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Abstract

Objectives Ambient air pollution is among the leading
risks for health worldwide and by 2050 will largely over-
come deaths due to unsafe sanitation and malaria, but local
evidence from Latin America (LA) is scarce. We aimed to
summarize the effect of short-term exposure to fine par-
ticulate air pollution (PM, s) on morbidity and mortality in
Latin America and evaluate evidence coverage and quality,
using systematic review and meta-analysis.

Methods The comprehensive search (six online data-
bases and hand-searching) identified studies investigat-
ing the short-term associations between PM, 5 and daily
health events in LA. Two reviewers independently accessed
the internal validity of the studies and used random-effect
models in the meta-analysis.
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article (doi:10.1007/s00038-017-0960-y) contains supplementary
material, which is available to authorized users.
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Results We retrieved 1628 studies. Nine were elected for
the qualitative analysis and seven for the quantitative analy-
ses. Each 10 pg/m® increments in daily PM, 5 concentra-
tions was significantly associated with increased risk for
respiratory and cardiovascular mortality in all-ages (polled
RR=1.02, 95% CI, 1.02-1.02 and RR=1.01, 95% CI ,
1.01-1.02, respectively).

Conclusions  Short-term exposure to PM, 5 in LA is sig-
nificantly associated with increased risk for respiratory and
cardiovascular mortality. Evidence is concentrated in few
cities and some presented high risk of bias.

Keywords Air pollution - Particulate matter - Fine
particulate matter - PM2.5 - Mortality - Latin America -
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Introduction

Ambient air pollution is among the leading risks for health
worldwide (GBD 2015 Risk Factors Collaborators 2016),
and by 2050 will largely overcome deaths due to unsafe
sanitation and malaria (Organisation for Economic Co-
operation and Development 2012).

Particulate matter (PM) is a complex mixture of solid
and liquid compounds widely used as an indicator for
air pollution. Its composition and size vary substantially
according to emission sources and prevailing weather
conditions. The smaller its size the greater its potential to
impact health, given the increased chance of penetration in
the respiratory tract (Health Effects Institute 2002). Epide-
miological evidence of the effects of fine particulate mat-
ter [PM with aerodynamic diameter <2.5 pm (PM, )] on
morbidity and mortality is consistent, particularly on car-
diovascular and respiratory systems (Anderson et al. 2004;
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Pope et al. 2006). Biological evidence supporting plausi-
ble mechanisms is clear and includes pulmonary oxidative
stress, inflammation and altered cardiac autonomic func-
tion (Pope et al. 2006). However, evidence in Latin Amer-
ica (LA) is scarce and systematic reviews and meta-analy-
sis (SRMA) on the effects of PM, 5 on daily health events
rarely pool evidence from LA (Adar et al. 2014; Shah et al.
2015). The World Health Organization (WHO) is updating
current ambient Air Quality Guidelines, which establishes
standards for pollutants at concentrations considered suffi-
ciently safe for human health (World Health Organization
2015). Transferability of existing concentration response
functions (CRF) developed for European and North Ameri-
can cities to other countries with significant differences in
air pollution levels are being questioned. According to the
experts consulted by WHO, re-evaluation of the existing
CRFs for PM, 5 is necessary, given the observed changes
in the risk at extreme concentrations. Experts also under-
scored that current evidence shows association of short-
term PM, 5 exposure with mortality at levels below the cur-
rent guideline, among other new evidences that need to be
evaluated (World Health Organization 2015).

When the WHO air quality guidelines were last updated
in 2005 (World Health Organization 2006), monitoring sys-
tems were scarce in cities from developing nations, includ-
ing LA’s cities. Most of the data available in developing
regions were exclusively for total suspended particles con-
centrations, an overcome measure of particulate air pollu-
tion that includes particulates of bigger size. After a dec-
ade, evidence in LA remains delayed compared to North
America and Europe. While developed countries are con-
cerned with the health effects of fine (PM, 5), ultrafine (PM
with aerodynamic less than 100 nm) and coarse [PM with
aerodynamic diameter 10-2.5 (PM,_, 5)] particles, few cit-
ies in LA depict evidence for these pollutants. Only eight
Latin American countries have set National Air Quality
Standards for PM, 5 (Green and Sanchéz 2012), all above
the final target of 25 ug/m’ for 24-hour average, current
suggested by WHO (World Health Organization 2006). In
2012, the ESCALA multi-city study has established meth-
odological foundation for future research in LA and pro-
vided high-quality evidence from nine cities to support
air pollution control policies in the region (Romieu et al.
2012). However, the evidence was limited to the effects of
PM,, on mortality.

