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ABSTRACT

Objectives Large amounts of mineral dust are transported from their African sources in the Saharan-
Sahel region to the Caribbean Sea, generating peak exposures to particulate matter <10 um (PMy,).
This study aimed to investigate the impact of Saharan dust episodes on preterm births in the
Guadeloupe archipelago.

Methods The study population consisted of 909 pregnant women who were enrolled in the TIMOUN
mother-child cohort between 2004 and 2007. Desert dust episodes were assessed from PMyq
concentrations recorded at the unique background air quality monitoring station located in Pointe-a-
Pitre. For each woman, the daily PM,, concentrations were averaged over the entire pregnancy, and
the proportion of days with intense dust episodes (2 55 pg PM1o/m?) during pregnancy was
calculated. Weighted logistic regression models adjusting for known individual socio-medical risk
factors were used to estimate odds ratios (ORs) and 95% confidence intervals (Cls) for preterm birth.
Results During pregnancy, the mean PM;, concentrations ranged from 13.17 to 34.92 ug/m°,
whereas the proportion of intense dust events ranged from 0.00 to 19.41%. Increased adjusted ORs
were found for both the mean PM,, concentrations and the proportion of intense dust events (OR
1.40, 95% Cl 1.08 to 1.81, and OR 1.54, 95% Cl 1.21 to 1.98 per standard deviation change,
respectively). Restriction to spontaneous preterm births produced similar ORs but with wider 95%
Cls.

Conclusion Considering the personal and social burden of this adverse pregnancy outcome, this
finding is of importance for both health care workers and policy makers to provide necessary

preventive measures.

Keywords Preterm birth; particulate matter; desert dust; Guadeloupe archipelago; French West

Indies

Abbreviations

Cl Confidence interval
OR Odds ratio

PMy, Particulate matter <10 um



What is already known on this subject
» Large amounts of mineral dust are transported from the Saharan-Sahel region to the Caribbean
Sea, generating peak exposures to particulate matter <10 pum (PMyp).

» The influence of desert dust particulate pollution on pregnancy outcomes appears plausible.

What are the new findings

e This research adds new evidence to the health effects of Saharan dust episodes by showing an
association between maternal pregnancy exposure (as assessed by the mean PM,, concentration
and the proportion of intense dust events) and preterm birth while adjusting for

sociodemographic and medical risk factors.

How might this impact on policy or clinical practice in the foreseeable future?

e Considering the personal and social burden of this adverse pregnancy outcome, this finding is of
importance for both health care workers and policy makers to provide necessary preventive
measures (such as communicating personalized information to pregnant women about a desert

dust cloud moving to the coastline).



INTRODUCTION

Desert dust is a natural contributor to atmospheric particulate matter (PM) worldwide. Large
amounts of mineral dust are transported from their African sources in the Saharan-Sahel region to
the Caribbean Sea." The archipelago of Guadeloupe (French West Indies) is periodically exposed to
desert dust between April and October, generating peak exposures that can last several days and
exceed the PM < 10 pum (PMyo) health-based standards (WHO: 20 pg/m?, European Union: 40 pg/m?,
as an annual average).

The available epidemiological evidence of the impact of desert dust episodes on human health is
inconsistent. In Europe, although some studies have linked sandy dust storms to a range of adverse
health outcomes including respiratory and cardiovascular conditions and mortality, others have
found no harmful effect.” The same inconsistencies emerge from studies published more recently.*®
In the Caribbean region, a handful of studies is available.” On the island of Barbados, no relationship
was found between desert dust concentrations and asthmatic attendances at the Queen Elizabeth
Hospital for the period of 1996-1997, whereas on the island of Trinidad, Saharan dust clouds were
associated with increased acute pediatric asthma admissions.’ On the island of Martinique, PMyq
concentrations were associated with increased hospital admissions for cardiovascular or pulmonary
conditions over the period of 2001-2006." A recent study conducted in the Guadeloupe archipelago
found a significant association between the PMy; and PM, 5_1 pollutants contained in the Saharan
dust and visits to the emergency department for children with asthma in 2011."" It is worth noting
that these studies used an ecological design with time-series analyses, associating a number of health
events on a particular day with air pollution levels on the same or recent days.

