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The Honorable Thomas P. O’Neill
Speaker of the House of Representatives
Washington, D.C. 20515

Dear Mr. Speaker:

As required by Section 8(a) of the Public Health Cigarette Smoking
Act of 1969, I am submitting the 1977-1978 report on the health
consequences of smoking. The report includes the “Bibliography on
Smoking and Health—1976,” the “Bibliography on Smoking and
Health—1977,” and “The Health Consequences of Smoking, 1977-
1978.”* The report bears a 2-year designation in order to return the
series to an annual timetable which was altered because of the time
required for the clearance processing of the 1976 report. The Bib-
liographies are prepared annually and routinely to reflect the new
acquisitions to the smoking and health data base which operates at
a cost of $200,000.00 per year; the health consequences of smoking
report, which is a review of this new current information and pre-
pared specifically for Congress, this year cost $9,800.00.

“The Health Consequences of Smoking, 1977-1978” includes re-
cently published data from three classic prospective studies of the
mortality resulting from cigarette smoking. These studies, involving
almost one and a half million persons, continue to document excess
mortality among smokers as compared to nonsmokers.

This part of the report also includes data on the established risks
of low birth weight and increased perinatal mortality for offspring
of women who smoke during pregnancy. In addition, the new evi-
dence is reviewed that shows not only a high rate of heart attacks
among women who smoke cigarettes, but that this effect is particu-
larly critical in women who use oral contraceptives.

The data in this report indicate that former smokers show lower
death rates than continuing smokers and within 10 to 15 years after
quitting come close to the low rates of those who never smoked.

One study supports previous evidence that there is a partial
solution to the health problem in the use of cigarettes with lower
emissions of ‘“‘tar” and nicotine.

As a result of public demand and a responsive industry, there
has been over recent years a continuing decline in the emissions of
“tar” and nicotine in cigarettes in use.

The data in this report and in previous annual reviews of the
health consequences of smoking have established cigarette smoking
as a habit responsible for an overwhelming level of premature death
and disability in this country. To reduce this preventable and costly

#The bibliographies have been pubiished as DHEW Publication Number (CDC) 78-8309,
January and February 1978.
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mortality and morbidity, this Department recently announced a
new antismoking program.

The program is one of public education, regulation, and research
with special emphasis on children, teenagers, and young women,
and on occupations where smoking increases risks from occupational
exposure. In undertaking this program, I have invited the coopera-
tion of the major broadcast networks, State and local school offi-
cials, the major corporations of this Nation, State Governors and
legislators, the Federal Trade Commission, the Federal Communi-
cations Commission, the Civil Aeronautics Board, and others whose
involvement and cooperation are crucial to the success of this pro-
gram. In response to the evidence linking the combined use of oral
contraceptives and cigarette smoking, the Food and Drug Admin-
istration, Public Health Service, HEW, has recently required that a
warning statement to that effect accompany oral contraceptives as
they are distributed to those who use them. To provide leadership
and to coordinate this program, an Office on Smoking and Health
has been established in the Office of the Assistant Secretary for
Health. As one of its first tasks, this Office will coordinate the pro-
duction of a comprehensive document which reviews not only the
biomedical but also the behavioral and control data about smoking
and its effects on health. The report will be submitted to Congress .
in January 1979.

As the principal health officials of this government, the Surgeon
General and I are committed to fulfilling our responsibilities to pro-
vide information and direction to permit American citizens to make
genuinely free choices about smoking and their own health. In this
regard and as I am required by P.L. 91-222 to make such legislative
recommendations that 1 deem appropriate based on the scientific
data about the impact of smoking on health, I will submit within
the year a legislative package which 1 hope will meet with your
approval. With appropriate coordination of legislative action and
program, we can solve this difficult and important public health

problem.
Sincerely,
X . éﬁ{ M& ,
Joseph A. Califano, Jr.
Secretary
Enclosures

Identical letter sent to The Honorable Walter F. Mondale



‘Preface

This tenth report to the Congress on the health consequences of
smoking discusses the special problems incurred by women who
smoke and presents recently published overall mortality data on
smoking. '

Smoking was first recognized as a health problem in the 1930,
when a sharp increase was noted in lung cancer rates for men. No
similar increase was noted for women at that time for several rea-
sons, First, as a group, women did not start smoking when men
did, since such behavior was socially unacceptable for women at
that time. Consequently, until the last decade, there were insuffi-
cient numbers of women who had smoked for a long enough period
of time to provide the size population necessary for meaningful
research.