Given the very high levels of PM, 5 pollution in Africa,
Asia and Middle East (Brauer et al. 2012), air pollution
in LA receives less attention in global analysis. However,
between 1990 and 2013, PM, 5 annual mean level trends
increased in parts of South America and decreased in parts
of Southeast Asia (Brauer et al. 2012).

In this systematic review, we aimed to summarize the
evidence of the short-term effects of PM, 5 on daily health
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events in Latin American populations. We also aimed to
identify the Latin American cities covered with local evi-
dence on short-term health effects of PM, 5 and to evaluate
the quality of the evidence identified.

Methods

This study followed a protocol previously registered at
PROSPERO (registration CRD42015029673) and is
reported according to both: PRISMA Statement recom-
mendations for transparent reporting of systematic reviews
(Moher et al. 2009) and MOOSE Guidelines for meta-
analyses and systematic reviews of observational studies
(Stroup 2000).

Search strategy and eligibility criteria

We searched six online databases (PubMed, Embase, Sco-
pus, Web of Science, Cochrane and Lilacs) up to Septem-
ber 2015 to identify studies conducted in LA that analysed
the associations of short-term exposure to PM, 5 with daily
health events (mortality, hospital admission and emergency
room visits). Search combined terms for exposure (e.g. “air
pollution”, or “particulate matter”), outcome (e.g. “hospi-
tal admission”) and population (e.g. “Latin America” or
name of countries). Controlled vocabulary of databases
was included in the search string. We did not impose lan-
guage or date restrictions to the search. We searched the
reference lists of relevant reviews and studies for additional
manuscripts and used Mendeley software for uploading the
references. For detailed search strategy, see the Supplemen-
tal Material, S1.

Eligibility criteria included

(a) Original published time-series or case cross-over stud-
ies with a minimum period evaluated of one uninter-
rupted year, conducted in LA.

(b) Studies that reported quantitative measurements of
daily short-term exposure (up to a lag of 7 days) to
ambient PM, 5.

(c) Studies that reported daily emergency room visits,
hospital admissions, and/or mortality for all natural
causes and/or all or selected respiratory causes and
or all or cardiovascular causes. Related International
Code of Disease (ICD 9th and 10th revision) for the
causes included were ICD-9 001-799, ICD-10 A00-
T98 and Z00-Z99 (all natural causes), ICD-9 460-
519, ICD-10 JO0-J99 (respiratory causes) and, ICD-9
390-459, ICD-10 I00-199 (cardiovascular cases).

(d) Studies that calculated or provided enough informa-
tion to estimate the relative risk of the daily health
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event associated with an increment of 10 pg/m?® in
PM, s levels.

(e) Studies that reported the risk exclusively by subgroups
other than age, daily event or disease groups of inter-
est for this review (e.g. by season or chemical compo-
sition of the particle) were excluded.

Study selection

First, two independent reviewers screened all abstracts and
titles for studies that potentially met the inclusion crite-
ria. Then, reviewers evaluated full studies for final inclu-
sion in the SR (Systematic Review) and recorded reasons
for exclusion (see the Supplemental Material). Similar to
reviews on global (Atkinson et al. 2014) and European evi-
dence (Anderson et al. 2004), we selected only one study
by setting to avoid overlapping of populations (see protocol
at PROSPERO, registration CRD42015029673). We solved
disagreements between reviewers by consensus along the
stages.

Data collection process and items

Data items included citation information (e.g. year of pub-
lication) and characteristics of the location (e.g. main air
pollution sources), population (e.g. age), exposure (e.g.
PM, 5 levels) and outcomes (e.g. total number of events)
(see Table 1). We also collected information necessary
to conduct meta-analysis of the relative risks related with
10 pg/m? increments in PM, 5 levels (e.g. association meas-
urements and its 95% Confidence Interval (CI)) and meth-
odological characteristics necessary to assess the quality of
the included studies (see Table 2). One reviewer extracted
the data into Microsoft Excel 2013 and a second reviewer
confirmed the information. Disagreements were solved by
discussion.

