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Abstract
Study objective—To examine the relation
of antioxidant and other nutrient intakes
in pregnancy to smoking and socio-
demographic variables.
Design—Cohort study.
Setting—St Mary’s Maternity Hospital,
Portsmouth.
Participants—Pregnant nulliparous
women, with no existing complications of
pregnancy, were recruited from antenatal
booking clinics. A total of 774 women
completed seven day food diaries, and
supplied detailed data on their use of
nutrient supplements.
Main results—Smokers had lower intakes
of most micronutrients. After adjustment
for the confounding eVects of maternal
age, height, and education, only vitamin C
and carotenoid intakes remained signifi-
cantly depressed. Age was strongly and
significantly associated with the intake of
most nutrients, including antioxidants,
and this association was independent of
other maternal factors. Antioxidant in-
take was therefore lowest in young women
who smoked: for example smokers under
24 years had a mean vitamin C intake of 57
mg (SD 35) compared with 106 mg (SD 52)
for non-smokers aged 28 and over (diVer-
ence 49 mg, 95% CI 39, 59). The corres-
ponding intakes of carotenoid equivalents
were 1335 µg (SD 982) and 2093 µg (SD
1283) (diVerence 758 µg, 95% CI 496, 1020).
Conclusions—The study has identified,
for the first time, young pregnant women
as a group at particular risk of low micro-
nutrient intake. The health implications of
poor nutrition now need to be evaluated,
particularly for those women who smoke.
(J Epidemiol Community Health 2000;54:17–23)

The adverse consequences of smoking while
pregnant, such as lowered mean birth weight,1 2

and increased risks of preterm delivery3 and
intrauterine growth restriction,4–7 are well
documented. Nevertheless, approximately a
quarter of pregnant women in the UK
smoke.8–10 Unfortunately, most anti-smoking
interventions in pregnancy have achieved only
limited success, with cessation rates of 7–8%
being usual.11–13 There is also evidence in the
general population that the prevalence of
smoking is falling less rapidly among women
than men, and may even be increasing in the
youngest age groups.14 15

In the general population, circulating levels
of several antioxidants are lower in smokers
than in non-smokers with equivalent

intakes.16 17 This may result from high free
radical load exposure, and the utilisation of
antioxidants in smoke detoxification. The diets
of smokers are generally poorer than
non-smokers.18–25 Given that smokers are at
increased risk of oxidative tissue damage,26 a
poor dietary intake of antioxidant nutrients
may be particularly important. Yet few studies
have used methods suYciently precise and reli-
able to give good estimates of micronutrient
intakes,18 22 27 and none has investigated the use
of nutrient supplements, or confirmed self
reported smoking status using a biochemical
marker. There has also been little exploration
of other factors that might influence micronu-
trient intakes, such as education and age, either
in the general population or in pregnant
women. The two available studies considering
age in pregnancy suggest that very young girls
in the USA are at risk of poor intakes of several
nutrients including iron, calcium and folate.28 29

There is evidence that some micronutrients
may be important to pregnancy outcome.30–32 It
has also recently been suggested that chronic
adult diseases can be “programmed” during
fetal growth.33 We have therefore investigated
the dietary intake of large cohort of randomly
selected pregnant women. Only nulliparous
women were included to allow the eVects of
factors such as age and education to be
separated from those of parity. Particular
attention has been paid to smoking status and
other sociodemographic factors, which, it has
been suggested, may confound the relation
between poor maternal diet and compromised
fetal growth.34

Methods
SUBJECTS

Full details of the survey methodology have
been reported elsewhere.35 Briefly, recruitment
of subjects took place from May 1994 to Feb-
ruary 1996 inclusive, with ethical committee
approval. Based on sample size calculations
relating to the main purpose of the study (the
detection of diVerences in mean birth weight
between women with high and low intakes of
antioxidant nutrients), 1002 pregnant white
nulliparous women were invited to take part in
the study. Random sampling, stratified by
smoking status, was used to select subjects
from the seven largest antenatal booking clinics
held each week at St Mary’s Hospital, Ports-
mouth, and its annexes. All women in this dis-
trict, except those planning a home delivery,
were referred to central antenatal clinics for
booking. The sampling procedure resulted in
the proportion of self reported smokers in our
cohort being similar to that of nationally
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representative samples of pregnant women.8 9

Only women with no existing chronic diseases,
no poor obstetric history, and no antenatal
complications of pregnancy were invited to
participate. At the time of interview 90% of the
subjects were between 14 and 17 completed
weeks gestation, and all were between 9 and 20
weeks. Gestational ages were best estimates
derived from an algorithm that included ultra-
sound scan data and last menstrual period
dates (details available on request).

