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Abstract

Background Research on health and sustainable development is growing at a pace such that conventional
literature review methods appear increasingly unable to synthesize all relevant evidence. This paper employs a novel
combination of natural language processing (NLP) and network science techniques to address this problem and to
answer two questions: (1) how is health thematically interconnected with the Sustainable Development Goals (SDGs)
in global science? (2) What specific themes have emerged in research at the intersection between SDG 3 (“Good
health and well-being”) and other sustainability goals?

Methods After a descriptive analysis of the integration between SDGs in twenty years of global science (2001-2020)
as indexed by dimensions.ai, we analyze abstracts of articles that are simultaneously relevant to SDG 3 and at least
one other SDG (N=27,928). We use the top2vec algorithm to discover topics in this corpus and measure semantic
closeness between these topics. We then use network science methods to describe the network of substantive
relationships between the topics and identify Zzipper themes, actionable domains of research and policy to
co-advance health and other sustainability goals simultaneously.

Results We observe a clear increase in scientific research integrating SDG 3 and other SDGs since 2001, both in
absolute and relative terms, especially on topics relevant to interconnections between health and SDGs 2 (“Zero
hunger”), 4 ("Quality education”), and 11 (“Sustainable cities and communities”). We distill a network of 197 topics
from literature on health and sustainable development, with 19 distinct network communities — areas of growing
integration with potential to further bridge health and sustainability science and policy. Literature focused explicitly
on the SDGs is highly central in this network, while topical overlaps between SDG 3 and the environmental SDGs
(12-15) are under-developed.

Conclusion Our analysis demonstrates the feasibility and promise of NLP and network science for synthesizing large
amounts of health-related scientific literature and for suggesting novel research and policy domains to co-advance
multiple SDGs. Many of the ‘zipper themes'identified by our method resonate with the One Health perspective

*Correspondence:
Thomas Bryan Smith
tbsmit10@olemiss.edu

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://orcid.org/0000-0002-2074-8564
http://orcid.org/0000-0001-9908-3747
http://orcid.org/0000-0003-2510-4909
http://orcid.org/0000-0002-7072-2581
http://crossmark.crossref.org/dialog/?doi=10.1186/s12992-023-00943-8&domain=pdf&date_stamp=2023-6-29

Smith et al. Globalization and Health (2023) 19:44

Page 2 of 13

that human, animal, and plant health are closely interdependent. This and similar perspectives will help meet the
challenge of rewiring’ sustainability research to co-advance goals in health and sustainability.

Keywords Sustainable development goals, One health, Natural language processing, Network science, Topic

modeling

Background

Research on topics related to sustainability and health is
growing at an unprecedented pace across multiple dis-
ciplines and sectors [1-3]. As a result, scoping reviews,
systematic reviews, and bibliometric analyses have
become essential tools for synthesizing evidence in this
area and designing evidence-based policies [4—7]. How-
ever, traditional methods of literature review and syn-
thesis, based on manual expert assessment, increasingly
appear too time- and resource-consuming to keep pace
with the expanding evidence base and maintain scien-
tists and policymakers abreast of most recent research
developments [1-3]. The resulting delays in literature
appraisal may withhold insights that could be crucial to
the advancement of the United Nations’ (UN) Sustain-
able Development Goals (SDGs) [8], including the goal
to “ensure healthy lives and promote well-being for all
at all ages” (SDG 3, “Good health and well-being”) [9].
Scientific appraisal is among the first bottlenecks in the
translation of health discoveries into policy and practice.
Delays in this stage can have long-term implications for
global health and sustainability, especially when societ-
ies face global health emergencies such as COVID-19 [10,
11].

Indeed, the health-related, socioeconomic, and envi-
ronmental impacts of the COVID-19 pandemic have
reshaped priorities and underscored the primacy of
health for the sustainability of contemporary human
societies, spurring calls to prioritize health sustainabil-
ity and shift towards a One Health perspective in sci-
ence and policy [12, 13]. Since its very early stages, the
COVID-19 emergency has caused a significant setback
for the world’s advancement toward sustainable develop-
ment, especially among the poorest countries and most
vulnerable social groups [14]. As the initial emergency
has subsided, the health inequalities [15-17], socioeco-
nomic determinants of health [18, 19], and environmen-
tal challenges [20, 21] exposed by the pandemic have
led to the reevaluation of the health-focused SDG 3 as a
central goal capable of guiding holistic and coherent poli-
cies for sustainability and prompting synergistic actions
in favor of multiple other sustainability goals [22]. The
kind of sustainability synergies that SDG 3 can promote
may occur through second order effects — e.g., when
improving the health of the working population (SDG
3) also improves the state of the economy (SDG 8) — or
by requiring explicit advancement of another goal — e.g.,

reducing the spread of waterborne diseases (SDG 3) by
improving sanitation (SDG 6) [23].

The COVID-19 pandemic has also highlighted the
complex networks of connections and interdependencies
between the 17 SDGs. Development goals and their tar-
gets form an interconnected and dynamic system, with
numerous and varying synergies and trade-offs among
them [24-26]. The same scientific insight or policy action
may co-advance multiple SDGs simultaneously or con-
tribute to one while hindering others. This creates a need
to map SDG interdependencies over time and to ensure
policy coherence in sustainability — the harmonization of
policies to simultaneously address multiple SDGs, opti-
mize resources for SDG co-advancement, and prevent
harms to public health from underinformed policymak-
ing [27-29].

