
ORIGINAL ARTICLE

Postnatal changes in maternal and neonatal plasma
antioxidant vitamins and the influence of smoking
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Objective: To study the postnatal changes in the plasma concentrations of fat soluble antioxidant vita-
mins and malondialdehyde (MDA) in mothers and their newborns and their relation to smoking.
Design: Prospective cohort study.
Setting: Tertiary perinatal centre.
Subjects: Eighteen non-smoking and 14 smoking mothers and 33 infants.
Main outcome measures: Plasma concentrations of vitamins E, A, and β-carotene and MDA were
measured in mothers and infants at delivery and on day 4 post partum.
Results: Neonatal plasma levels of vitamins E, A, and β-carotene were significantly lower than mater-
nal levels both at delivery and on day 4 in both groups. There was a significant postnatal increase in
plasma vitamin E levels in smoking mothers and neonates of both groups. A significant postnatal
increase in maternal, but not neonatal, plasma vitamin A was noted in both groups. Cord plasma vita-
min E levels were significantly lower in infants of smoking mothers (mean 4.7 v 6.5 µmol/l, p = 0.041).
Plasma MDA was paradoxically lower in smoking mothers at delivery (3.19 v 4.01 µmol/l, p = 0.03)
and on day 4 (1.37 v 3.29 µmol/l , p = 0.005) and in infants of the smoking group on day 4 (2.18
v 3.12 µmol/l, p = 0.014). Also, there was a significant postnatal fall in plasma MDA levels on day 4
in mothers and infants in the smoking group.
Conclusions: The postnatal changes in plasma vitamin E were more pronounced in the smoking
group. The postnatal changes in plasma vitamins A and β-carotene were similar in both groups. The
rapid decline in plasma MDA in smoking mothers and their infants suggests withdrawal of oxidative
stress from smoking around delivery. This coincided with the increase in plasma vitamin E.

In recent years there has been a shift in research emphasis on
smoking from men to women with increasing similarity of
smoking habits between the two sexes. About 20% of

Australian women are estimated to smoke in pregnancy.1 2

With 250 000 births per year in Australia, this translates to
about 50 000 pregnant women who are smoking every year.

Cigarette smoking has been suggested as a source of
oxidant stress in pregnant women and newborns exposed in
utero. This is based on indirect evidence from studies that
showed that the nutritional status of smokers may be
compromised by an inadequate diet, and that smoking is
associated with a lower intake of antioxidants.3–6 It has been
reported that antioxidant vitamins C and E and β-carotene are
at suboptimal concentrations in the tissues of smokers.4–6 The
deficiency of these antioxidant vitamins may promote peroxi-
dation events leading to the release of oxygen free radicals.
Malondialdehyde (MDA) is a highly reactive metabolite of free
radical induced lipid peroxide and is a commonly used index
of lipid peroxide. Plasma MDA is normally raised in pregnancy
and delivery.7

There are no data about the changes in the plasma antioxi-
dant vitamin status of the newborn infant at delivery and in
the immediate neonatal period particularly in relation to
maternal smoking. The main objective of this study was to
evaluate the changes in plasma concentrations of antioxidant
vitamins, including vitamins A, E, and β-carotene and MDA, in

mothers and neonates during the immediate postnatal period.

We further hypothesised that the pregnant women who

smoked and their infants would have lower plasma antioxi-

dant vitamins at delivery than the non-smoking group.

METHODS
A prospective cohort study was conducted at Kirwan Hospital

for Women, a major tertiary perinatal regional centre in North

Queensland. Mothers were recruited over two and half

months. Attempts were made to recruit as many smoking

mothers as possible when presented for delivery. A compar-

able group of non-smoking mothers and infants were

recruited randomly over the same range of gestational age.

The institutional ethics committee approved the study proto-

col. Prior informed consent was obtained. Women with any

pregnancy related or other long standing illnesses that could

affect their nutritional status and/or women taking antioxi-

dant vitamin supplements were excluded from the study.

A history of smoking was obtained by direct questioning at

presentation to the delivery suite. Smokers were defined as

women who reported smoking up to the date of delivery,

regardless of the reported number of cigarettes smoked a day.

Non-smokers were women who had never smoked either

before or during pregnancy.