SOCIODEMOGRAPHIC DATA

Structured interviews with subjects were con-
ducted during the booking clinics by three
trained researchers to gather information on
socioeconomic status, smoking habits, and
education. Social class was based on the occu-
pation of the woman or her partner—
whichever gave the highest social class—
according to the Registrar General’s
classification.36 Members of the armed forces
were assigned the social class of the equivalent
civilian occupation. Heights, weights, and
blood pressures were those measured routinely
by the midwife at the booking clinic.

During the blood test at antenatal booking,
additional samples were taken and the serum
stored at −70ºC. The cotinine concentration of
the samples was determined using established
radioimmunoassay methods.37 Women were
classified as “smokers” if they reported smok-
ing at least one cigarette on the day before
interview, or that they usually smoked more
than one cigarette per day, or if they had a
serum cotinine concentration greater than 14
ng/ml. The cut oV point for serum cotinine is
based on the work of Cummings et al38 and has
been used previously39 40; it is less likely to mis-
classify non-smokers as smokers than the 10
ng/ml cut oV used by others.41 42

DIETARY ASSESSMENT

Subjects recorded, with estimated portion
sizes, all foods, drinks and nutrient supple-
ments consumed in the seven days after the
interview. A demonstration of how to complete
the diary (a modified version of that used in the
European Prospective Investigation of Cancer,
EPIC) was given by the interviewer at booking.
This type of diary has been found to compare
favourably with seven day weighed records,
with no significant diVerences in average food
or nutrient intakes being apparent between the
two methods.43

The conversion of data from the diaries into
nutrient values was performed using COMP-
EAT 4 nutritional analysis system,44 based on
the food composition data of the Nutrient
Databank (Royal Society of Chemistry/Crown
copyright material).45–50 Additional data on the
nutritional compositions of fortified and pre-
pared foods were obtained from retailers and
manufacturers. Food portion sizes were as-
signed using relevant information provided in
the diaries, standard food portion sizes,51 and
manufacturers’ information. A database of
nutrient supplement compositions was com-
piled using manufacturers’ information, and

each subject’s mean daily intake of nutrients
from supplements was computed.

DATA MANAGEMENT AND STATISTICAL METHODS

All data were entered using double key
verification on SPSS Data Entry II.52 Statistical
analysis was undertaken using SPSS for
Windows.53 Sociodemographic variables exam-
ined were: smoking status; self reported
number of cigarettes per day; maternal age at
booking; maternal weight (kg) at booking;
reported maternal weight before conception;
reported dieting before conception; maternal
height (m); body mass index (BMI) at booking
(weight/height2); preconceptional BMI; diasto-
lic blood pressure at booking; gestational age at
booking in days (best estimates from last men-
strual period and ultrasound data); social class
in three groups (I and II; IIINM; and IIIM, IV,
V); education in three groups (above O level
equivalent; O level equivalent; less than O level
equivalent); and season in which food diary
was completed. The data were first examined
using univariate analyses. Comparisons be-
tween means were made using t tests (after
transforming non-normal data where neces-
sary), and between proportions using ÷2 tests.
For non-normally distributed data with small
group sizes, the Mann-Whitney U test (for two
groups) and the Kruskall-Wallis test (for more
than two groups) were used. Tests of signifi-
cance were two tailed.

The associations between dietary intakes,
smoking, and other sociodemographic factors
were further examined using multiple linear
regression. Smoking status was included in all
the regression models. Other variables were
considered if, in univariate analyses, they were
significantly associated (p<0.05) with nutrient
intake or smoking status, or if their association
with dietary intake had been reported by others
(for example, education and social class). Each
model was built using a combination of forced
entry and forward stepwise procedures: where
the latter was used, the criterion for entry was
p<0.05 and for removal p>0.10. Nutrient
intakes that were markedly non-normal were
suitably transformed (using logarithms or
square roots: see table 3), and the fit of the
model ascertained by examination of residuals.
The associations between nutrient supplement
use and predictor variables, including smoking,
were examined using similar preliminary analy-
ses and stepwise logistic regression. The
significance of each predictor variable was gen-
erally assessed by the likelihood ratio test, but
for forward stepwise entry, the Score test was
used.