Risk of bias in individual studies

Since there is no specific tool to evaluate methodologi-
cal quality of time-series and case cross-over studies, two
independent reviewers conducted a qualitative assessment,
which classified studies as high or low risk of bias, accord-
ing to criteria previously registered at the protocol of this
study. We also verified funding sources and the conflicts
of interest reported, which are recently being considered
potential source of bias (Lam et al. 2014).

Summary measures
We calculated summary effects associated with PM, s lev-

els in the statistical software RevMan 5.1 by daily event
type (emergency room visits, hospital admissions and

mortality), cause (total non-external causes, respiratory
and cardiovascular causes) and age group (all-ages, elderly
and children), if at least two association measurements
were available from two different studies. Given that we
calculated a polled effect for an entire continent, variations
regarding population, outcomes and exposure characteris-
tics among the cities included in the quantitative analysis
were expected. For this reason, we used random effects
model to estimate the summary measures and present them
as Relative Risk (RR) with a 95% Confidence Interval
(95% CI) for each increment of 10 pg/m? in PM, 5 24-hour
average levels.

The lag (number of days between the exposure and
the health event) reported by studies varied greatly and it
was not possible to group the studies by lag structure. The
lag used to calculate the summary measure was the lag
reported. We chose the lag with the highest effect, if more
than one lag was reported.

We used Cochrane Q test (significance level: 0.1) and I’
statistic to test statistical heterogeneity. IZ statistic quanti-
fies heterogeneity by calculating the proportion of varia-
tion occurred by heterogeneity rather than by chance (Hig-
gins et al. 2003). For I°, we considered that values ranging
from 0 to 30, 30 to 50 and >50 indicated low, moderate
and high heterogeneity, respectively. We also reduced
potential heterogeneity due to populations and outcome
cause differences by polling evidence grouped by cause/
age pairs. We planned to perform subgroup analysis by pol-
lutant model (single vs. multi-pollutant), pollution source
(rural vs. urban) and risk of bias between studies (combin-
ing low risk of bias studies only), if heterogeneity was sta-
tistically significant. Non-quantitative data were presented
descriptively.

Publication bias assessment

If 10 or more studies are included in the review, we
accessed publication bias through funnel plot and Egger
test (Egger et al. 1997).

Results
Study selection

Search retrieved 1628 studies, nine were elected for the
qualitative analysis and seven for the quantitative analyses
(Fig. 1). Elected studies were conducted in three countries
(Chile, Brazil and Mexico), distributed in six cities, mostly
with less than a million inhabitants. None of the studies
investigated the effects of PM, 5 on emergency room visits.

Automotive was the main source of air pollution
reported, followed by biomass burning and industrial
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Fig. 1 Flow diagram describing
search, screening and eligibil- =
ity of the studies on short-term .g Records identified through database Additional records identified
effects of fine particulate ‘::'g searching® through other sources
matter on daily events in Latin £ (n=1626) n=2)
America §
A 4
Records after duplicates removed
(n=1211)
o0
=
c
o v
5]
@ Records screened R Records excluded
(n=1211) i (n=1040)
—
)
A 4
Full-text articles assessed
2z for eligibility Full-text articles excluded,
= (n=171) with reasons*
) (n=162)
w - 153 did not meet eligibility criteria
- 3 conference papers were published
A 4 as an article retrieved by the review
P . - 5 full texts could not be retrieved
__J Studies included in - 1 overlap of popultion
qualitative synthesis
(n=9)
°
(7} A 4
3
= Studies included in
= quantitative synthesis
(meta-analysis)
(=7
—

* see the Supplemental Material for the complete list of studies excluded by reason. Databases searched:
PubMed, Embase, Scopus, Web of Science, Cochrane and Lilacs up to September 2015

sources. PM, s daily mean varied from 7.5 to 81.0 pg/m®
among the included studies (Table 1).

