
eClinicalMedicine
 

Trends and Predictions of Malnutrition and Obesity in 204 Countries and Territories: an
analysis of the Global Burden of Disease Study 2019

--Manuscript Draft--
 

Manuscript Number: eclinm-D-22-02556R2

Article Type: Article (Original Research)

Keywords: Global burden;  Obesity;  Malnutrition;  Mortality;  Disability-adjusted life years

Corresponding Author: Nicholas Chew
National University Heart Centre
Singapore, SINGAPORE

First Author: Bryan Chong

Order of Authors: Bryan Chong

Jayanth Jayabaskaran

Gwyneth Kong

Yiong Huak Chan

Yip Han Chin

Rachel Goh

Shankar Kannan

Cheng Han Ng

Shaun Loong

Martin Tze Wah Kueh

Chaoxing Lin

Vickram Vijay Anand

Ethan Lee Cheng Zhe

Jocelyn Chew

Darren Jun Hao Tan

Kai En Chan

Jiong-Wei Wang

Mark Muthiah

Georgios K Dimitriadis

Derek J Hausenloy

Anurag Mehta

Roger Foo

Gregory Lip

Mark Y Chan

Mamas A Mamas

Carel Le Roux

Nicholas Chew

Manuscript Region of Origin: SINGAPORE

Abstract: Background: Malnutrition and obesity are interdependent pathologies along the same
spectrum. We examined global trends and projections of disability-adjusted life years

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



(DALYs) and deaths from malnutrition and obesity until 2030.
Methods: Using data from the 2019 Global Burden of Disease study involving 204
countries and territories, trends in DALYs and deaths were described for obesity and
malnutrition from 2000 to 2019, stratified by geographical regions (as defined by WHO)
and Socio-Demographic Index (SDI). Malnutrition was defined according to the 10th
revision of International Classification of Diseases codes for nutritional deficiencies,
stratified by malnutrition type. Obesity was measured via body mass index (BMI) using
metrics related to national and subnational estimates, defined as BMI
≥25kg/m2. Countries were stratified into low, low-middle, middle, high-middle, and high
SDI bands. Regression models were constructed to predict DALYs and mortality up to
2030. Association between age-standardised prevalence of the diseases and mortality
was also assessed.
Findings: In 2019, age-standardised malnutrition-related DALYs was 680 (95% UI:
507–895) per 100,000 population. DALY rates decreased from 2000 to 2019 (-2·86%
annually), projected to fall 8·4% from 2020 to 2030. Africa and low SDI countries
observed highest malnutrition-related DALYs. Age-standardised obesity-related DALY
estimates were 1,933 (95% UI: 1,277–2,640). Obesity-related DALYs rose 0·48%
annually from 2000 to 2019, predicted to increase by 39·8% from 2020 to 2030.
Highest obesity-related DALYs were in Eastern Mediterranean and middle SDI
countries. 
Interpretation: The ever-increasing obesity burden, on the backdrop of curbing the
malnutrition burden, is predicted to rise further.
Funding: None
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Manuscript reference: eclinm-D-22-02556R1 
Trends and Predictions of Malnutrition and Obesity in 204 Countries and Territories: an analysis of the 
Global Burden of Disease Study 2019 
eClinicalMedicine 

Dear Editor and Reviewers, 

 

We will like to thank you for reading our manuscript ID eclinm-D-22-02556R1, entitled “Trends and 

Predictions of Malnutrition and Obesity in 204 Countries and Territories: an analysis of the Global 

Burden of Disease Study 2019” and providing insightful comments. We implemented your 

suggestions and they have substantially improved the manuscript. Where possible, we have 

highlighted our changes in the revised manuscript and supporting information in red font.  

Editor’s comments for authors 

Dear Dr Chew, 

Thank you for submitting your manuscript to eClinicalMedicine. 

Your submission has now been assessed by external advisers and discussed by the editorial team. 
We would like to invite you to REVISE your paper in light of the editorial and reviewers' comments 
below. Please carefully address the issues raised in the comments. 

eClinicalMedicine endorses the SAGER guidelines for reporting of sex and gender information in 
study design, data analyses, results and interpretation of findings: https://www.equator-
network.org/reporting-guidelines/sager-guidelines/. For all study types, we encourage correct use of 
the terms sex (when reporting biological factors) and gender (when reporting identity, psychosocial, or 
cultural factors). Where possible, please report the sex and/or gender of study participants, and 
describe the methods used to determine sex and gender. Separate reporting of data by demographic 
variables, such as age and sex, facilitates pooling of data for subgroups across studies and should be 
routine, unless inappropriate. Please also discuss the influence or association of variables, such as 
sex and/or gender, on your findings, where appropriate, and the limitations of the data. 

We thank the Editorial team for the comments. As the study reports on biological factors, the 
demographic variable “sex” was reported throughout the manuscript. 

Translated Abstract: we encourage the submission of translated abstracts in languages that are 
relevant to the country where the research was done. Translated abstracts are published unedited 
and unformatted, as a separate supplementary file. However, this is not mandatory. 

Please carefully follow our Information for Authors when revising the manuscript and refer to our 
formatting guide for meta-analyses. Reporting guidelines: Thank you for providing your GATHER 
checklist, please submit once again with this revised manuscript as a separate file. 

We will like to extend our sincerest gratitude to the Editorial team  for the constructive feedback on the 
manuscript. We have revised the manuscript according to the comments.  

PAPER ORDER: 
Please carefully check section order of the text conforms to the following: Title page with author list 
and affiliations, Summary (structured, see below), Keywords (4-6), Research in Context, Introduction, 
Methods (including Ethics, Statistics, and Role of Funders), Results, Discussion (including caveats 
and limitations), Contributors, Data Sharing Statement, Declaration of Interests, Acknowledgements, 
References, Figure Legends.  
Thank you. We have arranged the order of the paper accordingly. 
  
 
 

Detailed Response to Reviewers

https://imsva91-ctp.trendmicro.com/wis/clicktime/v1/query?url=https%3a%2f%2fwww.equator%2dnetwork.org%2freporting%2dguidelines%2fsager%2dguidelines%2f&umid=7AAED63F-F1E9-BE05-970D-1DF25E61202E&auth=6e3fe59570831a389716849e93b5d483c90c3fe4-adcf940c75c7d036005e22778ab250235ec69ba6
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https://imsva91-ctp.trendmicro.com/wis/clicktime/v1/query?url=https%3a%2f%2fels%2djbs%2dprod%2dcdn.jbs.elsevierhealth.com%2fpb%2fassets%2fraw%2fLancet%2fauthors%2fecm%2dinfo%2dfor%2dauthors%2d1659004912423.pdf&umid=7AAED63F-F1E9-BE05-970D-1DF25E61202E&auth=6e3fe59570831a389716849e93b5d483c90c3fe4-154f4d4deaa052f6dbfee5fa4b585651193aa7a7
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GENERAL: 

 Please edit the title to include the study descriptor at the end. For example “Trends and 
predictions of malnutrition and obesity in 204 countries and territories: an analysis of the 
Global Burden of Disease Study 2019”. 
Thank you. We have revised the title as recommended. 
 

 Please carefully check and confirm names and affiliations for all authors. 
Thank you. We have checked and confirmed the names and affiliations of all authors. 
 

 Please provide 2–6 keywords beneath your structured Summary. 
Thank you. We have added the keywords. 
 

 Please edit all headings from UPPERCASE to Sentence case. 
Thank you. This has been revised. 
 

 The Lancet family of journals use British English, please revise spelling accordingly, eg words 
ending in “yze” should be “yse”, “center” to “centre”, “anemia” to “anaemia”, “utilization” to 
“utilization”, and “standardized” to “standardised”. This list is not exhaustive so please check 
throughout. 
Thank you. We have ensured that the spelling has been revised accordingly. 
 

 The following statement should be included after the main text in all papers that include maps: 
“Editorial note: the Lancet Group takes a neutral position with respect to territorial claims in 
published maps and institutional affiliations.” 
Thank you. We have added the statement after the main text (Page 20, Lines 517-518) 
 

 Please edit “95%UI” to “95% UI” throughout the text/figures/tables. 
Thank you. We have edited this throughout the text/figures/tables. 
 

 When uploading the most recent clean (untracked/unmarked) manuscript and the tracked 
manuscript, please delete all other previous manuscript files available on Editorial Manager. 
This is to avoid confusion between versions. Please ensure that your (1) reporting guideline 
checklist (eg, GATHER), (2) Research in Context panel, (3) figure files, and (4) table files are 
still available.  
Thank you, we have done so. 
 

SUMMARY: 

 Please edit the heading from “Abstract” to “Summary” 
Thank you, we have revised this. 
 

 In your Background subsection, please finish this section with a brief sentence outlining your 
aims. For example, “We aimed to examine global trends and projections of disability-adjusted 
life years (DALYs) and deaths from malnutrition and obesity until 2030.“. 
Thank you. We have revised the Background subsection as recommended. (Page 3, Lines 
59-61) 
 

 In the first sentence of your Methods subsection, please explicitly mention that GBD 2019 
data was used. For example, “Using data from the 2019 Global Burden of Disease study, 
global trends in…”. 
Thank you, we have revised the statement. (Line 62-63, Page 3) 

 

 Please also mention the following in your Methods subsection: 
o The number of countries and territories. 

Thank you, we have added this in the Methods subsection, “Using data from the 2019 
Global Burden of Disease study involving 204 countries and territories…” (Line 62-63, 
Page 3) 
 

o How malnutrition and obesity were defined. For example, “Malnutrition was defined 
according to the 10th revision of International Classification of Diseases codes for 



nutritional deficiencies, stratified by malnutrition type. Obesity was measured via body 
mass index (BMI) using metrics related to national and subnational estimates, and 
defined as a high BMI of ≥25kg/m2.”. 
Thank you, we have revised the statement (Lines 65-67, Page 3) 
 

o Please edit “geographical regions” to “geographical regions (as defined by WHO)”. 
Thank you, we have done so. 
 

o Details on SDI bands. For example, “SDI scores were used to stratify countries into 
low, low-middle, middle, high-middle, and high SDI bands.” 
Thank you, we have added this in Lines 67-68, Page 3. 
 

o Add “Association between age-standardised prevalence of the diseases and mortality 
was also assessed.”. 
We have added this sentence within the subsection of Methods. *Page 3, Lines 69-
70) 
 

 If this analysis is registered, please list your registration number as the last sentence in the 
Methods (ie, “This trial is registered with XYZ, number XXX”). 
Thank you. The analysis was not registered as this was not a clinical trial, and publicly-
available data was used. 
 

RESEARCH IN CONTEXT: 

 Under “Evidence before this study”, please briefly outline the literature search you did to 
determine the need for this research. For example, please outline in 1 sentence: dates of 
search (eg, “database inception to Dec 1, 2022”), databases included, keywords used, 
languages included, and number of studies yielded. Please remove the following sentence to 
accommodate this change: “Past health and development policies, focusing on undernutrition 
alone, have unknowingly worsened obesity, and this shift has been exacerbated especially in 
societies undergoing rapid nutritional transitions on the background of economic and social 
development.”.   
Thank you, we have added this important sentence within the Research In Context section. 
The sentence now reads, “We searched the databases MEDLINE and Embase with the 
search terms “global burden”, “GBD”, “malnutrition”, and “obesity”, for articles published in 
English from database inception to 7th August, 2022. The search returned 2971 articles.” 
(Lines 92-95, Page 4) 
 

METHODS: 

 Please provide an “Ethics” subsection within the Methods.   
Thank you. We have added this within the Methods (Line 218, Page 9) 

 
o Please indicate approval from specified ethical committee.   
o Please name authority granting approval for study.  
o Please provide reference number(s).   
o Please indicate whether informed consent from all participants was obtained.  

Thank you for the comments above. The study was exempted from IRB review as the publicly 
available data did not have any confidential patient information involved. We have reflected 
this important statement under the Ethics subsection (Lines 219-220, Page 9) 

o  

 Please provide a “Statistical analysis” subsection within the Methods section, please 
describe statistical tests used and justify choice of these tests. Please also indicate whether 
and how the following have been performed:  

o Inclusion/exclusion criteria 
Thank you for allowing the authors to clarify. We have added the inclusion criteria 
within the Statistical analysis subsection. It reads, “The study included all cases of 
malnutrition and obesity within the GBD 2019 study. Malnutrition was defined based 
on the 10th revision International Classification of Diseases (ICD) codes for nutritional 
deficiencies, stratified based on protein-energy malnutrition (ICD-10 codes E40-
E46·9, E64·0), iodine deficiencies (E00-E02), vitamin A deficiencies (E50-E50·9, 
E64·1), dietary iron deficiencies (D50-D50·9), and other nutritional deficiencies such 



as vitamin deficiency anaemias, thiamine, niacin, vitamin D, vitamin C, calcium, 
selenium, and folate deficiency (D51-D53·9, E51-E61·9, E63-E64, E64·2-E64·9),16 
with the full definitions used reported in the original GBD 2019 report.11 Obesity was 
measured by body mass index (BMI) using metrics related to national and 

subnational estimates, and defined as a high BMI of 25kg/m2.” (Lines 188-196, 

Page 8). No malnutrition- or obesity-related cases were excluded for this study. 
 

o Sensitivity analyses 
No sensitivity or post-hoc analyses were performed. (Lines 215-216, Page 9) 
 

o Post-hoc analyses  
No sensitivity or post-hoc analyses were performed. (Lines 215-216, Page 9) 
 

o Please include the version number(s) of all software used. 
Thank you, we have reported the version number of the Joinpoint Regression Model 
(Line 198, Page 8) and STATA software used (Line 204, Page 8) 

 

 Thank you for providing a “Role of the funding source” subsection at the end of the 
Methods section. Please consider adding “Therefore, no funders had any role in the study 
design, data collection, data analyses, data interpretation, or writing of the report.”. 
Thank you, we have added this important statement in the subsection. 
 

