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Abstract
Study objective—To compare recall of
smoking habits during pregnancy 0.5–3
years after delivery across groups defined
by recall time (5 six month periods) and
pregnancy outcome (pre-eclampsia, preg-
nancy induced hypertension, intrauterine
growth retardation, preterm or post-term
delivery compared with controls).
Design—Case-control nested in cohort
study.
Setting and participants—A subsample of
503 women from a cohort of 6347 women
established between 1989 and 1991 in
Aarhus University Hospital.
Main results—Measures of agreement
between concurrent and retrospective
data on smoking status varied between
0.93 and 1.0 (sensitivity), 0.90 and 0.98
(specificity), and 0.79 and 0.98 (ê). Spear-
man’s correlation coeYcients for number
of cigarettes smoked/day varied between
0.87 and 0.97; mean diVerences were all
close to zero. Accuracy of recall tended to
diminish with increasing alcohol intake,
particularly among women smoking >10
cigarettes/day.
Conclusions—Information on smoking
habits could be accurately obtained retro-
spectively independent of recall time and
the pregnancy outcomes studied here.
Accuracy diminished with increasing al-
cohol intake, particularly among heavy
smokers.
(J Epidemiol Community Health 1999;53:239–242)

It is well documented that smoking in preg-
nancy is associated with reduced fetal growth,1

abruptio placentae and placenta previa,2 peri-
natal mortality,3 and other ill health. When the
complications studied are rare, the case-control
design with retrospective assessment of expo-
sure oVers a very cost eVective epidemiological
design. A major weakness inherent in this
design, however, is that spurious associations
may be created between such retrospectively
collected exposure data and pregnancy out-
come caused by deterioration of recall over
time4–6 and diVerential misclassification be-
tween cases and controls.7

The extent to which such misclassification
takes place when smoking in pregnancy is
assessed after delivery has been studied under
various conditions, but because of inconsistent
results further exploration and documentation
is warranted.

In Danish women in whom smoking habits
in pregnancy had been assessed concurrently
and retrospectively we attempted to examine to

what extent recall depended on recall time and
pregnancy outcome. Observed diVerences
were also related to baseline variables such as
social status and alcohol intake.

Methods
STUDY POPULATION AND SELECTION PROCEDURE

Data used in this study were from an earlier
published case-control nested in cohort study.8

Subjects were a subsample from a cohort of
9434 pregnant women established during an
approximate two year period between 1989
and 1991 in Aarhus University Hospital,
covering a well defined geographical area.
Approximately 99% of women in the area
comply with the antenatal care programme.
The associations between certain dietary fac-
tors in pregnancy and the risk of pre-eclampsia,
pregnancy induced hypertension (PIH), in-
trauterine growth retardation (IUGR), preterm
and post-term delivery were examined8 by
expanding the cohort data base by a question-
naire sent to selected cases and controls. Apart
from dietary information, information about
smoking in pregnancy was obtained. As smok-
ing information was also part of the cohort data
base, we could compare retrospective and con-
current information on smoking as presented
here.

Women with language problems (461), fetal
death before 28 completed weeks of gestation
(120), or multiple pregnancies (259), women
delivering outside of a predetermined 24
month period (590), as well as women on
whom information on baseline data required
for the selection procedure was missing (1657)
were excluded leaving a total of 6347 women as
sampling frame from which cases and controls
were selected for the study.

For the case-control study, all 43 pre-
eclamptic women and all 136 women with PIH
were selected, whereas samples of 182 women
of 252 with IUGR, 153 of 221 delivering
preterm, and 189 of 673 delivering post-term
were obtained by random sampling within each
group. The control group sample were to be at
least the size of the largest of the case groups. A
control group of 256 women was sampled from
the entire cohort ensuring that they were evenly
distributed over and covering all months of the
period corresponding to the recall time in the
case groups. For the purpose of the present
analyses women eligible for more than one case
group were included in all case groups for
which they were eligible. Thus, the total
number of women sampled amounts to less
than the sum of women in the case and control
groups. A total of 1011 women were sampled
for the study.
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Pre-eclampsia was defined as diastolic blood
pressure >90 mm Hg with proteinuria >0.3 g/l
or >+ using dipsticks; PIH as diastolic blood
pressure >90 mm Hg without proteinuria;
IUGR as birth weight below the 5th centile for
gestational age; preterm delivery as gestational
age <259 days; and post-term delivery as
gestational age >294 days.

