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Abstract

Background: Latin America has always had high maternal and infant mortality rates.
However, the prevalence of asthma in pregnant patients and their outcomes are unknown.

We aimed at answering those questions in a developing country’s maternity hospital.

Methods: Since January 2011, a cohort of 591 pregnant asthma patients was prospectively
recruited for 60 consecutive months. Patients were followed up by a multidisciplinary team until
delivery. They were divided into two groups: one of 186 smokers or morbidly obese patients and
another of 405 nonobese nonsmokers. Outcomes of mothers and their babies were documented.

Results: Out of 57,031 deliveries, the overall estimated prevalence of 591 asthmatic
pregnant patients was 1.03%. When adjusted for age standardized prevalence, it turned to 9.2%.

With 28 maternal deaths (49 per 100,000 live births). None of these women had asthma.
There were also 413 deaths among newborns (7.24/1000 live births). One occurred in the smoker/
obese group (5.37/1000 live births) and two in the nonsmoker nonobese group (4.84/1000
live births). The prevalence of asthma during pregnancy seemed lower than in some affluent
societies. Overall maternal mortality rates were similar to national figures; however, data on
mothers’ mortality with asthma were unexpectedly absent.

Conclusion: A multidisciplinary approach and the use of a low-cost inhaled steroid seemed
to be the reasons for this. However, infant mortality rate remained high, which could be related to
the risk of asthma itself. We believe there’s a worldwide need for agreements on a standardized
approach for asthma’s epidemiological surveys, in order to make them comparable.
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Introduction

Latin America has high maternal mortality rates, from
15 (per 100,000 live births) in Uruguay to 206 in Bolivia, in
2015 [1]. Developed nations such as Spain or Canada had a
maternal mortality rate of 5 in the same year [2] or 4.8in 2011
[3], respectively. In Central America, Costa Rica has the lowest
maternal mortality rate at 25, followed by EI Salvador at 42,
and Nicaragua at 150 [1]. The same is true for infant mortality:
9 in Costa Rica and 19 in Nicaragua [1]. El Salvador’s latest
report shows a rate of 10.7 (per 1000 live births) in children
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less than 5 years old, 5.7 in babies less than 28 days old, and
4.3 in babies less than 7 days old [4], which is three times
higher than in France and Germany [1].

When investigated using written standardized
questionnaires, Latin America’s self-reported symptom
prevalence of chest wheezing over the past 12 months in
teenagers aged 13-14 years rose from approximately 7% in
Mexico to 25% in Peru [5]. Central America reported rates
of asthma diagnosis in children of the same age, ranging
from 15.2% in Nicaragua to 23% in Costa Rica and 24% in
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El Salvador [6]. In terms of asthma symptoms, these rates
were lower than those in the UK (37%), Australia (35%),
and Canada (31%), but higher than those in Finland (14%),
Germany (13%), France (12%), and Belgium (12%) [5]. While
asthma prevalence in pregnant patients and their outcomes
are well known in other countries and regions [7-11], we
found only one Mexican case series of 296 patients recruited
from June 1998 to May 1999 reporting a prevalence of 2.5% in
pregnant teenagers [12].

Asthma, indicated by a history of physician diagnosis,
is a valid definition for epidemiological studies [13,14].
However, such definition has also been addressed in different
ways. Some obtain it as a self-reported diagnosis by patients
themselves, when asked whether they have been told by a
doctor they have asthma [14-16], from chart reviews [7], by
answering a phone interview [17] or a questionnaire [18,19],
or retrospectively from administrative data files [9,11,20,21].
Itis known that most retrospective studies are subject to recall
bias. In fact, we found that 15 out of 18 studies obtained their
data in such a manner. Very few got it directly by physicians’
diagnosis in prospectively recruited cohorts [15,22,23].

From the standpoint of infants, the most severe
complication of pregnancy is fetal or neonatal death.
However, many published surveys did not control for
confounding factors known to increase fetal mortality risk,
such as smoking or obesity [11,15,20,21,24]. In one study of
620 pregnant patients with respiratory symptoms, 132 were
patients with asthma and at the same time smokers [25]. We
did not find a study that intentionally controlled smoking as a
risk factor. Obesity, meaning a body mass index (BMI) > 30, in
pregnancy has also been associated with an increased risk of
asthma exacerbations [26]. In a Swedish study from a general
population’s birth registry of 805,275 women, morbid obesity
(BMI > 35) was found to be associated with an increased risk
of stillbirths and early neonatal death [27]. Again, we were
unable to find any study that specifically controlled obesity as
a confounding factor in pregnant patients with asthma.

There are no recent Latin American reports on asthma and
pregnancy prevalence and no reports on maternal or newborn
mortalities to compare them to those of developed nations.

Accordingly, we estimated the prevalence and mortality
rates in a cohort of pregnant women with asthma and their
newbornsinalow-income country with high maternaland high
infant mortalities, while attempting to overcome the obstacles
faced by other researchers, by controlling confounding factors
for asthma itself, such as active and passive smoking, and
those for infant mortality such as morbid obesity, in addition
to collecting data in a prospective manner to decrease the
chances of recall biases.

