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Background Despite the current obesity epidemic, maternal underweight

Methods

Results

Conclusions

remains a common occurrence with potential adverse perinatal out-
comes. Our objective was to determine the relationship between
maternal underweight and preterm birth (PTB) and low birth
weight (LBW) in singleton pregnancies in developing and developed
countries.

We followed the MOOSE consensus statement. We searched
MEDLINE and EMBASE from their inceptions. We included studies
that assessed the effect of maternal underweight compared with
normal weight according to body mass index in singleton gesta-
tions on our two primary outcomes: PTB (<37 weeks) and LBW
(<2500g). Two assessors independently reviewed citations,
extracted data and assessed quality.

A total of 78 studies were included involving 1025 794 women. The
overall risk of PTB was increased in the cohort studies of under-
weight women [adjusted relative risk (RR) 1.29, 95% confidence
interval (CI) 1.15-1.46], as were the risks of spontaneous PTB
(adjusted RR 1.32, 95% CI 1.10-1.57) and induced PTB (adjusted
RR 1.21, 95% CI 1.07-1.36). Underweight women had an increased
risk of an LBW infant (adjusted RR 1.64, 95% CI 1.38-1.94). In
developed countries, underweight women had an increased risk of
PTB (RR 1.22, 95% CI 1.15-1.30) but not in developing countries
(RR 0.99, 95% CI 0.67-1.45). In both developed and developing
countries, underweight women were at increased risk of having
an LBW infant (RR 1.48, 95% CI 1.29-1.68, and RR 1.52, 95% CI
1.25-1.85, respectively).

In this systematic review and meta-analyses, we determined that
singletons born to underweight women have higher risks of PTB
(overall, spontaneous and induced) and LBW than those born to
women with normal weight.
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Introduction

Despite the current obesity epidemic, at the other end
of the spectrum, maternal underweight is also
common. For instance, 4.3% of pregnant women in
the UK' and 9.0% of women in China® are under-
weight at the first antenatal visit according to the
World Health Organization’s (WHO’s) definition of
body mass index (BMI) <I18.5kg/m? Moreover,
13.3% of Chilean women had a BMI <21kg/m?’
and a population-based Swedish study observed
that 9.6% of women had a BMI in the range of
15-19.9kg/m**

Whether maternal underweight is associated with
increased,” decreased® or neutral risks’ of preterm
birth (PTB) is debated in the literature. PTB persists
as the leading cause of neonatal morbidity and mor-
tality® and low birth weight (LBW) is the second most
important.” In order to accurately risk-stratify a preg-
nancy at its start as is routinely required, it is import-
ant to know the impact of maternal underweight on
PTB and LBW. We therefore undertook a systematic,
comprehensive and unbiased accumulation and sum-
mary of the available evidence from all study designs
with a reference group of women with normal weight
to determine the direction and magnitude of the
effect of maternal underweight on both PTB and
LBW in singleton pregnancies in developed and de-
veloping countries.

Methods

We performed a systematic review and meta-analyses
following the MOOSE consensus statement on the
conduct of meta-analysis of observational studies.'”
This study is part of a large constellation of systematic
reviews examining determinants of PTB/LBW, and
one of a series on maternal anthropometry.'!

Search strategy

We searched MEDLINE (1950 to 2 January 2009) and
EMBASE (1980 to 2 January 2009) with the help
of an experienced librarian using individual compre-
hensive search strategies for each database
(Supplementary Data #1 available at IJE online).
Additional eligible studies were sought by reviewing
the reference lists of identified articles.

Study eligibility criteria
Inclusion criteria

For the constellation of systematic reviews examining
maternal anthropometry, we included randomized

trials (although there were none), cohort studies
and case—control studies with a reference group of
normal weight women if (i) one or more of the
following maternal anthropometry variables were
assessed as a predictor variable: body mass index
(BMI, assessed before pregnancy, during pregnancy
or postpartum), weight (assessed before pregnancy),
gestational weight gain, attained weight or height
(assessed before pregnancy), and (ii) one or more
of the following outcomes: PTB (<37 weeks,
32-36 weeks and <32 weeks), LBW (<2500g), very
LBW (VLBW <1500¢g), extremely LBW (ELBW
<1000 g). For this particular systematic review of ma-
ternal underweight, we included studies with any
BMI definition of underweight (as defined by the ori-
ginal study) with a reference group. We included stu-
dies that used self-reported BMI, as well as studies in
which the participants had objective BMI assessments
or in which information was obtained from medical
charts or databases.

Exclusion criteria

We excluded duplicate publications and studies pub-
lished only as abstracts. We excluded studies if they
involved less than 10 pregnant women. We excluded
studies with twins unless stratification allowed
extraction of data for singletons.

Outcome measures

Our primary outcomes were PTB (defined as birth
before 37 weeks of gestation) and LBW (birth
weight <2500g) in singletons. Where possible, we
then subdivided PTB into spontanecous and induced
PTB. Secondary outcomes were:

(i) PTB from 32 to 36 weeks and PTB <32 weeks.
(ii) VLBW (birth weight <1500 g) and ELBW (birth
weight <1000 g).

We also reported those studies that met the above
inclusion criteria and mentioned the following
outcomes.

(iii) Intrauterine growth restriction (IUGR, defined
as birth weight <10% for gestational age).

(iv) Birth weight (in grams).

(v) Gestational age at birth (in weeks).

Study selection

Two assessors (two of Z.H., S.D.M. and S.M.) inde-
pendently reviewed the titles and abstracts of all cit-
ations identified in the search. The full-text article
was retrieved if either reviewer considered the cit-
ation potentially relevant. Each full-text article was
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independently evaluated by two reviewers (two of
ZH. S.D.M., SM. and G.L.). Disagreements were
settled by discussion and consensus, with a third
person available as an adjudicator.

