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ABSTRACT

Background: Reduced intake of micronutrients during
pregnancy exposes women to nutritional deficiencies and
may affect fetal growth. We conducted a systematic re-
view to examine the efficacy of prenatal supplementation
with multimicronutrients on pregnancy outcomes.

Methods: We searched MEDLINE, EMBASE, CINAHL and
the Cochrane Library for relevant articles published in Eng-
lish up to December 2008. We also searched the bibliogra-
phies of selected articles as well as clinical trial registries.
The primary outcome was low birth weight; secondary
outcomes were preterm birth, small-for-gestational-age
infants, birth weight and gestational age.

Results: We observed a significant reduction in the risk of
low birth weight among infants born to women who re-
ceived multimicronutrients during pregnancy compared
with placebo (relative risk [RR] 0.81, 95% confidence inter-
val [CI] 0.73-0.91) or iron—folic acid supplementation (RR
0.83, 95% Cl 0.74-0.93). Birth weight was significantly
higher among infants whose mothers were in the multimi-
cronutrient group than among those whose mothers re-
ceived iron-folic acid supplementation (weighted mean
difference 54 g, 95% Cl 36 g-72 g). There was no signifi-
cant differences in the risk of preterm birth or small-for-
gestational-age infants between the 3 study groups.

Interpretation: Prenatal multimicronutrient supplementation
was associated with a significantly reduced risk of low birth
weight and with improved birth weight when compared
with iron—folic acid supplementation. There was no signifi-
cant effect of multimicronutrient supplementation on the
risk of preterm birth or small-for-gestational-age infants.

Une version francaise de ce résumé est disponible a 1’adresse
www.cmaj.ca/cgi/content/full/cmaj.081777/DC2
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utrition plays an important role in the growth and
N development of the fetus. Studies of the nutritional
status of pregnant women during the Dutch famine
revealed increased risks of infertility, abortion, fetal intra-

uterine growth restriction and perinatal mortality among
malnourished women.' In many parts of the world, a similar
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situation exists for many pregnant women with respect to
nutrition. Overall, the diet of pregnant women has been re-
ported to be deficient in calories and micronutrients.” Both
macro- and micronutrients are important for a woman to
sustain pregnancy and for appropriate growth of the fetus.

The exact mechanisms of how supplementation with mi-
cronutrients can affect pregnancy outcomes are not completely
understood. Possible mechanisms for beneficial effects include
a generalized improvement in the immune function of women,
with a reduced incidence of infections and subsequent reduced
incidence of preterm birth;* improved energy metabolism and
anabolic processes in the mother, with a reduced incidence of
fetal intrauterine growth restriction;’ improved ability to re-
spond to stress;’ expansion of plasma volume secondary to
fluid retention, with subsequent improvements in fetal
growth;* improved hemoglobin levels;’ and increased absorp-
tion of iron related to intake of vitamin C and riboflavin, with
subsequent improvement in hemoglobin levels.’

Potential disadvantages include adverse interactions of mi-
cronutrients when supplied in combination;® enhanced or re-
duced absorption of one nutrient by other nutrients (e.g., in-
teraction between iron and vitamin C, and iron and zinc);’
deleterious effects on the fetus and the mother from overdose
of any one component (e.g., vitamin A overdose);® and cost.®

Potential barriers include the lack of well-defined govern-
ment policies on maternal health and nutrition.® A multicom-
ponent approach has been criticized from the standpoint that
some micronutrients may be necessary, some may not be
needed and some may even be harmful.” Generalized or mass
supplementation with multimicronutrients may have different
effects on pregnancy outcomes depending on the underlying
nutritional status of the women.

On the basis of a systematic review performed in 2005, the
World Health Organization currently recommends iron—folic
acid supplementation for all pregnant women.** The review re-
ported that multimicronutrient supplementation during preg-
nancy were more efficacious than 2 or fewer micronutrients in
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reducing the rates of low birth weight and small-for-
gestational-age births. However, when multimicronutrients
were compared with iron—folic acid supplementation, no evi-
dence of a difference was noted.” Further research in this area
was encouraged because information was derived from a few
reports. Since then, several randomized controlled trials have
evaluated the efficacy of multimicronutrients and have reported
varied results. With advancement in our knowledge from re-
cently reported trials," we conducted a systematic review and
meta-analysis of the efficacy of supplementation with multimi-
cronutrients during pregnancy in reducing the rates of low birth
weight, preterm birth and small-for-gestational-age births com-
pared with placebo or iron—folic acid supplementation.

Methods

We conducted this systemic review to examine whether sup-
plementation with multimicronutrients during pregnancy re-
duces the risk of low birth weight, preterm birth and small-for-
gestational-age births compared with placebo and compared
with iron—folic acid supplementation.

Literature search

We searched MEDLINE, EMBASE, CINAHL and the
Cochrane Library (from their inception to Dec. 15, 2008) for
all relevant studies without language restriction. The search
terms used for MEDLINE are reported in Appendix 1 (avail-
able at www.cmayj.ca/cgi/content/full/cmaj.081777/DC3);
they were modified according to database requirements. We
reviewed the bibliographies of the identified articles to locate
further eligible studies. In addition, we searched 20 clinical
trial registries (Appendix 2, available at www.cmaj.ca/cgi
/content/full/cmaj.081777/DC3), abstracts of the last 2 years
from conferences of the Society of Maternal and Fetal Medi-
cine and the Society of Obstetricians and Gynaecologists of
Canada, and Google Scholar™ for ongoing or completed trials.

Study selection and validity assessment

We included randomized and quasi-randomized trials (ran-
domization based on possible identifiers such as date of birth,
hospital number or day of the week) that explored the effi-
cacy of supplementation with multimicronutrients during
pregnancy and reported any of the outcomes of interest. We
included only information available from publications and did
not contact primary authors for additional data.

We included studies in which women received multimicronu-
trient supplementation at any time during pregnancy. A previous
systematic review’ had excluded studies of patients who were
HIV positive because of concerns over their background nutri-
tional status. To improve the generalizability of our findings, we
included all populations. We planned sensitivity analyses with
data for all patients and with data for HIV-positive women.