For pre-eclampsia and PIH all case reports
were checked manually to determine the time
of diagnosis. All pre-eclamptic women and all
but five women with PIH were diagnosed after
30th week of gestation.

DATA COLLECTION METHODS

Concurrent information on smoking habits was
obtained from the cohort data base and derived
from a questionnaire filled in at 30th week of
gestation by women attending routine antenatal
care. Retrospective information from cases and
controls was obtained during the autumn of
1992 from a mailed self administered question-
naire. A second set of the questionnaire was
mailed in early 1993 to all non-respondents.
There were slight diVerences in the questioning
on the two occasions: Concurrent questions
related to 30th week of gestation, whereas retro-
spective questions related to 2nd half of
pregnancy. This was done to facilitate infor-
mation retrieval and thus avoid reporting error.9

Questions on smoking habits were otherwise
similarly phrased and related to smoking status
(smoking yes/no) as well as amount smoked
(number of cigarettes per day).

The concurrent questionnaire focused pri-
marily on psychosocial factors, education and
work conditions, the retrospective question-
naire on dietary habits during pregnancy.8

Thus, both questionnaires focused mainly on
factors other than smoking habits.

Information on covariates was obtained from
the cohort data base and included maternal
alcohol intake at 30th week of gestation (<1,
1–2, 3–14 drinks/week), maternal height (five
categories), maternal prepregnancy weight
(five categories), parity (four categories), and
maternal social status as defined by the Social
Research Institute in Copenhagen,10 (originally
five categories, of which categories 1–3 were
combined because of small numbers in catego-
ries 1 and 3).

STATISTICAL METHODS

Various statistical measurements have been
recommended for assessing validity and reli-

ability of epidemiological tools.11–13 Following
Bellach13 we present the results of various
statistics to reflect the stability of our results:
Reproducibility of binary questions (yes/no)
was assessed by proportion of agreement (P0)
among pairwise comparison in a two by two
table, sensitivity, specificity, and ê. Sensitivity
and specificity were estimated using concur-
rent information as a reference. Reproduc-
ibility of continuous variables (number of ciga-
rettes per day) was assessed by Spearman’s
correlation coeYcient (rs), and the mean diVer-
ence (W). DiVerence was defined as concurrent
measurement—retrospective measurement.

To account for potential eVect modification
and confounding all analyses were stratified by
maternal social status. Subsequently we per-
formed multiple linear regression analyses
using the mean diVerence as dependent
variable. Models included as independent vari-
ables all the above covariates as well as either
case status or recall time (five categories as in
table 1 or as a continuous variable). Regression
analyses were performed for all women to-
gether as well as for various levels of smoking.

The study design was approved by the
regional ethics committee.

Results
Of the 1011 women invited to participate in the
retrospective study 764 (76%) returned the
questionnaire with useful dietary information.
Five hundred and three women (50%) of the
study base had answered all questions on
smoking habits in both questionnaires. Re-
sponse rates for each subgroup were 60% (pre-
eclampsia), 57% (PIH), 39% (IUGR), 40%
(preterm delivery), 54% (post-term delivery),
and 65% (controls).

Proportions of smokers among respondents
in each subgroup (concurrent information)
were 19% (pre-eclampsia), 9% (PIH), 50%
(IUGR), 40% (preterm delivery), 22% (post-
term delivery), and 26% (controls). For
comparison, proportions of smokers in each
subgroup in the cohort data base (concurrent
information) were 14% (pre-eclampsia), 11%
(PIH), 55% (IUGR), 42% (preterm delivery),
26% (post-term delivery), and 30% (controls).

Table 1 presents agreement between concur-
rent and retrospective information on smoking
according to length of recall period. No
substantial diVerences were seen in agreement
as a function of recall interval, although mean
diVerences might suggest a modest tendency
towards retrospective overreporting of smoking
habits. Thus, in women with the largest recall
interval of 2.5–3 years, the mean diVerence
amounted to −0.51 (95% CI: −0.88, −0.13).
Apart from that the general impression was
that of a high stability over time.

