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A multiple logistic regression analysis of 12,914 pregnancies and 10,523 live
births, based on a mail survey of professional women in medicine, was carried
out to determine the relationship between maternal cigarette smoking, and
spontaneous abortion and congenital abnormality. After controlling for Interfer-
ing variables (age, exposure to trace anesthetic gases, pregnancy history, and
mailing response), a statistically significant Increase In risk associated with
maternal cigarette smoking was found for spontaneous abortions and congenital
abnormalities. The risk of spontaneous abortion for the heavy smoker is esti-
mated to be as much as 1.7 times that of the nonsmoker In certain risk groups.
The risk for congenital abnormality for babies born of smoking mothers is
estimated to be as much as 2.3 times that of the nonsmoker, depending on age,
pregnancy history, and other factors.

abnormalities; miscarriage; pregnancy; questionnaires; regression analysis;
smoking

The present report concerning the influ-
ence of maternal cigarette smoking during
pregnancy on the risk of spontaneous abor-
tion and congenital abnormality has been
developed from data obtained during a two-
year study by the American Society of
Anesthesiologists Ad Hoc Committee on
the Effects of Trace Anesthetic Agents on
the Health of Operating Room Personnel.'
This study focused on the health experience
of anesthesia and operating room personnel
in the United States and was reported by
Cohen et aL in 1974 (1). Previous studies in
Scandinavia and the United States have
demonstrated a statistically significant as-
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sociation between maternal cigarette smok-
ing and spontaneous abortion, although in
general these studies have not controlled
for interfering variables (2-8). On the other
hand, few studies on the association of
smoking with congenital abnormalities
have been reported, and because of the
variation in study design, study population,
sample size, definition of abnormality, and
results, the relationship between maternal
cigarette smoking and congenital abnor-
mality remains unclear.

Because of the large number of survey
subjects in the Trace Anesthetic Study with
available pregnancy histories and other
medical and chronologic data, these data
presented an opportunity to investigate fur-
ther the effect of maternal cigarette smok-
ing on the risks of spontaneous abortion
and congenital abnormality.

BACKGROUND

It has been established that women who
smoke cigarettes during pregnancy have a

470

 at Pennsylvania State U
niversity on February 18, 2016

http://aje.oxfordjournals.org/
D

ow
nloaded from

 

http://aje.oxfordjournals.org/


SMOKING, SPONTANEOUS ABORTION AND CONGENITAL ABNORMALITY 471

greater proportion of infants with lower
birth weight than women who do not smoke
(2). The relationship between maternal cig-
arette smoking and perinatal and neonatal
mortality has also been studied extensively,
and most studies show an excess mortality
for offspring of smokers.

In 1971 Kullander and Kallen (3) in a
prospective study involving 6363 pregnant
women found an overall increased risk of
spontaneous abortion among smoking
women, but this was established to be pri-
marily due to an association between un-
wanted pregnancy and smoking. After cor-
rection was made for the mother's accept-
ance of pregnancy, the contribution of ma-
ternal smoking to spontaneous abortion
was only of borderline significance.

Another prospective study of sponta-
neous abortion in 4312 pregnancies in Swe-
den, reported in 1971 by Palmgren and
Wallander (4), showed that women who
smoked heavily throughout pregnancy had
a spontaneous abortion rate of 14.5 per cent
compared to a rate of 7.8 per cent among
nonsmokers. The difference was statisti-
cally significant with p < 0.001.

Two retrospective studies, one in 1962 by
Zabriskie (5) involving 5619 pregnancies,
and the other in 1963 by O'Lane (6) with
1914 pregnancies, both found that smokers
had a higher incidence of spontaneous abor-
tion than nonsmokers. The rates of spon-
taneous abortion were an identical 12.6 per
cent for the smokers compared to 8.8 and
8.9 per cent among the nonsmokers for
Zabriskie and O'Lane, respectively.