DISCUSSION: 

 Please remove the “Limitations” and “Conclusion” subheadings from the Discussion. 
Thank you. We have removed this. 
 

FIGURE legends: 

 All abbreviations, error bars, p-values, whiskers, and box plots need to be defined. Please 
check and confirm that this is the case. 
Thank you. We have ensured that all abbreviations have been reflected within the figure 
legends. No error bars, p-values, whiskers, box plots were used. 
 

Please add the following sections in the following order: Contributors, Data sharing, Declaration of 
interests, and Acknowledgments. 
CONTRIBUTORS: (Author form) 

 Please rename your section from “Author contributions” to “Contributors”. 
Thank you, we have done so. 

 

 Please edit this section to outline, in full sentences, how each author contributed to this 
manuscript (“eg, “BC, JJ, YHC, … and NWSC were responsible for conceptualization and 
methodology of the study.”. These statements should match exactly the Author Statement 
forms. Please carefully check that all authors listed on the paper have their contribution 
clearly described, and that all authors are included in this section. 
Thank you, we have done so. 
 

 Please include a sentence stating that all authors read and approved the final version of the 
manuscript, and ensure that this is the case. 
Thank you, we have done so. (Line 543, Page 21)  
 

 At least two authors must have verified the underlying data, and the Contributors statement 
should indicate who those authors are (eg, “XX and XX accessed and verified the underlying 
data”). Please use this template to state which authors. For research articles that are the 
result of an academic and commercial partnership, at least one of the authors named as 
having accessed and verified data must be from the academic team. 
Thank you, we have added this in. (Line 541, Page 21) 

 

 Please ensure that each author has completed the Author Statement (Declarations) Form. 
Please complete and return to us. The corresponding author should complete the form, 
making sure the information in the form (especially “Authors’ contributions” and “Role of the 

https://imsva91-ctp.trendmicro.com/wis/clicktime/v1/query?url=https%3a%2f%2fels%2djbs%2dprod%2dcdn.jbs.elsevierhealth.com%2fpb%2fassets%2fraw%2fLancet%2fauthors%2fecm%2dauthor%2dsignatures%2d1651764701867.pdf&umid=7AAED63F-F1E9-BE05-970D-1DF25E61202E&auth=6e3fe59570831a389716849e93b5d483c90c3fe4-4e79e23eff321a8ff3e13596a360ae799fdcc20b
https://imsva91-ctp.trendmicro.com/wis/clicktime/v1/query?url=https%3a%2f%2fels%2djbs%2dprod%2dcdn.jbs.elsevierhealth.com%2fpb%2fassets%2fraw%2fLancet%2fauthors%2febm%2dauthor%2dsignatures.pdf&umid=7AAED63F-F1E9-BE05-970D-1DF25E61202E&auth=6e3fe59570831a389716849e93b5d483c90c3fe4-7ae0a8c1db5ff341aaaccf933c8c05f58da75aea


funding source”) matches the statements present in the manuscript. The corresponding 
author should sign the bottom of the last page, and circulate the completed form to all co-
authors. The co-authors should then input their names and sign on the same form, where 
possible. Alternatively, co-authors can sign and return individual forms if it’s not possible for 
them to sign the same form altogether. If multiple forms are used, please combine into one 
PDF before uploading to Editorial Manager. 
Thank you, we have done so. 
 

DATA SHARING STATEMENT: 
All submitted research must contain a data sharing statement, to be included at the end of the 
manuscript (below your ‘Declaration of interests’ statement). eClinicalMedicine is a Gold Open Access 
journal, and as such we encourage authors to share the data underlying their results, together with 
any software used to process these results. If you are unable to share your data or source code, we 
encourage you to add an explanation detailing the restrictions applied. 
Code sharing: We encourage all authors at eClinicalMedicine to provide the software or source code 
used in the paper, and associated test data, parameters, and other necessary documentation, to help 
ensure transparency and reproducibility of our published articles. All this documentation and the 
version of the software referenced in the manuscript can be provided as supplementary material or as 
a link to an established version control system, such as GitHub, BitBucket, or SourceForge. 
Thank you, we have provided that statement. (Lines 544-546, Page 22) 
  
DECLARATION OF INTERESTS: (ICMJE form) 

 Please provide a “Declaration of Interests” section and outline, in full sentences, what 
declarations each author has to declare. Ensure that these statements matche exactly the 
statements made on your respective ICMJE forms. Funding sources listed in section 1 of the 
ICMJE form may be listed in Acknowledgements sections, all other items and information 
disclosed on the ICMJE form (section 2-13) must be listed in the Declaration of Interests 
section. Multiple forms should be combined into one document please, before uploading to 
Editorial Manager.  
Thank you, we have done so. 
 

 For authors without any DOIs to declare, please either state their names individually (eg, “XX 
declares no competing interests.”) or state “All other authors declare no competing interests.” 
Thank you, we have added this in. 

  
COMMENTS TO THE AUTHOR: 
Reviewer #2: the authors successfully addressed my comments and updated the manuscript 
accordingly. I want to thank the authors for the willingness to improve the manuscript. 
We thank the Reviewer for the kind comments. 
 
 
Reviewer #3: Many thanks to the authors for satisfactorily considering and responding to each 
comment in turn, amending the manuscript as required. 
We thank the Reviewer for the feedback. 
  
We thank the Reviewers and Editor for the constructive feedback. We hope the paper is now suitable 

for publication in eClinicalMedicine. Please let us know if there are further areas that need 

improvement. Thank you. 

 

Best Regards, 

 

Professor Carel W le Roux 

Professor Mamas A Mamas 

Professor Gregory Lip 

Dr Nicholas WS Chew 

Department of Cardiology, National University Heart Centre, National University Health System, 

Singapore 
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Summary 58 

Background: Malnutrition and obesity are interdependent pathologies along the same spectrum. We 59 

examined global trends and projections of disability-adjusted life years (DALYs) and deaths from 60 

malnutrition and obesity until 2030. 61 

Methods: Using data from the 2019 Global Burden of Disease study involving 204 countries and 62 

territories, trends in DALYs and deaths were described for obesity and malnutrition from 2000 to 2019, 63 

stratified by geographical regions (as defined by WHO) and Socio-Demographic Index (SDI). 64 

Malnutrition was defined according to the 10th revision of International Classification of Diseases codes 65 

for nutritional deficiencies, stratified by malnutrition type. Obesity was measured via body mass index 66 

(BMI) using metrics related to national and subnational estimates, defined as BMI ≥25kg/m2. Countries 67 

were stratified into low, low-middle, middle, high-middle, and high SDI bands. Regression models were 68 

constructed to predict DALYs and mortality up to 2030. Association between age-standardised 69 

prevalence of the diseases and mortality was also assessed. 70 

Findings: In 2019, age-standardised malnutrition-related DALYs was 680 (95% UI: 507–895) per 71 

100,000 population. DALY rates decreased from 2000 to 2019 (-2·86% annually), projected to fall 8·4% 72 

from 2020 to 2030. Africa and low SDI countries observed highest malnutrition-related DALYs. Age-73 

standardised obesity-related DALY estimates were 1,933 (95% UI: 1,277–2,640). Obesity-related 74 

DALYs rose 0·48% annually from 2000 to 2019, predicted to increase by 39·8% from 2020 to 2030. 75 

Highest obesity-related DALYs were in Eastern Mediterranean and middle SDI countries.  76 

Interpretation: The ever-increasing obesity burden, on the backdrop of curbing the malnutrition burden, 77 

is predicted to rise further. 78 

Funding: None 79 

 80 

Summary Word Count: 250 81 
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Research in Context 86 

 87 

Evidence before this study 88 

 89 

Increasing importance has been placed on viewing undernutrition and overnutrition not as two distinct 90 

conditions addressed in silos, but as interconnected issues sharing common pathophysiological 91 

processes that together contribute to the double burden of malnutrition. We searched the databases 92 

MEDLINE and Embase with the search terms “global burden”, “GBD”, “malnutrition”, and “obesity”, for 93 

articles published in English from database inception to 7th August, 2022. The search returned 2971 94 

articles. While the changing burdens of malnutrition and obesity have been studied in target vulnerable 95 

groups, such as in children or in low and middle-income countries, the comprehensive analysis on to 96 

the global trends and predictions of the double burden of disease is lacking. 97 

 98 

Added value of this study 99 

 100 

This study utilises the Global Burden of Disease (GBD) 2019 data to estimate the distribution of the 101 

double burden of malnutrition and obesity. We assessed trends, burden and projection of obesity and 102 

malnutrition, stratified by geographical regions, socio-demographic index (SDI), and sex. Progress in 103 

reducing disease burden stemming from undernutrition has been shown to have been more-than-offset 104 

by rapidly rising obesity-related disease burden, evidenced especially by the regions registering the 105 

greatest reductions in malnutrition-related outcomes also demonstrating the greatest exacerbations in 106 

obesity-related disease burden. The disparities in disease burden reveal the entrenched sex-regional-107 

socioeconomic precursors, with obesity-related death rates rising with the level of social development, 108 

but only up to a point – high SDI countries demonstrated the lowest obesity-related deaths. Our 109 

projections suggest that the chiasm between malnutrition and obesity will widen further in the coming 110 

decade, driven primarily by rising obesity. 111 

 112 

Implications of all the available evidence 113 

 114 
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Bringing together and examining the chiasm between malnutrition and obesity, stratified by sex, location 115 

and social development, allows for important, contextualised insights to be drawn for future decision-116 

making on addressing the double burden of malnutrition as one entity. Our analysis provides evidence 117 

suggesting worsening disease burden related to obesity, especially pertinent in low and low-middle SDI 118 

countries that are in the midst of rapid nutrition transitions. Through this, we highlight the importance of 119 

population-specific interventions and policies, weighing measures addressing malnutrition against the 120 

obesity epidemic. Measures addressing malnutrition must be dynamic and have consideration for long-121 

term unintended consequences, working to address common pathways involved in the progression of 122 

obesity as well, through empowering access to quality food and instilling healthy eating habits.  123 
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Introduction 124 

The double burden of malnutrition and obesity, is one of the top priorities that the UN Decade of Action 125 

on Nutrition is trying to eradicate.1 This burden of disease manifests as either undernutrition or 126 

overnutrition, which has traditionally been viewed as two distinct conditions addressed in silos, whereas 127 

in fact they share similar pathophysiological processes at different ends of the spectrum.2 Previously, 128 

health and development policies have focused their attention on undernutrition and this has helped 129 

eradicate the life-threatening sequelae of acute malnutrition as well as curb the trajectory of chronic 130 

malnutrition. However, these policies have resulted in some countries undergoing a rapid nutritional 131 

transition, which has led to unhealthy diets and obesity.2, 3 Hence, newer policies have pivoted to 132 

simultaneously tackle the burden of malnutrition and obesity with a more holistic approach.4 133 

 134 

Previous studies have focused on the severe burden of disease particularly in vulnerable population 135 

groups such as in children and maternal malnutrition,5 as well as in low and middle-income countries.2, 136 

3 The disparate distribution of the global burden of malnutrition and obesity remains unclear given the 137 

paucity of data from other population groups such as those of higher-income countries. The Global 138 

Burden of Disease, Injuries, and Risk Factors Study (GBD) lends insights into the global trends through 139 

systematic estimates of the risk factors and causes of death in 204 different countries and territories, 140 

allowing important stratification based on sex, geographical, and socio-demographic index (SDI).6 The 141 

present study provides unique perspectives on the global estimates of the burden of disease, by 142 

examining the trends and projections of disability-adjusted life years (DALYs) and deaths from 143 

malnutrition and obesity until 2030, across sex, geographical regions and socioeconomic status. With 144 

the current obesogenic climate, there is a growing need to forecast these estimates that can help inform 145 

policy-making stakeholders in structuring and implementing effective health services to meet the future 146 

demand. This is in line with the Lancet Commission that recommends the understanding in the shift of 147 

paradigms and practices regarding obesity and nutrition, with the unified goal in advancing 148 

governmental action and accountability that will promote planetary health.7  149 



 7 

Methods 150 

Overview and definition 151 

To the trends in deaths and DALYs of obesity and malnutrition from 2000 to 2019, estimates were 152 

retrieved from the GBD 2019 study coordinated by the Institute for Health Metrics and Evaluation, an 153 

independent global health research centre at the University of Washington.8 The GBD 2019 study is a 154 

multinational collaborative study consisting of 204 countries and territories, that provides annual data 155 

allowing for accurate comparisons across the years.9 The present study included the full set of data 156 

estimates derived from the GBD 2019 study, thus allowing for the study findings to be representative of 157 

the respective wider populations.10 The study reports death estimates from vital registration systems, 158 

verbal autopsies, as well as alternative surveillance systems,11 data from which can be generated from 159 

the Global Health Data Exchange website.8 For the purposes of this study, estimates of DALYs and 160 

deaths for obesity and malnutrition were retrieved. As the GBD database offers the ecological analysis 161 

of country-level estimates, it does not provide estimates of DALYs and death for individuals suffering 162 

from both obesity and malnutrition, thus the synergistic effects of the double burden of disease cannot 163 

be examined. The original GBD 2019 study utilised DisMod-MR 2.1, a Bayesian meta-regression 164 

method designed to address the limitations of descriptive epidemiological data, such as inconsistency, 165 

missing data, as well as any large variation in methodology between data sources. Natural history 166 

models, back calculation from mortality rates, or other methods were also applied for certain conditions 167 

as described in previous studies.12 The methods to generate the GBD estimates were previously 168 

described13 and can be found in Supplementary Material 1. 169 

 170 

Death and DALYs estimation in the GBD 2019 study 171 

Death and DALYs estimates were retrieved similar to the methods described by previous GBD 172 

studies.12 Estimates for age-standardised prevalence, death, and DALY were presented with their 95% 173 

uncertainty intervals (UIs).  174 

 175 

Prevalence, socio-demographic index and world health organisation regions 176 

The GBD study considers SDI on a scale from 0-1, representing a composite of average incomes per 177 

capita, education level, and fertility rates.14 This score was then used to stratify countries into low, low-178 

middle, middle, high-middle and high SDI bands. Differences in prevalence, deaths, and DALYs based 179 
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on socioeconomic development of countries was then evaluated using this data. The prevalence of 180 

obesity could not be obtained as it was classified as a risk factor instead of a cause of death or injury 181 

in the GBD study. Results were also stratified based on geographical locations as defined by WHO15 – 182 

