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Nutritional Epidemiology and Public Health

CURRENT DEVELOPMENTS IN NUTRITION
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The Double Burden of Malnutrition: A Systematic Review of Operational

Definitions
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TInstitute for Global Nutrition, Department of Nutrition, University of California, Davis, Davis, CA, USA and 2Depar‘cment of Nutrition and Food Sciences, University of

Rhode Island, Kingston, RI, USA

ABSTRACT

Background: Despite increasing research on the double burden of malnutrition (DBM,; i.e., coexisting over- and undernutrition), there is no global

consensus on DBM definitions.

Objectives: To identify published operational DBM definitions, measure their frequency of use, and discuss implications for future assessment.

Methods: Following a structured search of peer-reviewed articles with terms describing "“overnutrition” [e.g., overweight/obesity (OW/OB)] and

“undernutrition” (e.g., stunting, micronutrient deficiency), we screened 1920 abstracts, reviewed 500 full texts, and extracted 623 operational

definitions from 239 eligible articles.

Results: We organized three identified DBM dimensions (level of assessment, target population, and forms of malnutrition) into a framework for

building operational DBM definitions. Frequently occurring definitions included coexisting: 1) OW/OB and thinness, wasting, or underweight (n =
289 occurrences); 2) OW/OB and stunting (n = 161); 3) OW/OB and anemia (n = 74); and 4) OW/OB and micronutrient deficiency (n = 73).
Conclusions: Existing DBM definitions vary widely. Putting structure to possible definitions may facilitate selection of fit-for-purpose indicators to

meet public health priorities.  Curr Dev Nutr 2020;4:nzaa127.

Keywords: literature review, double burden, assessment, malnutrition, noncommunicable disease, obesity, stunting, anemia, micronutrient

deficiency
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Introduction

Globalization and urbanization are creating rapidly changing contexts
in which populations can experience multiple forms of malnutrition (1).
This concept, termed the “double burden of malnutrition” (DBM) has
emerged over the past 3 decades (2-6) and recently has received in-
creased attention as indicated by the series on DBM in The Lancet (1, 7-
9). WHO refers to DBM as “characterized by the coexistence of under-
nutrition along with overweight, obesity or diet-related noncommuni-
cable diseases (NCDs), within individuals, households and populations,
and across the life-course” (10). This broad definition soberly confronts
the current state of global health where rising rates of overweight and
obesity overlap with stagnant or slowly decreasing rates of underweight
and stunting (11-13). Yet, it does not provide specific guidance on how
to operationalize the measurement of DBM. To address the growing
global challenge of DBM, its prevalence must be assessed and moni-

tored, potential interventions tested in research, and effective strategies
applied though public health platforms; these activities require clear op-
erational definitions of DBM.

Previous literature has provided comprehensive reviews of the nu-
trition transition (14, 15), possible etiology of selected forms of DBM
(2, 7), and estimates of its prevalence (16-19). Early estimates of DBM
prevalence defined it as households containing an overweight or obese
mother and a stunted child (4, 20), whereas later work included a range
of anthropometric and biochemical outcomes measured in populations,
households, and individuals (21). Varela-Silva et al. (22) characterized
different types of DBM using a variety of anthropometric indicators,
and discussed implications of DBM measurement in prevalence assess-
ments. They emphasized that the indicators used to classify individu-
als, households, and populations as “double burden” have far-reaching
policy and programmatic consequences, such as which target popula-
tion receives an intervention (22). Their viewpoint is shared by others
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in the field (23), and highlights an important challenge in interpret-
ing DBM data: that the variation in DBM definitions and indicators of
assessment in use in DBM research can result in differing global esti-
mates of DBM prevalence (24). This makes accurate assessment and
surveillance of DBM difficult, and could impede progress in the de-
velopment of effective interventions and policies. Specific definitions,
tailored to different programmatic or policy needs, will aid nutrition
program planning and policy development and facilitate comparison of
DBM data across populations and over time.

To our knowledge there has not been a systematic examination of
the operational definitions used to describe DBM. As a first step, this
systematic review aimed to identify the definitions used in the litera-
ture to assess DBM and to measure their frequency of use. We iden-
tify 3 dimensions of DBM definitions (level of assessment, target pop-
ulation assessed, and forms of malnutrition measured) and discuss
implications of the selected operational definition of DBM for the inter-
pretation and use of results in research and programmatic settings. In
this review, we did not aim to conduct a meta-analysis or report global
or regional prevalence of DBM, but we explored the range of DBM
prevalence estimates reported in the included articles, as estimated
by comparing household-level with dyad-level with individual-level
definitions.

Methods

Database search and screening

To identify the variety of DBM definitions in use in the literature, we
performed a structured search in PubMed and Scopus of any peer-
reviewed articles published before July 12, 2017. The search strategy
was developed using keywords related to DBM (double burden, obe-
sity, underweight, malnutrition, etc.), included articles published in any
language, and did not include a specific publication start date (Supple-
mental Methods 1 and 2). The initial search yielded 1920 titles and ab-
stracts, which were transferred to Covidence (Covidence systematic re-
view software; Veritas Health Innovation) for screening. After removal
of duplicates, researchers screened the titles, abstracts, and full texts in
duplicate following inclusion and exclusion criteria listed below. Dis-
crepancies were resolved by discussion and consensus.