In 1965 Underwood et al. (7) reported a
slightly increased rate of spontaneous abor-
tion among smokers compared to nonsmok-
ers, but found no difference in the occur-
rence of major fetal abnormalities. In fact,
the rate of major abnormalities was lower
among the smokers. A study by Kline et al.
(8) in 1977 in which 574 women who
aborted spontaneously were matched with
320 control women exhibited an odds ratio
of 1.8, significant for the association of
smoking with abortion.

There have been fewer studies of the
association of smoking during pregnancy
and the occurrence of congenital abnormal-
ities in the offspring. The results have been
mixed. A study by Bailey (9) in 1971 showed
a congenital abnormality rate of 5.4 per
cent for the nonsmokers compared to 4.2
per cent for the smokers. In 1976 Alberman
et al. (10) found that the proportion of
congenital abnormalities tended to fall with
the number of cigarettes smoked during
pregnancy. However, in 1971 Fedrick et al.
(11) reported a large and statistically sig-
nificant increase in the rate of congenital
heart defects among babies born of smoking
mothers compared with nonsmoking moth-
ers (7.3 vs. 4.7 per 1000). Their study was
based on the 1958 British Perinatal Mor-
tality Survey and the followup National
Child Development Study. In 1977 a com-
mittee of the American Academy of Pedi-
atrics, chaired by R. W. Miller, concluded
that "in the aggregate, studies of the tera-
togenic effects of cigarette smoking in man
have been inconclusive" (12).

METHODS

The data in the present study stem from
a survey of 73,496 individuals whose names
were supplied by their professional societies
(1). There were 49,585 operating room per-
sonnel, consisting of members of the Amer-
ican Society of Anesthesiologists, the
American Association of Nurse Anesthe-
tists, and the Associations of Operating
Room Nurses and of Operating Room
Technicians. Also surveyed were 23,911
non-operating room personnel, consisting
of members of the American Academy of
Pediatrics and the American Nursing As-
sociation. For the purposes of this study,
we do not distinguish between member-
ships in the several professional societies.

The questionnaire return rate for the fe-
male respondents was 53.2 per cent. The
number of pregnancies (therapeutic abor-
tions excluded) was 12,914, and the number
of live births was 10,523. Although data
were also obtained on the wives of male
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respondents, the present analysis is con-
fined to the female respondents. The female
respondents in this survey were profession-
als in medicine reporting personally the
outcomes of their pregnancy experience,
whereas the reports of the male respond-
ents were necessarily second-hand and thus
considered more likely to be incomplete
and subject to selective reporting.

A questionnaire was mailed to every
member of each society, with the exception
of the American Nursing Association,
where a 10 per cent nationwide sample was
used. The forms were individually num-
bered, and as the responses were received,
they were checked off address lists prepared
by the societies. The data were edited for
inadmissible replies, ambiguities, obvious
errors and missing data. Acceptable forms
were keypunched and stored in a large cam-
pus computer. Photocopies of unacceptable
forms were returned to the respondents
with indications of deficiencies and a re-
quest for correction and return.

The hand-edited and keypunched data,
stored in a temporary computer file, were
reedited by computer program. Whenever
possible, detected discrepancies and defi-
ciencies were rectified.

A second mailing was sent to those indi-
viduals who did not respond to the first
mailing. Responses to the second mailing
were handled in the same manner as first
mailing responses, but first- and second-
responder data were identified for future
analysis.

In the analysis of the data, spontaneous
abortion was defined as the loss of the
product of conception through the twen-
tieth week of gestation. Pregnancies termi-
nating in therapeutic abortions were ig-
nored. The analysis of congenital abnor-
malities included only non-skin abnormali-
ties. The questionnaire listed the most com-
mon abnormalities in each of six classifica-
tions, with "other" as a possible write-in for
each group. For those live births in which
the "other" category of congenital abnor-
mality was checked, a letter was sent to the

mother requesting specific abnormal-
ity (ies). This was a further check to insure
that an error was not made in filling out the
questionnaire. Only abnormalities among
live births were analyzed.