Regarding maternal exposure to anthropogenic particulate pollution (originating from the burning
of fossil fuels in vehicles, power plants or various industrial processes), evidence from available
studies is indicative of an association with preterm birth.*? Therefore, the influence of desert dust
particulate pollution on pregnancy outcomes appears plausible and could be of public health
importance because Sahara dust transport may greatly increase the ambient levels of PM
(particularly in Southern Europe and in some Atlantic islands).” Surprisingly, to the best of our
knowledge, only one study has reported on the influence of Saharan dust episodes on pregnancy (in
Spain).”

The Guadeloupe archipelago represents a unique opportunity to assess the potential impact of
Saharan dust episodes on preterm birth for two main reasons. First, because of the absence of heavy
industries and the year-round presence of trade winds (dispersing gaseous and chemical pollutants),
anthropogenic particle pollution is low in this area (approximately 20 pg/m?).* As a result, desert

dust natural pollution is the main factor affecting PM,, concentrations. Second, a high rate of



preterm birth (15.8%) is observed in Guadeloupe.® This high preterm birth rate is not fully
understood, but it could be partly due to the African origin of its population, which as such presents a
refractory high rate, common to populations of African descent, irrespective of their current
geographic location and independent of socioeconomic status and obstetrical care.'® However, other
than African ancestry, there is room for other unknown or unstudied risk factors (including
environmental exposures) to explain this high rate of preterm births.

Therefore, this study aimed to investigate the impact of Saharan dust episodes on preterm birth
among a population of pregnant women in the Guadeloupe archipelago using prospectively collected

individual data.

METHODS

Setting and study design

Guadeloupe (part of the French West Indies) is an archipelago situated in the Caribbean Sea. It covers
an area of 1,628 km?* and has a population of 450,000 inhabitants. This study relies on the TIMOUN
mother-child cohort fully described elsewhere.” Briefly, between 2004 and 2007, 1068 women
attending check-up visits at public hospitals or dispensaries during their third trimester of pregnancy
and having resided in Guadeloupe for more than 3 years were enrolled in the cohort. At inception,
the participants completed a standardized questionnaire during a face-to-face interview with
midwives. The questionnaire covered sociodemographic characteristics, medical and obstetrical
history, and various lifestyle factors. After delivery, information was collected from midwives,
pediatricians and hospital medical records about the medical history of the pregnancy, delivery,
perinatal conditions, and measurements and health status of the newborn at birth. Following Rouget
et al.,” we excluded women not born in the Caribbean (n = 110), cases involving multiple births (n =
25), severe birth defects (n = 8) and induced pregnancies after fertility treatment (n = 15), resulting in

a study sample of 911 women (one case involved both fertility treatment and multiple births).

Preterm births

Gestational age in weeks was estimated by the obstetricians in charge of follow-up. It was based on
the first day of the last menstrual period and was confirmed or corrected by ultrasound. Preterm
birth was defined as a birth before 37 completed weeks of gestational age. We distinguished
between spontaneous and medically induced preterm birth. The latter results from the induction of

delivery due to maternal or fetal factors (either by medication or by caesarean section) before the



onset of spontaneous labor. Elective induced labor was not practiced at the delivery centers involved

in this study.

Desert dust exposure assessment

Exposure data recorded at the urban background station located in Pointe-a-Pitre (central part of
Guadeloupe, latitude 16°14'55" N, longitude 61°32'36" W) were provided by Gwad’Air (the official air
quality monitoring agency for Guadeloupe), from 2005 to 2008. No other air quality monitoring
station was operating in the Guadeloupe archipelago during this period of time. The median bird fly
distance between the place of residence and the air quality monitoring station siting was 13.03 km
(minimum 0.11 km, maximum 38.89 km).

Desert dust episodes were assessed in two ways. First, the mean daily PM;, concentrations (ug
/m?) were considered. However, as we could not distinguish between natural (desert dust) and
anthropogenic concentrations, we also used a dust episode index, designed by Gwad'Air for daily
transmission to local authorities and assumed to be more specific. It mainly relies on ATMO sub-
indexes, daily indicators of air quality widely used in France."” These sub-indexes, ranging from 1
(very good) to 10 (very poor), are calculated for each of four pollutants (sulphur dioxide, nitrogen
dioxide, ozone and PM,g) on the basis of its concentration compared to a specific reference scale.
Drawing upon the ATMO PMy, sub-index category, the contrasts observed with the other sub-
indexes, and the usual local meteorological conditions, Gwad'Air empirically defines a dust episode
index as following: absent (0 to 27 pg PM;o/m?), light (28 to 38 ug PM,o/m?), moderate (39 to 54 ug
PM,o/m°), and intense (= 55 ug PM;o/m?). As a categorical exposure estimate, we used the presence
of an intense episode. Because of routine maintenance or machine failure independent of any desert
dust episodes, there were a few missing days of data (14, 12, 21, and 13 in 2005, 2006, 2007, and
2008, respectively).