In recent years, however, the same health risks to men as a re-
sult of smoking have been documented for women who smoke.
These include cardiovascular disease, lung cancer, cancer of other
specific sites, bronchitis, and emphysema. These diseases occur
among smokers at rates far greater than those of nonsmokers. Ad-
ditionally, women have been found to incur unique risks for them-
selves and for their offspring. For example, women over 30 years of
age who smoke and use oral contraceptives have substantially higher
risks of myocardial infarction. Moreover, the offspring of women
who smoke during pregnancy face greater risks of perinatal mortal-
ity and low birth weight. Further understanding of the mechanisms
involved in these health consequences continues to evolve.

Three large prospective epidemiologic studies demonstrate that
overall mortality rates for cigarette smokers are approximately 70
percent higher than those for nonsmokers. These studies also docu-
ment a decrease in overall mortality rates for those who quit smok-
ing, provided they were not ill at the time of cessation. There is
about a 15 percent reduction in overall mortality risk for smokers
of low “tar” and nicotine cigarettes (less than 17.6 mg. “tar” and
less than 1.2 mg. nicotine) compared to those who smoke high
“tar” and nicotine cigarettes (25.8-35.7 mg. “tar” and 2.0-2.7 mg.
nicotine).



Several publications have become available since the last report
to Congress which review the social, behavioral, legislative, and
health issues related to smoking. A recently published paper by
Daniel Horn, Ph.D., as part of his work with the World Health
Organization, discusses the major barriers to be overcome if further
progress is to be made against the threat of smoking to health. A
copy is included as Appendix A to this report. Two other publica-
tions of note include the U.S. Public Health Service’s “Proceedings
of the Third World Conference on Smoking and Health, 1975,”
DHEW Publication No. (NIH) 77-1413, 1977, Volumes I and 1I,
and the World Health Organization’s «Smoking and Its Effects on
Health,” Technical Report Series No. 568, Switzerland, 1975.
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preparation of the Report
and Acknowledgments

PREVIOUS REPORTS

Reviews of the scientific information linking smoking to health
problems began in 1964 with the publication of Smoking and
Health, Report of the Advisory Committee to the Surgeon General
of the Public Health Service, subsequently referred to as the “Sur-
geon General’s Report.” Thereafter, Public Law 89-92 was passed
requiring supplemental reports to Congress on this subject, and
the following three reports were published:

1. The Health Consequences of Smoking, A Public Health Service
Review,; 1967

3. The Health Consequences of Smoking, 1968 Supplement to
the 1967 PHS Review.

3. The Health Consequences of Smoking, 1969 Supplement to
the 1967 PHS Review.

Public Law 91-22 amended the previous law in April 1970 and
required a comprehensive review within 18 months, with annual
reports to be submitted thereafter. The result of this review was
The Health Consequences of Smoking, A Report of the Surgeon
General; 1971. Since then, the following annual reports on the
health effects of smoking have been published:

1. The Health Consequences of Smoking, A Report of the Sur-
geon General, 1972.

9. The Health Consequences of Smoking, 1973.

3. The Health Consequences of Smoking, 1974.

4. The Health Consequences of Smoking, 1975.

5. 3‘ ge; 6Health Consequences of Smoking, A Reference Edition,

Each report since the original ‘‘Surgeon General’s Report” has
reviewed the scientific literature relevant to the association between
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smoking and cardiovascular diseases, non-neoplastic bronchopul-
monary diseases, and cancer. Smoking as related to the following
diseases and conditions has been reviewed periodically in these
reports:

Allergy (1972)

Exercise Performance (1973)

Harmful Constituents of Cigarette Smoke (1972)

Noncancerous Oral Disease (1969)

Overview: The Health Consequences of Smoking ( 1975)

Overview: The Health Consequences of Smoking (1976)

Peptic Ulcer Disease (1967, 1971, 1972, 1973)

Pipe and Cigar Smoking (1973)

Pregnancy (1967, 1969, 1971, 1972, 1973)

Public Exposure to Air Pollution from Tobacco Smoke (1972,
1975)

Tobacco Amblyopia (1971)

THE 1977-1978 REPORT

This publication, The Health Consequences of Smoking, 1977-1978,
contains the most recent data on the health effects of smoking
unique to women and on the effects of smoking on overall mortal-
ity. Although emphasis is on the most recent data, research from
earlier years is included where necessary for clarity.