To analyze the binary spontaneous abor-
tion and congenital abnormality data, a
multiple logistic model was used. This ap-
proach provides an estimate of the proba-
bility of spontaneous abortion or congenital
abnormality adjusted simultaneously for
the following variables: maternal age (linear
and quadratic terms), pregnancy history,
exposure to the operating room environ-
ment during the first trimester, smoking,
the first order interaction of smoking with
the first four variables, and whether the
subject had responded to the first or second
mailing.

The coding for certain of the variables
requires explanation. Smoking refers to cig-
arette smoking during pregnancy and was
coded: 1 •» no smoking, 2 = one to 19
cigarettes per day, and 3 •>• 20 or more
cigarettes per day. Pregnancy history (re-
stricted to the 10-year period 1963-1972
immediately preceding the time of survey)
was coded in the following manner for spon-
taneous abortion: 1 «= previous pregnancy
history with no reported spontaneous abor-
tions, 2 = first reported pregnancy, and 3
= pregnancy history with at least one spon-
taneous abortion. The coding for congenital
abnormalities was as follows: 1 = previous
pregnancy history with no reported congen-
ital abnormalities, 2 = first reported preg-
nancy, 3 = pregnancy history with a spon-
taneous abortion or still birth, but no live
births with congenital abnormalities, and 4
— pregnancy history including one or more
live births with congenital abnormality.

Using the logistic model developed by
Duncan and Rhodes (13) and Cox (14, 15)
and expanded by Walker and Duncan (16),
we assume a sample of pregnancies mea-
sured or categorized with respect to each of
k independent variables. We further as-
sume that the argument is a linear function
of the independent variables. In the dicho-
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TABLE 1

Total numbers of responses to the first and second mailings

Membership surveyed

52,066

Response)

First mailing

No. %

22,417 43.1

i

Second mailing

No. %

5,269 10.1

Total responses

No. *

27,686 53.2

tomous multiple logistic model the ob-
served values of the dependent variables
will be one or zero corresponding to occur-
rence or nonoccurrence of the event, i.e.,
spontaneous abortion or congenital abnor-
mality, as reported by the subject for a
given pregnancy.

The probability, p, of the event is repre-
sented as

p = 1/(1 + expi-JCfi)) (1)

where X is the vector of independent vari-
ables and fi is the vector of unknown coef-
ficients. By an iterative procedure, essen-
tially the Newton-Raphson method, we ob-
tained least squares estimates of fi. Tests
for the significance of the several regression
coefficients for the general regression effect
were based on likelihood ratio tests, and
asymptotic distribution theory.

RESULTS

Spontaneous abortion

Table 1 shows the number of persons
(females) surveyed and the number of re-
sponses to the first and second mailings.
Table 2 gives the number of pregnancies,
excluding therapeutic abortions, and the
number of live births reported by the fe-
male respondents in the surveys. Table 3
presents crude spontaneous abortion rates
where the pregnancies have been catego-
rized by maternal age and whether the
mother was smoking or not during preg-
nancy. The rates are expressed as the num-
ber of spontaneous abortions per 100 preg-
nancies, reported for the 10-year period
1963-1972 preceding the survey (ignoring
therapeutic abortions in both the numera-
tor and denominator).

TABLE 2

Number of pregnancies (therapeutic abortions
excluded) and number of live births reported by

27,686 female respondents

Eventa reported No.

Pregnancies
Live births

12,914
10,523

TABLE 3

Spontaneous abortion rates for smokers and
nonsmokers categorized by maternal age

Age at

<25
25-29
30-34
35-39
40+

Nonsmokers

No. of
pre^nan-

cies

2028
3114
2035
943
300

% Sponta-
neous abor-

tion rate

15.3
13.7
15.1
19.7
33.0

Smokers

No. of
pregnan-

cies
1169
1760
1008
438
119

% Sponta-
neous abor-

tion rate

19.0
16.5
17.0
23.1
36.1

Table 3 suggests that both maternal age
and smoking are related to the spontaneous
abortion rate. In addition to the upward
trend with age, we observe that the spon-
taneous abortion rate is higher for cigarette
smokers than for nonsmokers in every age
group. However, the rates have not been
adjusted for other variables known to be
associated with spontaneous abortion, such
as past pregnancy problems and operating
room exposure.

