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Abstract 

Background:  There is limited evidence about lifetime burden of child malnutrition. This study aimed to estimate the 
lifetime impact of being underweight or overweight/obese during childhood in Vietnam.

Methods:  We developed a life table model in combination with a Markov model for Vietnamese children aged 
5–19 years and simulated until they reached 75 years of age or died using published data. The starting year was 2019 
and the model estimated number of deaths, years of life lived and quality-adjusted life years (QALY) with an annual 
discount rate of 3%. We performed scenario, one-way, and probabilistic sensitivity analyses to assess the impact of 
uncertainties in input parameters.

Results:  The model estimated 9.68 million deaths (6.44 million men and 3.24 million women), 622 million years of 
life lived (317 million men and 305 million women), and 601 million QALYs (308 million men and 293 million women). 
Scenario analyses showed that the reduction in either underweight or overweight/obesity alone, and reduction in 
both underweight and overweight/obesity resulted in fewer deaths, more years of life lived and more QALYs gained. 
In the scenario where everyone was a healthy weight, the model estimated 577,267 fewer deaths (6.0% less), 2 million 
more years of life lived (0.3% more), and 3 million QALYs gained (0.6% more) over base-case results which represents 
current situation in Vietnam.

Conclusions:  Our results suggest that addressing underweight and overweight/obesity will contribute to reducing 
deaths and increasing years of life lived and QALYs. Policies and interventions in alignment with Sustainable Develop-
ment Goals to address underweight and overweight/obesity are necessary to achieve health for all.

Keywords:  Child, Underweight, Overweight, Malnutrition, Life table, Markov model, Vietnam

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Optimal health and nutrition during childhood and 
adolescence underpin personal, national and interna-
tional development. Malnutrition during childhood and 
adolescence increases the risk of morbidity and mortal-
ity, impairs cognitive development and reduces work 
productivity in later life [1–3]. In particular, improving 

nutrition among children and adolescents 5 to 19  years 
is crucial as it affects the timing and pattern of puberty, 
adult height, muscle, as well as risk of non-communica-
ble diseases in later life. It is critical periods to ensure a 
healthy transition to adulthood [1, 4].

While undernutrition problems still remain as a major 
public health concern in low-and middle-income coun-
tries, overweight and obesity have increased globally 
[5]. The double burden of malnutrition, which is the 
coexistence of undernutrition and overweight/obesity, 
has increased in the poorest low-and middle-income 
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countries [6]. In particular, overweight and obesity have 
increased, mainly due to rapid changes in the food sys-
tem including the availability of cheap ultra-processed 
food and beverages, and major reductions in physical 
activity [6]. Actions to simultaneously prevent or reduce 
the risk of nutritional deficiencies and obesity have been 
proposed to address malnutrition in a more holistic way 
[7].

In Vietnam, rapid economic development and urbani-
zation have also shifted the health and nutritional status 
of the population. The National Nutrition Strategy for 
Vietnam envisions reduced child malnutrition includ-
ing both stunting and overweight/obesity [8], however, 
studies have shown that double burden of malnutri-
tion in children still exists [9, 10]. The General Nutri-
tion Survey in Vietnam discovered that the prevalence 
of stunting has decreased from 23.4% in 2010 to 14.8% 
in 2020 but the prevalence of overweight and obesity 
has increased from 8.5% to 19% over the same period 
among children aged 5–19  years [11]. However, there 
is limited evidence about the long-term impact of this 
changing picture of child and adolescent malnutrition, 
which is necessary for policy makers to understand 
the magnitude of burden, formulate policy and design 
intervention programs. When lifetime data are not 
available, modeling can be a useful way to quantify and 
structure the decision problem to maximize population 
health within available resources [12, 13]. A few mod-
eling studies have estimated impacts of childhood over-
weight and obesity from Germany, the United States 
and Thailand, highlighting long-term burden regarding 
costs and quality-adjusted life years (QALY) [14–17]. 
However, the lifetime burden of undernutrition such 

as stunting, wasting or being underweight has not been 
included, and the long-term impact of child malnu-
trition in Vietnam is unknown. Therefore, this study 
aimed to estimate the lifetime burden of being under-
weight or overweight/obese during childhood in terms 
of deaths, years of life lived and QALY at the popula-
tion level in Vietnam.

