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SYNOPSIS
Objective. The study was designed to evaluate the association between socioeconomic level (as measured by maternal education, maternal occupation, and monthly
family income) and anencephaly.
Methods. The authors conducted a case-control study using data from the Epidemiological Surveillance System Register for Neural Tube Defects for three states of
the Mexican Republic: Puebla, Guerrero and the State of Mexico. Mothers of 151
cases of infants born with anencephaly and mothers of 151 control infants born
during the period March 2000 to February 2001 were interviewed about their
socioeconomic characteristics and other factors including reproductive history, use
of prenatal care, use of tobacco and alcohol, fever during pregnancy, and folic acid
supplementation.
Results. After adjustment for potential confounders, a risk gradient was seen with
decreasing maternal education. Women with less than a primary school education
(adjusted odds ratio [OR]⫽3.0; 95% confidence interval [CI] 1.2, 7.6) and women
who had completed primary school but had not completed junior high school
(adjusted OR⫽2.2; 95% CI 0.9, 5.7) had higher risks of giving birth to an infant with
anencephaly, compared to women with a higher educational level. A monthly
income ⱕ1,000 pesos (approximately $100 U.S.) was also associated with a higher
risk of anencephaly (OR⫽2.5; 95% CI 1.2, 5.1). Women employed in industry or
agriculture during the acute risk period (three months prior to conception to one
month after conception) had a risk 6.5 times (95% CI 1.4, 29.6) that of professional
and business women.
Conclusions. This study helps to identify groups that may be especially vulnerable
to this type of congenital malformation so that primary and secondary preventive
strategies can be targeted to these groups.
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Neural tube defects (NTDs) are among the most important
congenital malformations. Clinical and experimental research demonstrates that maternal supplementation with
folic acid may reduce the probabilities of NTD occurrence
and recurrence,1 but the etiology of NTDs remains unclear.
Wide variations in prevalence based on geography, race/
ethnicity, and socioeconomic level suggest a complex interaction of genetic and environmental factors.2
While socioeconomic level has been established as a risk
factor for various adverse perinatal and infant outcomes
such as low birthweight3,4 and neonatal and post-neonatal
mortality,5,6 little research has explored the role of socioeconomic inequity in the prevalence of specific congenital
anomalies.7 Nevertheless, from the public health point of
view, the analysis of the effect of social inequity on NTD
prevalence is an important component of the evaluation of
population health needs and interventions, as well as important for generating hypotheses on risk factors specific to this
type of defect.
The majority of studies that have explored the role of
socioeconomic factors in the occurrence of NTDs have taken
place in developed countries. Given that the inequities between groups of different social strata are even more marked
in developing countries, it would be reasonable to expect
that if there is an association between socioeconomic factors
and NTDs, it would be stronger in developing countries
such as Mexico than in developed countries.
Mexico has one of the highest frequencies of anencephaly in the world, with a reported rate of 13.34 per 10,000 live
births.8 Nevertheless, preventive interventions such as periconceptional supplementation with folic acid or prenatal
screening have not been widespread in the country, and it is
probable that the most economically disadvantaged populations have the least access to such interventions.
The aim of this study was to investigate the association
between socioeconomic factors (maternal education, maternal occupation, and monthly family income) and anencephaly in three states of the Mexican Republic.

METHODS
We designed a case-control study using data from the Sistema
de Vigilancia Epidemiológica para los Defectos del Tubo
Neural (Epidemiological Surveillance System Register for
Neural Tube Defects [SVEDTN]) for three states of the
Mexican Republic: Puebla, Guerrero, and the State of Mexico.
The SVEDTN forms part of the Sistema Nacional de
Vigilancia Epidemiológica (National Epidemiological Surveillance System), which compiles information from all of
the institutions within the national health system, through
reporting mechanisms such as certificates of death and fetal
death. Anencephaly is a defect that is incompatible with life,
so every case requires the completion of a certificate of
either fetal death or death, and all of these certificates must
by law be channeled through the health system of each state
to the Sistema Nacional de Vigilancia Epidemiológica.
The study was approved by the Ethics Committee of the
Instituto Nacional de Salud Pública (National Institute of
Public Health) of Mexico; all participating mothers signed a
letter of informed consent before participation.

