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ABSTRACT
Background Disasters are events that disrupt the daily 
functioning of a community or society, and may increase 
long- term risk of adverse cardiometabolic outcomes, 
including cardiovascular disease, obesity and diabetes. 
The objective of this study was to conduct a systematic 
review to determine the impact of disasters, including 
pandemics, on cardiometabolic outcomes across the life- 
course.
Design A systematic search was conducted in May 2020 
using two electronic databases, EMBASE and Medline. All 
studies were screened in duplicate at title and abstract, 
and full- text level. Studies were eligible for inclusion if 
they assessed the association between a population- level 
or community disaster and cardiometabolic outcomes 
≥1 month following the disaster. There were no restrictions 
on age, year of publication, country or population. Data 
were extracted on study characteristics, exposure (eg, type 
of disaster, region, year), cardiometabolic outcomes and 
measures of effect. Study quality was evaluated using the 
Joanna Briggs Institute critical appraisal tools.
Results A total of 58 studies were included, with 24 
studies reporting the effects of exposure to disaster during 
pregnancy/childhood and 34 studies reporting the effects 
of exposure during adulthood. Studies included exposure 
to natural (n=35; 60%) and human- made (n=23; 40%) 
disasters, with only three (5%) of these studies evaluating 
previous pandemics. Most studies reported increased 
cardiometabolic risk, including increased cardiovascular 
disease incidence or mortality, diabetes and obesity, but 
not all. Few studies evaluated the biological mechanisms 
or high- risk subgroups that may be at a greater risk of 
negative health outcomes following disasters.
Conclusions The findings from this study suggest that 
the burden of disasters extend beyond the known direct 
harm, and attention is needed on the detrimental indirect 
long- term effects on cardiometabolic health. Given the 
current COVID-19 pandemic, these findings may inform 
public health prevention strategies to mitigate the impact 
of future cardiometabolic risk.
PROSPERO registration number CRD42020186074.

BACKGROUND
Disasters, as defined by the WHO, are events 
that disrupt the daily functioning of a commu-
nity or society causing material, economic or 
environmental losses, overwhelming local 
capacity.1 Disasters can be categorised into 
natural disasters, human- made disasters and 
hybrid disasters.2 Natural disasters include 
natural phenomenon above and beneath the 
earth’s surface (eg, tsunamis or landslides), 
meteorological phenomenon (eg, tornadoes 
or floods) or biological phenomenon (eg, 
epidemics and pandemics).2 Human- made 
disasters include adverse transportation 
incidents, technological events (eg, fire or 
toxic leaks), terrorism, warfare or conflict.2 
A hybrid disaster results from both human 

Strengths and limitations of this study

 ► This systematic review is one of the first to review 
the literature on disasters, including pandemics, and 
subsequent cardiometabolic outcomes throughout 
the life- course.

 ► A comprehensive search strategy was used to iden-
tify studies that covered a range of disasters (eg, 
famine, war, terrorism, natural disasters and infec-
tious disease epidemics), periods of exposure from 
pregnancy, childhood to older adulthood and a wide 
breadth of cardiometabolic outcomes.

 ► Only studies published in English were included and 
a search of the grey literature was not conducted.

 ► Due to the heterogeneity of studies, a meta- analysis 
could not be conducted, and results were only syn-
thesised narratively.

 ► Limited evidence was available on the impact of 
pandemics specifically, and few studies evaluated 
proposed mechanisms or risk modification across 
subgroups of the populations.
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and natural forces, such as the clearing of a jungle that 
results in a landslide.2 All types of disasters can result 
in public health emergencies as they typically impact a 
significant proportion of people.3 Epidemics, defined 
as a greater than expected increase in cases of a disease, 
and pandemics, which cross countries and continents, are 
types of natural disasters with far- reaching global disrup-
tion.4 The COVID-19 pandemic is a present- day example 
of a global disaster that is unlike any disaster in recent 
history. Understanding the potential long- term health 
implications of the current COVID-19 pandemic and 
resulting public health mitigation strategies is urgently 
needed.