Table 2 presents agreement between concur-
rent and retrospective information on smoking
according to pregnancy outcome. No notewor-
thy diVerences were seen in agreement between
groups representing cases and controls.

We attempted to diVerentiate between vari-
ous levels of smoking to evaluate whether the
amount smoked influenced reliability of recall
but could not detect any systematic trend in

Table 1 Measures of agreement for smoking status (smoking or not) are proportion of
agreement (P0), sensitivity (sens), specificity (spef), and ê, and for number of cigarettes
smoked Spearman’s correlation coeYcient (rs) and mean diVerence (W). Comparison of
concurrent and retrospective information on smoking habits in 2nd half of pregnancy:
subdivision according to length of recall period. (Case and control groups were aggregated).
Sensitivity and specificity were estimated using concurrent information as a reference

Number

Smoking status (yes/no) Number of cigarettes smoked

P0 Sens Spef ê rs d- 95% CI*

<1 year 30 0.97 1.00 0.95 0.92 0.96 −0.10 −0.38,0.18
1–1.5 years 124 0.97 0.97 0.97 0.92 0.95 0.06 −0.19,0.32
1.5–2 years 118 0.97 0.95 0.97 0.93 0.96 −0.10 −0.50,0.29
2–2.5 years 132 0.95 0.97 0.94 0.87 0.88 −0.01 −0.54,0.53
2.5–3 years 99 0.96 0.96 0.96 0.90 0.93 −0.51 −0.88,−0.13

*95% confidence intervals for mean diVerence.
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this data set: mean diVerences for women
smoking >10 cigarettes/day were for each
recall period −0.40 (<1 year); 0.77 (1–1.5
years); 0.32 (1.5–2 years); 1.72 (2–2.5 years);
−2.00 (2.5–3 years), and for each case and
control group 1.45 (controls); −0.50 (pre-
eclamptic women); −0.60 (PIH); 0.53
(IUGR); 1.24 (preterm); and −1.17 (post-
term). All 95% confidence intervals included
0.

Stratifying analyses by social status did not
change the conclusions, nor did multiple linear
regression analyses, one exception being
women delivering post-term and smoking >10
cigarettes/day (regression coeYcient = −3.77
(−6.67, −0.87)). However, for women deliver-
ing post-term and smoking 1–9 cigarettes/day
the regression coeYcient was 0.41 (−1.90,
2.71), and no systematic trend was thus appar-
ent.

Recall of smoking habits seemed to be inde-
pendently related to reported level of concur-
rent alcohol intake. Thus, for all women mean
diVerence increased across alcohol categories
(−0.21, <1 drink/week; 0.04, 1–2 drinks/week;
0.21, 3–4 drinks/week; 0.22, 5–14 drinks/
week), and even more so for women smoking
>10 cigarettes/day (0.16; 0.43; 3.00; 4.33
respectively). Among the latter subset multiple
linear regression analysis, including maternal
alcohol intake at 30th week of gestation (coded
1, 2, 3, 4 for each level), recall time, maternal
height, maternal prepregnancy weight, parity,
and maternal social status as independent vari-
ables, confirmed this result (regression coef-
ficient for the alcohol variable = 1.31, p=
0.003).

Non of the other potential confounding vari-
ables influenced recall.

Discussion
In these data Danish women seem to be able to
accurately recall their smoking habits during
pregnancy independent of recall time and
pregnancy outcome. Recall, however, seems to
diminish with increasing alcohol intake, par-
ticularly among women smoking >10
cigarettes/day.

Previous investigations studying possible
deterioration of recall over time have shown
that smoking status (smoking or not) among
non-pregnant women is fairly accurately
recalled,14–16 whereas recall of the number of
cigarettes smoked in pregnancy seems to

diminish with time5 17 as does recall of other life
style factors such as dietary information.18 In
our study the tendency towards overreporting
number of cigarettes smoked after a recall
period of 2.5–3 years was less than one
cigarette on average, and no time trend was
noted over the recall period of 0.5–2.5 years.

