
Plans are already well advanced to install new
generation lithotripters for treating renal stones in a
number ofNHS regions. Lithotripsy is currently being
brought into clinical practice for the destruction of gall
stones. Yet the more extravagant claims made for
extracorporeal shock wave lithotripsy were not upheld
in our study of routine practice. The clinical results of
this first contemporaneous comparison of extra-
corporeal shock wave lithotripsy and percutaneous
nephrolithotomy in Europe raise doubts about the
superiority of extracorporeal shock wave lithotripsy
over alternative techniques for treating renal calculi in
two groups of patients with similar demographic and
stone characteristics.
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Cigarette smoking as risk factor for late fetal and early neonatal
death

Sven Cnattingius, Bengt Haglund, Olav Meirik

Abstract
Risk factors for late fetal death and early neonatal
mortality were examined in a population based
prospective study. Practicaily all Swedish births
between 1983 and 1985 were included, 281 808 births
in ali. The overali rates of late fetal death and early
neonatal mortality were 3*5 and 3*1 per 1000, re-
spectively. About 30% of the pregnant women were
recorded as being daily smokers. Logistic regression
analyses showed significant relative risks for late
fetal death for high maternal age (1.4), nulliparity
(1-4), multiparity (-2) (1.3), smoking (1-4), and
multiple births (2.8). Significant relative risks for
early neonatal mortality were found for multiple
births (4.9) and smoking (1-2). Smokers aged under
35 faced a relative risk of late fetal death ranging
from 1.1 to 1I6, while the risk for late fetal death was
doubled i; the mothers were aged 35 years or more
and smoked.

In countries like Sweden, where maternal cigarette
smoking is prevalent, smoking may be the most
important preventable risk factor for late fetal death.

Introduction
The causal association between maternal cigarette

smoking and low birth weight is generally accepted,
whereas the association between smoking and perinatal
death is disputed.' In a review article McIntosh has
reported that only five of 17 studies have found
significantly increased risks of stillbirth among

smokers.2 An increased risk of early neonatal death
among the infants of smokers was reported in four
studies, though none reached significance. The results
of a large study of more than 360 000 single births in
Missouri, United States, have also recently been
published.3 In the multivariate analyses performed a
significant effect of smoking on late fetal death and
neonatal mortality (0-28 days) was seen. It has further
been suggested that the risk of perinatal death related
to smoking may not be equally distributed: it has
been reported to vary with such factors as maternal
age, parity, ethnic group, and socioeconomic state.4
The above studies, including the Missouri study, were
based on retrospectively collected data from fairly
heterogeneous populations that had perinatal mortality
rates ranging from 12 to 30 per 1000.

In Sweden the overall perinatal mortality is below
seven per 1000. The population is homogeneous, with
poverty and undernutrition practically non-existent in
the pregnant population. Antenatal and obstetric care
is free, and practically all pregnant women visit the
antenatal clinics regularly during pregnancy and give
birth at hospitals.' Thus Sweden provides an excellent
opportunity to study late fetal death and early neonatal
mortality resulting from biological variation and
specific environmental influences in a well nourished
population.

In 1973 a medical birth registry was set up by the
National Board of Health and Welfare in Sweden.6
Since 1982 information has been prospectively collected
for each pregnancy from the first antenatal visit. These
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conditions provided an excellent opportunity to in-
vestigate the influence of smoking and other risk
factors on late fetal death and early neonatal mortality
in an unselected population.

Materials and methods
The Swedish National Board of Health and Welfare

receives information on births from all hospitals about
demographic data, previous reproductive history,
complications during pregnancy, delivery, and the
neonatal period. Since 1982 information about mater-
nal smoking habits in the first trimester has also been
included. All births and perinatal deaths reported to
the birth registry are validated every year against a
population registry at Statistics Sweden, which receives
such information from the parishes. This cross check-
ing is done by using the mother's personal identification
number. The medical birth registry covers more than
99% of all births in Sweden.7

During the study from 1983 to 1985 the number of
births reported to the birth registry amounted to
282 130. Our study was restricted to births in mothers
aged between 15 and 44 years. Maternal age was either
unknown or outside this interval for 322 births, and
these were excluded from the analyses.