Previous systematic reviews have focused on acute 
outcomes, specifically on the psychological impact of 
quarantine during pandemics,5 the impact on health 
outcomes after disasters in older adults,6 medically 
unexplained physical symptoms following disasters7 
and chronic medical interventions following a natural 
disaster.8 It is biologically plausible that exposure to 
a disaster may lead to long- term or chronic outcomes 
that could arise many years later and this may be modi-
fied by the time of exposure across the life- course. 
Consistent with established models of life- course epide-
miology, there may be critical periods of exposure (eg, 
during development in childhood), where exposure to 
a disaster substantially increases later life disease risk, or 
exposure to a disaster may contribute to a chain of risk 
or accumulation of risks across the life- course.9 10 There 
is currently no review on the long- term impacts of disas-
ters, or more specifically, epidemics and pandemics on 
cardiometabolic outcomes across the life- course. Non- 
communicable diseases (NCDs), including cardiovas-
cular disease (CVD), obesity and diabetes, are the leading 
cause of morbidity and mortality worldwide.11 12 NCDs 
are attributed to 71% of all global deaths annually, with 
approximately 14 million CVD- related deaths and 1.6 
million diabetes- related deaths.12 Findings from the 
Global Burden of Diseases Study indicate that CVD and 
diabetes account for over 20% of the global burden of 
disability, with diabetes recently emerging as the fourth 
leading cause of disability globally.11 Exposure to disasters 
may cause cardiometabolic outcomes to emerge or worsen 
through several different mechanistic pathways including 
stress exposure,13 lack of access to health services,14 food 
security, and behavioural changes such as alterations in 
physical activity, sleep and diet.15 It is important to under-
stand the impact of disasters on the incidence of new 
cardiometabolic diseases and changes in disease status in 
all populations and age groups. Particular subgroups of a 
population may be more or less susceptible to cardiomet-
abolic outcomes and understanding this can inform 
targeted interventions. The primary objective of this 
review was to determine the impact of disasters, including 
pandemics on risk of cardiometabolic outcomes across 
the life- course. The secondary objectives were to deter-
mine how to reduce the impact of chronic disease 
outcomes following a disaster and to identify populations 

at highest risk of cardiometabolic outcomes following a  
disaster.

METHODS
A systematic review was conducted following the 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses.16

Search strategy
A systematic search was conducted in May 2020 using 
the electronic databases EMBASE and MEDLINE. The 
health research librarians at McMaster University assisted 
in developing the search strategy. The search broadly 
captured two concepts: disasters and cardiometabolic 
outcomes (eg, diabetes, obesity, hypertension). The 
complete search strategy for EMBASE can be found in 
table 1. The search strategy for MEDLINE can be found 
in the online supplemental table A1. Reference lists of 
eligible studies and relevant systematic reviews were hand 
searched to identify additional articles.

Eligibility criteria
Studies were eligible for inclusion if they assessed the 
relationship between a population level or community 
disaster and the risk of future cardiometabolic outcomes 