Plasma analysis
Venous blood samples were collected from women on the day

of delivery. Cord blood was obtained immediately post partum

from the umbilical vein after clamping of the cord. A second

set of blood samples was collected from mothers and neonates

when the infant was due for a routine newborn screening test

on day 4 of life. Blood samples were collected in EDTA speci-

men tubes. Samples were spun immediately, and plasma was

stored at −70°C in liquid nitrogen. Plasma β-carotene,

vitamins A (retinol) and E (α-tocopherol), and MDA levels

were measured using high performance liquid chromatogra-

phy analysis in batches at the Department of Clinical Chemis-

try, Prince of Wales Hospital, Sydney.8 9
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Dietary assessment
A questionnaire based on the design described by Morgan et
al10 was used to obtain the dietary history of the women. The

questionnaire was administered by the dietitian once to each

participant. The questionnaire was coded and analysed by the

same investigator. The intake of each food item was computed

by multiplying the number of times a week it was consumed

by its standard portion size in accordance with the hospital

dietary questionnaire manual. The average daily intake of

energy, protein, fat, carbohydrate, vitamin C, and vitamin A

was calculated using the Food works Australian version 2.04

(Xyris software Pty Ltd, Australia). Analysis of vitamin E

intake was not available in this software.
Results were analysed using the Fisher exact test, Student’s

t test, or the Mann-Whitney rank sum test where appropriate.
The paired t test was used for comparisons of two serial sam-
ples within the group or between mother and infant pairs.

RESULTS
Thirty two pregnant women were recruited: 14 were smokers

of 30–41 weeks gestation and 18 were non-smokers of 31–42

weeks gestation. One smoking mother gave birth to a pair of

dizygotic twin. The twins were taken as two independent cases

in the infant comparisons and in the paired analyses of

mother-infant differences. Table 1 shows the characteristics of

the women in the study. No significant difference was noted

between the two groups in age, parity, ethnicity, weight, and

height at first hospital visit, antenatal illnesses, administration

of antenatal steroids, and type of delivery. The mean (range)

self reported number of cigarettes smoked daily by smoking

mothers was 12.1 (5–20). The mean daily energy intake was

significantly higher in smoking mothers (11.7 v 9.6 MJ/day,

p = 0.019). This was mainly due to a higher daily carbo-

hydrate intake (349.1 g/day v 266.7 g/day, p = 0.022).
Table 2 summarises the neonatal characteristics of the study

population. There was no significant difference between the
two groups of infants in birth weight, sex, gestation, incidence
of neonatal illnesses, and the need for supplemental oxygen
therapy. None of them had Apgar scores less than 4 and/or 7 at
one and five minutes, and no infant needed FIO2 greater than
0.35. More boys were born to the smoking mothers, but the
difference was not statistically significant.

Plasma vitamins
Tables 3 and 4 show the postnatal changes in plasma levels of

vitamins E, A, and β-carotene in both the non-smoking and

smoking groups. Plasma levels of these vitamins in neonates

at delivery and on day 4 were significantly lower than in their

mothers in both the non-smoking and smoking groups.

Except in non-smoking mothers, there was a significant

increase in plasma vitamin E on day 4 compared with at deliv-

ery in mothers and infants. Even in non-smoking mothers,

there was a trend toward higher levels of vitamin E on day 4.

There was a significant increase in maternal plasma vitamin A

on day 4 in both groups, but the changes in plasma vitamin A

in infants were not significant. No significant postnatal

changes were noted in plasma β-carotene in any of the groups.

When the mean values were compared between the

non-smoking and smoking groups, plasma vitamin E concen-

trations of smoking mothers at delivery and on day 4 were not

different from those of non-smoking mothers. However, mean

cord plasma vitamin E concentrations of the infants in the

smoking group were significantly lower than in infants of the

non-smoking group (4.7 v 6.52 µmol/l, p = 0.041). On day 4,

both increased to a similar level and the difference was not

significant. Plasma levels of vitamin A and β-carotene were

not significantly different between the two groups either at

delivery or on day 4.