Data collection process and data items

Two reviewers (two of Z.H., S.D.M., SM. and G.L.)
independently extracted the following data from
full-text articles: country of origin, time span of the
study (years), study design, characteristics of partici-
pants, outcomes and information on bias. A pilot data
collection form was generated, tested and modified
prior to tabulation of the final data. We included
information available from the publications. Inconsis-
tencies were checked and resolved through the con-
sensus process described above, with a third person
available as an adjudicator.

Data synthesis

The Review Manager software (version 5.0; the
Cochrane Collaboration, Oxford, UK) was used for
statistical analyses. Meta-analyses were performed
from available data. Crude and separately adjusted,
dichotomous data from cohort studies were
meta-analyzed using relative risks (RRs), whereas
crude and separately matched dichotomous data
from case—control studies were pooled using odds
ratios (ORs). (Please note that for our two primary
outcomes, PTB and LBW, both crude and adjusted
risks are presented in the body of the manuscript.
For all other outcomes, the adjusted risks alone are
presented in the article, unless only crude data
existed. All results are in the tables.) Continuous
data were analyzed with a mean difference.
Weighting of the studies in the meta-analyses was
calculated based on the inverse variance of the
study. The random effects model was chosen because
it accounts for both random variability and the vari-
ability in effects among the studies as we expected a
degree of clinical and statistical heterogeneity among
the studies, which were all observational. Crude,
matched and adjusted data were initially each
pooled separately and then data that were matched
and/or adjusted were pooled together. Where required
and when the incidence of the outcome was rare, in
order to be able to pool data, adjusted RRs were
calculated from adjusted ORs.'? As is typical in
meta-analyses, no adjustment for multiple analyses
was made. Clinical heterogeneity was evaluated and
reported in the table of included studies. We calcu-
lated the I-squared (I*) value to measure heterogen-
eity. An I* value represents the percentage of total
variation across studies because of heterogeneity
rather than chance.’®> I? values of 25, 50 and 75%
have been regarded as low, moderate and high
heterogeneity."’
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Sensitivity analyses

Sensitivity analyses were performed using a few
a priori chosen groups to examine the effects of
(i) level of material well-being (developed vs develop-
ing countries),'* (ii) study quality (see Quality
Assessment section that follows and Supplementary
Data #2 available at IJE online), (iii) youth (adoles-
cence vs adult) and (iv) race (black vs white). Several
post hoc sensitivity analyses were performed
examining the effects of (i) self-reported vs measured
BMI, (ii) timing of BMI assessment (before preg-
nancy, during pregnancy or postpartum) and
(iii) using exact cut-offs for BMI with a reference
BMI of 20-25 vs cut-offs close to this, and using a
BMI cut-off of <20 to define the underweight
women.

Quality assessment

Two reviewers (two of Z.H., S.D.M. and S.M.) inde-
pendently assessed the study quality using a
pre-defined checklist of six types of bias: (i) selection,
(ii) exposure, (iii) outcome, (iv) confounding, (v)
analytic and (vi) attrition. This bias assessment was
developed for a group of 40 meta-analyses that our
group is undertaking on determinants of PTB/
LBW.'""!*> The classification in each category was min-
imal bias, low risk, moderate risk, high risk of bias
and not reported (Supplementary Data #2 available at
IJE online). If the authors included ‘all’ or ‘consecu-
tive’ patients (or a ‘random’ selection of controls),
selection bias was assessed as ‘minimal’. Exposure
and outcome assessment were ‘minimal’ bias if from
the hospital record or direct questioning. If three or
more variables were adjusted for, confounding bias
was assessed as ‘minimal’. Analytic bias was ‘moder-
ate’ if no sample size calculation was done and only a
subsample studied, and ‘high” if inappropriate ana-
lyses done. Attrition was ‘minimal’ if <10% were
lost to follow-up. Studies with (i) high risk of bias
or ‘not reported” in three or more domains or (ii) an
overall assessment of bias as ‘high’” were excluded by
a sensitivity analysis. Selection bias and confounding
were given predominance in the overall assessment of
bias because of their importance in this meta-analysis.

In order to address publication bias, we showed re-
sults without imputation as well as with imputation
(the latter using Duval and Tweedie’s trim-and-
fill method for estimating and adjusting for the
number and outcomes of missing studies in a meta-
analysis,'®'” i.e. to adjust for any observed publica-
tion bias). A priori we decided to perform the
trim-and-fill analyses for outcomes with >10 studies
as there were concerns of reliability for outcomes with
fewer studies. The generic inverse variance method
was used to calculate study-specific weights. All ana-
lyses were performed using the R statistical and pro-
gramming software, version 2.9.0. (R Foundation for
Statistical Computing, Vienna, Austria).

220z 1snBny 91 uo Jasn aonsnr Jo Juawedaq “S'N Aq €4S 199/59/1/0v/91o1Le/3l/Ww0d"dNoolWapED.)/:Sd)lY WO PapEOjuMOd



68 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

Results

A total of 6283 non-duplicate titles and abstracts were
identified in our searches (Figure 1). Based on our
screening process, 503 citations were selected to
undergo full-text article review and a further 52 art-
icles were identified from reference lists, yielding a
total of 555 full articles reviewed. The most common
reasons for exclusion were study design and failure to
report any outcomes of interest.

Seventy-eight studies were included: 52 cohort
studies®”7'*% (of which 48 had data that were
pooled) and 26 case—control studies®®®' (all of
which had pooled data), involving a total 1025794
women with 174980 underweight women and
785697 mnormal weight women in the cohort
studies and 11879 cases and 52279 controls in the
case—control studies (Tables 1 and 2). The studies ori-
ginated predominantly from developed countries
although developing countries were also represented.
The studies assessed BMI by self-report and by meas-
urement, mainly at the first antenatal appointment,
and used a variety of BMI cut-offs to define under-
weight (Tables 1 and 2).