Results
Nine hundred and sixty three women agreed to
participate in the study and all completed the
structured interview at the antenatal clinic.
Seven hundred and seventy four (80.4%) of
these subjects returned completed food diaries
(referred to as “respondents”). Full details of
the characteristics of respondents and non-
respondents have been given elsewhere.35 The
respondents’ social class distribution was com-
parable to that of a nationally representative
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sample of mothers (all parities) in England and
Wales, which defined social class by the
woman’s own occupation.54 Respondents were
older than non-respondents (mean diVerence
2.3 years; 95% CI 1.5, 3.1). They were also
better educated (26% v 16% had above O level
qualifications; ÷2=8.5, p=0.004), and of higher
socioeconomic class (34% v 26% in classes I
and II; ÷2=4.3, p=0.04). Smokers were signifi-
cantly less likely to return the food diary than
were non-smokers (74 % v 85%, ÷2=18.7,
p<0.001). Nevertheless, no diVerences were
seen between respondents and non-
respondents in height, weight before preg-
nancy, weight at booking, BMI before preg-
nancy, BMI at booking, or duration of
pregnancy at booking.35 There were also no
diVerences between respondents and non-
respondents in the following lifestyle related
characteristics: dieting before conception
(18.1% v 18.5%; ÷2=0.19, p=0.89); regular use
of over the counter pain killers in pregnancy
(53.4% v 60.3%, ÷2=3.0 p=0.09); and haemo-
globin concentration at booking (12.2 g/dl (SD

1.0) v 12.2 g/dl (SD 0.9)). However, more
non-responders reported exercising regularly
(69% of non-respondents v 61% of respond-
ents, ÷2=5.1, p=0.024). The outcome of
pregnancy was also similar in both the 176
non-respondents and the 739 respondents
delivering live, singleton infants in Portsmouth
(birth weight 3.3 kg (SD 0.5) v 3.23 kg (SD
0.52), p=0.13; head circumference 34.8cm
(SD 1.4) v 35.0 cm (SD 1.5), p=0.32;
gestational age at delivery 39.8 weeks (SD 1.9)
v 39.8 (SD 2.0), p=0.85).

Among respondents, smokers were signifi-
cantly younger than non-smokers, were of
lower social class and education, and had
slightly lower diastolic blood pressure at book-
ing (table 1). They also reported weighing less
before pregnancy than women who did not
smoke, but their weight at booking, height and
body mass index (BMI) were similar.

DIETARY INTAKE

Table 2 shows the crude dietary intakes of
smokers and non-smokers. Smokers had lower
intakes of most micronutrients. There were no
significant diVerences between the intakes of
light (1–12 cigarettes/day) and moderate–
heavy (13–45 cigarettes/day) smokers, nor did
the diets of ex-smokers diVer from those of
non-smokers. Therefore subsequent results are
presented for smokers and non-smokers only.
Alteration of the cut oV point for cotinine from
14 to 20 ng/ml, or the inclusion of only those
subjects with cotinine results that concurred
with their self reported smoking status, made
no important diVerences to the results.

Univariate analyses showed that a range of
sociodemographic variables in addition to
smoking were related to micronutrient intakes.
In multiple regression analyses two variables,
age and education, were consistently and
significantly associated with dietary intake,
after allowing for the eVects of smoking. Height
was also significantly and independently re-
lated to intakes of all nutrients except vitamin
C, vitamin E and iron, and was therefore
included in all the models. BMI at booking was
associated only with intakes of iron (p<0.01),
and pre-pregnant weight was an independent
predictor of only folate (p=0.01), iron
(p=0.04) and vitamin B1 (p=0.01) intakes. For
consistency, and because the results were not
materially aVected, BMI and pre-pregnant
weight were not included in any model. No
further variation in the consumption of any
nutrient was explained by social class, current
weight, pre-pregnancy dieting, gestational age
at booking, systolic blood pressure, BMI before
pregnancy, or season in which the food diary
was completed. In contrast with the other
micronutrients, vitamin E and D intakes were
not found to be associated with any predictor
variable except education.