Plasma MDA
Table 5 shows the results. There was a significant fall in mean

plasma MDA from birth to day 4 in mothers and infants of the

Table 1 Maternal characteristics and dietary intake

Non-smokers (n=18) Smokers (n=14) p Value

Age (years) 26 (16–36) 24 (16–43) 0.282
Primigravida 8 (44%) 7 (50%) 0.80
Indigenous women 2 (11%) 5 (36%) 0.09
Weight at 1st trimester (kg) 73.6 (51–106) 79 (61–110) 0.321
Height (cm) 165 (146–175) 162 (152–173) 0.240
Antenatal illnesses

Nil 14 (78%) 10 (71%) 1.00
APH 1 (5%) 1 (7%) 1.00
Premature labour 2 (11%) 3 (21%) 1.00
Mild PIH 1 (5%) 0 1.00

Antenatal steroids given 3 (17%) 2 (14%) 1.00
Normal vaginal delivery 10 (56%) 9 (64%) 0.851
Dietary intake

Energy (MJ/day) 9.6 (0.6) 3.4 (0.6) 0.019*
Proteins (g/day) 99.6 (6.8) 106.5 (4.1) 0.425
Fat (g/day) 94.9 (8.0) 112.7 (7.7) 0.128
Carbohydrate (g/day) 266.7 (19.4) 349.1 (29.6) 0.022*
Total vitamin A eqiv (µg/day) 1129.5 (94.6) 1253.6 (116) 0.627
Vitamin C (mg/day) 201.6 (27.2) 261.4 (56.1) 0.312

Values are mean (SEM) for dietary intakes; other values are either median (range) or number (percentage).
*Significantly different.
APH, Antepartum haemorrhage; PIH, pregnancy induced hypertension.

Table 2 Neonatal characteristics of the study
population

Non-smokers
(n=18)

Smokers
(n=15)

Mean (range) birth weight (g) 3160.5
(1440–4230)

2898
(1555–3820)

Male 8 (44%) 10 (67%)
Median (range) gestation
(weeks)

40 (31–42) 38 (30–41)

No babies on O2

supplementation
1 (5%) 2 (13%)

Neonatal illnesses
Nil 14 (78%) 11 (73%)
Meconium aspiration 0 1 (7%)
Hypoglycaemia 0 2 (13%)
Transient tachypnoea of

newborn
1 (5%) 0
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smoking group. In non-smoking mothers, the postnatal fall in

plasma MDA was small and not significant (mean difference

of 0.72 in non-smokers v 1.82 in smokers). Similarly, infants of

the non-smoking group showed a small and non-significant

postnatal fall in MDA in contrast with infants of the smoking

group (mean difference of 0.04 in the non-smoking group v
1.23 in the smoking group).

MDA levels were paradoxically lower in mothers who

smoked than those who did not, both at delivery and on day 4

(3.19 v 4.01 µmol/l at delivery, p = 0.03; 1.37 v 3.29 µmol/l on

day 4, p = 0.005). In infants, mean cord plasma MDA levels

were similar in both groups. However, on day 4, the plasma

MDA was significantly lower in infants in the smoking group

(2.18 v 3.12 µmol/l, p = 0.014).

As there were more boys in the smoking group, we repeated

the analyses comparing the two sexes; no statistically signifi-

cant difference was noted in any of the assays.

DISCUSSION
To our knowledge, this is the first study to investigate the dif-

ferences in postnatal changes in the plasma levels of fat solu-

ble antioxidant vitamins and MDA in smoking and non-

smoking mothers and their neonates. The concentrations of

vitamins A and E and β-carotene in maternal and cord plasma

at delivery in our population were comparable to those in pre-

vious studies.11 12 Cord plasma, in general, contained signifi-

cantly lower levels of vitamins A and E and β-carotene than

maternal plasma. Similar findings have been reported in pre-

vious studies.11–15 This is thought to be due to the low levels of

circulating lipophilic substances in cord plasma, which limits

the transport capacity of cord plasma for tocopherols and

carotenoids.14 15 Oostenbrug et al,12 however, showed that

umbilical cord levels of tocopherols and carotenoids are lower

than maternal levels, even after correction for the lower poly-

unsaturated fatty acid content of plasma phospholipids in

neonates.

We found a significant increase in plasma vitamin E

concentration from delivery to day 4 in smoking mothers and

neonates of both groups. A similar, but statistically not signifi-

cant, trend was noted in non-smoking mothers. The increase

in maternal vitamin A was much higher, but no significant

changes were noted in infants. β-Carotene also showed no

Table 3 Maternal and neonatal plasma vitamin E levels

Non-smoking group Smoking group

Delivery Day 4 MD (95% CI) p Value Delivery Day 4 MD (95% CI) p Value

Mother 34.47 (2.54) 39.76 (2.83) −5.29 (−12.17 to 3.79) 0.17 30.2 (1.57) 38 (1.72) −7.8 (−14.52 to −1.6) 0.018
Infant 6.52 (0.66) 20.88 (3.63) −14.36 (−22.16 to −6.42) <0.001 4.7 (0.73)* 21.1 (3.8) −16.4 (−25.5 to −7.1) 0.002
MD 27.95 18.88 25.5 16.9
95% CI 23.64 to 33.69 9.75 to 28.01 22.2 to 29.48 8 to 25.65
p Value <0.001 <0.001 <0.001 0.001

Plasma levels in µmol/l. Mean (SEM) values, mean difference (MD) with 95% confidence intervals, and p values are shown.
*p = 0.041, between infants of smoking and non-smoking groups at birth.