Against this backdrop, this paper analyzes the body of
global scientific research that has addressed the health-
related SDG 3 in the past twenty years, and its potential
to promote synergistic progress, in science and policy, on
multiple other SDGs simultaneously. Specifically, we seek
to answer the following research questions: (1) How is
SDG 3 thematically interconnected with all other SDGs
in global scientific research, and how have these inter-
connections changed since the turn of the millennium?
(2) What specific themes and topics have emerged in
research conducted at the intersection between SDG 3
and other SD@Gs in the last twenty years, and how can we
identify the topics that are most useful to fuel progress
towards multiple SDGs simultaneously? With the first
question, we explore the extent to which global science
has addressed topics that are relevant to both SDG 3
and other SDGs, identifying which other SDGs are con-
sistently overlapping with research on global health and
health sustainability, and how this has changed over the
past twenty years. Considering the second question, we
map the themes and topics that have emerged in global
science around SDG 3 and other SDGs, and the network
of substantive, semantic interrelationships underpinning
them.

Addressing these two questions, this study makes two
important contributions to research on global health,
public health, sustainability, and globalization. First, we
advance a novel approach to the study of interdependen-
cies between SDGs, in which large amounts of research
outputs are analyzed with Natural Language Process-
ing techniques and network science methods to synthe-
size knowledge, map links among SDGs, and describe
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entry points for science and policy to co-advance mul-
tiple SDGs simultaneously. We apply this approach,
specifically, to the interdependencies between the health-
related SDG 3 and all other SDGs. Second, we identify
‘zipper themes’ in science and policy around health and
sustainability. Zipper themes are topics, scientific ques-
tions or policy issues which can strengthen scientific
research and suggest synergistic policies for co-advancing
SDG 3 together with other sustainability goals. Each SDG
is itself a broad set of themes and objectives formulated
to facilitate communication and collaboration between
scientists and policymakers from a wide variety of fields,
policy areas, and agendas — from energy and economy to
health and biodiversity. We identify more granular zipper
themes — within and across SDGs — that will stimulate
innovative research ideas around the health-sustain-
ability nexus, promote a conceptual and terminologi-
cal convergence in sustainability research, and guide the
formulation of coherent and actionable policies to co-
advance goals in multiple sustainability areas.

COVID-19, health sustainability, and SDG
interdependencies

Originally conceived at the Rio+20 conference as part of
the UN’s 2023 Agenda, the SD@Gs are a set of broad aims,
specific targets, and related indicators concerning social,
political, economic, and environmental sustainability and
aiming to promote global cooperation for sustainable
societies [8]. The third SDG, the main focus of this paper,
is labelled as “Good health and well-being” and aims to
“Ensure healthy lives and promote well-being for all at
all ages” by 2030: its targets include reducing the global
maternal mortality ratio; ending the epidemics of AIDS,
tuberculosis and malaria; achieving universal health cov-
erage; substantially reducing the prevalence of deaths and
illnesses from pollution and chemical contamination; and
strengthening the capacity of developing countries for
management of national and global health risks.

SDG 3 is clearly linked to other SDGs, in the sense
that — given the crucial health impacts of certain social,
economic, and environmental factors — progress towards
SDG@G 3 clearly goes hand in hand with progress towards
other goals, such as SDG 2 (Zero hunger: End hun-
ger, achieve food security and improved nutrition and
promote sustainable agriculture) or SDG 13 (Climate
action: Take urgent action to combat climate change and
its impacts). Indeed, the SDG targets and indicators are
inherently interconnected by relationships of synergy,
when certain actions can contribute to multiple goals at
the same time; and trade-offs, when actions advancing
one goal can inhibit or harm progress on another [25,
30]. This network of interdependencies is not static over
time and space, but can change depending on geography
(e.g., in high-income vis-a-vis low-income countries) and
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time [26, 29]. Mapping and evaluating SDG interdepen-
dencies is essential to ensure coordination and coherence
of policies towards sustainable development at the global,
national, and regional levels [28]. Previous research has
quantified these SDG interconnections by analyzing co-
variance among SDG or target indicators over time 26,
31, 32; or by surveying experts to qualitatively distill syn-
ergies and trade-offs from previous scientific literature
[33-35]. While these efforts have been insightful, their
approaches are constrained by cost and at times lim-
ited availability of indicator data, or by the difficulty of
assessing exponentially growing volumes of literature in
reasonable time via qualitative, manual expert appraisal
— especially when SDG synergies and trade-offs must be
evaluated at different geographic locations or scales, or
during crises requiring rapid intervention. Overcoming
these constraints is important for the effective and time-
sensitive translation of scientific discoveries into practice,
interventions and policies for health and sustainability,
particularly in times of environmental or health crises
[11]. In this light, new computational methods, lever-
aging recent advances in machine learning and natural
language processing, can complement existing ones and
address some of their drawbacks [36].