Multiple logistic regression analyses were performed
to estimate the effects of the studied independent
variables.8 Late fetal death and early neonatal mortality
were used as dependent variables. Late fetal death was
defined as stillbirth occurring at 28 weeks of gestation
or later and early neonatal death as death occurring
during the first six completed days of life. The
independent variables used in the analyses were mater-
nal age, parity, relationship with the father, smoking
habits, sex of infant, and type of birth (single or
multiple). Initially all these variables were included in
the analyses. In the final models, only variables that
had a significant influence on late fetal death or early
neonatal mortality were included. The continuous
variables were categorised to avoid dubious assump-
tions about linearity.

Parity was defined as the number of previous live
births plus stillbirths. Nulliparas were those who had

TABLE i-Number of births and deaths by maternal age, parity, relationship with father, smoking, sex of
infant, and type of birth in Sweden 1983-5

Late fetal deaths Early neonatal deaths

Death rate Death rate
No (%) of births No per 1000 No per 1000

Maternal age at delivery (years):
15-19 9655 (3) 39 4 0 42 4 4
20-24 66976(24) 211 3-2 183 2 7
25-29 104 169 (37) 343 3 3 299 2-9
30-34 69341 (25) 266 3 8 237 3 4
35-39 27 358 (10) 115 4-2 88 3-2
40-44 4309(2) 25 5-8 22 5 1

Parity:
0 113 793 (40) 436 3 8 363 3 2
1 101902 (36) 293 2-9 286 2-8
2 47679(17) 197 4-1 149 3-1
_- 3 18 434 (7) 73 4-0 73 4-0

Relationship with father:
Living with father 255 213 (91) 872 3 4 753 3 0
Notlivingwithfather 14524(5) 47 3 2 41 2-8
Information not available 12 071 (4) 80 6-6 77 6-4

Smoking habits:
Non-smoker 182 290(65) 563 3-1 509 2 8
Daily smoker:

1-9 Cigarettes 48 834 (17) 200 4 1 169 3 5
-lOCigarettes 31458(11) 141 4 5 92 2-9

Information not available 19 226 (7) 95 4-9 101 5 3
Sex of infant:
Boy 144976(51) 526 3 6 469 3 2
Girl 136 249 (48) 469 3 4 389 2 9
Information not available 583 (0)

Type of birth:
Single 276269(98) 950 3-4 793 2-9
Multiple 5 534 (2) 49 8-9 78 14 2
Information not available 5 (0)

Total 281808(100) 999 3-5 871 3-1

had no previous births. Information about relationship
with the father and smoking habits was obtained by
midwives at the women's first antenatal visit. Nowadays
it is common in Sweden for couples to live together
without being married. Information about relationship
with the father was therefore recorded as the mother
living with the infant's father or not. Smoking habits
were classified as non-smoker (that is, non-daily
smoker), smoking between one and nine cigarettes a
day, and smoking 10 cigarettes or more a day. In view
of the increasing knowledge among mothers about the
effects of smoking on the outcome of pregnancy the
daily number of cigarettes smoked may have been
underreported. Thus such a quantitative assessment
of smoking habits may be considered to be rather
uncertain. In the logistic regression analyses performed
smoking habits were therefore simply classed as daily
smoker or not.
The statistical analyses were performed with the

SAS program package.90

Results
Table I shows the number of births and mortality

according to the independent variables included in the
analyses. The table indicates that teenage pregnancies,
high maternal age, nulliparity, high parity (3>2),
multiple births, and smoking were associated with
increased numbers of late fetal deaths. There also
seemed to be a dose-response relation between the
number of cigarettes smoked a day and late fetal death
rate. Information about maternal smoking habits and
relationship with the father was not available for 19226
(7%) and 12071 (4%), respectively, of the mothers.
The small number for whom information on smoking
and relationship with the father was missing had quite
high rates of fetal and early neonatal mortality (table I).
The risk of early neonatal death was particularly
associated with multiple births. Neither late fetal nor
early neonatal mortality was higher among women who
reported not living with infant's father.
About 30% of the studied population were daily

smokers, but smoking habits varied among different
groups in the population (table II). Half of the teenage
mothers smoked compared with 25-29% of mothers
aged 25 or more. Of women who were not living with
the infant's father, 54% were daily smokers, whereas
29% of women who were living with the infant's father
smoked.