PTB

The overall risk of PTB <37 weeks was increased in
underweight women compared with normal weight
women [in both crude and adjusted data, RR 1.21,
95% confidence interval (CI) 1.14-1.28, 32 studies,
and RR 1.29, 95% CI 1.15-1.46, 14 studies, respect-
ively] (Table 3, Figures 2 and 3). Similarly, there were
increased risks of spontancous PTB <37 weeks (ad-
justed RR 1.32, 95% CI 1.10-1.57, eight studies) and
induced PTB <37 weeks (adjusted RR 1.21, 95% CI
1.07-1.36, four studies) in underweight women com-
pared with normal weight women. Two studies men-
tioned the reasons for induction: ‘severe preeclampsia
and intrauterine growth retardation or other signs of
fetal compromise’® and medically induced PTB was
that ‘not preceded by spontaneous labour or spontan-
eous rupture of membranes’.*” (For outcomes other
than our two primary outcomes, PTB overall and
LBW, the adjusted risks alone are presented in the
article, unless only crude data existed. Complete re-
sults for crude and adjusted data are in the tables).
Similarly, the risk of PTB from 32 to 36 weeks was
increased (adjusted RR 1.25, 95% CI 1.09-1.43, two
studies) in underweight women. The risk of PTB
<32 weeks was not increased (adjusted RR 1.13,
95% CI 0.92-1.38, four studies).

The above pooled results were generally supported
by the findings of three cohort studies, the format of
whose data did not permit pooling.'®?%**** Women
with normal BMI (20-24.9 kg/m?) had a lower risk of
PTB (33-36 weeks, as well as <32 weeks) than
women with low BMI (<19.9), with adjusted OR
of 0.8 (0.8-0.9) and 0.8 (0.7-0.9), respectively.
Underweight women had increased risks of PTB

<37 weeks (adjusted OR 4.9, 95% CI 1.5-15.9),%®
and spontaneous PTB <37 weeks (adjusted OR 1.49,
95% CI 1.17-1.86,°* and adjusted hazard ratio 1.43,
95% CI 1.30-1.59%°), although the risk of induced
PTB <37 weeks was not increased in one study
(adjusted OR 1.02, 95% CI 0.86-1.35).°*

In the case—control studies, underweight women
had an increased risk of overall PTB <37 weeks in
the crude but not the matched/adjusted data (crude
OR 1.55, 95% CI 1.35-1.77, three studies, and OR
1.41, 95% CI 0.7-2.71, three studies, respectively)
(Table 4). Underweight women had an increase in
spontaneous PTB in the crude but not the adjusted
data (OR 1.77, 95% CI 1.35-2.32, two studies, and OR
1.25, 95% CI 0.41-3.80, two studies, respectively).

LBW

Underweight women had an increased risk delivering
an LBW infant (in both crude and adjusted cohort
data, RR 1.50, 95% CI 1.34-1.68, for 24 studies and
RR 1.64, 95% CI 1.38-1.94, for 9 studies) (Table 3,
Figures 4 and 5). Similarly, underweight women
had increased risks of having an infant with moder-
ately LBW (1500-2500g, adjusted RR 2.10, 95% CI
1.59-2.76, one study), VLBW (<1500g, adjusted RR
1.54, 95% CI 1.22-1.94, one study) and a trend to-
wards an increase in ELBW (<1000g, adjusted RR
1.48, 95% CI 0.98-2.23, one study).

The results of the above meta-analyses were sup-
ported by the results of two cohort studies whose
data could not be pooled, with both showing an
increased risk of LBW in underweight women (ad-
justed OR 5.1, 95% CI 2.1-12.0,>® and adjusted OR
5.5, 95% CI 2.0-14.6%).

Similarly, the case—control studies found an
increased risk of LBW in underweight women (in
both crude data, OR 1.81, 95% CI 1.16-2.84, three
studies, and adjusted data, OR 2.02, 95% CI
1.26-3.14, one study) (Table 4).

Other outcomes

In the cohort studies, underweight women had higher
risks of having an infant with IUGR (adjusted RR
1.54, 95% CI 1.38-1.72, four studies), lower mean
birth weight (by —-153 g, —288 to -79 g, eight studies,
unadjusted data) and shorter mean gestation (by
-0.14 weeks, -0.21 to -0.06 weeks, three studies)
(Table 3). None of the case—control studies reported
IUGR, birth weight or gestational age at birth.

Quality assessment

Quality assessment (Tables 5 and 6) was based on the
evaluation of six types of bias: (i) selection bias was
unlikely in most studies as the women with low and
normal BMIs were usually drawn from the same
population. (ii) Exposure bias was possible in most
studies, given that the participants self-reported
their weight rather that it being objectively measured.

220z 1snBny 91 uo Jasn aonsnr Jo Juawedaq “S'N Aq €4S 199/59/1/0v/91o1Le/3l/Ww0d"dNoolWapED.)/:Sd)lY WO PapEOjuMOd



MATERNAL UNDERWEIGHT 69

Citations from MEDLINE and EMBASE searches
n=8768

MEDLINE search n=4522 and EMBASE search n=4218
(searches were performed on July 18, 2008, n=689 MEDLINE and
n=361 EMBASE, and with expanded terms December 28, 2008, n=3833
MEDLINE and n=3857 EMBASE and n=28 from other sources such
as abstracts booklets, expert resources, etc.)

Removal of duplicate publications
n=2485

»|  (n=220 from 1st search July 18, 2008, n=2265 from
2nd search December 2008)
Initial screening of titles and abstracts to identify unique citations
n=6283
Citations excluded based on review of title or
> abstract
n=5780
y
Potentially eligible studies retrieved Citations identified from
with a low threshold for retrieval. reference lists
Studies assessed for eligibility (studies n=52
independently reviewed in duplicate) (n=15 from 1st search July
n=503 2008, n=37 from 2nd
search, December 2008)

Studies excluded because they did not meet
inclusion criteria
n=392

163 studies were included in the anthropometry search of which there were a total of
78 studies included in this systematic review of maternal underweight:

52 cohort studies (48 cohort studies with data that were pooled and 4 cohort
studies with data that were not pooled),

26 case—control studies (all of which had data that were pooled)

Duplicate data extraction

\ 4

Duplicate data entry and analysis

Figure 1 Study process of systematic review and meta-analyses of PTB and LBW in underweight women compared with
women with normal weight. Review and selection of articles
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Pooled adjusted or matched data

Pooled crude data

INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

Number of

Number of

I? value (%)

RR (95% CI)?