Table 1 Search strategy for EMBASE

1 social isolation.mp. or social isolation/ 24 963

2 quarantine.mp. or quarantine/ 4752

3 *epidemic/ 32 686

4 *pandemic/ 4387

5 disease outbreak.mp. 2321

6 disaster/ 13 321

7 *natural disaster/ 968

8 humanitarian crisis.mp. 257

9 mass casuality.mp. or mass disaster/ 3654

10 coronavirus.mp. or coronaviridae/ 23 106

11 cardiovascular disease.mp. or 
*cardiovascular disease/

357 319

12 *diabetes mellitus/ 210 248

13 *cerebrovascular accident/ 78 444

14 *heart infarction/ 99 072

15 *angina pectoris/ 22 631

16 *obesity/ 178 134

17 public health emergency.mp. 1752

18 *body mass/ 31 459

19 *hypertension/ 198 593

20 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 
or 10 or 17

109 105

21 11 or 12 or 13 or 14 or 15 or 16 or 18 
or 19

1 087 681

22 20 and 21 2047

23 limit 22 to human 1832
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including CVD, diabetes or obesity or cardiometa-
bolic risk scores.17 CVD included myocardial infarc-
tion, stroke, hypertension and angina. There were no 
restrictions on year of publication, country of disaster 
or population. Only studies evaluating the impact of 
real- world disasters in humans were included. Due to 
the research team’s capacity, only studies published 
in English were included. Observational and quasi- 
experimental study designs, including case–control, 
cohort and other longitudinal study designs or natural 
experiments, were included. Outcomes that were not 
cardiometabolic related or acute cardiometabolic 
events, such as an immediate complication (defined 
as <1 month after disaster), were excluded. Studies 
that assessed the exposure to a chemical as a result of 
the disaster were excluded, as we were not interested 
in outcomes resulting from chemical exposure. Earth-
quake studies were also excluded since a systematic 
review was published in 2018 that assessed the impact 
of earthquakes on cardiometabolic outcomes.18

Study selection
After running the search, all identified studies 
were imported into Covidence and duplicates were 
removed.19 Studies were screened at title and abstract 
level, and then at full text by any two of the following 
independent reviewers: VDR, JL, MSA, YY- M, ATA, ES, 
SI, JDM, RR, LNA. Conflicts were resolved by a third 
reviewer who made the final decision regarding eligi-
bility for inclusion.

Data extraction
A data extraction template was created and pilot tested 
prior to data extraction. Data were then extracted 
from all studies by any two of the following indepen-
dent abstractors: VDR, JL, MSA, YY- M, ATA, RR, ES 
and conflicts were resolved by a third independent 
abstractor. Study characteristics including year of publi-
cation, study design, country of disaster, sample size 
and length of study were extracted where reported. 
Specific information on the exposure and outcome 
in each study was extracted including the type and 
name of the disaster, country and year of the disaster, 
the outcome of interest, and how the exposure and 
outcome were measured. Finally, any information on 
subgroups including age, population, sex and disaster 
type was also extracted, if applicable.

Critical appraisal
Critical appraisal was conducted using the Joanna Briggs 
Institute Critical Appraisal Tools.20 This tool was chosen 
due to the availability of checklists for a wide range of 
study designs, including cohort, cross- sectional and 
quasi- experimental designs.20 The quasi- experimental 
study design checklist was used for natural experiments 
including time- series studies and pre/post- designs, as 
it was decided this was the most appropriate tool. All 
studies were critically appraised independently by any 

two of the following individuals: VDR, JL, MSA, YY- M, 
ATA, ES, SI, and a third individual was consulted for any 
discrepancies.

Data analysis
Data from the included studies were narratively synthe-
sised. Results are presented by exposure period (peri-
natal/childhood vs adulthood) and by cardiometabolic 
outcome (obesity, CVD and diabetes). Characteristics of 
studies are presented as frequencies and percentages. 
Due to the heterogeneity of studies, a meta- analysis was 
not conducted.

RESULTS
A total of 4830 studies were identified through the 
electronic database search. An additional 12 studies 
were identified through manual searching of the refer-
ence lists of relevant studies. After removing duplicates 
(n=439), 4403 studies were screened at title and abstract 
level. After applying inclusion and exclusion criteria, 
4068 studies were excluded, leaving 335 studies screened 
for full- text eligibility. A total of 58 studies were eligible 
for inclusion into the review. The complete screening 
process is described in figure 1.

Description of studies
Table 2 provides a summary of included studies. Of 58 
included studies, 24 studies15 21–43 investigated expo-
sure to disasters during pregnancy or childhood while 
the remaining 34 studies14 44–76 investigated exposure 
to disaster during adulthood. Almost all studies (n=49) 
assessed cardiometabolic outcomes during adulthood, 
only two studies assessed outcomes during pregnancy27 28 
and seven studies assessed outcomes during child-
hood and adolescence.15 21–26 The length of studies, 
including prospective follow- up and retrospective assess-
ment, ranged from 1 month to 95 years. Most studies 
(n=36) focused on disasters that occurred in North 
America,14 21–28 38 39 42 45–49 51 52 54 55 57–60 63–65 67–72 75 76 followed 
by Europe (n=13).29–33 35 41 43 53 62 73 74 The remaining 
disasters occurred in Asia (n=7)15 37 40 44 50 56 61 and Africa 
(n=2).36 66 The characteristics of included studies and 
key findings are provided in table 3 for disaster exposure 
during the perinatal period and childhood, and table 4 
for exposure during adulthood.

