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In this installment of International Observer, Blanco-Muñoz et al. make an important contribution in showing that
spontaneous abortion risk increases significantly (odds ratio 5 4.6) when both parents are smokers. What is very
interesting—and troubling—is that the maternal component is typically examined, yet the paternal component
when added to the maternal component makes smoking a significant risk to unborn children. This notion is
particularly interesting when nearly 70% of men identify as smokers vs. 29% of women.1
As efforts to illustrate the negative health effects of smoking increase globally, particularly in developing countries, we need to expand our research to include the contribution both parents make to the unborn children’s
risk. A 2003 Food and Agriculture Organization (FAO) report on worldwide tobacco consumption and production reported that world tobacco demand is expected to increase in 2010 to 7.1 million tonnes in dry weight.
In developed countries, overall demand is declining slowly and is expected to be at about 2.05 million tons in
2010, or about 10% lower than the 2.23 million tons consumed in 1998. The report suggests that consumption
in developed countries in 2010 is expected to represent only 29% of the world total, down from 34% in 1998,
with the remaining 71% reflecting demand in developing countries. In other words, the FAO indicates tobacco
demand in the future will be determined mainly by developing countries.2
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Conclusive evidence shows that maternal tobacco consumption increases the risk of infertility, subfertility,
ectopic pregnancy, preterm birth, low birthweight, and
stillbirth.1 Nevertheless, evidence with respect to the
risk of spontaneous abortion (SA) (i.e., miscarriage) is
inconsistent.2 In a case-control study, Kline et al. identified an increase in miscarriages in women who were
smokers.3 In Canadian women, Armstrong et al. found
a 20% increase in the risk of SA for every 10 cigarettes
consumed daily.4 Other authors have also shown a
positive association between cotinine levels in urine
and SA.5,6 On the other hand, in Rasch’s study, after
adjusting for other risk factors, women who smoked
10 to 19 cigarettes and 20 or more cigarettes per day

did not have significantly increased odds ratios (ORs)
for having SAs.7
The role of paternal tobacco exposure in adverse
reproductive effects has been scarcely evaluated. Some
reports in the literature assert that tobacco consumption in men is associated with morphological alterations
in sperm,8 a decrease in sperm density and motility,9,10
and a reduction in semen volume,11 which could have
implications for male fertility and embryo viability.
However, the scarce studies that to date have evaluated
the association between exposure to paternal tobacco
and SA are also contradictory.
Contrast that with the prospective study of Venners
et al.,12 in which information on paternal tobacco
consumption was collected directly from the father,
and an 80% increase was observed in the risk of SA
in people who smoked 20 or more cigarettes per day.
In the case-control studies13–15 in which exposure to
paternal tobacco was reported by the wife, no significant association was found between this exposure and
the risk of SA.
According to the 2002 National Survey of Addictions
(ENA 2002) in Mexico,16 70% of men between the
ages of 18 and 65 reported having consumed tobacco
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in varying amounts, while in women this frequency
was 29%. So, in case there was some effect of paternal
tobacco consumption on the risk of SA, even if this
effect was small, it could be important in absolute
terms because the frequency of exposure in men is
much higher than in women.
We evaluated the effect of maternal and paternal
tobacco consumption on the risk of SA, through a
nested case-control study within a cohort of pregnant
women in four municipalities of the state of Morelos,
Mexico.
METHODS
To evaluate the effect of organochlorines’ environmental exposure on child neurodevelopment, in January
2001 we formed a cohort study of women of reproductive age who were not breastfeeding and who did not
have a history of chronic diseases (e.g., hepatitis, renal,
and/or thyroid disease). During the state’s obligatory
prenuptial marriage counseling before the civil wedding ceremony, 1,585 eligible women were identified.
The response rate was 63%. Each participant, once
informed of the study’s objectives, signed a letter of
informed consent. This study had the approval of the
Ethics Committee of the National Institute of Public
Health.17
At the time of entering the cohort, each participant
and her partner was given a basal questionnaire that
included sociodemographic and dietary characteristics, reproductive history, and tobacco and alcohol
consumption. The couple was asked about tobacco,
alcohol, and work history in the present and during the
three years prior to their participation in the study.
Information on maternal and paternal alcohol
consumption and maternal coffee consumption was
obtained through a semi-quantitative questionnaire of
food consumption. For each beverage item, there was
a defined portion, and women and men were asked to
choose from 10 consumption frequency options, which
ranged from never to six times per day.
After this first interview, and taking into account
the date of the last (menstrual) period reported in the
basal questionnaire, each woman was contacted every
six weeks to conduct an early detection of a possible
gestation. Those who reported menstrual delays of 10
days or more were asked to take a pregnancy test and/
or have a clinical exam to determine whether or not
she was pregnant. If the pregnancy was confirmed,
a visit was scheduled to learn about the evolution of
the pregnancy and possible changes in the pregnant
woman’s habits during each trimester. The attrition
rate during this stage of the study was 28%. For women

