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Maternal Cigarette Smoking during Pregnancy
Increases the Risk of Having a Child with a
Congenital Digital Anomaly
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Background: The U.S. Natality database from 2001 and 2002 was used to investigate
the relationship between maternal cigarette smoking during pregnancy and the risk of
having a child with polydactyly, syndactyly, or adactyly.

Methods: The records of 6,839,854 live births were examined to identify 5171 newborns
with isolated polydactyly, syndactyly, or adactyly and 10,342 controls with no congenital
anomalies.

Results: Maternal cigarette use during pregnancy was associated with a significantly
elevated risk of having a child with a congenital digital anomaly (unadjusted odds ratio,
1.33; 95 percent confidence interval, 1.21 to 1.47; p < 0.0001). Univariate analysis
indicated that maternal marital status and medical risk factors (anemia, cardiac disease,
lung disease, diabetes, hydramnios/oligohydramnios, pregnancy-associated hyperten-
sion, incompetent cervix, previous preterm or small-for-gestational-age infant, and
rhesus factor sensitization) were potential confounding factors. After adjustment for
these variables, the odds ratio remained significant (adjusted odds ratio, 1.31; 95 percent
confidence interval, 1.18 to 1.45; p < 0.0001). Cigarette consumption per day was
divided into four groups: no smoking, 1 to 10 cigarettes per day, 11 to 20 cigarettes per
day, and 21 or more cigarettes per day. A statistically significant dose-response rela-
tionship was found when comparing each smoking category with the no-smoking
reference group: 1.29 (95 percent confidence interval, 1.15 to 1.46), 1.38 (95 percent
confidence interval, 1.12 to 1.71), and 1.78 (95 percent confidence interval, 0.97 to
3.26), respectively. Increased cigarette smoking during pregnancy resulted in an ele-
vated risk of having a child with polydactyly, syndactyly, or adactyly.

Conclusions: This is the largest study to date to investigate specifically the association
between maternal cigarette smoking and the risk of having a newborn with a congenital
digital anomaly. The elevated odds ratio for tobacco use and the significant trend in the
dose-response relationship suggests smoking during pregnancy may be an important

preventable risk factor for these common congenital differences. — (Plast. Reconstr. Surg.
117: 301, 2006.)

among the most common congenital limb

abnormalities. Isolated syndactyly occurs in
one per 2000 to 2500 live births,'~* and polydac-
tyly has a reported incidence of up to one in
every 600 live births.*~® Certain demographic dif-
ferences in the incidence of these anomalies are
well known. Syndactyly occurs twice as often in

COngenital differences of the digits are
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boys and is more common in whites than in
blacks,?® whereas polydactyly is 10 times more
common in blacks and is only slightly predomi-
nant in boys.~® Nevertheless, the majority of
isolated congenital digital anomalies occur spon-
taneously without any family history. This has led
researchers to search for environmental etio-
logic factors.

The association between several teratogenic
medications taken during pregnancy and con-
genital limb anomalies is now well recognized.
These include thalidomide,’~'? warfarin,!'®!4
phenytoin,'®!7 and valproic acid.'®!® Procedures
during pregnancy such as chorionic villus sam-
pling also have been linked to terminal trans-
verse limb defects.??* There is growing evi-
dence that prenatal exposures to common
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substances such as cocaine®* and alcohol®-*” may

also produce congenital digital anomalies. The
question of whether cigarette smoking during
pregnancy increases the risk of having a child
with a limb anomaly is more controversial. Al-
though some studies have noted an increased
risk of limb reduction defects,?®3° others have
not.?”#13% One surveillance study found a higher
rate of smoking during pregnancy among moth-
ers of children with polydactyly compared with
those of children with other congenital
anomalies.” A few epidemiologic studies have
demonstrated an association between heavy
smoking and polydactyly alone* or between any
smoking with polydactyly and/or syndactyly.**
Two studies that examined polydactyly and syn-
dactyly separately, however, did not find an asso-
ciation with cigarette smoking.*>* Most of these
studies, however, have been limited by small
sample sizes and inadequate adjustment for po-
tential confounding factors.