Africa, the Eastern Mediterranean, Europe, the Region of Americas, South-East Asia and the Western 183 

Pacific. Association between age-standardised prevalence of the diseases and mortality was also 184 

assessed.  185 

 186 

Statistical analysis 187 

The study included all cases of malnutrition and obesity within the GBD 2019 study. Malnutrition was 188 

defined based on the 10th revision International Classification of Diseases (ICD) codes for nutritional 189 

deficiencies, stratified based on protein-energy malnutrition (ICD-10 codes E40-E46·9, E64·0), iodine 190 

deficiencies (E00-E02), vitamin A deficiencies (E50-E50·9, E64·1), dietary iron deficiencies (D50-191 

D50·9), and other nutritional deficiencies such as vitamin deficiency anaemias, thiamine, niacin, vitamin 192 

D, vitamin C, calcium, selenium, and folate deficiency (D51-D53·9, E51-E61·9, E63-E64, E64·2-193 

E64·9),16 with the full definitions used reported in the original GBD 2019 report.11 Obesity was measured 194 

by body mass index (BMI) using metrics related to national and subnational estimates, and defined as 195 

a high BMI of 25kg/m2.17  196 

 197 

The Joinpoint Regression Model version 4·9·1·018 was used to compare annual percentage changes 198 

(APC) in rates, through which trends in obesity and malnutrition, stratified by sex, geographical location, 199 

and SDI were observed. APCs of the age-standardised rates from 2000 to 2019 were presented with 200 

95% confidence intervals (CIs). An APC value which is large in magnitude represents an increasing 201 

(worsening) or decreasing (improving) trend.  202 

 203 

STATA version 17·0 was used to project the obesity and malnutrition-related burden of deaths and 204 

DALYs using historical data from 2000 to 2019 to test for linear and quadratic trends. Based on visual 205 

inspection and evaluation of the models, the most appropriate model with the best fit for each disease 206 

entity was chosen. Using the predictions from the regression models and the Institute for Health Metrics 207 

and Evaluation projection19 of population counts for years 2020–2030, we projected the burden of 208 

mortality and DALYs through to year 2030 for obesity and malnutrition. We also stratified the projections 209 
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by sex for comparison. To examine the percentage change for obesity and malnutrition, the following 210 

equation was used: 211 

𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑐ℎ𝑎𝑛𝑔𝑒 212 

= (
𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑠 𝑎𝑡 𝑛+1 𝑦𝑒𝑎𝑟

𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑠 𝑎𝑡 𝑛𝑡ℎ 𝑦𝑒𝑎𝑟
− 1)  ×  100%. 213 

 214 

The methods used to project the GBD estimates have been described previously.20 No sensitivity or 215 

post-hoc analyses were performed. 216 

 217 

Ethics 218 

The study was exempted from IRB review as the publicly available data did not contain any confidential 219 

patient information.  220 

 221 

Role of the funding source 222 

This research did not receive additional support from organisations beyond the authors’ academic 223 

institutions. Therefore, no funders had any role in the study design, data collection, data analyses, data 224 

interpretation, or writing of the report.  225 
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Results 226 

Malnutrition 227 

Global prevalence of malnutrition 228 

In 2019, the global age-standardised prevalence rate for malnutrition was 16,835 (95% UI: 16,337 to 229 

17,313) per 100,000 population (Supplementary Table 1). The prevalence per 100,000 population was 230 

higher in females (18,222 [95% UI: 17,681 to 18,790]) than in males (15,499 [95% UI 15,028 to 15,965]). 231 

From 2000 to 2019, there was an annual reduction in age-standardised prevalence rates worldwide (-232 

0·39% [95% CI: -0·41 to -0·37]; -0·55% [95% CI: -0·57 to -0·53] for males, -0·25% [95% CI: -0·26 to -233 

0·25] for females).  234 

 235 

Overall malnutrition-related DALYs 236 

Approximately 50 million DALYs were related to malnutrition in 2019 (Table 1), with an age-237 

standardised DALY rate of 680 (95% UI: 507 to 895) per 100,000 population (Figure 1A). Malnutrition-238 

related DALY rates were higher in females (778 [95% UI: 579 to 1,029]) compared to males (584 [95% 239 

UI: 441 to 763]); and a larger decrease in DALYs was observed in males (-3·22% [95% CI: -3·41 to -240 

3·03]) than in females (-2·57% [95% CI: -2·73 to -2·42]) from 2000 to 2019. Across the years, there 241 

was an overall annual reduction in age-standardised DALY rates related to malnutrition (-2·86% [95% 242 

CI: -3·03 to -2·70]).  243 

 244 

Malnutrition-related differences in DALYs based on geographical region 245 

In 2019, age-standardised malnutrition-related DALYs were highest in the Africa (1,142 [95% UI: 893 246 

to 1,431]), followed by South-East Asia (1,059 [95% UI: 755 to 1,444]), and Eastern Mediterranean 247 

regions (770 [95% UI: 577 to 1,012]). In contrast, Europe had the lowest age-standardised malnutrition-248 

related DALYs (202 [95% UI: 137 to 281]), followed by Western Pacific (209 [95% UI: 147 to 283]) and 249 

Region of Americas (292 [95% UI: 222 to 386]). All geographical regions observed decreases in 250 

malnutrition-related DALY rates, with the largest reductions in South-East Asia (-3·79% [95% CI: -4·17 251 

to -3·41]) and Africa (-3·39% [95% CI: -3·58 to -3·20]), and the smallest reductions seen in the Eastern 252 

Mediterranean region (-1·41% [95% CI: -1·70 to -1·11]) and Europe (-1·41% [95% CI: -1·57 to -1·24]).  253 

 254 

Malnutrition-related differences in DALYs based on socio-demographic index (SDI) 255 
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The malnutrition-related age-standardised DALYs decreased with increasing SDI, with low SDI 256 

countries observing the highest DALYs associated with malnutrition (1,412 [95% UI: 1,090 to 1,802]), 257 

to high SDI countries with the lowest DALYs associated with malnutrition (131 [95% UI: 91 to 181]). 258 

There were increasing malnutrition-related age-standardised DALY rates in countries with decreasing 259 

SDI quintiles. Low (-3·12% [95% CI: -3·27 to -2·96]), low-middle (-4·08% [95% CI: -4·51 to -3·65]) and 260 

middle (-2·16% [95% CI: -2·28 to -2·04]) SDI countries observed the largest decreases in annual age-261 

standardised DALY rates related to malnutrition, with the smallest reductions observed in high SDI 262 

countries (-0·55% [95% CI: -0·78 to -0·32]). Importantly, in 2019, malnutrition predominantly contributed 263 

to the burden of disease in the low SDI countries and in the African regions, whilst the burden of obesity 264 

was the largest across the remaining SDI quintiles and geographical regions (Figure 2). 265 

 266 

Overall malnutrition-related mortality 267 

In 2019, the global estimate of malnutrition-related deaths was 251,577 (95% UI: 221,150 to 289,040) 268 

(Table 1). The ASDR in individuals with malnutrition in 2019 was 3·52 (95% UI: 3·09 to 4·06) per 269 

100,000 population (Figure 1B). The ASDR per 100,000 population was higher in females (3·64 [95% 270 

UI: 3·09 to 4·40]) than in males (3·45 [95% UI: 3·04 to 3·90]). From 2000 to 2019, there was annual 271 

reduction in malnutrition-related mortality rates (-5·71% [95% CI: -6·22 to -5·20]), with similar reductions 272 

seen in both males and females (-5·89% [95% CI: -6·36 to -5·41] for males, -5·57% [95% CI: -6·12 to -273 

5·01] for females). 274 

 275 

In 2019, Africa had the highest ASDR of 11·63 (95% UI: 9·76 to 14·03), followed by the Eastern 276 

Mediterranean (4·62 [95% UI: 3·70 to 5·66]) and South-East Asia regions (4·03 [95% UI: 3·43 to 4·80]). 277 

On the contrary, Europe had the lowest malnutrition-related ASDR (0·61 [95% UI: 0·51 to 0·68]), 278 

followed by Western Pacific (1·19 [95% UI: 1·05 to 1·31]). From 2000 to 2019, ASDR reductions in 279 

individuals with malnutrition were observed across all geographical regions (Figure 3), with the largest 280 

decrease in South-East Asia (-9·63% [95% CI: -11·45 to -7·77]), followed by Africa (-4·70% [95% CI: -281 

4·84 to -4·57]). Furthermore, 235,356 malnutrition-related deaths (93·6% of all deaths) occurred in low 282 

to high-middle SDI countries. The malnutrition-related ASDR decreased with increasing SDI, with low 283 

SDI countries observing the highest death rates associated with malnutrition (11·56 [95% UI: 9·75 to 284 

13·97]), and the lowest death rates in high SDI countries (0·68 [95% UI: 0·58 to 0·75]). Countries from 285 
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all SDI quintiles reported reductions in malnutrition-related ASDR from 2000 to 2019, with the largest 286 

reductions observed in low-middle SDI (-9·54% [95% CI: -10·39 to -8·68]), and low SDI countries (-287 

5·03% [95% CI: -5·30 to -4·76]) across the years. 288 

 289 

Obesity 290 

Overall obesity-related DALYs 291 

There was a global estimate of 160 million DALYs related to obesity in 2019 (Table 2), with an age-292 

standardised DALY rate of 1,933 (95% UI: 1,277 to 2,640) per 100,000 population (Figure 1A). The 293 

obesity-related DALY rate was higher in males (2,070 [95% UI: 1,312 to 2,889]) than in females (1,790 294 

[95% UI: 1,229 to 2,417]). From 2000 to 2019, there was a 0·48% (95% CI: 0·38 to 0·58) annual 295 

increase in age-standardised DALY rates related to obesity, with a larger increase observed in males 296 

(0·74% [95% CI: 0·63 to 0·85]) compared to females (0·25% [95% CI: 0·17 to 0·34]).  297 

 298 

Obesity-related differences in DALYs based on geographical region 299 

Age-standardised obesity-related DALYs was highest in the Eastern Mediterranean region (3,721 [95% 300 

UI: 2,591 to 4,954]) followed by Region of Americas (2,457 [95% UI: 1,725 to 3,200]), Africa (2,221 301 

[95% UI: 1,486 to 3,025]), Europe (2,206 [95% UI: 1,519 to 2,946]). On the contrary, the lowest age-302 

standardised obesity-related DALYs were observed in the Western Pacific (1,229 [95% UI: 624 to 303 

1,963]) and South-East Asia (1,786 [95% UI: 1,096 to 2,513]). South-East Asia (2·63% [95% CI: 2·48 304 

to 2·77]), Western Pacific (1·22% [95% CI: 0·98 to 1·46]), Eastern Mediterranean (1·04% [95% CI: 0·92 305 

to 1·15]), Africa (0·87% [95% CI: 0·80 to 0·95]), and the Region of Americas (0·17% [95% CI: 0·09 to 306 

0·26]) observed increases in age-standardised DALY rates from 2000 to 2019, with only Europe 307 

observing a decrease (-0·90% [95% CI: -1·10 to -0·70]).  308 

 309 

Obesity-related differences in DALYs based on socio-demographic index (SDI) 310 

The obesity-related age-standardised DALYs rose with increasing SDI from low (1,698 [95% UI: 990 to 311 

2,492]) to low-middle (1,892 [95% UI: 1,174 to 2,682]) and reaching the peak in middle (2,119 [95% UI: 312 

1,388 to 2,920]) SDI countries. The trend then reversed with age-standardised DALYs decreases in 313 

high-middle (1,982 [95% UI: 1,312 to 2,706]) and high (1,631 [95% UI: 1,121 to 2,198]) SDI countries. 314 

From 2000 to 2019, low (1·87% [95% CI: 1·79 to 1·94]), low-middle (2·41% [95% CI: 2·18 to 2·63]) and 315 



 13 

middle (1·26% [95% CI: 1·18 to 1·35]) SDI countries noted increases in annual age-standardised DALY 316 

rates related to obesity; whilst high-middle (-0·91% [95% CI: -1·09 to -0·73]) and high (-0·14% [95% CI: 317 