Age had the strongest association with nutri-
ent intake of any of the variables investigated.
Table 3 shows the unadjusted intakes of all
nutrients by age group (defined by approxi-
mate tertiles) and smoking status. After allow-
ing for the eVects of smoking, height and edu-
cation, age alone explained 8.5% of the

Table 1 Characteristics of the 774 respondents by smoking status (mean (SD) or
percentage (n))

Non-smokers
(n=461)

Smokers
(n=313)

p Value of
diVerence

Mean (SD)
Age (y) 26.6 (4.6) 24.5 (5.2) <0.001
Height (cm)* 164.3 (6.3) 164.3 (6.7) 0.936
Weight before pregnancy (kg)† 63.5 (13.3) 61.4 (11.9) 0.032
Weight at time of interview (kg)‡ 67.3 (12.7) 65.7 (11.6) 0.080
Body mass index at interview (kg/m2) 24.9 (4.3) 24.3 (4.1) 0.064
Diastolic blood pressure at interview (mm Hg)§ 66 (8) 65 (9) 0.007
Gestational age at booking (weeks) 16.3 (1.3) 16.4 (1.4) 0.309

Social class{ % (n)
I and II 39.5 (182) 26.2 (82) <0.0001
IIINM 34.9 (161) 32.3 (101)
IIIM 17.1 (79) 19.5 (61)
IV and V 5.9 (27) 18.8 (59)
Unemployed/ student/caring for home 2.6 (12) 3.2 (10)

Education
No qualifications 2.8 (13) 13.1 (41) <0.0001
Up to CSE equivalent 10.6 (49) 18.5 (58)
Up to O level equivalent 53.1 (245) 52.4 (164)
Up to A level equivalent 8.5 (39) 4.8 (15)
Up to further education 16.1 (74) 7.7 (24)
Up to degree or higher 8.9 (41) 3.5 (11)

*Height unknown for one mother. †32 mothers could not recall their weight before pregnancy.
‡Weight at booking unknown for 22 mothers. §Blood pressure not recorded for 9 women. {Test
performed across classes I to V.

Table 2 Mean (SD) nutrient intakes from food of smokers and non-smokers

Mean (SD)

DiVerence between
means (95% CI)

p Value of
diVerence*

Non-smokers
(n=461)

Smokers
(n=313)

Energy (MJ) 8.59 (1.7) 8.49 (1.9) 0.10 (−0.16,0.36) 0.447
Total fat (g) 85.3 (22.1) 86.3 (24.6) −1.0 (−4.3,2.3) 0.555
Protein (g) 75.0 (16.6) 71.4 (18.2) 3.6 (1.1,6.1) 0.004
Carbohydrate (g) 257.5 (55.8) 252.8 (59.4) 4.7 (−3.5,12.9) 0.263
Fibre (g) 18.2 (5.4) 17.1 (4.8) 1.1 (0.4,1.9) 0.003
Vitamin C (mg) 90.7 (47.4) 72.3 (47.6) 18.4 (11.6,25.2) <0.001
Vitamin E (mg) 9.3 (4.4) 8.7 (4.4) 0.6 (0.0, 1.2) 0.063
Beta-carotene (µg) 1168 (890) 937 (789) 231 (109, 354) <0.001
Total carotenoids (µg) 1843 (1125) 1323 (999) 520 (365, 675) <0.001
Retinol (µg) 428.3 (183.4) 450.1 (336.9) −21.8 (−58.7,15.1) 0.245
Vitamin D (µg) 2.6 (1.4) 2.4 (1.3) 0.2 (0.0,0.4) 0.044
Thiamin (mg) 1.58 (0.8) 1.53 (1.4) 0.05 (−0.11,0.21) 0.529
Folate (µg) 250.3 (73.8) 230.3 (69.2) 20.0 (9.7,30.3) <0.001
Vitamin B12 (µg) 4.0 (1.6) 3.8 (1.6) 0.2 (0.0,0.4) 0.087
Iron (mg) 10.7 (3.0) 10.1 (3.0) 0.6 (0.2,1.0) 0.006
Zinc (mg) 8.3 (2.2) 7.9 (2.2) 0.4 (0.1,0.7) 0.013
Calcium (mg) 913.0 (275.4) 898.9 (303.4) 14.1 (−27.2,55.4) 0.503
Selenium (µg) 54.9 (22.2) 51.4 (18.8) 3.5 (0.5,6.5) 0.022

