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Abstract

Maternal folate status and smoking are potentially strong risk factors for infant birth size. We assessed the association of

several folate indicators and smoking with birth outcomes in a subsample of participants in the Norwegian Mother and

Child Cohort Study, consisting of 2934 singleton pregnancies in 2002–2003. Blood plasma folate and cotinine

concentrations and self-reported intake of food folate and supplemental folic acid were measured during the second

trimester (median 18 wk). Birth outcomes included gestational age, infant birth weight, head circumference, crown-heel

length, and small for gestational age (SGA). Mean total dietary folate intake from foods (mean 268.0 mg/d) and

supplements (mean 187.7 mg/d) was 455.7 mg/d. Smokers (plasma cotinine $85 nmol/L) had substantially lower

supplemental folic acid intake than nonsmokers, but they did not differ regarding folate intake from food only.

Nevertheless, smoking was correlated with plasma folate both before and after adjusting for total dietary folate intake

(both P, 0.001).We found no significant associations of food folate intake, supplemental folic acid use, total dietary folate

intake, or plasma folate with the various birth outcomes after adjustment for potential confounders. Consistent with

previous studies, infant birth size was strongly predicted by maternal smoking (adjusted odds ratio for SGA: 2.3; 95% CI:

1.6, 3.3). This study of well-nourished Norwegian pregnant women suggests that dietary folate and plasma folate during

the second trimester are not risk factors for infant birth size. J. Nutr. 140: 572–579, 2010.

Introduction

Since randomized trials in the 1990s showed that supplemental
folic acid early in pregnancy can lower the risk of neural tube
defects in the newborn (1), folic acid has become a well-studied
vitamin in perinatal epidemiology. Increased intake of this
B-vitamin has also been associated with reduced risk of facial
clefts (2), preeclampsia (3), placental abruption (4), spontaneous
abortion (5), and gestational hypertension (6).

Some randomized trials suggest that prenatal use of vitamins,
including folic acid, is also associated with infant birth size
(7,8). In these and several smaller studies (9), the overall
difference in birth weight was reported to vary between 40 and
407 g between supplemented and placebo groups. However,
results from trials are not consistent, with 3 large trials showing
no significant association of folic acid supplementation alone or

in combination with other dietary supplements with infant birth
size (10–12).

Likewise, several observational studies have examined the
relation of prenatal use of folic acid-containing supplements,
dietary folate intake, and maternal blood folate status with birth
weight or gestational age. While some studies have found a
relation (13–19), others have not (20–23). Diverging results are
also reported regarding elevated homocysteine (14,20–24), which
is a marker of impaired folate status. These conflicting results may
be due to methodological issues, such as study design, population
size, lack of control for confounding factors, and a variation in
population characteristics and nutritional baseline status.

A general limitation of previous studies is the lack of
complete information on folic acid supplement use, total intake
of folate from food and supplements, as well as maternal blood
folate. Examining several folate indicators in relation to the
study outcome may be essential to preclude chance findings and
to draw valid inference of the results obtained.

In this prospective study, we examined the association of
second trimester folic acid supplement use, total dietary folate
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intake, maternal plasma folate, and plasma total homocysteine
with birth outcomes in Norwegian women. Because smoking is
associated with folate status (25,26) and is probably the
strongest environmental predictor of infant birth size (27), we
also reported the association of smoking with birth outcomes.

Materials and Methods

This study is based on the Norwegian Mother and Child Cohort Study

(MoBa),9 which is a population-based prospective study of Norwegian
pregnant women (28). The cohort includes .100,000 live-born and

stillborn infants between 1999 and 2008 and consists of questionnaire

data as well as biological specimens from the mother, father, and child.
Women were invited to participate through a postal invitation prior to a

routine ultrasound examination at their local hospital, usually around

18 wk of gestation (response rate 43%). Hospitals have been included in

the cohort on a rolling basis over the course of the study.

Study population. The present study comprised 3000 mothers with

babies born during the period July 2002 to December 2003. The mothers

were drawn randomly during this period among women who had
donated a blood sample at the ultrasound appointment, who were

registered in the Medical Birth Registry of Norway and who had

returned a baseline questionnaire and a FFQ during the second trimester.