-0·19 to -0·09]) SDI countries experienced annual decreases in obesity-related DALY rates. 318 

 319 

Overall obesity-related mortality 320 

In 2019, there was an estimated 5·0 million obesity-related deaths worldwide. The age-standardised 321 

death rate (ASDR) for obesity was 62·59 (95% UI: 39·92 to 89·13) per 100,000 population (Figure 1B), 322 

with higher rates (66·55 [95% UI: 39·76 to 97·21]) in males than in females (58·14 [95% UI: 38·53 to 323 

81·39]). From 2000 to 2019, the overall ASDR remained relatively constant with an annual percentage 324 

decrease of 0·01% (95% CI: -0·13 to 0·11). An annual increase in obesity-related death rates was 325 

observed in males (0·33% [95% CI: 0·15 to 0·52]), whilst an annual reduction was seen amongst 326 

females (-0·27% [95% CI: -0·38 to -0·16]). 327 

 328 

Obesity-related ASDR was highest in the Eastern Mediterranean region (130·97 [95% UI: 87·38 to 329 

179·78]), followed by Africa (79·20 [95% UI: 50·92 to 111·98]), Europe (75·41 [95% UI: 49·74 to 330 

103·02]), the Region of Americas (72·83 [95% UI: 48·62 to 97·90]). On the contrary, the lowest obesity-331 

related ASDR was observed in the South-East Asia (53·60 [95% UI: 31·54 to 78·85), and the Western 332 

Pacific regions (38·38 [95% UI: 18·10 to 64·89]). Trends in the annual percentage change of ASDR 333 

from 2000 to 2019 varied across regions, with South-East Asia (2·37% [95% CI: 1·93 to 2·81]), the 334 

Eastern Mediterranean (1·01% [95% CI: 0·87 to 1·14]), the Western Pacific (0·87% [95% CI: 0·48 to 335 

1·26]) and Africa (0·86% [95% CI: 0·78 to 0·94]) facing increases in obesity-related ASDR annually. On 336 

the contrary, there were annual decreases in ASDR in Europe (-1·16% [95% CI: -1·41 to -0·89]) and 337 

the Region of Americas (-0·27% [95% CI: -0·44 to -0·10]) from 2000 to 2019 (Figure 4). Furthermore, 338 

4,114,125 obesity-related deaths (82·0% of all deaths) occurred in low to high-middle SDI countries. 339 

The obesity-related ASDR rose with increasing SDI, from low (55·55 [95% UI 31·38 to 85·09]) to high-340 

medium SDI countries (69·14 [95% UI: 44·00 to 98·24]). Notably, this trend was not observed in high 341 

SDI countries, which revealed the lowest ASDR related to obesity (45·65 [95% UI: 29·76 to 63·76]). 342 

From 2000 to 2019, low (1·68% [95% CI: 1·59 to 1·78]), low-middle (2·07% [95% CI: 1·79 to 2·36]), 343 

and middle (1·05% [95% CI: 0·92 to 1·19]) SDI countries experienced increasing annual ASDR; whilst 344 
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high (-1·02% [95% CI: -1·20 to -0·84]) and high-middle (-1·21% [95% CI: -1·44 to -0·99]) SDI countries 345 

had decreasing annual obesity-related ASDR across the years.   346 

 347 

Projected DALYs and deaths 348 

From 2020 to 2030, the global estimates of malnutrition-related DALYs are projected to decrease by 349 

8·4%, albeit a lesser extent than the reduction in malnutrition-related mortality (Supplementary Table 350 

2). The decrease in DALYs is predicted to be larger in males (-12·8%) than in females (-5·0%). 351 

The overall malnutrition-related mortality is also projected to decrease by 27·3% (Supplementary table 352 

3), from 254,276 to 184,801 cases worldwide (Supplementary Table 4). This percentage change is 353 

estimated to be greater in males (-28·4%) than in females (-26·4%). 354 

 355 

Obesity-related DALYs are projected to increase by 39·8% in the coming decade with a larger rise in 356 

females (41·3%) than in males (38·4%). Figure 5 depicts the constant positive annual percentage 357 

change in obesity-related DALYs across the years, with a projected 3·4% annual increase from 2022 358 

to 2030, and this increasing burden is not expected to change in the years to come. On the other hand, 359 

malnutrition-related DALYs observed the least reduction from 2016 to 2022, but is predicted to have a 360 

larger reduction from 2022 to 2030, with a projected annual reduction range from -0·7% to -1·2%. The 361 

global double burden of disease is projected to widen further in the coming decade, with obesity 362 

observing a 262% increased DALY burden compared to malnutrition in 2022, with almost doubled the 363 

obesity-malnutrition gap by 2030 (409% increased DALY burden; Supplementary Table 2). Projections 364 

of overall obesity-related mortality also suggest a 42.7% increase from 2020 to 2030, from 5,185,364 365 

to 7,397,615 cases globally, with a greater percentage change seen in females (43.8%) compared to 366 

males (41.5%).   367 
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Discussion 368 

The current GBD study unravels temporal trends and predictions of the global burden of malnutrition 369 

and obesity, now and in the future. This offers an invaluable resource for long-term strategy 370 

development to tackle these challenging public health problems that often coexist interdependently 371 

(Central Illustration). Though the ubiquitous reductions in malnutrition-related DALYs and mortality 372 

worldwide gives reason for optimism, this must be viewed against the backdrop of rising morbidities 373 

related to obesity.  374 

 375 

Our analysis portrays concerning disparities in mortality and DALYs across sex, geographical and 376 

socioeconomic factors: 1) Progress made in reducing malnutrition-related DALYs and mortality has 377 

been offset by the more-than-proportionately rising burden of obesity, with a widening chiasm observed 378 

between the two components of the double burden of malnutrition. This is especially evidenced by the 379 

regions registering the greatest reductions in malnutrition-related outcomes also demonstrating the 380 

greatest exacerbations in obesity-related disease burden. 2) Considerable spatial variations in the 381 

burden of disease across geographical regions parallel differences in social and cultural factors, with 382 

the highest mortality and DALY rates for both malnutrition and obesity seen in the Eastern 383 

Mediterranean and Africa. African countries are still burdened predominantly by malnutrition, while 384 

every other region has experienced the growing obesity epidemic as a larger driver of disease burden. 385 

3) This geographical disparity is exacerbated by the SDI gradient, with the greatest malnutrition-related 386 

DALY and death rates found in lower SDI countries. This is in contrast with obesity-related death rates 387 

that generally rose with increasing SDI, with the exception of high SDI countries that benefitted from 388 

the lowest obesity-related death rates. 4) The forecasting analysis provides important insights as the 389 

burden of malnutrition and obesity is projected to widen further in the coming decade, with almost 390 

doubled the obesity-malnutrition gap by 2030. It also predicts a larger rise in the burden of obesity 391 

amongst females than males in the coming decade, highlighting the imperative need for policymakers 392 

to develop targeted sex-specific population-based strategies to reverse this trend before the projected 393 

exponential rise in the obesity burden leads to an epidemic that becomes irreversibly entrenched in 394 

society. As such, in this changing nutritional reality, malnutrition cannot be limited to addressing just 395 

undernutrition, but there is an urgency to increase awareness of the double burden of disease given 396 

the rising obesity rates, especially in areas where malnutrition was historically most widespread. 397 
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 398 

While malnutrition-related DALYs and mortality decreased from 2000 to 2019, obesity-related mortality 399 

and DALY rates trended in the opposite direction. These overall trends in the burden of malnutrition and 400 

obesity have been attributed mainly to rapid transitions in diets globally.3 Entire food systems 401 

consolidated under large businesses and manufacturers have heavily pushed the retail availability of 402 

highly processed foods, leading to relatively inexpensive but energy-dense options that dominate core 403 

parts of diets worldwide. These changes are not inherently detrimental – food processing has allowed 404 

for longer shelf-lives, inactivation of food-borne pathogens and better palatability.21 However, this have 405 

led to the formation of food deserts, areas characterised by an abundance of highly processed, high 406 

calorie, nutrient-poor foods while simultaneously facing a lack of nutrient-rich foods. Living in such 407 

dietary environments, coupled with a lack of financial resources, have resulted in individuals increasing 408 

their consumption of food that is energy-dense but low in micronutrients, evident in the increased 409 

adoption of sugary beverages and snacks, ultra-processed foods, and heavily salted, fried foods. This 410 

has been accompanied by a decrease in consumption of high fibre foods including fruit and vegetables, 411 

that are typically low in calories and high in micronutrients. This phenomenon has directly led to the 412 

increasing prevalence of obesity, surfacing difficult questions on the risk-benefit balance afforded by 413 

this new nutrition reality.3 The significant interplay between these two conditions deserves its due 414 

attention, with globalisation and social development accelerating the modern obesogenic environments 415 

that precede the obesity epidemic and the incidence of non-communicable diseases.22  416 

 417 

An interesting finding was the sex-specific disparity in obesity-related mortality predominantly affecting 418 

males, whilst the opposite was observed with the disparate malnutrition-related mortality rates 419 

unfavourably impacting females. This gap in obesity-malnutrition between males and females is 420 

projected to widen further in the years to come (Figure 6). At the same BMI, men have been shown to 421 

demonstrate greater incident diabetes, insulin resistance, and ectopic fat levels, which may contribute 422 

to higher rates of obesity-related morbidity and mortality.23 Conversely, the higher rates of malnutrition-423 

related outcomes in females emphasise several biological and social underpinnings. Food insecurity 424 

has been shown to be more prevalent in women than in men across the world, with increased nutritional 425 

demands secondary to menstruation, pregnancy and lactation.24 Moreover, discriminatory customs and 426 

practices prioritising men’s dietary requirements also leave women to eat last, and eat less.25 As such, 427 
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both obesity and malnutrition need to be addressed through the development of targeted, sex-specific 428 

strategies that effectively address the specific mechanisms underlying this disparity.26 429 

 430 

Clear trends in malnutrition could be observed with SDI as a comparator, with both DALYs and mortality 431 

falling substantially in countries with increasing SDI quintiles. This does not come as a surprise – the 432 

SDI is a composite measure of a region’s per-capita income, fertility rates and average education 433 

levels,14 all three of which have links to malnutrition. All SDI quintiles saw reductions in malnutrition-434 

related deaths and DALYs, with the largest decreases observed in low and low-middle SDI quintile 435 

countries. Low and low-middle SDI countries are reportedly in the midst of their nutrition transition partly 436 

as a result of general economic growth,27 as well as the concerted efforts in targeted and deliberate 437 

interventions aimed at tackling undernutrition.28 Opposite trends were observed with increasing obesity-438 

related DALYs and mortality in countries of higher SDI quintiles. This may be well characterised by the  439 

stages of nutritional change model,29 in which low-middle SDI countries transitioning to stage 2 depict 440 

the shift from receding famine to degenerative disease - urbanisation, economic growth and 441 

technological changes result in a greater prevalence of obesity and its associated non-communicable 442 

diseases.3 On the other hand, high-middle SDI regions show progression to stage 3 of the nutrition 443 

transition,29 observing positive behavioural change with increased awareness of and adherence to 444 

balanced diets, combined with more active lifestyles that help combat obesity.   445 

 446 

Nonetheless, there remain large disparities in obesity and malnutrition-related DALYs and mortality 447 

across various geographical regions, with the largest burden borne by the Eastern Mediterranean and 448 

African regions. The reasons underpinning the burden of malnutrition and obesity are likely multifaceted 449 

and deeply entrenched. These factors have been described in several studies, which include 450 

differences in the prevalence of poverty, the effects of climate change on agriculture, the level of 451 

education, the readiness of governmental responses, as well as biological processes such as 452 

differences in fat patterning, body composition and cardiometabolic effects of BMI.30 Notably, the largest 453 

decrease in malnutrition-related mortality and increase in obesity-related mortality were observed in 454 

South-East Asia. This can be largely tied back to economic growth in the region, with increasing 455 

urbanisation has led to a more sedentary lifestyle and unhealthy diets. For example, Malaysia, which is 456 

the country with the highest prevalence of obesity in South-East Asia, has seen fat and sugar intake 457 
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increase by 80% and 33% respectively over the past decades; with only a third of the population having 458 

ever exercised. The cost of obesity has seen healthcare spending in Malaysia being the highest in the 459 

region.31 Nevertheless, its government has taken steps in an attempt to reverse this rise in obesity by 460 

introducing a sugar tax levy to transition the country away from high calorie, nutrient-poor foods to 461 

nutrient-rich foods, as well as providing subsidies for fruits and vegetables.32 On the other hand, Europe 462 

had the second highest burden of obesity in 2000, and was the only region that observed decrease in 463 

age-standardised obesity-related DALY rates over the past 2 decades. Its implementation of the WHO 464 

European Childhood Obesity Surveillance Initiative (COSI)33 not only improved the understanding of 465 

obesity as a public health challenge, but also helped to inform and drive public policy in promoting 466 

physical activity and healthy diets across Europe.33  467 

 468 

Policies can aim to promote a healthy diet through promotional campaigns that increase the 469 

consumption of plant-based foods. This should be accompanied by shifting the agricultural priorities 470 

from producing high quantities of food to producing healthy food along with the sustainable 471 

intensification of food production to support the high-quality output. This will require strong and 472 

coordinated governance of both the land and seas as well as concrete plans to reduce food wastes 473 

from both the production and consumption sides in accordance to the EAT lancet commission diet.34 At 474 

the individual level, it is important to inculcate positive exercise and dietary habits in the public from a 475 

young age, based on either national recommendations or targets such as the WHO healthy diet35 or the 476 