Methods
Model description
We developed a state-of-the-art life table model in 
combination with a Markov model with four health 
states, including underweight, healthy weight, over-
weight/obesity and death (Fig.  1). The Markov model 
is a commonly used analytical framework where indi-
viduals move between health states over time, and 
costs and health outcomes are aggregated accordingly 
for a modelled cohort [18]. We developed age and 
sex-specific life tables for Vietnamese children aged 
5–19 years and simulated until they reached 75 years of 
age or died. The life expectancy at birth in Vietnam was 
75 years in 2019 according to the World Bank [19]. The 
modeled population was classified into underweight, 
healthy weight, overweight/obese weight statuses at 
the starting point of the model, and then transitioned 
between weight status categories until 75  years of age 
or death. The model estimated number of deaths, years 
of life lived and QALYs with an annual discount rate 
of 3%. The discount rate applied was derived from the 
WHO Guide to Cost-effectiveness Analysis [20] and 
recent cost-effectiveness studies in Vietnam [21, 22] to 
account for outcomes that occur in the future.

Fig. 1  Model description including four health states
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Data sources
Demographic profile and mortality
The model inputs with data sources are shown in Table 1 
and all values of each parameter are listed in Additional 
file 1. The demographics of the model population by sex 
and 5-year age groups were from the Vietnam General 
Statistics Office [23]. We derived the all-cause mortality 
rates by sex and 5-year age group from the life table for 
Vietnam published by the WHO Global Health Observa-
tory data repository 2019 (Additional file  1: Table  1-C) 
[24]. The mortality rates by single age were extrapolated 
using exponential functions as a best fit.

The mortality risk for underweight and overweight/
obesity groups in adults were derived from the contem-
porary meta-analysis by the Global BMI Mortality Col-
laboration [29]. We applied differential mortality risks for 
adults by weight status categories using data from East 
Asia, as Vietnam-specific data were not available (Addi-
tional file  1: Table  1-D). Due to lack of data, we were 
not able to apply differential mortality risks for under-
weight and overweight/obesity groups in children. There-
fore, our assumptions for those under the age of 20 are 
conservative.

Weight status and transition probabilities
The model consists of underweight, healthy weight, and 
overweight/obesity based on the WHO reference [31, 
32]. The prevalence of underweight, healthy weight and 
overweight/obesity in Vietnam by sex and age were from 
the NCD Risk Factor Collaboration (Additional file  1: 
Table 1-A) [25, 26]. Underweight is defined as a BMI-for 
age below -2 Z-scores and overweight/obesity is defined 
as a BMI-for age above 1 Z-scores for children aged 
5—19 years. In adults, underweight is defined as a BMI 

less than 18.5 kg/m2 and overweight/obesity is defined as 
a BMI greater than or equal to 25 kg/m2.

We used two cohort data sources to estimate the 
transition probabilities between different weight status 
(Additional file 1: Table 1-B). For those aged 5–22 years, 
we used Vietnam data from the Young Lives study [27] 
and for adults aged 23 years and over, we used data from 
the China Health and Nutrition Survey [28] as Vietnam-
specific data were not available for adults. Briefly, Young 
Lives is an international longitudinal study which aims 
to investigate the changing nature of childhood pov-
erty in four low-and-middle-income countries, includ-
ing Vietnam, Ethiopia, India and Peru with around 3,000 
participants in each country [27]. The China Health and 
Nutrition Survey is an ongoing open cohort to cover key 
public health risk factors and health outcomes, demo-
graphic, social and economic factors with around 18,764 
participants [28]. Survey descriptions can be found else-
where [27, 28].

We combined overweight and obese categories given 
that the prevalence of obesity was less than 3% in the 
Young Lives study. Estimating the transition probabili-
ties was not possible due to the small sample size in the 
obesity group in the Young Lives study [27]. For instance, 
the sample size to estimate the change in weight status 
within the obese group was only 2 boys and 1 girl aged 
15  years. Combining overweight and obesity has been 
applied to another study which also used the data from 
the Young Lives study to model trajectories in stunt-
ing and overweight status in children in Ethiopia, India, 
Peru and Vietnam [33]. In a modelling study of Nigerian 
women, malnutrition was classified into underweight 
(severe thinness and undernourished) and overweight 
(overweight and obesity) [34].