Detailed information on the gestational time window of data collection
(median 18wk) and sampling scheme is provided inTable 1. Of the 3000

mothers, we excluded 53 multiple pregnancies and 13 pregnancies with

no information on either birth weight or gestational age, leaving 2934
singleton births for analyses. The study was approved by the Regional

Committee for Medical Research Ethics.

Blood sampling and biochemical analyses. Blood sample collection
and laboratory methods have been described previously (29). Blood

samples (nonfasting) used for the preparation of plasma were collected

into EDTA tubes, centrifuged within 30 min after collection, and placed

in the hospital refrigerator (48C). They were sent by ordinary post
overnight to the Biobank of MoBa at the Norwegian Institute of Public

Health. On the day of receipt (usually 1–2 d after blood donation),

EDTA plasma samples were aliquoted onto polypropylene microtiter
plates (300 mL in each well, 96-well format), sealed with heat-sealing foil

sheets, and stored in a freezer at2808C. The plasma folate concentration

was measured by microbiological assay, using a chloramphenicol-

resistant strain of Lactobacillus casei (30). The assay determines
biologically active folate species, predominantly 5-methyl-tetrahydrofolate,

and has a CV that corresponds to 4% within-day and 5% between

days, at population median. The sample handling did not involve

addition of ascorbic acid. Total plasma homocysteine and plasma
cotinine concentrations were measured by a MS method (31). Awoman

was considered an active smoker if her cotinine concentration was
$85 nmol/L (15 mg/L) (5).

Folate intake. Information on folic acid supplement use and food folate

intake was collected using a FFQ (32,33). Upon receiving the question-
naire, the women were asked to recall their diet since the start of

pregnancy. Dietary habits were reported by selecting mean frequencies of

intake of numerous food items from never to several times monthly,

weekly, or daily. Supplement use was reported by textual descriptions or
by selecting vitamin supplements from a predefined list of the most

commonly used supplements. The frequency of vitamin supplement use

ranged from never to 7 times/wk and the quantity was reported by the
number of tablets/capsules/spoons. This information was used to

calculate the daily mean intake (mg/d) of both food folate and

supplemental folic acid from the start of the pregnancy until returning

the FFQ. Supplemental folic acid use was further divided into 3
categories: 0, 1–399, and $400 mg/d. Food folate represents naturally

occurring folate, because foods are not fortified with folic acid in

Norway. Using the food questionnaire, we also obtained information on

the mean total energy intake per day (kJ/d). Information on dietary and
supplemental intake was missing for 4 women and excluded for 38

women with an energy intake ,4500 kJ/d or .20,000 kJ/d.

Birth outcomes. Data on birth outcomes was abstracted from the
Medical Birth Registry of Norway and included gestational age, infant

birth weight, head circumference, crown-heel length, and small for

gestational age (SGA) (34). Infant SGA included both preterm and term
deliveries. The SGA variable was constructed using national reference

weights from gestational wk 20 through 44, defined as infant birth

weight below the 10th percentile within strata of infant gender and

gestational age (35). To be consistent with the reference population, SGA
was obtained by using gestational age based on the last menstrual period

date. For all other analyses, we used gestational age based on second

trimester ultrasound measurements. Information was missing for 15

participants on gestational age, for 37 participants on head circumfer-
ence, 93 participants on crown-heel length, and 17 participants on SGA.

Other variables. From the birth registry, we also obtained data on
maternal age at delivery (,25, 25–34, $35 y), marital status (single,

cohabitation, married), and parity (0, 1, 2,$3 previous deliveries). From

the baseline cohort questionnaire, we obtained data on maternal

education and prepregnancy BMI (kg/m2). The women reported their
education by checking 1 of 7 predefined categories (including an

undefined category). On the basis of this information, education was

divided into 4 categories: primary school (0–9 y), secondary school (10–

12 y), university and college ($13 y), and other education. BMI was
based on prepregnancy weight and height and divided into 4 categories:

,18.5, 18.5–24.9, 25–29.9, and $30 kg/m2.

Statistical analyses. All statistical analyses were performed using SAS

version 9.2 software for Windows (SAS Institute) and R version

2.8.1. All P-values were 2 sided and values , 0.05 were considered

significant.