Inclusion and exclusion criteria
We included cross-sectional studies that aimed to assess the overlap be-
tween “overnutrition” and “undernutrition,” that is, studies that pre-
sented data on the prevalence of the “double burden of malnutrition,”
“dual burden of malnutrition,” or a similar term. Articles examining the
nutritional status of obese individuals (e.g., an association between vita-
min D or iron deficiency and BMI) were included if the study objectives
were framed as related to DBM. Additionally, included articles could be:
1) an analysis of primary or secondary data, 2) baseline data from longi-
tudinal studies or randomized controlled trials, 3) gray literature [e.g.,
government reports or conference proceedings not published in aca-
demic journals (25), such as the Nutrition Papers series from the FAO
(26)],and 4) data gathered and/or analyzed at the individual, household,
or population level.

Articles and reports were excluded if they did not present a new
analysis of data (such as review articles), or if the article did not

present data on both “over-” and “undernutrition.” Additionally, arti-
cles with a clinical focus were excluded (i.e., articles focused on pa-
tients recovering from bariatric surgery who developed micronutrient
deficiencies), as were articles focused on the metabolism of micronu-
trients in obesity or that examined a “double burden” of infectious
disease and chronic disease. See Figure 1 for the complete exclusion
criteria.

Data extraction

A standardized data extraction form was developed in Microsoft Ex-
cel (version 2016) and piloted to review eligible articles. Research
interns then extracted data in duplicate until discrepancies in data
extraction were minimal. Random duplicate extractions continued
throughout the data extraction process to assess continued adherence
to extraction methodology (n = 78 articles extracted in duplicate,
33%).

Descriptive information extracted from each article included: year
of publication, setting [country, world region (27), and urban or rural
designation], World Bank income level (27), study design, data source,
sex, physiological status and age of the target population, and the DBM
term used in the article (double burden, dual burden, triple burden,
etc.). DBM definition data extracted from each article included: the ar-
ticle’s definition of “overnutrition” and the indicators used [i.e., over-
weight/obesity (OW/OB) as measured by BMI or BMI z-score], and
the article’s definition of “undernutrition” and the indicators used (i.e.,
stunting as measured by height-for-age z-score or anemia as measured
by hemoglobin concentration); the population included in the defi-
nition of DBM (age groups were defined according to their designa-
tion in the original study); the level at which DBM was assessed (in-
dividual, dyad, household, or population level where household and
dyad levels were defined as in the original study); and reported DBM
prevalence. Finally, we recorded whether or not the primary objec-
tive of the article was clearly specifically to assess DBM, as opposed
to an article presenting data on DBM but with a different primary ob-
jective. We then conducted a sensitivity analysis limited to those ar-
ticles that specifically aimed to assess DBM to explore whether def-
initions of DBM differed according to the primary objective of the
article.

The primary outcome was the frequency of occurrence of opera-
tional definitions of DBM, comprising the level of assessment, target
population, and forms of malnutrition measured.

Data analysis

Descriptive analyses were performed using SAS statistical software ver-
sion 9.4 (SAS Institute Inc.) and Microsoft Excel (2016). Frequencies
were calculated for all included articles (n = 239), for all reported op-
erational definitions of DBM (n = 623), and for articles whose primary
objective was to assess DBM (n = 134). The median and range of re-
ported DBM prevalence are presented for household, dyad, and indi-
vidual level data, and for the different operational definitions of DBM.
We did not include reported DBM prevalence data measured at the pop-
ulation level because each data point consists of multiple prevalence es-
timates making the data difficult to summarize.

CURRENT DEVELOPMENTS IN NUTRITION
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=
‘% 1920 titles and abstracts
3% identified in database search  [==P> 194 duplicates removed
§ (PubMed & Scopus)
El
§ 1726 tltlsecsr:::liezbstracts — 1292 titles and abstracts irrelevant
wv
500 full-text articles and
g reports assessed for eligibility 261 full-text. articles and reports ex.cludedf .
;;:D (includes 65 — * Gr‘ay .hterature/report not meeting the inclusion
= gray literature reports criteria (n - 68)
and 1 snowball search report) : Review article (7 = 53)
. Paper presenting data on both undernutrition and
overnutrition without mentioning DBM or
discussing overlap (n = 48)
. Article only presenting data on over- or
undernutrition but not both (» = 27)
. Mechanistic paper or paper focused on
metabolism of micronutrients in obesity (n = 24)
. Data not cross-sectional (n = 16)
. Article not relevant to DBM (n = 13)
. Article with a clinical focus on a specific disease
or condition (n = 6)
v . Article with a definition of DBM in
intro/abstract but without presenting data (n = 5)
:g 239 articles and reports . English or trapslated version of the original
3 included article unavailable (n = 1)

FIGURE 1 Flow of identification and eligibility assessment of articles for a systematic review of operational definitions of the double

burden of malnutrition (DBM).

Results

Article characteristics

A total of 500 articles, including 66 gray literature reports and articles
identified in online or snowball searches (references identified in the
reference list of screened articles), proceeded to the full-text review;
239 articles and reports met the criteria for data extraction (Figure 1,
Supplemental Table 1). Publication dates ranged from 1992 to 2017,
with 72% (n = 172) of the articles published after a distinct increase in
2011 (Figure 2). Included articles were primarily from peer-reviewed
journals (97%), and 59% of articles sourced or collected data from
population-based national or regional surveys with a health or nutri-
tion focus. More than half (64%) of the articles reported conducting
studies in both urban and rural settings. The majority of articles focused
on multiple population subgroups, for example, women of reproductive
age and young children; no article focused solely on male participants.
DBM terminology most frequently used in the literature included “dou-
ble burden” or “dual burden” (71%), or described the overlap as the “co-
existence of” or “simultaneous presence of” varying forms of malnutri-
tion. Three papers assessed a “triple burden” of malnutrition described
as coexistence of either I) obesity, physical inactivity, and undernutri-

CURRENT DEVELOPMENTS IN NUTRITION

tion (28); 2) obesity, undernutrition, and hypertension (29); or 3) adult
OW/OB, child stunting, and intestinal parasite infections (30) (Table 1).
DBM data from upper-middle-income countries comprised the major-
ity of analyses (n = 109 articles, 46%) and almost half (n = 103 articles,
43%) used data from Latin America and the Caribbean or South Asia
(Figure 3). The majority of single-country DBM assessments took place
in India (n = 34 articles, data not shown).