Selection of cases and controls
Cases and controls were matched on state of residence,
maternity service, and date of birth. Live and stillbirths at 20
or more weeks’ gestation ascertained by the local SVEDTN
from March 1, 2000, through February 28, 2001, with anencephaly (International Classification of Diseases, 10th Revision, code Q00.0) as a cause of death were potentially eligible. The diagnosis of anencephaly was made by the doctor
who filled out the death or fetal death certificate.
For each case, a control was selected from the same
maternity service in which the case infant was born. The
control was the next live birth free of any congenital malformation apparent at birth.
For infants to be included in the study, their mothers had
to have been living in the state in which they delivered for
the entire year prior to the birth and had to be interviewed
during the first three months postpartum.
During the study period, 252 cases of anencephaly were
identified in the three states. Fifty-seven cases were excluded
because the three-month period established for the interview had been passed because of delays in case notification.
We excluded another six cases because the families emigrated. This left 189 case mothers who complied with the
inclusion criteria; of these, 157 (83.1%) agreed to participate.
Once a case mother agreed to participate in the study, we
contacted the mother of the corresponding control infant.
A total of 160 potential control mothers were contacted; 151
(94.4%) agreed to participate; it was not possible to find a
control case that complied with the inclusion criteria for six
of the cases.

Measurement of the exposures
of interest and potential confounders
Case and control mothers were interviewed at home using a
standard instrument,9 which was adapted for use in our
study. The complete instrument included questions on
sociodemographic characteristics (age; marital/living status;
maternal education; maternal occupation during the
periconceptional period; and monthly family income); habits (lifetime and periconceptional tobacco and alcohol use),
periconceptional illnesses and fever, multivitamin intake in
the periconceptional period, reproductive history (number
of pregnancies; history of stillbirths, spontaneous and induced abortions, premature births, and malformed children),
use of prenatal care, as well as information on the birth
details of the case and control infants (sex; gestational age;
and type of birth: vaginal or caesarean).
The questionnaires were administered by trained nursing staff. The interviewers helped the mothers define their
periconceptional period of interest, or acute risk period
(ARP), which was defined as the period from three months
prior to conception to one month after conception. The
interviewers were not aware of the main study hypothesis.
All of the women who refused to participate in the study
agreed to answer a brief questionnaire, administered by the
same personnel, which included information on socioeconomic characteristics and reproductive history.
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Construction of indicators
The socioeconomic indicators were categorized as follows.
Maternal education was based on the highest grade completed in formal education. Three categories were defined:
⬍6 years of education, i.e., did not complete primary school
(educación primaria); 6–8 years of education, i.e., completed
primary school but not middle school (educación secundaria);
and ⱖ9 years of education, i.e., completed middle school.
The monthly family income in Mexican pesos was measured in terms of ranges: ⱕ1,000, 1,001–2,500, 2,501–5,000,
5,001–6,500; ⱖ6,500). Given that 1,000 pesos (approximately
$100 U.S.) is the minimum monthly salary in Mexico, this
amount was considered the cut-off point in the analysis for
categorizing the level of income.
Maternal occupation in the periconceptional period was
based on paid work activity during this period and was categorized according to the principal occupation classification of the Instituto Nacional de Geografía y Estadística
(National Institute of Geography and Statistics). Three categories were defined: manual workers (agriculture or industry), professional and business women, and housewives or
students.
Based on their reproductive history, we classified the
women as multigravida with adverse reproductive antecedents (spontaneous or induced abortions, stillbirths, premature births, or previous malformed children); multigravida
without adverse reproductive antecedents; or primigravida.