TABLE 1 Sampling scheme of the 3000 mothers in MoBa, 2002–2003

Event Time window Subjects

n

MoBa participants with registered births July 2002–December 2003 17,588

Donated a blood sample Median 18 wk of gestation (16–21)1 15,644

Returned the baseline questionnaire2 Median 18 wk of gestation (16–26) 16,690

Returned the FFQ2 Median 18 wk of gestation (16–26) 16,277

Complete data on blood and questionnaires July 2002–December 2003 14,838

Available for retrieval from the MoBa Biobank3 July 2002–December 2003 6723

Random sample used for the present study July 2002–December 2003 3000

1 Parentheses indicate the 5th and 95th percentiles.
2 Until April 2004, both the baseline and FFQ were sent out together with the invitation letter.
3 By April 2008.

9 Abbreviations used: GAM, generalized additive model; MoBa, Norwegian

Mother and Child Cohort Study; OR, odds ratio; SGA, small for gestational age.

Folate indicators and infant birth size 573

 at U
niv I B

ergen/N
orw

ay on F
ebruary 27, 2010 

jn.nutrition.org
D

ow
nloaded from

 

http://jn.nutrition.org


Dietary intake and plasma concentrations are described as means6
SD. A test for linear trend or group difference in means was performed

by incorporating the group variable as a linear predictor or as a
categorized variable in linear regression models. Correlation between

pairs of measures was assessed using the Spearman correlation

coefficient. The association between exposures and SGAwas estimated

as odds ratio (OR) with 95% CI using logistic regression models. Folic

acid supplement use (0, 1–399, $400 mg/d) and smoking (plasma
cotinine ,85, $85 nmol/L) were incorporated in logistic models as

categorical variables, with no supplement use and no smoking as the

TABLE 2 Intake of food folate and supplemental folic acid among mothers delivering 2934 singletons in
MoBa, 2002–2003, according to maternal characteristics1