In the last three years, the complex network of SDG
synergies and trade-offs has been brought into sharp
focus by COVID-19. The first-order effects of the pan-
demic on public health revealed that many countries had
significant room for improvement with respect to SDG 3,
especially in terms of resilience of their health systems to
crises [14, 37]. With its second-order effects in the social,
economic, and environmental domains, the COVID-19
crisis negatively impacted indicators of poverty (SDG 1),
education (SDG 4), and unemployment (SDG 8), while
it brought about a short-term reduction in greenhouse
gas emissions, positively impacting climate action (SDG
13) [37]. Further exposing interconnections between dif-
ferent sustainability goals, COVID-19 has also empha-
sized the urgency of adopting a One Health perspective
on issues of health and sustainability [13]. This perspec-
tive posits that the health of humans, domestic and wild
animals, plants, and the environment are strictly inter-
connected by co-benefits and trade-offs [12, 13, 38].
Exemplifying the link between human and animal health,
COVID-19 itself has been classified as a zoonotic dis-
ease due to the genetic similarities between SARS-CoV-2
and horseshoe bat coronaviruses, while natural resource
consumption (relevant to SDG 12) and climate change
(the focus of SDG 13) have been indicated as causes of
increased rates of interaction and potential pathogen
transmission between species [12]. At the same time,
recent research has highlighted how the advancement
of SDGs 12 (Responsible consumption and production)
and 13 (Climate action) can directly influence SDG 3,
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both positively via improvements in air quality and other
environmental determinants of health, and negatively
via socio-economic trade-offs that reduce pollution and
consumption, such as unemployment caused by the shut-
tering of coal-fired plants in nations without universal
health care [23]. Together with a commitment to ‘health
in all policies’ by the United States Center for Disease
Control and Prevention [39], some of the most vocal pro-
ponents of a One Health perspective have recently been
the G7, G20, Global Health Summit, and World Health
Organization [40—42].

Finally, the pandemic has also forced rapid innovations
in data analysis [43]. While these innovations have gener-
ally been focused on the monitoring of health indicators
and epidemic modeling, Natural Language Processing
(NLP) has also entered the foreground with hundreds
of studies seeking to analyze the fast-evolving scientific
literature on COVID-19 for information retrieval and
summarization, literature-based discovery, question
answering, and topic modelling [36]. NLP is a subfield
of computational linguistics working towards the goal of
developing and ‘training’ machine learning algorithms
that can ‘understand’ and unpack the nuances of human
speech and written text, able to retrieve syntactic pat-
terns and dependencies in human writing, distill key
words, phrases, entities and topics from large amounts of
text, and quantify similarities between documents. Sus-
tainability scholars have begun fine-tuning these algo-
rithms to summarize extensive and evolving bodies of
sustainability-related scholarship [3, 44]. For example,
addressing SDG 2 (Zero hunger), Porciello et al. (2020)
recommended the wider application of NLP for map-
ping similarities between texts, entity-recognition, and
coreference resolution, with the goal of accelerating the
synthesis of large quantities of evidence in sustainability,
and thereby efficiently discovering effective policies and
practices for sustainable development [44]. Focusing on
the climate-related SDG 13, Callaghan et al. (2021) fine-
tuned the DistilBERT language model to categorize and
extract specific information from 102,160 climate impact
studies. They used the results to map field-wide trends in
anthropogenic climate change (1951-2018) [3]. In these
studies — as well as in other works of automated, NLP-
based synthesis of evidence which became popular dur-
ing the pandemic [36] — the goal is to examine specific
bodies of literature, providing a highly detailed treatment
of a single SDG domain or topic. In contrast, we broaden
the focus to relationships among multiple SDG domains
and propose a method which combines NLP and net-
work science techniques to illuminate interdependencies
between SDGs and generate insights co-advancing mul-
tiple sustainability goals together.
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Methods

The methods of this study consist of two steps. First,
using results from an existing machine learning method
to classify scientific publications by their SDG relevance
[45], we determine the frequency with which scientific
research has addressed the health-related SDG 3 and
each other SDG over the past twenty years, identifying
SDGs that are well or poorly integrated with SDG 3 in
global science. Second, we implement a method, based
on topic modeling and network science, to zoom in on
the actual contents of scientific research at the inter-
section between SDG 3 and other SDGs, to map and
describe substantive themes of convergence and overlap.
All analyses and visualizations were performed using the
top2vec library in the Python general-purpose program-
ming language, and the igraph and CentiServer packages
in the R statistical computing software within the Visual
Studio Code IDE [46-50].

Data

We analyze all peer-reviewed scientific articles, published
between 2001 and 2020, which are indexed as relevant
to SDG 3 and one or more other SDGs in Dimensions,
the most exhaustive database for scientific publications
[51, 52]. Data about titles and abstracts of these articles
were collected using custom built functions that create
an interface between the R statistical computing environ-
ment and the Dimensions API. Each article’s relevance
to each of the 17 SDGs is determined by a classifica-
tion algorithm developed by Dimensions and returning
a binary index of relevance to each SDG: i.e.,, an index
classifying an article as either relevant or not relevant to
each of the 17 SDGs [45]. Created by Digital Science et
al. (2020), the classification algorithm was trained on a
data set consisting of articles that are certainly relevant
to each SDG. These articles were found with a specific
keyword search query, for each SDG, of works published
since 2010 (when the Millennium Development Goals,
the SDGs’ precursors, were established). The keyword
search queries were manually curated and informed by
the UN’s SDG definitions, targets, and indicators, aim-
ing to minimize false positive rates. Supervised NLP
algorithms were then trained to make binary classifica-
tion decisions (relevant/not relevant) based on the train-
ing data corresponding to each of the 17 SDGs. In the
results, each article may be classified as relevant to one,
multiple, or none of the 17 SDGs. The articles selected
for our data were classified as relevant to SDG 3 and at
least one other SDG. These are 27,928 articles, contrib-
uted by 75,665 authors. Our text data is limited to their
abstracts, which overall contain 3,918,143 tokens (units
of speech, e.g. words) and 64,575 unique tokens (of which
36,550 appear more than once in the corpus). Procedures
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for preprocessing this corpus of text are detailed in the
supplementary materials.