Studies of possible diVerential misclassifica-
tion have shown inconsistent results: one
study19 showed no diVerences in accuracy of
recall between cases and controls (elderly non-
pregnant women), some showed slight diVer-
ences that did not, however, substantially bias
associations between smoking and pregnancy
outcome away from the null-hypotheses,7 20

and some showed a clear diVerence, possibly
because of diVerential misclassification.21 22 We
found no diVerential misclassification, yet the
results from this study may not apply to women
with pregnancy outcomes perceived as more
severe than those studied here, such as malfor-
mations and spontaneous abortions.21

The context in which the questions were
asked may be of significance. In both question-
naires questions on smoking behaviour were
mixed with a number of other questions.
Smoking behaviour has thus not appeared to
be the target issue. This could have reduced the
tendency towards “deliberate” misreporting,
which is one mechanism that may underlie
recall bias.23

Women who were willing to participate in
our case-control study may have been more
able and motivated to accurately recall their
smoking habits than the non-respondents,
making our results slightly optimistic. How-
ever, this is unlikely to put a serious limitation
to the generalisability of our findings, as the
proportion of smokers among respondents
does not diVer substantially from the pro-
portion of smokers in the cohort.

Recall might further depend on the general
acceptance of smoking in pregnancy and the
emphasis placed on smoking cessation in ante-
natal care programmes. Smoking cessation
programmes may thus increase focus in
antenatal care on the adverse eVects of
smoking in pregnancy and hence give rise to
self reproach in smokers, which subsequently
may influence their recall. Smoking cessation
trials were not introduced in Aarhus until
1994,24 and our results may thus reflect the best
potential recall of women not influenced by
such self reproach.

Table 2 Measures of agreement for smoking status (smoking or not) are proportion of
agreement (P0), sensitivity (sens), specificity (spef), and ê, and for number of cigarettes
smoked Spearman’s correlation coeYcient (rs) and mean diVerence (W). Comparison of
concurrent and retrospective information on smoking habits in 2nd half of pregnancy:
subdivision according to case and control groups. Sensitivity and specificity were estimated
using concurrent information as a reference

Number

Smoking status (yes/no) Number of cigarettes smoked

P0 Sens Spef ê rs d- 95% CI*

Controls 167 0.93 0.93 0.94 0.83 0.90 −0.05 −0.32,0.22
Pre-eclampsia 26 0.92 1.00 0.90 0.79 0.88 −0.15 −0.66,0.35
PIH 78 0.97 1.00 0.97 0.86 0.87 −0.32 −0.84,0.20
IUGR 99 0.97 0.96 0.98 0.94 0.93 −0.04 −0.64,0.56
Preterm 89 0.99 1.00 0.98 0.98 0.97 0.17 −0.32,0.65
Post-term 102 0.98 1.00 0.98 0.94 0.97 −0.20 −0.49,0.10

*95% confidence intervals for mean diVerence.

KEY POINTS

x Information on smoking habits during
pregnancy may be accurately obtained
retrospectively 0.5–3 years in the past.

x Information on smoking habits may be
accurately obtained retrospectively inde-
pendent of adverse pregnancy outcomes
including preterm delivery and intrauter-
ine growth retardation.

x Accuracy of recall seems to diminish with
increasing alcohol intake, particularly
among women smoking >10 cigarettes/
day.

Recall of smoking habits in pregnancy 241
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It is interesting to notice that women who
drank 5–14 drinks/week and smoked >10
cigarettes/day substantially underreported
their smoking habits, on average four
cigarettes/day, when asked after delivery. It is
well known that women tend to decrease their
alcohol consumption during pregnancy,25 26

and these women may thus represent
moderate–heavy drinkers when not pregnant.
Still, it is diYcult to say more precisely what are
the mechanisms underlying this finding.
Nevertheless, the finding implies that data
from studies using retrospective assessment of
these exposures should be interpreted with
caution.

These data add to earlier evidence14–16 18 that
information on smoking habits may be ob-
tained retrospectively in an accurate manner
0.5–3 years in the past independent of the
pregnancy outcomes studied here. Accuracy,
however, seems to diminish with increasing
alcohol intake, particularly among women
smoking >10 cigarettes/day. This has potential
implications for case-control studies assessing
the simultaneous eVects of smoking and
alcohol exposure in pregnancy.
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