In this study, we used the 2001 and 2002 U.S.
Natality database to investigate whether mater-
nal cigarette smoking during pregnancy is a sig-
nificant risk factor for having a child with poly-
dactyly, syndactyly, or adactyly. A matched case-
control design and conditional logistic
regression were used to control for potential
confounding factors. To our knowledge, this is
the largest study to date to explore the relation-
ship between cigarette smoking and congenital
digital anomalies.

METHODS

Data were obtained from the U.S. Natality da-
tabase for 2001 and 2002. This database is available
from the National Center for Health Statistics and
contains detailed information for all 8,058,907 re-
corded live births occurring in all 50 states and the
District of Columbia during 2001 and 2002. More
than 99 percent of births occurring in the United
States were registered.*”* The database contains
parental demographic information, maternal
health risk factors, and newborn health charac-
teristics recorded by a physician or nurse at the
time of birth.

Maternal tobacco use during pregnancy was
reported in all states except California, accounting
for 87 percent of all U.S. births. Comparable in-
formation on the average number of cigarettes
smoked per day was not available for Indiana, New
York State (except for New York City), and South
Dakota. Tobacco exposure information was avail-
able both as a dichotomous response to “tobacco
use during pregnancy? yes/no” and as a continu-

302

ous variable in “average number of cigarettes per
day.” Because tobacco use was the primary expo-
sure studied, data from California were excluded
from the analysis.

Congenital hand and foot anomaly data, includ-
ing polydactyly, syndactyly, and adactyly, were re-
ported in all states except New Mexico. The opera-
tional definitions for these conditions were
“Polydactyly is the presence of more than five digits
on either hands and/or feet; syndactyly is having
fused or webbed fingers and/or toes; adactyly is the
absence of fingers and/or toes.” These definitions
were adapted from a set of definitions compiled by
a committee of state and federal health statistics
officials for the National Association of Public
Health Statistics and Information Systems. Other
congenital anomalies included in the U.S. Natality
database are anencephalus, spina bifida/meningo-
cele, hydrocephalus, microcephalus, other central
nervous system anomalies, heart malformations,
other circulatory/respiratory anomalies, rectal atre-
sia/stenosis, tracheoesophageal fistula/esophageal
atresia, omphalocele/gastroschisis, other gastroin-
testinal anomalies, malformed genitalia, renal agen-
esis, other urogenital anomalies, cleft lip/palate,
club foot, diaphragmatic hernia, other musculoskel-
etal/integumental anomalies, Down syndrome, and
other chromosomal anomalies.

Cases consisted of all newborns with polydac-
tyly, syndactyly, or adactyly but without any of the
other listed congenital anomalies. A total of 5171
cases with nonsyndromic digit anomalies were
identified. Two controls with no congenital anom-
alies were matched to each case (10,342 controls).
Matching variables were mother’s and father’s
race, child’s sex, county of birth, and month of
birth. When more than two controls were available
for a case, the controls were randomly selected.
When a control could not be matched to a case
based on the exact matching criteria, the month
of birth criterion was allowed to vary and controls
were randomly selected from matched newborns
born during the nearest months. Study subjects
without smoking history were excluded. The study
sample was obtained from a population of
6,839,854 live births in the United States in 2001
and 2002 from states that had smoking data avail-
able.