Table 1  Model inputs and data sources

Input Description Data source Values

Population Vietnamese children aged 5–19 years 2019 Viet Nam Population and Housing 
Census [23]

See Table 2

Health states Prevalence of underweight and overweight/
obesity by sex and age

NCD Risk Factor Collaboration 2016 [25, 26] See Additional file 1: Table 1-A

Transition probability 
between health states

Transition probability between weight status 
by sex and age (i.e., underweight to under-
weight, underweight to healthy weight or 
underweight to overweight/obesity)

5–22 years old: Young Lives Study [27] 
23 years and over: China Health and Nutri-
tion Survey [28]

See Additional file 1: Table 1-B

Mortality All-cause mortality rates by sex and age WHO life table for Vietnam from Global 
Health Observatory data repository 2019 
[24]

See Additional file 1: Table 1-C

Mortality risk by weight status for those 
20 years and over

The Global BMI Mortality Collaboration [29] See Additional file 1: Table 1-D

Quality-adjusted life-years Quality-adjusted life-years by sex, age and 
weight status

Mai VQ et al. Reference Data and Known-
Groups Validity of the EQ-5D-5L for Vietnam 
[30]

See Additional file 1: Table 1-E
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Quality of adjusted life years
Quality of life data were derived from a Vietnam-
ese study [30]. For those aged 18–34  years, the utility 
scores were estimated from general population of 562 
adults in Vietnam using the EQ-5D-5L instrument, but 
due to unavailability of weight data, the same utility 
values regardless of weight status were applied by sex 
and age groups. In the same Vietnamese study [30], 
weight data were available for different population in 
Ho Chi Minh City (n = 1,296), so utility values by sex, 
age groups and weight status for those aged 35  years 
and over were estimated accordingly. We applied utility 
values of 1 for children aged 5–17 years as utility data 
for children were not available. Utility values are pre-
sented in Additional file  1: Table  1-E. Utility scores as 
described above were then multiplied with years of life 
lived to generate QALYs.

Scenario analyses
Several scenario analyses were conducted to demon-
strate the impact of being underweight or overweight/
obese under various scenarios. The scenarios included 
a reduction in the prevalence of underweight and over-
weight/obesity, and changes in transition probabilities 
to underweight or overweight/obesity by 10%, 20% and 
50%. Scenario analyses also estimated the outcomes from 
having no underweight and overweight/obesity in the 
population (i.e., an entirely healthy weight population) to 
estimate the total impact of malnutrition. To reflect the 
increasing trends in overweight/obesity, the model simu-
lated a 10% increase in overweight/obesity. We also var-
ied discount rates as 0%, 4% and 5%.

Sensitivity analyses
We performed one-way and probabilistic sensitivity 
analyses to assess the impact of uncertainties in input 
parameters on outcomes. As for one-way sensitivity 
analyses, we varied values of prevalence of underweight 
and overweight/obesity, transition probabilities between 
weight status and QALYs one by one based on lower 
and upper 95% confidence intervals (CI). We conducted 
probabilistic sensitivity analysis through second order 
Monte Carlo simulations by varying values of preva-
lence of underweight and overweight/obesity, transition 
probabilities between weight status, mortality risks, and 
utilities simultaneously. We ran the Monte Carlo simula-
tion for 10,000 iterations through random sampling from 
values represented by different distributions to consider 
uncertainty in the model inputs. We assumed a uniform 
distribution for prevalence and transition probabilities, 
a lognormal distribution for mortality risks, and a beta 

distribution for utility scores as indicated in Additional 
file 1.

We used Microsoft Excel 2016 and @Risk 8.2 to con-
struct the model and conduct scenario and sensitivity 
analyses. The model is validated through face validity and 
internal validity to reduce errors and better represent 
reality.

Ethical considerations
Ethics approval was not required as this study used pub-
licly available data to construct the model. Regarding 
secondary data used in the study, ethics approvals for the 
Young Lives study were obtained in each study country 
and by the Social Sciences and Humanities Inter-Divi-
sional Research Ethics Committee at the University of 
Oxford [27, 35]. The China Health and Nutrition Survey 
was approved by institutional review boards at the Uni-
versity of North Carolina at Chapel Hill and the National 
Institute of Nutrition and Food Safety [36]. The quality of 
life study in Vietnam was approved by the Ethical Review 
Board for Biomedical Research at the Hanoi University 
of Public Health [30]. All methods were carried out in 
accordance with relevant guidelines and regulations, and 
the study participants or caregivers of minors provided 
their informed consent [27, 30, 35, 36].