Dimensions of DBM and frequency of use

We identified 3 salient dimensions of DBM operational definitions used
in the literature: level of assessment, target population, and form of mal-
nutrition. We organized these dimensions into a framework for build-
ing operational definitions of DBM that can be used as a starting point
in the planning of DBM surveillance and evaluation of interventions
(Figure 4). DBM was most frequently assessed at the population level
(identified in n = 214 articles, 90%), followed by the individual (n = 35,
15%), dyad (n = 22, 9%), and household levels (n = 17, 7%). Articles
varied with regard to the selected target population for assessment; ar-
ticles assessing DBM in populations of mixed ages, that is, any com-
bination of adults, adolescents, and children, were the most frequently
occurring (n = 156, 65%) (Figure 3).
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FIGURE 2 Articles published by year (n = 239) included in the systematic review of operational definitions of the double burden of
malnutrition. *Data for 2017 include articles published up to July 11, 2017.

The most frequently occurring form of malnutrition was OW/OB
paired with assessments of thinness/wasting/underweight (TWU)
(identified in n = 185 articles, 77%). Following this, assessments of
OW/OB and stunting were frequently reported (n = 103, 43%), as were
OW/OB and anemia (n = 34, 14%, with n = 7 assessing iron deficiency
anemia), OW/OB and >1 micronutrient deficiencies (n = 23, 10%), and
“other” coexisting forms of malnutrition (n = 17, 7%) (Figure 3).

Forms of malnutrition were classified as “other” if they appeared in
<7 articles and included: OW/OB paired with stunting and/or wast-
ing (n = 7) (31-37); OW/OB paired with “chronic energy deficiency”
(n = 3) (38-40); low HDL cholesterol paired with underweight (n = 1)
(41); metabolic syndrome (MetS) paired with anemia (n = 1) (42); car-
diometabolic risk factors (CMRFs; i.e., dyslipidemia, hyperglycemia,
hypertension, abdominal obesity, and/or OW/OB) paired with under-
weight or micronutrient deficiencies (n = 1) (43); CMRFs or MetS
paired with anemia, iron depletion, or vitamin A deficiency (n = 1)
(44); macrosomia paired with low birth weight (n = 1) (45); OW/OB
paired with low upper-arm circumference or low triceps skinfold mea-
surements (n = 1) (46); and OW/OB paired with food insecurity (n = 1)
(Figure 3) (47).

Specific forms of malnutrition in DBM by level of
assessment

Within the 239 included articles in this review, there were 623 total
occurrences of specific operational definitions of DBM (Table 2). At
the population level, the most frequently occurring forms of malnu-
trition included in the definition were coexisting OW/OB and TWU
(n =261 occurrences, 42%) and OW/OB and stunting (n = 110 occur-
rences, 17%). At the individual level, the combinations of OW/OB and
stunting, anemia, or micronutrient deﬁciency occurred at a similar fre-
quency (4%, 4%, and 3% of occurrences, respectively). DBM assessed at
the household or dyad levels was less common; in these cases, women
of reproductive age and preschool age children were typically targeted.
Supplemental Table 2 details the frequency of occurrence of specific
operational definitions of DBM by both level of assessment and target
population.

Anthropometric indicators used to asses DBM

Because assessment of DBM was most frequently carried out through
anthropometric measurements of OW/OB or underweight, wasting,
thinness, and stunting, we examined the specific indicators and cut-
offs used for these measures (Tables 3 and 4). WHO growth standards
and cutoffs were the primary source cited to classify the anthropomet-
ric measurements (48), with exceptions for National Center for Health
Statistics/ CDC reference values for overweight BMI-for-age percentiles
(n = 12 articles), and the International Obesity Task Force (IOTF) BMI
classifications for thinness (n = 7) (49, 50). Just under one-quarter of
adult BMI classifications for OW/OB were based on IOTF cutoffs. BMI
standards for Asian populations were referenced in 36 of 54 total arti-
cles assessing BMI in Asian populations. Only 3 articles used indicators
other than anthropometrics to assess the “overnutrition” component of
DBM. One examined anemia in the presence of MetS (42), and 2 exam-
ined micronutrient deficiencies and the presence of >1 CMRFs and/or
MetS (43, 44).

Anemia and micronutrient indicators used to assess DBM

A total of 34 of the 239 included articles (14%) assessed DBM as OW/OB
paired with anemia, with 7 of the articles assessing iron deficiency ane-
mia specifically. One additional article (42) defined DBM as coexist-
ing MetS and anemia. Most articles (n = 27) cited WHO anemia cutoff
values based on age, sex, and physiological status. OW/OB paired with
>1 micronutrient deficiencies was assessed in 23 articles (10%), and 2
additional articles (43, 44) defined DBM as the presence of >1 CMRFs
and >1 micronutrient deficiencies. Iron status was assessed in 23 of the
articles, 13 of which measured iron status with serum ferritin, with the
remaining articles measuring iron status using transferrin saturation,
soluble transferrin receptor concentration, serum iron, or combinations
of these indicators. WHO cutoff values for iron deficiency were refer-
enced in 12 articles. Other reported micronutrient deficiencies included
vitamin A (n = 14, 5% of articles), zinc (n = 7, 3%), vitamin D (n = 6,
3%), vitamin B-12 (n = 3, 1%), folate (n = 2, 1%), copper (n =1, 0.5%),
and selenium (n = 1, 0.5%), with most articles relying on biomarker