Characteristics
Study

participants2
Food
folate

Supplemental
folic acid

Intake of folate
+ folic acid

n mg/d

All women 2934 268.0 6 91.9 187.7 6 230.3 455.7 6 250.3

Maternal age, y

,25 373 269.1 6 96.5 163.9 6 210.8 433.0 6 242.0

25–34 2117 266.0 6 90.4 191.8 6 234.5 457.8 6 251.9

$35 444 276.5 6 94.3 187.7 6 224.8 464.2 6 248.7

P-trend3 0.20 0.19 0.09

Marital status

Single 84 267.9 6 86.3 98.4 6 167.1 366.4 6 201.3

Cohabitation 1315 264.8 6 91.5 184.0 6 222.3 448.9 6 242.2

Married 1517 270.6 6 92.6 195.8 6 239.2 466.4 6 258.4

P for difference3 0.25 ,0.001 ,0.001

Maternal education, y

0–9 85 275.7 6 96.8 143.8 6 219.3 419.5 6 258.6

10–12 1126 268.0 6 102.8 152.6 6 207.1 420.6 6 230.0

$13 1649 268.0 6 83.6 212.2 6 234.7 480.1 6 252.9

Other 63 260.9 6 90.5 231.5 6 389.5 492.4 6 404.3

P for difference3 0.81 ,0.001 ,0.001

Parity, n

0 1269 271.2 6 92.4 219.8 6 236.9 491.0 6 255.4

1 1101 259.9 6 83.8 178.5 6 230.6 438.3 6 251.0

2 431 273.3 6 98.7 146.3 6 210.4 419.6 6 229.0

$3 133 287.4 6 118.2 95.4 6 167.4 382.8 6 213.2

P-trend3 0.41 ,0.001 ,0.001

Prepregnancy BMI, kg/m2

,18.5 79 267.7 6 99.2 192.5 6 217.4 460.2 6 251.4

18.5–24.9 1840 270.7 6 90.6 196.5 6 231.6 467.1 6 250.6

25.0–29.9 593 264.4 6 87.9 184.3 6 219.6 448.8 6 236.2

$30.0 306 260.4 6 104.5 162.7 6 258.0 423.1 6 284.1

P-trend3 0.05 0.02 0.004

Plasma cotinine, nmol/L

,85 2572 268.5 6 90.5 194.1 6 231.4 462.6 6 250.8

85–499 198 271.4 6 109.4 146.0 6 217.5 417.4 6 240.2

$500 161 256.9 6 90.7 133.5 6 217.6 390.3 6 242.2

P-trend3 0.25 ,0.001 ,0.001

Plasma homocysteine quartiles, mmol/L

,4.3 720 277.5 6 87.9 268.1 6 241.6 545.6 6 255.0

4.3–5.0 739 269.4 6 91.2 213.3 6 230.4 482.7 6 251.1

5.1–5.7 731 262.9 6 90.6 167.5 6 240.9 430.4 6 256.6

$5.8 738 262.2 6 97.1 103.4 6 169.2 365.6 6 199.5

P-trend3 ,0.001 ,0.001 ,0.001

Plasma folate quartiles, nmol/L

,5.9 730 259.9 6 90.3 70.8 6 149.5 330.7 6 177.3

5.9–8.7 731 265.9 6 91.2 135.2 6 208.2 401.2 6 226.4

8.8–14.7 731 271.8 6 92.3 211.8 6 215.6 483.6 6 238.1

$14.8 731 273.3 6 88.7 332.2 6 249.4 605.6 6 262.8

P-trend3 0.002 ,0.001 ,0.001

1 Values are presented as mean 6 SD. Information on dietary and supplemental intake was missing for 4 participants and excluded for

38 participants with an energy intake , 4500 kJ/d or .20,000 kJ/d.
2 Information was missing for 18 participants on marital status, 11 participants on maternal education, 116 participants on prepregnancy

BMI, 3 participants on plasma cotinine, 6 participants on plasma homocysteine, and 11 participants on plasma folate.
3 P-trend or group difference was calculated by incorporating the group variable as a linear predictor or as a categorized variable in linear

regression models (chi-square test).
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reference categories. Dietary folate intake, plasma folate, and homo-

cysteine were incorporated in logistic models as categorical variables

(,25th, 25th–74th, $75th percentile) with the middle category as
reference (cut points based on all available study subjects). To explore

the potential dose-response relation between continuous exposures and

dichotomous outcome, we used generalized additive logistic regression

models (GAM; MGCV package of R). Exposure data were right-
skewed and thus log-transformed to increase readability of GAM

curves.

All regression analyses were performed unadjusted and with

adjustment for maternal age, marital status, maternal education,
parity, prepregnancy BMI, and smoking. In the analyses of dietary

folate intake, additional adjustment was made for total energy intake

(in quartiles) and gestational age at the time the FFQ was returned (in

4-wk intervals). In the analyses of plasma folate and homocysteine,

additional adjustment was made for gestational age at blood collection
(in 4-wk intervals).

Results

The mean maternal age of the 2934 study participants was 29.8
y 6 4.6 (range: 15–43 y). Nearly 97% of the mothers were
married or cohabiting, 56% had a university or college
education, and 43% delivered for the first time (Table 2). The
mean maternal prepregnancy BMI was 24.26 4.4 kg/m2. About

TABLE 3 Mean birth outcome values among 2934 singletons in MoBa, 2002–2003, according to
maternal dietary and plasma folate indicators, and plasma cotinine1