Results
The model simulated 22,058,773 Vietnamese children 
aged 5–19  years (11,444,303 boys and 10,614,470 girls) 
as presented in Table  2. The prevalence of underweight 
ranged from 12% to 18% in boys and 6% to 19% in girls 
depending on ages. The prevalence of overweight/obe-
sity ranged from 7% to 22% in boys and 6% to 11% in girls 
depending on ages. There were more girls with healthy 
weight than boys across all the age groups.

Deaths, years of life lived, quality adjusted life years
As a base-case with current prevalence of underweight 
and overweight/obesity and transition probabilities 
between weight status for Vietnamese children aged 
5–19 years simulated until they reached 75 years of age, 
the model estimated 9.68 million deaths (6.44 million 
men and 3.24 million women), 622 million years of life 
lived (317 million men and 305 million women), and 601 
million QALYs (308 million men and 293 million women) 
(Table 3). There were more deaths, years of life lived and 
QALYs among healthy weight groups than underweight 
or overweight/obese groups reflecting the greater size of 
the healthy weight group population.

Scenario analyses
Scenario analyses demonstrated the changes in impact 
of being underweight or overweight/obese. Study 
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outcomes under various scenarios are presented in 
Table 4 and the percentage difference compared to the 
base-case results are summarized in Additional file  2. 
The reduction in either underweight or overweight/
obesity alone, and reduction in both underweight and 
overweight/obesity resulted in fewer deaths, more 
years of life lived and more QALYs gained. Reducing 
both underweight and overweight/obesity had a great-
est impact on outcomes followed by reducing over-
weight/obesity alone and underweight alone. The total 
number of deaths decreased to 9.6 million, 9.5 mil-
lion, 9.3 million when the prevalence of underweight 
and overweight/obesity and transition probabilities to 
underweight and overweight/obesity were reduced by 
10%, 20% and 50%, respectively compared to the base-
case results (9.7 million). In the scenario where eve-
ryone was a healthy weight, the model estimated 9.1 
million deaths, which is 577,267 fewer deaths or 6.0% 
less (5.4% men and 7.0% women), 624 million years of 
life lived, which is 2 million more years of life lived or 
0.3% more (0.5% men and 0.2% women), and 604 mil-
lion QALYs, which is 3 million more QALYs gained or 
0.6% more (0.4% men and 0.7% women) than base-case 
results. A 10% increase in overweight/obesity estimated 
116,654 more deaths (1.2%), 494,474 fewer years of life 
lived (0.08%), and 897,866 fewer QALYs gained (0.15%) 
than base-case results. Compared to the base-case 
results with an annual discount rate of 3%, the model 
estimated 181 million fewer years of life lived and 174 
million fewer QALYs with an annual discount rate of 
5%.

Sensitivity analyses
One-way sensitivity analyses showed that transition 
probabilities of being or staying underweight or over-
weight/obese have a greater impact on years of life lived 
and QALYs than the prevalence of underweight and over-
weight/obesity (Table 5). Using the values of lower CI of 
prevalence of underweight and overweight/obesity or 
transition probabilities of being/staying underweight and 
overweight/obesity resulted in fewer deaths, more years 
of life lived, and more QALYs than base-case results.

Probabilistic sensitivity analyses estimated the mean 
and 95% CI for deaths, years of life lived and QALYs by 
sex (Table 6). In total, it estimated 9.7 million deaths (95% 
CI 9 to 10 million), 621 million years of life lived (95% CI 
620 to 623 million) and 600 million QALYs (95% CI 571 
to 617 million).

Discussion
This study shows the lifetime impact of being under-
weight or overweight/obese for children in Vietnam 
in 2019. The model estimated 9.68 million deaths, 622 
million years of life lived, and 601 million QALYs under 
the current prevalence of underweight and overweight/
obesity among children who were followed up to age 
75  years. The model also provided various estimations 
to quantify the impact of child underweight and over-
weight/obesity under different scenarios. Compared to 
the hypothetical scenario with an entirely healthy weight 
population, modeling of the current child weight status 
in Vietnam estimated the 577,267 excess deaths, 2 million 
fewer years of life lived, and 3 million fewer QALYs due 