Statistical analysis
We used conditional logistic regression to evaluate the bivariate associations between education, income, occupation,
and anencephaly; the corresponding paired odds ratios
(ORs) and 95% confidence intervals (CIs) were calculated.
We evaluated the following potential confounders: maternal age, reproductive antecedents, prenatal care, periconceptional use of alcohol and tobacco, supplementation
with folic acid, and periconceptional diseases and fever. Those
variables that were associated with the independent variables of interest as well as with anencephaly and that modified
the paired ORs corresponding to the association between
socioeconomic factors and anencephaly by 10% or more
were considered to be confounders.
Multivariate models were generated by means of multiple conditional logistic regressions and included the variables that were confounders, as previously described, as well
as those that were considered to be indispensable in explaining the study event.
The analysis was performed using Stata software, Release
7.0.10

RESULTS
The distribution for 151 case mothers who were matched to
controls was: 110 (72.9%) from Puebla, 21 (13.9%) from the
State of Mexico, and 20 (13.3%) from Guerrero, very similar
to the distribution for all 157 women who agreed to participate (72.6% from Puebla, 14.0% from the State of Mexico,
and 13.4% from Guerrero).
As shown in Table 1, there were no significant differences
in the main variables of interest between the 157 mothers
who agreed to participate and the 32 who declined partici-
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pation, although the difference between groups in age distribution was of borderline significance.
For 10 cases and three controls, there was no information about the sex of the baby. The proportion of females
was greater in the case infants (80/147; 54%) than in the
control infants (66/148; 44%; p⫽0.09), while the gestational
age of the cases was on average 7.8 months, significantly less
than that of the controls (8.9 months). There were no differences in type of delivery between the case mothers and the
control mothers: 75.5% of case mothers and 73.3% of control mothers had vaginal deliveries, while 24.5% of case
mothers and 26.7% of control mothers had caesarean deliveries. Eighty-one percent of the cases were stillbirths.
Table 2 compares the characteristics of the mothers of
case and control infants with respect to potential confounding variables. There was a higher proportion of women older
than 35 years among the case mothers, although the difference was not statistically significant. Multigravidae with adverse reproductive histories had a significantly higher risk of
having a child with anencephaly than primigravidae. There
was an increase in risk with increasing parity. Among the
case mothers, there was a greater proportion of women with
a history of hormonal contraceptive use.
There were no significant differences with respect to prenatal care, marital status, and tobacco and alcohol consumption during the ARP, or the presence of acute respiratory
infections or fever during the ARP.
It is worth mentioning that 13 women reported the use of
multivitamins containing folic acid during pregnancy, but
only three (two cases and one control) reportedly took them
during the ARP.
With respect to socioeconomic indicators, the paired and
adjusted ORs are shown in Table 3. After adjustment for
potential confounders, a risk gradient was seen with decreasing maternal education. Women with less than a primary
school education (adjusted OR⫽3.0; 95% CI 1.2, 7.6) and
women who had completed primary school but had not
completed junior high school (adjusted OR⫽2.2; 95% CI
0.9, 5.7) were at higher risk, compared with women with a
higher educational level. Similarly, the risk was significantly
higher in women with a monthly family income ⱕ1,000
pesos, compared with those with higher incomes (OR⫽2.5;
95% CI 1.2, 5.1). After adjustment for confounders, women
working in industry and agriculture during their ARP had a
significantly higher risk of having children with anencephaly than professional or business women (OR⫽6.5; 95% CI
1.4, 29.6).

DISCUSSION
This study demonstrates that low socioeconomic level, measured by means of different indicators, is associated with an
elevated risk of anencephaly. This is one of the few studies
that have explored the association between various socioeconomic factors and a specific neural tube defect, as the
majority of studies have examined NTDs as a group.7,11,12
This is relevant, as the various neural tube defects are anatomically distinct and can have different etiologies.13,14
Our results are consistent with the findings of other authors. Wasserman et al. measured social indicators at the
individual and community level and found higher risks of