Topics, topic networks and communities

To distill topics in the article abstracts we employ top2vec
[49], a recent unsupervised machine learning approach to
discovering topics in large text corpora via word and doc-
ument embeddings, implemented in the top2vec Python
library. This method combines the word2vec and doc2vec
embedding models [53, 54], Uniform Manifold Approxi-
mation and Projection for dimension reduction (UMAP)
[55], and hierarchical density-based spatial clustering of
applications with noise (HDBSCAN) [56]. The word2vec
model uses shallow neural networks to learn numeric
representations (i.e., vectors or embeddings) of words
based on collocation with other words in text. Relation-
ships between these numeric representations approxi-
mate human understanding of semantic relationships
between words; semantically related words like virus,
vaccine, and epidemic appear in similar contexts and are
therefore represented by similar numbers, and semanti-
cally dissimilar words like virus and volcano will be rep-
resented by different numbers [53]. The doc2vec model
inherits word2vec’s understanding of semantics and
adds to it by concurrently learning numeric representa-
tions of documents (here, article abstracts), in addition
to words [54]. The resulting embeddings, which provide
a numeric representation of each word and abstract in
the corpus, are numeric vectors of 300 dimensions, that
is, each including 300 numbers. The third component
of the method, UMAP, reduces these high-dimensional
embeddings onto fewer dimensions (fewer numbers):
that is, it projects the embeddings in low-dimensional
space. Finally HDBSCAN is used to identify dense clus-
ters of documents that have similar embeddings in this
low-dimensional space [49]. In the results, a cluster of
documents (i.e., of scientific articles) represents a dis-
tinct substantive topic; and the centroid of the document
embeddings in that cluster (a sort of “average” embed-
ding of the cluster) provides a numeric representation of
that entire topic (i.e., the topic embedding). Applied to
our corpus of articles, the top2vec method detects a total
of 197 topics (clusters). These are summarized in Table
S2, including the number of articles in each topic (from
26 articles in the smallest topic to 1277 in the largest) and
a description of topic contents based on the most salient
words in the topic (words with embeddings that are clos-
est to the cluster centroid).

We quantify semantic closeness between two topics
by measuring similarity between their respective topic
embeddings via cosine similarity, a popular measure of
similarity between two numeric vectors. The result is a
network uncovering the structure of semantic relation-
ships between topics (see Fig. 3): each network node is
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a topic, and the weighted link between two nodes repre-
sents the semantic closeness between two topics (i.e., the
cosine similarity between their embeddings). Consider-
ing breaks in the distribution of cosine similarity scores,
a global edge filter is set on this weighted network to only
retain links between two topics when their cosine simi-
larity is higher than the 99th percentile (cosine similar-
ity20.279). The result is a network in which two topics
are linked if they are semantically related or not linked
if they are not related, and the precise cosine similarity
scores between two topics can, if necessary, be disre-
garded. Like many social and semantic networks [57], this
topic network has a “community structure”: it consists of
different communities, that is, distinct groups of topics
(nodes) that are more closely connected to each other
(i.e., more semantically similar to each other) and more
distant from all other nodes. We identify these commu-
nities using the walktrap community detection algorithm
(from the R igraph package, setting the number of algo-
rithm steps to 5). [48, 58] This results in 19 communities
— each gathering between 2 and 30 topics (Tables S1 and
S2) — which reveal broad yet coherent thematic clusters
in scientific research around SDG 3 and other SDGs in
2001-2020.

We also use UMAP again (from the wumap-learn
Python library 55) to visualize the distribution of SDGs
across articles on a 2-dimensional plane — a ‘topic map’
of research around health and sustainability (Fig. 2). Each
point in this map is an article, and two articles are close
in space when they are topically, semantically, or lexically
similar (and distant when they are dissimilar). Points
(articles) are colored in accordance with the second SDG
they were assigned by the Dimensions classification algo-
rithm, in addition to SDG 3-Health (light grey points are
articles assigned more than one other SDG). The approx-
imate regions corresponding to each SDG in this topic
map, as well as the overlaps between these regions, are
visualized in Figure S3.