The report was prepared in the following way by the staff of the
National Clearinghouse for Smoking and Health, a division of the
Bureau of Health Education, Center for Disease Control, Public
Health Service:

1. The Technical Information Center of the Clearinghouse con-
tinually monitors and collects the scientific literature on the
health effects of smoking by means of several established mech-
anisms:

a. An information science corporation is under contract to



extract articles on smoking and health from the scientific litera-

ture of the world.
b. The National Library of Medicine, through the MEDLARS
system, provides a monthly listing of articles on smoking and
health. Articles not provided by the information science cor-
poration are obtained for review.

c. Staff members review current medical literature and iden-

tify pertinent articles.

9. Initial drafts for the present report were prepared by the staff
of the National Clearinghouse and sent to experts in the content
area for review and comment regarding the format, the appro-
priateness of the articles selected for discussion, and conclusions.
The drafts were then revised by the Clearinghouse to incorporate
these comments. The final drafts of the complete report were
reviewed by the National Cancer Institute, the National Heart,
Lung, and Blood Institute, the National Institute of Environ-
mental Health Sciences, the National Institute of Child Health
and Human Development, and by additional experts both inside
and outside the Public Health Service.
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chapter 1

Smoking-ReIated Health Problems
Unique to Women

INTRODUCTION

Smoking habits and attitudes among women and teenage girls have
differed in the past from the habits and attitudes among men and
teenage boys. Women tended to smoke fewer cigarettes, were less
likely to inhale, and were more likely to smoke low “tar” and nico-
tine and filter-tipped brands. Surveys have indicated, however, that
the smoking habits of women are becoming more like men’s. Women
are taking up the habit at an earlier age and have become heavier
smokers. This has made them more vulnerable not only to lung
cancer and other smoking-related diseases, but also to specific
health problems that are unique to their sex. For example, research
on the relationship between cigarette smoking and the outcome of
pregnancy has established that there are definite risks to both the
fetus and the mother associated with cigarette smoking during
pregnancy. Moreover, women who use oral contraceptives are at
greater risk of cardiovascular disease if they smoke cigarettes. There
is also evidence that nicotine is present in the breast milk of lactat-
ing mothers who smoke. The following is a review of the current
information on these and other health consequences of smoking
unique to women.

EFFECTS OF SMOKING ON THE OUTCOME OF PREGNANCY

There are definite health risks associated with smoking and preg-
nancy, including effects on birth weight, perinatal mortality, and
long-term physical and intellectual development of the child. This
section reviews each of these subjects and also includes information
about the likely mechanism of action of smoke and its contents on
the mother and the products of conception.

Smoking and Birth Weight

In 1957, Simpson published her original finding that babies born
to women who smoke during their pregnancy weigh on the average
200 grams (g) less than the babies born to women who do not smoke

1



(34). Since then, more than 100 articles on this relationship have
led to the general acceptance that smokers’ babies generally weigh
150 to 250 g less than nonsmokers’ babies, and twice as many of
the former weigh less than 2500 g (13). The 1973 report of The
Health Consequences of Smoking presented evidence to support
a causal association between cigarette smoking and fetal growth re-
tardation (39). A strong dose-response relationship was also estab-
lished in that report, with differences in weight being in direct pro-
portion to the number of cigarettes smoked.

The following additional points were summarized in the 1973
report to further support the causal association between cigarette
smoking during pregnancy and lower birth weight:

1. Results are consistent in all studies, retrospective and pro-
spective, from many different countries, races, cultures, and
geographic settings.

2. The relationship between smoking and reduced birth weight
is independent of other factors that influence birth weight, such
as race, parity, maternal size, socioeconomic status, sex of child,
and all others that have been studied.

3. If a woman gives up smoking by the fourth month of preg-
nancy, her risks of delivering a low-birth-weight baby is similar
to that of a nonsmoker.

Subsequent to the 1973 feport, additional reports have further
discussed and corroborated the association between smoking in
pregnancy and low birth weight (19, 25, 33, 35).

