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Background: Climate change affects human health with those with the least resources being Received 5 January 2021
most vulnerable. However, little is known about the impact of climate change on human  Accepted 22 March 2021
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Objective: The objective of this scoping review was to identify, characterize, and summarize

research evidence on the impact of climate change on human health in informal settlements KEYWORDS

and the available adaptation methods and interventions. Climate change; informal
Method: A scoping review was conducted using the Arksey and O’Malley framework. The four iztr:fnﬂﬁ?:asblneog;seaSESA
bibliographic databases PubMed, Web of Science, Embase, and the Cochrane library were communicable diseases;
searched. Eligibility criteria were all types of peer-reviewed publications reporting on climate low- and middle-income
change or related extreme weather events (as defined by the United Nations Framework countries

Convention on Climate Change), informal settlements (as defined by UN-Habitat), low- and

middle-income countries (as defined by the World Bank) and immediate human health

impacts. Review selection and characterization were performed by two independent

reviewers using a predefined form.

Results: Out of 1197 studies initially identified, 15 articles were retained. We found nine

original research articles, and six reviews, commentaries, and editorials. The articles were

reporting on the exposures flooding, temperature changes and perceptions of climate

change with health outcomes broadly categorized as mental health, communicable diseases,

and non-communicable diseases. Six studies had a geographical focus on Asia, four on Africa,

and one on South America, the remaining four articles had no geographical focus. One article

investigated an adaptation method for heat exposure. Serval other adaptation methods were

proposed, though they were not investigated by the articles in this review.

Conclusion: There is a paucity of original research and solid study designs. Further studies are

needed to improve the understanding of the impact, the most effective adaptation methods

and to inform policy making.

Background
climate variability observed over comparable time
periods” [4].

The climate crisis is moreover a health crisis [3,5].
According to WHO, climate change affects several
determinants of health, for example, air quality, avail-
ability of safe drinking water, food supplies, and
secure shelter. Climate change is expected to cause
approximately 250.000 additional deaths per year
between 2030 and 2050 related only to malaria, diar-
rhea, malnutrition and heat stress [6,7].
Consequences of climate change can be of direct
effect such as extreme weather events, droughts,
(river) floodings, landslides, and sea level rises, in
particular in light of many megacities and their

According to the United Nations and its
Intergovernmental Panel on Climate Change
(IPCC), climate change is one of the major global
challenges of our time due to the unprecedented
scale and worldwide impact [1]. The emission of
greenhouse gasses (GHG) is substantially changing
the climate of the planet and human activities are
regarded as the main cause of GHG emissions
[2,3]. The United Nations Framework Convention
on Climate Change (UNFCCC), in its article 1,
defines climate change as “A change of climate
which is attributed directly or indirectly to human
activity that alters the composition of the global
atmosphere and which is in addition to natural
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slums on the direct seashore, and indirect effects (e.g.
mediated by poor water quality and malnutrition due
to failed and poor harvests) and cause an increase in
communicable diseases (CDS) such as diarrheal dis-
ease and dengue but also mental disorders and non-
communicable diseases (NCDs) such as cardiovascu-
lar and respiratory diseases [7,8].

Urban areas, including slums, attract substantial
population flow from rural areas due to factors such
as economic and educational opportunities and better
health care [9]. Many urban areas across the world are
vulnerable to climate change and the health risks it
poses to their populations through effects such as sea
level rises and floodings, heat islands, and the increase
of vector borne diseases [10,11]. The Fifth Assessment
Report of the IPCC stated that “Urbanization and
climate change may work synergistically to increase
disease burdens’ [12,13]. It is estimated that more
than 1 billion people worldwide live in slum areas
[9]. Slum households are defined by the UN-Habitat
as ‘One in which the inhabitants suffer one or more of
the following “household deprivations™ lack of access
to an improved water source, lack of access to
improved sanitation facilities, lack of sufficient living
area, lack of housing durability and lack of security of
tenure’ [14,p.], and informal settlements as ‘Urban
neighborhoods that developed outside the formal sys-
tem recording land ownership, land tenure and a range
of regulations relating to planning and land use, built
structures and health and safety’ [14]. Terms such as
slum area, informal settlement, and low-income com-
munity, are often, but not always, used interchangeably
[15,16]. In this article informal settlement and slum
will be treated as synonyms, (despite different defini-
tions by UN-habitat) since several settlements might
meet both definitions [17]. Informal settlements are
often placed in hazardous areas, such as landslide- or
flood-prone locations or polluted environments [18].
Furthermore, climate change is promoting rural to
urban migration (e.g. due to a reduction in agricultural
livelihoods) and failure to adapt to the increasing low-
income urban population may intensify the health
inequalities related to inadequate housing, lack of
infrastructure, and adequate sanitation [19]. An
important challenge for climate change adaptation
efforts is to build health resilience for the inhabitants
of informal settlements as they are particularly vulner-
able to the health effects of climate change [14].
However, access to health care can often be better
than in rural areas where many migrants origi-
nate [20].

The inhabitants of informal settlements often have
low access to healthcare compared to more affluent
urban areas, which is compounded by various health
problems driven by lack of sanitation, overcrowding,
and the general harsh physical and social living condi-
tions of the informal settlements [21]. Prevalent health

conditions among residents in many informal settle-
ments are diarrhea, HIV, tuberculosis, pneumonia,
malaria, and mental health problems [18,21,22]. Poor
health conditions and housing make inhabitants of infor-
mal settlements especially vulnerable to the health effects
of climate change [23]. Moreover, the residents of infor-
mal settlements are a population often neglected by
research, resulting in very limited availability of health-
related data and information [24,25]. Currently our
understanding of the health impact of climate change
and the available adaptation methods is insufficient to
facilitate an adequate public health response. Thus, it is
important to identify the nature of the available evidence
on the health impact of climate change in informal set-
tlements and the available adaptation methods. To the
best of our knowledge no scoping or systematic review of
the available evidence has been conducted before.

Research questions and objectives

The objectives of this study are:

e To describe the existing peer-reviewed literature
on climate change and health in urban informal
settlements.

¢ To review and summarize the available evidence
on the health impacts of climate change in
urban informal settlements in low- and middle-
income countries (LMIC).

e To review and summarize the available scientific
evidence on climate change adaptation in urban
informal settlements in LMICs.