Public Health Reports / January–February 2005 / Volume 120

42

䉫

Research Articles

Table 1. Characteristics of eligible mothers who agreed to participate in the study
vs. eligible mothers who declined to participate
Agreed to participate
(n⫽157)
Variable
Age in years
⬍18
18–34
ⱖ35

Declined participation
(n⫽32)

Number

Percent

Number

Percent

13
126
18

8.3
80.2
11.5

4
20
8

12.5
62.5
25.0

p-valuea
0.08

Education
Did not complete primary school
Completed primary school but not
junior high school
Completed junior high school

73

46.5

12

37.5

0.23

49
35

31.2
22.3

15
5

46.9
15.6

Monthly family income in pesosb
ⱕ1,000
⬎1,000

76
76

50.0
50.0

16
16

50.0
50.0

Occupation in ARPb
Housewife
Agriculture or industry
Professional/business

105
29
10

72.9
20.1
7.0

19
9
3

61.3
29.0
9.7

Number of pregnanciesb
1
2 or 3
ⱖ4

52
53
52

33.1
33.8
33.1

6
14
11

19.3
45.2
35.5

Adverse reproductive antecedentsb
Primigravida
Multigravida without adverse antecedents
Multigravida with adverse antecedents

52
54
46

34.2
35.5
30.4

6
15
11

18.8
46.8
34.4

1.00

0.52

0.27

0.22

a

Chi-square test

b

Due to missing values, numbers for some variables do not equal the total of participants and those who declined to participate.

ARP ⫽ acute risk period, defined as the period from three months prior to conception to one month after conception

NTDs in children of women with lower educational levels,
lower incomes, and employment as manual laborers. The
association was stronger with social indicators at the level of
area of residence than with individual indicators.11 An association between living in socially deprived areas and anencephaly was found by Elwood and Elwood.15 Similarly, Olshan
et al. found that low socioeconomic level, measured by means
of a scale based on education, income, and occupation, was
associated with a higher risk of anencephaly and spina
bifida.16
In Mexico, Mutchinik et al. found a significantly greater
frequency of bricklayers among fathers of anencephalic children than among fathers of healthy children.17 The authors
attribute this difference to the low socioeconomic level associated with this occupation.17
However, other studies have not demonstrated an association between socioeconomic level and NTDs.18,19 Vrijheid
et al. found that the risk of non-chromosomal anomalies
such as cardiac, digestive, and multiple malformations, increased as the degree of social deprivation increased but did
not find a significant association for this variable with NTDs.7
The discrepancy in the results of these studies could, in

part, be due to the fact that the authors used different
indicators for socioeconomic level and to the characteristics
of the populations studied: some studies included all products of conception affected by malformations as cases (including miscarriages and induced abortions) and others included only stillbirths and/or live births.
In our study, the consistency in the relationship between
risk of anencephaly and socioeconomic level across various
indicators raises the question of how these factors may be
operating. A higher level of maternal education is associated
with greater knowledge, more autonomy, and as a result a
greater capacity to manage risks and make decisions that
affect one’s health and that of one’s children.20 These factors impact the outcomes of pregnancies. The relationship
of low maternal education with NTDs may also reflect dietary habits, access to medical care, and/or direct knowledge about the importance of folate in the diet.12 In Mexico,
the proportion of women with less than elementary education is still very high (29.3%).21 Given that the fertility rate is
higher in these women than in women with a higher level of
education,22 one would expect a large number of pregnancies to be at risk.
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association with congenital malformations has been reported.24,25 In Mexico, the existing official norms that regulate the use and handling of solvents and pesticides are not
rountinely followed. In the case of poor peasants who work
small family plots, the use of obsolete equipment for applying pesticides and the absence of protective measures are
common. Among 35 women employed in agriculture in our

Occupation is related to differential exposure to diverse
physical and chemical agents that can cause adverse health
effects.23 This could explain the fact that women who had
jobs in industry and agriculture that involved potential exposure to solvents or pesticides had a higher risk of having
children with anencephaly than women in other occupations. The reproductive toxicity of these products and their