Exposure to disaster in the perinatal and childhood period
Of the 24 studies that evaluated perinatal and childhood 
exposure to disaster, 12 studies evaluated human- made 
disasters29–35 40 41 47 and the remaining 12 evaluated natural 
disasters15 21–28 38 39 42 of which 2 were pandemics.38 39 Most 
studies (n=15) assessed the disaster as the main exposure 
of interest.24 28–33 35 36 39–42 The remaining studies evaluated 
stress (eg, maternal stress, disaster- related post- traumatic 
stress disorder (PTSD), subjective stress, objective hard-
ship),21–25 27 47 maternal weight and maternal nutrition 
status,15 34 cognitive appraisal26 and coping strategies27 
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that were the result of the disaster as the exposure vari-
able. The age when cardiometabolic outcomes were 
assessed varied across studies, with 2 studies evaluating 
pregnancy outcomes,27 28 8 studies evaluating outcomes 
among children and youth,15 21–26 47 4 studies assessed 
outcomes during young to mid- adulthood (>18–40 years 
of age)27 29 36 37 and 10 during later adulthood (≥50 years 
of age).30 32–35 38–42 One study did not specify the exact 
age, rather evaluated outcomes throughout adulthood, 
from 18 to 63 years of age.31 Detailed characteristics and 
findings of all studies that assessed perinatal and child-
hood exposures to disasters can be found in table 3.

Within the 10 studies that evaluated perinatal or child-
hood disaster exposure in relation to pregnancy, child-
hood or youth outcomes, 1 study evaluated a human- made 
disaster (the World Trade Center attacks) and the other 9 
studies evaluated natural disasters (including ice storms, 
floods and hurricanes) and the findings were mixed. The 
one study that evaluated a human- made disaster found 
limited evidence of any increased cardiometabolic risk 
and a small decrease in both body mass index (BMI), and 
zBMI was observed for children exposed to the World 
Trade Center attacks compared with those who were not 
found no differences in triglycerides or lipids.47 Within 
the eight studies that evaluated exposure to a natural 

disaster during the perinatal and childhood period and 
cardiometabolic outcomes in later childhood, there were 
six studies that evaluated measures of child growth and 
four of these studies reported increased BMI or adiposity 
in later childhood,21 23 25 26 one study was null,22 and 
one study reported increased wasting or malnutrition 
following exposure to a flood.15 Importantly, the one study 
where increased wasting was observed was in Bangladesh, 
whereas all of the studies that observed increased risk of 
obesity were in North America. Of the studies that eval-
uated childhood cardiometabolic outcomes other than 
growth, one study found increased insulin concentra-
tions at age 13 years.24 There were two studies that eval-
uated exposure to a natural disaster (Hurricane Katrina 
and Hurricane Sandy) during pregnancy and both found 
increased incidence or hospital visits for gestational 
hypertension and diabetes.27 28

There were 14 studies that evaluated exposure to a 
disaster in pregnancy or childhood in relation to the 
subsequent onset of adult cardiometabolic conditions; 
11 of these studies evaluated exposure to human- made 
disasters and 3 evaluated natural disasters. Within the 
11 studies that evaluated human- made disasters, 1 study 
found no association between exposure to the Dutch 
famine and coronary artery disease in older adulthood.32 

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta- Analyses (PRISMA) flow diagram.
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While the remaining 10 studies all found some evidence 
of increased cardiometabolic outcomes in adulthood 
following perinatal or childhood exposure, the results 

were mixed with many null results depending on outcome 
or exposure. For example, prenatal exposure to famine 
was associated with higher low- density lipoprotein (LDL) 
and coronary heart disease approximately 28 years later, 
however no difference was found for glucose, insulin, BMI 
or other lipids.29 The results were not consistent across 
outcomes, for example, increased risk of hypertension 
was found in three studies29 36 40 but not in two studies.35 37 
Within the three studies that evaluated adult cardiomet-
abolic outcomes following exposure to a natural disaster, 
all three studies found increased risk of CVDs or mortality 
following prenatal exposure to famine or the 1918 influ-
enza pandemic.38 39 42