Specific research questions are:

e What is published according to publication type,
methods, and data sources?

e What is the geographical focus of the published
literature?

e What kind of climate change exposures have
been investigated in relation to health in urban
informal settlements?

e What health impacts have been described in
relation to climate change for the residents of
informal settlements?

e What health-related adaptation methods are
described?

e What recommendations for research and policy
are made?

Methods

A scoping review is a method of reviewing evidence-
based research to identify knowledge gaps, scope
a body of literature, clarify concepts or to investigate
research conduct [26]. We chose the scoping review
method (over a more focused systematic review) to
allow creating an overview of a potentially large and



diverse body of literature pertaining to this broad
topic, and to identify research gaps. The scoping
review framework developed by Arksey and
O’Malley in 2005 and updated by Peters et al. in
2015 was applied for this study [27,28]. A research
protocol was created a-priori and consecutively fol-
lowed in conducting this scoping review. The
PRISMA extension for scoping reviews (PRISMA-
ScR) checklist was used in developing the protocol
and writing the manuscript [29].

Databases and search strategy

The databases PubMed, Web of Science, Embase, and
the Cochrane library were searched. In addition, we
screened the reference list of the health-related chap-
ter 11 of working group 2 of the IPCC fifth
Assessment Report. Reference lists of included pub-
lications were furthermore searched for relevant arti-
cles. The search strategy was based on the three main
areas of interest: climate change, informal settle-
ments, and health. Climate change was defined
according to the definition by UNFCCC [4] including
extreme weather events defined by IPCC [30], slums
and informal settlements were defined according to
UN-Habitat’s definitions while health was defined as
immediate human health outcomes [14,31]. The
search strategy for PubMed (Table 1) was based on
free text and Medical Subject Headings (MeSH)
terms. Search strategy for Web of Science presented
in table 2.

Criteria for inclusion and exclusion

The following inclusion criteria were used in selecting
the studies:

Table 1. Search terms used in PubMed, Embase and
Cochrane.

Category PubMed, Embase and Cochrane Search Strategy
Climate (‘climate change’ OR ‘climate variabil*" OR ‘global
Change warming’ OR ‘greenhouse effect* OR ‘greenhouse
gas emission* OR GHGE OR ‘heat wave* OR
heatwave* OR ‘high temperature* OR drought*
OR flood* OR ‘climate induced’ OR ‘climate related
disaster*” OR ‘storm* OR ‘typhoo*" OR ‘hurricane®’
OR ‘cyclone*” OR ‘sea level rise*’)
Informal (slum* OR settlement*)
Settlements
Health (health* OR well-being OR wellbeing OR prevalence

OR incidence OR risk OR rate OR mortality OR
morbidity OR obesity OR malnutrition OR
malnour* OR overweight OR over-weight OR
underweight OR under-weight OR nutrient OR iron
OR iodine OR ‘vitamin d’ OR ‘vitamin b12" OR
calcium OR ‘vitamin a’ OR zinc OR magnesium OR
deficien* OR shortage* OR value* OR anemia OR
anaemia OR hypertension OR ‘blood pressure’ OR
BP OR stroke OR diabetes OR ICH OR ‘heart
disease’ OR CKD OR ‘kidney disease’ OR chronic OR
cardiovascular OR cardio-vascular OR malaria OR
dengue OR vector OR cholera OR cancer)
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Table 2. Search terms used in web of science.
Category

Web of Science Search Strategy

Climate (‘climate change’ OR ‘climate variabil*" OR ‘global
Change warming’ OR ‘greenhouse effect* OR ‘heat wave*’
OR heatwave* OR drought* OR flood* OR ‘climate
induced’ OR ‘climate related disaster*” OR ‘storm*’
OR ‘typhoo*" OR ‘hurricane* OR ‘cyclone* OR ‘sea
level rise*’)
Informal (slum* OR settlement*)
Settlements
Health (mortality OR morbidity OR obesity OR malnutrition

OR malnour* OR overweight OR over-weight OR
underweight OR under-weight OR nutrient OR iron
OR iodine OR ‘vitamin d' OR ‘vitamin b12’ OR
calcium OR ‘vitamin a’ OR zinc OR magnesium OR
anemia OR anaemia OR hypertension OR ‘blood
pressure’ OR stroke OR diabetes OR ICH OR ‘heart
disease’ OR CKD OR ‘kidney disease’ OR chronic OR
cardiovascular OR cardio-vascular OR malaria OR
dengue OR vector OR cholera OR cancer)

¢ Low- and middle-income countries (including
both lower- and upper-middle-income countries
as defined by the World Bank [32])

e Urban informal settlements or urban slums
(defined by UN-Habitat [14,31])

e Human health impacts or adaptation strategies
to protect human health

¢ Climate change as a central element in the pub-
lication (the authors must link their investiga-
tions to climate change, or an extreme weather
event linked to climate change)

Only peer-reviewed articles (including original quan-
titative and qualitative studies, systematic reviews,
editorials, and commentaries) published between
1 January 1990 and 6™ of July 2020 in English,
French, German, and Danish were included.
The following exclusion criteria were used:
¢ Book chapters and grey literature (dissertations,
conference proceedings, reports etc.)
¢ Publications with primary focus on the environ-
ment without human health outcomes

Selection process

First all duplicates were removed. Then, two
reviewers independently screened titles and abstracts
of the identified papers for relevance. Those not
meeting the inclusion criteria were excluded. Full
texts were obtained for all studies appearing to meet
the inclusion criteria and a final selection was made
after evaluation of the full article. Any disagreements
or doubts between the two reviewers were discussed
and evaluated before a final decision was made.

Data collection and extraction

Search results were merged, and duplicates were
removed using citation software Zotero. Data about
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author, first and last author affiliation, year of pub-
lication, geographical focus of the publication, pub-
lication type, type of health effect studied, climate
exposure studied, population, method, and data
sources used, outcome measures, interventions, and
recommendations (if described) were collected and
transferred into an Excel file and coded to facilitate
analysis and the development of summarizing tables
and infographics.