We included studies that compared multimicronutrient sup-
plementation with placebo or with iron—folic acid supplementa-
tion. We did not restrict the selection of trials on the basis of the
specific combination or number of micronutrients. We antici-
pated that most studies would have used the recommended di-
etary allowance of individual micronutrients. We planned sub-
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group analyses to assess the effects of studies in which supple-
mentation of most of the micronutrients were in doses higher or
lower than the recommended dietary allowance. Studies of sup-
plementation that started at any time during pregnancy and for
any length of time were included. We planned a subgroup analy-
sis to assess the effect of when supplementation was started (be-
fore or after 20 weeks’ gestation). We report on compliance with
supplementation as described by the authors of the studies.

We excluded studies in which prepared food containing
macro- and micronutrients was given rather than a unique
supplement of micronutrients. We also excluded studies in
which the outcomes were not clearly defined. We reviewed
studies published only as abstracts and included them only if
quality assessment could be completed from the given infor-
mation. Studies for which quality could not be determined
were excluded. We excluded letters, commentaries, reviews
and editorials if they did not contain original data.

One of us (P.S.S.) scanned the titles and abstracts of the
articles initially. Selected articles were retrieved in full; both
of us (P.S.S. and A.O.) assessed them for eligibility. We re-
solved discrepancies by consensus.

Abstracts of potentially relevant
citations reviewed
n=3834

| Excluded n =807
* No outcome data n=15
¢ Not relevant n =792

Y

Citations retrieved
for detailed evaluation
n=27

— Excluded n=14

e Not a randomized controlled
trial n=2
Study of dietary supplement n=3
No outcomes of interest n=3
Study of fortified milk n =1
Unclear description of
micronutrients n=1
Letter to editor n=1
Interim report n=1
Report of childhood outcomes n=1
Ongoing study n=1

Y

Studies included
in systematic review
n=13

A

Studies included in meta-analyses
e Low birth weight n=12
e Preterm delivery n=10
e Small for gestational age n=6

Figure 1: Selection of studies for meta-analysis of the effect of
prenatal supplementation with multimicronutrients on preg-
nancy outcomes.
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3, available at www.cmaj.ca/cgi/content/full/cmaj.081777
/DC3). The classification in each category was yes, no, and
cannot tell or unclear. We performed an overall assessment of
risk of bias, based on responses from the above-mentioned
criteria. We resolved discrepancies by consensus. We planned
sensitivity analyses that would exclude studies with a high
likelihood of bias in 3 or more domains.

We assessed statistical heterogeneity using the Cochran Q
test and by calculating > values. Clinical heterogeneity was
assessed for timing of supplementation, methodologic quality
of the studies and characteristics of the study populations. We

Outcome measures

The primary outcome of interest was the incidence of low
birth weight (<2500 g). Secondary outcomes were preterm
birth (birth before 37 weeks’ gestation), small-for-gestational-
age infants (< 10th centile for gestational age or > 2 standard
deviations below the mean for gestational age), birth weight
(in grams) and gestational age (in weeks).

Methodologic quality
Both of us (P.S.S. and A.O.) independently assessed the
methodologic quality of the studies using a predefined check-

list, as suggested for the Cochrane Database of Systematic
Reviews." This checklist assesses risk of bias in the cate-
gories of sequence generation, allocation concealment, blind-
ing, attrition, selective reporting and other biases (Appendix

assessed publication bias using the funnel plot method.

Data extraction and synthesis
Two of us (P.S.S. and A.O.) extracted data from each eligible

Table 1: Brief description of the studies included in the meta-analysis of multimicronutrient supplementation during pregnancy

Study

Population and
place of study

Initiation of
supplementation

Confounders adjusted
for in study

Comments

Christian et al.,”
2003

4926 women in rural
community in Nepal

At early detection
of pregnancy

Maternal weight,
treatment variable

Cluster of sectors given

1 type of nutrient (blinded
and randomized); controls
received vitamin A

Fawzi et al.,” 1998 1075 HIV-positive 12-27 weeks’ Other treatment 2 x 2 factorial design; all
women in Tanzania gestation (vitamin A v. placebo) participants received iron and
variable folic acid
Fawzi et al.,” 2007 8468 HIV-negative 12-27 weeks’ None All participants received iron
women in Tanzania gestation and folic acid
Friis et al.," 2004 1669 women in 22-36 weeks’ Gravidity, sex, season, All participants received iron
Zimbabwe gestation anemia, maternal HIV and folic acid; controls
status received placebo
Gupta et al.,” 200 women in India 24-32 weeks’ Gestational age, duration  All participants received iron
2007 gestation of supplementation and and folic acid; controls
compliance received calcium
Hininger et al.,™ 100 women in France 12-16 weeks’ None Micronutrient (without iron)
2004 gestation v. placebo
Kaestal et al.,” 2100 women in < 37 weeks’ None Controls received iron and
2005 semiurban Guinea-Bissau  gestation folic acid
Osrin et al.,”* 2005 1200 women in semirural < 20 weeks’ None Controls received iron and
community in Nepal gestation folic acid
Ramakrishnan 873 women in semirural < 13 weeks’ Sex, economic status, Controls received iron only
et al.,”” 2003 community in Mexico gestation maternal overweight

Roberfroid et al.,”

2008

Shankar et al.,”
2008

1426 women in rural
community in Burkina
Faso

31290 women in rural
Indonesia

At any gestational
age*

At any gestational
age

Health centre and malaria
prevention group

Gestational age at
enrollment,
anthropometry, weight
gain, nutritional status

Controls received iron (60 mg)
and folic acid (400 pg)

All participants received iron
and folic acid; controls
received placebo

Zagre et al.,”» 2007 2550 women in rural < 12 weeks’ Education, diet, morbidity, All participants received iron
Niger gestation season of birth, preventive and folic acid
treatment against malaria
Zeng et al.,” 2008 5828 women in rural < 28 weeks’ Effect of cluster Group 1 received multiple
China gestation randomization micronutrients; group 2

received iron (60 mg) and folic
acid (400 ug); group 3 (control)
received folic acid (400 ug)

*One-third of the women were in the first trimester, half were in the second trimester, and the remainder were in the third trimester.
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study using data-collection forms. We resolved discrepancies by
consensus. The original data were not modified. At times, calcu-
lations were required from available data for the meta-analysis.
For binary outcome variables (low birth weight, preterm
birth and small for gestational age), we calculated the relative
risks (RRs), risk differences and numbers needed to benefit
and to harm, as well as respective 95% confidence intervals
(CIs). For continuous measures (birth weight and gestational
age), we calculated the mean differences or standardized
mean differences as appropriate. Weighting of the studies in
the meta-analyses was calculated based on the inverse vari-
ance of the study. We expected clinical and statistical hetero-
geneity among the studies. Thus, we used the random-effect
model for meta-analyses because it accounts for random vari-
ability both within and among studies. We planned sensitivity
analyses to assess the effects of the quality of the studies on
the results. No adjustment for multiple analyses was made.