Table 4 Maternal and neonatal plasma β-carotene and vitamin A levels

Non-smoking group Smoking group

Delivery Day 4 MD (95% CI) p Value Delivery Day 4 MD (95% CI) p Value

β-Carotene
Mother 0.49 (0.06) 0.38 (0.06) 0.11 (−0.06 to 0.25) 0.223 0.33 (0.04) 0.31 (0.03) 0.02 (−0.07 to 0.05) 1.0
Infant 0.09 (0.005) 0.11 (0.01) −0.02 (−0.05 to 0.01) 0.50 0.09 (0.001) 0.09 (0.004) 0 0.75
MD 0.3 0.27 0.24 0.22
95% CI 0.14 to 0.29 0.14 to 0.27
p Value <0.001 <0.001 <0.001 <0.001

Vitamin A
Mother 0.97 (0.11) 2.08 (0.16) −1.11 (−1.59 to −0.62) <0.001 1.01 (0.09) 1.82 (0.11) −0.81 (−1.08 to −0.57) <0.001
Infant 0.67 (0.05) 0.72 (0.05) −0.05 (−0.22 to 0.08) 0.346 0.81 (0.06) 0.65 (0.11) 0.16 (−0.13 to 0.39) 0.29
MD 0.30 1.36 0.2 1.17
95% CI 0.03 to 0.61 1.03 to 1.69 −0.03 to 0.37 0.82 to 1.53
p Value 0.038 <0.001 0.04 <0.001

Plasma levels in µmol/l. Mean (SEM) values, mean difference (MD) with 95% confidence intervals, and p values are shown.

Table 5 Maternal and neonatal plasma malondialdehyde levels

Non-smoking group Smoking group

Delivery Day 4 MD (95% CI) p Value Delivery Day 4 MD (95% CI) p Value

Mother 4.01 (0.43) 3.29 (0.53) 0.72 (−1.14 to 2.53) 0.442 3.19 (0.13)* 1.37 (0.26)† 1.82 (1.36 to 2.30) <0.001
Infant 3.16 (0.28) 3.12 (0.23) 0.04 (−0.79 to 0.58) 0.75 3.41 (0.56) 2.18 (0.27)‡ 1.23 (1.05 to 2.7) 0.04
MD 0.85 0.17 −0.22 −0.81
95% CI 0.11 to 1.76 −1.05 to 1.39 −1.47 to 1.04 −1.57 to −0.04
p Value 0.059 0.77 0.54 0.04

Plasma levels in µmol/l. Mean (SEM) values, mean difference (MD) with 95% confidence intervals, and p values are shown.
*p<0.03, between non-smoking and smoking mothers at delivery; †p<0.005, between non-smoking and smoking mothers on day 4; ‡p<0.014, between
infants of smoking and non-smoking mothers on day 4.
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significant changes in either group. The fact that the plasma
levels of these fat soluble vitamins increased at different rates
on day 4 in mothers and neonates suggests a more complex
physiology than their interrelationship with the phospholipid
content of plasma.

Vitamin E is by far the most abundant lipid soluble antioxi-
dant in humans and belongs to the first line of antioxidant
defence against lipid soluble peroxyl radicals.16 17 It is known
that the circulating markers of oxidative stress such as MDA
are normally increased in pregnancy.7 It has also been clearly
shown in vitro that endogenous antioxidants in the body are
consumed by lipid peroxidation, and with increasing lipid
hydroperoxides, there is a decrease in vitamin E concentration
in plasma.16 17 Our finding of significantly lower plasma
vitamin E levels at delivery than in the immediate postnatal
period in both mothers and neonates suggests increased oxi-
dative stress at the time of delivery. The increase in plasma
vitamin E levels on day 4 is probably due to cessation of deliv-
ery induced oxidative stress. The same mechanism can
probably explain similar increases in maternal plasma vitamin
A on day 4. The postnatal changes in plasma vitamin E were
more pronounced in smokers than in non-smokers. Also, cord
plasma vitamin E in infants of the smoking group was signifi-
cantly lower than in infants of the non-smoking group. These
findings suggest an important role for vitamin E in providing
antioxidant defence in the smoking group. However, no such
trend was noted with either vitamin A or β-carotene in our
study.