For each woman, daily measures of PM,o concentrations were averaged over the entire
pregnancy, and the proportion of days with intense dust episodes during pregnancy was calculated.
However, we had to account for the lack of exposure data in the entire year of 2004, which included
two full pregnancies (and 234 partial pregnancies). Therefore, we were forced to exclude those two
pregnancies from the study sample. For the 909 remaining women, the number of days with
available exposure measurements was used as the denominator of the intense dust episode

proportion.



Covariates

In-depth statistical analyses have previously resulted in a list of individual risk factors for preterm
birth in the TIMOUN cohort.” The corresponding risk factors (all referring to the index pregnancy)
were considered in this study as covariates and introduced into the statistical models: place of
inclusion (i.e., the healthcare facility where pregnant women were enrolled: University hospital, local
hospital, local antenatal care clinic), maternal age (< 20, 20-34, > 34 years), marital status (single,
living as a couple, single and living with family), years of education (< 5, 5-12, > 12), body mass index
(< 18.5,18.5-25.0, > 25.0 kg/mz), parity (0, 1, > 2), prior preterm birth (yes/no), prior miscarriage
(yes/no), prior induced abortions (yes/no), lupus (yes/no), history of asthma (yes/no), chronic
hypertension (yes/no), gestational weight gain (< 275, 275-675, > 675 g/week), gestational
hypertension (yes/no), gestational diabetes (yes/no), urinary tract infection (yes/no), and sex of the

newborn (male/female).

Data analysis

Multivariate logistic regression models were used to produce odds ratios (ORs) and their 95%
confidence intervals (Cls) for associations between desert dust exposure and preterm birth while
adjusting for all individual risk factors previously described. As exposure estimates, averaged PM,
concentrations and the proportion of intense dust episodes during pregnancy were considered in
turn. To compare the impact of both exposure estimates, we calculated the ORs per standard
deviation change (3.08 ug/m?® and 4.06 % for the mean PM, concentration and the proportion of
intense dust episodes, respectively).

To compensate for differences in missing daily exposure measurements, each case in the input
data set was weighted by the proportion of gestation length with available exposure measurements.
Therefore, the more complete the exposure assessment, the more important the observation. We
repeated analyses considering spontaneous and medically induced preterm births separately.

Statistical analyses were performed using R software (R Foundation for Statistical Computing,

Vienna, Austria, 2018).

RESULTS

Characteristics of the study population
The women's pregnancies in this study occurred during the time period from 30 March 2004 to 30

July 2007. The sociodemographic and lifestyle factors of the study population are reported in Table 1.



Most women were enrolled in the study at the University Hospital, were aged between 20 and 34
years old, were living with a partner and had completed between 5 and 12 years of education.

Approximately two-fifths were overweight or obese before pregnancy.

Table 1 Distribution of sociodemographic and lifestyle factors
in the study population (n=909, TIMOUN cohort, Guadeloupe
archipelago, French West Indies, 2005-2008)

N (%)

Maternal place of birth

Guadeloupe or Martinique 795 (87.4)

Other Caribbean islands 114 (12.6)
Place of inclusion

University hospital 605 (66.6)

Local hospital 222 (24.4)

Local antenatal care clinic 82 (9.0)
Maternal age (years)

<20 74 (8.1)

20-34 535 (58.9)

>34 300 (33.0)
Marital status

Single 229 (25.2)

Living with partner 466 (51.4)

Single living with family 189 (20.8)

Missing 25(2.6)
Education (years)

<5 62 (6.8)

5-12 663 (73.0)

>12 184 (20.2)
Body mass index (kg/m?)

<18.5 55 (6.1)

18.5-25.0 455 (50.0)

>25 379 (41.7)

Missing 20(2.2)
Mother's employment during pregnancy

Yes 378 (41.6)

No 530 (58.3)

Missing 1(0.01)




Regarding the outcome, 142 women (15.6%) delivered preterm among the 909 total women: 67
of them (47.2%) were spontaneous preterm births, and 74 (52.1%) were medically induced preterm

births (for one woman, the type of preterm birth could not be identified).