Smoking and Perinatal Mortality

A strong, probably causal, association between cigarette smoking
and higher late fetal and infant mortality rates among smokers’
infants is now well established (38). Retrospective and prospective
studies have revealed a statistically significant relationship between
cigarette smoking and an elevated mortality risk among the infants
of smokers. In three of these studies of sufficient size to permit ad-
justment for other risk factors, a highly significant independent as-
sociation between smoking and mortality was established. Part of
the discrepancy in results between these studies and those in which
a significant association between smoking and infant mortality was
not demonstrated may be explained by a lack of adjustment for
risk factors other than smoking. :

The 1973 report also presented evidence indicating that the
higher relative risks occurred among populations with risk factors
other than smoking being present, such as socioeconomic status,
age, parity, race, and previous pregnancy history.



Since 1973, a series of articles by Meyer, et al. analyzed data
from the Ontario Perinatal Mortality Study of all single births in ten
Ontario teaching hospitals in 1960-61 (26, 27, 28). The study in-
volved 51,490 births, including 701 fetal deaths and 655 early neo-
natal deaths, and was supplemented by clinical records with inter-
views of mothers in the hospital, interviews with anesthetists and
attending physicians, and autopsy records (29). Perinatal mortality
increased significantly with smoking and was also affected by such
factors as maternal age, parity, socioeconomic status, previous
pregnancy history, hemoglobin level, and other risk factors (29).
Smoking frequencies also varied by many of these characteristics.
Smoking and other risk factors were cross-tabulated among 52
data subgroups. In all subgroups, the mortality increase with
smoking was dose related, but not in a simple, linear way. The
increased risk of perinatal mortality associated with light smoking
among young, low-parity, nonanemic mothers was less than 10
percent. At the other extreme, mothers with other risk factors
of high parity, public hospital status, with previous low-birth-weight
infants, or with hemoglobin less than 11 g had further increased
perinatal mortality risks of 70-100 percent when they were smokers.
The most significant risk factor (mortality rate of 78 per 1,000
total births) was anemia, defined as a hemoglobin of less than 8.0
g. The failure of some earlier studies to find a significant increase in.
perinatal mortality with maternal smoking may be due to selection
of study populations from the end of the spectrum, where light
smoking is associated with only a slight increase in perinatal risk.
This evidence points up how population selection could influence
study findings and shows that exposure to the effects of smoking
during pregnancy is much more dangerous for the babies of some
women than for others. These findings are corroborated by a num-
ber of studies in which fetal, neonatal, or perinatal mortality rates
are compared for smoking and nonsmoking women, controlling for
the effects of various risk factors previously mentioned (1, 12, 22,
36).

Additional data were published in 1976 —1977 (26, 27) and re-
vealed that frequencies of low birth weight (under 2500 g), preterm
delivery (< 38 weeks), perinatal mortality, abruptio placentae, pla-
centa previa, bleeding during pregnancy, and prolonged and pre-
mature rupture of the membranes increased directly and signifi-
cantly (p< 0.00001) as the level of maternal smokKing increased
(Tables 1 and 2). The 1976 paper used multiple regression analysis
to measure the independent effect of smoking on the various risk
factors. The probabilities of these complications were also com-
pared (Figure 1). Risks of placenta previa and abruptio placentae
were higher for smokers than for nonsmokers at all gestations, with



TABLE 1. Adjusted rates and F ratios for maternal smoking and other impor-
tant factors affecting birth ‘weight, gestation, placental complica.
tions, and perinatal mortality

Factor * Adjusted Rates of Outcome 1F Ratio
Birth Weight < 2500 Grams

Per 1000 Births
Maternal Smoking Level
None 49.4 182.8
< 1 Pack Per Day 187
> 1 Pack Per Day 113.7
Previous Preinancz History

o Previous Pregnancy 70.0 1235
Previous Pregnancy, 0 Loss 57.8
Previous Pregnancy, Loss 1348
Hospital Pay Status
P?Wsate 60.0 84.0
Public 87.4
Gestation < 38 Weeks

Per 1000 Births
Maternal Smoking Level
None 77.1 50.6
< 1 Pack Per Day 92.2
> ! Pack Per Day 115.9
Previous Pregnancy History
No Previous Pregnancy 69.1 182.6
Previous Pregnancy, 0 Loss 85.7
Previous Pregnancy, Loss ©193.9
Hospital Pay Status
Private 78.9 120.3
Public 116.2

