
12

The prevalence of high

BMI among adults aged � 20 years in Taiwan was ob-

tained from the NHIS in 2013. Details of these surveys

have been published elsewhere.
13

The study was con-

ducted in accordance with the Declaration of Helsinki

and was approved under exempt review procedures by

the Institutional Review Board of National Taiwan Uni-

versity Hospital (approval number: 201808105RINC).

The need for informed consent statements and consent

to participate was waived. To estimate the entire popu-

lation, the BMI distribution and number of participants

were weighted by the sampling rate of each geographic

area. High BMI was defined as BMI � 24 kg/m
2

accord-

ing to the Bureau of Health Promotion, Department of

Health, Taiwan.
14

The composite outcome, CVD, was de-

fined as IHD or ischemic stroke. The RR associated with
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a change in five units of BMI in five-year age groups for

IHD and ischemic stroke was derived from the GBD study

in 2015
12

(shown in Supplementary Table 1). We set the

theoretical minimum risk exposure BMI distribution at

21 � 1 kg/ m
2

according to previous literature reviews.
15

The burden of CVD was assessed according to the

number of deaths, YLL, YLD, and DALYs in the GBD mod-

eling strategies as published elsewhere.
8

YLLs were ob-

tained by subtracting the reference life expectancy from

the age at CVD death. YLDs were calculated from the

point prevalence of CVD, severity of each disease, and

corresponding disability weight. In Taiwan, using the

burden of disease center, the total disease burden was

estimated annually through the Vital Registration and

National Health Insurance Research Database (NHIRD)

from 2000 to 2015. The cause-specific mortality rates in

five-year age groups and GBD life table from the GBD

study in 2017 were used to calculate the YLLs. The point

prevalence of CVD was defined according to Interna-

tional Classification of Diseases-9 codes 410-414 for

IHD, and 433-435 or 437 for ischemic stroke. Prevalent

stroke survivors were defined as those with two seque-

lae: acute and chronic stroke. Acute stroke included first-

ever stroke within 30 days, while repeated events were

defined as chronic stroke. We estimated the point pre-

valence (July 1 was assigned as the index date) by sex

and the five-year age group. Due to data limitations, the

prevalent IHD survivors were not further categorized.

The severity of IHD was not assessed. We directly used

the severity distribution of ischemic stroke from the GBD

study. Disability weights ranged between 0 and 1, where

0 denoted no disability (symptom, limitation, or loss of

health), and 1 denoted a life value equal to death. Sup-

plementary Table 2 presents the disability weights of

each stroke sequela adopted from the GBD study in

2017.
16

To consider comorbidities, a microsimulation

method that assumed independent probabilities of co-

morbid diseases was used.
17

The total disability weight

of the people who had both IHD and stroke would be

less than the sum of each disability weight.

We presented the absolute attributable disease bur-

den from a high BMI to reveal the current condition, cal-

culated by multiplying the PAF of high BMI by the total

number of disease burdens. Since little geographical

data were misclassified through the administrative pro-

cess in 2013 and 2014 in the NHIRD, we multiplied the

PAF in 2013 by the total disease burden estimated in

2015. We also presented the relative disease burden for

every 100,000 person-years (pys) to facilitate compari-

sons. We calculated the relative attributable age-stan-

dardized disease burden per 100,000 pys using the stan-

dard population reported in the 2017 GBD study.

The confidence interval through 1,000 samplings of

the entire population was not available. We reported

point estimates and 95% uncertainty intervals (UIs). UIs

were calculated from 1,000 draw-level estimates for each

RR, and 95% UIs were defined by the 2.5
th

and 97.5
th

percentiles of the ordered 1,000 estimates. We analyzed

the overall and disease burden, every five-year age group,

sex, and geographic area-specific PAF. We also reported

both the absolute and relative attributable burdens. To

evaluate time trends, we performed further analyses us-

ing the prevalence of high BMI from the NHIS in 2009

and 2005 to calculate the PAF and the disease burden of

the corresponding year to calculate the attributable

burden. The Guidelines for Accurate and Transparent

Health Estimates Reporting checklist of information that

should be included in reports of global health estimates

is shown in Supplementary Table 3.

RESULTS

The key findings of the study are shown in the Cen-

tral Illustration. The distributions of sex, age, and geo-

graphic area-specific BMI are shown in Supplementary

Table 4. A total of 23,158.90 weighted participants in

the NHIS, with an average of 32.59 weighted partici-

pants to represent the entire population in 20 specific

areas according to the sampling rate, were presented.