1.29
1.32
1.21
1.25
1.13

1.64

studies

RR (95% CI)® I? value (%)

studies

Outcome

76
64

—_— — — — = — — — = —

14

81

—_— —_— = T — — — = — —

32

PTB <37 weeks

39
68

85

1.19
1.09
1.09
1.15
1.50
1.85
1.04

13

Spontaneous PTB <37 weeks
Induced PTB <37 weeks
PTB 32-36 weeks

4

47

76
73

NA

PTB <32 or 33 weeks

LBW <2500g

50
NA
NA
NA

24

Moderately LBW 1500-2500 g

Very LBW <1500g

91

NA

1.48
1.54
NA
NA

Extremely LBW <1000g

IUGR

36

57
99

1.58
—153 (—288 to —79)

Difference in mean birth weight (g)

—0.14 (—0.21 to —0.06)

Difference in mean gestational age at birth (weeks)

g: grams; I’: 1 squared; NA: not applicable; LBW: low birthweight (<2500g); IUGR: intrauterine growth restriction (<10% for gestation age).

“RR calculated using random effects, inverse variance.

(iii) There was little outcome bias given that our out-
comes had standard definitions and were objectively
measured; for instance, LBW was always defined as
birth weight <2500g. (iv) Confounding was assessed
based on the number of variables that were adjusted
for. Confounding variables that might explain part or
all of the relationship we detected between maternal
underweight and PTB or LBW were incompletely ad-
dressed in a variety of ways by the included studies:
(a) exclusion, (b) matching, (c¢) comparison of some
variables such as age and BMI and determining that
they were not different between the exposed and un-
exposed women and (d) controlling for some vari-
ables that were different between the two groups
using multiple regression. Most studies assessed
some confounding variables; however, no single
study addressed all. (v) Many of the studies did not
calculate a sample size or power calculation or use
matched analyses when indicated. (vi) Attrition bias
was rare given that follow-up occurred within the ad-
mission to hospital for delivery.

Trim-and-fill analyses

In order to assess publication bias, a priori we
planned trim-and-fill analyses for outcomes with
>10 studies. The trim-and-fill analysis of PTB <37
weeks suggested that two studies were ‘missing’
from the initially meta-analyzed crude RR of 1.21,
95% CI 1.14-1.28; however, when the two studies
were imputed yielding a risk based on a total of
34 studies, the risk of PTB <37 weeks in underweight
women remained almost identical (RR 1.21, 95% CI
1.14-1.29). The unadjusted risk of spontaneous PTB
in underweight women was similar with four add-
itional imputed studies (RR 1.31, 95% CI 1.14-1.50,
17 studies). There were no additional imputed studies
for the adjusted risk of PTB <37 weeks or for LBW
(with the original studies showing an increased risk
in underweight mothers, RR 1.29, 95% CI 1.15-1.46,
14 studies, and RR 1.50, 95% CI 1.34-1.68, 24 studies,
respectively) (Supplementary Data #3 available at IJE
online).

A priori defined sensitivity analyses for PTB

Many of the categories in the sensitivity analyses had
few or no studies.

(i) In developed, but not developing, countries,
underweight women had an increased risk of
PTB compared with normal weight women
(RR 1.22, 95% CI 1.15-1.30, 27 studies, and
RR 0.99, 95% CI 0.67-1.45, four studies, re-
spectively) (Table 7).

(ii) There were no low-quality studies (see Quality
Assessment section).

(iii) There were no increases in PTB in the study
that specified underweight adolescents com-
pared with their normal weight peers (RR
0.97, 95% CI 0.75-1.25°°) nor in the two studies
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Below reference Reference Weight Risk ratio (95% CI) Risk ratio (95% ClI)
Study or Subgroup Events Total Events Total (%) 1V, Random 1V, Random
Adams et al.%® 28 231 159 1419 1.8 1.08 (0.74-1.58) N
Ancel et al.5 282 665 4434 11328 6.0 1.08 (0.99-1.19) ™
Baeten et al.® 1208 18551 2642 49321 6.5 1.22 (1.14-1.30) -
Barros et al.” 32 625 105 2158 1.8 1.05 (0.72-1.55) 1
Berkowitz et al.*” 439 712 1027 1668 6.4 1.00 (0.93-1.07) T
Bhattacharya et al.*® 345 2842 1537 14076 5.7 1.11 (1.00-1.24) ™
Bondevik et al.*? 16 262 40 661 1.0 1.01 (0.58-1.77) -1
Clausen et al.%% 31 651 87 2183 1.7 1.19 (0.80-1.78) I
De et al.*® 28 451 119 1450 1.7 0.76 (0.51-1.13) I
Dietz et al.?° 5941 20352 13786 59088 7.0 1.25 (1.22-1.28) -
Driul et al.5" 28 230 46 533 1.4 1.41 (0.91-2.20) T
Ehrenberg et al.?3 321 1978 1075 6988 5.6 1.05 (0.94-1.18) T
Gardosi and Francis®* 203 2038 1056 15946 5.0 1.50 (1.30-1.74) -
Gilboa et al.%® 27 321 114 2218 1.6 1.64 (1.09-2.45) -
Haas et al.%” 8 54 58 863 0.7 2.20 (1.11-4.38) -
Hauger et al.%8 360 2628 10 99 09 1.36 (0.75-2.46) T
Hickey et al.5% 204 2741 521 6943 5.1 1.43 (1.25-1.64) -
Kim et al.30 69 1362 66 1112 22 0.85 (0.61-1.18) -
Leung et al.? 195 2629 1392 22041 5.0 1.17 (1.02-1.36) ~
Lumme et al5® 51 990 259 6433 26 1.28 (0.95-1.71) I
Merlino et al.%° 21 152 149 1374 15 1.27 (0.83-1.95) T
Monaghan et a/.’ 32 640 53 1387 15 1.31 (0.85-2.01) T
Nohr et al.® 216 3857 2607 57923 5.2 1.24 (1.09-1.42) -
Ray et al.® 3 43 61 218 0.3 0.25(0.08-0.76)
Ronnenberg et al.53 22 303 20 272 0.9 0.99 (0.55-1.77) -1
Sahu et al** 1 46 8 205 0.1 0.56 (0.07—4.35)
Savitz et al.*® 52 365 131 1102 25 1.20 (0.89-1.62) T
Scholl et al.%° 67 415 194 1164 3.1 0.97 (0.75-1.25) 1
Sebire et al.?! 2745 38182 9819 176923 6.8 1.30 (1.24-1.35) -
Siega-Riz et al.?? 40 499 108 2626 2.0 1.95 (1.37-2.77) -
Smith et al.?3 1425 17968 4977 95516 6.6 1.52 (1.44-1.61) -
Yekta et al.?® 2 30 8 140 0.2 1.17 (0.26-5.22)
Total (95% Cl) 122813 545378 100.0 1.21 (1.14-1.28) ‘
Total events 14532 46668