EAT lancet commission diet.34 Building good habits in children is essential to reduce future burden of 477 

disease and healthcare costs, as they grow up a more informed and healthy populace.35 478 

 479 

The unique design of the present study consolidates both malnutrition and obesity into a single 480 

framework, utilising historical trends to project the incoming burden of disease, and this has led to 481 

several key messages. It is prudent for healthcare policies to focus the attention on addressing the 482 

combined challenges of malnutrition and obesity, rather than each individual entity in isolation, 483 

mitigating the risk of compromising one global health issue for the other. The study highlights the danger 484 

of viewing the drivers of malnutrition as independent causative factors distinct from the underlying 485 

causes of obesity that can – and has – led to approaches targeting malnutrition that inadvertently 486 

exacerbate obesity.4 In addition, approaches in addressing malnutrition must be tailored and weighed 487 
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against the obesity epidemic, with strategies to overcome the global disparity, empower access to 488 

quality food and instilling healthy eating-habits in populations through a combination of policy, 489 

education, and healthcare improvements.4 The study demonstrates that the low-middle SDI 490 

communities undergoing rapid development and growth have seen sharp reductions in malnutrition 491 

accompanied by spikes in obesity. In fact, the increasing rates of obesity-related DALYs are predicted 492 

to remain unchanged in the years to come, with a larger increase in DALYs expected to be borne by 493 

females. The concerning forecast of the obesogenic climate can generate momentum for change with 494 

the collective efforts in initiating effective population-specific interventions to tackle the widening burden 495 

of malnutrition and obesity, through equitable access to environmentally sustainable diets, food 496 

security, eating patterns, and diet quality.7 497 

 498 

This study has several limitations. Firstly, the combined estimates of obesity and malnutrition would 499 

serve as a more accurate indicator of the double burden of malnutrition. However, individual patient 500 

data could not be retrieved as the Global Health Data Exchange only provides estimates of individual 501 

disease entities. Secondly, estimates made are highly dependent on primary data, and where not 502 

available, GBD estimates rely on modelling processes, predictive covariates and temporal trends 503 

derived from neighbouring countries that may lead to inherent biases. As such, inherent bias from the 504 

different adopted metrics and methods used may also affect the accuracy of the prediction model. 505 

Thirdly, there could be potential data quality concerns with regards to the mortality data acquisition due 506 

to inherent challenges of ascertaining deaths related to specific causes such as malnutrition. Moreover, 507 

these concerns are likely to have a larger effect on countries with lower levels of development and 508 

record keeping. This may lead to potential underestimation of the global burden of disease, as well as 509 

the geographical and socioeconomic disparity in mortality.36  510 

 511 

The ubiquitous reduction in the burden of malnutrition has been offset by the more-than-proportionately 512 

rising burden of obesity, with the obesity-malnutrition chiasm predicted to widen further in the coming 513 

decade. This evokes a sense of urgency for effective sex-regional-socioeconomic tailored strategies to 514 

derail the projected trajectory of the burden of malnutrition and obesity, with heightened vigilance 515 

amongst stakeholders in avoiding compromising one disease entity for the other.  516 
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Figure and table legends 690 

Central Illustration: Global Trends and Predictions of the Burden of Malnutrition and Obesity 691 

Figure 1: A) Disability-adjusted life year (DALYs) and age-standardised DALYs and B) number of 692 

deaths and age-standardised death rates at the global level by obesity and malnutrition, 2000-2019 693 

Bar charts depict the age-standardised DALYs/deaths and line graphs depict the total DALYs/deaths 694 

Figure 2: A) Proportion of deaths and, B) Proportion of disability-adjusted life years (DALYs) due to 695 

obesity and malnutrition, at global and regional levels by sex, 2019 696 

SDI, Socio-Demographic Index 697 

Figure 3: The global trends of a) obesity related age-standardised mortality and b) annual percentage 698 

change in malnutrition-related age-standardised death rate 699 

Figure 4: The global trends of a) obesity related age-standardised mortality and b) annual percentage 700 

change in obesity-related age-standardised death rate 701 

Figure 5: Bar graphs of Annual Percentage Change of Disability-adjusted Life Years (DALYs) by 702 

disease from 2000 to 2030 703 

Figure 6: Projection of Disability-adjusted Life Years (DALYs) by disease from 2000 to 2030 704 

Bar charts depict total DALYs and line graphs depict male/female DALYs 705 

 706 

Table 1: Disability-adjusted life years and mortality of individuals with malnutrition 707 

Table 2: Disability-adjusted life years and mortality of individuals with obesity  708 



Table 1: Disability-adjusted life years and mortality of individuals with malnutrition 

  DALYs Mortality 

  Number 2019  Age-
standardised 
DALYs per 
100,000 in 

2019 

Annual 
percentage 

change 2000-
2019 (%) 

p-value Number 2019 Age-
standardised 
death rate per 

100,000 in 2019 

Annual 
percentage 

change 2000-
2019 (%) 

p-
value 

Overall 49,775,124 
(36,889,950 to 
65,839,422) 

680 (507 to 
895) 

-2.86 (-3.03 to -
2.70) 

<0.001 
251,577 

(221,150 to 
289,040) 

3.52 (3.09 to 
4.06) 

-5.71 (-6.22 to -
5.20) 

<0.001 

Sex         

 Male 21,318,569 
(16,030,317 to 
27,817,401) 

584 (441 to 
763) 

-3.22 (-3.41 to -
3.03) 

<0.001 
113,594 

(99,257 to 
129,012) 

3.45 (3.04 to 
3.90) 

-5.89 (-6.36 to -
5.41) 

<0.001 

 Female 28,456,555 
(21,132,186 to 
37,721,021) 

778 (579 to 
1,029) 

-2.57 (-2.73 to -
2.42) 

<0.001 
137,983 

(118,651 to 
165,844) 

3.64 (3.09 to 
4.40) 

-5.57 (-6.12 to -
5.01) 

<0.001 

WHO region         

 Africa 15,067,357 
(11,792,113 to 
18,890,743) 

1,142 (893 to 
1,431) 

-3.39 (-3.58 to -
3.20) 

<0.001 
98,704 (79,248 

to 124,293) 
11.63 (9.76 to 

14.03) 
-4.70 (-4.84 to -

4.57) 
<0.001 

 Eastern 
Mediterranean 

5,836,326 
(4,366,093 to 
7,646,904) 

770 (577 to 
1,012) 

-1.41 (-1.70 to -
1.11) 

<0.001 
27,165 (20,780 

to 34,574) 
4.62 (3.70 to 

5.66) 
-2.40 (-3.12 to -

1.68) 
<0.001 

 Europe 1,873,495 
(1,298,031 to 
2,579,991) 

202 (137 to 
281) 

-1.41 (-1.57 to -
1.24) 

<0.001 
10,551 (8,728 

to 11,808) 
0.61 (0.51 to 

0.68) 
-1.34 (-1.55 to -

1.13) 
<0.001 

 Region of 
Americas 

2,830,651 
(2,160,366 to 
3,740,292) 

292 (222 to 
386) 

-2.74 (-2.86 to -
2.62) 

<0.001 
33,718 (29,633 

to 37,002) 
2.82 (2.48 to 

3.12) 
-3.75 (-4.00 to -

3.50) 
<0.001 

 South-East 
Asia 

20,097,893 
(14,181,237 to 
27,528,035) 

1,059 (755 to 
1,444) 

-3.79 (-4.17 to -
3.41) 

<0.001 
55,979 (47,135 

to 67,846) 
4.03 (3.43 to 

4.80) 
-9.63 (-11.45 to -

7.77) 
<0.001 

 Western 
Pacific 

4,004,705 
(2,839,008 to 
5,483,388) 

209 (147 to 
283) 

-3.32 (-3.46 to -
3.19) 

<0.001 
25,100 (22,107 

to 27,519) 
1.19 (1.05 to 

1.31) 
-3.84 (-4.20 to -

3.47) 
<0.001 

SDI         

Table



 High 1,456,034 
(1,049,926 to 
1,973,130) 

131 (91 to 
181) 

-0.55 (-0.78 to -
0.32) 

<0.001 
16,051 (13,336 

to 17,672) 
0.68 (0.58 to 

0.75) 
-1.37 (-1.75 to -

0.99) 
<0.001 

 High-middle 3,777,225 
(2,628,068 to 
5,243,542) 

275 (190 to 
385) 

-1.96 (-2.05 to -
1.88) 

<0.001 
17,140 (15,215 

to 18,564) 
0.98 (0.87 to 

1.06) 
-2.80 (-3.06 to -

2.54) 
<0.001 

 Middle 10,018,418 
(7,136,818 to 
13,547,619) 

446 (320 to 
601) 

-2.16 (-2.28 to -
2.04) 

<0.001 
54,705 (49,551 

to 59,490) 
3.00 (2.68 to 

3.29) 
-3.58 (-3.69 to -

3.47) 
<0.001 

 Low-middle 16,197,717 
(11,889,740 to 
21,765,779) 

946 (697 to 
1,264) 

-4.08 (-4.51 to -
3.65) 

<0.001 
59,226 (50,936 

to 70,362) 
4.51 (3.94 to 

5.28) 
-9.54 (-10.39 to -

8.68) 
<0.001 

 Low 18,299,217 
(14,184,880 to 
23,321,623) 

1,412 (1,090 
to 1,802) 

-3.12 (-3.27 to -
2.96) 

<0.001 
104,285 

(83,825 to 
130,287) 

11.56 (9.75 to 
13.97) 

-5.03 (-5.30 to -
4.76) 

<0.001 

Data in the parentheses are 95% uncertainty intervals· DALYs disability-adjusted life year; SDI Socio-Demographic Index; WHO World Health Organisation 
 

  



Table 2: Disability-adjusted life years and mortality of individuals with obesity 
  DALYs Mortality 

  Number 2019  Age-
standardised 

DALYs per 
100,000 in 

2019 

Annual 
percentage 

change 
2000-2019 

(%) 

p-value Number 2019 Age-
standardised 

death rate 
per 100,000 

in 2019 

Annual 
percentage 

change 2000-
2019 (%) 

p-
value 

Overall 160,265,357 
(105,969,034 to 
218,870,439) 

1,933 (1,277 to 
2,640) 

0.48 (0.38 to 
0.58) 

<0.001 
5,019,360 

(3,223,364 to 
7,110,736) 

62.59 (39.92 
to 89.13) 

-0.01 (-0.13 to 
0.11) 

0.881 

Sex         

 Male 82,840,928 
(52,774,866 to 
115,149,374) 

2,070 (1,312 to 
2,889) 

0.74 (0.63 to 
0.85) 

<0.001 
2,477,387 

(1,515,677 to 
3,568,860) 

66.55 (39.76 
to 97.21) 

0.33 (0.15 to 
0.52) 

<0.001 

 Female 77,424,429 
(53,176,344 to 
104,577,664) 

1,790 (1,229 to 
2,417) 

0.25 (0.17 to 
0.34) 

<0.001 
2,541,973 

(1,683,590 to 
3,561,055) 

58.14 (38.53 
to 81.39) 

-0.27 (-0.38 to -
0.16) 

<0.001 

WHO region         

 Africa 12,324,913 
(8,371,480 to 
16,578,508) 

2,221 (1,486 to 
3,025) 

0.87 (0.80 to 
0.95) 

<0.001 
361,539 (237,293 to 

499,448) 
79.20 (50.92 
to 111.98) 

0.86 (0.78 to 
0.94) 

<0.001 

 Eastern 
Mediterranean 

17,923,202 
(12,584,59 to 
23,768,056) 

3,721 (2,591 to 
4,954) 

1.04 (0.92 to 
1.15) 

<0.001 
522,392 (352,647 to 

707,166) 
130.97 (87.38 

to 179.78) 
1.01 (0.87 to 

1.14) 
<0.001 

 Europe 32,474,360 
(22,183,037 to 
43,473,404) 

2,206 (1,519 to 
2,946) 

-0.90 (-1.10 
to -0.70) 

<0.001 
1,243,937 (810,492 

to 1,717,794) 
75.41 (49.74 
to 103.02) 

-1.16 (-1.41 to -
0.89) 

<0.001 

 Region of 
Americas 

30,395,450 
(21,207,720 to 
39,622,411) 

2,457 (1,725 to 
3,200) 

0.17 (0.09 to 
0.26) 

<0.001 
940,265 (625,116 to 

1,268,476) 
72.83 (48.62 

to 97.90) 
-0.27 (-0.44 to -

0.10) 
0.002 

 South-East 
Asia 

33,558,095 
(20,816,783 to 
46,899,343) 

1,786 (1,096 to 
2,513) 

2.63 (2.48 to 
2.77) 

<0.001 
918,795 (550,880 to 

1,327,038) 
53.60 (31.54 

to 78.85) 
2.37 (1.93 to 

2.81) 
<0.001 

 Western 
Pacific 

33,058,032 
(16,759,032 to 
52,761,895) 

1,229 (624 to 
1,963) 

1.22 (0.98 to 
1.46) 

<0.001 
1,015,716 (483,041 

to 1,701,367) 
38.38 (18.10 

to 64.89) 
0.87 (0.48 to 

1.26) 
<0.001 

SDI         



 High 26,809,080 
(18,213,631 to 
36,348,663) 

1,631 (1,121 to 
2,198) 

-0.14 (-0.19 
to -0.09) 

<0.001 
901,712 (573,462 to 

1,289,616) 
45.65 (29.76 

to 63.76) 
-1.02 (-1.20 to -

0.84) 
<0.001 

 High-middle 39,587,645 
(26,141,026 to 
54,009,607) 

1,982 (1,312 to 
2,706) 

-0.91 (-1.09 
to -0.73) 

<0.001 
1,376,628 (877,166 

to 1,953,869) 
69.14 (44.00 

to 98.24) 
-1.21 (-1.44 to -

0.99) 
<0.001 

 Middle 55,465,889 
(36,710,764 to 
75,810,218) 

2,119 (1,388 to 
2,920) 

1.26 (1.18 to 
1.35) 

<0.001 
1,647,281 

(1,051,542 to 
2,333,137) 

68.92 (43.02 
to 99.26) 

1.05 (0.92 to 
1.19) 

<0.001 

 Low-middle 28,007,122 
(17,469,919 to 
39,227,162) 

1,892 (1,174 to 
2,682) 

2.41 (2.18 to 
2.63) 

<0.001 
804,748 (490,930 to 

1,158,654) 
60.34 (36.27 

to 88.37) 
2.07 (1.79 to 

2.36) 
<0.001 

 Low 10,276,830 
(6,088,926 to 
14,897,027) 

1,698 (990 to 
2,492) 

1.87 (1.79 to 
1.94) 

<0.001 
285,468 (162,714 to 

429,330) 
55.55 (31.38 

to 85.09) 
1.68 (1.59 to 

1.78) 
<0.001 

Data in the parentheses are 95% uncertainty intervals· DALYs disability-adjusted life year; SDI Socio-Demographic Index; WHO World Health Organisation 
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Summary 

Background: Malnutrition and obesity are interdependent pathologies along the same spectrum. We 

examined global trends and projections of disability-adjusted life years (DALYs) and deaths from 

malnutrition and obesity until 2030. 