*By t test.
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variation in iron intake, and was similarly
important for most other nutrients. For most
nutrients, intakes increased strikingly with age.
For example, the regression equations indicate
that after adjusting for other variables, intakes
of vitamin C rose by 16% (95% CI 11, 21) for
every five year increase in maternal age, iron
intakes increased by approximately 9% (95%
CI 7, 12), and total carotenoids by 11% (95%
CI 6, 16).

Maternal age remained strongly predictive of
the intake of most nutrients (p<0.001) when
simultaneous adjustment was made for total
energy intake, in addition to maternal educa-
tion, height and smoking. However, it was no
longer a significant predictor of retinol or sele-
nium intakes (p=0.102, p=0.567) and there
remained no association with vitamins E and
D. The percentage of energy derived from pro-
tein was strongly associated with age
(p<0.001), but the percentage derived from fat
or carbohydrate was not. After account had
been taken of the influence of age, smoking
remained a significant predictor of only the
carotenoids and vitamin C.

NUTRIENT SUPPLEMENTATION

Many women obtained supplemental nutrients
from more than one source. Furthermore, the
use of supplements containing a variety of

nutrients was common. Therefore for clarity
the results are given separately for each
nutrient and represent totals from all supple-
ments.

In univariate analyses, a range of socio-
demographic variables, including education
and pre-pregnancy dieting, were associated
with the use of nutrients. However, in logistic
regression models, which were repeated for
each nutrient, age was the only variable that
was significantly associated with supplement
use (though it was not associated with folic
acid, iron, zinc or carotenoid supplementa-
tion). After allowing for the eVects of age, the
use of supplements was not associated with
smoking, education, social class, height, weight
or any other factor. Table 4 shows, for example,
that the proportion of women using vitamin C
supplements rose from 5% among women aged
less than 24 to 14% among those aged 28 and
over, a diVerence of 9% (95% CI 4, 14). The
use of vitamin E supplements showed a similar
increase with age.

For those women taking supplements, these
sources formed a high proportion of total
dietary intake, and were greatest for vitamin D,
iron and folic acid. The mean proportions
ranged from 23% (95% CI 17, 30) for calcium,
to 57% (95% CI 55, 59) for folate, and 70%
(95% CI 66, 75) for iron. However, with the
exception of folic acid and iron, most women
did not use supplements (table 4). Thus for
most nutrients, considering total nutrient
intake (from diet and supplements) rather than
intake from diet alone produced little change in
the relations between intake, smoking, age and
other sociodemographic factors. For iron and
folate, in contrast, the relations of age and
smoking to total intakes were much weaker
than those to intake from food only, with age
losing statistical significance (p>0.05) as a pre-
dictor of intake for iron.

Discussion
We have investigated dietary intake during
pregnancy in a large cohort of nulliparous
smokers and non-smokers. By focusing on nul-
liparous women only, the study was able to

Table 3 Mean (SD) nutrient intakes from food observed among smokers (S) and non-smokers (NS) by age (split at approximate tertiles)

Age at booking (y)

p Value for
smoking*

p Value for
age†

<24 24–27 28 and over
NS (n=96) S (n=134) NS (n=189) S (n=97) NS (n=176) S (n=82)

