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Abstract
Purpose  The aim of this systematic review was to evaluate the associations between pre-pregnancy body mass index and 
gestational weight gain and placental abruption.
Methods  Relevant studies were identified from PubMed, EMBASE, Scopus and CINAHL. Unpublished findings from 
analyses of linked population-based data sets from Western Australia (2012–2015, n = 114,792) were also included. Stud-
ies evaluating pre-pregnancy body mass index and/or gestational weight gain and placental abruption were included. Two 
independent reviewers evaluated studies for inclusion and quality. Data including odds ratios (ORs) and 95% confidence 
intervals (CIs) were extracted and analysed by random effects meta-analysis.
Results  21 studies were included, of which 15 were eligible for meta-analyses. The summary ORs for the association of 
being underweight, overweight and obese, and placental abruption, compared to normal weight women, were 1.4 (95% CI 
1.1, 1.7), 0.8 (95% CI 0.8, 0.9) and 0.8 (95% CI 0.7, 0.9), respectively. These findings remained unchanged when each study 
was eliminated from the analysis and in subgroup analyses. Although data were scarce, women with gestational weight gain 
below the Institute of Medicine recommendations appeared to be at greater risk of abruption compared with women who 
had optimal weight gain.
Conclusions  Mothers that are underweight prior to or in early pregnancy are at a moderately increased risk of placental 
abruption.

Keywords  Placental abruption · Maternal obesity · Underweight · Gestational weight gain · Systematic review · Meta-
analysis

Introduction

Placental abruption affects 0.3–1% of pregnancies in high-
income countries [2]. It is associated with an increased 
risk of short- and long-term adverse outcomes, including 
maternal postpartum haemorrhage, shock and cardiovascular 
disease as well as an increased risk of perinatal morbid-
ity and mortality [1, 11, 20]. Clinical management involves 
either careful maternal–fetal surveillance or, in cases where 
there is evidence of maternal or fetal compromise, immedi-
ate delivery of the fetus [38]. A better understanding of the 
risk factors associated with placental abruption may help to 
identify at-risk women requiring closer monitoring during 
pregnancy.

Although the etiology of placental abruption remains 
unknown, multiple risk factors including smoking and 
hypertensive disorders of pregnancy (HDP) have been 
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identified [4, 44]. While the rate of smoking during preg-
nancy has declined or remained stable across many high-
income countries, an increasing trend in the prevalence of 
placental abruption has been reported in some countries [2, 
3, 35], suggesting a change in the underlying risk factors or 
diagnosis. Emerging evidence [40] suggests that pre-preg-
nancy body mass index (BMI) and gestational weight gain 
(GWG) may be associated with the development of placental 
abruption, although the mechanisms are not yet clear.

Pre-pregnancy obesity and excessive GWG are already 
serious public health challenges as they are increasingly 
prevalent conditions which are associated with adverse 
maternal and child outcomes [14, 37]. They are associated 
with higher risk of HDP [52], which in turn are linked with 
greater risk of placental abruption [4]. However, there is 
conflicting evidence on the nature of the association between 
pre-pregnancy BMI and GWG and placental abruption and 
few insights into causal processes. Some studies [18, 26, 26, 
26] have shown an increased risk of abruption in women 
with underweight or GWG below the Institute of Medicine 
(IOM) recommendations [29], another study [30] reported 
an increased risk for overweight and obese women, while 
other studies [17, 42] found no association. The increasing 
prevalence of maternal obesity and conflicting results from 
limited existing research underscore the need for a system-
atic review, including meta-analysis, to summarise the link 
between pre-pregnancy BMI and GWG, and placental abrup-
tion. Such evidence can help guide further research in this 
area and inform clinical practice.

This systematic review aimed to evaluate the associations 
of pre-pregnancy BMI and GWG, and placental abruption. 
We further enhanced the meta-analysis by including unpub-
lished findings from analyses of linked population-based 
data sets in Western Australia (WA).

Methods

Literature review

This review followed the methodology for a systematic 
review and adhered to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) statement 
[32]. The protocol for this review was registered in PROS-
PERO (CRD42018115427) and the completed MOOSE 
checklist is included as a supplementary material.

Search strategy and study selection

PubMed, EMBASE, Scopus and CINAHL databases 
were searched, using key words tailored to each database, 
from their inception until November 2018. Results were 
restricted to English language and human domain. While 

some databases searched included unpublished studies that 
form part of the grey literature (e.g., conference abstracts), 
a specific search of the grey literature was not conducted. In 
addition, citations and reference lists of relevant studies were 
manually searched until the end of November 2018. Details 
of the search terms used are in a supplement file (Appendix 
S1 in Supplementary material).

All citations were first imported into an Endnote library 
and duplicates removed. The remaining records were 
screened by their titles. All abstracts that passed the title 
screening were reviewed by two independent review-
ers (AAA and HDB). Full-text documents of the eligi-
ble abstracts were further examined by the same authors 
(Fig. 1). At both stages, any disagreements were resolved 
through face-to-face discussions.

Inclusion and exclusion criteria

Original cohort, case–control or cross-sectional studies 
that evaluated pre-pregnancy BMI and/or GWG as expo-
sure and placental abruption as an outcome were included 
while reviews, commentaries, editorials, theses, conference 
abstracts, or case only (without control) studies were not. 
Clinically diagnosed partial or complete placental abrup-
tion, regardless of whether bleeding was observed, was the 
sole outcome of interest. As the risk for placental abruption 
is higher among women bearing twins or higher order mul-
tiple pregnancies [44], this review was limited to singleton 
pregnancies. Consequently, studies which included multiple 
pregnancies without providing separate findings for single-
ton pregnancies were excluded.