Placenta Previa

Per 1000 Births
Maternal Smoking

one 6.5 11.7

< 1 Pack Per Day 8.1
> 1 Pack Per Day 12.5
Previous Pregnancy History
No Previous Pregnancy 8.8 14.4
Previous Pregnancy, 0 Loss 6.6
Previous Pregnancy, Loss 15.8

(Hospital pay status not a significant factor)




TABLE 1. Adjusted rates and F ratios for maternal smoking and other impor-
tant factors affecting birth weight, gestation, placental complica-
tions, and perinatal mortality (continued)

Abruptio Placentae
Per 1000 Births

Maternal Smokin

one 16.4 17.1
< 1 Pack Per Day 20.3
> 1 Pack Per Day 21.6
Previous l’re%ancx History
No Previous Pregnancy 18.8 25.6
Previous Pregnancy, 0 Loss 17.6
Previous Pregnancy, Loss 374
Hospital Pay Status
Private 11.5 20.7
Public 25.0

Perinatal Mortality
Per 1000 Births

Maternal Smoking

None 235 8.4
< 1 Pack Per Day 28.2

> 1 Pack Per Day 31.8

Previous Pregnancy History

No Previous ;Fregnancy 23.1 97.4
Previous Pregnancy, 0 Loss 23.6

Previous Pregnancy, Loss 68.7

Hospital Pay Status

Private 233 44.2
Public 36.1

* Adjusted rates show independent effect of the factor given, adjusted for all other factors
in regression. They are: maternal smoking, hospital pay status, mothers’ birthplace,
height, prepregnant weight, sex of child, previous pregnancy history, and age-parity.

+F ratio degrees of freedom: numerator = number of subgroups -1, denominator = infinity.
(Al differences shown are highly significant. F ratios indicate the relative importance of
the factor.)

SOURCE: Personal correspondence, based on data in Meyer, M.B., et al. (26).



Probability of Abruptio Placentae

Probability of Placenta Previa

FIGURE 1.—Risks of selected pregnancy complica-
tions for smoking and nonsmoking mothers, by period
of gestational age at delivery for A, abruptio pla-
centae, B, placenta previa, C, premature rupture of
membranes (PROM)

SOURCE: Meyer, M.B., et al. (27).
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TABLE 2. Perinatal mortality and selected pregnancy com

maternal smoking levels

Smoking level (packs per day)
(rates per 1,000 total births)

plications, by

(] <1 >1
Outcome 23,358 (15,328 (6,581 2¢
Births) Births) Births) X

Perinatal Mortality 233 28.0 334 27.8%
Abruptio Placentae 16.1 20.6 289 47.3%
Placenta Previa 6.4 8.2 13.1 28.6%
Bleeding During Pregnancy 116.5 141.6 180.1 201.9%
Rupture of Membranes

> 48 Hours 15.8 23.3 358 109.9%
Rupture of Membranes

Only at Admission 30.3 39.3 45.0 45.7¢

«Cochran’s chi square for trends.
+p < 0.00001.

SOURCE: Meyer, M.B., et al. (27)-



relatively larger differences in the earlier weeks of pregnancy. The
risk of premature rupture of membranes was more than three times
greater for smokers than for nonsmokers among deliveries that oc-
curred before 34 weeks gestation and remained higher than the
risk for nonsmokers through term (Figure 1C).

A prospective investigation of 9,169 pregnant women was con-
ducted by Goujard, et al. (15), and results showed a substantial
increase in stillbirths among smokers. A large proportion of this
increase was due to abruptio placentae. There were 100 stillbirths,
classified into five categories of causes: vascular, abruptio placen-
tae, mechanical, miscellaneous (syphilis, Rh, malformations, etc.),
and unknown (Table 3). The abruptio placentae category exclu-
sively represented cases without toxemia, the one toxemic case
being classified with the vascular causes. The higher proportion
of smokers is significant for only two of the categories: abruptio
placentae (p = 0.005) and unknown causes (p = 0.0005). Although
the numbers were small, the risk of stillbirths by abruptio placentae
is six times higher among smokers.