Articles were sorted and presented in two cate-
gories, original research, and other literature (reviews,
commentaries, and editorials). In the results section
under ‘How are the informal settlements impacted?’,
focus was on the original research papers, as they
provided investigations of specific climate exposures
and health effects. Reviews, commentaries, and edi-
torials are analyzed later in the manuscript.

Ethics

No ethical approval was required as only secondary
data was investigated and used.

Results
Search results

The electronic searches yielded 1,197 articles after
duplicates were removed (Figure 1). Numerous articles
on marine biology were identified by the search strat-
egy furthermore many articles investigated climate
change and health in high-income countries; therefore,
1,169 citations were excluded during the screening of
titles and abstracts. Full texts were retrieved for 28
studies. Of these, 13 studies were excluded during
assessment of the full text. 15 articles were eligible for
inclusion in this review [13,23,33-45].

Characteristics of included studies

All articles except one [13] were published between
2010 and 2020. Nine original research articles, four
reviews, and two commentaries or editorials were
identified. Seven studies used observational study
design (five cross-sectional, two used time-series
models), one used interventional method, and one
described the process for developing an intervention.
Four of the nine original research papers used surveys
combined with other data types, three used surveys as
the only data source (Figure 2).

The first authors were primarily from high-income
countries (n = 9/15), although six

were based in LMICs. The last authors were in all
except three cases from high-income countries. Most
studies focused on cities in Asia; however, both Africa
and South America were represented among the
included articles. Four articles had no specific

geographical focus (Figure 3). A summary overview
of all the included articles is presented in Table S1.

How are the informal settlements impacted?

The included original articles described impacts from
climate exposures (temperature related,
flooding etc.) and investigated a range of health out-
comes in informal settlements (mortality, communic-
able diseases, mental disorders etc.). In this section
the populations, climate exposures, health outcomes
and primary findings by the original articles included
will be described. Table 3 provides an overview of the
original research articles and their characteristics.

various

Populations

The size of the populations varied considerably
between the studies. The smallest investigated 16
households [45] and the largest investigated entire
slum areas with a population of approximately
66,000 [36]. Several of the studies were conducted
on a household level, often with one individual
answering for the entire household. Not all articles
provided population characteristics (available popula-
tion information and characteristics are presented in
Table S2). In those with population characteristics
available, most respondents were  women
[33,34,38,43], one study [44] preferred women
respondents because of assumed better knowledge
of the household’s health conditions, and another
[45] chose to only ask the head female of the
household.

Climate change exposures

More than half of the original research publications
(n = 5/9) investigated temperature-related exposures.
Three focused on temperature variations in general
[36,37,45] and two focused on extreme heat events
and heat waves [39,44]. Furthermore, two studies
focused on flooding [34,38], and two considered per-
ceptions of climate change e.g. which climate change
exposures the inhabitants of informal settlements
experience, and what exposures they perceive as
risks for the future [33,43].

Health outcomes

Four articles studied direct health effects such as
heat-related symptoms and illness [44,45] or mor-
tality [36,37]. Indirect effects were studied by
three papers, two assessed mental health [34] and
wellbeing [38], and two assessed malnutrition
[33,38]. Different communicable diseases were
studied by three articles. One considered diarrhea,
typhoid, and malaria [33], another diarrhea and
gastric disease [38], and the last emerging infec-
tious diseases namely dengue and Japanese ence-
phalitis [43]. NCDs were considered by two



GLOBAL HEALTH ACTION (&) 5

“00001L2 (£)9 P3N SOTd "JUBWILIS YWSIYd YL :s3sK[eue-elaw
pue smaIAaJ d11eWwRlsAS o) swiayl Bburiodal pausjald (6002) dnolo YINSIHd 9YL ‘D@ UewWAlY ‘[ Jejzia] ‘v nesaqr] ‘g Jsyo 'ssadoid uoidajas ainiesall| ayl Jo weibeip Moy 6007 VINSIYA *L 9inbi4

T
(sT=u) 3
S153YIUAS anilel|enb m
Ul p2pnjaul s21pnis ]
(T = u) 3unieuay Azug &
(£ = u) Juawa|3 |eauaz
2 10U Yj|Eay UeLwny
[t = u) Juawa)= )
|BJIUSD B 10U SIUSLUS|1I3S
|BLLLIOIUI UBgEn (87 = u) m
(g = u) JuzwWwaa |eaUaD Aupqisia Joy o
H JouRmun gone);) P355I55L S3IIHE 13-4 W
“SUOSE3L YL =
‘pPIPN|2X3 S3IILIE 13]-|nd 1
| D
ey
(69TT =U) P (£6TT =u)
papnax=a spiod3y pau3a1ds spaoday w
[ T
1°]
=
=
-
(L6TT =u)
PIAOLLRS 531801 dNp J3UE SpJoaY h—
[ [ R
=)
]
=
(T=u) (+T9T =u) =
5224N0s J2Y10 Yysnosyl Buiyoueas aseqelep nmL.
pRUIIUIPI SpI0I3s [BUSILppY YEnouyl payuapl spioiay m.




6 (&) F.H.BORGETAL.

Included Type of article

4 Reviews

9 Original articles

—_
)

15 articles

1 Commentary

D e
' N
1 Editorial
\ v

Method Data type

5 Cross-sectional

2 Surveys and focus
groups

——
S

2 Vital statistics and

2 Time-series Gieatlerniata

_—
——
Temperature data
Mortality data
Surveys
)

2 Intervention studies

Temperature/humidity
logged on-site
Surveys

Figure 2. Provides an overview of the publication types, methods, and data sources used in the studies.

Geographical focus

0 1 2 3 4

W Asia
W Africa
South America
B LMICs (unspecified)

5

()]
~

Figure 3. The distribution of geographical focus of the identified papers.

studies [37,38]. One article assessed a policy plan-
ning process-oriented article and did not report
health outcomes [39].

Primary findings by the original articles

The primary findings by the original articles will be
presented aligned by climate exposure. First results
related to temperature and weather variation, fol-
lowed by results related to heat waves will be pre-
sented. Then results related to flooding, and finally
results related to perceptions of climate change.

In Nairobi, a J-shaped curve of association
between Years of Life Lost (YLL) and lower tempera-
tures was found. Colder temperatures appeared more
harmful [36]. Another study in Nairobi similarly
found a J-shaped curve for temperature and mortality
associations, with the elderly especially vulnerable to
cold temperatures. Children under the age of 5 and
people with NCDs were here found more vulnerable
to higher temperatures compared to the rest of the
population. Furthermore, it was found that mortality
increased with rainfall in a linear model [37].