The multiple logistic regression allows us
to investigate the association between ma-
ternal cigarette smoking and spontaneous
abortion while simultaneously adjusting or
controlling for a number of variables. Table
4 defines each of the variables entering into
the multiple logistic regression analysis that
was carried out (see equation 1 above).

 at Pennsylvania State U
niversity on February 18, 2016

http://aje.oxfordjournals.org/
D

ow
nloaded from

 

http://aje.oxfordjournals.org/


474 HIMMELBERGER, BROWN AND COHEN

TABLE 4

Summary of variables used in the multiple logistic regression analysis of spontaneous abortions

Variable Definition

1) Age
2) Age x age
3) Exposure to operat-

ing room
4) Pregnancy history

(1963-1972)

5) Smoking

6) Response
7) Smoking x age
8) Smoking X age x age
9) Smoking X exposure

10) Smoking x preg-
nancy history

11) Intercept

Age of mother (in yeara) at time of pregnancy
Square of Variable 1
Exposure of mother to anesthetic gases in the operating room during first

trimester of pregnancy: 0 = no; 1 - yes.
For spontaneous abortion: 1 — pregnancy history with no spontaneous abortions;

2 = first pregnancy; 3 •• pregnancy history with at least one spontaneous
abortion.

For congenital abnormality. 1 — pregnancy history with no congenital abnor-
malities; 2 = first pregnancy; 3 — pregnancy history with no reported congenital
abnormalities but with one or more spontaneous abortions, or still births; 4 ~
pregnancy history with at least one congenital abnormality.

Smoking during pregnancy: 1 = no; 2 - 1-19 cigarettes per day; 3 — £20 cigarettes
per day.

Responded to first or second mailing: 1 — first; 2 = second.
Product of Variable 5 with Variable 1.
Product of Variable 5 with Variable 2.
Product of Variable 5 with Variable 3.
Product of Variable 5 with Variable 4.

In table 5 we present the maximum like-
lihood estimates of the regression coeffi-
cients (b) and their standard errors (s). In
addition to the estimated regression coeffi-
cients for spontaneous abortion, table 5
shows the values ti = bjsi, i = 1, . . . , k, the
normal test statistics for testing the signif-
icance of each regression coefficient against
zero, adjusting for the remaining variables,
and pi the significance level attained for
each test. From this table we observe that
pregnancy history is highly significant as a
prediction variable for spontaneous abor-
tion and that exposure to the operating
room is also highly significant, as reported
earlier (1). The main effect for maternal
cigarette smoking during pregnancy, and its
interactions with age show rather strong
positive relationships to the risk of sponta-
neous abortion, although these are not sig-
nificant at the 10 per cent leveL We also
note that there is a strong negative inter-
action of smoking with exposure. When the
significance of the main effect and the sev-
eral interaction effects of smoking are
tested simultaneously, using the asymptotic
chi-squared test, based on the net reduction

in likelihood fit, the smoking effect is sig-
nificant at the 1 per cent level, i.e.,/? < 0.01.

In order to demonstrate the relationship
of smoking and the other variables to spon-
taneous abortion, as disclosed by the logis-
tic analysis, we have used the fitted logistic
function to calculate the probability of
spontaneous abortion as a function of ma-
ternal age for nonsmokers, moderate smok-
ers and heavy smokers, with the other var-
iables fixed to describe a woman who is not
exposed to the operating room environment
during the first trimester, has had one or
more prior pregnancies, none of which re-
sulted in a spontaneous abortion, and who
returned her survey form in the first mail-
ing. Figure 1 shows the significant effect of
smoking and age on spontaneous abortion
for this "typical" female respondent in our
study, as calculated from the fitted logistic
model.