The overall mean BMI standard deviation (SD) was 22.89

(2.55) kg/m
2

in 2013 in Taiwan. A weighted 11770.68

men and 11388.22 women had mean (SD) BMIs of 23.56

(2.36) kg/m
2

and 22.19 (2.12) kg/m
2
, respectively. The

average BMI gradually increased with age before 60

years and was highest at 24.54 to 24.60 kg/m
2

in those

aged 55-70 years. The mean BMI was highest in Taitung

County, Hualien County, and Keelung City at 23.87, 23.23,

and 23.23 kg/m
2
, respectively. The top three high BMI

populations in Taiwan were men aged 35-40 years who

lived in Taitung County, men aged 25-30 years who lived

in Taitung County, and women aged 75-80 years who
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lived in Hualien County, at 28.34, 27.77, and 26.92 kg/

m
2
, respectively. Supplementary Table 1 shows the RRs

associated with a change in five units of BMI in five-year

age groups for IHD and ischemic stroke. The RR for is-

chemic stroke was highest in the 20-30 age group and

decreased with age. Those under 70 years of age had a

higher RR for IHD than ischemic stroke, and those aged

> 70 years had a higher RR of ischemic stroke than IHD.

Table 1 shows that the overall attributable PAF for

CVD from high BMI was 18.0% (95% UI 13.5, 21.9). The

PAF for IHD from high BMI was higher (19.7%) compared

to that of ischemia stroke (15.4%). The PAF for CVD in

men with high BMI was higher (19.6%) compared to that

in women (15.6%). The absolute attributable CVD bur-

den from a high BMI was 73,745 DALYs, including 39,481

YLLs and 34,265 YLDs. The relative age-standardized at-

tributable burden was 314 DALYs per 100,000 pys, in-

cluding 168 YLLs and 146 YLDs. The age-standardized at-

tributable IHD burden due to high BMI was higher com-

pared to that due to ischemic stroke (135 vs. 73 DALYs

per 100,000 pys). Both CVD and IHD had higher YLLs

than YLDs, and stroke had higher YLDs than YLLs.

Figure 1 shows that both men and women had a sin-

gle peak PAF in early adulthood. Men aged 25-30 years

with high BMI even had a peak PAF of 51.5%, compared

to 30.9% in women in the same age group. Men had a

rapid decrease in PAF with age, whereas women had a

relatively stable PAF before 70 years of age. The PAF of

both sexes crossed at 60-65 years of age. Figure 2 shows

that men aged 60-65 years and women aged 75-80 years

had the highest absolute attributable CVD burdens of

7,695 and 4,151 DALYs, respectively. Figure 2 shows that

both men and women aged 75-80 years had the highest

relative attributable age-standardized CVD burdens of

1,508 and 1,327 DALYs per 100,000 pys, respectively.

The detailed numbers are shown in Supplementary Ta-

ble 5. The number of YLDs was higher compared to the

number of YLLs before 30 years of age, and the number

of YLLs exceeded the number of YLDs in those aged 30-

60 years.

Figure 3 shows the PAF for CVD due to high BMI in

different geographical areas in Taiwan. The average PAF

was approximately 17-18% in most areas. However, it

was particularly high at 21.9% in Taitung County, fol-

lowed by New Taipei City (19.8%) and Taoyuan City

(19.6%). Figure 4 shows the age-standardized attribut-

able CVD burden due to high BMI in different geographi-

cal areas. The population with high BMI who lived in

Taitung County had an almost two-fold relative attribut-

able CVD burden compared to the other areas (412 DALYs

vs. 200-250 DALYs per 100,000 pys), and it was much

higher than the second highest area, Pingtung County at

261 DALYs per 100,000 pys. Detailed numbers are shown

in Supplementary Table 6.

The PAF of CVD due to high BMI was stable in 2005,

2009, and 2013 at 18.4%, 18.0%, and 18.0%, respec-

tively. Similarly, men had a higher PAF of CVD due to high

BMI compared to women, and the PAF of IHD due to

high BMI was higher compared to that of ischemic stroke.

The absolute attributable CVD burden due to high BMI

increased by 54,021, 60,173, and 73,745 DALYs in 2005,

2009, and 2013, respectively. The relative age-standard-
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ized attributable CVD burden due to high BMI also in-

creased at 237, 260, and 314 DALYs per 100,000 pys in

2005, 2009, and 2013, respectively. Detailed numbers are

shown in Supplementary Table 7.