These variations in smoking habits required a
multivariate approach. Table III shows the influence of
age, parity, smoking, and type of birth on late fetal
death. The baseline risk represents an estimate of the
risk of late fetal death among low risk women (that is,
non-smoking women aged 20-29 with one previous
birth and the present birth being a single birth). As can
be seen from table III, smoking increased the predicted
late fetal mortality from 2-2 to 3 0 per 1000 (relative
risk= 1-4). Other factors that significantly influenced
the rate of late fetal death were high maternal age,
nulliparity, high parity (-2), and multiple births. In
table III only births that had available information on
the independent variables were included. Assuming
that all women with missing data on smoking habits
were non-smokers or smokers changed the relative
risks for smoking only marginally (relative risks= 1-3
and 1-4, respectively).

Table IV shows the rates and relative risks of early
neonatal mortality according to the same factors as in
table III. Compared with that in late fetal death, the
influence of smoking on neonatal mortality was lower
and of marginal significance. High maternal age,
nulliparity, and high parity were not significantly
related to neonatal mortality. For multiple births the
risk of early neonatal mortality was higher than the
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TABLE it-Smoking habits, matemal age, parity, and relaltionship with father in Sweden 1983-5

No (/0/) of daily smokers

No No (%) of non-smokers <10 Cigarettes/dayv 10 Cigarettes/day

Maternal age at delivery (years):
15-19 8 871 4427 (50) 2 770 (31 ) 1 674 (19)
20-24 62 597 38 814 (62) 14 588 (23) 9 195 (15)
25-29 97 458 69 572 (71 17 221 (18) 10 665 (11)
30-34 64 530 47 751 (74) 10 169 (16) 6 610 (10)
35-39 25 218 18 791 (75) 3 575 (14) 2 852 (11)
40-44 3 908 2 935 (75) 511 (13) 462 (12)

Parity:
0 106 137 72 296 (68) 21413 (20) 12 428 (12)
1 95081 67648(71) 16851 (18) 10582(11)
2 44 394 30 979 (70) 7 718 (17) 5 697 (13)
-_3 16 970 11 367 (67) 2 852 (17) 2 751 (16)

Relationship with father:
Living with father 244 389 173 005 (71 44 259 (18) 27 125 (11)
Not living with father 13 498 6 233 (46) 3 583 (27) 3 682 (27)
Information not available 4 695

Total 262 582* 182 290 (69) 48 834 (19) 31458 (12)

*Information on maternal smoking habits was not available for 19 226 deliveries.

T-ABLE isi-Predicted rates and relative risks of lateafetal births based
on a logistic regression model, Sweden 1983-5 (total 262577 births)

Predicted
death rate Relative risk
per 1000 (95% confidence interval)

Maternal age (years):
15-19 22 1'0(07to 14)
20-29 (reference group) 2-2 1 0
30-34 2 8 1l3(I 1 to 15)
35-44 30 14(1 1to17)

Parity:
0 3 1 1l4(1-2to1-7)
1 (reference group) 2 2 1 0
-- 2 2 8 1-3 (1l1 to 15)

Smoking habits:
Non-smoker (reference group) 2 2 1 0
Smoker 3 0 1l4(1 2 to 16)

Type of birth:
Single (reference group) 2 2 1 0
Multiple 6 1 2-8 (21 to 3 8)

TABLE IV-Predicted rates and relative risks of early neonatal death
based on a logistic regression model, Sweden 1983-5 (total 261 673
births)

Predicted
death rate Relative risk
per 1000 (95% confidence interval)

Maternal age (years):
15-19 28 1-3(0-9to18)
20-29 (reference group) 2 2 1.0
30-34 2 8 1 2 (1 0 to 1 5)
35-44 2 7 1 2 (0-9 to 15)

Parity:
0 2 6 1 1 (0-9to 14)
1 (reference group) 2 2 1 0
-_ 2 2 4 1 I (0-9 to I 3)

Smoking habits:
Non-smoker (reference group) 2 2 1.0
Smoker 2 6 1l2 (1 0 to 14)

Type of birth:
Single (reference group) 2-2 1.0
Multiple 11 0 4 9 (3 8 to 6-4)

risk of late fetal death (relative risks=4-9 and 2 8,
respectively).
From the viewpoint of primary prevention smoking

was the only risk factor included that could, at least
theoretically, be avoided. It was therefore interesting
to calculate the risk attributable to smoking for late
fetal death and early neonatal mortality. These risk
measures were used to estimate the possible reduction
in mortality if smoking were eliminated and the infants
of mothers who gave up smoking faced the same
mortality risks as their non-smoking counterparts (that
is, same maternal age, parity, type of births, and so
on). We estimated that late fetal death rate would be
reduced by 11% and early neonatal mortality by 5% if
smoking could be eliminated from the pregnant
population (in all about 50 deaths a year in Sweden).