Table 6 shows the relative risk of spon-
taneous abortion (heavy smokers vs. non-
smokers), computed from the fitted logistic
function, for various fixed values of the
interfering variables. For each of the three
possible pregnancy history values we have
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TABLE 5

Estimated coefficients, standard error coefficients, associated t-values, and p values for spontaneous
abortions among female respondents

Variable

Age at pregnancy
Age x age
Exposure to operating room
Pregnancy history
Response to mailing
Smoking
Smoking x age
Smoking x age x age
Smoking X exposure
Smoking x pregnancy history
Intercept

Overall smoking effect

Estimate of regression
coefficient

(W
-0.1036

0.0024
0.4087
0.3936

-0.0009
1.2484

-0.0689
0.0010

-0.1261
0.0298

-1.8168

Standard error of esti-
mate

<«)

0.0775
0.0013
0.1148
0.0893
0.0621
0.8156
0.0541
0.0009
0.0701
0.0549
1.1753

>d - 21.7f

Ws)

-1.34
1.86
3.56
4.41

-0.01
1.53
1.27
1.16

-1.80
0.54

-1.55

P

0.18
0.06

<0.01
<0.01

0.99
0.13
0.20
0.25
0.07
0.59

<0.01

* The best fitting multiple logistic function is: p = [1 + exp - (6IJT, + btXi + . . . + bv,xw + 611)] ' when the
regression coefficients, 6, are as given, and the variables, xH are as defined in table 4.

t The total "effect" of smoking is measured by comparing the fit with all variables to that obtained when the
five variables involving smoking are deleted.
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FIGURE 1. Risk of spontaneous abortion according to age and smoking habit See text for further details.

calculated the relative risk for mothers ex-
posed to the operating room and unex-
posed, at the two extreme ages of 20 and
40. Relative risk is the ratio of the estimated
logistic probability of spontaneous abortion
for the woman who is a heavy smoker to
the probability of spontaneous abortion for

the woman who does not smoke, holding
the rest of the interfering variables fixed at
specified levels. The mailing response vari-
able has not been included in table 6 be-
cause it showed no relationship to sponta-
neous abortion; it is held fixed at 1, (i.e.,
first mailing).
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TABLE 6

Relative risk of spontaneous abortion for heavy
smokers, relative to nonsmokers, for two age levels,

three classes of pregnancy history, and two
categories of operating room exposure

Pregnancy
history

1

2

3

Maternal
age

20
40
20
40
20
40

Operating room exposure

Unezposed

1.69
1.22
1.70
1.25
1.71
1.26

Exposed

1.35
1.01
1.38
1.04
1.39
1.07

From table 6 and figure 1 it is obvious
that the relative risk of spontaneous abor-
tion among female respondents is greater
for the young smoking mother than it is for
the older mother who smokes. We also ob-
serve that the relative risk due to smoking
is rather insensitive to changes in preg-
nancy history. Because a large proportion
of our population was exposed to anesthetic
gases and subject to an increased risk of
spontaneous abortion from that source, it
was important to include the exposure var-
iable and its interactions with smoking in
our model. Although both smoking and op-
erating room exposure contribute to the
risk of spontaneous abortion, the relative
risk for smoking is not as large for the
exposed mother as for the unexposed
mother. The interaction is of borderline
statistical significance (p — 0.07), as seen in
table 5.

The lack of any association of sponta-
neous abortion rate with first versus second
mailing (see table 5) is an indication that
the nonresponse bias in this study may not
be an important factor.

As a check on the fit of the logistic model
to the data, the pregnancies were grouped
according to their risk of spontaneous abor-
tion, as calculated from the fitted logistic
equation. Actual spontaneous abortion
rates were then calculated for the several
groups. The results indicated that the cal-
culated rates were very close to those pre-
dicted by the logistic model.