Results

Literature search

We identified 13 trials (8 randomized trials, 1 factorial ran-
domized trial and 4 cluster-randomized trials) of prenatal
multimicronutrient supplementation for inclusion in the meta-
analysis (Figure 1).>** We excluded 14 reports (the reasons
for exclusion are given in Appendix 4, available at www.cmaj
.ca/cgi/content/full/cmaj.081777/DC3).

Study participants and interventions

The baseline characteristics of the women in the included
studies and the timing of initiation of micronutrient supple-
mentation are reported in Table 1. The composition of mi-
cronutrients in the different studies is reported in Table 2 and

online Appendix 5 (available at www.cmaj.ca/cgi/content/full
/cmaj.081777/DC3).

In the first report by Fawzi and colleagues,” only HIV-
positive patients were included, whereas in the report by Friis
and colleagues' approximately one-third of the patients were
positive for HIV. We are aware that generalized undernutri-
tion (protein, calories and micronutrients) could be a major is-
sue in patients with HIV infection. However, we included
these patients in the review to improve generalizability of the
findings. In the second study by Fawzi and colleagues,’ the
authors included only HIV-negative women and compared
multivitamins with placebo. However, because all of the
women received iron and folic acid, we included data for the
control group in the iron—folic acid group.

Kaestel and colleagues'” studied 3 groups: a control group
and 2 groups receiving micronutrients (one receiving about
the equivalent of the recommended dietary allowance, and the
other receiving about twice the recommended dietary al-
lowance). For analyses purposes, we combined the data for
the 2 micronutrient groups. We did not perform the sensitivity
analyses of the effect of doses higher than the recommended
dietary allowances because there was only 1 study.

Christian and colleagues'” included 5 groups: a control
group and 4 groups receiving micronutrients (folic acid alone,
folic acid and iron, folic acid and iron and zinc, or multimi-
cronutrients). For the purpose of analysis, we compared the
multimicronutrient group with the control group and with the
group that received iron and folic acid.

Ramakrishnan and colleagues® used iron only as supple-
mentation in the control group. We included the data from
this study in the placebo group.

Roberfroid and colleagues® compared women receiving a
micronutrient group to an iron—folic acid group.

Table 2: Composition of micronutrients in studies included in the meta-analysis

Vitamin A, Vitamin B,, Vitamin B,  Folic acid, Zing, Iron, Copper,  Total no. of

Study 1Y) mg mg mg mg mg mg micronutrients*
Christian et al.,” 2003 1000 1.6 2.2 400 30 60 2.0 16
Fawzi et al.,” 1998 5000 20 25 800 = = = 10
Fawzi et al.,” 2007 20 25 800 = = = 8
Friis et al.," 2004 3000 1.5 2.2 = 15 = 1.2 13
Gupta et al.,”” 2007 2500 1.0 1.0 150 15 10 2 28
Hininger et al.,”* 2004 1.4 - 200 15 - - 12
Kaestal et al.,"” 2005 800 1.4 1.9 400 15 30 2 15
(micronutrient-1)

Kaestal et al.,"” 2005 1600 2.8 3.8 800 30 30 4 15
(micronutrient-2)

Osrin et al.,” 2005 2640 1.4 1.9 400 15 30 2 15
Ramakrishnan et al.,” 2003 2150 0.93 1.94 215 12.9 62.4 = 13
Roberfroid et al.,”* 2008 2640 1.4 1.9 400 15 30 2 15
Shankar et al.,” 2008 2640 1.4 1.9 400 15 30 2 14
Zagre et al.,”” 2007 2640 1.4 1.9 400 15 30 2 15
Zeng et al.,”” 2008 2640 1.4 1.9 400 15 30 2 15

*A detailed description of other micronutrients in each study appears in Appendix 5 (available at www.cmaj.ca/cgi/content/full/cmaj.081777/DC3).
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Zeng and colleagues” had 3 study groups: women who re-
ceived multimicronutrients, those who received iron and folic
acid and those who received folic acid alone (control group).
For our analyses, we included data from the control group in
the placebo group.

Methodologic quality

The results of our assessment of the risk of bias among in-
cluded studies and compliance rates are reported in Appendix
6 (available at www.cmaj.ca/cgi/content/full/cmaj.081777
/DC3). All of the studies were of high quality. A few studies
lost points for not providing enough details about sequence
generation or allocation concealment.

Outcomes

Details of the outcomes reported in the individual studies are
reported in Appendix 7 (available at www.cmaj.ca/cgi
/content/full/cmaj.081777/DC3).

Twelve of the studies reported on the outcome of low birth
weight (Figure 2). Four compared multimicronutrient supple-
mentation with a placebo (n = 6097) and 10 compared it with
iron—folic acid supplementation (n = 29 889); 2 studies reported
on both comparisons. The risk of low-birth-weight infants was
significantly lower among women given multimicronutrients
than among those given placebo (RR 0.81, 95% CI 0.73 to 0.91;
risk difference —0.03, 95% CI —0.05 to —0.01; number needed to
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benefit 33, 95% CI 20 to 100). The same was true for the com-
parison with iron—folic acid supplementation (RR 0.83, 95% CI
0.74 t0 0.93; risk difference —0.02, 95% CI —0.03 to —0.01; num-
ber needed to benefit 50, 95% CI 33 to 100).

Ten studies reported on preterm birth as an outcome meas-
ure (Figure 3). Three studies compared multimicronutrient sup-
plementation with placebo (n = 5191) and 9 compared it with
iron—folic acid supplementation (n = 45 192); 2 studies re-
ported on both comparisons. The risk of preterm birth was not
significantly lower among women given multimicronutrient
supplementation during pregnancy than among those given
placebo (RR 0.97, 95% CI 0.82 to 1.13) or iron—folic acid sup-
plementation (RR 0.99, 95% CI 0.96 to 1.03).