To study whether smoking increased the risk of late
fetal death or early neonatal mortality more for certain
women than for others interactions between smoking
and the other variables were analysed. For late fetal
death the analyses indicated an increased risk with
increasing maternal age and parity, though this risk
increase was not significant (p-020). A significant
interaction between smoking and high maternal age
was, however, obtained for late fetal death (p<005).
No such synergistic effect of smoking and maternal age
(or other risk factors) could be seen for early neonatal
mortality.
To specify further the possible but not clear inter-

action between smoking and high maternal age for late
fetal death separate logistic regression analyses were
performed for the different age groups. As table V
shows, the relative risk of late fetal death for smokers v
non-smokers ranged from 1 1 to 1 6 in the age groups
below 35, while the relative risk was 2 0 among women
aged 35 to 44. In view of the variations in smoking

TABLE v-Adjusted relative and attributable nrsks for late fetal death
among smokers by maternal age in Sweden 1983-5, based on logistic
regression models

Age group Relative risk
(years) (95% confidence interval) Attributable risk (%)

15-19 1 1(05to22) 3
20-24 1-6 (1 2 to 2- 1) 17
25-29 1 3 (1 0 to 16) 7
30-34 1-3 (0 9 to 1 6) 6
35-44 2-0 (1-4 to 2-9) 21

15-44 1-4 (1-2 to 16) 1 1

habits in the different age groups (table II) and the
possible different effects of smoking in these groups
the attributable risks of smoking were calculated for
each age group. The attributable risk of smoking for
late fetal death was not equally distributed in the
different age groups: it ranged from 3% to 21%.
Among women aged 20 to 24 the attributable risk of
smoking was estimated to be 17%; 38% of these women
were reported to be daily smokers (table II). Among
women aged between 35 and 44 years 21% of late fetal
deaths were attributable to smoking, though only a
quarter of these women smoked.

Discussion
Though the concept of perinatal mortality is useful

in clinical practice, it may not be as useful in analytical
studies. Because some risk factors are primarily
associated with late fetal death and others more with
early neonatal mortality the importance of a specific
risk factor might be concealed with the broader
concept of perinatal mortality as the endpoint variable.
Retarded fetal growth is generally considered to be the
main risk factor for late fetal death, while for early
neonatal mortality preterm birth has been put forward
as the most important risk factor.' The association
between smoking and retarded fetal growth is stronger
than that between smoking and preterm birth.'2 Thus
it seems logical that the increased rate of perinatal
death observed among infants ofsmokers may primarily
be due to an increased risk of late fetal death.

It has previously been suggested that smoking does
not increase the risk of perinatal death among women
who in other respects are at low risk.'3 The present
results indicate that smoking is one of the main risk
factors for late fetal death even in a low risk population.
We observed increased risks of late fetal death among
older women, and this risk doubled if the women
smoked. This is in accordance with the results of
Meyer et al'4 and also agrees very well with the
previously reported interaction between smoking and
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maternal age with regard to retarded fetal growth,"
which in turn is associated with fetal death.
Teenage pregnancies have been reported to be

associated with a slightly increased risk of perinatal
mortality.'6 In our study high crude rates of late fetal
death and neonatal mortality were seen among the
infants of teenage mothers (table I). In the multivariate
analyses performed low maternal age disappeared as a
risk factor, as these mothers in our population were
often nulliparas, and half were smokers. Thus our data
suggest that the higher mortality seen for infants of
women in their upper teens are caused by environ-
mental influences rather than a specific negative effect
of low maternal age.
We observed a strong association between smoking