Methods: Using data from the 2019 Global Burden of Disease study involving 204 countries and 

territories, trends in DALYs and deaths were described for obesity and malnutrition from 2000 to 2019, 

stratified by geographical regions (as defined by WHO) and Socio-Demographic Index (SDI). 

Malnutrition was defined according to the 10th revision of International Classification of Diseases codes 

for nutritional deficiencies, stratified by malnutrition type. Obesity was measured via body mass index 

(BMI) using metrics related to national and subnational estimates, defined as BMI ≥25kg/m2. Countries 

were stratified into low, low-middle, middle, high-middle, and high SDI bands. Regression models were 

constructed to predict DALYs and mortality up to 2030. Association between age-standardised 

prevalence of the diseases and mortality was also assessed. 

Findings: In 2019, age-standardised malnutrition-related DALYs was 680 (95% UI: 507–895) per 

100,000 population. DALY rates decreased from 2000 to 2019 (-2·86% annually), projected to fall 8·4% 

from 2020 to 2030. Africa and low SDI countries observed highest malnutrition-related DALYs. Age-

standardised obesity-related DALY estimates were 1,933 (95% UI: 1,277–2,640). Obesity-related 

DALYs rose 0·48% annually from 2000 to 2019, predicted to increase by 39·8% from 2020 to 2030. 

Highest obesity-related DALYs were in Eastern Mediterranean and middle SDI countries.  

Interpretation: The ever-increasing obesity burden, on the backdrop of curbing the malnutrition burden, 

is predicted to rise further. 

Funding: None 

Key words: Global burden; Obesity; Malnutrition; Mortality; Disability-adjusted life years 
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Research in context 
Evidence before this study 
Increasing importance has been placed on viewing undernutrition and overnutrition not as two distinct 
conditions addressed in silos, but as interconnected issues sharing common pathophysiological 
processes that together contribute to the double burden of malnutrition. We searched the databases 
MEDLINE and Embase with the search terms “global burden”, “GBD”, “malnutrition”, and “obesity”, for 
articles published in English from database inception to 7th August, 2022; the search returned 2971 
articles. While the changing burdens of malnutrition and obesity have been studied in target vulnerable 
groups, such as in children or in low and middle-income countries, the comprehensive analysis on to 
the global trends and predictions of the double burden of disease is lacking. 
Added value of this study 
This study utilises the Global Burden of Disease (GBD) 2019 data to estimate the distribution of the 
double burden of malnutrition and obesity. Progress in reducing disease burden stemming from 
undernutrition has been shown to have been more-than-offset by rapidly rising obesity-related disease 
burden, evidenced especially by the regions registering the greatest reductions in malnutrition-related 
outcomes also demonstrating the greatest exacerbations in obesity-related disease burden. The 
disparities in disease burden reveal the entrenched sex-regional-socioeconomic precursors, with 
obesity-related death rates rising with the level of social development, but only up to a point – high SDI 
countries demonstrated the lowest obesity-related deaths. Our projections suggest that the chiasm 
between malnutrition and obesity will widen further in the coming decade, driven primarily by rising 
obesity. 
Implications of all the available evidence 
Bringing together and examining the chiasm between malnutrition and obesity, stratified by sex, location 
and social development, allows for important, contextualised insights to be drawn for future decision-
making on addressing the double burden of malnutrition as one entity. Our analysis provides evidence 
suggesting worsening disease burden related to obesity, especially pertinent in low and low-middle SDI 
countries that are in the midst of rapid nutrition transitions. Through this, we highlight the importance of 
population-specific interventions and policies, weighing measures addressing malnutrition against the 
obesity epidemic. Measures addressing malnutrition must be dynamic and have consideration for long-
term unintended consequences, working to address common pathways involved in the progression of 
obesity as well, through empowering access to quality food and instilling healthy eating habits.  
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Introduction 

The double burden of malnutrition and obesity, is one of the top priorities that the UN Decade of Action 

on Nutrition is trying to eradicate.1 This burden of disease manifests as either undernutrition or 

overnutrition, which has traditionally been viewed as two distinct conditions addressed in silos, whereas 

in fact they share similar pathophysiological processes at different ends of the spectrum.2 Previously, 

health and development policies have focused their attention on undernutrition and this has helped 

eradicate the life-threatening sequelae of acute malnutrition as well as curb the trajectory of chronic 

malnutrition. However, these policies have resulted in some countries undergoing a rapid nutritional 

transition, which has led to unhealthy diets and obesity.2, 3 Hence, newer policies have pivoted to 

simultaneously tackle the burden of malnutrition and obesity with a more holistic approach.4 

 

Previous studies have focused on the severe burden of disease particularly in vulnerable population 

groups such as in children and maternal malnutrition,5 as well as in low and middle-income countries.2, 

3 The disparate distribution of the global burden of malnutrition and obesity remains unclear given the 

paucity of data from other population groups such as those of higher-income countries. The Global 

Burden of Disease, Injuries, and Risk Factors Study (GBD) lends insights into the global trends through 

systematic estimates of the risk factors and causes of death in 204 different countries and territories, 

allowing important stratification based on sex, geographical, and socio-demographic index (SDI).6 The 

present study provides unique perspectives on the global estimates of the burden of disease, by 

examining the trends and projections of disability-adjusted life years (DALYs) and deaths from 

malnutrition and obesity until 2030, across sex, geographical regions and socioeconomic status. With 

the current obesogenic climate, there is a growing need to forecast these estimates that can help inform 

policy-making stakeholders in structuring and implementing effective health services to meet the future 

demand. This is in line with the Lancet Commission that recommends the understanding in the shift of 

paradigms and practices regarding obesity and nutrition, with the unified goal in advancing 

governmental action and accountability that will promote planetary health.7  
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Methods 

Overview and definition 

To the trends in deaths and DALYs of obesity and malnutrition from 2000 to 2019, estimates were 

retrieved from the GBD 2019 study coordinated by the Institute for Health Metrics and Evaluation, an 

independent global health research centre at the University of Washington.8 The GBD 2019 study is a 

multinational collaborative study consisting of 204 countries and territories, that provides annual data 

allowing for accurate comparisons across the years.9 The present study included the full set of data 

estimates derived from the GBD 2019 study, thus allowing for the study findings to be representative of 

the respective wider populations.10 The study reports death estimates from vital registration systems, 

verbal autopsies, as well as alternative surveillance systems,11 data from which can be generated from 

the Global Health Data Exchange website.8 For the purposes of this study, estimates of DALYs and 

deaths for obesity and malnutrition were retrieved. As the GBD database offers the ecological analysis 

of country-level estimates, it does not provide estimates of DALYs and death for individuals suffering 

from both obesity and malnutrition, thus the synergistic effects of the double burden of disease cannot 

be examined. The original GBD 2019 study utilised DisMod-MR 2.1, a Bayesian meta-regression 

method designed to address the limitations of descriptive epidemiological data, such as inconsistency, 

missing data, as well as any large variation in methodology between data sources. Natural history 

models, back calculation from mortality rates, or other methods were also applied for certain conditions 

as described in previous studies.12 The methods to generate the GBD estimates were previously 

described13 and can be found in Supplementary Material 1. 

 

Death and DALYs estimation in the GBD 2019 study 

Death and DALYs estimates were retrieved similar to the methods described by previous GBD 

studies.12 Estimates for age-standardised prevalence, death, and DALY were presented with their 95% 

uncertainty intervals (UIs).  

 

Prevalence, socio-demographic index and world health organisation regions 

The GBD study considers SDI on a scale from 0-1, representing a composite of average incomes per 

capita, education level, and fertility rates.14 This score was then used to stratify countries into low, low-

middle, middle, high-middle and high SDI bands. Differences in prevalence, deaths, and DALYs based 
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on socioeconomic development of countries was then evaluated using this data. The prevalence of 

obesity could not be obtained as it was classified as a risk factor instead of a cause of death or injury 

in the GBD study. Results were also stratified based on geographical locations as defined by WHO15 – 

Africa, the Eastern Mediterranean, Europe, the Region of Americas, South-East Asia and the Western 

Pacific. Association between age-standardised prevalence of the diseases and mortality was also 

assessed.  

 

Statistical analysis 

The study included all cases of malnutrition and obesity within the GBD 2019 study. Malnutrition was 

defined based on the 10th revision International Classification of Diseases (ICD) codes for nutritional 

deficiencies, stratified based on protein-energy malnutrition (ICD-10 codes E40-E46·9, E64·0), iodine 

deficiencies (E00-E02), vitamin A deficiencies (E50-E50·9, E64·1), dietary iron deficiencies (D50-

D50·9), and other nutritional deficiencies such as vitamin deficiency anaemias, thiamine, niacin, vitamin 

D, vitamin C, calcium, selenium, and folate deficiency (D51-D53·9, E51-E61·9, E63-E64, E64·2-

E64·9),16 with the full definitions used reported in the original GBD 2019 report.11 Obesity was measured 

by body mass index (BMI) using metrics related to national and subnational estimates, and defined as 

a high BMI of 25kg/m2.17  

 

The Joinpoint Regression Model version 4·9·1·018 was used to compare annual percentage changes 

(APC) in rates, through which trends in obesity and malnutrition, stratified by sex, geographical location, 

and SDI were observed. APCs of the age-standardised rates from 2000 to 2019 were presented with 

95% confidence intervals (CIs). An APC value which is large in magnitude represents an increasing 

(worsening) or decreasing (improving) trend.  

 

STATA version 17·0 was used to project the obesity and malnutrition-related burden of deaths and 

DALYs using historical data from 2000 to 2019 to test for linear and quadratic trends. Based on visual 

inspection and evaluation of the models, the most appropriate model with the best fit for each disease 

entity was chosen. Using the predictions from the regression models and the Institute for Health Metrics 

and Evaluation projection19 of population counts for years 2020–2030, we projected the burden of 

mortality and DALYs through to year 2030 for obesity and malnutrition. We also stratified the projections 
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by sex for comparison. To examine the percentage change for obesity and malnutrition, the following 

equation was used: 

𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑐ℎ𝑎𝑛𝑔𝑒 

= (
𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑠 𝑎𝑡 𝑛+1 𝑦𝑒𝑎𝑟

𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑠 𝑎𝑡 𝑛𝑡ℎ 𝑦𝑒𝑎𝑟
− 1)  ×  100%. 

 

The methods used to project the GBD estimates have been described previously.20 No sensitivity or 

post-hoc analyses were performed. 

 

Ethics 

The study was exempted from IRB review as the publicly available data did not contain any confidential 

patient information.  

 

Role of the funding source 

This research did not receive additional support from organisations beyond the authors’ academic 

institutions. Therefore, no funders had any role in the study design, data collection, data analyses, data 

interpretation, or writing of the report.  
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Results 

Malnutrition 

Global prevalence of malnutrition 

In 2019, the global age-standardised prevalence rate for malnutrition was 16,835 (95% UI: 16,337 to 

17,313) per 100,000 population (Supplementary Table 1). The prevalence per 100,000 population was 

higher in females (18,222 [95% UI: 17,681 to 18,790]) than in males (15,499 [95% UI 15,028 to 15,965]). 

From 2000 to 2019, there was an annual reduction in age-standardised prevalence rates worldwide (-

0·39% [95% CI: -0·41 to -0·37]; -0·55% [95% CI: -0·57 to -0·53] for males, -0·25% [95% CI: -0·26 to -

0·25] for females).  