Folate
indicator

Study
participants

Gestational
age

Infant birth
weight

Head
circumference

Crown-heel
length

n d g cm

All women 2934 278.7 6 14.5 3619 6 611 35.4 6 1.8 50.4 6 2.7

Food folate,2 mg/d

,204 723 279.1 6 12.9 3616 6 575 35.4 6 1.6 50.4 6 2.3

205–314 1446 278.4 6 15.4 3609 6 615 35.3 6 1.9 50.4 6 2.8

$315 723 279.0 6 14.6 3644 6 641 35.4 6 1.8 50.4 6 2.8

P-trend3 0.92 0.39 0.63 0.88

Adjusted P-trend4 0.77 0.99 0.27 0.77

Supplemental folic acid, mg/d

0 1196 279.0 6 13.6 3639 6 611 35.4 6 1.8 50.5 6 2.6

1–399 849 278.8 6 14.3 3622 6 617 35.4 6 1.8 50.4 6 2.8

$400 847 278.3 6 16.0 3589 6 608 35.3 6 1.7 50.3 6 2.7

P-trend3 0.29 0.07 0.10 0.21

Adjusted P-trend4 0.22 0.44 0.44 0.46

Intake of folate + folic acid2, mg/d

,258 723 278.4 6 14.4 3618 6 623 35.4 6 1.8 50.4 6 2.7

259–632 1446 279.0 6 13.9 3632 6 601 35.4 6 1.8 50.5 6 2.6

$633 723 278.4 6 15.8 3596 6 623 35.3 6 1.8 50.3 6 2.8

P-trend3 0.92 0.48 0.17 0.46

Adjusted P-trend4 0.90 1.00 0.42 0.73

Plasma folate2, nmol/L

,5.9 730 278.7 6 15.5 3618 6 660 35.3 6 1.9 50.4 6 2.9

5.9–14.7 1462 279.1 6 13.8 3643 6 592 35.4 6 1.7 50.5 6 2.7

$14.8 731 278.0 6 14.8 3577 6 598 35.3 6 1.8 50.2 6 2.5

P-trend3 0.36 0.20 0.75 0.12

Adjusted P-trend4 0.15 0.54 0.53 0.09

Plasma homocysteine2, mmol/L

,4.3 720 278.7 6 14.0 3631 6 587 35.4 6 1.7 50.4 6 2.5

4.3–5.7 1470 278.9 6 14.8 3626 6 619 35.4 6 1.8 50.5 6 2.8

$5.8 738 278.2 6 14.4 3593 6 620 35.3 6 1.9 50.2 6 2.8

P-trend3 0.43 0.24 0.17 0.22

Adjusted P-trend4 0.84 0.99 0.48 0.93

Plasma cotinine, nmol/L

,85 2572 278.7 6 14.6 3641 6 611 35.4 6 1.8 50.5 6 2.7

85–499 198 280.9 6 11.0 3570 6 497 35.3 6 1.5 50.2 6 2.2

$500 161 276.7 6 16.8 3336 6 670 34.8 6 2.0 49.2 6 3.0

P-trend3 0.55 ,0.001 ,0.001 ,0.001

Adjusted P-trend4 0.58 ,0.001 ,0.001 ,0.001

1 Values are mean 6 SD. Information was missing for 15 participants on gestational age, 37 participants on head circumference, and

93 participants on crown-heel length.
2 Categories were constructed corresponding to ,25th, 25th–75th, and $75th percentiles, based on all available study subjects.
3 P-trend was calculated by incorporating the group variable as a linear predictor in linear regression models (chi-square test).
4 Adjustment for maternal age, marital status, maternal education, parity, prepregnancy BMI, and smoking; for dietary analyses, additional

adjustment for supplemental folic acid intake, energy intake, and gestational age when the FFQ was returned; for plasma analyses,

additional adjustment for gestational age at blood collection.
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10% of the women were in the highest prepregnancy BMI group
($30 kg/m2) and 12% smoked at the time of blood collection
(plasma cotinine $85 nmol/L). The mean total energy intake
was 9819 6 2542 kJ/d.

The mean intake of food folate and supplemental folic acid
from the start of the pregnancy until returning the FFQ (median
18 wk) was 268.0 and 187.7 mg/d, respectively (Table 2). Mean
supplemental folic acid intake was higher among women who
were married or cohabiting, had a higher education and lower
parity, had lower prepregnancy BMI, and did not smoke (Table
2). Mean folate intake from food only did not differ significantly
according to these variables, including smoking.

The frequency of folic acid supplement use $ 400 mg/d since
the beginning of pregnancy was 28.9%. However, ~53% of
all women had a total dietary folate intake of $400 mg/d. Four
women had a total folate intake # 100 mg/d and 342 (11.7%)
women had a total folate intake #200 mg/d.

Mean total dietary folate intake from food and supplements
increased by 274.9 mg/d over plasma folate quartiles and
decreased by 180.0 mg/d over plasma homocysteine quartiles
(both P, 0.001; Table 2). These trends were strongly attributed
to supplemental folic acid use. Overall, plasma folate was
correlated (Spearman) with food folate alone (r = 0.07), total
dietary folate intake (r = 0.44), plasma homocysteine (r =
20.48), and plasma cotinine (r = 20.15) (P , 0.001). The
correlation with cotinine was 20.12 (P , 0.001) after adjusting
for total dietary folate intake.