Table 2  Modelled population

Population Underweight Healthy weight Overweight/obesity

Age Boys Girls Boys Girls Boys Girls Boys Girls

5 4,354,887 3,977,832 12.3% 12.9% 66.9% 76.3% 20.8% 10.9%

6 13.1% 12.7% 66.3% 76.2% 20.6% 11.0%

7 14.1% 14.2% 64.8% 74.6% 21.1% 11.2%

8 15.2% 16.4% 63.2% 72.4% 21.7% 11.2%

9 16.2% 18.5% 62.1% 70.5% 21.7% 11.0%

10 3,737,030 3,482,807 17.0% 19.4% 62.2% 70.1% 20.8% 10.5%

11 17.6% 18.9% 63.6% 71.4% 18.8% 9.8%

12 17.7% 17.1% 65.9% 73.9% 16.4% 9.0%

13 17.6% 14.8% 68.5% 77.0% 13.9% 8.2%

14 17.1% 12.2% 71.3% 80.3% 11.6% 7.5%

15 3,352,386 3,153,831 16.3% 9.9% 73.9% 83.2% 9.7% 6.9%

16 15.4% 8.0% 76.3% 85.5% 8.3% 6.5%

17 14.3% 6.8% 78.4% 86.8% 7.3% 6.4%

18 13.2% 6.3% 79.9% 87.1% 6.9% 6.5%

19 14.5% 8.2% 76.5% 85.1% 8.9% 6.8%
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to being underweight or overweight/obesity. The findings 
highlight the preventable losses and opportunity for pos-
sible gains from tackling underweight and overweight/
obesity at the population level in Vietnam.

There is limited evidence on long-term impact of being 
underweight or overweight/obese especially in low-and 
middle-income countries, including Vietnam. Our study 

highlights the adverse consequences of underweight or 
overweight/obesity through several scenario analyses in 
Vietnam. The number of deaths would decrease by 1.3% 
(1.3% men and 1.5% women), 3.5% (3.1% men and 4.1% 
women) and 6.0% (5.4% men and 7.0% women) under 
the scenarios where no one was underweight, no one 
was overweight/obese and everyone was healthy weight, 

Table 4  Scenario analyses

QALYs Quality-adjusted life years

Deaths Years of life lived QALYs

Men Women Total Men Women Total Men Women Total

Base-case 6,436,552 3,244,407 9,680,959 316,559,607 304,970,018 621,529,625 307,888,320 292,948,629 600,836,948

Underweight

  10% reduction 6,421,736 3,235,584 9,657,321 316,606,814 304,996,333 621,603,146 307,931,137 292,973,262 600,904,399

  20% reduction 6,409,303 3,228,321 9,637,623 316,647,304 305,018,748 621,666,052 307,967,970 292,994,449 600,962,419

  50% reduction 6,381,666 3,212,633 9,594,299 316,740,400 305,069,616 621,810,016 308,053,003 293,043,225 601,096,229

  No underweight 6,353,624 3,197,351 9,550,975 316,839,661 305,122,583 621,962,244 308,144,159 293,095,050 601,239,209

Overweight/obesity

  10% reduction 6,388,001 3,212,810 9,600,811 316,799,775 305,066,553 621,866,328 308,107,086 293,350,407 601,457,493

  20% reduction 6,352,770 3,189,463 9,542,233 316,972,376 305,137,893 622,110,269 308,264,921 293,646,644 601,911,565

  50% reduction 6,287,936 3,145,675 9,433,610 317,285,097 305,271,666 622,556,762 308,552,780 294,198,808 602,751,588

  No overweight/obesity 6,235,980 3,109,914 9,345,895 317,530,092 305,380,910 622,911,002 308,780,579 294,644,694 603,425,273

  10% increase 6,508,022 3,289,591 9,797,613 316,203,016 304,832,135 621,035,151 307,564,572 292,374,511 599,939,082

Underweight and overweight/obesity

  10% reduction 6,370,643 3,202,308 9,572,951 316,854,652 305,096,279 621,950,931 308,157,110 293,380,775 601,537,885

  20% reduction 6,317,247 3,167,877 9,485,124 317,085,142 305,197,887 622,283,029 308,368,234 293,711,920 602,080,154

  50% reduction 6,201,845 3,092,983 9,294,828 317,561,263 305,414,978 622,976,241 308,808,152 294,372,223 603,180,376

All healthy weight

6,085,928 3,017,764 9,103,692 318,017,145 305,630,002 623,647,147 309,234,187 294,969,934 604,204,121

Discount rate

  0% 6,436,552 3,244,407 9,680,959 642,878,246 642,016,057 1,284,894,303 622,587,009 611,044,424 1,233,631,433