The most studied decade was the 2000s (44%), fol-
lowed by the 1990s (35%), 2010s (23%) and 1980s (5%).
All elected studies were time-series studies published as
articles. Only one was a multi-city study (evaluated the
metropolitan area). Elected studies were mostly published
in English (89%), and 56% of the included studies used
single-pollutant models exclusively (see Supplemental
Material, TableS1).

The quality assessment revealed that 33% of the
included studies presented high risk of bias, 43% if we
consider only studies elected for the quantitative analy-
sis. Frailties in statistical adjustments (e.g. not using the
Akaike criteria), in exposure characterization (not using
monitoring networks) and controlling for confound-
ers (not controlling for short trends such as for day of
the week) were the main reasons why studies were clas-
sified as high risk of bias. When reported, conflict of
interest was absent and financial sources were related

to governmental agencies and University-related grants
(Table 2).

Measurements combined for meta-analysis were derived
from single-pollutant models, except for total mortality in
elderly, where evidence was available for single- and multi-
pollutant models. All meta-analysis combined evidence
from two different studies, except from hospital admis-
sions where evidence from three were combined. Given the
low number of studies combined and their characteristics,
we did not perform subgroup analysis by pollution source
(rural vs. urban) and risk of bias (low vs. high risk of bias).

Mortality

Meta-analysis of the risks for respiratory mortality in all-
ages associated with PM, 5 levels showed a significant 2%
increased risk (RR per 10 ug/m*=1.02, 95% CI, 1.02-1.02;
P=0%) (Fig. 2). Meta-analysis of the risk for cardiovascu-
lar mortality associated with PM, 5 levels showed a signifi-
cant 1% increased risk (RR per 10 ug/m*=1.01, 95% CI,
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Risk Ratio Risk Ratio
(a) All causes log[Risk Ratio] SE_Weight 1V, Random, 95% ClI IV, Random, 95% CI
Borja-Arbuto et al. 1998 (Ciudad de México) 0.013508 0.005839 20.6% 1.01[1.00, 1.03] =
Reyna et al. 2012 (Mexicali) 0.008 0.002976 79.4% 1.01[1.00, 1.01]
Total (95% CI) 100.0% 1.01 [1.00, 1.01] ¢
Heterogeneity: Tau? = 0.00; Chiz = 0.71, df = 1 (P = 0.40); I2= 0% t t T t |
Test for overall effect: Z = 3.45 (P = 0.0006) 0.85 0.8 ! 1 12
Risk Ratio Risk Ratio
(b) _Respiratory causes log[Risk Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Borja-Arbuto et al. 1998 (Ciudad de México) 0.024693  0.018002  0.0% 1.03 [0.99, 1.06] m
Valdes et al. 2012 (Santiago) 0.0173486 0.00037106 100.0% 1.02[1.02, 1.02] [ |
Total (95% CI) 100.0% 1.02[1.02, 1.02] (
Heterogeneity: Tau? = 0.00; Chi2 = 0.17, df = 1 (P = 0.68); I2= 0% t y t |
Test for overall effect: Z = 46.77 (P < 0.00001) 0.85 0.8 ! 1 12
Risk Ratio Risk Ratio
(c) _Cardiovascular causes log[Risk Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% ClI
Borja-Arbuto et al. 1998 (Ciudad de México) 0.021664 0.010961  4.2% 1.02[1.00, 1.04]
Valdes et al. 2012 (Santiago) 0.013212 0.002291 95.8% 1.01[1.01, 1.02] ||
Total (95% CI) 100.0% 1.01[1.01, 1.02] ¢
Heterogeneity: Tau? = 0.00; Chi2 = 0.57, df = 1 (P = 0.45); 12= 0% t t ' t |
Test for overall effect: Z = 6.05 (P < 0.00001) 0.85 0.8 ! 1 12

Risks are reported for increments of 10ug/m3 in PM, , levels and were calculated for all-ages, based on single-pollutant models. (a) all-

causes, (b) respiratory causes, and c) cardiovascular causes.

Fig. 2 Forest plots for the risks for daily mortality by cause associated with short-term exposure to PM2.5 levels in Latin America

1.01-1.02; ?=0%) (Fig. 2). One of the studies combined
presented high risk of bias.