Mean infant birth weight was 3619 g (Table 3). Regression
analyses showed no linear trends in mean values of infant birth
weight, gestational age, head circumference, or crown-heel
length over the percentile categories of the various folate
indicators. Reductions in mean birth outcome values over
smoking categories, however, were observed for all outcomes
(all P , 0.001), except for gestational age (P = 0.58).

We also examined folate consumption and plasma folate in
relation to infant SGA. As a first analysis, we compared SGA
prevalence according to food folate quartiles and categories of
supplemental folic acid intake (Fig. 1). The crude comparison of
groups suggested a potential dose-response relation, ranging
from 11.2 to 5.3% of SGA, with higher percentages at lower
levels of folate intake. However, we observed no significant

trends in the risk of SGA over food folate quartiles or
supplemental categories in separate analyses after adjustment
of each other, total energy intake, and other covariates (Table 4).
Furthermore, we found no significant SGA risk trends over the
percentile categories when total folate intake from both foods
and supplements was examined. Similarly, plasma folate and
plasma homocysteine appeared not to be associated with SGA.

Of interest, we also examined the association between folate
indicators and preterm birth (,37 wk of gestation; n = 164). We
found no evidence that low dietary folate intake, low plasma
folate or high plasma homocysteine concentration increased
preterm birth risk (data not shown).

Since the analyses of quartiles and linear trends may not
adequately reveal difference in the upper and lower tails of the
exposure distributions, we therefore explored dose-response
relations between continuous folate exposure and SGA using
GAM curves (Fig. 2). The OR for SGA increased with lower
values of food folate, total dietary folate intake, and plasma
folate concentrations but results were not significant due to wide
CI (as indicated by the gray-shaded areas in Fig. 2).

There was no significant evidence for effect modification of
the folate-SGA associations by smoking (data not shown). On
the other hand, active maternal smoking (plasma cotinine $ 85
nmol/L) was a strong determinant for SGA (adjusted OR: 2.3;
95% CI: 1.6, 3.3). Additional adjustment for plasma folate and
homocysteine quartiles did not alter this association (adjusted
OR: 2.2; 95% CI: 1.5, 3.3). Specifically, women with a plasma
cotinine concentration $500 nmol/L had a 3.5-fold greater risk
of having a SGA infant than those who did not smoke (Table 4).

Discussion

We found that dietary folate intake, supplemental folic acid use,
and maternal plasma folate concentrations, measured in the
second trimester, were not associated with gestational age, infant
birth weight, head circumference, or crown-heel length. There
was, however, a tendency for increased SGA risk at lower folate
values (Table 4), but analyses yielded nonsignificant associa-
tions, possibly due to the low number of individuals with low
folate status. As expected, we found a strong effect of second
trimester smoking on the risk of birth outcomes, except
gestational age.

We analyzed data from a relatively homogenous population.
Compared with the total Norwegian pregnant population,
MoBa includes a higher portion of primiparous and older
women and a substantially higher portion of nonsmokers and
vitamin users (36). A homogenous population may have
advantages, because it may provide better control for confound-
ing factors that vary in the general population. In this study,
adjustment for socioeconomic data, maternal anthropometric
data, maternal smoking, and total energy intake had little
impact on the observed results, suggesting that important
unmeasured confounding by other variables is also unlikely,
unless they are strongly related to both the exposures and
outcomes.

We do not suspect selection bias to have influenced exposure-
outcome associations. Maternal characteristics of the subsample
in our study are essentially the same as those observed in the full
cohort of MoBa (36). Furthermore, a recent validation of 8
exposure-outcome associations in MoBa against the Medical
Birth Registry of Norway showed essentially no bias due to
initial self-selection in the cohort study, even though exposures
such as smoking and vitamin use were markedly under- or
overrepresented (36).

FIGURE 1 Infant SGA prevalence (%) among mothers delivering

2934 singletons in MoBa, 2002–2003, according to quartiles of maternal

intake of food folate and categories of supplemental folic acid.