TABLE 3. Stillbirths according to cause in relation to maternal smoking
during pregnancy

Comparison
Number of Percent With Live
Stillbirths Deliveries Smokers Birthst
Vascular : I 8. 25
Abruptio Placentae 13 46 p = 0.005
Mechanical 13 15
Miscellaneous (Syphilis,
Rh, Malformations, . . .) 24 13
Unknown 37 35 p = 0.0005
Detailed Records Not
Available 5 -
TOTAL 100 26 p = 0.0001
Livebirths 9069 12

+ When p is not given, the difference is not significant.

SOURCE: Goujard, J., et al. (15).

Long-Term Effects on Physical and Intellectual Development

Three studies (6, 16, 40) report on long-term effects of smoking
in pregnancy. Data from two of the studies presented below demon-
strate an association between smoking during pregnancy and im-
paired physical and intellectual development in the offspring.
Additional reports further substantiate this association (10, 11).

Butler and Goldstein (6) analyzed the National Child Develop-
ment Study, a longitudinal study of 17,000 children born in Britain
from March 3 to 9, 1958. The test procedures included a reading
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test at the age of 7 years, and a mathematics test, a reading test,
and a general ability test at the age of 11. At both ages the height
of the child was also measured. Analyses at both ages were based
on smoking habits of the mother after the fourth month of pregnancy

Statistically significant differences in height and reading ability
between smoking categories (0, 1-9, or 10+ cigarettes daily) were
found at both 7 and 11 years of age.

When account was taken for such factors as mother’s height,
age, social class as determined by father’s occupation, number of
older and younger children in the household, and the sex of the
child, there was a deficit of height and reading ability in the off-
spring of mothers who smoked, the extent of which increased with
the amount smoked.

These results establish an association of smoking in pregnancy
with later intellectual development, although the gap between child-
ren of smokers (at all levels of smoking) and nonsmokers does not
appear to change between the ages of 7 and 11 years. Smoking in
pregnancy is associated with an impairment of both mental and
physical growth, although compared with other social and biologi-
cal factors, the effects are small.

In the study by Wingerd and Schoen (40), the net effects of
various factors on length at birth and height at 5 years werc deter-
mined in 3,707 single-born, white California children. Children of -
smoking mothers were found to be shorter (p< 0.001) at birth and
at 5 years than children of nonsmoking mothers. (Intellectual de-
velopment was not measured in this study.)

In contrast to these results, Hardy and Mellits (16) found very
few significant differences in a number of body measurements and
intellectual functions up to the age of 7 years between children of
smokers and nonsmokers. A possible explanation for this discre-
pancy is that their sample was too small, and a weight-matched con-
trol group could add a bias. Whereas the British study by Butler and
Goldstein involved a sample size of over 5,000 children, Hardy and
Mellits based their findings on only 88 matched pairs of children.
Calculations by the authors of the British study show that with the
small sample used by Hardy and Mellits there was only about a 20
percent probability of detecting statistically significant differences
in the heights of children born to smoking and nonsmoking mothers.

CARBON MONOXIDE AND CARBOXYHEMOGLOBIN LEVELS
IN MATERNAL AND FETAL CIRCULATION AND THE POS-
SIBLE MECHANISMS OF SMOKING EFFECTS ON PREGNANCY

There is evidence to show that carboxyhemoglobin (COHb) levels
are substantially elevated in pregnant women who smoke and may
result in damage to placental and fetal blood vessels. Higher levels
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of COHb in both fetal and maternal blood may also be a factor in
the increased incidence of low birth weight of infants born to
women who smoke.

Cole, Hawkins, and Roberts (7) studies the smoking habits of a
group of pregnant women and related these to the level of COHb in
the circulating blood. A group of 222 patients attending antenatal
clinics at a London hospital were questioned about their smoking
habits. Ninety-three (42 percent) were smokers, and 129 (58 per-
cent) were nonsmokers. Simultaneous maternal and cord blood
samples were taken at normal delivery and at Caesarean section
from 28 patients, and the COHb and fetal hemoglobin levels of
the samples were measured. Results showed that women who
smoke during pregnancy have a significantly higher level of COHb
in their blood than women who do not smoke (p< 0.01). The mean
COHD levels were 1.2 percent (range 0 to 2.4 percent) for the non-
smokers and 4.1 percent (range 0.5 to 14 percent) for the smokers.
There was a positive correlation betwen the number of cigarettes
smoked on the day of sampling and the COHb level (correlation
coefficient 0.82) (Figure 2). With the exception of two patients,

