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Objectives: Evidence suggests that parental

occupation and Hispanic ethnicity may be risk

factors for some birth defects. Because few

studies have examined the effect of Hispanic

ethnicity on occupational associations, we

examined whether risk associated with certain

occupations was heightened in Hispanics

compared with non-Hispanic Whites.

Design: In this case-control study among

Texas births occurring from 1996 through

2000, cases of neural tube defects, isolated

oral clefts, and chromosomal anomalies were

linked to their respective live birth certificates.

A random sample of 4965 live births without

documented congenital malformations served

as the comparison group. Parental occupations

were categorized into groups according to

previously published associations. Logistic re-

gression was used to obtain odds ratios (OR)

and 95% confidence intervals (CI) for the

selected congenital malformations in relation

to parental occupations.

Results: Maternal occupations as cook or

nurse were associated with oral clefts (OR

3.3, 95% CI .6–16.0) and neural tube defects

(OR 3.1, 95% CI .5–13.1), respectively, among

births to Hispanic mothers, but not with births

to non-Hispanic White mothers. Hispanic

fathers who were electricians were more likely

to have offspring with chromosomal anomalies,

especially trisomy 18 (OR 7.4, 95% CI 1.6–

25.5), associations not seen among offspring of

non-Hispanic White fathers. Risk estimates

also differed by Hispanic ethnicity between

oral clefts and paternal occupations of elec-

tronic equipment operator, farmworker, jani-

tor, police officer, and printer.

Conclusions: In this study, we found differ-

ences for risk of several congenital malforma-

tions by Hispanic ethnicity in relation to

parental occupation. We recommend further

study of these risks in other Hispanic popula-

tions. (Ethn Dis. 2008;18:218–224)
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INTRODUCTION

Congenital malformations remain

the greatest contributor to infant mor-

tality.1 In the United States, the prev-

alence of several birth defects varies by

maternal ethnicity, such as neural tube

defects (NTDs: anencephalus, spina

bifida, encephalocele), oral clefts (cleft

lip with or without cleft palate, cleft

palate alone), and chromosomal anom-

alies. Compared with births to non-

Hispanic White mothers, more children

born to Hispanic White mothers have

neural tube defects2,3 and Down syn-

drome.3 On the other hand, the

prevalence of cleft palate is lower among

Hispanic births than among non-His-

panic White births.3–5 Differences in

genetic background, nutrition and use

of supplements, socioeconomic status,

use of prenatal diagnostic technologies,

and environmental or occupational

exposures might account for the ethnic

differential in prevalence of these de-

fects.

During the past 20 years, several

studies have been published regarding

the relationship between maternal and

paternal occupation and various types

of congenital malformations. Positive

associations have been noted between

parental occupation and offspring with

NTDs,6–11 oral clefts,9,12 and chromo-

somal anomalies,13 including Down

syndrome.14

Although several studies have been
conducted in the United States regard-

ing the relationship between parental
occupation and risk of congenital mal-

formations in offspring, few have spe-
cifically addressed the potential differ-

ences in these risks by Hispanic
ethnicity. In this study, we examined

whether Hispanic ethnicity modified
any associations between parental occu-

pations (based on job titles and expo-
sures found associated with these defects

in other studies) and risk for NTDs,
oral cleft defects, and chromosomal

anomalies.

METHODS

Study Population
Case and control births were select-

ed from births to Texas residents from
1996 through 2000. The Texas Birth

Defects Registry (TBDR) conducts
active birth defect surveillance by re-

viewing medical facility log books,
hospital discharge lists, and other rec-

ords. Although the TBDR includes
spontaneous abortions, fetal deaths,

and elective terminations with eligible
defects in the surveillance system, we
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restricted this study to live births

because of the availability of computer-

ized data from vital records about

parental occupation and place of work.