Prevalence of SGA is shown in each cell together with a vertical bar.
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Our findings of no association between various folate
indicators and birth outcomes may not be generalizable to all
pregnant women. The study population included relatively well-
nourished women, with 53% of the women having a total
dietary folate intake of $400 mg/d. Furthermore, based on the
Norwegian guidelines for nutritional intake (37), our population
included only 4 women with a daily total folate intake below the
lower limit (100 mg/d) and only 342 (11.7%) women below the
limit of estimated average requirements (200 mg/d). In addition,
the total folate intake from both foods and supplements in our
study was higher than that seen in other populations of pregnant
women (22,38).

Our study showed a weak, nonsignificant tendency for
increased risk of SGA at lower folate values (Table 4). Recently,
a study from the UK reported a higher incidence of SGA (,10th
percentile) at low folate intake during late pregnancy in an
adolescent population (38). These authors also showed a greater
risk of SGAwith lower concentrations of serum and RBC folate
during the 3rd trimester. Furthermore, a recent large study from

The Netherlands demonstrated a 60% reduced risk of SGA
(,5th percentile) with periconceptional folic acid supplement
use (39). However, because our study differs from others with
respect to population characteristics, nutritional baseline status,
and the timing and methods used to collect exposures and
outcomes data, a direct comparison with previous studies is
difficult. A strength of the present study is that we had
information on dietary folate, supplemental folic acid, and
plasma folate in a relatively large population of 2934 singleton
pregnancies.

The findings of a strong association of smoking with SGA and
no association with gestational age agree with previous studies
(27,40). We also found that plasma cotinine was inversely
correlated with plasma folate (r = 20.15; P , 0.001). A
reduction in blood folate and other vitamins by smoking has
been reported by others and may be attributed to increased
oxidative stress as well as decreased folate intake in smokers
(25,26). Adjustment for total folate intake from food and
supplements only modestly reduced the correlation between

TABLE 4 Infant SGA risk among mothers delivering 2934 singletons in MoBa, 2002–2003, according to
maternal dietary and plasma folate indicators, and plasma cotinine1

Folate
indicator Participants, n SGA, n (%)

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)2

All women 2934 225 (7.7)

Food folate,3 mg/d

,204 723 70 (9.7) 1.3 (0.9, 1.8) 1.1 (0.8, 1.6)

205–314 1446 110 (7.6) 1.0 (ref) 1.0 (ref)

$315 723 43 (6.0) 0.8 (0.5, 1.1) 0.8 (0.5, 1.1)

P-trend4 0.009 0.16

Supplemental folic acid, mg/d

0 1196 100 (8.4) 1.0 (ref) 1.0 (ref)

1–399 849 63 (7.5) 0.9 (0.6, 1.2) 0.9 (0.6, 1.3)

$400 847 60 (7.1) 0.8 (0.6, 1.2) 0.8 (0.6, 1.2)

P-trend4 0.26 0.27

Intake of folate + folic acid,3 mg/d

,258 723 66 (9.2) 1.3 (0.9, 1.8) 1.3 (0.9, 1.8)

259–632 1446 103 (7.2) 1.0 (ref) 1.0 (ref)

$633 723 54 (7.5) 1.1 (0.7, 1.5) 1.1 (0.7, 1.5)

P-trend4 0.25 0.42

Plasma folate,3 nmol/L

,5.9 730 65 (9.0) 1.3 (1.0, 1.8) 1.3 (0.9, 1.8)

5.9–14.7 1462 101 (6.9) 1.0 (ref) 1.0 (ref)

$14.8 731 58 (8.0) 1.2 (0.8, 1.6) 1.1 (0.8, 1.6)

P-trend4 0.47 0.49

Plasma homocysteine,3 mmol/L

,4.3 720 44 (6.1) 0.7 (0.5, 1.0) 0.7 (0.5, 1.1)

4.3–5.7 1470 125 (8.6) 1.0 (ref) 1.0 (ref)

$5.8 738 56 (7.6) 0.9 (0.6, 1.2) 0.8 (0.6, 1.2)

P-trend4 0.29 0.69

Plasma cotinine, nmol/L

,85 2572 176 (6.9) 1.0 (ref) 1.0 (ref)

85–499 198 18 (9.1) 1.4 (0.8, 2.2) 1.5 (0.9, 2.5)