Heterogeneity: 12 = 0.01; x2 = 159.98, df = 31 (P < 0.00001); F=81%
Test for overall effect: Z= 6.33 (P < 0.00001)

0.1 0.2 05 1 2 5 10
Lower RR in low BMI  Higher RR in low BMI

Figure 2 Forest plot of the risk of having a PTB in underweight women compared with women with normal weight in
crude data from cohort studies. Preterm birth is defined as birth <37 weeks’ gestation. Sizes of data markers indicate the
weights of each study in the analysis. Random indicates that the random effects model was used for statistical pooling

(iv)

that compared underweight adults with
their normal weight peers (RR 0.82, 95% CI
0.59-1.14%%3).

The risk of PTB was increased in both black
underweight women (RR 1.33, 95% CI
1.10-1.60°°) and white underweight women
(RR 1.53, 95% CI 1.23-1.90°°) compared with
their normal weight peers.

When we excluded the two case-control stu-
dies,””®" which had a BMI cut-off >20kg/m?
to define the underweight women, the risk of
PTB in underweight women became significant
(matched data, OR 1.78, 95% CI 1.26-2.50, one

study), whereas previously with the inclusion
of De Haas’® and Al-Eissa®' it had not been
(OR 1.41, 95% CI 0.73-2.71, three studies).

A priori defined sensitivity analyses for LBW

Many of the categories in the sensitivity analyses had
few or no studies.

(i) In both developed and developing countries,
underweight women had similarly increased
risks of having a singleton with LBW compared
with normal weight women (RR 1.48, 95% CI
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Risk ratio (95% ClI)

Weight Risk ratio (95% ClI)
Study or subgroup log(Risk ratio) SE (%) IV, Random IV, Random
Adams et al.?® 0.08 026 3.9 1.08 (0.65—-1.80) B
Barton et al.* 0.19 015 75 1.21 (0.90-1.62) T
Bhattacharya et al.*8 0 0.08 11.0 1.00 (0.85-1.17) T
Gilboa et al.%® 0.34 021 52 1.40 (0.93-2.12) T
Haas et al.®” 075 0.38 22 2.12 (1.01-4.46) -
Hauger et al.3® 0.33 0.06 12.0 1.39 (1.24-1.56) -
Kim et al.30 -0.14 021 52 0.87 (0.58-1.31) -
Leung et al.? 0.18 0.08 11.0 1.20 (1.02—1.40) B
Mercer et al.3* 0.73 023 47 2.08 (1.32-3.26) -
Ronnenberg et al.%3 0.09 036 24 1.09 (0.54-2.22) -
Savitz et al.*® 0.02 026 3.9 1.02 (0.61-1.70) -
Sebire et al.2! 0.15 0.03 13.1 1.16 (1.10-1.23) -
Siega-Riz et al.? 0.64 019 5.9 1.90 (1.31-2.75) -
Smith et al.2 0.5 0.06 12.0 1.65 (1.47-1.85) -
Total (95% Cl) 100.0 1.29 (1.15-1.46) L 2
] ] ] ]
T T

Heterogeneity: 12 = 0.03; x2 = 54.46, df = 13 (P < 0.00001); I* = 76% ' '

Test for overall effect: Z=4.20 (P < 0.0001)

0.2 0.5 1 2 5
Lower RR in low BMI Higher BMI in high BMI

Figure 3 Forest plot of the risk of having a PTB in underweight women compared with women with normal weight in
adjusted data from cohort studies. PTB is defined as birth <37 weeks’ gestation. Sizes of data markers indicate the weights
of each study in the analysis. Random indicates that the random effects model was used for statistical pooling

1.29-1.68, 15 studies, and RR 1.52, 95% CI
1.25-1.85, 9 studies, respectively).

(ii) There were no low-quality studies (see Quality
Assessment section).

(iii) Underweight adolescents but not adult women
had an increased risk of an LBW infant com-
pared with their normal weight peers (RR 1.62,
95% CI 1.19-2.21,>" and RR 1.19, 95% CI 0.61—
2.33,% respectively).

(iv) Compared with their normal weight peers,
underweight black women were at increased
risk of having an LBW infant in the single
study that specified black race (RR 6.13, 95%
Cl 2.59-14.47%%). There were no studies that
specified a population of white women.