Identifying zipper themes

The network representation of the semantic relation-
ships among topics allows the identification of zipper
themes for co-advancing health and other SDGs in sci-
ence and policy. We propose three methods to distill
zipper themes from the topic network: network central-
ity, cross-community connections, and isolates. First,
network centrality measures (from the CentiServer R
package 50) detect topics that occupy more central posi-
tions in the network’s structure of connections. These
topics can be regarded as zipper themes: their high cen-
trality indicates that they are relevant or connected to
many other topics at the interface between health and
sustainability [59-61]. Specifically, we use betweenness
and harmonic closeness measures of centrality, as well
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as the Density of the Maximum Neighborhood Compo-
nent (DMNC) [62-64]. Detailed descriptions of these
centrality measures are provided in the supplemental
materials. Second, cross-community connections are links
between topics (nodes) that belong to separate commu-
nities in the network. Recall that 19 distinct communi-
ties of topics are discerned in the network. Connections
between nodes in different communities reflect semantic
relationships between topics in areas that are otherwise
distant in sustainability and health research. Thus, cross-
community connections point to existing zipper themes
(links of semantic closeness that already exist in the cur-
rent network) that bridge different research areas in the
field. Finally, a small selection of 12 topics discovered by
top2vec were separated from all other nodes after impos-
ing the global filter, becoming isolates. The articles form-
ing these isolated topics are substantively or discursively
distinct from the rest of the corpus even though (by con-
struction of the data) they are still classified as relevant
to SDG 3 and at least another SDG. Hence, these isolates
indicate gaps in the network structure — and point to cor-
responding gaps in science and policy on health and sus-
tainability: topics that are semantically distant from all
others in the current network, but that further research
or interventions could bridge with the “mainstream” of
the health and sustainability knowledge network.
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Results
Mapping interconnections between SDG 3 and other SDGs
in global research
Figure 1 visualizes the overlap between SDG 3-Health
and all other SDGs in relevant scientific literature
between 2001 and 2020. Scientific research on SDG
3 most frequently intersects with literature on SDGs
16-Peace (Npub = 5,167), 11-Settlements (N 4,628),
10-Inequality (N,;, = 3,610), 2-Hunger (N, = 3,243),
and 4-Education (N, = 2,764). In contrast, SDGs with
the smallest intersecting literature with SDG 3 (less than
300 articles across all years) are 15-Terrestrial, 12-Con-
sumption, 9-Industry, 14-Aquatic, and 17-Partnerships.
Counts of publications relevant to SDG 3 and another
goal have increased markedly in the last 5 to 10 years
(+139% in 2015-2020, +74% in 2010-15), most notably
for 11-Settlements (+176% publications shared with SDG
3 in 2015-2020, Nyy,0=1,791), 4-Education (+274% pub-
lications in the same period, Nyy,,=1,314), and 16-Peace
(+101% publications, Ny,,=1,268). The intersection
between SDG 3 and other SDGs in global science has
also grown as a proportion of the overall size of literature
addressing any pair of SDGs (Fig. 1.B), particularly in the
last 5 years, with SDGs 11-Settlements, 4-Education and
2-Hunger showing the highest standardized overlap (Jac-
card index) with 3-Health.

Figure 2 presents a topic map of scientific research rel-
evant to SDG 3-Health and at least another SDG, based

pub =

A. Count B. Jaccard Index (Intersection / Union)
2001 - 2005 2006 - 2010 2011 -2015 2016 — 2020 2001 - 2005 2006 - 2010 2011 -2015 2016 — 2020
1617 3 4 1917 3 1 1617 3 4 1617 3 4 11731 11731 11731 11731
15 2 15 2 15 2 15 2 15 2 15
14 4 14 Nt "/ 4 14 4 14 _ 4 14
13 5 13 5 13 5 13 5 13 \
12 6 12 6 12 6 12 6 12
10987 110987 110987 110987 11 098
5000 0.025
4000 0.020
3000 0.015
2000 0.010
- - —
0 0.000
2005 2010 2015 2020 2005 2010 2015 2020
year year
B 1-Poverty [ 6-Sanitation [l 10-Inequality [l 14-Aquatic
2-Hunger 7-Energy 11-Settlements . 15-Terrestrial
B 4-Education [l 8-Economy || 12-Consumption |l 16-Peace
B 5-Gender || 9-Industry [l 13-Climate [l 17-Partnerships

Fig. 1 Intersection of scientific research relevant to SDG 3-Health with research relevant to each other SDG. (A) Raw count of scientific articles classified
as relevant to SDG 3 and another SDG. (B) Jaccard index of the set similarity between articles relevant to SDG 3 and those relevant to each other SDG. Al
articles in the corpus are classified by dimensions.ai as relevant to SDG 3 and at least another SDG.
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Fig. 2 Topic map of all peer-reviewed publications classified by dimensions.ai as relevant to SDG 3-Health and at least one other SDG. Each point is a
publication, proximity between two points indicates topical or semantic proximity between the two corresponding publications in a UMAP 2D projection
of document embeddings (see Methods). Point colors indicate the secondary SDGs (other than 3-Health) to which each article is relevant. Publications

classified as relevant to three or more SDGs are in light grey

on the same corpus of articles as in Fig. 1. A strong
divide is observed between SDGs in the socioeconomic
domain (top-left region of the map: 1-Poverty, 2-Hun-
ger, 4-Education, 5-Gender, 8-Economy, 10-Inequality,
16-Peace, 17-Partnerships) and environmental SDGs
(bottom-right region: 7-Energy, 11-Settlements, 13-Cli-
mate, 14-Aquatic, 15-Terrestrial). However, the map
also provides clues about important points of integra-
tion between the socioeconomic and environmental
goals: literature relevant to SDG 6-Sanitation lies at the
intersection between 2-Hunger and {14-Aquatic, 15-Ter-
restrial} in the map; articles on 9-Industry and 12-Con-
sumption are situated at the intersection of those related
to {8-Economy, 17-Partnerships} and {7-Energy, 11-Set-
tlements}; the last two are also close to 13-Climate,
14-Aquatic, and 15-Terrestrial. These proximities in the
map — and the adjacency between articles attached to
SDG@Gs in the same broad area (e.g., SDGs 5 and 10 on
social inequalities, or the environmental SDGs 13, 14 and
15) — suggest that the method we used to distill topics
and topical proximities in SDG-related science captures
meaningful themes and relationships in the text corpus.
This allows us, in the next section, to narrow the focus

to substantive themes of overlap between research on dif-
ferent SDGs.