$500 161 31 (19.3) 3.2 (2.1, 4.9) 3.5 (2.2, 5.6)

P-trend4 ,0.001 ,0.001

1 Information on SGA was missing for 17 participants.
2 Adjustment for maternal age, marital status, maternal education, parity, prepregnancy BMI, and smoking; for dietary analyses, additional

adjustment for supplemental folic acid intake, energy intake, and gestational age when the FFQ was returned; for plasma analyses,

additional adjustment for gestational age at blood collection.
3 Categories were constructed corresponding to ,25th, 25th–74th, and $75th percentiles, based on all available study subjects.
4 P-trend was calculated by incorporating the group variable as a linear predictor in logistic regression models (chi-square test).
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plasma folate and cotinine (r = 20.12; P , 0.001), supporting
that smoking alone affects blood folate status.

A general limitation of this study is that information on folate
exposures and smoking was collected only once during preg-
nancy. Particularly, we did not have information on plasma
folate and folate consumption during late pregnancy. This is a
potential problem, because changes during pregnancy may lead
to some exposure misclassification (41), which again may lead to
some underestimation of possible effects of these folate indica-
tors in the third trimester on birth outcomes. To avoid this
problem, future studies should include longitudinal data on
exposures. However, longitudinal measurements in large-scale
epidemiological studies are a resource-demanding task, which
may explain why such investigations on folate indicators and
birth outcomes have not been undertaken.

The FFQ used for this study assessed food folate and
supplemental folic acid intake over the first 4–5 mo of pregnancy
(median 18 wk). It is likely that many women do not accurately
recall their diets at the start of pregnancy through the mid-
second trimester. Furthermore, during early pregnancy, many
women experience nausea or vomiting and changes in appetite
and eating patterns. Nevertheless, a validation study showed
that the FFQ produces a realistic estimate of the habitual intake
and is a valid tool for ranking pregnant women according to
high and low intakes of nutrients (42). We further showed that
the total folate intake was strongly correlated with blood plasma
folate concentrations (r = 0.44; P , 0.001) and that this was
largely attributed to folic acid supplement use (Table 2). Because
naturally occurring folate is unstable and has less bioavailability
than synthetic folic acid pills (43), the observedweaker correlation
with food folate only (r = 0.07; P , 0.001) was not unexpected.

Due to the large population size (.100,000 pregnancies) and
the complex recruitment procedures of MoBa, the logistics did
not allow fasting blood samples. Consequently, measures of
plasma folate in our study may have been influenced by recent
dietary intakes. Although this may add preanalytical variability,
the overall plasma results were supported by data on folate
intake and folic acid supplementation, suggesting that valid
results were obtained from nonfasting plasma folate.

Another concern is that the folate concentration in EDTA
plasma is likely to decrease at room temperature for the first 1–
2 d, especially in the absence of a stabilizer like ascorbic acid (44).
Such folate loss may result from an conversion of biologically

active forms of folate to other forms that cannot be detected
with standard microbiological assay methods (45). However,
there are indications that the remaining biologically active folate
still reflects overall folate status. We found that plasma folate
was strongly inversely correlated with plasma total homocyste-
ine (r = 20.48; P , 0.001), which is stable at room temperature
(46). Thus, plasma folate may have degraded at a constant rate
over the distribution of folate concentrations and the relative
difference in folate concentration between women may have
been upheld.

Folate degradation is likely unrelated to the outcome under
study, but it can still introduce nondifferential misclassification
and thus attenuated risk estimates if a fixed dichotomous cutoff
of plasma concentration is used (47). In this study, we analyzed
relative cutoffs instead of fixed cutoffs by dividing the distribu-
tion of plasma folate into quartile exposures. In addition, we
used GAM to examine dose-response effects of continuous
plasma folate concentration on birth outcomes.

In conclusion, in this prospective cohort of Norwegian
women, we found no evidence that low dietary folate intake or
low plasma folate concentration during the second trimester is
associated with infant birth size. As expected, however, we
found that infant birth size was strongly associated with second
trimester smoking. The absence of significant associations with
dietary and plasma folate might be explained by an adequate
intake of folate from diet and supplements in most women in our
study population.
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