Studies on adult exposure to disaster and subsequent 
cardiometabolic outcomes
Thirty- four studies investigated the effects of exposure to 
disasters during adulthood on cardiometabolic outcomes. 
The length of follow- up ranged from 1 month to 13 
years. There were 23 studies that examined natural disas-
ters,14 44–46 48 51 52 54–56 58–61 64–67 72–76 and 11 studies that exam-
ined human- made disasters.43 49 50 53 57 62 63 68–71 Of these 
studies, only one evaluated the impact of an infectious disease 
epidemic.66 Most studies (n=27) considered the disaster as 
the main exposure of interest.14 43–46 48 50 52 54–56 58–66 68 71–76 
The remaining seven studies assessed disaster- related 
stress,53 57 67 69 including PTSD and psychological strain, 
unemployment rates as a result of the disaster51 and expo-
sure to damaged or collapsed buildings during the World 
Trade Center disaster.70 Detailed characteristics and find-
ings of all studies that assessed adult exposures to disas-
ters are included in table 4.

The studies that assessed exposure to human- made 
disasters (n=11) during adulthood reported mixed 
results in terms of associations with outcomes and statis-
tical significance. Three studies assessed PTSD related to 
disasters and found an increased association with stoke,69 
heart disease57 and cardiovascular/vascular problems,53 
two of which were exposure to the World Trade Centre 
disaster and the third was a fireworks depot explosion. 
Two studies assessing exposure to the World Trade Center 
disaster and Amsterdam Air disaster found an increased 
association with cardiovascular hospitalisations49 and 
cardiovascular symptom complaints62 in rescue workers 
compared with non- rescue workers. Of the remaining 
six studies, three studies reported an increased associa-
tion with hypertension,43 systolic blood pressure71 and 
CVD mortality,63 however, the exact exposure varied 
across studies. For instance, one study explored the level 
of exposure, defined as low, intermediate or high to the 
World Trade Center disaster,63 whereas another study eval-
uated exposure to the Volendam Pub fire among parents 
who had children who were injured or died.43 The final 
three studies assessing exposure to human- made disasters 
(World Trade Center disaster and Sewol Ferry disaster) 
reported mixed results with some showing a decreased 
association or null findings.53 68 70

Table 2 Characteristics of included studies (n=58)

Characteristics N (%)

Continent

  North America 36 (62)

  Europe 13 (22)

  Asia 7 (12)

  Africa 2 (3)

Year of publication

  2010–2020 44 (76)

  2000–2009 12 (21)

  1996–1999 2 (3)

Study design

  Cohort/longitudinal 41 (71)

  Quasi- experimental* 10 (17)

  Cross- sectional 7 (12)

Sample size

  ≥10 000 19 (33)

  1000–<10 000 10 (17)

  ≤1000 24 (41)

  Not specified 5 (9)

Exposure life stage

  Pregnancy/childhood 24 (41)

  Adulthood 34 (57)

Outcome life stage

  Pregnancy 2 (3)

  Childhood† 8 (13)

  Adult 47 (81)

Disaster

  Human- made 23 (40)

  Natural 35 (60)

Cardiometabolic outcome‡

  Cardiovascular disease§ 41 (71)

  Diabetes¶ 11 (19)

  Obesity or BMI 12 (21)

  Mortality from cardiovascular disease 9 (16)

  Cardiometabolic risk during pregnancy** 2 (3)