Analyses were conducted with Stata statistical
software, version 8.2 (Stata Corp., College Station,
Texas). Accounting for the matched data, Cochran-
Mantel-Haenszel methods were used to test for sta-
tistically significant differences between cases and
controls for demographic and clinical categorical
variables of the parents and newborns.* These vari-
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ables included mother’s level of education (=12
years versus >12 years), mother’s marital status
(married versus unmarried), mother’s and father’s
Hispanic ethnicity (Hispanic versus non-Hispanic),
mother’s and father’s age (<15 years, 15 to 24 years,
25 to 34 years, or =35 years), mother’s number of
previous pregnancies (none, one, two, or three or
more pregnancies), lack of prenatal care (yes/no),
month of pregnancy when prenatal care began, new-
born gestational age (<37 weeks, 37 to 41 weeks, or
=42 weeks), newborn birth weight (<2500 g, 2500
to 3999 g, or =4000 g), maternal alcohol use during
pregnancy (yes/no), and maternal tobacco use dur-
ing pregnancy (yes/no). Maternal medical risk fac-
tors included anemia, cardiac disease, acute or
chronic lung disease, diabetes mellitus, genital her-
pes, hydramnios/oligohydramnios, hemoglobinop-
athy, chronic hypertension, pregnancy-associated
hypertension, eclampsia, incompetent cervix, previ-
ous newborn weighing more than 4000 g, previous
preterm or smallfor-gestational-age infant, renal dis-
ease, rhesus factor sensitization, and uterine bleed-
ing.

Crude odds ratios were calculated for mater-
nal tobacco use during pregnancy and the risk of
having a newborn with polydactyly, syndactyly, or
adactyly using univariate conditional logistic re-
gression models.*” Cigarette use was stratified into
four groups: no smoking during pregnancy, 1 to
10 cigarettes per day, 11 to 20 cigarettes per day,
and 21 or more cigarettes smoked per day. The
smoking groups were compared with the non-
smoking group to test for a dose-response rela-
tionship using a nonparametric test for trend.*!
Demographic and clinical variables with statisti-
cally significant differences between cases and
controls were considered to be potential con-
founding factors. Multivariate conditional logistic
regression modeling was used to adjust for poten-
tial confounding variables. Odds ratios and 95
percent confidence intervals were estimated from
the coefficients of the conditional logistic regres-
sion models. Statistical significance was set at p <
0.05.

RESULTS

The U.S. Natality database for 2001 and 2002
contained information on 6522 newborns with
polydactyly, syndactyly, or adactyly. A total of 1121
newborns were excluded because they had other
associated congenital anomalies (Table 1). An ad-
ditional 230 newborns were excluded because of
the lack of information on maternal tobacco use.
Thus, 5171 newborns with congenital digital
anomalies were selected for the analysis.

Table 1. Anomalies Associated with Polydactyly,
Syndactyly, or Adactyly in 1121 Newborns in the United
States, 2001 to 2002

Condition No.
Hydrocephalus 9
Spina bifida 16
Anencephaly 36
Microcephaly 35
Other central nervous system anomalies 43
Heart malformation 134
Other circulatory/respiratory anomalies 86
Rectal atresia/stenosis 24
Tracheoesophageal fistula/esophageal atresia 19
Omphalocele/gastroschisis 39
Other gastrointestinal anomalies 29
Malformed genitalia 118
Renal agenesis 25
Other urogenital anomalies 69
Club foot 180
Diaphragmatic hernia 116
Other musculoskeletal /integumental anomalies 13
Down syndrome 345
Other chromosomal anomalies 41
Other congenital anomalies 122

Newborn and maternal demographic charac-
teristics are presented in Table 2. The proportions
of black and male newborns in the cases and con-
trols selected for this study were higher than in the
general population as a whole. Black newborns
represented 14.9 percent and male gender rep-
resented 51.1 percent of all live births in the
United States in 2001 and 2002.%7%® Within the
study population, a slightly higher proportion of
mothers of children with digital anomalies were
unmarried compared with mothers of healthy
children. There was no significant difference for
any of the other paternal, maternal, or newborn
demographic variables.