(v) When we excluded the single cohort study,®?
which had a BMI cut-off >20kg/m? to define
the underweight women, the pooled risk of
LBW was nearly identical (RR 1.49, 95% CI
0.33-1.68) to the previously obtained risk
including Ogbonna®® (RR 1.50, 95% CI 1.34—
1.68, 24 studies).

(Post hoc sensitivity analyses are in Supplementary
Data #4 available at IJE online.)

Discussion

In this systematic review and meta-analyses, we
determined that singletons born to underweight

women have higher risks of overall, spontaneous
and induced PTB <37 weeks and LBW <2500g.
PTB and LBW are the two most important determin-
ants of neonatal morbidity and mortality.® In add-
ition, underweight women have increased risks of
having an infant with moderately LBW 1500-2500 g,
VLBW <1500g, IUGR, lower mean birth weight and
shorter mean gestation. These findings were generally
supported across the continuum of study design and
variations in the definition of maternal underweight,
as well as across crude and adjusted data.

The association between maternal underweight and
LBW and PTB might be explained directly by a lack of
nutrients resulting in diminished fetal growth or
duration of gestation or indirectly through other asso-
ciated factors such as smoking, poor diet or medical
illness. In developed countries, underweight women
may smoke, which may contribute to both PTB and
LBW, but women smoke much less often in
developing countries. In developing countries, but
less in the developed, there is likely a higher propor-
tion of underweight women in the lower socio-
economic classes who are engaged in strenuous
manual labour, or possibly have ethnic or genetic pre-
disposition towards thinness.

This is the first complete systematic review and
meta-analyses to our knowledge of the association
of maternal underweight and PTB or LBW. Two pre-
vious studies have addressed a portion of the evi-
dence. Honest ef al.’s systematic review was limited
to spontaneous PTB and found that in seven studies,
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I? value

(%)

81

86
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

OR
(95% CI)

RR 1.41 (0.73-2.71)
RR 1.25 (0.41-3.80)
NA
NA
NA
2.02 (1.26-3.14)

NA
NA
NA
NA
NA
NA

Pooled adjusted or matched data
Number of
studies

3

2

NA
NA
NA
NA
NA
NA
NA
NA
NA

I? value

(%)

0

0
NA
NA
NA
63
NA
NA
NA
NA
NA
NA

OR (95% CI)
1.55 (1.35-1.77)
1.77 (1.35-2.32)

NA
NA
NA
1.81 (1.16-2.84)
NA
NA
NA
NA
NA
NA

Pooled crude data

NA
NA
NA
3
NA
NA
NA
NA
NA
NA

studies

Number of

Total number
of studies

Outcomes

CI: confidence interval; g: grams; I: 1 squared; IUGR: intrauterine growth restriction (<10% for gestation); NA: not applicable; OR: Odds Ratio calculated using random effect,

Table 4 Summary table of perinatal outcomes in case—control studies of underweight women compared with normal weight women
Mantel-Haenszel; PTB: preterm birth.

Difference in mean gestational age at birth (weeks)

Moderately LBW 1500-2500 g
Difference in mean birth weight (g)

Spontaneous PTB <37 weeks
Very LBW <1500¢g

Induced PTB <37 weeks
PTB 32-36 weeks

PTB <32 or 33 weeks
Extremely LBW <1000 g
IUGR

PTB <37 weeks
LBW <2500¢g

MATERNAL UNDERWEIGHT 85

maternal BMI <20kg/m* was associated with a posi-
tive likelihood ratio ranging from 1.01 (95% CI
0.92-1.10) to 1.75 (95% CI 1.33-2.31).” However,
there have been a number of large studies published
since their literature search ended in 2002. A WHO
Collaborative study without the standard literature
search that forms the basis of systematic reviews
meta-analyzed 25 data sets identified by researchers
attending a 1990 conference.”®> They found increased
risks of PTB (OR 1.3, 95% CI 1.1-1.4) and LBW (OR
1.8, 95% CI 1.7-2.0) and in women with low BMI
(<25% quartile) compared with women with higher
BMI (>75% quartile).”

Strengths of our meta-analysis include the thor-
oughness with which the outcomes of PTB and LBW
were addressed (including spontaneous and induced
PTB as well as varying gestational cut-offs and vari-
ations on LBW including <2500, 1500-2500, <1500
and <1000g). We performed a thorough quality
assessment of the included studies and explored het-
erogeneity with sensitivity analyses. Moreover, we
compared the results of crude and matched or ad-
justed data to try to determine if the perinatal out-
comes we found were because of underweight or
explained by confounding factors. We undertook a
robust analysis of publication bias using trim-and-fill
analyses.