who remained in the study and those who were lost to
follow-up, no significant difference (p.0.05) was found
among age (21.9 vs. 21.7 years), education level (10.7
vs. 10.4 years), occupation (45.6% vs. 44 %), and parity
.1 (18.9% vs. 14.7%).
From the beginning of the study until July 1, 2004,
456 women in the cohort became pregnant, among
whom 23 cases of SA were identified (defined as the
loss of pregnancy during the first 20 weeks). For each
case, up to four women whose pregnancies survived
more than 20 weeks were randomly selected; cases and
controls were matched by date of initiation of the last
menstrual period ( 15 days), resulting in 84 controls,
as it was not possible to find four controls that fulfilled
the pairing criteria for all cases.
For the analysis, the maternal and paternal periconceptional consumption of tobacco was classified
in four groups as follows: nonsmoking mother and
nonsmoking father, smoking mother and nonsmoking
father, nonsmoking mother and smoking father, and
smoking mother and smoking father.
The paternal occupation was classified as “risky”
and “not risky” according to the reported work activities and in view of the fact that, in previous studies,
certain occupations have been associated with the risk
of miscarriage.18 Occupations that were considered to
be risky included poultry farmer, farmer, bricklayer,
painter, maintenance worker, floriculturist (flower
grower), fumigator (pesticide applier), and potter.
To estimate the association between maternal and
paternal tobacco consumption, taking into account
potential confounders that significantly contributed
to explaining the event being studied, we constructed
multiple conditional logistic regression models. To
evaluate the presence of an exposure gradient, as a
function of whether only the mother or the father or
both parents smoked, the variable previously described
was included as continuous in the final model. All
analyses were conducted using Stata 9.2.19
RESULTS
The frequency of SA among the cohort was 5%. The
greatest number of SAs (90%) occurred before week
13; the median gestational age at which SA occurred
was 10 weeks. Table 1 shows the risk of SA associated
with some maternal and paternal characteristics of
the study population. Only employed women were significantly associated with an increase in the risk of SA
(OR52.74, 95% confidence interval [CI] 1.01, 7.40).
In 87% of the cases, one or both members of the
couple reported being smokers, while for the controls
this proportion was marginally lower (58%, p,0.05).
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Table 1. Risk of spontaneous abortion according to selected maternal and paternal characteristics
Characteristics
Maternal characteristics
Age (in years)
$21
<21
Education (number of years)
#9
.9
Previous pregnancies
0
1–2
Body mass index
.22.4
#22.4
Employment
Unemployed
Employed
Coffee intake (cups/day)
None
,1
$1
Paternal characteristics
Age (in years)
,24
$24
Employmentb
Not risky
Risky
Alcohol intakec (number of glasses/week)
#1
.1

Cases (n523)

Controls (n584)