CURRENT DEVELOPMENTS IN NUTRITION
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TABLE 1 General characteristics of articles included in the systematic review of operational

definitions of the double burden of malnutrition'

Characteristics Number (n = 239) Percentage
Literature type
Peer-reviewed journal article 231 97
Gray literature report 8 3
Study design
Population-based survey, national 100 42
Population-based survey, regional 41 17
Convenience sample survey 74 31
Baseline RCT or cohort study 3 1
Other 21 9
Data source
Demographic and Health Surveys 36 15
National nutrition survey 29 12
Other survey/study design 174 73
Survey setting
Both urban and rural 153 64
Urban only 340 14
Rural only 21 9
Unspecified 31 13
Sex of survey participants
Both 188 79
Female 51 21
Male 0 0
Physiological status of women
Not pregnant 124 52
Pregnant 2 1
Both 8 3
Unspecified 105 44
Age group?
Multiple age groups® 142 59
Preschool (~0-5y) 19 8
School age (~5-12y) 16 7
Adolescent (~13-18y) 15 6
Adult (~18+y) 45 19
Unspecified 1 1
DBM terminology
Double burden 114 48
Dual burden 54 23
Both double and dual burden 29 12
Coexistence 21 9
Other term? 5 2
Unspecified 16 7

TDBM, double burden of malnutrition; RCT, randomized controlled trial.

2Age groups of study participants are categorized by approximation according to how the original article defined the study
population, i.e., the school-age children group can extend to age 13 or 14y, and adolescence can begin at age 10 or 11 y.
3"Multiple” age groups is defined as combinations of >2 of the predefined age groups, such as adults and preschool age

children.

4Other terms for DBM identified were: “simultaneous,” “concomitant,” “concurrent,” “overlap,” “twin burden,” and “triple

burden.”

cutoffs to define deficiency, but 1 article presenting inadequate dietary
intake of the micronutrient (51) (Supplemental Table 3).

Reported DBM prevalence at the household, dyad, and
individual levels

We noted a wide variation in reported DBM prevalence at the house-
hold, dyad, and individual levels (Table 5). At the individual level, me-
dian prevalence for OW/OB and stunting was 5.2% (n = 25 articles)
and 28.4% (n = 28) for OW/OB and micronutrient deficiency, whereas
reported prevalence for both these forms of malnutrition within single

CURRENT DEVELOPMENTS IN NUTRITION

articles ranged from 1% to >60%. Particularly wide ranges in prevalence
were reported for coexisting OW/OB and stunting at the dyad and indi-
vidual levels (0.4-79.8%, n = 17, and 0.1-68.4%, n = 25, respectively),
and OW/OB and micronutrient deficiency at the individual level (1.0-
94.0%, n = 21).

Sensitivity analysis by article primary objective

We identified articles in which the primary objective was specifically
to assess DBM (n = 134 articles, 56%) and those with a different pri-
mary objective (n = 87, 36%); in an additional 8% of articles (n = 18),
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Level of assessment?

Population level

15% Individual level
(n=35)

(n=214)

9% Dyad level
(n=22)

7% Household level
(n=17)

Target population?

28% WRA 18% PSC 13% WRA + PSC
Mixed ages and genders (n=66) (n=42) (n=31)
(n=156)
Form of malnutrition?
e [ ° .
B 43% 14% 10% 7%
OW/OB + TWU OW/OB + stunting OW/OB + anemia OW/OB + MN Other forms?
(n=185) (n=103) (n=34) deficiency (n=23) (n=17)
Country income level*
‘ ° ‘ ’
$ $ $ 35% 8% 6% 5%
Upper-middle income Lower-middle income Multiple income levels Low-income High-income
(n=109) (n=84) (n=19) (n=14) (n=13)

Geographic region*

22% 21% 18%
Latin America & South East Asia
Caribbean Asia & Pacific
(n=53) (n=50) (n=44)

18% 9% 9% 3% 1%
Sub-Saharan Middle East Multiple Europe & North
Africa & North Africa Regions Central Asia America
(n=44) (n=20) (n=20) (n=8) (n=2)

FIGURE 3 Major dimensions and research settings of the double burden of malnutrition (DBM) reported in 239 articles assessing DBM'.
"Many articles included multiple definitions of DBM; circle diameter is proportional to the number of articles in which the DBM
characteristic was observed. 2Forms of malnutrition, level of assessment, and target population subgroups were classified per the original
article’s definition, indicator, and/or cutoff value (e.g., overweight/obesity was classified by the specified BMI range, and anemia was
classified by the specified hemoglobin concentration). 3”Other” forms of malnutrition included: OW/OB paired with stunting and/or
wasting; OW/OB paired with “chronic energy deficiency”; low HDL cholesterol paired with underweight; metabolic syndrome (MetS)
paired with anemia; cardiometabolic risk factors (CMRFs; i.e., dyslipidemia, hyperglycemia, hypertension, abdominal obesity, and/or
OWY/OB) paired with underweight or micronutrient deficiencies; CMRFs or MetS paired with anemia, iron depletion, or vitamin A
deficiency; macrosomia paired with low birth weight; OW/OB paired with low upper-arm circumference or low triceps skinfold
measurements; and OW/OB paired with food insecurity. *World Bank classifications (27). DBM; double burden of malnutrition; MN,
micronutrient; OW/OB, overweight/obesity; PSC, preschool age children; TWU, thinness/wasting/underweight; WRA, women of

reproductive age.

the distinction was unclear. In our sensitivity analysis to explore if
definitions of DBM differed according to the primary objective of
the article, we found that the distributions of the forms of malnutri-
tion by level of assessment and target population were similar when
compared with the full set of articles. Of note, all articles assessing
OW/OB and anemia or micronutrient deficiencies at the individual
level were articles in which the main objective was to assess DBM.
Supplemental Tables 4 and 5 detail the frequency of occurrence of
DBM operational definitions in the 134 articles whose primary objec-
tive was to assess DBM, by level of assessment and by target population,
respectively.