Limitations of this systematic review include poten-
tial confounding factors (variables besides under-
weight that might explain the increase in LBW),
which were not explored in most of the original stu-
dies, such as socio-economic status and smoking.
Moreover, none of the studies distinguished between
women who were thin but healthy and women who
were underweight because they were ill. Presumably
most of the women were still able to ovulate, al-
though only one study*” noted whether reproductive
assistance was necessary to conceive. Many studies
examining LBW did not ecither limit to term gestations
or stratify term and preterm LBW. Hence, the original
studies, and therefore this systematic review, cannot
determine if infants who were born preterm and who
were LBW were appropriately grown or growth re-
stricted. However, the risk of LBW was higher in
underweight women with infants born at term than
in studies that did not specify term vs preterm. In
many instances, our ability to draw useful informa-
tion from the sensitivity analyses was limited by the
small number of studies in each category, limiting our
power to detect significant results. Although many of
the studies used self-reported BMI, it has been shown
to be very similar to objectively measured BMI in
pregnant women. A large study by Schieve® observed
that the mean difference between measured and re-
ported weight in underweight women was only 0.5 kg
(1.1 pounds), and in normal weight women was
1.1kg (2.5 pounds). Similarly, Lederman® observed
that pre-pregnancy weight from the clinical record
was highly correlated with measured weight as well
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Below reference Reference Weight Risk ratio (95% Cl) Risk ratio (95°/o CI)
Study or subgroup Events Total Events Total (%) IV, Random IV, Random
Baeten et al.® 1103 18975 2067 50378 10.2 1.42 (1.32-1.52) -
Bhattacharya et al.*8 269 2842 980 14076 9.3 1.36 (1.20—1.55) -
Bondevik et al.* 58 262 114 661 6.4 1.28 (0.97-1.70) _'_
Clausen et al.5° 21 651 65 2182 36 1.08 (0.67-1.76) I
Dubois and Girard®? 9 122 49 1253 22 1.89 (0.95-3.75) T
Ehrenberg et al.%® 305 1978 958 6988 9.5 1.12 (1.00-1.27) ™
Frederick et al.%® 21 393 63 1629 3.6 1.38 (0.85-2.24) T
Gilboa et al.%° 11 321 61 2218 25 1.25 (0.66—2.34) -1
Hulsey et al.5” 1630 14141 2984 45916 10.3 1.77 (1.67-1.88) -
Johnson et al*! 36 755 32 1621 3.8 2.42 (1.51-3.86) -
Lawoyin and Oyediran®® 2 5 11 109 0.8 3.96 (1.18-13.30) -
Lumme et al.5° 38 990 170 6443 53 1.45 (1.03-2.05) T
Maddah?’ 18 208 23 414 27 1.56 (0.86-2.82) T
Mobasheri and Golalipour®' 2 46 5 161 05 1.40 (0.28-6.98)
Ogbonna et al.%2 31 136 16 117 3.0 1.67 (0.96-2.89) T
Ogunyemi et al.*? 15 78 7 223 15 6.13 (2.59-14.47) -
Panahandeh and Purghasemi®? 7 38 25 219 1.8 1.61 (0.75-3.46) T
Rode et al.%% 7 385 17 1531 1.4 1.64 (0.68-3.92) I
Ronnenberg et al.?3 21 303 16 272 25 1.18 (0.63-2.21) -
Sahu et al*4 11 46 22 205 24 2.23 (1.16-4.27) -
Scholl et al.3° 56 415 97 1164 59 1.62 (1.19-2.21) -
Tsukamoto et al.2* 37 493 105 2301 5.1 1.64 (1.15-2.36) -
Yekta et al.25 5 30 15 140 1.3 1.56 (0.61-3.95) -1
Zhou and Olsen*® 35 1938 77 4536 46 1.06 (0.72-1.58) -
Total (95% CI) 45551 144757 100.0 1.50 (1.34-1.68) ¢
Total events 3748 7979
Heterogeneity: 12 = 0.03; 2 = 85.13, df = 23 (P < 0.00001); I* = 73% 0=1 0=2 0=5 1 ; é 1=0

Test for overall effect: Z=7.03 (P < 0.00001)

Lower RR in low BMI

Higher RR in low BMI

Figure 4 Forest plot of the risk of having an infant with LBW in underweight women compared with women with normal
weight in crude data from cohort studies. PTB is defined as birth <37 weeks’ gestation. Sizes of data markers indicate the
weights of each study in the analysis. Random indicates that the random effects model was used for statistical pooling

Risk ratio (95% CI)

Risk ratio (95% CI)

Weight

Study or subgroup log(Risk ratio) SE (%) IV, Random IV, Random
Barton et al.46 0.05 017 125 1.05 (0.75-1.47) Nl
Bhattacharya et al.48 0.48 0.12 16.5 1.62 (1.28-2.04) -
Frederick et al.29 043 0.2 105 1.54 (1.04-2.28) [
Hoa 1996 0.97 025 7.9 2.64 (1.62-4.31) T
Lumme et al.59 0.39 0.16 13.2 1.48 (1.08-2.02) -
Rasmussen and Borup33 1.39 1.11 0.6 4.01 (0.46-35.36)
Ronnenberg et al.63 043 0.2 105 1.54 (1.04-2.28) T
Tsukamoto et al.24 0.5 0.18 11.8 1.65 (1.16-2.35) -
Wolfe 1991 0.74 0.12 16.5 2.10 (1.66-2.65) -
Total (95% ClI) 100.0 1.64 (1.38-1.94) ¢

] ] ] ]

T T T

Heterogeneity: 12 = 0.03; 2 = 15.93, df = 8 (P = 0.04); I’ = 50% !

0.05
Test for overall effect: Z=5.75 (P < 0.00001) Lower

0.2 1
RR in low BMI

5 20

Higher RR in low BMI

Figure 5 Forest plot of the risk of having an infant with LBW in underweight women compared with women with normal
weight in adjusted data from cohort studies. PTB is defined as birth <37 weeks’ gestation. Sizes of data markers indicate
the weights of each study in the analysis. Random indicates that the random effects model was used for statistical pooling
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Table 7 Sensitivity analyses in cohort studies of underweight women compared with normal weight women

Number Number of I? value
Sensitivity analyses of studies participants RR (95% CI) (%)
PTB
Developed countries 27 654279 1.22 (1.15-1.30) 83
Developing countries 4 1919 0.99 (0.67-1.45) 0
Low-quality studies 0 NA
Remainder of studies 32 668191 1.21 (1.14-1.28) 81
Adolescents 1 1579 0.97 (0.75-1.25) NA
Adults 2 2476 0.82 (0.59-1.14) 0
Black women 1 3999 1.33 (1.10-1.60) NA
White women 1 4022 1.53 (1.23-1.90) NA
Self-reported BMI 16 242488 1.19 (1.09-1.30) 78
Measured BMI 7 378086 1.28 (1.14-1.44) 89
BMI assessed prepregnancy 21 252280 1.20 (1.11-1.30) 73
BMI assessed during pregnancy 9 401135 1.25 (1.13-1.39) 86
BMI assessed postpartum 1 11993 1.08 (0.99-1.19) NA
BMI cut-offs exactly 20-25, <20 5 348 602 1.26 (1.08-1.46) 91
BMI cutoffs close to 20-25, <20 15 322223 1.19 (1.08-1.30) 57
BMI cut-offs not close to 20-25, <20 2 27668 1.46 (1.33-1.62) 0
LBW