A study in Ahmedabad found that heat-related
symptoms (small blisters or pimples, dry mouth,
fatigue, leg cramps, heavy sweating, intense thirst,
rapid heartbeat, headache, and leg swelling) were
reported by one-fifth of the respondents. Heat-
related illnesses (heat rash, edema, and exhaustion,
hyperthermia and heat stroke diagnosed by
a healthcare provider) were reported by approxi-
mately 12%. People over the age of 60, people with
medical conditions and outdoor workers, were
especially vulnerable to heat-related symptoms
[44]. Another study from Ahmedabad found that
45% reported heat-related illness during the sum-
mer. They investigated a cool roof intervention
where standard roof types tin roof, asbestos/cement
sheets, and concrete were changed with the inter-
vention roof types to evaluate the effect on indoor
temperatures. The intervention roof types were
solar reflective white paint on tin, modular roofing
system (Modroof), Airlite ventilation sheet with
a passage to allow airflow into the house, and
Thermocol insulation (a false secondary ceiling).
It was found that Thermocol insulation, solar



Table 3. Characteristics of the original articles.
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Author Climate
(year) Study site exposure Health effect Outcome measures Adaptations Recommendations
Original research articles
Bambrick ~ Shashemene Climate Indirect effects: Food Identification of * Improved sanitation and Research:
H. et al. (Ethiopia) change insecurity and climate-sensitive water supply ¢ Local research to
(2015) (not malnutrition CDS: health conditions ~ * Vaccination inform national policy
specified) Changes to infectious  and the local ® Research taking com-
disease transmission hazards that may munity needs into
e.g. diarrhea, affect the informal consideration.
typhoid, and malaria urban
communities
Contreras  Lima (Peru) Flooding Indirect effects: Mental Prevalence of Elements of the N/A
C.etal Health: depression depression and intervention
(2018) and domestic domestic violence. (1) screening for
violence Persons accepting depression and
the domestic violence, (2)
accompaniment to children’s activities to
government strengthen social and
services emotional skills and
diminish stress, (3)
participatory theater
activities to support
conflict resolution and
community resilience,
and (4) community
health worker (CHW)
accompaniment to
government health
services.
Egondi T.  Nairobi Temperature Direct effect: Years of ~ Association of * Improvement of housing Research:
etal. (Kenya) variation, Life Lost temperature and conditions and building Individual level
(2015) heat Years of Life Lost standards studies to establish
waves, * Create awareness of the vulnerable groups and
and cold dangers of extreme help in designing
spells temperatures adaptive strategies.
Egondi T.  Nairobi Temperature Direct effects: Mortality ~Association of * Proper housing and Research:
etal. (Kenya) and temperature, clothing Epidemiologic studies
(2012) rainfall rainfall, and that incorporate
mortality archived
climatological and
environmental data in
modeling specific
health outcomes in
vulnerable
populations
Khan M. Dhaka Flooding Indirect effects: Poor Affected by flood/ * Hand washing with Policy:
et al. (Bangladesh) mental well-being, stagnant water. soap, proper disposal of  Availability of
(2014) malnutrition CDS: Health problems. fecal material, and the essential equipment
diarrhea and gastric Urban/rural impact  use of modern toilets e.g. power generators
disease NCD: High and water pumps
blood pressure, Allocation of
diabetes, heart alternative less
disease vulnerable settlement
areas
Knowlton ~ Ahmedabad Heat waves  N/A N/A * Community outreach to Policy:
K. et al. (India) build public awareness A seven-phase model
(2014) * Early warning systems described in the
and weather article can be used as
forecasting *Capacity a template for
building among health developing other
care professionals adaptation projects
for extreme weather
events in lower-
resource settings
Toan D. Hanoi Climate lliness (not specified) Perceptions and N/A Policy: Make use of
et al. (Vietnam) change CDS: Emerging knowledge of community groups as
(2014) (not diseases (dengue, climate change climate change
specified) Japanese and health. communication

encephalitis)

Perceived illness
among family
members

channels

Research: Studies
where perceptions are
checked against real
health data could
provide more
precision

(Continued)



8 (&) F.H.BORGETAL

Table 3. (Continued).

Author Climate
(year) Study site exposure Health effect Outcome measures Adaptations Recommendations
Tran K. Ahmedabad Extreme heat Direct effects: Heat- Self-reported heat-  * Inform people about the Research: Future
et al. (India) related symptoms, related illness and dangers of extreme research should assess
(2013) Heat-related illness heat-related heat exposure-outcome
symptoms at the  * Capacity building associations and focus
individual level among health care on intervention
professionals and CHW implementation and
evaluation
Vellingiri Ahmedabad Temperature Direct effect: Heat- Temperatures in Selected cool roof Research: Future studies
S.etal. (India) related illness intervention and technologies can with larger sample
(2020) nonintervention reduce indoor sizes and better
homes temperatures research designs
Reviews, Commentaries, View-Points, and Editorials
Corburn J.  N/A Climate Health (not specified)  Health benefits of Improved flood control by Policy: Having
et al. change slum upgrading upgrading of a supportive state
(2017) (not infrastructure and policy framework can
specified) housing enhance long-term
impacts from slum
upgrading upon
population health
Munslow B. Asia Climate Health (not specified) N/A * Early warning systems  Policy: Creation of multi
et al. change * Disaster preparedness stakeholder
(2010) (various) partnerships
Scovronick  N/A Climate Health (various) N/A * Land access and Research: The article
N. change provision of provides an overview
et al. (various) infrastructure of study designs that
(2015) * Ecosystem protection have been used for
research in informal
settlements and only
require moderate data
inputs
Lack of data might
hinder future research
Sverdlik A.  N/A Climate Health (various) N/A * Improvement of housing Policy: Low-income
(2011) change conditions and building  groups may require
(various) standards special assistance
Research: Evaluate the
pathways between
climate change and
NCDs
Commentaries and editorials
Patrick R. ~ N/A Climate Health (various) N/A * Urban food production  Policy: Promoting citizen
et al. change to reduce heat, food participation in
(2016) (various) insecurity and GHE decisions about the
future of the global
food system
Ramin B. Africa Climate Health (various) N/A N/A PoIic%/: L
(2009) change o a'klng into account
(various) climate change and

urbanization when
planning public
health interventions

esearch:
'i research focused on

climate-change
related health out-
comes among slum
dwellers

*Suggested/proposed adaptation strategy, not investigated in the article

reflective white paint, and Modroof reduced indoor
temperatures [45]. Additionally, one study from
Ahmedabad was process oriented and described
the development of a heat action plan; however,
the plan was not evaluated in the study [39].