 

Overall malnutrition-related DALYs 

Approximately 50 million DALYs were related to malnutrition in 2019 (Table 1), with an age-

standardised DALY rate of 680 (95% UI: 507 to 895) per 100,000 population (Figure 1A). Malnutrition-

related DALY rates were higher in females (778 [95% UI: 579 to 1,029]) compared to males (584 [95% 

UI: 441 to 763]); and a larger decrease in DALYs was observed in males (-3·22% [95% CI: -3·41 to -

3·03]) than in females (-2·57% [95% CI: -2·73 to -2·42]) from 2000 to 2019. Across the years, there 

was an overall annual reduction in age-standardised DALY rates related to malnutrition (-2·86% [95% 

CI: -3·03 to -2·70]).  

 

Malnutrition-related differences in DALYs based on geographical region 

In 2019, age-standardised malnutrition-related DALYs were highest in the Africa (1,142 [95% UI: 893 

to 1,431]), followed by South-East Asia (1,059 [95% UI: 755 to 1,444]), and Eastern Mediterranean 

regions (770 [95% UI: 577 to 1,012]). In contrast, Europe had the lowest age-standardised malnutrition-

related DALYs (202 [95% UI: 137 to 281]), followed by Western Pacific (209 [95% UI: 147 to 283]) and 

Region of Americas (292 [95% UI: 222 to 386]). All geographical regions observed decreases in 

malnutrition-related DALY rates, with the largest reductions in South-East Asia (-3·79% [95% CI: -4·17 

to -3·41]) and Africa (-3·39% [95% CI: -3·58 to -3·20]), and the smallest reductions seen in the Eastern 

Mediterranean region (-1·41% [95% CI: -1·70 to -1·11]) and Europe (-1·41% [95% CI: -1·57 to -1·24]).  

 

Malnutrition-related differences in DALYs based on socio-demographic index (SDI) 
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The malnutrition-related age-standardised DALYs decreased with increasing SDI, with low SDI 

countries observing the highest DALYs associated with malnutrition (1,412 [95% UI: 1,090 to 1,802]), 

to high SDI countries with the lowest DALYs associated with malnutrition (131 [95% UI: 91 to 181]). 

There were increasing malnutrition-related age-standardised DALY rates in countries with decreasing 

SDI quintiles. Low (-3·12% [95% CI: -3·27 to -2·96]), low-middle (-4·08% [95% CI: -4·51 to -3·65]) and 

middle (-2·16% [95% CI: -2·28 to -2·04]) SDI countries observed the largest decreases in annual age-

standardised DALY rates related to malnutrition, with the smallest reductions observed in high SDI 

countries (-0·55% [95% CI: -0·78 to -0·32]). Importantly, in 2019, malnutrition predominantly contributed 

to the burden of disease in the low SDI countries and in the African regions, whilst the burden of obesity 

was the largest across the remaining SDI quintiles and geographical regions (Figure 2). 

 

Overall malnutrition-related mortality 

In 2019, the global estimate of malnutrition-related deaths was 251,577 (95% UI: 221,150 to 289,040) 

(Table 1). The ASDR in individuals with malnutrition in 2019 was 3·52 (95% UI: 3·09 to 4·06) per 

100,000 population (Figure 1B). The ASDR per 100,000 population was higher in females (3·64 [95% 

UI: 3·09 to 4·40]) than in males (3·45 [95% UI: 3·04 to 3·90]). From 2000 to 2019, there was annual 

reduction in malnutrition-related mortality rates (-5·71% [95% CI: -6·22 to -5·20]), with similar reductions 

seen in both males and females (-5·89% [95% CI: -6·36 to -5·41] for males, -5·57% [95% CI: -6·12 to -

5·01] for females). 

 

In 2019, Africa had the highest ASDR of 11·63 (95% UI: 9·76 to 14·03), followed by the Eastern 

Mediterranean (4·62 [95% UI: 3·70 to 5·66]) and South-East Asia regions (4·03 [95% UI: 3·43 to 4·80]). 

On the contrary, Europe had the lowest malnutrition-related ASDR (0·61 [95% UI: 0·51 to 0·68]), 

followed by Western Pacific (1·19 [95% UI: 1·05 to 1·31]). From 2000 to 2019, ASDR reductions in 

individuals with malnutrition were observed across all geographical regions (Figure 3), with the largest 

decrease in South-East Asia (-9·63% [95% CI: -11·45 to -7·77]), followed by Africa (-4·70% [95% CI: -

4·84 to -4·57]). Furthermore, 235,356 malnutrition-related deaths (93·6% of all deaths) occurred in low 

to high-middle SDI countries. The malnutrition-related ASDR decreased with increasing SDI, with low 

SDI countries observing the highest death rates associated with malnutrition (11·56 [95% UI: 9·75 to 

13·97]), and the lowest death rates in high SDI countries (0·68 [95% UI: 0·58 to 0·75]). Countries from 
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all SDI quintiles reported reductions in malnutrition-related ASDR from 2000 to 2019, with the largest 

reductions observed in low-middle SDI (-9·54% [95% CI: -10·39 to -8·68]), and low SDI countries (-

5·03% [95% CI: -5·30 to -4·76]) across the years. 

 

Obesity 

Overall obesity-related DALYs 

There was a global estimate of 160 million DALYs related to obesity in 2019 (Table 2), with an age-

standardised DALY rate of 1,933 (95% UI: 1,277 to 2,640) per 100,000 population (Figure 1A). The 

obesity-related DALY rate was higher in males (2,070 [95% UI: 1,312 to 2,889]) than in females (1,790 

[95% UI: 1,229 to 2,417]). From 2000 to 2019, there was a 0·48% (95% CI: 0·38 to 0·58) annual 

increase in age-standardised DALY rates related to obesity, with a larger increase observed in males 

(0·74% [95% CI: 0·63 to 0·85]) compared to females (0·25% [95% CI: 0·17 to 0·34]).  

 

Obesity-related differences in DALYs based on geographical region 

Age-standardised obesity-related DALYs was highest in the Eastern Mediterranean region (3,721 [95% 

UI: 2,591 to 4,954]) followed by Region of Americas (2,457 [95% UI: 1,725 to 3,200]), Africa (2,221 

[95% UI: 1,486 to 3,025]), Europe (2,206 [95% UI: 1,519 to 2,946]). On the contrary, the lowest age-

standardised obesity-related DALYs were observed in the Western Pacific (1,229 [95% UI: 624 to 

1,963]) and South-East Asia (1,786 [95% UI: 1,096 to 2,513]). South-East Asia (2·63% [95% CI: 2·48 

to 2·77]), Western Pacific (1·22% [95% CI: 0·98 to 1·46]), Eastern Mediterranean (1·04% [95% CI: 0·92 

to 1·15]), Africa (0·87% [95% CI: 0·80 to 0·95]), and the Region of Americas (0·17% [95% CI: 0·09 to 

0·26]) observed increases in age-standardised DALY rates from 2000 to 2019, with only Europe 

observing a decrease (-0·90% [95% CI: -1·10 to -0·70]).  

 

Obesity-related differences in DALYs based on socio-demographic index (SDI) 

The obesity-related age-standardised DALYs rose with increasing SDI from low (1,698 [95% UI: 990 to 

2,492]) to low-middle (1,892 [95% UI: 1,174 to 2,682]) and reaching the peak in middle (2,119 [95% UI: 

1,388 to 2,920]) SDI countries. The trend then reversed with age-standardised DALYs decreases in 

high-middle (1,982 [95% UI: 1,312 to 2,706]) and high (1,631 [95% UI: 1,121 to 2,198]) SDI countries. 

From 2000 to 2019, low (1·87% [95% CI: 1·79 to 1·94]), low-middle (2·41% [95% CI: 2·18 to 2·63]) and 
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middle (1·26% [95% CI: 1·18 to 1·35]) SDI countries noted increases in annual age-standardised DALY 

rates related to obesity; whilst high-middle (-0·91% [95% CI: -1·09 to -0·73]) and high (-0·14% [95% CI: 

-0·19 to -0·09]) SDI countries experienced annual decreases in obesity-related DALY rates. 

 

Overall obesity-related mortality 

In 2019, there was an estimated 5·0 million obesity-related deaths worldwide. The age-standardised 

death rate (ASDR) for obesity was 62·59 (95% UI: 39·92 to 89·13) per 100,000 population (Figure 1B), 

with higher rates (66·55 [95% UI: 39·76 to 97·21]) in males than in females (58·14 [95% UI: 38·53 to 

81·39]). From 2000 to 2019, the overall ASDR remained relatively constant with an annual percentage 

decrease of 0·01% (95% CI: -0·13 to 0·11). An annual increase in obesity-related death rates was 

observed in males (0·33% [95% CI: 0·15 to 0·52]), whilst an annual reduction was seen amongst 

females (-0·27% [95% CI: -0·38 to -0·16]). 

 

Obesity-related ASDR was highest in the Eastern Mediterranean region (130·97 [95% UI: 87·38 to 

179·78]), followed by Africa (79·20 [95% UI: 50·92 to 111·98]), Europe (75·41 [95% UI: 49·74 to 

103·02]), the Region of Americas (72·83 [95% UI: 48·62 to 97·90]). On the contrary, the lowest obesity-

related ASDR was observed in the South-East Asia (53·60 [95% UI: 31·54 to 78·85), and the Western 

Pacific regions (38·38 [95% UI: 18·10 to 64·89]). Trends in the annual percentage change of ASDR 

from 2000 to 2019 varied across regions, with South-East Asia (2·37% [95% CI: 1·93 to 2·81]), the 

Eastern Mediterranean (1·01% [95% CI: 0·87 to 1·14]), the Western Pacific (0·87% [95% CI: 0·48 to 

1·26]) and Africa (0·86% [95% CI: 0·78 to 0·94]) facing increases in obesity-related ASDR annually. On 

the contrary, there were annual decreases in ASDR in Europe (-1·16% [95% CI: -1·41 to -0·89]) and 

the Region of Americas (-0·27% [95% CI: -0·44 to -0·10]) from 2000 to 2019 (Figure 4). Furthermore, 

4,114,125 obesity-related deaths (82·0% of all deaths) occurred in low to high-middle SDI countries. 

The obesity-related ASDR rose with increasing SDI, from low (55·55 [95% UI 31·38 to 85·09]) to high-

medium SDI countries (69·14 [95% UI: 44·00 to 98·24]). Notably, this trend was not observed in high 

SDI countries, which revealed the lowest ASDR related to obesity (45·65 [95% UI: 29·76 to 63·76]). 

From 2000 to 2019, low (1·68% [95% CI: 1·59 to 1·78]), low-middle (2·07% [95% CI: 1·79 to 2·36]), 

and middle (1·05% [95% CI: 0·92 to 1·19]) SDI countries experienced increasing annual ASDR; whilst 
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high (-1·02% [95% CI: -1·20 to -0·84]) and high-middle (-1·21% [95% CI: -1·44 to -0·99]) SDI countries 

had decreasing annual obesity-related ASDR across the years.   

 

Projected DALYs and deaths 

From 2020 to 2030, the global estimates of malnutrition-related DALYs are projected to decrease by 

8·4%, albeit a lesser extent than the reduction in malnutrition-related mortality (Supplementary Table 

2). The decrease in DALYs is predicted to be larger in males (-12·8%) than in females (-5·0%). 

The overall malnutrition-related mortality is also projected to decrease by 27·3% (Supplementary table 

3), from 254,276 to 184,801 cases worldwide (Supplementary Table 4). This percentage change is 

estimated to be greater in males (-28·4%) than in females (-26·4%). 

 

Obesity-related DALYs are projected to increase by 39·8% in the coming decade with a larger rise in 

females (41·3%) than in males (38·4%). Figure 5 depicts the constant positive annual percentage 

change in obesity-related DALYs across the years, with a projected 3·4% annual increase from 2022 

to 2030, and this increasing burden is not expected to change in the years to come. On the other hand, 

malnutrition-related DALYs observed the least reduction from 2016 to 2022, but is predicted to have a 

larger reduction from 2022 to 2030, with a projected annual reduction range from -0·7% to -1·2%. The 

global double burden of disease is projected to widen further in the coming decade, with obesity 

observing a 262% increased DALY burden compared to malnutrition in 2022, with almost doubled the 

obesity-malnutrition gap by 2030 (409% increased DALY burden; Supplementary Table 2). Projections 

of overall obesity-related mortality also suggest a 42.7% increase from 2020 to 2030, from 5,185,364 

to 7,397,615 cases globally, with a greater percentage change seen in females (43.8%) compared to 

males (41.5%).   
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Discussion 

The current GBD study unravels temporal trends and predictions of the global burden of malnutrition 

and obesity, now and in the future. This offers an invaluable resource for long-term strategy 

development to tackle these challenging public health problems that often coexist interdependently 

(Central Illustration). Though the ubiquitous reductions in malnutrition-related DALYs and mortality 

worldwide gives reason for optimism, this must be viewed against the backdrop of rising morbidities 

related to obesity.  

 

Our analysis portrays concerning disparities in mortality and DALYs across sex, geographical and 

socioeconomic factors: (1) Progress made in reducing malnutrition-related DALYs and mortality has 

been offset by the more-than-proportionately rising burden of obesity, with a widening chiasm observed 

between the two components of the double burden of malnutrition. This is especially evidenced by the 

regions registering the greatest reductions in malnutrition-related outcomes also demonstrating the 

greatest exacerbations in obesity-related disease burden. (2) Considerable spatial variations in the 

burden of disease across geographical regions parallel differences in social and cultural factors, with 

the highest mortality and DALY rates for both malnutrition and obesity seen in the Eastern 

Mediterranean and Africa. African countries are still burdened predominantly by malnutrition, while 

every other region has experienced the growing obesity epidemic as a larger driver of disease burden. 