Topics and zipper themes at the health-sustainability
nexus

Figure 3 shows the network of semantic connections
between topics in scientific research around SDG
3-Health and other SDGs. Highly central topics in the
network are semantically connected and potentially rel-
evant to a great number of other topics, are part of large
and dense thematic regions, or bridge separate areas in
research about SDG 3-Health and other sustainability
goals. A consistent set of highly central topics emerges
across all centrality measures, producing a stable ‘core’ of
zipper themes according to this criterion (e.g., topics 1,
2, 8,9, 20 in Figure S4 and Table S2). Substantial corre-
lations are observed between network centrality of top-
ics and counts of publications in each topic (from 0.16
for DMNC to 0.39 for closeness and 0.58 for between-
ness centrality), suggesting that central themes are also
relatively well-established in science, catalyzing larger
amounts of research. Topics 2 (health-relevant targets
ioutlined by the Millennium and Sustainable Develop-
ment Goals) and 9 (reproductive health and healthcare,
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. 1-Poverty . 6-Sanitation . 10-Inequality . 14-Aquatic
2-Hunger 7-Energy 11-Settlements . 15-Terrestrial

. 4-Education . 8-Economy . 12-Consumption - 16-Peace

. 5-Gender [ 9-Industry . 13-Climate . 17-Partnerships

Fig. 3 Semantic network of topics in science related to SDG 3-Health and at least another SDG. Nodes are top2vec topics, drawn as pie charts whose col-
ors represent the SDGs to which publications in each node (topic) are relevant, according to dimensions.ai classification. Node size represents harmonic
closeness. Weighted edges are cosine similarities between the embeddings of two topics (when similarity >99th percentile). Light-blue polygons are
network communities: within-community edges are black, between-community edges are red. Network isolates are removed

Table 1 List of example articles discussed in reference to topics of interest. Articles are categorized by method of identification
(network centrality, cross-community pairing, or network isolation). Constituent topics are indicated and described

Method Topic: Description Example Article(s)
Centrality 1: Public transportation and pollution in developing urban Di Mascio et al. (2018) [67]
environments Jacyna et al. (2017) [68]
Centrality 8: Health inequalities in developed countries Leclerc et al. (2006) [70]
Stringhini et al. (2015) [69]
Centrality 12: Health and safety in the workplace and occupational injuries  Yilmaz et al. (2016) [73]

Garcfa-Mainar & Montuen-
ga-Gomez (2009) [74]

Centrality 20: Child mortality in developing countries Roy et al. (2018) [71]
Tariku et al. (2016) [72]
Cross-community 9: Causes of inequality in maternal healthcare utilization Ali & Chauhan (2020) [65]
Pulok et al. (2016) [66]
68: Unequal childhood vaccination coverage Hajizadeh (2018) [75]
Bobo & Hayen (2020) [76]
Cross-community 42: Schistosomiasis treatment Poggensee et al. (2005) [77]

Siza et al. (2015) [78]
M'Bra et al. (2018) [79]

158: Climate change, habitat loss, freshwater snail migration, Pedersen et al. (2014a) [80]
and schistosomiasis Pedersen et al. (2014b) [81]
Isolate 79: Hazards, accidents and occupational health in oil tankers and - Eliopoulou et al. (2012) [84]
the maritime transportation industry Ugurlu et al. (2015) [85]
Isolate 173: Advances in research on the children of HIV/AIDS patients Short & Goldberg (2015) [82]
and victims Wete et al. (2019) [83]

access to skilled birth attendants, maternal mortality —reproductive health in the context of the millennium and
rates in developing countries) are among the most central ~ sustainable development goals, a topic that is directly rel-
in this analysis. Notably, the publications in topic 9 (e.g., evant to the first target of SDG 3. Additionally, central
Ali & Chauhan 2020; Pulok et al. 2016 in the bibliogra-  topics 1, 8, and 20 all consist of research relevant to spe-
phy, see also Table 1) [65, 66] tend to explicitly discuss  cific targets and indicators related to health and different
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SDG@Gs: public transportation and pollution in develop-
ing urban environments for topic 1 (e.g., Di Mascio et
al. 2018; Jacyna et al. 2017) 67, 68; health inequalities in
developed countries for topic 8 (e.g., Leclerc et al. 2006;
Stringhini et al. 2015) 69, 70; malnutrition and child mor-
tality in developing countries for topic 20 (e.g., Roy et al.
2018; Tariku et al. 2016) [71, 72]. These substantive con-
tents validate our approach to literature synthesis and
identification of zipper themes; they also reinforce the
notion of the SDGs as a set of unifying concepts and tar-
gets within health-sustainability research.

DMNC performs well as a tool for identifying topics
at the intersection of wider themes in the corpus (see
Table 1 and Figure S5.B). Topic 12 — health and safety in
the workplace and occupational injuries (e.g., Yilmaz et
al. 2016; Garcia-Mainar & Montuenga-G6mez 2009) [73,
74] — scores the highest on this metric, closely followed
by seven topics covering a range of issues, from barriers
to healthcare (topic 10) to the health impacts of pollution
and climate change (topic 114). Topic 12 is at the inter-
section of three network communities: itself assigned to a
community on the relationship between technology and
health (community 3 in Table S1), it is immediately adja-
cent to communities broadly addressing issues of health
emergency response, and health policies, politics, and
ethics (communities 11 and 8, respectively). For exam-
ple, topic 12 is connected to topic 25 (natural disaster
injury and response) in community 11, and to topics 102
(micro-entrepreneurship and small-to-medium business
development) and 109 (use of communications technol-
ogy to reduce health care inequalities) in community 8.