Energy (MJ) 8.3 (1.9) 8.4 (2.0) 8.5 (1.8) 8.4 (1.8) 8.8 (1.7) 9.0 (2.0) 0.670 <0.001
Total fat (g) 84.3 (23.5) 83.1 (23.1) 85.4 (22.1) 84.6 (23.1) 85.7 (21.3) 93.5 (27.4) 0.207 0.012
Protein (g) 68.3 (16.0) 66.1 (17.4) 74.9 (16.9) 71.1 (17.0) 77.7 (15.7) 81.1 (17.5) 0.523 <0.001
Carbohydrate (g) 257.5 (55.9) 248.4 (65.4) 252.9 (56.0) 254.2 (55.7) 262.3 (55.5) 258.4 (53.2) 0.925 0.130
Fibre (g)‡ 16.4 (4.1) 15.8 (4.6) 17.7 (5.4) 17.2 (4.2) 19.6 (5.8) 18.9 (5.3) 0.380 <0.001
Vitamin C (mg)‡ 75.9 (40.4) 56.9 (34.7) 84.0 (42.7) 76.3 (51.1) 106.1 (51.5) 93.0 (53.0) <0.001 <0.001
Vitamin E (mg)‡ 8.8 (4.4) 8.7 (4.8) 9.4 (4.6) 8.9 (4.0) 9.4 (4.3) 8.5 (4.1) 0.306 0.603
Beta-carotene (µg)§ 942 (764) 772 (757) 1050 (700) 976 (728) 1417 (1066) 1159 (857) 0.033 <0.001
Carotenoids‡ (µg) 1659 (987) 1335 (982) 1704 (989) 1630 (966) 2093 (1283) 1791 (1006) 0.005 <0.001
Retinol (µg)‡ 405.7 (176.4) 417.1 (244.3) 416.2 (182.9) 402.4 (139.1) 453.5 (185.7) 560.5 (547.1) 0.073 0.002
Vitamin D (µg)‡ 2.5 (1.3) 2.4 (1.4) 2.5 (1.6) 2.3 (1.1) 2.7 (1.2) 2.7 (1.4) 0.271 0.170
Thiamin (mg)‡ 1.5 (0.8) 1.3 (0.4) 1.6 (0.9) 1.8 (2.5) 1.7 (0.6) 1.6 (0.4) 0.437 <0.001
Folate (µg)‡ 220.1 (61.1) 209.3 (58.8) 240.5 (70.6) 229.0 (63.4) 277.2 (74.8) 266.2 (77.3) 0.286 <0.001
Vitamin B12 (µg) 3.5 (1.5) 3.5 (1.7) 3.9 (1.5) 3.6 (1.3) 4.3 (1.7) 4.5 (1.7) 0.575 <0.001
Iron (mg)‡ 9.3 (2.1) 9.1 (2.4) 10.5 (3.0) 10.0 (2.8) 11.7 (3.0) 11.9 (3.3) 0.574 <0.001
Zinc (mg)‡ 7.2 (1.9) 7.2 (2.2) 8.3 (2.1) 7.9 (2.0) 8.9 (2.1) 9.0 (2.1) 0.987 <0.001
Calcium (mg)‡ 874.4 (270.3) 815.5 (278.9) 900.5 (275.2) 878.0 (251.8) 1011.4 (263.1) 1060.0 (336.9) 0.835 <0.001
Selenium (µg)‡ 51.7 (17.3) 47.7 (17.8) 55.2 (25.7) 52.0 (16.9) 56.2 (20.5) 56.6 (21.3) 0.232 0.036

*After adjusting for age, education and height. Height unknown for one mother. †After adjusting for smoking, education and height. Height unknown for one mother.
‡Data log transformed for analysis. §Data square root transformed for analysis.

Table 4 Observed percentages (n) of women using
nutritional supplements by maternal age*

Nutrient†
<24 y
(n=230)

24–27 y
(n=286)

28 y and over
(n=258)

Vitamin C 5.2 (12) 7.3 (21) 14.0 (36)
Vitamin E 4.3 (10) 6.6 (19) 13.2 (34)
Carotenoids 3.0 (7) 2.8 (8) 3.9 (10)
Retinol 3.5 (8) 4.2 (12) 8.9 (23)
Vitamin D 5.2 (12) 7.7 (22) 15.9 (41)
Thiamin 4.3 (10) 7.0 (20) 13.2 (34)
Folic Acid 22.2 (51) 20.3 (58) 24.0 (62)
Vitamin B12 3.9 (9) 7.0 (20) 11.2 (29)
Iron 14.8 (34) 13.3 (38) 13.2 (34)
Zinc 0.9 (2) 3.1 (9) 5.8 (15)
Calcium 2.6 (6) 3.1 (9) 7.0 (18)