Congenital malformations selected

for this study included neural tube

defects (British Pediatric Association

[BPA] Classification of Diseases codes

740.000–742.090), oral clefts (BPA

codes 749.000–749.220), and chromo-

somal anomalies (BPA codes 758.000–

758.990). Chromosomal anomalies

were further categorized into Down

syndrome (BPA codes 758.000–

758.090) and non-Down syndrome

(BPA codes 758.100–758.990) anoma-

lies. Oral cleft cases were restricted to

those who had isolated defects. ‘‘Isolat-

ed’’ was operationally defined as an

infant having only one BPA code or

having one major BPA code with all

remaining defects being minor, as

proposed by Rasmussen et al.15 Cleft

palate and cleft lip with or without cleft

palate were also examined separately if

sufficient numbers of cases were avail-

able for analysis. Through vital record

numbers supplied by the TBDR, regis-

try cases were linked to their respective

computerized live birth records.

A total of 4965 control births

without documented congenital malfor-

mations were randomly selected as a

comparison group for all case groups

from the computerized live birth certif-

icate files for births occurring from

1996 through 2000. Controls were

frequency-matched to the entire sample

of congenital malformations by year of

birth and public health region of

maternal residence. The institutional

review boards of the Texas Department

of State Health Services and Texas

A&M University approved the research

protocol.

Data Collection and Analysis
Before categorizing the study popu-

lation’s parental occupations into rele-

vant occupational groups, we conducted

a complete literature review and retriev-

al of published articles of the relation-

ship between parental occupation (job

titles) and risk for neural tube defects,

oral clefts, and chromosomal anomalies.

For the study population, we identified

maternal and paternal ‘‘usual occupa-

tion’’ and ‘‘type of business’’ from the

computerized live birth certificate files.

We used the Standard Occupational

Classification system16 and the North

American Industrial Classification Sys-

tem17 to code and classify occupations

and industries, respectively. Coding of

occupation and place of work was

completed without knowledge of case

or control status.

In the data analyses, we used logistic

regression to obtain odds ratios (OR)

and 95% confidence intervals (CI) for

the selected congenital malformations

in relation to parental occupational

groups; exact logistic regression was

used in analyses with sparse data.18

We compared each maternal and pater-

nal occupational group (as identified

from the literature) relative to those

persons who worked in other occupa-

tions. Homemakers, students, and the

unemployed were not included in either

maternal or paternal referent categories.

Maternal age (,20, 20–24, 25–29,

30–34, 35–39, .39 years) and educa-

tion (,9, 9–11, 12, 13–15, .15 years)

were considered potential confounding

variables in this study, and all ORs were

adjusted for these covariates. ORs and

95% CIs were first calculated for all

ethnic groups combined (non-Hispanic

White, African American, Hispanic

White, other) in which at least three

each of the case and control mothers or

fathers worked in the occupational

groups of interest.

We further stratified parental occu-

pation and congenital malformation by

maternal and paternal Hispanic ethnic-

ity and conducted separate analyses by

ethnicity. We restricted these analyses to

occupational groups in which the ORs

for the combined ethnic groups were

.1.4. Separate analyses were not con-

ducted for African Americans or other

ethnicities because of insufficient num-

bers of cases and controls in the

occupational groups of interest.

RESULTS

A total of 608 cases with neural tube

defects, 1233 with isolated oral clefts,

and 2091 with chromosomal anomalies

were available for study; a random

sample of 4965 births without docu-

mented congenital malformations

served as the comparison group. Com-

pared to the controls, mothers of

children with chromosomal anomalies

tended to be older (Table 1). Children

with NTDs were more likely to have

Hispanic mothers (OR 1.7, 95% CI

1.4–2.0 [relative to non-Hispanic

White mothers]) and mothers with less

than nine years of education (OR 2.8,

95% CI 2.0–3.9 [relative to 16 or more

years of education]) than comparison

births.

With all races combined, several

maternal and paternal occupations were

associated with the congenital malfor-

mations under study. With adjustment

for maternal age and education, the

maternal occupations of cleaner and

cook were respectively associated with

NTDs (OR 2.3, 95% CI .9–5.4) and

oral clefts (OR 3.0, 95% CI 1.0–8.8) in

offspring. Fathers who had offspring

with NTDs were more likely to have an

occupation as farmworker (OR 2.0,

95% CI .9–4.1), and a paternal occu-

pation of printer was strongly associated

with oral clefts in offspring (OR 4.5,

95% CI 1.6–12.4). We observed some

differences in risk estimates for congen-

ital malformations associated with pa-

rental occupations by Hispanic ethnic-

ity. A maternal occupation as a cook was

associated with oral clefts with births to

Hispanic White mothers, but not

among births to non-Hispanic White

mothers (Table 2). Hispanic women

who were nurses (registered or licensed

vocational) were more likely to have

children with NTDs, while non-His-

panic White women who were nursing
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aides were more likely to have children

with oral clefts. Numbers of women in

the occupational categories of interest

were sparse, however, leading to impre-

cise estimates.