DISCUSSION

Our results showed that an 18.0% reduction in CVD

mortality and morbidity could be achieved if high BMI

was reduced to a counterfactual condition. High BMI

played a greater role in IHD compared to ischemic stroke,

and men with high BMI were associated with a higher

CVD burden compared to women. Young adults aged

25-30 years had the highest PAF for CVD based on a high

BMI. Our results highlight the importance of early obe-

sity/overweight prevention in young men, which would

result in a reduction in future IHD. The middle-aged po-

pulation contributed the most to CVD-related absolute

premature deaths and disability attributed to obesity/

overweight. Older adults had the highest relative CVD

disease burden. We also found disproportionally high

PAFs and attributable CVD burden from high BMI in cer-

tain areas in Taiwan.

Globally, the PAFs attributed to IHD and ischemic

stroke from high BMI were 16-17% and 9-10%, respec-

tively in 2010, which increased to 22.7% and 17.7% in

2017, respectively.
18,19

Our study revealed a relatively

stable trend in PAF and a similar increasing trend in CVD

burden from 2005 to 2013. Adults aged 30-35 and 30-40

years had the highest PAF for IHD and stroke from a high

BMI, respectively.
19

We observed a similar PAF peak in

early adulthood, which confirmed that early obesity/

overweight prevention should be emphasized. Gener-

ally, both sexes had similar PAF globally. The PAF attri-

buted to IHD from high BMI was 16% in men and 17% in

women, and that from ischemic stroke was 10% in men

and 9% in women.
19

Regionally, our estimates are more

compatible with those of the high-income Asian Pacific

area with regards to sex differences, in that men had a

higher PAF of CVD compared to women with high BMI,

and the PAFs of IHD from high BMI and stroke were 14.9/

10.8% and 18.1/14.9% in men/women, respectively. In

contrast, in East Asia, the PAF of IHD has been reported

to be similar in both sexes at 15.6%, with an even higher

PAF of stroke in women (20.0%) than in men (18.7%).
19,20
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Additionally, the mean BMI in Taiwan is closer to that in

Asia Pacific than in East Asia.
21

Furthermore, the ratio of

observed to expected age-standardized rates of DALYs of

stroke was lower than one, which is similar to that in Ja-

pan, Singapore, and South Korea. However, it is different

to China, where the ratio has been reported to be higher

than one.
22

We provide evidence that better re-classifi-

cation in geographical hierarchy in the GBD framework

is needed.

The mechanisms of obesity and CVD are well known.
23

However, reasons for the crossover of attributable DALY

rate in both sexes aged 70-80 years are not completely

understood.
19

However, it may be associated with the

higher prevalence of obesity in older women, and the
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Figure 1. The population attributable fractions attributable to high body mass index for cardiovascular disease.

Figure 2. The cardiovascular disease burdens attributable to high body mass index in the different age groups. DALY, disability-adjusted life year.

The scale of the bar chart is on the left axis and the scale of the line chart is on the right axis.



physiological effect of a decrease in estrogen with age.
6,24

Globally, the prevalence of obesity is inversely associ-

ated with household income and educational level.
25

In

Taiwan, Taitung County has the fewest residents, highest

proportion of indigenous people, and highest preva-

lence of obesity.
26

Ethnic differences in indigenous po-

pulations have been reported to be related to meta-

bolic syndrome.
27

Uneven distribution density of medi-

cal services
28

and relatively low socioeconomic status

have been shown to contribute to the highest standard-

ized mortality, lowest disability-free life expectancy at

birth, and highest CVD burden attributed to obesity/

overweight in Taitung.
26

We provide prospective evidence that authoritative

interventions are required to tackle obesity prevention

and treatment along with health inequalities. Identify-

ing those at risk from obesity/overweight and encourag-

ing individuals to take responsibility for their own health

is important.

To the best of our knowledge, this is the first study to

use the framework of the GBD study to analyze data from

Taiwan. As a strength, our study used representative pop-

ulation-based primary data from Taiwan and ascertained

the outcomes using the official National Death Registry

and NHIRD, which covers 99.9% of the Taiwanese popula-

tion.
30

However, this study also has some limitations.

First, current data on the prevalence of high BMI were

not available due to the limitations of our database. We

performed further analyses in 2005 and 2009 to ensure

the robustness of our results in 2013. Second, the CRA

framework of the GBD did not involve underweight adults.