  4% 6,436,552 3,244,407 9,680,959 264,405,312 252,724,245 517,129,557 257,500,197 243,390,933 500,891,130

  5% 6,436,552 3,244,407 9,680,959 225,814,801 214,508,933 440,323,734 220,187,086 207,063,618 427,250,704

Table 5  One-way sensitivity analyses

QALYs Quality-adjusted life years

Deaths Years of life lived QALYs

Men Women Total Men Women Total Men Women Total

Prevalence of underweight and overweight/obesity

  Lower confidence interval 6,436,550 3,244,407 9,680,957 316,559,712 304,970,027 621,529,738 307,888,420 292,948,637 600,837,057

  Upper confidence interval 6,436,555 3,244,407 9,680,963 316,559,456 304,970,012 621,529,468 307,888,175 292,948,623 600,836,798

Transition probability of being/staying underweight, overweight/obesity

  Lower confidence interval 6,352,656 3,196,077 9,548,733 316,900,839 305,109,141 622,009,980 308,212,395 293,275,208 601,487,603

  Upper confidence interval 6,592,227 3,328,217 9,920,444 315,848,262 304,708,614 620,556,876 307,208,899 292,419,174 599,628,073

QALYs

  Lower confidence interval 6,436,552 3,244,407 9,680,959 316,559,607 304,970,018 621,529,625 305,044,247 289,241,789 594,286,036

  Upper confidence interval 6,436,552 3,244,407 9,680,959 316,559,607 304,970,018 621,529,625 310,670,996 296,533,782 607,204,777
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respectively. Our results are not directly comparable with 
previous studies from other countries due to differences 
in population, health systems and socioeconomic factors 
in their specific contexts. Still, a few studies pointed to 
the adverse health and economic consequences of being 
underweight or overweight/obese. A review paper from 
Brazil on long-lasting effects of undernutrition reported 
consistent findings, including a higher risk of diabetes 
in adulthood, hypertension, dyslipidemia and a low-
ered working capacity of manual workers, among other 
physiological impairments [37]. Similarly, a meta-analysis 
found that the hazard ratio for all-cause mortality was 
1.51 for underweight (BMI 15.0 to 18.5), 1.07 to 1.20 for 
overweight (BMI 25.0 to 30.0) and 1.45 to 2.76 for obe-
sity (BMI 30 to 60) in Asia, Australia and New Zealand, 
Europe, and North America [29]. In addition, a modelling 
study from Georgia showed that a 1%-point reduction 
in both overweight and obese adolescents could reduce 
lifetime medical care costs by $586 million and increase 
lifetime QALYs by 47,138 [17]. In Germany, the excess 
lifetime direct cost per person of inpatient and outpa-
tient treatment cost due to overweight and obesity dur-
ing childhood was €4,262 for men and €7,028 for women 
[14], and the excess lifetime indirect costs per person 
such as opportunity cost of lost productivity was €4,209 
for men and €2,445 for women [15]. The use of an esti-
mate of US $19,000 as the incremental lifetime medical 
cost of an obese child relative to a normal weight child 
was recommended in the United States [38]. Further-
more, another modeling study from the United States 
found that lifetime medical care costs would decrease 
by US$586 million and lifetime QALYs would increase 
by 47,138 with a 1%-point reduction in both overweight 
and obese adolescents [17]. These studies all highlighted 
adverse effects of being underweight or overweight/
obese during childhood.

Reduction in deaths and increases in years of life lived 
and QALYs were greatest when reducing both under-
weight and overweight/obesity followed by reducing 
overweight/obesity alone and underweight alone. Viet-
nam is undergoing changes in health and nutrition out-
comes due to economic development and urbanization. 
The increasing prevalence of nutrition-related chronic 

disease and westernization of the traditional Vietnam-
ese diet have been reported [39, 40]. Given that under-
nutrition and food insecurity still exist in Vietnam with 
climate change risks [41–43], more emphasis on solving 
the double burden of malnutrition is required. Double-
duty actions which aim to tackle both undernutrition 
and problems of overweight/obesity simultaneously have 
been proposed, based on the rationale that all forms of 
malnutrition share common drivers, including early 
life nutrition, dietary diversity, food environments and 
socioeconomic factors [7]. In low-and middle-income 
countries like Vietnam with persistent undernutrition 
problems and rising overweight and obesity, undernu-
trition focused programs may unintentionally increase 
risks for obesity [7]. Hawkes et al. proposed ten double-
duty actions regarding breastfeeding, growth monitoring, 
food fortification and supplements, cash and food trans-
fers, school feeding programs, nutrition and agriculture 
programs, food system policies, and food environments 
to address all forms of malnutrition [7].