*Includes pre/post- study design, time- series and natural 
experiments.
†Children defined as ≤18 years of age.
‡Does not equal to 100% as studies report multiple 
cardiometabolic outcomes.
§Includes hypertension, coronary artery disease/heart disease, 
angina, heart attack/myocardial infarction, metabolic syndrome, 
cardiac disease- related blood markers, stroke.
¶Diabetes, blood glucose, metabolic syndrome.
**Gestational diabetes, gestational hypertension, pre- eclampsia.
BMI, body mass index.
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Among studies that evaluated the impact of exposure to 
natural disasters (n=23), six studies that evaluated expo-
sure to Hurricanes Sandy, Katrina, Iniki, and the flood of 
Saint- Jean- sur- Richelieu reported an increased association 
with cardiometabolic outcomes.45 46 51 58 64 72 One of these 
studies specifically investigated unemployment as a result 
of Hurricane Katrina and found those who were unem-
ployed, compared with those who remained employed, 
were 5.65 times more likely to have a cardiometabolic 
event (p<0.05).51 Nine studies reported a statistically 
significant increase in outcomes following exposure to 
a disaster.52 54–56 61 67 73–75 For instance, one study found 
those who reported higher levels of psychological strain 
after surviving Hurricane Ike, compared with those with 
lower levels of psychological strain, had higher mean 
blood glucose and obesity 4 months after the disaster.67 
Whereas, another study found a higher proportion of 
people experiencing worse hypertension who were living 
in households affected by the 2008 Hanoi flood compared 
with those who lived in an unaffected households in both 
rural and urban areas.61 Two of these studies reported 
an increase in incidence of acute myocardial infarc-
tion (AMI) and AMI hospital admission pre- Hurricane 
Katrina, compared with post- Hurricane Katrina.54 55 
Three studies found varying associations across outcomes 
reported within their study. For example, Fonseca et al59 
found an increased mean difference pre/post- Hurricane 
Katrina for glycaemic control, systolic blood pressure, 
diastolic blood pressure and high- density lipoprotein, 
but not for LDL and triglycerides. Nine studies reported 
mixed findings across outcomes within the study. Four 
of these studies found both an increase and decrease in 
outcomes when comparing mean difference or propor-
tion pre/post- disaster.14 48 66 76 One study found those with 
higher reports of exposure to natural disaster throughout 
the life- course were significantly different from those with 
lower reports.44 The final two studies found a decreased 
proportion of AMI following Hurricane Katrina65 and 
no significant association between exposure to the Okla-
homa tornado and hospital admission for cardiovascular 
events.60

Mediation and modification of cardiometabolic outcomes
Across all studies, few evaluated effect modification or 
subgroups of a population that may be at a greater risk 
of negative health outcomes following disasters. Eight 
studies stratified by sex,30 34 36 41 45 50 57 64 gestational 
timing of exposure,22 29 31–33 35 38 year of birth or age at 
outcome,42 64 69 urban or rural area,37 race45 48 and socio-
economic status,67 however, results varied greatly due 
to the differences in exposure period, disaster type, 
cardiometabolic outcome and age at outcome. One 
study explored the possible mediators between cognitive 
appraisal following the Quebec ice storm and obesity. It 
was noted that negative cognitive appraisal was found to 
predict obesity via DNA methylation of diabetes- related 
genes.26 No studies evaluated or discussed possible S
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interventions to mitigate risk of cardiometabolic disease 
following a disaster.

Critical appraisal
The critical appraisal assessment for all study designs 
can be found in the online supplemental tables A2–A4. 
Among the cohort studies, most studies met all criteria 
included in the checklist indicating high study quality. For 
instance, almost all cohort studies had comparable popu-
lations that were recruited in a similar way and exposures 
that were assessed in the same way across populations. 
However, across almost all cohort studies, information on 
follow- up or strategies to address incomplete follow- up 
were unclear or not addressed. The critical appraisal 
results for cross- sectional studies were inconsistent with 
a small number of studies meeting only some checklist 
requirements. For quasi- experimental studies, the check-
list requirements for within- person comparisons were 
not applicable for all studies, however, all studies clearly 
defined the cause and effect within the study.