Discussion

Rapid changes to global food systems and increasing urbanization
have created a world where multiple forms of malnutrition, ranging
from wasting and micronutrient deficiencies to obesity and diet-related
NCDs, coexist in populations, households, and individuals. Efforts to
characterize the resulting nutrition situation have employed various
definitions of DBM. In this systematic review, we have summarized the
frequency of occurrence of different operational definitions of DBM in
articles reporting DBM prevalence, and identified 3 dimensions of DBM
definitions: 1) the level of assessment (i.e., population, dyad, household,

CURRENT DEVELOPMENTS IN NUTRITION
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Step 1: What is the level of assessment?!

|

Household level

Population level

Individual level

Dyad level

Step 2: Who is (are) the target population(s)?2

Adult
women

Adult
men

Adolescent females
(approx. 13—18 years)

Adolescent males
(approx. 13—18 years)

School-age children
(approx. 6-12 years)

Preschool-age children
(approx. 0—5 years)

Step 3: Which forms of malnutrition are being assessed??

“Overnutrition”

—

“Undernutrition”

-

Measures of cardiometabolic risk

Anthropometric Dyslipidemia
measures Hypertension
Overweight Hyperglycemia
Obesity Abdominal obesity

Metabolic syndrome

Measures of

Anthropometric . . .
anemia or micronutrient

measures

. deficiency
Underweight .
. Anemia

Thinness . .

. Iron deficiency anemia
Wasting . . .

. Micronutrient deficiency
Stunting

Inadequate micronutrient intake

FIGURE 4 Framework for building operational definitions of the double burden of malnutrition (DBM) based on definitions observed in
published literature. The framework for building operational definitions of the DBM can be used by analysts, program planners, and
policymakers to determine the specific operational definition of DBM that meets their objective(s). The 3 dimensions of the operational
definition (level of assessment, target population, and forms of malnutrition to assess) should be chosen with consideration of the country
context and public health priorities, and include the purposeful selection of indicators fit to the purpose of the objective(s).
'Population-level assessment refers to comparisons of national, regional, and subregional populations or smaller populations, such as a
population of students within a school or a population of adult women within a community. Household-level assessment refers to
comparisons among or across households of all or some specified household members. Dyad-level assessment refers to comparisons
among or across mother-child pairs or caregiver-child pairs. Individual-level assessment refers to comparisons of different forms of
malnutrition occurring within a single individual. 2Assessment of the target population can include >1 age groups. 3Widely used
definitions of DBM assess the coexistence of 1 form of “overnutrition” and 1 form of “undernutrition.” This framework can be expanded
to assess multiple forms of malnutrition, for example, when assessing a triple burden of malnutrition. Additional forms of “overnutrition”
identified in our review included macrosomia. Additional forms of “undernutrition” identified in our review included chronic energy
deficiency, low birth weight, low upper-arm circumference, low triceps skinfold measurement, and food insecurity.

or individual); 2) the target population assessed; and 3) the forms of
malnutrition measured (i.e., OW/OB, TWU, stunting, anemia, and mi-
cronutrient deficiencies). Together, these 3 dimensions form a frame-
work for building operational definitions of DBM that can be applied
in nutrition assessment and surveillance, and for the planning and
evaluation of nutrition policies and programs, including double duty
interventions [interventions that aim simultaneously to address multiple
forms of malnutrition (52)]. This framework could be further adapted
to capture exposure of an individual to multiple forms of malnutrition

CURRENT DEVELOPMENTS IN NUTRITION

across the life course, an additional dimension of DBM not covered in
this review.

In the studies reviewed, we observed that DBM was most com-
monly assessed at the population level using anthropometric indica-
tors of OW/OB and TWU. A much smaller proportion of articles as-
sessed the overlap of OW/OB with stunting, anemia, or micronutrient
deficiencies. Only 4 articles specifically assessed biochemical indica-
tors of cardiometabolic risk, despite the growing global prevalence of
NCDs (53). We found great heterogeneity among age groups and target
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TABLE 2 Frequency of occurrence (n = 623) of forms of malnutrition characterizing the double burden of malnutrition by level of

assessment’

Level of assessment

Form of malnutrition Total Population Household Dyad Individual
Coexisting OW/OB and TWU 289 (46) 261 (42) 7() 21 3) n/a
OW/OB and stunting 161 (26) 110 (17) 10 (2) 17 (3) 24 (4)
OW/OB and anemia 74 (12) 48 (8 1(<1) 0 (0) 25 (4)
OW/OB and MN deficiency 73(12) 55 (9 1(<1) 0(0) 17 (3)
Other? 26 (4) 13 (2 1(<1) 1(<1) 11(2)
Total 623 (100) 487 (78) 20 (3) 39 (6) 77 (13)

"Total values presented as n (%) where n = 623, or the total number of occurrences of all DBM operational definitions identified within the 239 included articles. DBM,
double burden of malnutrition; MN, micronutrient; n/a, not applicable; OW/OB, overweight/obesity; TWU, thinness/wasting/underweight.