This study has some limitations as the model is based 
on secondary data, and as modeling studies are gener-
ally underpinned by several assumptions. We used best 
source available, yet due to data paucity in Vietnam, the 
model relied on data from China for transition prob-
abilities between weight status for adults. We could not 
apply mortality risks by weight status among children 
due to lack of data, and for mortality risks among adults, 
we used data from East Asia. In addition, overweight and 
obesity were not separated and considered as one weight 
status category ‘overweight/obesity’ due to limited availa-
bility of data for children with obesity in Vietnam. It may 
have affected study findings by under- or over-estimation, 
which is commonly described in other modelling studies 
[16, 44–46]. However, we performed a number of sensi-
tivity and scenario analyses to illustrate how the results 
change if certain model inputs are altered. For instance, 
we conducted scenario analyses by altering transition 
probabilities to underweight or overweight/obesity by 
10%, 20% and 50% to see improved outcomes by reducing 
the prevalence of underweight and overweight/obesity. 
The model would produce better estimations when coun-
try specific and more reliable data become available. As a 

Table 6  Probabilistic sensitivity analyses

QALYs Quality-adjusted life years, CI confidence intervals

Deaths Years of life lived QALYs

Mean  95% CI Mean 95% CI Mean  95% CI

Men 6,459,944 6,241,947 6,732,125 316,432,036 315,134,853 317,398,661 307,709,514 286,710,511 316,063,270

Women 3,257,661 3,120,190 3,425,340 304,925,611 304,398,387 305,346,475 292,782,212 269,206,310 303,572,918

Total 9,717,606 9,363,104 10,157,583 621,357,647 619,535,507 622,742,793 600,491,726 570,866,049 616,958,659
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life table modeling study, another limitation is that mor-
tality rates and transition probabilities remain constant 
throughout the model time horizon, which has been also 
indicated in previous modeling study [44]. Lastly, our 
estimations were limited to population-level data and 
did not provide disaggregated outcomes by socioeco-
nomic factors or health conditions due to data unavail-
ability. Future research can estimate study outcomes by 
socioeconomic groups or other health conditions to have 
a broader understanding of impact of being underweight 
or overweight/obese with an equity perspective.

Despite the limitations, this study can provide useful 
information for policy makers to understand the magni-
tude of lifetime impact of child underweight and over-
weight/obesity. Through several scenario analyses, the 
model estimated possible health benefits from tackling 
underweight and overweight/obesity and burden from 
the rise in overweight/obesity. The government can uti-
lize the data for their priority setting, resource allocation 
and program development. Improving child health and 
nutrition will contribute to achieving the National Nutri-
tion Strategy in Vietnam and global Sustainable Develop-
ment Goals, in particular ‘Goal 2: Zero Hunger’ and ‘Goal 
3: Good Health and Well-being.’ Another strength of this 
study is that the model captured both underweight and 
overweight/obesity. The model structure is transferable 
to other low-and middle-income countries where both 
underweight and overweight/obesity risk child develop-
ment. Other countries can replicate the model and esti-
mate their own situation by changing input parameters, 
including prevalence of underweight and overweight/
obesity and mortality rates. It would be a useful way to 
quantify the burden of malnutrition at the population 
level within limited resources. The model structure in 
Excel is available in Additional file 3 for further use. The 
model can be made freely available as an online platform 
tool so researchers from low-and middle-income coun-
tries can have access to the model and adapt to their local 
contexts and available data.

Conclusions
This study quantified the lifetime impact of being 
underweight or overweight/obesity during childhood 
in Vietnam. Extensive scenario analyses showed that 
the reduction in underweight and overweight/obesity 
could result in fewer deaths, more years of life lived 
and more QALYs gained. Considering rapid changes 
with economic development, urbanization and nutri-
tion transitions in Vietnam, tackling childhood under-
weight and overweight/obesity will be more crucial in 
improving health and nutrition. National policies such 

as the National Nutrition Strategy 2021–2030 for Viet-
nam and interventions in accordance with Sustainable 
Development Goals to address underweight and over-
weight/obesity are required for better life for every 
child and healthy society in Vietnam.
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