(3) This geographical disparity is exacerbated by the SDI gradient, with the greatest malnutrition-related 

DALY and death rates found in lower SDI countries. This is in contrast with obesity-related death rates 

that generally rose with increasing SDI, with the exception of high SDI countries that benefitted from 

the lowest obesity-related death rates. (4) The forecasting analysis provides important insights as the 

burden of malnutrition and obesity is projected to widen further in the coming decade, with almost 

doubled the obesity-malnutrition gap by 2030. It also predicts a larger rise in the burden of obesity 

amongst females than males in the coming decade, highlighting the imperative need for policymakers 

to develop targeted sex-specific population-based strategies to reverse this trend before the projected 

exponential rise in the obesity burden leads to an epidemic that becomes irreversibly entrenched in 

society. As such, in this changing nutritional reality, malnutrition cannot be limited to addressing just 

undernutrition, but there is an urgency to increase awareness of the double burden of disease given 

the rising obesity rates, especially in areas where malnutrition was historically most widespread. 
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While malnutrition-related DALYs and mortality decreased from 2000 to 2019, obesity-related mortality 

and DALY rates trended in the opposite direction. These overall trends in the burden of malnutrition and 

obesity have been attributed mainly to rapid transitions in diets globally.3 Entire food systems 

consolidated under large businesses and manufacturers have heavily pushed the retail availability of 

highly processed foods, leading to relatively inexpensive but energy-dense options that dominate core 

parts of diets worldwide. These changes are not inherently detrimental – food processing has allowed 

for longer shelf-lives, inactivation of food-borne pathogens and better palatability.21 However, this have 

led to the formation of food deserts, areas characterised by an abundance of highly processed, high 

calorie, nutrient-poor foods while simultaneously facing a lack of nutrient-rich foods. Living in such 

dietary environments, coupled with a lack of financial resources, have resulted in individuals increasing 

their consumption of food that is energy-dense but low in micronutrients, evident in the increased 

adoption of sugary beverages and snacks, ultra-processed foods, and heavily salted, fried foods. This 

has been accompanied by a decrease in consumption of high fibre foods including fruit and vegetables, 

that are typically low in calories and high in micronutrients. This phenomenon has directly led to the 

increasing prevalence of obesity, surfacing difficult questions on the risk-benefit balance afforded by 

this new nutrition reality.3 The significant interplay between these two conditions deserves its due 

attention, with globalisation and social development accelerating the modern obesogenic environments 

that precede the obesity epidemic and the incidence of non-communicable diseases.22  

 

An interesting finding was the sex-specific disparity in obesity-related mortality predominantly affecting 

males, whilst the opposite was observed with the disparate malnutrition-related mortality rates 

unfavourably impacting females. This gap in obesity-malnutrition between males and females is 

projected to widen further in the years to come (Figure 6). At the same BMI, men have been shown to 

demonstrate greater incident diabetes, insulin resistance, and ectopic fat levels, which may contribute 

to higher rates of obesity-related morbidity and mortality.23 Conversely, the higher rates of malnutrition-

related outcomes in females emphasise several biological and social underpinnings. Food insecurity 

has been shown to be more prevalent in women than in men across the world, with increased nutritional 

demands secondary to menstruation, pregnancy and lactation.24 Moreover, discriminatory customs and 

practices prioritising men’s dietary requirements also leave women to eat last, and eat less.25 As such, 
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both obesity and malnutrition need to be addressed through the development of targeted, sex-specific 

strategies that effectively address the specific mechanisms underlying this disparity.26 

 

Clear trends in malnutrition could be observed with SDI as a comparator, with both DALYs and mortality 

falling substantially in countries with increasing SDI quintiles. This does not come as a surprise – the 

SDI is a composite measure of a region’s per-capita income, fertility rates and average education 

levels,14 all three of which have links to malnutrition. All SDI quintiles saw reductions in malnutrition-

related deaths and DALYs, with the largest decreases observed in low and low-middle SDI quintile 

countries. Low and low-middle SDI countries are reportedly in the midst of their nutrition transition partly 

as a result of general economic growth,27 as well as the concerted efforts in targeted and deliberate 

interventions aimed at tackling undernutrition.28 Opposite trends were observed with increasing obesity-

related DALYs and mortality in countries of higher SDI quintiles. This may be well characterised by the  

stages of nutritional change model,29 in which low-middle SDI countries transitioning to stage 2 depict 

the shift from receding famine to degenerative disease - urbanisation, economic growth and 

technological changes result in a greater prevalence of obesity and its associated non-communicable 

diseases.3 On the other hand, high-middle SDI regions show progression to stage 3 of the nutrition 

transition,29 observing positive behavioural change with increased awareness of and adherence to 

balanced diets, combined with more active lifestyles that help combat obesity.   

 

Nonetheless, there remain large disparities in obesity and malnutrition-related DALYs and mortality 

across various geographical regions, with the largest burden borne by the Eastern Mediterranean and 

African regions. The reasons underpinning the burden of malnutrition and obesity are likely multifaceted 

and deeply entrenched. These factors have been described in several studies, which include 

differences in the prevalence of poverty, the effects of climate change on agriculture, the level of 

education, the readiness of governmental responses, as well as biological processes such as 

differences in fat patterning, body composition and cardiometabolic effects of BMI.30 Notably, the largest 

decrease in malnutrition-related mortality and increase in obesity-related mortality were observed in 

South-East Asia. This can be largely tied back to economic growth in the region, with increasing 

urbanisation has led to a more sedentary lifestyle and unhealthy diets. For example, Malaysia, which is 

the country with the highest prevalence of obesity in South-East Asia, has seen fat and sugar intake 



 17 

increase by 80% and 33% respectively over the past decades; with only a third of the population having 

ever exercised. The cost of obesity has seen healthcare spending in Malaysia being the highest in the 

region.31 Nevertheless, its government has taken steps in an attempt to reverse this rise in obesity by 

introducing a sugar tax levy to transition the country away from high calorie, nutrient-poor foods to 

nutrient-rich foods, as well as providing subsidies for fruits and vegetables.32 On the other hand, Europe 

had the second highest burden of obesity in 2000, and was the only region that observed decrease in 

age-standardised obesity-related DALY rates over the past 2 decades. Its implementation of the WHO 

European Childhood Obesity Surveillance Initiative (COSI)33 not only improved the understanding of 

obesity as a public health challenge, but also helped to inform and drive public policy in promoting 

physical activity and healthy diets across Europe.33  

 

Policies can aim to promote a healthy diet through promotional campaigns that increase the 

consumption of plant-based foods. This should be accompanied by shifting the agricultural priorities 

from producing high quantities of food to producing healthy food along with the sustainable 

intensification of food production to support the high-quality output. This will require strong and 

coordinated governance of both the land and seas as well as concrete plans to reduce food wastes 

from both the production and consumption sides in accordance to the EAT lancet commission diet.34 At 

the individual level, it is important to inculcate positive exercise and dietary habits in the public from a 

young age, based on either national recommendations or targets such as the WHO healthy diet35 or the 

EAT lancet commission diet.34 Building good habits in children is essential to reduce future burden of 

disease and healthcare costs, as they grow up a more informed and healthy populace.35 

 

The unique design of the present study consolidates both malnutrition and obesity into a single 

framework, utilising historical trends to project the incoming burden of disease, and this has led to 

several key messages. It is prudent for healthcare policies to focus the attention on addressing the 

combined challenges of malnutrition and obesity, rather than each individual entity in isolation, 

mitigating the risk of compromising one global health issue for the other. The study highlights the danger 

of viewing the drivers of malnutrition as independent causative factors distinct from the underlying 

causes of obesity that can – and has – led to approaches targeting malnutrition that inadvertently 

exacerbate obesity.4 In addition, approaches in addressing malnutrition must be tailored and weighed 
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against the obesity epidemic, with strategies to overcome the global disparity, empower access to 

quality food and instilling healthy eating-habits in populations through a combination of policy, 

education, and healthcare improvements.4 The study demonstrates that the low-middle SDI 

communities undergoing rapid development and growth have seen sharp reductions in malnutrition 

accompanied by spikes in obesity. In fact, the increasing rates of obesity-related DALYs are predicted 

to remain unchanged in the years to come, with a larger increase in DALYs expected to be borne by 

females. The concerning forecast of the obesogenic climate can generate momentum for change with 

the collective efforts in initiating effective population-specific interventions to tackle the widening burden 

of malnutrition and obesity, through equitable access to environmentally sustainable diets, food 

security, eating patterns, and diet quality.7 

 

This study has several limitations. Firstly, the combined estimates of obesity and malnutrition would 

serve as a more accurate indicator of the double burden of malnutrition. However, individual patient 

data could not be retrieved as the Global Health Data Exchange only provides estimates of individual 

disease entities. Secondly, estimates made are highly dependent on primary data, and where not 

available, GBD estimates rely on modelling processes, predictive covariates and temporal trends 

derived from neighbouring countries that may lead to inherent biases. As such, inherent bias from the 

different adopted metrics and methods used may also affect the accuracy of the prediction model. 

Thirdly, there could be potential data quality concerns with regards to the mortality data acquisition due 

to inherent challenges of ascertaining deaths related to specific causes such as malnutrition. Moreover, 

these concerns are likely to have a larger effect on countries with lower levels of development and 

record keeping. This may lead to potential underestimation of the global burden of disease, as well as 

the geographical and socioeconomic disparity in mortality.36  

 

The ubiquitous reduction in the burden of malnutrition has been offset by the more-than-proportionately 

rising burden of obesity, with the obesity-malnutrition chiasm predicted to widen further in the coming 

decade. This evokes a sense of urgency for effective sex-regional-socioeconomic tailored strategies to 

derail the projected trajectory of the burden of malnutrition and obesity, with heightened vigilance 

amongst stakeholders in avoiding compromising one disease entity for the other.  
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Editorial note: the Lancet Group takes a neutral position with respect to territorial claims in published 

maps and institutional affiliations. 
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Figure and table legends 

Central Illustration: Global Trends and Predictions of the Burden of Malnutrition and Obesity 

Figure 1: A) Disability-adjusted life year (DALYs) and age-standardised DALYs and B) number of 

deaths and age-standardised death rates at the global level by obesity and malnutrition, 2000-2019 

Bar charts depict the age-standardised DALYs/deaths and line graphs depict the total DALYs/deaths 

Figure 2: A) Proportion of deaths and, B) Proportion of disability-adjusted life years (DALYs) due to 

obesity and malnutrition, at global and regional levels by sex, 2019 

SDI, Socio-Demographic Index 

Figure 3: The global trends of a) obesity related age-standardised mortality and b) annual percentage 

change in malnutrition-related age-standardised death rate 

Figure 4: The global trends of a) obesity related age-standardised mortality and b) annual percentage 

change in obesity-related age-standardised death rate 

Figure 5: Bar graphs of Annual Percentage Change of Disability-adjusted Life Years (DALYs) by 

disease from 2000 to 2030 

Figure 6: Projection of Disability-adjusted Life Years (DALYs) by disease from 2000 to 2030 

Bar charts depict total DALYs and line graphs depict male/female DALYs 

 

Table 1: Disability-adjusted life years and mortality of individuals with malnutrition 

Table 2: Disability-adjusted life years and mortality of individuals with obesity  



Research in context 
Evidence before this study 
Increasing importance has been placed on viewing undernutrition and overnutrition not as two distinct 
conditions addressed in silos, but as interconnected issues sharing common pathophysiological 
processes that together contribute to the double burden of malnutrition. We searched the databases 
MEDLINE and Embase with the search terms “global burden”, “GBD”, “malnutrition”, and “obesity”, for 
articles published in English from database inception to 7th August, 2022; the search returned 2971 
articles. While the changing burdens of malnutrition and obesity have been studied in target vulnerable 
groups, such as in children or in low and middle-income countries, the comprehensive analysis on to 
the global trends and predictions of the double burden of disease is lacking. 
Added value of this study 
This study utilises the Global Burden of Disease (GBD) 2019 data to estimate the distribution of the 
double burden of malnutrition and obesity. Progress in reducing disease burden stemming from 
undernutrition has been shown to have been more-than-offset by rapidly rising obesity-related disease 
burden, evidenced especially by the regions registering the greatest reductions in malnutrition-related 
outcomes also demonstrating the greatest exacerbations in obesity-related disease burden. The 
disparities in disease burden reveal the entrenched sex-regional-socioeconomic precursors, with 
obesity-related death rates rising with the level of social development, but only up to a point – high SDI 
countries demonstrated the lowest obesity-related deaths. Our projections suggest that the chiasm 
between malnutrition and obesity will widen further in the coming decade, driven primarily by rising 
obesity. 
Implications of all the available evidence 
Bringing together and examining the chiasm between malnutrition and obesity, stratified by sex, 
location and social development, allows for important, contextualised insights to be drawn for future 
decision-making on addressing the double burden of malnutrition as one entity. Our analysis provides 
evidence suggesting worsening disease burden related to obesity, especially pertinent in low and low-
middle SDI countries that are in the midst of rapid nutrition transitions. Through this, we highlight the 
importance of population-specific interventions and policies, weighing measures addressing 
malnutrition against the obesity epidemic. Measures addressing malnutrition must be dynamic and 
have consideration for long-term unintended consequences, working to address common pathways 
involved in the progression of obesity as well, through empowering access to quality food and instilling 
healthy eating habits. 
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