DISCUSSION
Principal findings
A total of 58 studies were identified and they covered a 
wide breadth of exposures to both natural and human- 
made disasters, including famine, war, terrorism, natural 
disasters and infectious disease epidemics. Exposures 
were investigated in pregnancy and childhood exposure 
through to adulthood with outcomes measured 1 month 
to 95 years later. The reviewed studies reflect a true life- 
course body of literature with exposures at multiple ages 
and long- term exposures. A range of cardiometabolic 
outcomes including obesity, hypertension, myocardial 
infarction, diabetes and cardiac mortality were investi-
gated. Given the varied nature of the studies, it was diffi-
cult to draw overall conclusions, but the vast majority of 
studies provided some evidence of increased cardiomet-
abolic risk following disaster exposure. There were 
only 11 studies that reported no increased risk or had 
unclear findings. Across these studies, there was a variety 
of disaster exposure, outcomes and follow- up periods, 
however, seven of these studies did not report adjustment 
or consideration of any confounders.

Relation to other studies
To the best of our knowledge, this is the first review to 
systematically review the literature on a broad range of 
disasters and cardiometabolic health outcomes across 
the life- course. Other reviews have focused on a specific 
population, such as older adults, specific disaster types 
(eg, natural disasters only) or other health conditions 
(eg, mental health) or acute outcomes.5 6 8 However, 
across most reviews it was apparent the heterogeneous 
nature of included studies makes it difficult to summarise 
findings and make overall conclusions and recommenda-
tions. For instance, Chan and Sondorp8 found exposure 
to natural disasters negatively affected those with chronic 

conditions, although authors noted limitations due to 
limited literature. Another systematic review found very 
heterogeneous results when reviewing the literature 
on health outcomes after disasters for older adults with 
chronic disease.5 The studies included here were from 
multiple disciplines, used a variety of study designs, 
assessed several different outcomes and applied different 
statistical approaches. Overall, the results suggested 
increased risk of adverse cardiometabolic outcomes 
following disasters, although this was not apparent across 
all included studies.6 The unexpected nature of disas-
ters, uniqueness of population or region affected, and 
scale of damage lead to research studies that vary greatly. 
Although previous reviews and the current review have 
identified quite heterogeneous studies, overall conclu-
sions suggest risk of disease increases after exposure to 
disasters.

Biological mechanisms
Several potential mechanisms were discussed in the 
included studies that may contribute to the observed 
associations between disaster exposure and increased 
cardiometabolic outcomes, include the role of both 
objective and subjective stress, nutritional changes, and 
reduced access to healthcare. One study that explored 
mediators in the association between stress and obesity 
measures identified the role of DNA methylation in 
this association.26 It is well postulated that the activa-
tion of a stress response following a stressful event leads 
to changes in the nervous, cardiovascular, endocrine 
and immune systems.77 Exposure to disasters including 
famine, war, terrorism, natural disasters and infectious 
disease epidemics may activate a stress response, altering 
the progression of disease development.77 The repeated 
or prolonged exposure to various disasters, such as a 
pandemic spanning over months, may lead to worse health 
outcomes. Reduction in health services is another possible 
mechanism leading to worse health outcomes. Healthcare 
services may be directed toward the immediate response 
to health- related consequences caused by the disaster 
(eg, illness from a pandemic, injuries associated with a 
terrorist attack or natural disaster), limiting access to 
primary care.78 This interruption to services may decrease 
screening or early treatment ultimately leading to the rise 
in chronic diseases. Lastly, social determinants of health 
are known to be important risk factors for cardiometa-
bolic conditions.79 At least one study investigated whether 
the observed associations were due to changes in educa-
tional attainment42 and unemployment.51 More inves-
tigation of the role of social determinants as modifiers 
or mediators of the associations between disasters and 
long- term cardiometabolic outcomes may be warranted. 
Despite numerous proposed biological mechanisms and 
well- established life- course frameworks, relatively few 
studies actually evaluated potential causal pathways using 
a life- course framework, and this may contribute to some 
of the observed heterogeneity in results.

https://dx.doi.org/10.1136/bmjopen-2020-047152
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Strengths and limitations
This review had several strengths including the compre-
hensive evaluation of the impact of a wide range of 
disaster exposures on various cardiometabolic outcomes 
at different periods throughout the life- course. The 
search strategy was developed in consultation with health 
science librarians at McMaster University to ensure the 
most comprehensive search was developed and rele-
vant literature was identified. The timely findings of this 
synthesis are a strength of this review, given the current 
COVID-19 pandemic, which is affecting millions of people 
worldwide. While only a small proportion of the identified 
studies focused on pandemics and epidemics, the find-
ings may serve to guide our understanding of expected 
outcomes, and to develop future research to study the 
effects of COVID-19 on cardiometabolic outcomes.