Ortega et al4 showed significantly lower vitamin E concen-
trations in mature milk of smoking mothers. We showed sig-
nificantly lower cord plasma vitamin E concentrations in
infants of mothers who smoked than in infants in the
non-smoking group. Kiely et al13 examined the effects of
maternal smoking on plasma vitamin E levels of the neonates
and could not show any significant difference in cord plasma
vitamin E concentration between the smoking and non-
smoking groups. This could be because they categorised their
study population on the basis of smoking habits early in preg-
nancy. Also, a number of the smokers reported “cutting down”
the consumption of cigarettes when they became pregnant. It
is consistent with the smoking habits of pregnant women in
Australia, many of whom either stop or reduce the amount of
smoking during pregnancy.1 We categorised our study popula-
tion on the basis of smoking habits at the time of delivery, and
we were able to show a significant difference in cord plasma
vitamin E concentrations between the two groups. Measure-
ment of plasma cotinine as an objective estimate of smoking
would have further strengthened our findings.

In this context, it is important to note the role of other anti-
oxidant vitamins, particularly vitamin C, in providing antioxi-
dative defence in the body. Whereas vitamin E is an important
radical scavenging vitamin of the lipid soluble environment,
vitamin C, together with glutathione, is a major antioxidant in
the water soluble compartment.18 Active transport across the
placenta results in much higher plasma vitamin C concentra-
tions at birth than in adult life. Whether high concentrations
of vitamin C are always beneficial to the newborn is question-
able, as it has been suggested that it can also act as a
pro-oxidant in newborns, reducing non-protein-bound ferric
iron (Fe3+) to the dangerous ferrous (Fe2+) form.19 We could
not measure plasma vitamin C for technical reasons, but vita-
min C concentrations in mature milk of smoking mothers was
found to be low.5

In addition to epidemiological evidence indicating the
adverse effects of smoking on pregnant women and their
babies, there is mounting biochemical evidence suggesting
that cigarette smoking is a source of oxidant stress in pregnant
women and their newborns.2–5 20 Schwartz et al3 used the
breath ethane test as an index of oxidant stress in newborn
infants in their study. The breath ethane of the infants whose
mothers smoked was higher than that of infants whose

mothers did not smoke. We used plasma MDA as a marker of

lipid peroxidation; it is one of the most commonly used indi-

cators of lipid peroxidation. Plasma MDA levels may vary from

day to day within the subject and more importantly it can be

acutely altered by cigarette smoke within hours.21 In our study,

MDA levels showed no significant difference in non-smoking

mothers and their infants. In the smoking mothers, there was

a 57% fall in plasma MDA levels by day 4 and this was accom-

panied by a 36% fall in their infants. This coincided with the

simultaneous increase in plasma vitamin E concentration in

smoking mothers and their neonates. These findings may

suggest that oxidative stress is alleviated after delivery,

coinciding with temporary cessation/reduction of smoking by

mothers during the immediate postnatal period and/or an

upregulated endogenous antioxidant system caused by

chronic oxidative stress from smoking. A more thorough his-

tory of smoking habits during the immediate postnatal period

and the measurement of plasma endogenous antioxidant

enzymes would help to clarify our findings.

Because of the rapid metabolism and wide variation of

MDA, Rogers et al22 proposed that plasma organic hydroperox-

ides would be a better marker of free oxygen radical activity in

the fetus. Nonetheless, the observation of diminishing oxida-

tive stress as related to maternal smoking should still be con-

sidered valid.

Our observations are unlikely to be influenced by the nutri-

tional status of the pregnant mothers. Muscati et al23 found,

despite higher energy intake, smoking was associated with

lower maternal weight gain and infant birth weight. Maternal

weight at first trimester and infant birth weight were no dif-

ferent in the smoking and non-smoking groups. As in the

study of Muscati et al, the women in our study who smoked

had a higher energy intake than the control group. Reasons for

this nutritional difference were not clear. Finally, there have

been studies on the efficacy of either vitamin E and/or a mix-

ture of antioxidant formulation in mitigating the effects of

oxidative stress induced by smoking with mixed results.24 25

Further studies are needed to evaluate the effects of maternal

supplementation of antioxidants on the peroxidation activity

of the fetus and the neonate.
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