Six studies reported on the risk of small-for-gestational-age
infants (Figure 4). Three studies compared multimicronutrient
supplementation with placebo (n = 5140) and 5 compared it
with iron—folic acid supplementation (n = 13 039); 2 studies
reported on both comparisons. There was no statistically sig-
nificant reduction in the risk of this outcome among women
given multimicronutrient supplementation compared with
women given placebo (RR 0.85, 95% CI 0.71 to 1.02) or iron—
folic acid supplementation (RR 0.89, 95% CI 0.77 to 1.01).

The effect on birth weight was studied in 11 trials (Figure
5). Five studies compared multimicronutrient supplementation
with placebo (n = 5727) and 8 compared it with iron—folic acid
supplementation (n = 28 033); 2 studies reported on both com-

Study group, n/N

Relative risk Favours | Favours

Study Micronutrients Control (95% ClI) micronutrients | control
<« | —>
Micronutrients v. placebo T
Christian et al., 200312 249/705 297/685 0.81(0.71-0.93) —— '
Kaestel et al., 20057 83/750 51/373 0.81 (0.58-1.12) —-—E—
Ramakrishnan et al., 20031 27/318 28/315 0.96 (0.58-1.58) I
Zeng et al., 20082 57/1 406 82/1 545 0.76 (0.55-1.06) —-—f—
Overall 416/3 179 458/2 918 0.81 (0.73-0.91) o
Micronutrients v. iron-folic acid supplementation
Christian et al., 20032 249/705 218/635 1.03 (0.89-1.19) e
Fawzi et al., 19985 36/410 62/390 0.55 (0.38-0.81) <«
Fawzi et al., 200713 306/3 937 368/3 929 0.83 (0.72-0.96) —
Friis et al., 200414 54/564 62/542 0.84 (0.59-1.18) —-—:—
Gupta et al., 200715 12/74 31/72 0.38 (0.21-0.67) < '
Osrin et al., 20058 101/529 133/523 0.75 (0.60-0.94) — :
Roberfroid et al., 200820 771526 82/526 0.94 (0.71-1.25) —-J—
Shankar et al., 200821 510/5 695 567/5 406 0.85 (0.76-0.96) —e :
Zagre et al., 200722 96/1 328 103/1 222 0.86 (0.66-1.12) —_—
Zeng et al., 20082 57/1 406 66/1 470 0.90 (0.64-1.28) —-—
Overall 1498/15 174 1692/14 715 0.83 (0.74-0.93) @
dS d7 ﬂO ﬁS iO
Relative risk (95% CI)

Figure 2: Random-effect meta-analysis of the risk of low-birth-weight infants among women given multimicronutrient supplementa-
tion versus control (placebo or iron-folic acid supplementation) during pregnancy. Values less than 1.0 indicate decreased risk of out-
come with multimicronutrient supplementation. Note: Cl = confidence interval.
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parisons. There was no statistically significant increase in birth
weight among infants born to women given multimicronutrient
supplementation compared with women in the placebo arm
(weighted mean difference 31 g, 95% CI -5 g to 68 g). Birth
weight was significantly higher among infants born to women
given micronutrient supplementation than among those whose
mothers were given iron—folic acid supplementation (weighted
mean difference 54 g, 95% CI 36 gto 72 g).

Of the 7 studies that reported the effect on gestational age,
3 compared multimicronutrient supplementation with placebo
(n=3867) and 5 compared it with iron—folic acid supplemen-
tation (n = 13 523); 1 study reported on both comparisons
(Figure 6). There was no significant difference in gestational
age between infants of women given micronutrient supple-
mentation and those of women given placebo (weighted mean
difference 0.4 weeks, 95% CI —0.26 weeks to 0.34 weeks).
The same was true for the comparison with iron—folic acid
supplementation (weighted mean difference 0.00 weeks, 95%
CI -0.10 weeks to 0.10 weeks).

Heterogeneity and publication bias
Clinical heterogeneity among the studies is described in Table
1. There was moderate statistical heterogeneity for low birth
weight (P = 55%—64%) but not for preterm birth (7 = 0%).
Visual inspection of the funnel plot suggested publication
bias for the outcomes low birth weight and preterm birth for
studies of small effect size showing both positive and negative
results (Appendix 8, available at www.cmaj.ca/cgi/content/full

/cmaj.081777/DC3). We believe that this bias is unlikely to
change the overall results, since the majority of included stud-
ies were of high quality and precision. However, this should be
interpreted with caution in face of heterogeneity in studies.”

Subgroup and sensitivity analyses
In the end, we did not conduct a subgroup analysis of the ef-
fect of recommended dietary intake or more than adequate di-
etary intake through supplementation on pregnancy outcomes
because only 1 study reported such data.

In a subgroup analysis based on the timing of initiation of
supplementation, we found no difference in the risk of low-
birth-weight infants when multimicronutrient supplementation
was compared with iron—folic acid supplementation (RR 0.89,
95% CI 0.72 to 1.08 for initiation before 20 weeks’ gestation;
RR 0.80, 95% CI 0.69 to 0.91 for initiation anytime after 12
weeks’ gestation). However, the majority of the studies in the
later category had entry criteria of 12-27 weeks’ gestation.

We found that the effect of multimicronutrient supplemen-
tation was more pronounced for low-birth-weight and small-
for-gestational-age infants in randomized trials (low birth
weight: RR 0.74, 95% CI 0.62 to 0.89; small for gestational
age: RR 0.82, 95% CI 0.73 to 0.92) than in cluster-randomized
trials (low birth weight: RR 0.91, 95% CI 0.82 to 1.02; small
for gestational age: RR 0.98, 95% CI 0.84 to 1.14).