Maternal demographic and clinical variables
that had statistically significant differences between
case and control groups are listed in Table 3. In
addition to unmarried marital status, mothers of
children with digital anomalies were more likely to
suffer from a number of medical conditions, in-
cluding anemia, cardiac disease, lung disease, di-
abetes, hydramnios or oligohydramnios, pregnan-
cy-associated hypertension, incompetent cervix,
previous delivery of a preterm or small infant, and
rhesus factor sensitization. There was no signifi-
cant difference between cases and controls with
regard to lack of prenatal care, time point when
prenatal care began, maternal alcohol use during
pregnancy, or any of the other medical risks not
listed in Table 3. All of the significantly different
maternal variables listed in Table 3 were consid-
ered potential confounders and were included in
the multivariate analysis.
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Table 2. Demographic Characteristics of Congenital Digital Anomaly Cases and Controls in the United States, 2001 to

2002*

Cases (n = 5171)

Controls (n = 10,342)

No. % No. % b
Newborn gendert 1.00
Male 3091 59.78 6182 59.78
Female 2080 40.22 4160 40.22
Newborn gestational age 0.91
<37 weeks 695 13.46 1307 12.67
37-41 weeks 4084 79.09 8255 80.04
=42 weeks 385 7.46 751 7.28
Newborn birth weight 0.52
<2500 g 450 8.70 859 8.31
2500-3999 g 4286 82.89 8652 83.73
=4000 g 435 8.41 822 7.95
Mother’s age 0.90
<15 years 19 0.37 42 0.41
15-24 years 2293 44.34 4542 43.92
25-34 years 2278 44.05 4618 44.65
=35 years 581 11.24 1140 11.02
Mother’s racet 1.00
White 2779 53.74 5558 53.74
Black 2231 43.14 4462 43.14
Native American 42 0.81 84 0.81
Asian 119 2.30 238 2.30
Mother’s marital status 0.005
Married 2640 51.05 5469 52.88
Unmarried 2531 48.95 4873 47.12
Mother’s education 0.37
=12 years 3131 58.92 6191 58.30
>12 years 2183 1.08 4428 41.70

*Numbers do not always match totals because of missing responses.
TMatching variables.

Maternal tobacco use during pregnancy for
cases and controls is shown in Table 4. The un-
adjusted odds ratio for any use of cigarette smok-
ing compared with no smoking during pregnancy
was 1.33 (95 percent CI, 1.21 to 1.47). Table 5
shows the number of cases and controls stratified
by maternal smoking level (none, 1 to 10, 11 to 20,
and 21 or more cigarettes per day). Compared
with the reference (nonsmoking) group, the rel-
ative odds of having an infant with a digit anomaly
increased from 1.29 (95 percent CI, 1.15 to 1.46)
for 1 to 10 cigarettes smoked per day to 1.38 (95
percent CI, 1.12 to 1.71) for 11 to 20 cigarettes per
day to 1.78 (95 percent CI, 0.97 to 3.26) for 21 or
more cigarettes per day during pregnancy.

Multivariate conditional logistic regression
analysis indicated the risk of having a child with a
congenital digital anomaly in mothers who
smoked during pregnancy compared with those
who did not remained significantly higher (ad-
justed odds ratio, 1.31; 95 percent confidence in-
terval, 1.18 to 1.45), even after adjusting for the
variables in Table 3. The attributable risk percent-
age in the exposed was 23.7 percent, and the pop-
ulation-attributable fraction was 3.5 percent. In
the stratified multivariate analysis, adjustment for
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the potential confounding factors also did not
change the odds ratios significantly. The relative
odds of having a child with a digit anomaly in-
creased from 1.27 (95 percent confidence inter-
val, 1.12 to 1.44) for 1 to 10 cigarettes per day, to
1.38 (95 percent confidence interval, 1.12 to 1.71)
for 11 to 20 cigarettes per day, to 1.57 (95 percent
confidence interval, 0.84 to 2.93) for 21 or more
cigarettes per day.