In Lima an intervention study evaluated depres-
sion and domestic violence in relation to a flooding
episode and found depression in 10% and reported

domestic violence in 36% of the screened

participants. A model for a small-scale response to
disasters was created to identify and link individuals
with mental health problems to health services. 50%
accepted help after screening for depression and
domestic violence, and accompaniment to govern-
ment health services [34]. In Dhaka, it was found
that people living in areas affected by flooding and
stagnant water (FSW) reported poor mental well-
being, more communicable diseases (e.g. diarrhea),



and more health symptoms in general compared to
people not affected by FSW. Health symptoms
included fever, weakness, and cold/cough.
Furthermore, informal settlements were more
affected by FSW than rural areas [38].

The population’s perception of climate change and
health was studied in Hanoi. They found that one
third of respondents reported increased illness among
family members compared to earlier. Additionally,
they reported a perceived increase in emerging infec-
tious diseases such as dengue and Japanese encepha-
litis among the respondents [43]. The same was done
in Ethiopia. They found that the residents of informal
settlements perceived increased food insecurity and
increased infectious disease transmission (e.g.
malaria, typhoid, and diarrhea) were the most likely
threats to their health affected by climate change [33].

Which intervention or adaptation methods were
described?

Two of the original papers assessed interventions or
adaptation methods [34,45], though no direct effects
on health outcomes were described. Several of the
other articles suggested possible adaptation methods
for building health resilience in relation to climate
change but they were only proposed and not investi-
gated further.

Slum upgrading

Upgrading strategies were proposed as an adaptation
strategy in seven articles. The effect of cooling roofs
for reducing indoor temperatures was investigated in
one study. Thermocol insulation, solar reflective
white paint, and Modroof were shown to reduce
indoor temperatures but direct health outcomes e.g.
heat-related illness were only evaluated before the
intervention [45]. In a review, it was described that
climate change resilience can be built through slum
upgrading for example improved flood control by
upgrading infrastructure and housing [35]. Other
slum upgrading strategies mentioned were improved
water supply and sanitation [33], improvement of
housing conditions and building standards
[23,36,37], land access and provision of infrastructure
[42] but they were not investigated further.

Health service related

Six articles proposed health service-related adaptation
methods. Promotion of mental health care access was
investigated in Peru [34]. It was found that case
identification, through screening for depression and
domestic violence after an extreme weather event,
and community health worker (CHW) accompani-
ment to government health service could facilitate
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access to mental health care services for residents of
informal settlements. Additionally, the following
health service-related adaptation strategies were men-
tioned by other studies: immunization through vacci-
nation [33], improved sanitation and hygiene
through hand washing with soap [38], to create
awareness and inform people about the dangers of
e.g. extreme heat [36,39,44], capacity building among
health care professionals and CHW [39,44] but they
were not investigated further.

Other

In addition, four articles described other adaptation
methods. According to one article urban food produc-
tion can reduce the vulnerability to food insecurity and
price increases in case of extreme weather events.
Furthermore, it can provide climate change mitigation
through the cooling effect of increased vegetation as
well as less energy used for transport and storage of
food [41]. Other examples were early warning systems
e.g. through weather forecasting and alerting people
with text messages, TV, and radio [39,40], disaster
preparedness [40], and ecosystem protection [42] but
they were not investigated further.

Which recommendations were made in the
publications?

One article described the development and imple-
mentation of a heat action plan. A seven-phase
model described in the article can be used as
a template for developing other adaptation projects
for extreme weather events in lower-resource set-
tings [39].

Policy

Seven articles provided recommendations for policy
makers. The recommendations were to prioritize
community strengthening through participation of
local communities in decision-making [38,41] and
as communication channels [43], and creation of
multi stakeholder partnerships [40]. Furthermore,
the availability of essential equipment e.g. power gen-
erators and water pumps [38], allocation of alterna-
tive less vulnerable settlement areas [38] and having
a supportive policy framework were described as
important for long-term slum upgrading success
[35], and preventing future disasters. Furthermore,
it was recommended that the dynamic relationship
between climate change and urbanization should be
considered when planning public health interventions
in Africa [13] and one article stated that low-income
groups may require special assistance [23].
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Research

Nine articles provided recommendations for future
research. Several stated that the current data are
limited, and that more health data is needed to pro-
vide better knowledge on climate hazards and health
outcomes [33,42,43]. One of the identified articles
described study designs that have been used for
research in informal settlements and only require
moderate data inputs [42]. Additionally, it was
recommended to identify vulnerable subgroups [36],
to evaluate the pathways between climate change and
NCDs [23], and to conduct studies with larger sample
sizes and better research designs [45]. The researchers
advocated for the necessity of further research on
interventions and adaptation methods
[13,33,36,37,44].

Discussion

To the best of our knowledge, this is the first review
to explore and map the literature on the health
impact of climate change in urban informal settle-
ments in LMICs. The broad search strategy identified
only 15 studies in this scoping review although the
search strategy had no geographical or health-specific
limitations. This scarcity of evidence is in line with
a review by a systematic assessment of publications
with a climate change and health focus from 2016,
which found certain health impacts, particularly mal-
nutrition and non-communicable diseases (NCDs),
being half that of other sectors, with approximately
two-thirds of all published studies carried out in
OECD countries [46].

South America was poorly represented in the stu-
dies identified, with only one article [34]. Among the
original articles five out of nine (56%) performed
their research in the only two cities, Nairobi
(Kenya) and Ahmedabad (India). This highlights the
need for research projects with a more diverse geo-
graphical distribution.