We performed a post-hoc stratified analysis to identify an ef-
fective minimal composition of micronutrients that can be sug-
gested for practical use and to explore heterogeneity in the com-

Study group, n/N
Relative risk Favours | Favours

Study Micronutrients Control (95% ClI) micronutrients : control
Micronutrients v. placebo E
Christian et al., 200312 145/704 140/685 1.01 (0.82-1.24) +
Ramakrishnan et al., 200319 24/321 21/321 1.14 (0.65-2.01) : >
Zeng et al., 20082 78/1 494 102/1 666 0.85 (0.64-1.14) —
Overall 24712 519 263/2 672 0.97 (0.82-1.13) ‘
Micronutrients v. iron—folic acid supplementation :
Christian et al., 20032 145/704 146/633 0.89 (0.73-1.09) —
Fawzi et al., 19985 96/410 106/390 0.86 (0.68-1.09) ——'—r—
Fawzi et al., 200713 676/3 993 666/4 003 1.02 (0.92-1.12) ==
Friis et al., 20044 85/564 99/542 0.83 (0.63-1.08)
Gupta et al., 20075 1/74 1/72 0.97 (0.06-15.26) < . >
Osrin et al., 20058 47/571 54/568 0.87 (0.60-1.26)
Roberfroid et al., 200820 86/607 81/604 1.06 (0.80-1.40) T
Shankar et al., 20082 3736/14373 3 654/14 053 1.00 (0.96-1.04) [ ]
Zeng et al., 20082 78/1 494 76/1 537 1.06 (0.78-1.44) I
Overall 4950/22 790 4 883/22 402  0.99 (0.96-1.03) ¢

T T I: T T

0.5 0.7 1.0 1.5 2.0
Relative risk (95% Cl)

Figure 3: Random-effect meta-analysis of the risk of preterm birth among women given multimicronutrient supplementation versus
control (placebo or iron-folic acid supplementation) during pregnancy. Values less than 1.0 indicate decreased risk of outcome with

multimicronutrient supplementation. Note: Cl = confidence interval.
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position of micronutrients. We selected a group of studies that
used a homogeneous combination of water and fat-soluble vita-
mins and minerals (vitamin A > 2640 IU, vitamin D > 200 IU,
vitamin E > 10 mg, vitamin B, > 1.4 mg, folic acid > 400 pg, vi-
tamin C = 70 mg, zinc = 15 mg and iron = 30 mg). We observed
a reduction in the risk of low-birth-weight infants in this sub-
group analysis (RR 0.85, 95% CI 0.78 to 0.93, I* = 0%). Despite
the exclusion of studies that did not satisfy one or more criteria,
we found no clear discernible pattern to indicate that one or more
micronutrients in addition of iron and folic acid would suffice.

When we examined results for women with known HIV in-
fection from 2 studies (n = 1160), we found no evidence of a dif-
ference in the risk of low-birth-weight infants between women
given multimicronutrient supplementation and those given iron—
folic acid supplementation (RR 0.73, 95% CI 0.40 to 1.33).

Interpretation

In this systematic review, we identified a significantly re-
duced risk of low-birth-weight infants among women given
multimicronutrient supplementation during pregnancy com-
pared with women given placebo or iron—folic acid supple-
mentation. The birth weight of infants was 54 g higher on av-
erage among those whose mothers were given micronutrients
than among those whose mothers received iron—folic acid
supplementation. We found no evidence of a significant dif-
ference in the risk of preterm birth or small-for-gestational-
age infants between the study groups.

There was a certain degree of clinical and statistical hetero-
geneity among the studies included in the meta-analysis. This
was not beyond what one could have predicted from the out-
set. The most important aspects of heterogeneity were the un-
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derlying population and the time of onset of supplementation.
The populations studied varied from undernourished
women, adequately nourished women, HIV-positive women
and confirmed HIV-negative women. In their first report,
Fawzi and colleagues"” included only HIV-positive women,
who may have been undernourished. We argue that this feature
improves the generalizability of our findings. We realize that
their inclusion may introduce bias toward a positive impact.
However, if these or any other results are to be applied to the
global population, where most women are unaware of their
HIV status, it hardly justifies exclusion of a known HIV-
positive population from these analyses. Our subgroup analysis
of HIV-positive women did not reveal an improvement in the
reduction of low-birth-weight infants, which supports our ra-
tionale of including such women in the combined analyses,
since these individuals were not responsible for higher than ex-
pected contribution to the overall results. The patients included
in most of these studies are truly representative of the global
population. The studies were performed in resource-limited set-
tings, exactly the place where efficacy of this intervention is
warranted. The practice in most developed countries of giving
multivitamins along with iron and folic acid to pregnant
women’ needs to be adopted in developing countries. Similar to
the approach taken in a previous Cochrane review,” we in-
cluded studies that reflected real-life scenarios but that we felt
were homogeneous enough to be included in our meta-analysis.
The included trials were of very good quality. Although
they all had missing data for birth outcomes for a proportion
of patients, the results were unlikely affected because the
numbers with missing data were small and were proportion-
ally distributed. In some studies, the micronutrient supple-
mentation was started at the earliest detection of pregnancy,

Study group, n/N

Relative risk Favours i Favours
Study Micronutrients Control (95% ClI) micronutrients ; control
Micronutrients v. placebo :
Christian et al., 200312 379/704 402/685 0.92 (0.84-1.01) -
Fawzi et al., 19985 39/410 66/390 0.56 (0.39-0.81) e
Zeng et al., 20082 238/1 406 280/1 545 0.93 (0.80-1.09) ———
Overall 656/2 520 74812 620 0.85(0.71-1.02) ’f
Micronutrients v. iron-folic acid supplementation ,
Christian et al., 200312 379/704 327/633 1.04 (0.94-1.15) —im—
Fawzi et al., 200713 407/3 827 523/3 823 0.78 (0.69-0.83) o=
Gupta et al., 20075 23/74 31/72 0.72 (0.47-1.11) T
Roberfroid et al., 200820 194/518 213/512 0.90 (0.77-1.05) —-—:
Zeng et al., 2008% 238/1 406 278/1 470 0.90 (0.77-1.05) —=
Overall 1241/6 529 137216 510 0.89 (0.77-1.01) -

T T
0.5 0.7 1.0 1.5 2.0
Relative risk (95% ClI)