Cross-community links point to several strong, action-
able areas of integration between disparate research on
health and sustainability. These areas include both cases
in which the same overall issue is treated from two differ-
ent perspectives, and cases in which two entirely different
issues are linked by a third common topic. For example,
the connected topics 9 (causes of inequality in maternal
healthcare utilization) and 68 (unequal childhood vac-
cination coverage, e.g., Hajizadeh 2018; Bobo & Hayen
2020) [75, 76], are both part of a broader literature about
maternal and infant healthcare (Table 1). However, topic
9 is assigned to a network community which focuses pri-
marily on policies, politics, and ethics, where topic 68 is
assigned to a community focused primarily on infectious
diseases. Another set of cross-community connections
are observed between topics on air pollution (topics 11,
25, 36) and non-communicable diseases among infants
and pregnant women (topics 49, 48), adults (topics
83,178), and the elderly (topic 71). The cross-community
link criterion also points to an interesting area of over-
lap between SDGs 13-Climate, 14-Aquatic, and 3-Health:
the link between topics 42 (schistosomiasis treatment,
a topic in community 9: infectious diseases) and 158
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(schistosomiasis infection due to changes in freshwater
snail habitats caused by climate change and infrastruc-
ture projects, a topic in community 10: wildlife ecology).
One body of research investigates prevalence, impact,
and treatment of schistosomiasis (e.g., Poggensee et
al. 2005; Siza et al. 2015; M'Bra et al. 2018) [77-79], a
neglected tropical disease caused by Schistosoma worms;
while the other examines its zoonotic etiology (e.g., Ped-
ersen et al. 2014a; 2014b) [80, 81]. Together, these sepa-
rate but related research agendas offer an ideal example
of zipper theme relevant to the One Health perspective.

The strongest cross-community edges (with cosine
similarities 2 standard deviations greater than the
mean) are between topics 42—158 (cos=0.59), 6—27
(cos=0.56), and 11—58 (cos=0.53). Topics 42 and 158
were described above. Topics 6 (in community 10: wild-
life ecology) and 27 (in community 12: environmental
health) both address direct impacts of climate change on
health: the former focuses on how rising temperatures
result in the spread of arboviruses into temperate envi-
ronments, and the latter on heat waves and heat-related
deaths in traditionally temperate climates. Finally, topics
11 (in community 12: environmental health) and 58 (in
community 6: non-communicable diseases) both encom-
pass publications on the effects of ambient air pollution,
with focuses on respiratory and cardiovascular health,
and reproductive health, respectively. These topics are
part of a broader area of research into air pollution and
the etiology of non-communicable diseases.

The third proposed method to identify zipper themes
on health and sustainability — examination of network
isolates — highlights a disparate set of topics, such as the
impact of HIV/AIDS on patients’ children and orphans
(topic 173); CRISPR-Cas9 genome editing, the devel-
opment of gene-edited pathogen-resistant crops, and
CRISPR-Cas9 vaccines (topic 90); shipping industry and
maritime logistics, occupational safety in this industry,
industry-related pollution (e.g. due to oil spills), ecotoxi-
cology and damage to marine organisms (topic 79). These
disconnected topics point to research directions with the
potential to span significant gaps in existing literature on
health and sustainability.

For example, in topic 173, advances in research on the
children of HIV/AIDS patients and victims (e.g., Short
& Goldberg 2015; Wete et al. 2019) [82, 83] — includ-
ing immediate medical consequences of parents’ illness
on children’s health (e.g.,, HIV/AIDS infection) and on
long-term trajectories of child development and mental
health — could have important impacts on a wide range
of scientific topics at the intersection between SDG 3
and other sustainability issues. This theme connects at
least three topical communities emerging in our synthe-
sis of literature: non-communicable diseases and condi-
tions (community 6); health policies, politics, and ethics
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(community 8); infectious diseases (community 9). In
topic 79, hazards, accidents and occupational health
in oil tankers and the maritime transportation industry
have impacts both on the health of workers in that sec-
tor (for example, ship crews) and on local environments
(e.g., Eliopoulou et al. 2012; Ugurlu et al. 2015) [84, 85].
Accidents and disasters in this sector can also have long-
term effects on the health of residents in surrounding
areas, underscoring significant overlap with research on
non-communicable diseases and conditions (i.e., com-
munity 6) [86]. This theme is potentially relevant to three
topical communities in our literature synthesis: technol-
ogy, infrastructure, and workplace safety (community 3);
wildlife ecology and zoonoses (community 10); and envi-
ronmental health (community 12).

Discussion

This study used Natural Language Processing and net-
work science methods to synthesize the entire corpus
of scientific abstracts published in 2001-2020 on topics
related to SDG 3 (Good health and well-being) and one
or more other SDGs. This synthesis was motivated by
two main research questions, corresponding with two
aims. First, it sought to describe the degree and nature
of integration between research relevant to SDG 3 and
to other SDGs in global scientific literature over time.
Second, it aimed to identify sets of topics, scientific ques-
tions, or policy issues — dubbed here as “zipper themes’ —
which have the potential of stimulating convergence and
synergy between research and policy efforts to simulta-
neously co-advance health (SDG 3) and other sustainabil-
ity goals.

Addressing the first question and aim, we observed
increasing integration between SDG 3 and most of the
other goals. This growing body of inter-SDG literature
underscores the need for literature reviews that focus
on important points of intersection and convergence
between goals. While studies on the synergies and trade-
offs between all SDG targets and indicators is essential
[25, 26, 34], these broader efforts often fail to identify
existing or emerging research topics with the potential
for a translational impact on the 2030 agenda. The meth-
ods presented here can help direct and supplement stud-
ies whose aim is to scrutinize overlaps between specific
goals, targets, or indicators in an effort to suggest syner-
gistic policies and practices (e.g., De Neve & Sachs 2020)
[23].