Table 2. Paired odds ratios (ORs) for anencephaly according to selected confounders in case and control mothers
Case mothers
(n⫽151)

Control mothers
(n⫽151)

Percent

Number

Percent

ORa (95% CI)

13
122
16

8.6
80.8
10.6

17
125
9

11.3
82.8
5.9

Reference
1.3 (0.6, 3.1)
2.6 (0.8, 8.4)

Adverse reproductive antecedentsb
Primigravida
Multigravida without antecedents
Multigravida with antecedents

50
52
46

33.8
35.1
31.1

69
20

47.9
38.2
13.9

Reference
1.4 (0.8, 2.5)
3.0 (1.5, 5.8)

Number of pregnancies
1
2 or 3
ⱖ4

50
52
49

33.1
34.4
32.5

69
55
27

45.7
36.4
17.9

Reference
1.4 (0.8, 2.4)
2.9 (1.5, 5.6)

132
18

88.0
12.0

142
9

94.0
6.0

Reference
2.5 (1.0, 6.4)

82
54
15

54.3
35.8
9.9

81
61
8

54.0
40.7
5.3

Reference
0.9 (0.6, 1.3)
3.2 (0.9, 11.7)

Lives with the child’s father
Yes
No

130
21

86.1
13.9

125
26

82.8
17.2

Reference
0.8 (0.4, 1.5)

Tobacco use during ARP
No
Yes

145
6

96.0
4.0

141
9

94.0
6.0

Reference
0.7 (0.2, 1.9)

Alcohol use during ARPb
No
Yes

138
13

91.4
8.6

134
15

89.9
10.1

Reference
0.8 (0.3, 2.0)

Fever during ARP
No
Yes

129
22

85.4
14.6

138
13

91.4
8.6

Reference
1.9 (0.9, 4.1)

Acute respiratory infection during ARPb
No
Yes

117
34

77.5
22.5

125
25

83.3
16.7

Reference
1.7 (0.9, 3.4)

Supplementation with folic acid
during pregnancyb
Yes
No

7
141

4.7
95.3

6
143

4.0
96.0

Reference
0.9 (0.3, 2.6)

Variable
Age in years
⬍18
18–34
ⱖ35

Use of hormonal contraceptives
No
Yes
Start of prenatal careb
1st trimester
2nd or 3rd trimester
No prenatal care

Number

a

ORs were calculated using discordant sets and cannot be directly obtained from the data shown in the table.

b

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

ARP ⫽ acute risk period, defined as the period from three months prior to conception to one month after conception
CI ⫽ confidence interval
OR ⫽ odds ratio
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Table 3. Paired and adjusted odds ratios (ORs) for anencephaly according to socioeconomic indicators

Variable
Educationb
Completed junior high
Completed primary school but not
junior high school
Did not complete primary school
Monthly family income in pesos
⬎1,000
ⱕ1,000

Case mothers
(n⫽151)
Number

Control mothers
(n⫽151)
Number

Paired ORa (95% CI)

Adjusted OR (95% CI)

32
47

60
46

Reference
2.5 (1.2, 5.2)

Reference
2.2 (0.9, 5.7)c

72

43

4.2 (2.1, 8.7)

3.0 (1.2, 7.6)c

71
75

97
51

Reference
2.4 (1.4, 4.3)

Reference
2.5 (1.2, 5.1)d

8
102
28

17
98
17

Reference
2.7 (0.9, 8.6)
4.4 (1.3, 14.8)

Reference
3.1 (0.7, 13.3)e
6.5 (1.4, 29.6)e

b

Maternal occupation during ARPb
Professional/commerce
Housewife/student
Industry/agriculture
a

ORs were calculated using discordant sets and cannot be directly obtained from the data shown in the table.

b
c

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

Adjusted for family income, maternal age, number of pregnancies, and occupation during ARP.

d
e

Adjusted for maternal education, maternal age, and occupation in ARP.

Adjusted for maternal eduacation, age of mother, family income, and adverse reproductive antecedents.