Figure 4: Random-effect meta-analysis of the risk of small-for-gestational-age infants among women given multimicronutrient supple-
mentation versus control (placebo or iron-folic acid supplementation) during pregnancy. Values less than 1.0 indicate decreased risk of
outcome with multimicronutrient supplementation. Note: Cl = confidence interval.
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whereas in other studies it was started as late as in the third
trimester. One might have expected stronger evidence of a
difference in outcomes with supplementation started before
20 weeks’ gestation; however, Shankar and associates® re-
ported a higher efficacy in terms of reduced infant mortality
among participants whose supplementation was initiated in
their third trimester. Our subgroup analyses did not reveal an
advantage with earlier initiation of supplementation; however,
the number of studies in each subgroup was small, and there
was overlap of the timing of initiation in various studies.
Variation in the composition of micronutrients between the
studies was minor except in the study by Fawzi and colleagues,"”
in which the amount of certain micronutrients was significantly
higher than the recommended dietary allowance (Table 2). Our
exploratory post-hoc analyses to identify the minimum number
of additional nutrients that can be added to an iron—folic acid
supplement to identify beneficial effects revealed a combination
rather than a particular ingredient that may be essential to ob-
serve benefit. However, these results were from a subset of stud-
ies that assessed virtually identical compositions of micronutri-
ents. Post-hoc exploration to assess heterogeneity in the
treatment effect revealed that treatment effect had no relation
with consistent pattern of inclusion or exclusion of vitamin A or
zinc, or with particular doses of vitamin A or zinc. We explored
these 2 ingredients only because other ingredients of interest
were present in similar doses in most formulations of micronu-

trients. We assessed publication bias using the funnel plot
method; however, this method is exploratory and indirect and
may be the result of location of literature, language of publica-
tion, citation issues and sample size of the study. No adjustment
for publication bias was made in the analyses.

Our findings differ substantially from those reported previ-
ously.”® Haider and Bhutta’ concluded that the evidence was
not adequate to replace the current global strategy of iron—folic
acid supplementation with multimicronutrient supplementation.
Our findings showed that multimicronutrient supplementation
was more efficacious than iron—folic acid supplementation in
reducing the incidence of low birth weight and in improving
birth weight. However, the collection of data differed slightly
between the reviews. We included the study by Fawzi and col-
leagues,” which had been excluded by Haider and Bhutta.’
They included a study from Pakistan that we did not include
because we could not locate a peer-reviewed article or any
other reference for the study. We incorporated new findings
from 7 recently completed randomized trials in different coun-
tries. We were unable to match some of the numbers for the
outcomes included in the Haider and Bhutta review for the
study by Christian and colleagues.” We used methods for our
meta-analyses that were similar to those used by Haider and
Bhutta. As well, we searched clinical trial registries exten-
sively. The variation in multimicronutrient compounds used in
the studies was relatively greater in studies conducted before

Micronutrients Control
. . Weighted
RIS S TGS reewsimens
Micronutrients v. placebo ;
Christian et al., 20032 705 2659 (446) 635 2652 (436) 7.00 (-40.26 to 54.26) +
Hininger et al., 200416 33 3300 (474) 32 3049 (460) 251.00 (23.94 to 478.06) i _—>
Kaestel et al., 20057 374 3097 (947) 366 3002 (956) 95.00 (-42.13 to 232.13) i >
Ramakrishnan et al., 20031° 318 2981 (381) 315 2977 (397) 4.00 (-56.63 to 64.63) —:l—
Zeng et al., 200823 1406 3198 (438) 1543 3158 (445) 40.00 (8.11 to 71.89) i—.—
Overall 2836 2 891 31.05 (-5.43 to 67.53) b
Micronutrients v. iron—folic acid supplementation i
Christian et al., 20032 705 2659 (446) 685 2587 (445) 72.00 (25.16 to 118.84) i —
Fawzi et al., 200713 3960 3148 (530) 3906 3083 (510) 65.00 (42.02 to 87.98) i ——
Gupta et al., 200775 74 2667 (373) 72 2511 (419) 156.00 (27.20 to 284.80) i —_—
Osrin et al., 20058 529 2810 (453) 523 2733 (422) 77.00 (24.10 to 129.90) i —
Roberfroid et al., 200820 526 2914 (450) 526 2877 (424) 37.00 (-15.84 to 89.84) —é—-—
Shankar et al., 20082! 5695 3198 (885) 5406 3176 (862) 22.00 (-10.50 to 54.50) —é—l—
Zagre et al., 200722 1328 3092 (190) 1222 3025 (205) 67.00 (51.62 to 82.38) é ==
Zeng et al., 200823 1406 3198 (438) 1470 3174 (424) 24.00 (-7.53 to 55.53) 'i—'—
Overall 14223 13810 54.02 (36.22 to 71.83) S
T ; T T
-100 0 100 200
Weighted mean difference (95% CI)

Figure 5: Random-effect meta-analysis of the effect on birth weight of multimicronutrient supplementation versus control (placebo or
iron—folic acid supplementation) during pregnancy. Values greater than zero indicate increased birth weight with multimicronutrient
supplementation. Note: Cl = confidence interval.
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2003 (those included in Haider and Bhutta’s review) than in
more recent studies included in our review. This was because
micronutrient supplementation during pregnancy was high-
lighted as a research priority and was subsequently investigated
with a rather similar approach at the suggestions of UNICEF.

One of the criticisms of any health intervention that is multi-
component in nature is not knowing with certainty which of the
components works. It will be difficult to tease out which com-
ponents of multimicronutrient supplementation were responsi-
ble for the improvement in low birth weight that we observed.
Therefore, it is not unreasonable to recommend a composite of
micronutrients for supplementation because it would be impos-
sible to identify and target individual deficiencies in every
pregnant women. The effect of multimicronutrient supplemen-
tation on birth weight was relatively smaller than the effect on
low birth weight. However, supplementation probably affected
infants at a borderline weight around the cutoff of 2500 g.

The number needed to benefit of 33—100 women to prevent
1 low-birth-weight infant is very small from a global perspec-
tive. The fourth goal of the United Nations Millennium Declara-
tion (the goals have become known as the Millennium Develop-
ment Goals) is to reduce child mortality by two-thirds by the
year 2015. However, concerns have been raised by the progress
made in this direction by several countries.” Low birth weight
and related complications are considered the most common
cause of mortality globally among infants under the age of 5
years. With the possibility of reducing the incidence of low birth
weight by 17%, as shown in our meta-analysis, we believe that
providing pregnant women with multimicronutrient supplemen-
tation offers the highest possible return for the investment. Cur-
rent estimates indicate that 15.5% of about 133 million births
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worldwide each year are of low-birth-weight infants. We esti-
mate that 75 million births occur in developing countries, where
mothers at best receive iron—folic acid supplementation. If all of
these women were given multimicronutrient supplementation,
our most conservative calculations indicate that about 1.5 mil-
lion (95% CI 0.75 million to 2.25 million) births of low-birth-
weight infants could be averted worldwide every year.