Risk for total mortality was not significant neither for
all-ages (RR per 10 pg/m*=1.01, 95% CI, 1.00-1.01;
?=0%) (Fig. 2), nor for elderly (RR per 10 ug/m*=1.01,
95% CI, 1.00-1.02; 12=55%) The risk for total mortal-
ity in elderly remained not significant when we combined
measures based on multi-pollutant models, all adjusted for
O;: RR per 10 ug/m*=1.01, 95% CI, 0.99-1.03; *=73%
(see Supplemental Material, Figure S1). All studies com-
bined presented low risk of bias.

For hospital admissions, meta-analysis showed no
statistical association between PM, s levels and daily
hospital admissions and presented significant high het-
erogeneity: RR per 10 pg/m®=1.03, 95% CI 0.99-1.08;
P =68%) (Fig. 3). The studies combined used satellite-
derived measurements and two depicted high risk of bias.

Risk Ratio Risk Ratio
Respiratory causes log[Risk Ratio] SE_Weight IV, Random, 95% ClI IV, Random, 95% ClI
Cesar et al., 2013 (Piracicaba) 0.00896 0.004045 53.1% 1.01[1.00, 1.02] L
Ingnotti et al., 2010A (Alta Floresta) 0.045929 0.020692 35.9% 1.05[1.01, 1.09] —
Silva et al., 2013 (Cuiaba) 0.113329 0.057433 11.0% 1.12[1.00, 1.25] - >
Total (95% Cl) 100.0% 1.03 [0.99, 1.08] <l
Heterogeneity: Tau? = 0.00; Chi? = 6.28, df = 2 (P = 0.04); 12 = 68% 0_=85 0?9 ; 1 ] 1_2=

Test for overall effect: Z=1.58 (P = 0.11)

Favours [experimental] Favours [control]

Risks are reported for increments of 10ug/m3 in PM, , levels and were calculated based on single-pollutant models.

Fig. 3 Forest plots for the risks for daily respiratory hospitalization in children associated with short-term exposure to PM2.5 levels by pollutant

model in Latin America

@ Springer



736

L. Fajersztajn et al.

Discussion

Our results showed significant associations between short-
term exposure to PM, 5 in LA and increased risk for respir-
atory and cardiovascular mortality in all-ages. The risks for
each 10 pg/m® increment in PM, 5 levels ranged between
1 and 2% and heterogeneity between studies was low. On
the other hand, risks associated with short-term exposure
to PM, 5 for total mortality in all-ages and in elderly and
respiratory hospitalization in children were not significant.
Imprecision might explain why some meta-analysis were
not statistically significant in our review, since Cls of the
combined studies tended to be larger in the non-significant
meta-analysis (particularly for hospitalizations meta-analy-
sis), compared to significant meta-analysis (respiratory and
cardiovascular mortality). Frequently, multi-city studies
find larger effects when the analysis is restricted to elderly
populations (Romieu et al. 2012), because elderly are more
vulnerable to air pollution adverse health effects. However,
our meta-analysis for total mortality in elderly was not sig-
nificant. Because populations are exposed to a complex
mixture of air pollutants, not single pollutants, researchers
(and policy makers) have been encouraged to move towards
a multi-pollutant approach to air quality, rather than single-
pollutant models (Dominici et al. 2012). In our review,
most of the risks reported were based on single-pollutant
models. Meta-analysis for multi-pollutant models (adjusted
for O;) was just feasible for total mortality in elderly, but
the related risks were not significant in both pollutant
models.

Our results are partially in accordance with other meta-
analysis on the short-term association of PM, 5 and daily
health events in the world (Adar et al. 2014; Atinkson et al.
2014), pointing out that, while local evidence is scarce,
extrapolating evidence from other regions to control par-
ticulate pollution in LA might be reasonable.

Compared to the present review, Atkinson and col-
leagues study (2014) identified fewer Latin American stud-
ies and did not evaluate all the outcomes considered in this
review for Latin American region, possible due to differ-
ences in the search strategy adopted. We searched Lilacs, a
specific database for scientific literature of Latin American,
and other databases up to September 2015, while Atkin-
son’s and colleagues review (2014) searched global data-
bases exclusively up to May 2011. While our results are
mostly in accordance with Atkinson’s global findings, our
results contrast with Atkinson’s findings for LA for total,
respiratory and cardiovascular mortality in all-ages. Both
reviews combined evidence from two studies to perform
meta-analysis, but in our review, Cls of the included studies
were more precise.