Five out of nine original articles focused their
research on temperature-related climate impacts
while none investigated the impact of drought or
storms. This underlines the predominance of research
concerning temperature variations and heat waves,
and the necessity of studies regarding other climate
exposures.

In global literature, communicable diseases, parti-
cularly dengue, and other vector-borne diseases are
commonly investigated health outcomes in relation to
climate change [47]. In this scoping review, direct
health effects of climate change were the most studied
health effects (n = 4), closely followed by indirect
effects (n = 3), and communicable diseases (n = 3).
NCDs have been identified as an emerging risk for
inhabitants of urban informal settlements [23] and
NCDs are furthermore suspected to be affected by

climate change [48]. NCDs were only mentioned in
two articles. Thus, further research on the effects of
climate change on NCDs in informal settlements is
warranted.

All 15 studies presented adaptation proposals or
recommendations for policy makers or future
research, but none investigated the impact of inter-
ventions or adaptations on direct health outcomes.
One study investigated a roof type intervention
where the outcome was indoor temperature.
A direct health outcome e.g. prevalence of heat-
related illness was only evaluated before but not
after the intervention roof types were implemented.
Further research of the proposed adaptations is
essential, as well as studies where direct health out-
comes e.g. prevalence of illness or symptoms are
evaluated both before and after interventions.
However, the small number of studies conducted
over time point towards underlying barriers to con-
ducting research on health impacts of climate change,
such as the very long lag time between emissions,
climate change, and health impacts. On the other
hand, research and data acquisition in slums is likely
easier than in rural areas.

The scoping review methodology chosen for this
article enabled a broad approach to the topic, provid-
ing a holistic overview of the literature on climate
change and health in urban informal settlements.
However, due to the different study designs and
methodologies of the articles included, no direct
comparison (e.g. meta-analysis) between studies, geo-
graphical areas etc. was possible. The search strategy
for this scoping review did not identify any articles
that investigated the impact of climate change on
health in relation to water- and sanitation-problems
(WASH) [49] of informal settlements and identified
only two [34,38] with a focus on mental health.
A weakness of this review is that some infectious
diseases (e.g. Japanese encephalitis), WASH, mental
health and health care were not defined a-priori as
important mediators and health outcomes in the
search strategy. This may have potentially under-
represented studies on health/health care adaptation
and on certain climate-sensitive diseases and pre-
cluded the identification of relevant articles. Even
though they were likely covered by the search strategy
in general due to broad search terms (e.g. morbidity,
mortality, vector) further research or a structured
literature review would be welcome to shed further
light into these important issues. Due to the nature of
this scoping review no quality or bias assessment of
the studies was conducted.

There was a shortage of studies based on robust
health data (e.g. hospital records, surveillance data
and vital statistics) with only three original articles
based on these data. Several studies stated that the
current lack of data (routine collected data, data from



health services, completeness of data, and data about
symptoms) in developing countries hinders research
and understanding of the effects of climate hazards
on health outcomes [33,42,43]. Therefore, one article
argues for studies with modest data requirements
[42]. In addition, almost all the original articles iden-
tified are observational studies. This emphasizes the
need for interventional studies as recommended by
many of the articles identified [13,33,36,37,44].

The populations of LMICs have much lower
GHG emissions per capita than developed coun-
tries [50]. However, climate change exacerbates
existing health inequities between developed and
developing countries especially for the poorest,
who often live in vulnerable informal settlements
[50-52]. Although the increasing scientific interest
in health and climate change has led to more than
2,000 scientific articles to date [47], most of these
focus on climate and health in high-income coun-
tries, similar to what is seen for global funding of
health research known as the ‘10/90’-gap [47,53].
Thus, the most notable research gap identified was
the shortage of literature concerned with climate
change and health in urban informal settlements
in LMICs compared to the overall research output
on the issue.

Conclusion

The health of inhabitants of informal settlements is
disproportionally affected by climate change. There
is, however, a huge gap in the interest of the
scientific community in studies on the impact on
climate change and potential adaptive responses in
informal urban settlements. This stands in starks
contrast to the high vulnerability of informal urban
settlements to climate change and the long list of
known risk factors (e.g. inadequate access to
healthcare, lack of sanitation, and overcrowding)
its populations face. Most articles we identified
consisted of non-evidence-based papers such as
commentaries. This lack of evidence has also been
pointed out by several authors emphasizing the
need for more data on climate hazards and their
health outcomes in informal settlements as well as
studies evaluating adaptation methods and inter-
ventions to reduce the risk.

Author contributions

All authors were involved in the design and concept of the
study. FHB and CK conducted the systematic literature
search, data extraction, conducted the analyses and wrote
the manuscript. CK is the guarantor. All authors wrote the
manuscript, provided critical feedback and approved the
final version of the manuscript.

GLOBAL HEALTH ACTION (&) 11

Disclosure statement

No competing interests are declared.

Paper context

Climate change is one of the biggest global health threats in
the 21% century and the poorest are most vulnerable.
Surprisingly little is known about the impact of climate
change in informal settlements in low- and middle-
income countries. Therefore, we conducted the first sys-
tematic (scoping) review to provide an overview of the
available scientific literature and to identify research gaps.
Our results can be used to plan further research and to
inform policy making.

ORCID

Christian Kraef @ http://orcid.org/0000-0002-5224-0335

References

[1] United Nations. Global issues: climate change
[Internet]. 2016 [cited 2020 Oct 26]. Available from:
https://www.un.org/en/sections/issues-depth/climate-
change/index.html

[2] Mora C, Spirandelli D, Franklin EC, et al. Broad threat
to humanity from cumulative climate hazards intensi-
fied by greenhouse gas emissions. Nat Clim Chang.
2018;8:1062-1071.

[3] Costello A, Abbas M, Allen A, et al. Managing the
health effects of climate change. Lancet and University
College London Institute for Global Health
Commission. Lancet. 2009;373:1693-1733.

[4] United Nations. United nations framework conven-
tion on climate change [Internet]. 1992. Available
from: https://unfccc.int/process-and-meetings/the-
convention/what-is-the-united-nations-framework-
convention-on-climate-change

[5] WHO. Urgent health challenges for the next decade
[Internet]. 2020 [cited 2020 Oct 27]. Available from:
https://www.who.int/news-room/photo-story/photo-
story-detail/urgent-health-challenges-for-the-next-
decade.