Characteristics of exposure

The average PM,, concentration observed during the time period of 2005-2008 was 26.78 ug/m°.
Table 2 presents the distribution of desert dust exposure estimates during pregnancy for the entire
cohort and according to the outcome (term / preterm birth). Mean PM,, concentrations ranged from
13.17 to 34.92 pg/m’®, whereas the proportion of intense dust events ranged from 0.00 to 19.41%.
Figure 1 describes the cumulative distribution of both exposure estimates according to term/preterm
births. Distributions are shifted to the right for preterm births, above 28 pg PM;o/m? (Figure 1a) and

7% of intense dust episodes (Figure 1b).

Table 2 Descriptive statistics of desert dust exposure estimates during pregnancy on
the entire study population and according to the mode of onset of labor (TIMOUN
cohort, Guadeloupe archipelago, French West Indies, 2005-2008)

N Mean = SD Min Max

PM,, concentrations (ug/m3)
Whole cohort 909 27.15+3.08 13.17 34.92
Term birth 767 27.09 £ 2.96 13.17 31.36
Preterm birth 142 27.49 + 3.68 14.82 34.92

Proportion of intense desert dust episodes (%)

Whole cohort 909 7.73 +4.06 0.00 19.41
Term birth 767 7.61+3.91 0.00 14.74
Preterm birth 142 8.34+4.77 0.00 19.41

Associations between preterm birth and desert dust exposure
Table 3 presents the crude and adjusted associations between desert exposure estimates and
preterm births. Except for the association between spontaneous preterm births and mean PMy,
concentrations, the crude and adjusted ORs were very similar.

When considering all preterm births, increased adjusted ORs were found for both the mean PMy,
concentrations and the proportion of intense dust events (OR 1.40, 95% Cl 1.08 to 1.81, p=0.01 and

OR 1.54, 95% Cl 1.21 to 1.98, p=0.0006 respectively). To determine whether these associations vary
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with distance to the monitoring station (potentially reflecting some exposure misclassification), we
introduced an interaction term between distance (split at the median) and exposure estimates into

the regression models. No significant interaction effects were observed (p=0.75 and p=0.52, for the

mean PM,4 concentration and the proportion of intense dust episodes, respectively).

Table 3 Crude and adjusted Odds Ratios for the risk of preterm birth according to desert dust exposure estimates

and mode of onset of labor (TIMOUN cohort, Guadeloupe archipelago, French West Indies, 2005-2008)

No. of No. of Crude Adjusted"
Desert dust exposure estimates preterm term
births” births OoR’ 95% Cl oR’ 95% Cl
All births 142 767
PM,, concentrations (3.08 ug/m°) 1.36 1.07,1.72 1.40 1.08,1.81
Proportion of intense desert dust episodes (4.06%) 1.38 1.11,1.72 1.54 1.21,1.98
Spontaneous preterm and term births 67 767
PM,, concentrations (3.08 ug/m°) 1.44 1.01, 2.05 1.39 0.93, 2.06
Proportion of intense desert dust episodes (4.06%) 1.53 1.11,2.10 1.63 1.13,2.35
Induced preterm and term births 74 767
PM,, concentrations (3.08 ug/m3) 1.28 0.93,1.76 1.30 0.91, 1.86
Proportion of intense desert dust episodes (4.06%) 1.25 0.93, 1.68 1.35 0.96, 1.90

Abbreviations: Cl, confidence interval; OR, odds ratio; PTB, preterm birth.

" For one woman, the type of preterm birth was unknown.

" The covariates for which we adjusted were place of inclusion, maternal age, marital status, years of education, body mass

index, parity, prior preterm birth, prior miscarriage, prior induced abortions, lupus, asthma, chronic hypertension, gestational

weight gain, gestational hypertension, gestational diabetes, urinary tract infection, sex of the newborn.

* The odds ratios were calculated per standard deviation change.

Restriction to spontaneous preterm births produced similar adjusted ORs but with wider 95% Cls

(OR 1.39, 95% Cl 0.93 to 2.06, p=0.10 and OR 1.63, 95% CI 1.13 to 2.35, p=0.009 for mean PMy,

concentrations and the proportion of intense dust events, respectively). Regarding induced preterm

births, lower ORs were found, but they were still greater than one (with Cls including unity).
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DISCUSSION

This research adds new evidence to the health effects of Saharan dust episodes by showing an
association between maternal pregnancy exposure (as assessed by the mean PM;, concentration and
the proportion of intense dust events) and preterm birth.