Although similar associations were

found between Hispanic and non-

Hispanic White paternal occupations

and congenital malformations (Ta-

ble 3), we observed some marked dif-

ferences in risk estimates for several

occupations by Hispanic ethnicity.

Compared with fathers in other occu-

pations, Hispanic fathers who were

electricians were 2.1 times more likely

to have a child with Down syndrome

and 2.9 times more likely to have a

child with other chromosomal anoma-

lies, especially trisomy 18 (OR 7.4, 95%

CI 1.6–25.5, data not shown); no

positive associations were noted between

this occupation and chromosomal

anomalies in non-Hispanic White fa-

thers. Among Hispanic fathers, isolated

cleft palate in offspring was associated

with the paternal occupations of farm-

worker (OR 3.3, 95% CI 1.0–8.9),

janitor (OR 6.8, 95% CI 1.6–23.1),

and printer (OR 14.8, 95% CI 2.1–

89.0). In this study population, no non-

Hispanic White fathers of children with

oral clefts were farmworkers or janitors,

and the association between a printing

occupation and cleft palate was less

strong (OR 6.7, 95% CI .6–59.1) than

among Hispanic fathers. On the other

hand, a paternal occupation as police-

men was associated with oral clefts in

offspring of non-Hispanic White fathers

but not found among children born to

Hispanic fathers; this association was
restricted to isolated cleft lip with or

without cleft palate (OR 3.3, 95% CI

1.4–7.5).

DISCUSSION

Findings from this study suggest

that the relationship between parental

occupation and some congenital mal-
formations may vary by maternal and

paternal Hispanic ethnicity. Our selec-

tion of occupations for study was based

on positive associations reported in the

literature between parental jobs and risk

for offspring with NTDs, oral clefts,

Table 1. Characteristics of births with selected congenital anomalies* and comparison births, Texas, 1996–2000

Characteristic

Births with neural
tube defects

Births with isolated
oral clefts

Births with chromo-
somal anomalies

Comparison births
without birth defects

n % n % n % n %

Maternal age (years)
,20 104 17.1 179 14.5 236 11.3 834 16.8
20–24 174 28.6 377 30.6 398 19.0 1406 28.3
25–29 165 27.1 343 27.8 383 18.3 1313 26.4
30–34 101 16.6 210 17.0 383 18.3 916 18.4
35–39 53 8.7 111 9.0 433 20.7 413 8.3
.39 11 1.8 13 1.1 258 12.3 83 1.7

Maternal education (years)
#9 108 18.2 144 11.9 306 15.1 547 11.2
9–11 154 26.0 275 22.6 421 20.7 1147 23.4
12 180 30.4 406 33.4 585 28.8 1532 31.3
13–15 89 15.0 202 16.6 334 16.4 815 16.6
.15 61 10.3 188 15.5 386 19.0 856 17.5

Maternal race/ethnicity
Non-Hispanic White 178 29.3 510 41.4 729 34.9 1921 38.7
African American 47 7.7 83 6.7 177 8.5 502 10.1
Hispanic White 373 61.3 589 47.8 1120 53.6 2393 48.2
Other 10 1.6 51 4.1 64 3.1 146 2.9

Maternal employment status
Employed outside home 182 29.9 486 39.4 859 41.1 2030 40.9
Homemaker, student or unemployed 413 67.9 734 59.5 1208 57.8 2881 58.0
Unknown 13 2.1 13 1.1 24 1.1 54 1.1