TABLE 7

Congenital abnormality rates for smokers and
nonsmokers categorized by maternal age

Age at
preg-
nancy

Nonsmokers Smokers

No. of % Congenital
live abnormality

births rates

No. of % Congenital
live abnormality

births rates

<25
25-29
30-34
35-39
40+

1680
2656
1695
734
194

7.2
7.6
6.7
4.8
5.2

931
1435
807
322

70

8.5
10.5
7.2
6.8

11.4

Congenital abnormality

Our analysis of the congenital abnormal-
ity data follows the same approach as the
spontaneous abortion analysis except that
now we consider only live births. Table 7
presents congenital abnormality rates for
the pregnancies, categorized by maternal
age and whether the mother was smoking
or not during pregnancy. The rates are ex-
pressed as the number of congenital abnor-
malities per 100 live births reported for the
10-year study period, 1963-1972. Note that
there is a consistently higher rate of con-
genital abnormality among the live births
reported by smokers, across all age groups;
the smoking versus nonsmoking difference,
adjusted for age, is statistically significant
at the 1 per cent level, when tested by the
usual chi-squared test. However, there is a
need to reexamine the smoking effect, ad-
justing the other variables.

As with spontaneous abortions, we have
used the multiple logistic regression model
with the variables as defined in table 4.
Table 8 gives the maximum likelihood es-
timates of the regression coefficients (b),
the corresponding standard errors (s), the
test statistics for the hypotheses that the
coefficients are zero (t - b/s), and the p
values for the tests.

It can be seen from table 8 that both
pregnancy history and operating room ex-
posure are highly significant as predictors
of congenital abnormality. Though none of
the smoking variables is statistically sig-
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nificant alone, the overall smoking effect is
significant at the 5 per cent level, as shown
on the bottom line of table 8.

The main effect for smoking is positive
but its interactions with some of the other
variables is negative. In order to show the
relationship of smoking and other variables
with congenital abnormality, we have plot-
ted in figure 2 the estimated logistic prob-
ability of congenital abnormality as a func-
tion of maternal age for nonsmokers, mod-

erate smokers and heavy smokers, with all
other variables fixed as follows: pregnancy
history of one, first questionnaire respond-
ent, and no operating room exposure in the
first trimester. For this "typical" female,
figure 2 shows the effect of smoking and
age on congenital abnormality as calculated
from the fitted logistic function. In table 9
we show the risk of congenital abnormality
for heavy smokers relative to nonsmokers,
conditional on specified values of the sev-

TABLE 8

Estimated coefficients, standard error of coefficients, associated t-values, andp values
for congenital abnormalities

Variable

Age at pregnancy
Age x age
Exposure to operating room
Pregnancy history
Response to mailing
Smoking
Smoking x age
Smoking x age x age
Smoking x exposure
Smoking x pregnancy history
Intercept

Overall smoking effect

Estimate of regression
coefficient (6)*

0.1132
-0.0024

0.3898
0.6754

-0.1240
1.0203

-0.0430
0.0008

-0.0699
-0.1365
-5.3610

Standard error of
estimate («)

0.1578
0.0027
0.1788
0.1208
0.1007
1.4782
0.1018
0.0017
0.1084
0.0744
2.2859

£ = "-at

t
(b/s)

0.72
-0.90

2.18
5.59

-1.23
0.69

-0.42
0.47

-0.65
-1.83
-2.35

P

0.47
0.39
0.03

<0.01
0.22
0.49
0.68
0.64
0.52
0.07

<0.05

• The best fitting multiple logistic function is: p — [1 + exp - (b\X\ + 6ix2 + . . . + 610*10 + 611)] ' when the
regression coefficients, b, are as given, and the variables, xt, are as denned in table 4.

f The total "effect" of smoking is measured by comparing the fit with all variables to that obtained when the
five variables involving smoking are deleted.

a

.09

.08

.07

.06

.05

.04

.03

.02

.01

Heovy Smoker

Moderate Smoker

Nonsmoker

18 22 26 30 34 38

Maternal Age
42 46 50

FIGURE 2. Risk of congenital' abnormality according to age and smoking habit. See text for further details.
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eral interfering variables, as calculated from
the fitted logistic function.