Methods

The Primero de Mayo Hospital is a 198-bed gynecology/
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obstetrics referral institution. It takes care of about 250,000
pregnant and nonpregnant women living in San Salvador’s
area. Besides attending to normal pregnancies and deliveries,
it also manages high-risk pathologies, and most prenatal
outpatients are admitted only by referral from attending
obstetricians in primary care settings. Once the hospital’s
obstetricians perform the initial screening for comorbidities,
patients are sent to the corresponding specialist for prenatal
follow-up, in this case, to the outpatient respiratory clinic.
From the first working day in January until the last working
day in December from 2011 to 2015 (5 years), a cohort was
recruited by logging it in a prospective manner based on the
following criteria: (1) chart record identification number;
(2) pregnancy and asthma diagnosis with or without other
comorbidities; (3) pre pregnancy BMI > 35, estimated by
subtracting 1 kg for every month of gestational age; (4)
fetal and neonatal outcomes followed up and recorded; (5)
being a current active smoker or having smoked for at least
12 consecutive months over the previous 2 years; and (6)
being a passive smoker either at home or at work for at least
12 consecutive months. Second-hand smoking is known to
trigger asthma [28]. The following were the exclusion criteria:
(1) lifelong exposure to cooking wood smoke at home or at
work and (2) use of chronic oral or topical beta-blocker or
ACE inhibitors.

Because of the study’s characteristics, all patients’ rights
were granted and IRB permission was waved.

Asthma diagnostic criteria

Patients were recruited on every working day as they came
to the respiratory clinic for appointments for 60 consecutive
months.

Asthma was diagnosed according to the 2010 GINA
guidelines:

1. Asking the patients if they had been told by a doctor
that they had asthma, and if the answer was yes, they
were asked if they still had on and off the presence
of at least one of the following symptoms: wheeze,
chest tightness, shortness of breath, or persistent
or intermittent cough, all of which vary in time and
intensity, followed by an examination focused on the
upper airways, thorax, and skin [29] or

2. Improvement of symptoms described above after
use of short-acting bronchodilators at the first office
appointments or at follow-up visits

3. On clinical grounds (history, physical examination,
and routine laboratory examinations and chest
radiography, plus, when needed, fiber-optic laryngo-
scopy, spirometry, and plethysmography, except
computerized tomography scan),

the following diagnosis were excluded:
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a) Vocal cord dysfunction

b) COPD

c) Bronchopulmonary Allergic Aspergillosis
d) Chronic sinusitis

e) Cystic fibrosis

f) Pneumonia

g) Heart failure

h) Idiopathic pulmonary hypertension
i) Tuberculosis

j) Vasculitis of the lungs

We did not exclude the following:

a) GERD,becauseithasbeen suggested tobeless prevalent
in pregnant patients with asthma than that in pregnant
patients without asthma [30].

b) Eosinophilic Bronchitis, as it is very uncommon and its
definitive diagnosis is made through bronchial biopsy,
which we considered impractical for this study.

c) Alpha 1 antitrypsin deficiency, because of a lack of
resources to make such diagnosis.

d) Hypereosinophilic obliterans bronchitis, as by the time
this study was started, such a disease had not been
described yet [31].

e) Whether they knew how to or not, all first-time patients
were trained by one of the authors (RA) to use inhalers
either directly or through a spacer. Short-acting beta
agonists (salbutamol) were prescribed as needed,
with inhaled corticosteroids (beclomethasone) to be
used regularly. Because of literacy problems, a written
management plan was not suitable for everyone;
therefore, it was avoided. Patients were verbally
educated about asthma, as well as the importance of
sticking to the treatment plan and avoiding triggers.
All patients had monthly follow-ups and underwent at
least one spirometry test during the whole pregnancy.
Furthertestswererequested whenneeded. Mostwomen
had been diagnosed with asthma before becoming
pregnant and had normal spirometry results. Twenty-
one (about 3.5%) patients with exacerbation were
identified during office appointments and had to be
admitted for treatment with systemic steroids.

We aimed to meet four important aspects of asthma
treatment: mother’s close monitoring and education about her
disease, trigger avoidance, and proper pharmacological
treatment.
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Results

The flowchart of deliveries and outcomes is shown in
Figure 1. There were 57,031 deliveries managed at the
hospital; 41,081 were pregnancies without comorbidities, and
15,950 pregnancies were associated comorbidities. Namely,
about two-thirds had diabetes and/or high blood pressure
and/or hypothyroid disease.

Out of those pregnant with comorbidities, there were 634
referred to the respiratory clinic, with at least one asthma
associated symptom (episodic dyspnea, cough, wheezing or
chest tightness).

Among them, we diagnosed 405 asthmatics non obese
nonsmokers.

We also diagnosed 186 who were either obese and or
second-hand smokers: 56 non obese second-hand smokers
plus 93 obese second-hand smokers and 37 obese but with
no exposure to second hand smoking, leading to a total of 591
pregnant patients with diagnosis of asthma.