Strengths and limitations

The strengths of this systematic review include a focused ques-
tion, an extensive literature search, a large sample of the studied
population, inclusion of studies from various parts of the world
and the precision of the results. Limitations include clinical het-
erogeneity in the studies, including the timing and duration of
supplementation, the composition of micronutrients and the
characteristics of the study populations. All of these features
could have an impact on pregnancy outcomes. Further studies
are needed to differentiate effects from these perspectives.

Implications for practice and research

Potential implications for practice include the need to ensure
that pregnant women receive multimicronutrient supplemen-
tation during the prenatal period. The current strategy recom-
mended by the World Health Organization of providing only
iron—folic acid supplementation to pregnant women needs to
be challenged in light of the evidence from our review. The
education of women of childbearing age on the importance of
adequate nutrition for the improvement of pregnancy out-
comes should be a priority. Proper advice regarding the use of
micronutrients and the elimination of fears and myths regard-
ing their use should be considered.

Micronutrients Control
Weighted
Age, wk, Age, wk, mean difference, Favours ' Favours
Study n mean (SD) n mean (SD) random (95% Cl) <—— micronutrients é control —>
Micronutrients v. placebo %
Hininger et al., 2004'¢ 33 38.4 (2.0) 32 38.9 (2.0) —0.50 (-1.47 t0 0.47) < :
Ramakrishnan et al., 2003"° 321 39.5 (2.3) 321 39.6 (2.3) -0.10 (-0.46 to 0.26) —I—%——
Zeng et al., 200823 1494 39.8 (1.8) 1666 39.6 (1.9) 0.20 (0.07 to 0.33) il
Overall 1848 2019 0.04 (-0.26 to 0.34) ‘
Micronutrients v. iron—folic acid supplementation i
Fawzi et al., 200713 3993 39.5(3.2) 4003 39.4 (3.2) 0.10 (-0.04 to 0.24) —é-.—
Gupta et al., 200715 74 39.4 (1.6) 72 39.4 (1.6) 0.00 (-0.52 to 0.52) —+—
Osrin et al., 200518 568 39.2 (2.0) 571 39.4(1.9) -0.20 (-0.43 to 0.03) —I—é—
Roberfroid et al., 200820 607 39.2 (3.1) 604  39.2(2.9) 0.00 (-0.34 to 0.34) +
Zeng et al., 200823 1494 39.8 (1.8) 1537 39.8(1.7) 0.00 (-0.12 to 0.12) —.:—
Overall 6736 6787 0.00 (-0.10 to 0.10) ‘
T T | T T
-1 -0.5 0 0.5 1.0
Weighted mean difference (95% Cl)

Figure 6: Random-effect meta-analysis of the effect on gestational age of prenatal multimicronutrient supplementation versus control
(placebo or iron—folic acid supplementation) during pregnancy. Values less than zero indicate increased gestational age with multimi-

cronutrient supplementation. Note: Cl = confidence interval.
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Further research is needed to answer certain critical ques-

tions. Will a reduction in the risk of low-birth-weight infants
associated with multimicronutrient supplementation result in an
overall reduction in mortality and related complications among
these children? Does multimicronutrient supplementation lead
to improved neurodevelopmental outcomes? Do we need dif-
ferent approaches for different populations based on their un-
derlying nutritional status? Will multimicronutrient supplemen-
tation at the time of conception improve placentation and
prevent pre-eclampsia sufficiently to improve fetal growth?*

Conclusion

We found that prenatal supplementation with multimicronu-
trients was associated with a significantly reduced risk of
low-birth-weight infants and with improved birth weight
when compared with iron—folic acid supplementation. We
found no effect of multimicronutrient supplementation on the
risk of preterm birth or small-for-gestational-age infants. Fur-
ther research into the use of multimicronutrients at or before
conception and its effect on pregnancy outcomes is needed.

This article has been peer reviewed.

Competing interests: None declared.

Contributors: Prakesh Shah and Arne Ohlsson participated in writing the orig-
inal grant application and contributed to all drafts of the manuscript. Prakesh
Shah was the principal investigator and led the Knowledge Synthesis group. He
contributed to analyzing and interpreting the data, wrote the first draft, and is
guarantor for this paper. Arne Ohlsson contributed to the conception of the
study and protocol, interpreted the data, and revised the first and subsequent
drafts of this manuscript. Both authors gave final approval of the manuscript.

Acknowledgement: We thank Elizabeth Uleryk, Chief Librarian at The Hos-
pital for Sick Children, Toronto, Ont., for her contribution in developing the
search strategies and running the search on a periodic basis.

Funding: This study was supported by a Knowledge Synthesis/Translation
grant (no. KRS 86242) from the Canadian Institute of Health Research
(CIHR). CIHR played no role in the analysis or interpretation of the data, the
writing of the report or the decision to submit the manuscript for publication.

REFERENCES

1.

2.

10.

11.

12.

E108

Smith CA. Effects of maternal undernutrition upon the newborn infant in Holland
(1944-45). J Pediatr 1947;30:229-43.

Gopalan C. Multiple micronutrient supplementation in pregnancy. Nutr Rev 2002;
60:S2-6.

Keen CL, Clegg MS, Hanna LA, et al. The plausibility of micronutrient deficien-
cies being a significant contributing factor to the occurrence of pregnancy compli-
cations. J Nutr 2003;133(Suppl 2):1597S-605S.

Susser M. Maternal weight gain, infant birth weight, and diet: causal sequences.
Am J Clin Nutr 1991;53:1384-96.

Fawzi WW, Msamanga GI, Urassa W, et al. Vitamins and perinatal outcomes
among HIV-negative women in Tanzania. N Engl J Med 2007;356:1423-31.
Ladipo OA. Nutrition in pregnancy: mineral and vitamin supplements. Am J Clin
Nutr 2000;72(Suppl):280S-90S.

Haider BA, Bhutta ZA. Multiple-micronutrient supplementation for women during
pregnancy [review]. Cochrane Database Syst Rev 2006;(4):CD004905.
Composition of a multi-micronutrient supplement to be used in pilot programmes
among pregnant women in developing countries. New York (NY): UNICEF; 1999.
Lumbiganon P. Multiple-micronutrient supplementation for women during pregnancy
[commentary]. Geneva (Switzerland): Reproductive Health Library, World Health
Organization; 2007 Available: www.who.int/rhl/pregnancy_childbirth/antenatal_care
/nutrition/plcom2/en/index.html (last revised 2007 Aug. 23; accessed 2009 Apr. 29).
de Onis M, Villar J, Giilmezoglu M. Nutritional interventions to prevent intrauter-
ine growth retardation: evidence from randomized controlled trials. Eur J Clin
Nutr 1998;52(Suppl 1):S83-93.