However, the risk factors and outcomes of underweight

children and adults were not of interest in this study. Fi-

nally, CVD in our study was defined as IHD or ischemic

stroke, which is more valid in the NHIRD database and ac-

counted for 70% of total CVD burden. Further explora-

tion of other risk factors and outcomes is warranted.
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Figure 3. The population attributable fractions due to high body mass

index in the different geographic areas in Taiwan. PAF, population at-

tributable fractions. The red areas are Taitung County, and the yellow

areas are New Taipei City, Taoyuan City, and Hualien County.

Figure 4. The age-standardized attributable disability adjusted life

year due to high body mass index in Taiwan. DALY, disability adjusted life

year. The red areas are Taitung County, Pingtung County, and Miaoli

County, and the green areas are Taipei City, Hsinchu City, Taichung City,

and Chiayi City.



CONCLUSIONS

In conclusion, an approximate 18% reduction in CVD-

related premature deaths and disabilities could be achi-

eved if obesity/overweight are successfully prevented in

Taiwan. The absolute health burden of obesity/overweight

was highest in middle-aged men, and the relative bur-

den was highest in older adults. Taiwan has a dispro-

portionally high CVD burden from obesity/overweight in

specific areas. To reduce CVD, awareness of health in-

equities and adequate resource allocation is urgently re-

quired.
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Supplementary Table 3. GATHER checklist of information that should be included in reports of global health estimates

# Checklist item Section/paragraph/interpretation

Objectives and funding

1 Define the indicators, populations, and time periods for which
estimates were made.

Methods/1
st

paragraph

2 List the funding sources for the work. Abstract. Funding supports from Taiwan Ministry of
Education (grant number: 107L891601-107L891607,
108L891601-108L891607, 109L891601-109L891607)

Data Inputs

For all data inputs from multiple sources that are synthesized as part of the study:

3 Describe how the data were identified and how the data were
accessed.

Methods/1
st

and 2
nd

paragraph

4 Specify the inclusion and exclusion criteria. Identify all ad-hoc
exclusions.

Methods/4
th

paragraph

5 Provide information on all included data sources and their main
characteristics. For each data source used, report reference
information or contact name/institution, population represented,
data collection method, year(s) of data collection, sex and age
range, diagnostic criteria or measurement method, and sample
size, as relevant.

Methods/supplement

6 Identify and describe any categories of input data that have
potentially important biases (e.g., based on characteristics listed in
item 5).

Methods

For data inputs that contribute to the analysis but were not synthesized as part of the study:

7 Describe and give sources for any other data inputs. All data inputs were mentioned as above.
For all data inputs:

8 Provide all data inputs in a file format from which data can be
efficiently extracted (e.g., a spreadsheet as opposed to a PDF),
including all relevant meta-data listed in item 5. For any data
inputs that cannot be shared due to ethical or legal reasons, such
as third-party ownership, provide a contact name or the name of
the institution that retains the right to the data.

Acknowledgments. The datasets generated and/or
analyzed during the current study are not publicly
available due to the terms of consent to which the
participants agreed but data are however available
from the authors upon reasonable request and with
permission of the Health Promotion Administration
at the Ministry of Health and Welfare in Taiwan.

Data analysis

9 Provide a conceptual overview of the data analysis method. A
diagram may be helpful.

Flow diagrams of the overall methodological
processes were available online
(http://ghdx.healthdata.org/gbd-2019/code)

10 Provide a detailed description of all steps of the analysis, including
mathematical formulae. This description should cover, as relevant,
data cleaning, data pre-processing, data adjustments and
weighting of data sources, and mathematical or statistical
model(s).

Methods/1
st

and 4
th

paragraph

11 Describe how candidate models were evaluated and how the final
model(s) were selected.

Methods/1
st

and 2
nd

paragraph

12 Provide the results of an evaluation of model performance, if done,
as well as the results of any relevant sensitivity analysis.

Methods/4
th

paragraph

13 Describe methods for calculating uncertainty of the estimates.
State which sources of uncertainty were, and were not, accounted
for in the uncertainty analysis.

Methods/4
th

paragraph

14 State how analytic or statistical source code used to generate
estimates can be accessed.

Supplement

Results and discussion

15 Provide published estimates in a file format from which data can
be efficiently extracted.

Results and supplement

16 Report a quantitative measure of the uncertainty of the estimates
(e.g. uncertainty intervals).

Results and supplement

17 Interpret results in light of existing evidence. If updating a previous
set of estimates, describe the reasons for changes in estimates.

Discussion, paragraphs 1-3

18 Discuss limitations of the estimates. Include a discussion of any
modelling assumptions or data limitations that affect
interpretation of the estimates.

Discussion, paragraph 4