Odds ratioa

95% CI

9
14

39
45

1.00
1.35

0.54, 3.39

11
12

37
47

1.00
0.92

0.36, 2.30

17
6

70
14

1.00
2.04

0.65, 6.42

10
13

41
43

1.00
1.21

0.48, 3.10

10
13

56
28

1.00
2.74

1.01, 7.40

9
7
7

30
41
13

1.00
0.58
1.63

0.20, 1.67
0.52, 5.13

12
11

43
41

1.00
0.98

0.39, 2.48

17
6

73
11

1.00
2.12

0.71, 6.30

10
11

29
32

1.00
1.21

0.43, 3.37

Conditional regression models

a

Poultry farmer, bricklayer, painter, maintenance worker, farmer, potter, flower grower, pesticide applier, or blacksmith were occupations
considered to be risky.

b

Due to missing values, numbers for these variables do not equal the total of cases and controls.

c

CI 5 confidence interval

Paternal or maternal tobacco consumption, considered
separately, was associated in a nonsignificant manner
with an increase in the risk of SA. However, when the
combined exposure of both members was analyzed,
it was observed that independently of age, occupation, and maternal caffeine consumption, as well as
the father’s occupation, those couples in which only
the man was exposed or both members were exposed
showed a risk of SA that was four times greater (p50.03)
compared with nonsmoking couples (Table 2).
DISCUSSION
To our knowledge, this is the first study to establish
the presence of a dose-response relationship between
maternal and/or paternal tobacco consumption and
the risk of SA. Our results suggest that paternal tobacco

consumption plays a relevant role in the increase of
this risk, independently of the tobacco consumption
reported by the woman.
In contrast with reports by other authors,3,4,6 we did
not find a significant association between maternal
tobacco consumption and SA, which could be partially
explained by the difference in the methodology used
in the study, the reduced sample size, and the fact
that few women were in the category of high tobacco
consumption.
Most of the studies have explained the adverse
effects of tobacco on the evolution of pregnancy as
a function of maternal exposure. Tobacco contains
several components that are toxic for the developing
embryo: nicotine, carbon monoxide, and mutagens.20
Nicotine has a vasoconstricting effect that reduces
the flow to the placenta.21 Carbon monoxide attaches
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to hemoglobin and displaces oxygen, which causes
maternal as well as fetal hypoxia. Tobacco has also
been associated with inhibition of the aromatization
of granulose cells and, as a consequence, with insufficiency of the corpus luteum.22 All of these mechanisms
could decrease the viability of the product and increase
the risk of SA.
In our study, although active maternal tobacco
consumption was not significantly associated with the
risk of SA, it is reasonable to consider that women
who are smokers, and whose partners also smoke,
are more intensely exposed to tobacco smoke, which
would explain the association observed when both
partners smoke.
An alternative hypothesis to explain the observed
effect would be through paternal exposure to tobacco.
As stated previously, some studies have found that
tobacco consumption in men is associated with dyspermia, a decrease in sperm density, reduced sperm
motility, or reduction in semen volume.10,11 Also, studies conducted with infertile couples who seek fertility
treatment have found that the probability of carrying
the pregnancy to term decreases in couples in which
the man is a smoker.23 In a prospective study, Venners
et al.12 found an independent association between
paternal tobacco consumption and early SA; however,
other authors have not found this association once
they control for maternal tobacco consumption.13–15
It is worth noting that these last studies were of the
case-control type in which the measurement of paternal
tobacco consumption was conducted retrospectively
through the mother, which could partially explain the
differences in the results.