Evidence on the short-term effects of PM, s in daily
health events conducted in LA is scarce, concentrated in
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few locations and publication trend is not increasing. The
scarcity of studies in the continent might be reflecting lack
of exposure data, since only half of Latin American cities
with monitoring stations for PM,, also monitors PM, s
(Green and Sanchéz 2012). Moreover, in some cities, PM, 5
measurements started in recent years and occur in a few
percentage of the existing monitoring stations (Ambiente
2014). In our review, all Brazilian studies included esti-
mated population exposure through satellite estimations.
Sophisticated satellite-based estimates are a promising tool
to overcome the scarcity of exposure data, given that cor-
relation with ground-level PM, s mass might reach 81%
(Van Donkelaar et al. 2016) and The Global Burden of Dis-
ease Study is already using satellite-based PM, 5 estimates
(Brauer et al. 2012).

One of the strengths of our review was to evaluate the
internal validity of the included studies, which is not fre-
quent in most SRMAs of epidemiological time-series stud-
ies, since, to our knowledge, no validated tool evaluates
methodological quality of time-series. Despite advances in
methodology of SRMAs involving epidemiological obser-
vational studies in general (Atkinson et al. 2014)" and of
epidemiological studies of environmental health (EH) in
particular (Sheehan and Lan 2015), it is still difficult to
adapt the recommendations to assess the risk of bias in
time-series studies. Cochrane Collaboration recommend
tools for randomized controlled trials and non-randomized
studies of intervention (Higgins and Green 2011), both not
applicable to time-series design. Yet, time-series studies
have been playing a relevant role in air pollution regulatory
process, because they estimate the burden of disease attrib-
utable to air pollution exposure and the related CRF can
be used in cost-benefit analysis (Bell et al. 2004). Time-
series studies use regression models to assess the effects of
short-term changes in PM, 5 levels on acute health effects
by estimating associations between day-to-day variations in
both air pollution and in mortality and morbidity counts.
The study design uses aggregated level data for exposure
and outcome. Confounding bias arise from factors that vary
in short time scales and may be associated with particulate
and health (e.g. temperature). Statistical specificities (e.g.
accounting for serial correlation in the residuals) also play
arole (Bell et al. 2004).

Our quality assessment followed an a priori criteria and
two reviewers independently assessed key methodologi-
cally potential sources of bias in human epidemiological
observational studies in EH in general (e.g. exposure char-
acterization and controlling for confounders) (Sheehan
and Lan 2015) and of time-series design in particular (e.g.
statistical adjustments) (Bell et al. 2004). Frailties in at
least one of the potential source of bias domains were fre-
quent; underlining that internal validity of time-series study
design on EH SRMAs needs further investigations.
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Since we retrieved less than 10 studies for each health
endpoints (outcome/cause/age), we did not evaluate publi-
cation bias, a limitation of this review.

Multi-city studies standardize statistical approach, and
therefore minimize potential risk of bias due to differences
in statistical methodology of time-series studies (Bell et al.
2004). To the extent that time-series design usually uses
secondary dada relatively accessible from public sources,
efforts to conduct high-quality multi-city studies might be
preferable than conducting meta-analysis based on individ-
ual studies data retrieved in a SR. However, PM, 5 moni-
toring stations are scarce in LA (Green and Sanchez 2012)
and the multi-city study for Latin American region® did not
evaluate the effects of PM, 5 on health, making this review
relevant.

In summary, evidence in LA is scarce, concentrated and
trend of publication is not increasing. Short-term exposure
to PM, 5 in the continent is significantly associated with
increased risk for respiratory and cardiovascular mortal-
ity in all-ages in region. Our results are in accordance with
evidence from other parts of the world, pointing out that,
while local evidence is scarce, extrapolating evidence from
other regions to control particulate pollution in LA might
be reasonable. Quality assessment identified frailties in key
methodological sources of bias in observational studies in
EH in general (exposure characterization and controlling
for confounders) and in time-series design in particular
(statistical adjustments), thus assessing the internal validity
of time-series study design in SRMA on EH needs further
investigations.
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