DISCUSSION

This study found that cigarette smoking dur-
ing pregnancy was significantly associated with an
increased risk of having a newborn with polydac-
tyly, syndactyly, or adactyly. The association re-
mained significant even after adjusting for poten-
tial confounding variables. This finding is
consistent with the results of a study by Honein et
al.** that attempted to assess the validity of U.S.
birth certificate data for estimating the association
between maternal smoking and congenital anom-
alies. They reported an increased prevalence ratio
of 1.33 (95 percent confidence interval, 1.23 to
1.43) for polydactyly, syndactyly, or adactyly but
found no significant dose—response relationship.
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Table 3. Distribution of Significant Maternal Demographic and Medical Risk Factors between Congenital Digital
Anomaly Cases and Controls in the United States, 2001 to 2002*

Cases (n = 5171) Controls (n = 10,342)
No. % No. % OR 95% CI p

Mother’s marital status

Married 2640 51.05 5469 52.88 1.00 Reference

Unmarried 2531 48.95 4873 47.12 1.13 1.04-1.23 0.005
Maternal anemia

No 4873 94.73 9916 96.18 1.00 Reference

Yes 271 5.27 394 3.82 1.41 1.20-1.65 < 0.0001
Maternal cardiac disease

No 5096 99.07 10,246 99.38 1.00 Reference

Yes 48 0.93 64 0.62 1.52 1.04-2.23 0.031
Maternal lung disease

No 4996 97.12 10,097 97.93 1.00 Reference

Yes 148 2.88 213 2.07 1.42 1.14-1.76 0.001
Maternal diabetes

No 4932 95.88 9960 96.61 1.00 Reference

Yes 212 4.12 350 3.39 1.23 1.03-1.46 0.021
Hydramnios/oligohydramnios

No 5018 97.55 10,134 98.29 1.00 Reference

Yes 126 2.45 176 1.71 1.44 1.14-1.81 0.002
Pregnancy-associated hypertension

No 4876 94.79 9860 95.64 1.00 Reference

Yes 268 5.21 450 4.36 1.21 1.03-1.41 0.018
Incompetent cervix

No 5113 99.40 10,273 99.64 1.00 Reference

Yes 31 0.60 37 0.36 1.69 1.04-2.75 0.031
Previous preterm or small-for-gestational-age infant

No 5003 97.26 10,170 98.64 1.00 Reference

Yes 141 2.74 140 1.36 2.04 1.61-2.59 < 0.0001
Maternal Rh sensitization

No 5045 99.00 10,149 99.32 1.00 Reference

Yes 51 1.00 70 0.68 1.47 1.02-2.12 0.038

OR, odds ratio; CI, confidence interval.
*Numbers do not always match totals because of missing responses.

These results are not corroborated by other
studies. Kelsey et al.?? analyzed the risk of poly-
dactyly and syndactyly by the amount of smoking
and found the relative risk to be 0.6 and 1.6 in
mothers who smoked 1 to 20 cigarettes per day
and more than 20 cigarettes per day, respectively,
when compared with nonsmoking mothers. These
findings were based on a total of 50 isolated and
syndromic cases identified primarily from Con-
necticut general hospitals, and no pvalues or con-
fidence intervals were given. Shiono et al.* found
no association in a large health maintenance or-
ganization study population for both polydactyly

(odds ratio, 1.0; 95 percent confidence interval,
0.6 to 1.6) and syndactyly (odds ratio, 0.7; 95 per-
cent confidence interval, 0.3 to 1.5). In a birth
certificate—based study in Washington State, Van
den Eeden et al.*® found no association with ma-
ternal smoking for polydactyly (relative risk, 0.9;
95 percent confidence interval, 0.6 to 1.5), syn-
dactyly (relative risk, 1.0; 95 percent confidence
interval, 0.6 to 1.7), and adactyly (relative risk, 0.9;
95 percent confidence interval, 0.3 to 2.9). These
two studies also included both isolated and syn-
dromic cases, and in all instances results were
based on less than 100 cases per group. The pur-

Table 4. Maternal Tobacco Use During Pregnancy in Congenital Digital Anomaly Cases and Controls in the United

States, 2001 to 2002

Cases Controls Crude” Adjustedt
No. % No. % OR 95% CI OR 95% CI
No smoking 4366 84.43 9062 87.62 1.00 Reference 1.00 Reference
Any smoking 805 15.57 1280 12.38 1.33 1.21-1.47 1.31 1.18-1.45