Limitations
With respect to the existence of biases that could provide alternative explanations to our results, we discard
the presence of a selection bias among the controls
because these were selected within the cohort, which
guarantees that both cases and controls come from
the same population. Also, there could be selection
bias among the cases if the distribution of the tobacco
habit were smaller among pregnancies that were lost
early and which, as a consequence, could not be
detected, than in losses that occurred at later stages
of the pregnancy. However, the studies conducted in
infertile couples—where there is strict monitoring
to identify losses before the pregnancy is clinically
diagnosed—reveal that tobacco consumption in both
parents increases the probability of losses.24 In the same
way, the study by Venners et al., in a cohort of women
who provided a daily urine sample for early detection
of conception, showed a significant association between
paternal tobacco consumption and very early miscarriage.12 So, if there were a selection bias, it would be
underestimating the observed OR.
On the other hand, we consider that the possibility
of a selection bias in relation to smoking habits is low.
The study population consisted of mainly urban and
suburban residents and, according to the ENA 2002,16
about 34% of Mexican women from urban areas smoke
or have smoked. This proportion is similar to our results
(39%) among women in the control group.
The prospective study design allowed for the evaluation of exposure to be conducted prior to the occurrence of miscarriage, which decreased the possibility
of a differential information bias. Nevertheless, due to

Table 2. Adjusted effect of maternal and/or paternal smoking on spontaneous abortion risk
Cases (n523)
N (percent)

Smoking

Controls (n584)		
N (percent)
Odds ratioa

95% CI

Woman
No
Yes

11 (47.8)
12 (52.2)

51 (60.7)
33 (39.3)

1.68

0.61, 4.57

Man
No
Yes

7 (30.4)
16 (69.6)

51 (60.7)
33 (39.3)

2.89

0.99, 8.45

35
16
16
17

1.00
1.96
3.60
4.61

0.40, 10.1
0.80, 16.3
1.04, 20.5b

Couple
Woman
Woman
Woman
Woman

and man (no)
(yes) and man (no)
(no) and man (yes)
and man (yes)

3
4
8
8

(13.0)
(17.4)
(34.8)
(34.8)

(41.7)
(19.0)
(19.0)
(20.2)

Conditional regression model adjusted by: maternal age, maternal and paternal occupation, and maternal intake of coffee.

a

p for trend50.03

b

CI 5 confidence interval
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the knowledge that the population possesses regarding tobacco’s harmful effects on health, some smokers
could have been classified as nonsmokers, and the
association that was found in our study could be an
underestimation of the real one.
Another strength of the study is the fact that our
results were adjusted by variables that acted as potential
confounders: maternal age, maternal coffee consumption, and paternal and maternal occupation. In addition, in the design, pairs were formed by gestational age
according to what was suggested by Olsen and Skov25
for case-control studies in pregnant women.
The frequency of miscarriages in our population was
less than what was generally reported in the literature
(10% to 15%)26 and similar to what was found in other
studies conducted with women in Mexico City.27 The
differences found may be partially due to differences
in the methodology used in the study: the definition of
miscarriage as a function of gestational age (e.g., 20, 24,
or 28 weeks), the studied population (e.g., primiparous
or multiparous), and the study design.
Finally, we must take into account that the main
limitations of this study were the reduced sample size
and the scarce number of smokers in high exposure
categories. These factors had an effect on the power
of the study, as well as on our ability to evaluate the
existence of a dose-response relationship between the
number of cigarettes smoked by both members of a
couple and the risk of SA. Also, the reduced number
of cases did not allow us to evaluate whether maternal
and/or paternal tobacco consumption is mainly associated with early or late SA.
CONCLUSION
Our results provide additional evidence on the deleterious effect of maternal and/or paternal tobacco
consumption on gestation and the need to maintain
and intensify campaigns to reduce tobacco consumption in the population. Larger prospective studies that
evaluate active and secondhand smoking exposure in
both parents, including biomarkers of exposure like
cotinine before and during pregnancy, are needed to
detect the potential mechanism (female or male gamete damage) and to identify the true window of tobacco
exposure for early and later miscarriage risk.
This study was supported by Consejo Nacional de Ciencia
y Tecnología de México, Conacyt (31034-M, 41708, 13915);
Mount Sinai School of Medicine International Training
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(T37MD001452).
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