*No women consumed supplemental selenium. †For all
nutrients except carotenoids, folic acid and iron, statistically
significant association between age and supplement use in
logistic regression using age as a continuous variable (p<0.01 in
all cases).
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investigate the importance of factors such as
maternal age, which are strongly confounded
by parity. The response rate was good, and we
took care to evaluate the diVerences between
respondents and non-respondents that could
potentially limit the generalisability of the
study. As with all observational studies, it is
possible that our respondents diVered in some
unmeasured way from the general population,
and this should be considered when interpret-
ing the results. However, our data show that
respondents and non-respondents were ex-
tremely similar in a wide variety of health
related activities and in the outcome of
pregnancy. There were some diVerences in
response rate by smoking habit and age, but
these diVerences would be likely to attenuate
any relations rather than produce spurious
results (smokers and young women who
respond are likely to be more similar to
non-smokers and older women than are
non-respondents of equivalent age or smoking
status).

The study was unusual in having suYcient
statistical power to examine the intakes of
smokers and non-smokers separately, and in
using a biochemical marker of tobacco expo-
sure in addition to self reports. Some women
who were classified as smokers on the basis of
serum cotinine, may not have been active
smokers, but exposed to high levels of passive
smoking. However, similar results were also
obtained using only those women whose self
reported smoking corresponded to their coti-
nine levels, or where more conservative ap-
proaches to reclassification were used. This
suggests that “tobacco exposed” women,
whether actively smoking or subject to heavy
passive smoking, have dietary intakes that are
distinct from women not exposed to tobacco. It
can also be argued that whether or not derived
from active smoking, high levels of tobacco
components in the circulation are likely to have
an important physiological impact.

Dietary intake was assessed at approximately
17 weeks gestation using seven day food
diaries, which, unlike food frequency methods,
give an acceptable measure of intake for most
micronutrients. Detailed information on the
consumption of nutrient supplements was also
incorporated in the analysis. Nevertheless,
some measurement error is inevitable, and care
should be exercised in interpreting the results,
particularly for selenium, as the Nutrient
Databank is notably incomplete for this nutri-
ent.

SMOKING AND NUTRIENT INTAKE

Smokers had poorer dietary intakes of most
micronutrients than non-smokers. Although
some antioxidants such as zinc were consumed
in similar amounts by smokers and non-
smokers of comparable age and education, the
apparently greater requirement for antioxi-
dants among smokers means that their poor
intakes may have greater biological implica-
tions.

For the carotenoids and vitamin C, the effect
of smoking was independent of other explana-
tory variables such as age, social class and edu-

cation. The risks to pregnancy from smoking
may therefore be compounded by poor antioxi-
dant intakes. Like other studies, vitamin E
consumption was not associated with either
smoking status or any other explanatory
variable. However, unlike some previous
reports,18 21 27 smoking was not an independent
predictor for a number of additional nutrients
with antioxidant activity, including iron and
zinc. This may be because the smokers in the
other studies reported far higher levels of ciga-
rette consumption than the women in our
cohort, and therefore comparisons were made
between more extreme groups; indeed Haste’s
work in pregnancy was designed specifically to
compare heavy smokers and non-smokers.27

The social class distribution, and range of
nutrient intakes observed in this cohort were
comparable with representative samples of the
non-pregnant population.35 It is therefore
unlikely that important relations were over-
looked because of a lack of baseline variability.

We were also unable to confirm earlier
reports of trends in dietary intake with increas-
ing cigarette consumption. The most probable
explanation is that these patterns are masked in
pregnancy as most women report reducing
their cigarette consumption. A grouping such
as “light smokers” is therefore likely to encom-
pass a heterogeneous mixture of women
including those were always light smokers, pre-
vious heavier smokers who have cut down, as
well as women under-reporting their smoking
intensity. Thus the group’s nutrient intake is
less likely to reflect their currently reported
smoking intensity than would be the case for
the general population. The relatively few
women in the higher smoking intensity groups
would also tend to obscure any relations with
diet.