Paternal race/ethnicity
Non-Hispanic White 149 30.9 465 44.1 689 39.1 1667 39.2
African American 28 5.8 64 6.1 149 8.5 397 9.3
Hispanic White 297 61.6 487 46.2 873 49.6 2054 48.3
Other 8 1.7 39 3.7 49 2.8 131 3.1

Paternal employment status
Employed outside home 446 73.4 997 80.9 1639 78.4 3957 79.7
Homemaker, student or unemployed 33 5.4 44 3.6 88 4.2 210 4.2
Unknown 129 21.2 192 15.6 364 17.4 798 16.1

* Only live births included among cases and controls.
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and chromosomal anomalies. Neverthe-

less, only a few of these associations

were corroborated in the present study,

and most were confined to either

Hispanic or non-Hispanic parents.

In a study of maternal occupation

and NTDs among Mexican American

women living along the Texas-Mexico

border, an overall association was found

between work in health care and NTD

risk (OR 3.0, 95% CI 1.0–9.0).11 In the

present study, sufficient numbers of

cases and controls were available to

examine specific healthcare occupations.

A positive association between nursing

occupations and NTD risk was noted

for Hispanic women but not for non-
Hispanic White women. Another study
found nursing occupations to be associ-
ated with NTDs, but this study was
conducted in a predominantly non-
Hispanic population.8 In a study of
maternal occupational exposure to gly-
col ethers and birth defects, women in
occupations with the most exposure to
these compounds, including those
working as cooks and nursing aides,
were more likely to have offspring with
oral clefts.19 In the present study,
Hispanic women who were cooks and
non-Hispanic White women who were
nursing aides appeared more likely to
have babies with these defects.

Among occupations and case groups
with sufficient numbers of Hispanic and
non-Hispanic fathers (three or more
exposed), marked differences were not-
ed in risk estimates by Hispanic ethnic-
ity for electricians and chromosomal
anomalies, military occupations and
NTDs, and printers and oral clefts in
offspring. Most of the previous studies
in which these associations were detect-
ed were conducted among predomi-
nantly non-Hispanic populations,20,21

or separate risk estimates were not
reported by Hispanic ethnicity.22

Although the present study had
several strengths, such as medical record
confirmation of all birth defects and a
relatively large sample size, it also had
several limitations. Some associations
may have been missed because job
classifications were based on the usual
occupation listed on the birth certifi-
cate. Collection of usual occupation
instead of jobs during the periconcep-
tional period (three months prior to
three months postconception) could
lead to misclassification of work expo-
sures during the period of greatest
vulnerability for mutagenesis or terato-
genesis. Previous studies of comparisons
between occupational information on
birth certificates with mail or telephone
interview data have found some mis-
classification on certificates.23,24 The
investigators suggested that this misclas-
sification was nondifferential with re-
spect to malformed and normal com-
parison births and would produce
associations closer to the null (no effect)
than those obtained from more precise
data collection methods.23,24

This problem of misclassification
was compounded by missing occupa-
tions on 16% to 21% of the paternal
groups, depending on case group and

Table 2. Maternal occupation and selected congenital malformations by maternal Hispanic ethnicity for occupations previously
associated with birth defects*

Occupational group
and birth defect

Hispanic White Mothers Non-Hispanic White Mothers

Cases Controls
Unadjusted Adjusted;

Cases Controls
Unadjusted Adjusted;

n (%) n (%)
OR and
95% CI

OR and
95% CI n (%) n (%)

OR and
95% CI

OR and
95% CI

Cleaner
Neural tube defects 6 (7.2) 20 (2.8) 2.7 (1.0–6.8) 2.8 (.9–7.8) 2 (2.2) 5 (.5) 4.8 (.9–25.2) 3.5 (.3–22.7)
Oral clefts 2 (1.2) 20 (2.8) .41 (.1–1.8) .38 (.04–1.6) 2 (.7) 5 (.5) 1.5 (.3–7.9) .68 (.01–6.2)

Cook
Oral clefts 4 (2.4) 6 (.9) 2.8 (.8–10.2) 3.3 (.6–16.0) 1 (.4) 4 (.4) .95 (.1–8.5) .95 (.02–9.7)