OR, odds ratio; CI, confidence interval.
*Mantel-Haenszel chi-square, 32.53 (1 df), p < 0.0001.
tAdjusted for variables listed in Table III, p < 0.0001.
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Table 5. Maternal Smoking During Pregnancy by Cigarettes Used per Day in Congenital Digital Anomaly Cases and

Controls in the United States, 2001 to 2002*

Cases Controls Crudet Adjusted
Smoking Level No. % No. %o OR 95% CI OR 95% CI
No smoking 4366 86.56 9062 89.36 1.00 Reference 1.00 Reference
1-10 cigarettes 507 10.05 824 8.13 1.29 1.15-1.46 1.27 1.12-1.44
11-20 cigarettes 151 2.99 231 2.28 1.38 1.12-1.71 1.38 1.12-1.71
=21 cigarettes 20 0.40 24 0.24 1.78 0.97-3.26 1.57 0.84-2.93

OR, odds ratio; CI, confidence interval.

*Numbers do not always match totals because of missing responses.

fTrend p < 0.001.
1Adjusted for variables listed in Table III.

pose of each of these studies was to examine con-
genital anomalies as a whole rather than specifi-
cally digital anomalies. Thus, when analyzed for
congenital digital anomalies alone, they suffer
from small sample size limitations***% and in-
complete adjustment for other known risk factors
such as race,’>%0 child’s sex,’>%-% and alcohol
consumption.?*%4-3

Although alcohol use is often associated with
cigarette smoking and several case reports have
found an association between alcohol use and con-
genital digital anomalies,®? maternal alcohol
consumption was not a risk factor in this analysis.
Maternal alcohol use during pregnancy is substan-
tially underreported in birth certificate data.*®*?
Increasing public awareness of the risks of alcohol
consumption during pregnancy has probably con-
tributed to this underreporting. This study also
identified a number of maternal medical condi-
tions as potential confounding variables. Al-
though three of these variables—married status,
lung disease, and having a previous preterm or
small infant—were associated with maternal smok-
ing, each of the variables listed in Table III was
independently associated with having a child with
a digital anomaly even after adjusting for tobacco
use. Of these, only diabetes mellitus has been pre-
viously linked to an increased risk of digital
anomalies,” but no systematic studies have cor-
roborated these results. Several of the maternal
medical risk factors, such as anemia and cardiac
disease, could be markers for vascular compro-
mise of a limb, a recognized mechanism for con-
genital limb deficiencies.* Unfortunately there is
no information on the relative severity of the med-
ical conditions in the data. The sensitivity of birth
certificates to measure maternal medical risk factors
is low, but the specificity is high.*=*" Nevertheless,
adjusting for these potential confounding factors
did not affect the results substantially. Additional
studies are needed to explore the association of
these risk factor and congenital digital anomalies.
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The demonstration of a dose-response relation-
ship between an exposure and a disease is an important
criterion toward establishing causation.®® This study
revealed a statistically significant dose-response effect
with increased odds of having a newborn with a con-
genital digital anomaly with increased maternal ciga-
rette smoking during pregnancy. This finding was gen-
erally consistent with the case-control study performed
by Kelsey et al.,* which showed an increased risk of
having a newborn with polydactyly or syndactyly in
women who smoked more than 20 cigarettes per day.
They, however, suggested that women who smoked 20
cigarettes or fewer per day were at no higher risk than
those who did not smoke at all. In this study, smoking
as few as 1 to 10 cigarettes per day during pregnancy
was associated with a statistically significant increase in
risk.

One of the major advantages of this study is
that it is population-based, covering over 84 per-
cent of U.S. births. The large sample size is well
suited for epidemiologic studies involving rare dis-
eases and low exposure rates. The system used to
register birth certificates is standardized, and pri-
mary care physicians and nurses record the con-
genital anomalies. Because specialists do not di-
agnose the digital differences, perhaps only the
more obvious cases are noted. It is possible that
some controls may have subtle, unrecorded digital
anomalies. Some cases may have unobserved as-
sociated anomalies at the time of birth, leading to
improper inclusion in this study. Both of these sit-
uations would skew the estimated odds ratios toward
the null hypothesis. Therefore, the estimated odds
ratios may be an underestimate of the true risk.