DIET AND AGE

We have found a strong trend of increasing
dietary intake with maternal age for most anti-
oxidants and other nutrients. These differences
were attributable to both the greater total food
intakes of older women, and also the higher
nutrient densities of their diets. The
importance of age in determining the diet of
adults, whether pregnant or not, has previously

KEY POINTS

x Pregnant smokers had poorer intakes of
most micronutrients than did non-
smokers despite their greater require-
ments.

x Older women had higher intakes of most
nutrients than did younger women of
similar education, social class and smok-
ing status.

x Intakes of supplementary nutrients in-
creased with age, but were negatively
associated with smoking for all nutrients
except folic acid and iron.

x Young smokers are at risk of poor
nutritional status during pregnancy and
eVorts should be made to increase their
fruit and vegetable intakes.
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been overlooked, possibly because of a lack of
statistical power. In our study age was the sin-
gle most important predictor of nutrient
intake, and its eVects were independent of
other variables such as education and class.
There are two possible explanations for this
finding, and these may act synergistically.
Firstly, the diets of young adults may be diVer-
ent from those of older people. Although most
studies group all adults together for analysis,
evidence from the most recent National Food
Survey showed that intakes of fresh fruit and
vegetables were over 25% lower in under 25
year olds compared with those aged 25–34.55

Secondly, women whose first pregnancy is
delayed may diVer from younger women of
equivalent education and social class in a vari-
ety of health related activities. They may have
had better diets than the younger women in the
cohort when they were of similar age; and they
are more likely to have planned the pregnancy
or experienced delay in becoming pregnant,
and may therefore be more motivated to
change to a “healthier diet” on becoming preg-
nant. The data on preconceptional nutrient
intakes collected from this cohort (using food
frequency methods) will help to indicate
whether the diets of older and younger women
prior to pregnancy were comparable.

Consideration must be given to nutrient
supplementation as total intakes may be of
more biological significance than intakes from
food alone. The relations of age and smoking to
nutrient supplement use and to total nutrient
intake (from food and supplements) varied in
this cohort according to supplement type. For
most nutrients, the use of supplements was
consistent with the trends seen for diet, and, as
would be expected, the relations between age,
smoking habit and total intakes were un-
changed, or became more striking compared
with intakes from food only.

However, this was not true for total iron and
folate intakes. A high proportion of the cohort
took iron and folate supplements, and their use
was similar in all groups of women: any under-
lying diVerences in diet therefore probably had
little impact on total iron and folate consump-
tion. Unfortunately it was not possible to
determine whether all women complied
equally with prescribed iron and folic acid sup-
plements, or whether young women, smokers
and those of lower education received more
advice to take supplements (poor haematologi-
cal profiles would be expected, given their low
dietary iron intakes) but complied less well. It
should be noted that the frequency of folic acid
use reported in food diaries should not be
taken to reflect intakes in the peri-conceptional
period, as many women had already stopped
taking the supplements: additional data for this
time period are presented elsewhere.56 There
was no trend in supplemental carotenoid intake
with age. Carotenoids were largely obtained
from multivitamin preparations designed for
pregnancy (where carotenoids replaced reti-
nol), and the women’s choice of brand was
unlikely to have been determined by whether
the product contained carotenoids or excluded

retinol. Zinc use also did not vary with age,
possibly because few women used the supple-
ment.

CLINICAL IMPLICATIONS

Our study has identified young women,
particularly those who smoke, as being at risk
of poor intakes of antioxidants and other nutri-
ents during pregnancy. Given that the preva-
lence of smoking among young women is
falling very slowly, if at all, and that pregnant
smokers tend to be younger than non-smokers,
these findings are cause for concern. However,
young nulliparous women tend routinely to
have greater contact with maternity services
than do other groups, and it is encouraging that
their use of iron and folate supplements is
comparable with that of older non-smokers.
Nulliparous women in general may also be
more open to advice about their health behav-
iour during pregnancy. It is therefore possible
that specific advice about diet, oVered along-
side current recommendations on food safety
and the use of folic acid, may be well received.

However, care should be exercised before
advising the use of antioxidant supplements:
“antioxidants” can have pro-oxidant activity
under certain conditions, and supplements
have sometimes been associated with adverse
outcomes (for example in cancer prevention
trials).57 58 Moreover, there is currently no
evidence that antioxidant supplementation in
normal pregnancies is beneficial.30 In contrast,
encouragement to eat five portions of fruit and
vegetables per day may not only help ensure
that poor diet does not exacerbate the eVects of
smoking in pregnancy, but may also provide
the basis for long term dietary improvements in
young women. Further analysis of this study is
now being conducted to explore relations of
nutritional intakes to the outcome of preg-
nancy.
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