ARP ⫽ acute risk period, defined as the period from three months prior to conception to one month after conception
CI ⫽ confidence interval
OR ⫽ odds ratio

study, only one reported using protective measures that might
be considered adequate. In contrast, a higher income would
theoretically facilitate access to better housing in areas less
exposed to potentially harmful agents, a better diet, and
health services,26,27 including prenatal care. In our study, the
majority of mothers reported having used prenatal care, but
we did not evaluate the characteristics of this care in any
depth. Access to prenatal health services and the quality of
these services, which are both linked to socioeconomic level,
may influence the prevalence of anencephaly by social group
in two ways: a greater probability of prenatal diagnosis and
elective termination of pregnancy in certain social strata,28
and periconceptional supplementation with folic acid, as
differences in supplementation by socioeconomic status have
been found.29 However, in our study, the association between socioeconomic indicators and anencephaly could not
be explained by supplementation, as only three women reported having received folic acid in the ARP.
One of the limitations of our study is that 25% of the
mothers of identified case infants were not interviewed,
largely because of delays with case notification. Given that
the opportunity for notification in Mexico is more precarious in communities of low socioeconomic level, any selection bias would have tended to underestimate the true association between socioeconomic indicators and anencephaly.
On the other hand, the cases that were included in the
study were products of 20 or more weeks gestational age and
excluded spontaneous and induced abortions. Assuming that
higher income and more education are associated with a
higher rate of elective terminations of pregnancy, the possibility of selection bias cannot be excluded and the association between socioeconomic factors and anencephaly might

be overestimated. The evaluation of the preceding assumption in the Mexican context is difficult, as there are legal
and de facto restrictions on inducing abortions and as a
result, very little information, if any, is available.
The existence of information bias derived from the differential reporting of exposure by mothers of the case and
control infants cannot be completely excluded. With reference to education, differential reporting seems unlikely given
that the majority of the women had completed their formal
education, educational history is easy to remember, and the
population does not attribute congenital malformations to
educational level.
Although it is difficult to measure income with precision
in epidemiological studies,23 it is unlikely that the case mothers differentially reported lower incomes than the control
mothers. Any bias would be non-differential and would bias
the association between income and anencephaly toward
the null value.
In the case of reproductive antecedents, is unlikely that
mothers misreported their previous stillbirths, malformations, or abortions. Nevertheless, Kristensen and Irgens found
that mothers tend to “forget” previous fetal losses of short
gestational age when the most recent birth has had an adverse outcome.30 This could have led to differential information on the number of pregnancies, leading to a certain
degree of residual confounding.
With regard to alcohol and tobacco use, given that their
use by women, and more so during pregnancy, is socially
disapproved, the mothers could have underreported their
consumption, which would not permit adequate control of
potential confounding.
Although the interviewers knew of the case or control
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status of the mother, they were specially trained and, moreover, did not know the hypothesis of the study. Thus, bias
derived from the differential application of the questionnaire is not very likely. On the other hand, although the
sample size was large enough to enable us to find a statistically significant association between socioeconomic indicators and anencephaly, it would be necessary to employ a
larger sample for the estimates of the association between
occupation and anencephaly to be more precise.

8.
9.

10.
11.

CONCLUSIONS
The results of this study can help to identify groups particularly vulnerable to anencephaly; extra efforts should be made
to inform groups at elevated risk and to ensure that folic
acid supplementation is available to them. Moreover, access
to adequate health services should be available for all women,
and equal opportunities should be assured for women of
low socioeconomic status to procure safe medical services
for the elective termination of pregnancy when required.
In the case of women who are occupationally exposed,
more studies are necessary to evaluate the teratogenic effect
of solvents and pesticides. It is worth emphasizing the need
to strictly comply with the established norms for the use and
handling of toxic substances and to establish measures that
protect women of reproductive age.
Finally, additional research is required to evaluate the
etiologic interrelationships between socioeconomic factors,
social processes, and biological factors for NTDs in general,
and anencephaly in particular.
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