[6] World Health Organization. Quantitative risk assess-
ment of the effects of climate change on selected
causes of death, 2030s and 2050s [Internet]. World
Health Organization; 2014 [cited 2020 Oct 27].
Available from: https://apps.who.int/iris/handle/
10665/134014

[7] WHO. Climate change and health [Internet]. 2018
[cited 2020 Oct 27]. Available from: https://www.
who.int/news-room/fact-sheets/detail/climate-change-
and-health.

[8] Watts N, Adger WN, Agnolucci P, et al. Health and
climate change: policy responses to protect public
health. Lancet. 2015;386:1861-1914.

[9] United Nations Human Settlements Programme (UN-
Habitat). World cities report 2020 - The value of
sustainable urbanization [Internet]. Nairobi, Kenya
2020 [cited 2020 Nov 2]. Available from: https://unha
bitat.org/wcr/

[10] Rosenzweig C, Solecki WD, Hammer SA, et al
Climate change and cities: first assessment report of


https://www.un.org/en/sections/issues-depth/climate-change/index.html
https://www.un.org/en/sections/issues-depth/climate-change/index.html
https://unfccc.int/process-and-meetings/the-convention/what-is-the-united-nations-framework-convention-on-climate-change
https://unfccc.int/process-and-meetings/the-convention/what-is-the-united-nations-framework-convention-on-climate-change
https://unfccc.int/process-and-meetings/the-convention/what-is-the-united-nations-framework-convention-on-climate-change
https://www.who.int/news-room/photo-story/photo-story-detail/urgent-health-challenges-for-the-next-decade
https://www.who.int/news-room/photo-story/photo-story-detail/urgent-health-challenges-for-the-next-decade
https://www.who.int/news-room/photo-story/photo-story-detail/urgent-health-challenges-for-the-next-decade
https://apps.who.int/iris/handle/10665/134014
https://apps.who.int/iris/handle/10665/134014
https://www.who.int/news-room/fact-sheets/detail/climate-change-and-health
https://www.who.int/news-room/fact-sheets/detail/climate-change-and-health
https://www.who.int/news-room/fact-sheets/detail/climate-change-and-health
https://unhabitat.org/wcr/
https://unhabitat.org/wcr/

12 (& F. H.BORGET AL

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

the wurban climate change research network.
Cambridge: Cambridge University Press; 2011.

De Sherbinin A, Schiller A, Pulsipher A. The vulner-
ability of global cities to climate hazards. Environ
Urban. 2007;19:39-64.

IPCC. Climate change 2014: synthesis report.
Contribution of working groups I, IT and III to the
fifth assessment report of the intergovernmental panel
on climate change [Internet]. Geneva, Switzerland:
IPCC. 2014. cited 2020 Oct 26]. p. 151. Available
from: https://www.ipcc.ch/report/ar5/syr/

Ramin B. Slums, climate change and human health in
sub-Saharan Africa. Bull World Health Organ.
2009;87:886.

UN-HABITAT. Addressing the most vulnerable first -
Pro-poor climate action in informal settlements.
Nairobi, Kenya: United Nations Human Settlements
Programme; 2018.

Sinharoy SS, Pittluck R, Clasen T. Review of drivers and
barriers of water and sanitation policies for urban informal
settlements in low-income and middle-income countries.
Util Policy. 2019;60: 100957.

UN-HABITAT. The challenge of slums - Global
report on human settlements 2003 [Internet].
Nairobi, Kenya; 2003. Available from: https://unhabi
tat.org/the-challenge-of-slums-global-report-on-
human-settlements-2003

Habitat III issue papers: 22 - informal settlements |
UN-Habitat [Internet]. [cited 2021 Jan 1]. Available
from: https://unhabitat.org/habitat-iii-issue-papers
-22-informal-settlements

Unger A, Riley LW. Slum health: from understanding
to action. PLoS Med. 2007;4:1561-1566.

Friel S, Hancock T, Kjellstrom T, et al. Urban health
inequities and the added pressure of climate change:
an action-oriented research agenda. J] Urban Health.
2011;88:886-895.

Corburn J, Vlahov D, Mberu B, et al. Slum health:
arresting COVID-19 and improving well-being in
urban informal settlements. ] Urban Health.
2020;97:348-357.

Sclar ED, Garau P, Carolini G. The 21st century health
challenge  of slums and  cities. = Lancet.
2005;365:901-903.

Kyobutungi C, Ziraba AK, Ezeh A, et al. The burden
of disease profile of residents of Nairobi’s slums:
results from a demographic surveillance system.
Popul Health Metr. 2008;6:1.

Sverdlik A. Ill-health and poverty: a literature review
on health in informal settlements. Environ Urban.
2011;23:123-155.

Riley LW, Ko Al, Unger A, et al. Slum health: diseases
of neglected populations. BMC Int Health Hum
Rights. 2007;7:2.

Ezeh A, Oyebode O, Satterthwaite D, et al. The his-
tory, geography, and sociology of slums and the health
problems of people who live in slums. Lancet.
2017;389:547-558.

Pham MT, Raji¢ A, Greig JD, et al. A scoping review
of scoping reviews: advancing the approach and
enhancing the consistency. Res Synth Methods.
2014;5:371.

Arksey H, O’Malley L. Scoping studies: towards
a methodological framework. Int ] Soc Res
Methodol. 2005;8:19-32.

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

Peters MDJ, Godfrey CM, Khalil H, et al. Guidance
for conducting systematic scoping reviews. Int J Evid
Based Healthc. 2015;13:141-146.

Tricco AC, Lillie E, Zarin W, et al. PRISMA extension
for scoping reviews (PRISMA-ScR): checklist and
explanation. Ann Intern Med. 2018;169:467.
Seneviratne S, Nicholls N, Easterling D, et al. Changes
in climate extremes and their impacts on the natural
physical environment. Managing the risks of extreme
events and disasters to advance climate change adap-
tation. Cambridge, UK, and New York, NY, USA:
Cambridge University Press;2012. 109-230. A Special
Report of Working Groups I and II of the
Intergovernmental Panel on Climate Change (IPCC).
UN-HABITAT. SLUM ALMANAC 2015-2016: track-
ing improvements in the lives of slum dwellers.
Nairobi, Kenya: United Nations Human Settlements
Programme; 2016.