Engineer/technician
Down syndrome 1 (.4) 2 (.3) 1.6 (.1–17.4) .57 (.01–14.8) 3 (1.1) 6 (.6) 2.0 (.5–8.0) 1.7 (.3–9.0)

Nursing aide
Oral clefts 4 (2.4) 19 (2.7) .87 (.3–2.6) .86 (.2–2.6) 8 (2.9) 8 (.8) 3.9 (1.4–10.4) 3.7 (1.2–11.7)

Nursing occupations
Neural tube defects 3 (3.6) 9 (1.3) 2.9 (.8–10.9) 3.1 (.5–13.1) 3 (3.4) 44 (4.2) .80 (.2–2.6) .98 (.2–3.2)
Oral clefts 3 (1.8) 9 (1.3) 1.4 (.4–5.2) 1.5 (.3–6.1) 14 (5.0) 44 (4.2) 1.2 (.7–2.3) 1.3 (.7–2.6)

Waitress
Oral clefts 5 (3.0) 12 (1.7) 1.8 (.6–5.1) 1.7 (.5–5.4) 8 (2.9) 24 (2.3) 1.3 (.6–2.9) 1.3 (.5–3.1)

* Only odds ratios (OR) and 95% confidence intervals (CI) shown for associations .1.4 and with three or more exposed cases (total).
3 Adjusted for maternal age and education.

Findings from this study

suggest that the relationship

between parental occupation

and some congenital

malformations may vary by

maternal and paternal

Hispanic ethnicity.
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case-control status. We compared ag-
gregated paternal occupational groups
(aggregated according to schema sug-
gested by the US Office of Management
and Budget)16 in this study with the
distribution of fathers’ occupations
during the periconceptional period for
Texas participants in the National Birth
Defects Prevention Study.25 For both
Hispanic and non-Hispanic White fa-
thers, the distributions of fathers’ occu-
pations were similar between the two
studies by case and control status.

Associations may have also been
missed or weakened by confining the
case groups to live births. Because of
increased prenatal mortality with some
defects, associations with weak terato-
gens may go undetected in case-control
studies restricted to live births.26 In the
present study, this selection bias would
have more likely occurred with chro-
mosomal anomalies and NTDs than
with isolated oral clefts.

The live birth certificates lacked
information on maternal folic acid use,

which has been shown to reduce risk for
both NTDs27 and oral clefts.28 Mater-
nal folic acid use may vary by parental
occupation, and lack of adjustment for
supplementation may have resulted in
confounded risk estimates. On the other
hand, we adjusted all risk estimates for
maternal age and education, factors
strongly associated with maternal folic
acid intake during the periconceptional
period.29–31

In conclusion, the observed differences
in risk estimates by Hispanic ethnicity for

Table 3. Paternal occupation and selected congenital malformations by paternal Hispanic ethnicity for occupations previously
associated with birth defects*

Occupational group and birth defect

Hispanic White Fathers Non-Hispanic White Fathers

Cases Controls
Unadjusted* Adjusted;

Cases Controls
Unadjusted* Adjusted;

n (%) n (%)
OR and
95% CI

OR and
95% CI n (%) n (%)

OR and
95% CI

OR and
95% CI

Chemical worker
Oral clefts 5 (1.1) 9 (.5) 2.4 (.8–7.1) 2.0 (.4–7.1) 5 (1.1) 8 (.5) 2.2 (.7–6.9) 2.3 (.6–7.9)

Electrician
Down syndrome 9 (1.7) 18 (.9) 1.9 (.9–4.2) 2.1 (.8–5.1) 7 (1.6) 26 (1.6) 1.0 (.4–2.4) 1.0 (.4–2.5)
Non-Down syndrome chromosomal
anomalies

8 (2.5) 18 (.9) 2.8 (1.2–6.5) 2.9 (1.1–7.3) 2 (.8) 26 (1.6) .5 (.1–2.2) .5 (.1–2.0)

Electronic equipment operator
Oral clefts 5 (1.1) 9 (.5) 2.4 (.79–7.1) 2.5 (.6–8.2) 2 (.4) 15 (.9) .5 (.1–2.1) .5 (.1–2.0)