Developed countries 15 185595 1.48 (1.29-1.68) 82
Developing countries 9 4713 1.52 (1.25-1.85) 0
Low-quality studies 0 NA
Remainder of studies 24 190308 1.50 (1.34-1.68) 73
Adolescents 1 1579 1.62 (1.19-2.21) NA
Adults 1 575 1.19 (0.61-2.33) NA
Black women 1 301 6.13 (2.59-14.47) NA
White women 0 NA
Self-reported BMI 12 85254 1.65 (1.40-1.95) 38
Measured BMI 4 17 860 1.43 (1.14-1.79) 18
BMI assessed pre-pregnancy 20 171 806 1.58 (1.37-1.82) 70
BMI assessed during pregnancy 4 20925 1.35 (1.19-1.53) 7
BMI assessed postpartum 1 253 1.86 (0.96-3.61) NA
BMI cut-offs exactly 20-25, <20 4 96 537 1.43 (1.34-1.52) 0
BMI cut-offs close to 20-25, <20 20 93771 1.65 (1.39-1.96) 70
BMI cut-offs not close to 20-25, <20 0 NA
Term LBW 5 7307 2.14 (1.52-3.00) 54
LBW of all babies (including term and preterm LBW) 24 190308 1.50 (1.34-1.68) 73

NA: not applicable; all studies: overweight, obese or very obese combined; RR calculated using random effects, inverse variance
(crude data), developed and developing countries were assigned according to the Central Intelligence Agency (CIA) criteria and
Zeitlin®" included 16 European countries composed of both developed and developing countries and hence was not included in the
sensitivity analyses for developing and developed countries. Significant results are indicated in bold.

as with the self-reported value [with underweight sensitivity analyses examining the effects of (i)
women over-reporting by 1.1kg (2.4 pounds)]. self-reported vs measured BMI (Table 7). The risks
Another study”® found self-reported weight during of PTB were similar in underweight women by
pregnancy to be accurate, within 1.4kg (3 pounds) self-reported BMI (RR 1.19, 95% CI 1.09-1.30) or
of measured. Moreover, we performed a post hoc measured BMI (RR 1.28, 95% CI 1.14-1.44), as were

220z 1snBny 91 uo Jasn aonsnr Jo Juawedaq “S'N Aq €4S 199/59/1/0v/91o1Le/3l/Ww0d"dNoolWapED.)/:Sd)lY WO PapEOjuMOd



the risks of LBW with self-reported BMI (RR 1.65,
95% CI 1.40-1.95) and measured BMI (RR 1.43,
95% CI 1.14-1.79).

BMI has a more important influence on outcomes
such as PTB and LBW than the amount of weight
gained during pregnancy.”” Although both the
Institute of Medicine’s 1990 guidelines®® and the
more recent iteration in May 2009°° advocate higher
weight gain for underweight women than normal
weight women, risk stratification of the pregnancy is
required at the start of the pregnancy, prior to the
occurrence of weight gain.

We pooled data based on the original studies” def-
initions of underweight as has been done in other
meta-analyses.'?>!%° Thus, in the underweight cat-
egory, BMI ranged from <183 to <23kg/m’ (but
<20kg/m? in all but three studies), and in the refer-
ence group BMI ranged from 18.3 to 29.8kg/m?, but
usually <26 kg/m®. Using the studies’ own definitions
overcomes the issue of varying cut-offs between stu-
dies for underweight, and moreover, allows the
cut-offs to be appropriate to the specific population.
Using population-specific BMI cut-offs occurs outside
of obstetrics, including for instance, using lower BMI
cut-offs for obesity in Asian than Caucasian popula-
tions since lower cut-offs have been associated with
increased risks of cardiovascular disease.'®’

Further research is required to distinguish outcomes
in healthy thin women vs women who are under-
weight because of illness. More study is need on the
impact of race and adolescence.

In conclusion, women who are underweight are at
increased risk of PTB in developed countries and of
LBW in both developing and developed countries.

MATERNAL UNDERWEIGHT 97

Underweight women should receive preconception
counselling to inform them of their risks. During
pregnancy, underweight women may benefit from
counselling by a dietician, improved access to nutri-
tious foods or supplements and increased surveillance.
There remains considerable work to be done to shift
societal values toward normal, healthy weights for
women.

Supplementary data

Supplementary data are available at IJE online.

Funding

This work was supported by a Canadian Institute of
Health Research (CIHR) operating (Grant KRS
86242); State Scholarship Fund by the China
Scholarship Council (to Z.H.); Canadian Institutes of
Health Research (CIHR) (Grant 84392 to J.B.);
Canadian Institutes of Health Research (CIHR) New
Investigator Award (to S.D.M.).

Acknowledgements

The authors thank Ms Elizabeth Uleryk, Chief
Librarian, The Hospital for Sick Children, Toronto,
Canada, for her assistance in developing the search
strategy.

Conflict of interest: None declared.

KEY MESSAGES

e In this systematic review, we determined that underweight women have an increased risk of PTB
overall (adjusted RR 1.29, 95% CI 1.15-1.46), as well as increases in spontaneous PTB (adjusted RR
1.32, 95% CI 1.10-1.57) and induced PTB (adjusted RR 1.21, 95% CI 1.07-1.36).

e Underweight women had an increased risk of having an LBW infant (adjusted RR 1.64, 95% CI 1.38—
1.94). In developed countries, underweight women had an increased risk of PTB (RR 1.22, 95% CI
1.15-1.30) but not in developing countries (RR 0.99, 95% CI 0.67-1.45).

e In both developed and developing countries, underweight women were at increased risk of having an
LBW infant (RR 1.48, 95% CI 1.29-1.68, and RR 1.52, 95% CI 1.25-1.85, respectively).
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