FIGURE 2.—Number of cigarettes normally smoked
per day compared with COHb level at time of sam-
pling in 93 pregnant women. $ = Mean range of
COHb levels for 129 nonsmokers

15

10

COHb Percent
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Cigarettes Smoked Per Day

SOURCE: Cole, P.V., et al. (7)
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all the fetal COHb levels were demonstrably higher than the re-
spective maternal ones. The mean fetal/maternal COHb ratio was
1.84 to 1 (standard deviation ¥0.85). Hemoglobin has a 210 times
greater affinity for carbon monoxide (CO) than for oxygen. It is
obvious, therefore, that cigarette smoking during pregnancy dimin-
ishes the oxygen carrying capacity of both fetal and maternal blood.
This affects maternal oxygenation by increased pulmonary venous
admixture and diminishes the oxygen available to the fetus at the
tissue level by its effect on fetal oxyhemoglobin dissociation.

In a 1975 report by Dow, Rooney, and Spence (11), a signifi-
cantly greater rise in COHb concentration in response to smoking a
single cigarette was shown in pregnant women (3.9 percent increase)
as opposed to nonpregnant women (2.1 percent increase). This was
more pronounced when anemia was present (5 .0 percent increase)
and appeared to be inversely related to the hemoglobin concentra-
tion. Three groups of women, all smokers, were selected for this
study. The first group consisted of 10 normal, pregnant women late
in the second trimester of pregnancy, with hemoglobin levels of
over 11 g per 100 milliliters (ml). The second group consisted of 10
women also late in the second trimester but whose hemoglobin
levels were less than 10 g/100 ml. Apart from anemia at the time of
admission to the study, these patients were normal. The third group
consisted of 10 normal, nonpregnant women with normal hemoglo-
bin levels (over 11 g/100 ml). The change in COHb was estimated
spectrophotometn'cally in response to smoking the first cigarette
of the morning, the women having rested for at least 30 minutes. A
sample of venous blood was withdrawn before and 2 minutes after
smoking the cigarette. The cigarettes were of a standard size and of
a “non-mild” (i.e., not low «“tar”” and nicotine) variety. The women
were instructed to take a puff every 40 seconds, inhaling as deeply
as possible, to a total of 10 puffs.

In the nonpregnant group, the mean rise in COHb concentration
(+standard error of mean) was 2.120.2 percent. A significantly
greater increase was found in the normal pregnant group (mean rise
3.9+0.4 percent; t=3.91; p<0.005). The effect was more pro-
nounced in the anemic pregnant women, who had a meaning rise of
5.0£0.2 percent (t=9.9; p<0.0005).

Longo (21) studied the effects of CO on oxygenation of the fetus
in utero. Results showed that the partial pressure of oxygen in fetal
blood decreases in proportion to the COHb concentrations in fetal
and maternal blood (Figure 3).

This decrease in oxygen tension may be a factor in the low
birth weight of infants born to women who smoke or are exposed
to severe air pollution. These results suggest that significant in-
creases in maternal and fetal COHb concentrations can significantly
reduce oxygen delivery to the fetus.
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FIGURE 3.—Oxyhemoglobin saturation curves of
human maternal and fetal blood under control and
steady-state conditions*
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SOURCE: Longo, L., (21)

Astrup, et al. (3) carried out experimental studies on animals
which may have a correlation with other data based on human
studies in this report.

The investigation studied the effect of moderate CO exposure
(180p.p.m. and 90p.p.m. CO in atmospheric air) on fetal develop-
ment in rabbits. Exposure to 180p.p.m. CO (16-18 percent COHb)
during pregnancy resulted in a 20 percent decrease in birth weight
and a neonatal mortality rate of 35 percent as against 1 percent in
the control group. Exposure to 90p.p.m. CO (8-9 percent COHb)
had a less pronounced effect. There was a negative correlation
between birth weight and maternal COHb concentration (p<0.05).
The authors conclude that these results indicate that CO in tobacco
smoke might be responsible for the reduced birth weight of babies
whose mothers smoke during pregnancy.
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