Although this review had several strengths, interpre-
tation of findings should be done with caution due 
to limitations. First, the heterogeneity across studies 
restricted the ability to conduct a meta- analysis. Studies 
varied in terms of study design, reported measures of 
effect, the comparison group (eg, some studies did 
not include a comparator group), length of follow- up, 
timing and measurement of exposure, and primary 
outcomes and how they were measured. Given the 
multidisciplinary nature of the identified studies, a wide 
range of analytical approaches were used, and measures 
of effect varied. These differences in addition to the 
lack of statistical significance across studies make it diffi-
cult to draw overall conclusions. Many of the studies 
used a retrospective cohort study design and relied on 
administrative data sources as such many studies were 
unable to comprehensively adjust for confounders, 
including social determinants of health. Measurement 
error and misclassification of exposure status are also 
possible since many studies did not objectively measure 
disaster exposure or degree of impact, and instead used 
proxy measures of disaster exposure based on time and 
geography.

Very few studies have evaluated the long- term impacts of 
pandemics and epidemics on cardiometabolic outcomes, 
identifying a current gap in the literature. This made it 
difficult to truly assess if exposure to disasters at sensitive 
periods of development had lasting effects much later in 
life. Studies also reported insufficient data on subgroups 
that were at increased risk of worse cardiometabolic health 
outcomes and interventions that were implemented to 
mitigate risk of cardiometabolic outcomes. In addition, 
results were not often explored by sex and gender, or 
did not apply an equity lens. It has been noted that those 
of different levels of socioeconomic status experience 
differential cardiometabolic outcomes.80 81 This signifies 
the importance of exploring associations between expo-
sure to disasters and cardiometabolic outcomes stratified 
by these factors. Understanding how these associations 
differ will also help to identify groups of people who will 
experience worse outcomes following a disaster.

Study implications
To the best of our knowledge, this is the first study to 
comprehensively explore the impact of several different 
types of disasters on cardiometabolic outcomes at 
different periods throughout the life- course. The results 
suggest that increased risk is observed for disaster expo-
sure at any period over the life- course from the perinatal 
child and adult periods. These findings emphasise that 
the burden of disasters extends beyond the known direct 
harms they cause, and attention is needed on the detri-
mental indirect long- term effects on cardiometabolic 
health and chronic disease. Given the current COVID-19 
pandemic, this review may be helpful in raising aware-
ness of the potential increase in cardiometabolic health 
outcomes post- pandemic, to ensure appropriate public 
health mitigation measures are developed and imple-
mented to prevent long- term cardiometabolic outcomes 
at the population level.

Unanswered questions and future research
Future research should evaluate the impact of pandemics, 
such as COVID-19, on future cardiometabolic health 
throughout the life- course. It may also be of interest for 
future research to explore the impact of implementing 
public health measures, such as physical distancing to 
reduce transmission of a virus, and the implications 
following a disaster with access to healthcare on health 
outcomes. This information would be helpful in plan-
ning public health responses to different disasters. In 
addition, further investigation of possible mechanisms, 
such as disruptions to healthcare or medication access, 
and changes in dietary intake or physical activity, is 
needed. This would help to develop preventative strat-
egies targeted at these mechanisms to help reduce the 
possible cardiometabolic consequences after experi-
encing a disaster. This review found insufficient evidence 
identifying subgroups of the population who are at the 
greatest risk or specific disaster- related risk factors that 
increase cardiometabolic disease development following 
a pandemic. This is an important gap that needs to be 
addressed by future research.
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