Figure 2 and table 9 indicate a relative
risk as high as 2.3, the higher smoking risks
being observed among women experiencing
their first pregnancy or having only trouble-
free pregnancies. Among women reporting
previous births with congenital abnormali-
ties the relative risk is approximately unity.
Although the decreasing age trend shown
in figure 2 is not significant, the lack of
upward age trend is consistent with the
extensive data presented by Hay and Bar-
bano (17). In table 9 it can be seen that
women in the operating room show lower
relative smoking risk than those women
working elsewhere, though, as seen in table
8, this interaction between smoking and
operating room exposure is not statistically
significant. As with the analysis of the spon-
taneous abortion data, no association was

TABLE 9

Relative risk of congenital abnormality for heavy
smokers to nonsmokers, for specified age, operating

room exposure and pregnancy history

found between congenital abnormality rate
and first or second mailing response, which
suggests that non-response bias may not be
an important factor in this study.

To check on the goodness of fit of the
logistic model to the data, the risk of con-
genital abnormality was calculated for each
live birth based on the fitted logistic model.
The live births were grouped according to
these risks and the observed rate in each
group was compared with the calculated or
predicted rate. The results showed very
close agreement between observed and pre-
dicted rates.

Following the report of Fedrick et ai. (11)
that congenital heart defects are more nu-
merous among babies of smoking mothers,
the defects reported in our study were ca-
tegorized and the rates compared for smok-
ers and nonsmokers (table 10). It can be
seen that the results confirm those of Fed-
rick et aL and indicate further that abnor-
malities in each general category are re-
ported more frequently by the smoking
mother, many of the differences being at
least of borderline significance by statistical
comparison of the unadjusted rates.

CONCLUSIONS

The multiple logistic regression model,
with certain interactions, appears to fit the
spontaneous abortion and abnormality data
well. The model provides an efficient
method for adjusting for many variables.
Based on this approach we draw the follow-
ing conclusions.

TABLE 10

Comparison of congenital abnormality rates for babies born of smokers and nonsmokers, by type of
abnormality. (Number of congenital abnormalities in parentheses)

Pregnancy
history

1

2

3

4

Maternal
age

20
40
20
40
20
40
20
40

Operating room exposure

Unexposed

1.91
2.34
1.46
1.79
1.13
1.37
0.90
1.06

Exposed

1.66
2.04
1.28
1.55
1.01
1.20
0.81
0.94

Abnormality Smokers Nonsmokere P'

Cardiovascular
Respiratory
Musculoskeletal
Gastrointestinal
Central nervous system
Urogenital

19.07t
15.15
2334
13.46
11.50
21.32

(68)
(54)
(85)
(48)
(41)
(76)

13.65
12.07
19.69
9.48

10.20
15.81

(95)
(84)

(137)
(66)
(71)

(110)

0.02
0.10
0.08
0.04
0.27
0.02

* One-tail significance level for the test of the difference between two proportions.
f Rate is number of congenital abnormalities per 1000 live births. Rates based upon 3565 live births among

the smokers and 6958 live births among the nonsmokers.
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Spontaneous abortion. The survey data
provide statistically significant indication
(p < 0.01) that the risk of spontaneous
abortion is substantially higher for women
who smoke during pregnancy. For the
women in this study the risk for the smok-
ing mother is estimated to be 1.2 to 1.7
times that of the nonsmoking mother, for
those not working in the operating room,
and 1.1 to 1.3 for those working in the
operating room.

Congenital abnormality. Analysis of the
congenital abnormality data shows a statis-
tically significant risk (p < 0.05) associated
with maternal smoking. The relative risk
ranges from 0.8 to 2.3 times that of the
nonsmoker, depending on age, previous
pregnancy history, and exposure to the op-
erating room. As with spontaneous abor-
tions, we estimate a relative risk for smok-
ers slightly lower for women working in the
operating room.

Keeping in mind that the findings pre-
sented here are retrospective survey data,
obtained by mail and subject to variation
in response due to the experience and back-
ground of the participant, this study none-
theless confirms previous reports indicating
that smoking is positively correlated with
spontaneous abortion and provides evi-
dence of a large increase in the risk of
congenital abnormalities for the child born
of a mother who smokes.
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