Scientific integration between SDG 3 and other goals is
especially developed with SDG 16-Peace (on topics such
as correctional population health, bioethics, and patent-
ing and trade of health technology: topics 7, 19, and 21
in Table S2, respectively); SDG 11-Settlements (for exam-
ple, on sustainable inner city transport and air pollution:
topics 1 and 25); SDG 10-Inequality (on socioeconomic
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health disparities and ante/postnatal care: topics 8 and 9);
SDG 2-Hunger (on food insecurity in HIV-positive popu-
lations and HIV-Exposed Uninfected infants, growth dis-
orders and stunting resulting from poor nutrition, sugar
intake and obesity: topics 17, 20, 22); and SDG 4-Educa-
tion (on postgraduate education in health and healthcare:
topic 3). Research in these areas is producing scientific
knowledge that can help co-advance multiple sustainabil-
ity goals. The interconnections between SDGs 3, 11, and
16 found in this study replicates results from a previous
study that observed positive covariance in their respec-
tive SDG indicators [23]. However, the same study notes
that the relationship between SDG 3 and 10 is negli-
gible [23], whereas our analysis went on to highlight the
salience of healthcare inequalities at this intersection [15,
19, 65]. Indeed, the NLP-powered analysis of unstruc-
tured text data offers opportunities for supplementary
insights beyond the scope of existing indicators.

On the other hand, analogous to the divide between
socioeconomic and environmental SDGs described by
previous works [23, 87], we also observed that science
connecting SDG 3-Health with SDGs 12-Consumption,
13-Climate, 14-Aquatic, and 15-Terrestrial is much less
developed. This finding is remarkable considering the
importance of this type of research — at the intersec-
tion between human health, socioeconomic issues, and
environmental sustainability — for the One Health per-
spective, a central framework for science and policy on
sustainability [27]. Future research into this persistent
division is necessary if we are to address issues at the
intersection of human and environmental health, includ-
ing antibiotic resistance [38] and the transmission of zoo-
notic disease [12, 80].

Indeed, when addressing our second research ques-
tion, our analysis offers insights on emergent research
topics with the potential to bridge these divisions in the
science of health and sustainability. Representing the rel-
evant literature as a network of topics, we identified sev-
eral ‘zipper themes’ which occupy central positions in the
structure of health-sustainability research or can bridge
significant gaps in this field. These are specific, action-
able domains of research that cover a range of issues,
from reproductive and maternal health to public trans-
portation in developing cities, from climate change and
schistosomiasis to environmental and health impacts
of accidents in maritime transportation. In some cases,
related bodies of literature on these themes were detected
as distinct, unique topics by our models, revealing oppor-
tunities for new synergies in health and sustainability
research, including within the One Health framework.
As an example, insights from research on topic 158 (dif-
fusion of schistosomiasis via freshwater snail migration)
could promote scientific advances on topic 42 (treat-
ment of schistosomiasis via praziquantel), although these
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are detected as separate topics in two different network
communities (community 9 on infectious diseases and
community 10 on wildlife ecology and zoonoses, respec-
tively). Recognizing the interdependencies between cli-
mate and health sustainability, Pedersen (2014a; 2014b)
empirically forecast increases in the incidence of intes-
tinal schistosomiasis, induced by habitat loss, that will
persist until 2055 [80, 81]. More recent studies have then
added that biodiversity loss can have a similar impact
on the transmission of zoonotic diseases [12, 88]. This
most recent uptake of the climate change—zoonosis zip-
per theme that was being studied nearly a decade earlier
validates our approach. Further applications could help
guide research and policy to improve the preparedness of
contemporary societies to future pandemics and public
health emergencies.

Conclusion

For almost a decade, health and sustainability scholars
have advocated for the systematic synthesis of scientific
literature and evidence, recognizing that the exponential
growth of research volumes in this multidisciplinary field
means that an increasing number of studies, insights and
innovations risk to be overlooked or ignored [1, 2, 89].
Especially in research on complex topics such as global
health, health systems, health inequalities, and sustain-
able development, literature and evidence syntheses are
needed to appreciate the different aspects of multifaceted
problems, recognize knowledge gaps, and learn lessons
for future interventions [2]. The method proposed here
illustrates each of these aims. The synthesis of large bod-
ies of evidence on sustainability and health increasingly
relies on scoping review methods, able to map and dis-
till knowledge from hundreds of articles around the same
substantive topic [4, 6, 90, 91]. In comparison, the combi-
nation of NLP and network science techniques presented
here can map topics, connections, and gaps in science
from much larger volumes of literature (nearly 30,000
articles in our case) around a more broadly defined topi-
cal area (here, health and sustainability). While our study
does not match the nuance and detail of scoping reviews,
it provides important information about the state and
landscape of relevant research, including main topics,
existing and missing connections between them, and
promising directions for future work.

Moving forward, a major challenge will be to reposition
and ‘rewire’ scientific efforts on SDGs 12-Consumption,
13-Climate, 14-Aquatic, and 15-Terrestrial on the map of
health-sustainability research, increasing their substan-
tive proximity to other goals in global science [87]. This
would enable the identification of novel, interdisciplinary
topics of research and policy that could connect and co-
advance health with socioeconomic and environmental
sustainability goals. Delving into the results of the current
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study, we identify several pairs of research topics that,
through a One Health perspective, have the potential to
produce — or are already in the process of producing —
research, interventions, and technologies to co-advance
multiple SDGs. These research topics represent promis-
ing paths forward toward the sustainable development
goal to “ensure health lives and promote well-being for
all at all ages” [92]. Approaching frontier research with
this mindset would be a transformational starting point
for scientists, funding agencies, and donors committed to
developing interdisciplinary research to promote human
health and well-being along with the other SDGs.
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