Their ages were between 18 to 37 years old. All but two
came to full term. No active smokers were pregnant. A total of

413 28
NEWBORN 57031 MATERNAL
DEATHS [« DELIVERIES DEATHS
(7.24/1000 (49/100000
live births) live births)
15950 41081
PREGNANCIES PREGNANCIES
WITH WITHOUT
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186 405
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Figure 1: Deliveries and outcomes flowchart.
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43 patients were excluded, mostly because of other diagnosis
such as acute bronchitis, pneumonia, tuberculosis, chronic
sinusitis, heart failure, bronchopulmonary aspergillosis or
idiopathic pulmonary hypertension. Nobody was on chronic
antihypertensive treatment nor exposed to wood smoke
for cooking. The estimated asthma prevalence for the total
number of deliveries was 1.03%. El Salvador’s 2019 estimated
population was 6,420,146 people and the number for the 18-
37 years old women'’s segment was 1,181,654 people [32].

Accordingly, after calculating the respective crude rate,
the estimated age standardized prevalence was 9.2%. Among
the 57,031 deliveries, there were 413 newborn deaths
(7.25/100,000 live births). One occurred in a second-hand
smoker and obese woman (5.37/1000 live births) due to
prematurity, and two belonged to one nonobese nonsmoker
mother. They were twin boys who died in 2013 because of
prematurity (4.93 per 1000 live births). Twenty-eight maternal
deaths occurred during the investigation period, equivalent to
49 per 100,000 live births. None of these patients had asthma.

Discussion

We attempted to overcome the limitations of other
studies by implementing prospective clinical data gathering
and controlling for confounding factors such as smoking
and obesity. A 2014 survey showed that 2% of women and
17% of men were active smokers in El Salvador. Therefore,
this is probably the main reason why there were no active
female smokers in the cohort, but instead, a rather unusual
number of second-hand smokers [33]. Conversely, according
to local figures, up to approximately 12% of school girls were
obese, which seems to also apply to pregnant adult women
[34]. Asthma is episodic and variable, and its diagnosis can be
difficult due to different diseases with similar presentations
and because there is no single measure to provide definite
proofofit.Inaddition, spirometry hasbeen questioned asbeing
too variable when it comes to defining airflow obstruction.
It has been pointed out that the fixed cutoff points of FEV1/
FVC ratios may misidentify airflow obstruction in adults, with
an overestimation of the value of 0.80 and underestimation
of the value of 0.70 [35]. The diagnosis of asthma depends
more on physicians’ correlation of patient history, physical
examination, and pulmonary function tests [36]. Because of its
episodic nature, some women diagnosed with asthma may not
be symptomatic during pregnancy and as there are no definite
diagnostic criteria, a number of undiagnosed individuals
may have symptoms during pregnancy. Thus, distinctions
made only on the basis of asthma diagnosis can lead to
misclassification [37]. Over or underdiagnosis is a potential
event [17,38]. For example, an earlier Canadian study found
that 129 out of 206 patients diagnosed with asthma did not
show airway responsiveness on methacholine test [39].

Asthma appears to be more common in wealthy nations
[19]. Within countries, evidence for this association is
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conflicting [40,41]. More recent data support the fact that
asthma is associated with low social and economic status,
regardless of the country where the person lives [42].
One reason for these differences may be the diagnostic
methodology. In this context, relying on symptoms such as
cough and wheezing could be misleading. Those with better
access to health care get diagnosed and treated earlier. For
example, in the USA, Black and Hispanic women have an
increased perinatal risk when compared to white women with
the same characteristics [14,15,17,43]. Some studies have
reported higher asthma prevalence in the general population
than in pregnant women. In the UK, USA, and Australia,
estimations of asthma prevalence and pregnancy range from
approximately 8% to 12% ([8,44,45]. This is more than ten
times the prevalence in our findings. We suspect it is due to
methodological discrepancies.

We think that our estimates are valid, considering that the
population from which the sample was taken is about 250,000
women. The impact of asthma associated with pregnancy on
fetal and newborn welfare has never been investigated in a
developing country with high maternal and infant mortalities.
While we acknowledge this study’s main weakness, is the
rather small sample size, maternal and newborn mortalities
were as expected. However, the deaths of mothers with asthma
were surprisingly absent, considering the high prevalence
of maternal mortality in the population as a whole. Close
prenatal follow-up through a multidisciplinary approach and
alow-cost inhaled steroid appear both to be the main reasons.
However, to date there’s not enough information about what
would be the best pharmacological and non-pharmacological
management of pregnant asthmatic patients [46,47].

Unfortunately, infant mortality does not change according
to national rates [4]. As for deaths of premature babies, we
thought the risk seemed independent of the use of corticoids
or other factors ([14,15,22].

Finally, asthma and pregnancy prevalence seemed lower
than that in some affluent societies. We believe there is a
worldwide need for agreements on a standardized approach
for asthma’s epidemiological surveys in order to make them
comparable.

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit
sectors.
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