2"Other” operational DBM definitions included: OW/OB paired with stunting and/or wasting; OW/OB paired with “chronic energy deficiency”; low HDL cholesterol
paired with underweight; metabolic syndrome (MetS) paired with anemia; cardiometabolic risk factors (CMRFs; i.e., dyslipidemia, hyperglycemia, hypertension, abdominal
obesity, and/or OW/OB) paired with underweight or micronutrient deficiencies; CMRFs or MetS paired with anemia, iron depletion, or vitamin A deficiency; macrosomia
paired with low birth weight; OW/OB paired with low upper-arm circumference or low triceps skinfold measurements; and OW/OB paired with food insecurity.

populations assessed; most articles focused on populations of mixed
ages and sexes, and whereas several focused on just women or just chil-
dren, no articles focused solely on men. The implications of these gaps
in DBM assessment are discussed below.

The varied definitions of DBM uncovered in our review point to
a need for more comprehensive terminology to describe the global
nutrition situation. Although there is general consensus that the nutri-
tion transition has resulted in coexisting under- and overnutrition in
low- and middle-income countries (LMIC) (1), we suggest that the term
double burden of malnutrition is problematic because it evokes a linear
continuum of undernutrition to overnutrition, implying that malnutri-

tion can be reduced to “too little” or “too much.” This narrow concep-
tualization is inadequate to reflect the complex and evolving ways in
which homeostasis can be perturbed by nutritional exposures, or how
these exposures are expressed phenotypically as malnutrition. In the
2013 Sight and Life report, Provo (54) suggested “dropping the dou-
ble” from DBM to allow for better coordination of interventions ad-
dressing all forms of malnutrition, and Delisle (55) proposed the term
“double burden of dysnutrition” to emphasize a synergistic and cumu-
lative relation. A need for more inclusive terminology is further exem-
plified by usage of the term “triple burden of malnutrition,” though us-
ing this term might contribute to confusion if the 3 burdens are not

TABLE 3 Anthropometric indicators and sources of reference values for assessing
overweight/obesity or noncommunicable disease risk from 239 articles assessing the double

burden of malnutrition in adults and children’

Anthropometric

Source

Number of articles

indicator (refs 48-50) n (%)
BMI 162 (68)
WHO 103
NCHS/CDC 2
IOTF 23
Other? or unspecified 34
BMlI-for-age z-score 86 (36)
WHO 73
NCHS/CDC 2
IOTF 4
Other or unspecified 7
BMI-for-age percentile 29 (13)
WHO 10
NCHS/CDC 12
IOTF 2
Other or unspecified 5
Waist circumference 8 (3)
WHO 3
Other or unspecified 5
Waist-to-hip ratio 6(3)
WHO 1
Other or unspecified 5

"Some articles presented multiple indicators of overweight/obesity so percentage total is greater than 100. IOTF, International
Obesity Task Force; NCHS/CDC, National Center for Health Statistics/CDC.
2Sources were classified as “other” if they were sourced from uncommon literature sources, such as citing a single article for

country-specific cutoff values for BMI.
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TABLE 4 Common anthropometric indicators of underweight, stunting, thinness, and wasting,
and sources of reference values from 239 articles assessing the double burden of malnutrition in

adults and children’

Anthropometric category

Source

Number of articles

and indicator (refs 48-50) n (%)
Underweight 181 (76)
BMI 93
WHO 65
IOTF 9
Other? or unspecified 19
BMl-for-age z-score 65
WHO 54
NCHS/CDC 3
Other or unspecified 8
BMI-for-age percentile 16
WHO 6
NCHS/CDC 4
Other or unspecified 6
Other or unspecified3 7
Stunting 111 (46)
Length/height-for-age z-score 102
WHO 85
NCHS/CDC 4
Other or unspecified 13
Length/height-for-age percentiles 4
NCHS/CDC 2
Other or unspecified 2
Short stature (cm) 4
Other or unspecified 3
Multiple (z-score and percentile) 1
WHO and NCHS/CDC 1
Wasting 37 (15)
Weight-for-height z-score 33
WHO 26
NCHS/CDC 2
Other or unspecified 5
Other or unspecified* 4
Thinness 30 (13)
BMI 11
WHO 2
IOTF 7
Other or unspecified 2
BMI-for-age z-score 15
WHO 12
IOTF 1
Other or unspecified 2
BMI-for-age percentile 2
WHO 1
Other or unspecified 1
Multiple (z-score and percentile) 2

'Some articles presented multiple “undernutrition” indicators so percentage total is greater than 100. IOTF, International Obe-
sity Task Force; NCHS/CDC, National Center for Health Statistics/CDC.

2Sources were classified as “other” if they were sourced from uncommon literature sources, such as citing an individual article
for country-specific cutoff values for underweight. Underweight indicators classified as “other” included measurements of low

birthweight or combinations of multiple indicators.

#Wasting indicators classified as “other” included measurements of body fat or muscle mass, or combinations of multiple

indicators.

clearly defined. For example, the “triple burden” previously described
coexisting communicable disease, NCD, and underweight (6); how-
ever, recent literature defines it as coexisting OW/OB, underweight or
stunting, and micronutrient deficiencies (56, 57). Although we retained
the term DBM for this review due to its common usage, including by

CURRENT DEVELOPMENTS IN NUTRITION

WHO and the recent DBM series in The Lancet (1, 7-10), we share this
perspective on the need for updated terminology that reflects malnutri-
tion’s multiple possible phenotypes. Our proposed framework for build-
ing operational DBM definitions could assist in advancing the concep-
tualization of DBM; this framework can be further adapted to enhance
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TABLE 5 Median (range) reported prevalence of the double burden of malnutrition by form of malnutrition and level of

assessment’

Level of assessment

Form of malnutrition Household n Dyad n Individual n
Coexisting OW/OB and TWU 15.2 (6.2-24.7) 10 15.6 (0.2-38.6) 16 n/a

OW/OB and stunting 11.8 (2.6-30.6) 9 6.3 (0.4-79.8) 17 5.2 (0.1-68.4) 25
OW/OB and anemia 12.6 1 — 0 9.7 (0.7-67.0) 25
OW/OB and MN deficiency 14.0 1 — 0 28.4 (1.0-94.0) 21
Other? 16.2 1 20.0 1 5.6 (1.2-76.4) 14

Values presented as median (range) of prevalence estimates; n = number of articles. Population-level data are not presented because each data point consists of multiple
prevalence estimates making the data difficult to summarize. MN, micronutrient; OW/OB, overweight/obesity; TWU, thinness/wasting/underweight.