The presence of polydactyly, syndactyly, or adac-
tyly was coded as a single dichotomous variable in the
database even though these conditions are etiolog-
ically distinct. There was no information recorded
on the location (hands versus feet, unilateral versus
bilateral, preaxial versus postaxial) or the severity,
functional or cosmetic, of the congenital anomaly.
Because only general, imprecise definitions of poly-
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dactyly, syndactyly, and adactyly are given in the
guidelines for completing birth certificate forms, it
is unclear how health care practitioners interpreted
and coded these conditions. There may be differ-
ences in interpretation of the definitions between
geographical regions, hospitals, or even individual
health care providers throughout the United States.
It was also difficult to determine whether only iso-
lated digital anomalies were included in the analysis
after excluding the 1121 newborns with concomi-
tant anomalies listed in Table I. For example, it is
likely that children with the VACTERL association
were not included, as those listed as having heart
malformations, rectal atresia/stenosis, tracheo-
esophageal fistula/esophageal atresia, renal agene-
sis, other urogenital anomalies, and other musculo-
skeletal /integumental anomalies were excluded. In
contrast, newborns with anomalies that are less likely
to be diagnosed at birth, such as Poland syndrome,
may not have been adequately excluded.

Although this study benefits from a large sam-
ple population, the complexities of classifying
these digital anomalies cannot be captured. It is
possible that many previous studies did not find an
association between maternal smoking and con-
genital digital anomalies because of differing def-
initions and methods of case ascertainment. Most
of the previous studies did not exclude syndromic
cases.’%:3 Some studies®*?* combined polydactyly
and syndactyly, whereas the others separated these
entities.*¥3 Kelsey et al.*? selected cases based on
diagnoses made up to 1 year after birth. The other
studies selected cases based on diagnoses made
during the perinatal period.*® This study used
birth certificate data and was therefore most di-
rectly comparable to the studies of Honein et al.**
and Van den Eeden et al.?®

The current standard U.S. birth certificate
does not include information on the time of ex-
posure to potential risk factors. It cannot capture
detailed tobacco exposure data such as whether a
woman smoked before pregnancy, smoked until
she learned that she was pregnant, or reduced her
cigarette use during pregnancy.*’ Estimates of the
sensitivity and specificity of maternal smoking data
recorded on birth certificates range from 53 to 89
percent and 92 to 99 percent, respectively.*245-47
Some researchers report the stigma associated
with tobacco use may be exacerbated in cases of
poor birth outcome, leading to the reduced sen-
sitivity of the tobacco data.’”%49-%2 Other authors
have shown that maternal knowledge of the severity of
the newborn’s anomalies do not significantly affect re-
call of maternal cigarette exposure.”>? If case mothers
who had smoked during pregnancy reported that they

had not, the results of this study may underestimate the
true risk. In the future, birth certificates will be able to
report maternal tobacco data with greater precision.
The 2003 revision of the U.S. Standard Certificate of
Live Birth includes new questions on smoking behavior
during the 3 months before pregnancy and for each
trimester of pregnancy.*

CONCLUSIONS

This study indicates that maternal smoking
during pregnancy is a statistically significant risk
factor for having a newborn with polydactyly, syn-
dactyly, or adactyly. Moreover, even smoking levels
of one-half pack per day or less increased the risk
of' having a child with a congenital digital anomaly.
Given the considerable number of women who
report smoking during pregnancy (12.0 and 11.4
percent of women who gave birth in the United
States in 2001 and 2002, respectively), even the
moderate increase in risk posed by tobacco expo-
sure has the potential to impact thousands of chil-
dren. This study adds to the already substantial
evidence that smoking during pregnancy has del-
eterious effects on newborns. Health professionals
should make more efforts to increase awareness of
the dangers of smoking to women.
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