and late fetal death when controlling for effects of
factors like maternal age, parity, relationship with
father, and type of birth. Other unmeasured factors are
unlikely to influence appreciably the magnitude of the
association found between smoking and late fetal
death. Relationship with the father was the only
socioeconomic variable available in this study; in other
countries it has previously been reported to be appreci-
ably associated with late fetal death.3 In our study,
however, no associations were found between the
relationship with the father and late fetal death or early
neonatal mortality. Furthermore, it is generally agreed
that socioeconomic differences in Sweden are small,
and a previous Swedish study failed to obtain signifi-
cant differences in perinatal mortality with regard to
different socioeconomic variables. The present study
was a prospective population based study that included
more than 280 000 births. The results give strong
support to the hypothesis of a causal relation between
smoking and late fetal death.
Our present information on smoking habits was

based on the mothers' reports to the midwives during
their first visit for antenatal care. Today pregnant
women are subjected to massive antismoking publicity
and a generally increasing intolerance towards smok-
ing in society. This may have influenced the validity of
the self reported statements about smoking habits,
causing the number of smokers to be underestimated.
Smokers may also have stopped smoking after their
first visit for antenatal care. It has been shown in a
randomised controlled trial that the infants of mothers
who stopped smoking in early pregnancy gain more
weight during pregnancy than those of mothers who
continued to smoke during pregnancy."' The real
association between smoking and late fetal death may
therefore be greater than that seen in this study.
During recent decades perinatal mortality has con-

tinued to decrease dramatically in industrialised coun-
tries. Smoking is at present probably the most impor-
tant preventable risk factor for late fetal death. In the
early 1960s, when the dangers of smoking during
pregnancy were not known to the public, 97% of
Swedish smokers continued to smoke during preg-
nancy. 9 Today pregnancy is probably a unique incen-
tive for women to stop smoking. As many as 20% stop
smoking "on their own" shortly after becoming preg-
nant, and adequate support may motivate another 20%
to give up smoking.8 Though the main reason to stop
smoking during pregnancy has primarily been put
forward as concern for fetal wellbeing,20 the potential
long term effects of improved maternal health may
prove to be of equal importance in the future.

We are indebted to Anders Ericsson and Jan Gunnarskog at
the National Board of Health and Welfare for providing data
for this investigation.
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ONE HUNDRED YEARS AGO

THE prescription "a voyage in a sailing ship" is sometimes too lightly given
to patients suffering from pulmonary disor 'er. Some of the discomforts as
well as the actual dangers to such patients, which must be run, are well
described in a letter recently addressed to his physician by a medical man
in delicate health who sailed for New Zealand last autumn; he says:

"I think it would be a matter ofmuch importance to point out to medical
men how much depends on the ship in sending patients for a long sea
voyage. Many of them-London medical men-are quite unaware of the
risk and actual hardships that have to be undergone on board sailing ships
not purposely fitted up for the comfort of passengers. Most people now
travel by steamer, and so but little care is taken regarding the victualling
and furnishing of the sailing ships. The hospital ships as they are called-
the Sobraon, for instance, of the Devitt and Moore line-are, of course,
exceptions, and by them invalids should go, or perhaps by the other ships
specially fitted for the passenger trade. Besides not carrying food of quality
and variety suited to invalids, ordinary ships go much too far south for
chest cases. We were for about five weeks between latitude 450 and 47° S.,

and though it was midsummer the cold was intense, and the heavy sea and
wet decks obliged us to keep below for a great part of this time. On one
occasion a heavy sea broke over the ship and flooded the saloon and cabin,
everything was wet, and for a week or more the place was very damp, and
the stove-heat caused constant steam. You may imagine how the invalids
suffered. I mention these particulars to enable you to form a judgment of
what happens in the usual southern course of the sailing ships. The ships I
mentioned above, Sobraon, etc., do not go south beyond the Cape, after
passing which they at once steer north again, and go to the east in latitude
300 to 400, so that they never have cold, bleak weather the whole way to
Australia. In fact, my experience amounts to this: that invalids lose as
much during the latter part of the voyage to New Zealand as they gain by
the early part (in the ordinary ships). I am sure you will believe me when I
say this is a strictly accurate account. I am not actuated by any feeling of
disappointment in my own case, but merely by a desire to warn other
invalids of the risks so little known."

(British MedicalJ7oumal 1888;i:81 1)
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