2"Other" operational double burden of malnutrition definitions included: OW/OB paired with stunting and/or wasting; cardiometabolic risk factors paired with under-
weight, anemia, or micronutrient deficiencies; and OW/OB paired with food insecurity.

our measurement and understanding of the evolving global nutrition
situation.

Given the many possible phenotypes of malnutrition, the inten-
tional selection of indicators specifically fit to the purpose of the mea-
surement is of critical importance. In our review, the majority of arti-
cles leveraged existing data from representative surveys assessing DBM
with standard anthropometric indicators. Although this approach has
its advantages, available data might not always be best suited to ad-
dress specific programmatic or research needs. As discussed by Habicht
and Pelletier (58) and Habicht and Stoltzfus (59), nutrition indica-
tors should be chosen based on prespecified criteria that unambigu-
ously reflect the objectives. In the context of DBM, when selecting
an indicator, analysts should consider if the objective is to establish
the prevalence of DBM, monitor DBM trends over time, test an in-
tervention, or evaluate a program or policy’s effectiveness. For exam-
ple, data to estimate the prevalence of overweight (elevated BMI) and
anemia are widely available and useful for monitoring trends over
time and comparing across countries, but more specific measures, such
as blood pressure, glycated hemoglobin, or micronutrient biomarkers,
can be more appropriate for assessing the impact of novel interven-
tions on individual and population health outcomes. Additionally, it
might be necessary to consider if the selected indicators measure DBM
components that can be impacted by nutrition interventions alone,
or if their multifactorial etiology requires additional inputs. For ex-
ample, both anemia and stunting are considered global nutrition tar-
gets, but are unlikely to be resolved solely by nutrition-specific inter-
ventions (23, 60, 61). In both programmatic and research settings, a
suite of fit-for-purpose indicators might need to be employed in DBM
assessment.

For the purpose of guiding formulation of policies and programs to
address DBM, efforts are needed to monitor its prevalence and trends.
As global monitoring reports provide estimates of DBM prevalence use-
ful for assessing progress on meeting global health targets (13, 62, 63),
how these reports define and report DBM can subsequently shape where
and how DBM is then addressed through programming and interven-
tions. Importantly, the reported prevalence of DBM will vary depending
on the definition used (24, 64, 65). In this review, the estimates of DBM
prevalence are difficult to interpret because the data come from differ-
ent studies and varying target populations; however, other studies have
reported differences in DBM prevalence with different operational def-
initions using the same study population (66, 67). For example, recent

analyses of population-level survey data from multiple countries found
that median individual-level DBM prevalence was 8.6% compared with
21.9% when anemia compared with micronutrient deficiency was ap-
plied as the undernutrition component of DBM (66). Thus, the se-
lection of a particular DBM definition can determine whether DBM
is perceived to be a problem in a given population, and tracking the
prevalence of DBM using several definitions can give a more complete
picture of the nutrition situation. Additionally, the forms of malnutri-
tion selected to represent DBM will drive decisions about which inter-
ventions to pursue. Although there is some overlap, the list of commonly
available interventions likely differs if the goal is to reduce wasting com-
pared with stunting, or to address obesity in children compared with
adults. The coordination of DBM definition selection with the priori-
ties expressed in national nutrition strategies can facilitate the linkages
between DBM surveillance, effective interventions, and optimal use of
resources.

Shrimpton et al. (68) highlighted the research implications of select-
ing a suite of fit-for-purpose indicators in a study assessing the preva-
lence of NCDs in Chinese adults. In this population, increased waist
circumference tends to be a better measure of diabetes risk whereas
risk of hypertension is associated with higher BMI; thus, a combi-
nation of the 2 indicators can best capture a true picture of NCD
risk in Chinese adults (68). Also, women tend to have higher preva-
lence of OW/OB when compared with men; however, men tend to
have higher prevalence of elevated fasting plasma glucose and hyper-
tension (69). If both groups are included in an assessment of NCD
risk, including both biochemical and anthropometric indicators can
provide the most insight into population risk. These examples illus-
trate that the construction of DBM operational definitions and the se-
lection of indicators for subsequent DBM assessment should be in-
formed by the context of the research and should be clearly linked
to the research objectives (58, 59). Use of the proposed framework
for building DBM operational definitions can assist in clarifying this
process.