The present study has many strengths, including the study setting, the longitudinal design, and
extensive information on covariates. Guadeloupe can be considered a natural laboratory for
disentangling the influence of desert dust natural pollution and anthropogenic pollution because
according to Euphrasie-Clotilde et al.,"* on average, the concentration of anthropogenic pollution
does not exceed 20 pg PM;o/m? (despite some possible traffic-related pollution hot-spots). This study
took advantage of the TIMOUN mother-child cohort, an archipelago-wide cohort, that collected
information on potential maternal socioeconomic, behavioral, and medical confounders at an early
stage of pregnancy and therefore before outcomes occurred. To minimize residual confounding, we
deliberately adjusted for numerous risk factors highlighted previously by Rouget et al.*

However, this study has some limitations. Exposure to Saharan dust was assessed through one
single background air quality monitoring station (situated in the center of Guadeloupe) regardless of
the subject’s residential location. These monitor-based estimates may have introduced some non-
differential measurement error for pregnant women living far from the monitoring station due to the
presumed spatial heterogeneity of air pollutants relating to topography and local micro sources,
although the absence of interaction with distance to the monitoring station is reassuring. Alternative
exposure estimates could be derived from desert dust modeling (such as the Navy Aerosol Analysis
and Prediction System - NAAPS - model) or from satellite imagery (such as the Moderate Resolution
Imaging Spectroradiometer - MODIS - aerosol optical thickness product). However, considering the
lower accuracy of these proxies and the need for retrospective exposure assessment (time period of
2004-2008), we preferred to rely on a well-established ground-based instrument. The population size
and the number of events may appear modest but do not limit the statistical power of the analysis to
identify significant findings.

In the Guadeloupe archipelago, the average PM,, concentration observed during the time period
of 2005-2008 (26.78 ug/m?) ranks high compared to those observed in the seventeenth largest
French cities (mainland France) during the time period of 2007-2010 (range: 19.3to 31.8 ug
PM,0/m?).* Associations are consistent across exposure estimates when calculating ORs per standard
deviation change suggesting that PM,o concentrations recorded at the urban background monitoring
station correctly reflect desert dust concentrations. Because the adjusted ORs do not contrast with
the crude ORs, the potential for confounding is small. In other words, these results suggest that

desert dust episodes influence preterm birth above and beyond the wide range of established risk
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factors. That higher ORs were found for spontaneous preterm births than medically induced preterm
births is not unexpected. Although some underlying disorders are common to both outcomes (e.g.,
preeclampsia), other specific conditions that cause induced preterm births are not assumed to be
influenced by prenatal air pollution exposure, although a recent case-crossover study suggested that
a short-term increase in PM, s concentrations is a potential trigger of placental abruption.*

The underlying biological pathways of the effect of particulate pollution on pregnancy are
complex and multiple, given the chemical and physical heterogeneity of air pollutants and the
various stages of fetal vulnerability during pregnancy. Researchers have, however, suggested the
alteration of maternal—placental exchanges, endocrine disruption, oxidative pathways and alteration
of maternal host-defense mechanisms as possible mechanisms.”® However, compared to
anthropogenic particle pollution, coarse particles coming from desert sources could bring their own
toxicity because desert dust clouds carry heavy metals and biological components (such as bacteria,
viruses, fungi and endotoxins) to the downwind countries.”

At variance with our results, Dadvand et al.”* observed a small but statistically significant increase
in gestational age at delivery in association with the number of episodic days during the third
trimester and entire pregnancy. However, their study was conducted in another geographical region,
with differences in climate pattern, distance from dust sources and morphology or chemical
composition of the particles.

In conclusion, the current study suggests that exposure to desert dust episodes is associated with
preterm birth, while adjusting for sociodemographic and medical risk factors. Considering the
personal and social burden of this adverse pregnancy outcome, we believe that this finding is of
importance for both health care workers and policy makers to provide necessary preventive
measures (such as communicating personalized information to pregnant women about a desert dust

cloud moving to the coastline).
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Figure 1 Cumulative distribution of the mean PM;, concentration (ug/m?>) (A) and the proportion of
intense dust episodes (B) during pregnancy according to term (thick points) / preterm (thin points)

births (TIMOUN cohort, Guadeloupe archipelago, French West Indies, 2005-2007).
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