Engineering technician
Oral clefts 0 10 (.5) — — 5 (1.1) 7 (.4) 2.6 (.8–8.1) 2.6 (.6–9.5)

Farm manager or farmworker
Down syndrome 9 (1.7) 45 (2.3) .8 (.4–1.5) .7 (.3–1.5) 7 (1.6) 18 (1.1) 1.5 (.6–3.5) 1.7 (.6–4.6)

Farmworker
Neural tube defects 9 (3.1) 31 (1.6) 2.0 (1.0–4.3) 2.0 (.8–4.4) 0 4 (.2) — —
Non-Down chromosomal anomalies 7 (2.2) 31 (1.6) 1.4 (.6–3.2) 1.6 (.6–3.8) 1 (.4) 4 (.2) 1.7 (.2–15.3) 2.0 (.04–20.6)
Oral clefts 11 (2.3) 31 (1.6) 1.5 (.8–3.0) 1.5 (.7–3.2) 0 4 (.2) — —

Janitor
Non-Down syndrome chromosomal
anomalies

3 (.9) 12 (.6) 1.6 (.4–5.6) 1.4 (.2–5.5) 0 3 (.2) — —

Oral clefts 7 (1.5) 12 (.6) 2.5 (1.0–6.3) 2.1 (.7–6.2) 0 3 (.2) — —
Material moving equipment operator

Non-Down syndrome chromosomal
anomalies

1 (.3) 20 (1.0) .3 (.04–2.3) .3 (.01–1.7) 2 (.8) 8 (.5) 1.7 (.4–8.1) 2.2 (.2–11.0)

Other mechanic
Down syndrome 25 (4.7) 72 (3.6) 1.3 (.8–2.1) 1.2 (.7–2.0) 15 (3.4) 38 (2.3) 1.5 (.8–2.8) 1.7 (.8–3.3)

Military occupation
Neural tube defects 3 (1.0) 21 (1.1) 1.0 (.3–3.3) 1.1 (.2–3.9) 6 (4.1) 34 (2.1) 2.0 (.8–4.9) 2.0 (.7–5.1)

Painter
Neural tube defects 6 (2.1) 51 (2.6) .8 (.3–1.9) .8 (.3–1.9) 2 (1.4) 7 (.4) 3.2 (.7–15.6) 2.7 (.3–14.8)

Police
Oral clefts 0 18 (.9) — — 12 (2.6) 19 (1.2) 2.3 (1.1–4.7) 2.3 (1.0–5.1)

Printer
Oral clefts 5 (1.1) 4 (.2) 5.3 (1.4–19.9) 5.5 (1.2–28.0) 3 (.6) 3 (.2) 3.6 (.7–17.8) 3.5 (.5–26.4)

Transport worker
Neural tube defects 14 (4.8) 95 (4.8) 1.0 (.6–1.8) 1.0 (.5–1.8) 8 (5.4) 59 (3.6) 1.5 (.7–3.3) 1.5 (.6–3.2)

* Only odds ratios (OR) and 95% confidence intervals (CI) shown for associations .1.4 and with three or more exposed cases (total).
3 Adjusted for maternal age and education.
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congenital malformations from parental
occupational exposures may have several
explanations. Susceptibility to the harmful
effects of chemical exposures may vary by
ethnicity either because of genetic varia-
tions or behavioral factors. For instance,
folic acid supplementation has been
associated with reduced risk for NTDs
and oral clefts in offspring.27,28 However,
a recent survey indicated that Hispanic
women of childbearing age were less likely
than non-Hispanic White women to take
multivitamins, prenatal vitamins, or folic
acid supplements on a daily basis.32 With
respect to chromosomal anomalies and
NTDs, potential selection biases for
prenatal diagnosis and elective termina-
tions by various parental occupations may
be different for Hispanic and non-His-
panic women. Occupation has also been
found correlated with residential loca-
tion.33 Several studies have found ethnic
disparities in residential proximity to
industrial pollution,34,35 and proximity
to sources of environmental contamina-
tion has been associated with increased risk
for some congenital malformations.36

Differences found in this study for risk of
several congenital malformations by His-
panic ethnicity in relation to parental
occupation warrant further study in other
Hispanic populations.
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