With these considerations in mind, we identified 3 important
gaps in DBM assessment: research using specific measures of NCD
risk; inclusion of micronutrient deficiencies and anemia as forms of
undernutrition; and expansion of the target groups assessed. First,
in the literature reviewed, “overnutrition” was overwhelmingly mea-
sured with BMI, despite the limitations of BMI as an indicator of
metabolic health (23, 61). Whereas many articles discussed the growing
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prevalence of NCDs alongside persistent undernutrition, only 4 arti-
cles explicitly assessed biochemical indicators of cardiometabolic risk
in their assessments of DBM. Anthropometric indicators, such as BMI
and waist circumference, can be sufficient for establishing a population’s
risk of NCDs, such as risk of diabetes (70). However, if the objective of
the research is to decrease morbidity or mortality in a population suffer-
ing from NCDs, it is important to measure the indicator directly when
feasible, such as measuring arterial blood pressure, fasting plasma glu-
cose, or cholesterol concentrations, along with anthropometric indica-
tors, to assess morbidity due to MetS (71). Inclusion of these measures
in Demographic and Health Surveys (72) and WHO NCD risk factor
surveillance surveys (73) is an encouraging sign of the feasibility of this
approach.

A second important gap in DBM research, which was also largely
excluded from the recent Lancet series (1,7), is the coexistence of mi-
cronutrient deficiencies and/or anemias with OW/OB or NCDs. Only
one-quarter of the articles included in our review assessed anemia or
biochemical indicators of micronutrient deficiency in the context of
DBM; of these, most focused on anemia. This might be in part because
of limited data on micronutrient deficiency prevalence (74), particularly
in LMIC, despite being considered a public health priority due to the
critical role of micronutrients in health (75, 76). Such data are needed
to understand the relations of coexisting micronutrient deficiencies and
anemias with OW/OB and other NCDs. Some studies report that over-
weight and obese individuals can be at higher risk of developing mi-
cronutrient deficiencies or anemia (77-80); other studies have found
negative relations, indicating that different individuals are affected (66,
67). Further research is required to clarify whether specific micronutri-
ent deficiencies are more prevalent in those with NCDs, which in turn
requires addressing new questions around measurement of DBM: Do
we need to construct a separate operational definition of DBM for each
micronutrient, or can deficiencies be combined into a satisfactory in-
dex? Should we weight certain deficiencies as more important, for exam-
ple, based on greater prevalence or severity of deficiency consequences?
To answer these questions more data on micronutrient deficiencies and
anemias in countries are urgently needed, as is more research to un-
derstand the etiology of coexisting micronutrient deficiencies, anemias,
and OW/OB.

Third, no articles in our review specifically targeted men in DBM
assessments, and few articles specifically targeted adolescents (n = 15).
The lack of representation of these groups in DBM data could bias
conclusions regarding DBM prevalence. Although women and young
children are more vulnerable to many forms of malnutrition and have
therefore been the primary targets of nutrition programs in LMIC,
adolescence is a critical life stage to impact lifelong health and the
health of future generations, and others have called for more empha-
sis on DBM research in this age group (81). Additionally, whereas un-
dernutrition research in LMIC has traditionally focused on women
and young children, men should not be ignored in efforts to ad-
dress obesity and NCDs globally. NCDs are the largest contribu-
tor to the global premature mortality rate (82). Because men make
up approximately half of the world’s adult population, data on their
DBM status is important for interventions and policies aimed at DBM
prevention. Finally, in many contexts men have greater household
decision-making power than women, which can impact nutritional sta-
tus among other household members (83). Including men in DBM as-
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sessment is therefore important for the success of DBM interventions
overall, and including those aimed at children, women of reproductive
age, and adolescents.

Limitations of this analysis are that the original literature search
was limited to 2 databases (PubMed and Scopus) and was conducted
in July 2017, thus excluding articles published after that time or in
other databases. However, a qualitative examination of articles pub-
lished since that date and identified by applying the same search terms
suggested that inclusion of more recent studies was unlikely to result in
major shifts in characterization of the most common DBM operational
definitions. Additionally, although there could be some subjectivity in-
volved in interpreting the inclusion criteria, we limited the influence
of potential subjectivity by screening articles in duplicate and holding
weekly discussions among the research team to standardize screening
and data extraction. We also conducted a sensitivity analysis limited to
articles in which the assessment of DBM was clearly reported as the pri-
mary study aim, and confirmed that general trends in how DBM is de-
fined in the literature still remained. Finally, the protocol for this review
focused on identifying studies that assessed DBM in cross-sectional
analyses, that is, coexisting “undernutrition” and “overnutrition” at the
same point in time. Our review does not address the concept of “intrain-
dividual DBM,” that is, exposure of an individual to multiple forms of
malnutrition over the life course (7). However, because global monitor-
ing reports and many research activities focus on cross-sectional data,
our objective was to clarify the use of operational definitions of “concur-
rent DBM” for assessment, surveillance, and evaluation of the effects of
interventions and programs. Despite these limitations, we believe this
review offers a reasonable depiction of how concurrent DBM is con-
ceptualized in the literature. A similar examination of prospective co-
hort studies could help characterize specific indicators of “life course
DBM.”

In conclusion, there is growing global consensus that the presence of
coexisting multiple forms of malnutrition deserves urgent attention and
will require novel approaches to nutrition policy and programming. In
this systematic review, we identified 3 dimensions of DBM operational
definitions (level of assessment, target population, and form of malnu-
trition), and proposed a framework for building operational definitions
of DBM. We found that studies of DBM prevalence most commonly re-
ported coexistence of anthropometric measures of undernutrition and
overnutrition at the population level in mixed population groups. Other
forms of malnutrition, such as diet-related NCDs and micronutrient
deficiencies, and coexistence of multiple forms of malnutrition at the
individual or household level, have received relatively little attention
as components of DBM. Efforts to address DBM will require consid-
eration of which forms of malnutrition and which population groups
constitute the greatest context-specific public health priorities, and will
require operational definitions that capture the desired purpose of the
assessment. Characterization of DBM with clear and specific opera-
tional definitions will allow for better comparability of DBM data across
populations and over time, and will improve future surveillance efforts,
intervention implementation and evaluation, and program and policy
development.
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