World Bank Country and Lending Groups. World
Bank data help desk [Internet]. [cited 2020 Jun 27].
Available from: https://datahelpdesk.worldbank.org/
knowledgebase/articles/906519-world-bank-country-
and-lending-groups.

Bambrick, H., Moncada, S., & Briguglio, M. (2015).
Climate changeand health vulnerability in informal
urban settlements in theEthiopian Rift Valley.
Environmental Research Letters, 10(5), 1-13.
Contreras C, Aguilar M, Eappen B, et al. Community
strengthening and mental health system linking after
flooding in two informal human settlements in Peru:
a model for small-scale disaster response. Glob Ment
Health (Camb). 2018;5:e11.

Corburn J, Sverdlik A. Slum upgrading and health
equity. Int. J. Environ. Res. Public Health 2017, 14
(4), 342; https://doi.org/10.3390/ijerph14040342.
Egondi T, Kyobutungi C, Rocklov ]. Temperature
variation and heat wave and cold spell impacts on
years of life lost among the urban poor population
of Nairobi, Kenya. Int J Environ Res Public Health.
2015;12:2735-2748.

Egondi T, Kyobutungi C, Kovats S, et al. Time-series
analysis of weather and mortality patterns in Nairobi’s
informal  settlements. Glob  Health  Action.
2012;5:23-32.

Khan MMH, Gruebner O, Kriamer A. Is area affected by
flood or stagnant water independently associated with
poorer health outcomes in urban slums of Dhaka and
adjacent rural areas? Nat Hazards. 2014;70:549-565.
Knowlton K, Kulkarni SP, Azhar GS, et al. Development
and implementation of South Asia’s first heat-health
action plan in Ahmedabad (Gujarat, India).
Int J Environ Res Public Health. 2014;11:3473-3492.
Munslow B, O’'Dempsey T. Globalisation and climate
change in Asia: the urban health impact. Third World
Q. 2010;31:1339-1356.

Patrick R, Noy S, Henderson-Wilson C. Urbanisation, cli-
mate change and health equity: how can health promotion
contribute? Int ] Health Promot Educ. 2016;54:34-49.
Scovronick N, Lloyd SJ, Kovats RS. Climate and health
in informal urban settlements. Environ Urban.
2015;27:657-678.

Toan DTT, Kien VD, Bao Giang K, et al. Perceptions
of climate change and its impact on human health: an
integrated quantitative and qualitative approach. Glob
Health Action. 2014;7:23025.


https://www.ipcc.ch/report/ar5/syr/
https://unhabitat.org/the-challenge-of-slums-global-report-on-human-settlements-2003
https://unhabitat.org/the-challenge-of-slums-global-report-on-human-settlements-2003
https://unhabitat.org/the-challenge-of-slums-global-report-on-human-settlements-2003
https://unhabitat.org/habitat-iii-issue-papers-22-informal-settlements
https://unhabitat.org/habitat-iii-issue-papers-22-informal-settlements
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://doi.org/10.3390/ijerph14040342

(44]

(45]

[46]

(47]

(48]

(49]

Tran KV, Azhar GS, Nair R, et al. A cross-sectional,
randomized cluster sample survey of household vulner-
ability to extreme heat among slum dwellers in ahmeda-
bad, india. Int ] Environ Res Public Health.
2013;10:2515-2543.

Vellingiri S, Dutta P, Singh S, et al. Combating climate
change-induced heat stress: assessing cool roofs and
its impact on the indoor ambient temperature of the
households in the urban slums of Ahmedabad. Indian
J Occup Environ Med. 2020;24:25-29.

Verner G, Schiitte S, Knop J, et al. Health in climate change
research from 1990 to 2014: positive trend, but still
underperforming. Glob Health Action. 2016;9:30723.
Watts N, Amann M, Ayeb-Karlsson S, et al. The
Lancet countdown on health and climate change:
from 25 years of inaction to a global transformation
for public health. Lancet. 2018;391:581-630.
Frumkin H, Haines A. Global environmental change
and noncommunicable disease risks. Annu Rev Public
Health. 2019;40:261-282.

Hutton G, Chase C. The knowledge base for achieving
the sustainable development goal targets on water

(50]

(51]

(52]

(53]

GLOBAL HEALTH ACTION (&) 13

supply, sanitation and hygiene. Int J Environ Res
Public Health. 2016;13:13.

Campbell-Lendrum D, Corvalin C. Climate change
and developing-country cities: implications for envir-
onmental health and equity. ] Urban Health.
2007;84:109-117.

Nath PK, Behera B. A critical review of impact of and
adaptation to climate change in developed and devel-
oping economies. Environ Dev  Sustain.
2011;13:141-162.

GRNUHE (Global Research Network on Urban Health
Equity). Improving urban health equity through action
on the social and environmental determinants of health
(Final report of the GRUHE) [Internet]. 2010 [cited
2020 Oct 27]. Available from: https://www.yumpu.
com/en/document/read/40966878/final-report-of-the-
global-research-network-on-urban-health-equity
Franzen SRP, Chandler C, Lang T. Health research
capacity development in low and middle income
countries: reality or rhetoric? A  systematic
meta-narrative review of the qualitative literature.
BM] Open. 2017;7:e012332.


https://www.yumpu.com/en/document/read/40966878/final-report-of-the-global-research-network-on-urban-health-equity
https://www.yumpu.com/en/document/read/40966878/final-report-of-the-global-research-network-on-urban-health-equity
https://www.yumpu.com/en/document/read/40966878/final-report-of-the-global-research-network-on-urban-health-equity

	Abstract
	Background
	Research questions and objectives

	Methods
	Databases and search strategy
	Criteria for inclusion and exclusion
	Selection process
	Data collection and extraction
	Ethics

	Results
	Search results
	Characteristics of included studies
	How are the informal settlements impacted?
	Populations
	Climate change exposures
	Health outcomes
	Primary findings by the original articles

	Which intervention or adaptation methods were described?
	Slum upgrading
	Health service related
	Other

	Which recommendations were made in the publications?
	Policy
	Research


	Discussion
	Conclusion
	Author contributions
	Disclosure statement
	Paper context
	References