Higgins PT, Green S, editors. Cochrane handbook for systematic reviews of interven-
tions. The Cochrane Collaboration; 2008. Available: www.cochrane-handbook.org
(accessed 2008 Jan. 3).

Christian P, Khatry SK, Katz J, et al. Effects of alternative maternal micronutrient

CMAJ

20.

21.

22.

23.

24.

25.

26.

supplements on low birth weight in rural Nepal: double blind randomised commu-
nity trial. BMJ 2003;326:571.

Fawzi WW, Msamanga GI, Spiegelman D, et al. Randomised trial of effects of vi-
tamin supplements on pregnancy outcomes and T cell counts in HIV-1-infected
women in Tanzania. Lancet 1998;351:1477-82.

Friis H, Gomo E, Nyazema N, et al. Effect of multimicronutrient supplementation
on gestational length and birth size: a randomized, placebo-controlled, double-
blind effectiveness trial in Zimbabwe. Am J Clin Nutr 2004;80:178-84.

Gupta P, Ray M, Dua T, et al. Multimicronutrient supplementation for undernour-
ished pregnant women and the birth size of their offspring: a double-blind, ran-
domized, placebo-controlled trial. Arch Pediatr Adolesc Med 2007;161:58-64.
Hininger I, Favier M, Arnaud J, et al. Effects of a combined micronutrient supple-
mentation on maternal biological status and newborn anthropometrics measure-
ments: a randomized double-blind, placebo-controlled trial in apparently healthy
pregnant women. Eur J Clin Nutr 2004;58:52-9.

Kaestel P, Michaelsen KF, Aaby P, et al. Effects of prenatal multimicronutrient
supplements on birth weight and perinatal mortality: a randomised, controlled trial
in Guinea-Bissau. Eur J Clin Nutr 2005;59:1081-9.

Osrin D, Vaidya A, Shrestha Y, et al. Effects of antenatal multiple micronutrient
supplementation on birthweight and gestational duration in Nepal: double-blind,
randomised controlled trial. Lancet 2005;365:916-7.

Ramakrishnan U, Gonzalez-Cossio T, Neufeld LM, et al. Multiple micronutrient
supplementation during pregnancy does not lead to greater infant birth size than
does iron-only supplementation: a randomized controlled trial in a semirural com-
munity in Mexico. Am J Clin Nutr 2003;77:720-5.

Roberfroid D, Huybregts L, Lanou H, et al. Effects of maternal multiple micronu-
trient supplementation on fetal growth: a double-blind randomized controlled trial
in rural Burkina Faso. Am J Clin Nutr 2008;88:1330-40.

Shankar AH, Jahari AB, Sebayang SK, et al. Effect of maternal multiple micronu-
trient supplementation on fetal loss and infant death in Indonesia: a double-blind
cluster-randomised trial. Lancer 2008;371:215-27.

Zagre NM, Desplats G, Adou P, et al. Prenatal multiple micronutrient supplemen-
tation has greater impact on birthweight than supplementation with iron and folic
acid: a cluster-randomized, double-blind, controlled programmatic study in rural
Niger. Food Nutr Bull 2007;28:317-27.

Zeng L, Dibley MJ, Cheng Y, et al. Impact of micronutrient supplementation during
pregnancy on birth weight, duration of gestation, and perinatal mortality in rural west-
ern China: double blind cluster randomised controlled trial. BMJ 2008;337:a2001.
Toannidis JP, Trikalinos TA. The appropriateness of asymmetry tests for publica-
tion bias in meta-analyses: a large survey. CMAJ 2007;176:1091-6.

Mukelabai K. Achieving the Millennium Development Goal to reduce under-five child
mortality: a UNICEF perspective. New York (NY): Department of Economic and So-
cial Affairs, Population Division, United Nations; 2008. Available: www.un.org/esa
/population/publications/PopAspectsMDG/16_UNICEF1.pdf (accessed 2009 Feb. 17).
Catov JM, Bodnar LM, Ness RB, et al. Association of periconceptional multivita-
min use and risk of preterm or small-for-gestational-age births. Am J Epidemiol
2007;166:296-303.

Correspondence to: Dr. Prakesh S. Shah, Associate Professor,
Department of Paediatrics, Mount Sinai Hospital, Rm. 775A,
600 University Ave., Toronto ON M5G 1X5; fax 416 586-8745;
pshah@mtsinai.on.ca

Members of the Knowledge Synthesis Group on Determinants of
Low Birth Weight and Preterm Births: Dr. Prakesh S. Shah,
Department of Health Policy, Management and Evaluation,
University of Toronto, Toronto, Ont.; Dr. Arne Ohlsson, Departments
of Paediatrics, Obstetrics and Gynaecology, and of Health Policy,
Management and Evaluation, University of Toronto, Toronto, Ont.;
Dr. Vibhuti Shah, Department of Health Policy, Management and
Evaluation, University of Toronto, Toronto, Ont.; Dr. Kellie E.

Murphy, Department of Obstetrics and Gynecology, University of
Toronto, Toronto, Ont.; Dr. Sarah D. McDonald, Departments of
Obstetrics and Gynecology and Diagnostic Imaging, McMaster
University, Hamilton, Ont.; Dr. Eileen Hutton, Department of
Obstetrics and Gynecology, McMaster University, Hamilton, Ont.;
Dr. Christine Newburn-Cook, Faculty of Nursing, University of
Alberta, Edmonton, Alta.; Dr. Corine Frick, Alberta Perinatal Health
Program and Faculty of Nursing, University of Calgary, Calgary,
Alta.; Dr. Fran Scott, Dalla Lana School of Public Health, University
of Toronto and Toronto Public Health, Toronto, Ont.; Dr. Victoria
Allen, Department of Obstetrics and Gynaecology, Dalhousie
University, Halifax, NS.; and Dr. Joseph Beyene, Dalla Lana School
of Public Health and the Department of Health Policy, Management
and Evaluation, University of Toronto, Toronto, Ont.

e JUNE 9, 2009 < 180(12)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