Quality and risk of bias assessments

The Joanna Briggs Institute (JBI) critical appraisal tools 
for case–control and cohort studies were used to assess the 
methodological quality and extent of biases addressed dur-
ing the design, conduct and analysis of each included study 
[33]. Risk of bias for each study was assessed following the 
GRADE approach [23]. Two of the authors (AAA and HDB) 
performed the independent appraisal.

Data extraction

Data extracted include study details (first author last name, 
year of publication, period, country, source population and 
study design), data collection methods/source and sample 
size, exposure (pre-pregnancy BMI and/or GWG) defini-
tion, measurement and timing, outcome (placental abrup-
tion) diagnosis and characteristics (e.g., partial or complete), 
effect estimates [odds ratios (ORs) with 95% confidence 
intervals (CIs)] as well as adjustment factors. One of the 
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authors (AAA) extracted these data into a standardized excel 
sheet and another investigator (HDB) verified the results.

The current study (WA‑linked data)

Data were obtained from two core population health data 
sets [25]—the Midwives’ Notification System (MNS) and 
Hospital Morbidity Data Collection (HMDC). Both are 
linked routinely by the Data Linkage Branch (DLB) of the 
WA Government Department of Health. The MNS records 
the circumstances of all births of 20 weeks or more gesta-
tion, with information received from attending midwives 
since 1980, and was used as a primary data source to estab-
lish the cohort. The HMDC comprises inpatient separation 
records for all public and private hospitals in WA since 1970. 
While maternal height has always been routinely recorded 
in the MNS, maternal weight was only collected from 2012. 
Thus, for this analysis, we included all singleton births of at 
least 20 weeks of gestation in WA between 2012 and 2015.

The DLB linked these data sets together by probabilistic 
linkage method [41] using common identifiers including 
name, address and the birthdate of the baby, and securely 
transferred the data (with identifying fields removed) to the 
research team.

Study variables of the current study

Weight and height measured at the first antenatal booking 
(or self-reported pre-pregnancy weight which was obtained 
if antenatal booking was after 20 weeks of gestation) were 
extracted from the MNS data set and were used to estimate 
the pre-pregnancy BMI [weight (kg)/height (m)2]. Based on 
their BMI, women were categorised into the World Health 
Organisation (WHO) BMI classifications [underweight 
(BMI < 18.5), normal weight (BMI 18.5–24.99), over-
weight [BMI 25–29.99] and obese (BMI ≥ 30)] [51]. Women 
were classified as having a placental abruption if placental 
abruption was listed in ‘complications of pregnancy’ in the 
MNS or as principal or additional diagnosis of premature 

Fig. 1   Study selection flow dia-
gram for systematic review and 
meta-analyses of pre-pregnancy 
body mass index and gestational 
weight gain, and placental 
abruption

Abbreviations: BMI, body mass index; GWG, gestational weight gain; PA, placental abruption
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separation of the placenta [Australian Modification of the 
10th edition of International Classification of Disease (ICD-
10-AM) code O45] in HMDC.

Other important variables reported in the MNS were cat-
egorised as follows: smoking during pregnancy, essential 
hypertension, pre-eclampsia (all yes/no), maternal age at 
birth (<25, 25–29, 30–34, ≥ 35 years), ethnicity (Caucasian/
non-Caucasian), parity (0, 1, ≥ 2), first antenatal care visit 
(≤ 12 weeks of gestation, > 12 weeks of gestation), socio-
economic status (SES) quintiles [1st (most disadvantaged) 
to 5th (least disadvantaged)]. This area-based SES variable 
was derived using the Australian Bureau of Statistics Index 
of Relative Socio Economic Disadvantage, which ranks the 
relative level of disadvantage of areas using a range of meas-
ures including income, educational attainment, employment 
status, occupational skill and housing [36]. Essential hyper-
tension was derived from medical conditions recorded in 
the MNS or as a HMDC diagnosis (ICD-10-AM code I10) 
in any admission prior to the birth, while pre-eclampsia was 
derived from information on complications of pregnancy 
recorded in the MNS or as a HMDC diagnosis (ICD-10-AM 
codes O11 and O14) in any admission during pregnancy.

Statistical analysis of the current study

Logistic regression was used to estimate ORs and their 95% 
CIs for the associations of pre-pregnancy BMI and placental 
abruption. Maternal age, ethnicity, parity, time of first ante-
natal care visit, SES, smoking during pregnancy, essential 
hypertension and pre-eclampsia were included in the model 
as confounders/covariates based on previous literature [44].

Meta‑analysis

Random effects meta-analysis, which accounts for both 
within and between-studies variability [22], was used to cal-
culate the aggregated effect estimates of included studies and 
the current study and forest plots produced. Heterogeneity 
between studies was evaluated using the I2 statistic [24]. 
Separate meta-analyses were done for each weight classifica-
tion (underweight, overweight and obese) and only studies 
which followed the standard WHO BMI classifications were 
included in the main meta-analyses.

Subgroup analyses based on study size (< 20 vs. ≥ 20 
placental abruption cases in each BMI group), data source 
(hospital vs. population), adjustment for prominent risk fac-
tors for abruption [4] (smoking during pregnancy: yes/no; 
pre-eclampsia: yes/no), and BMI (measured/extracted from 
records vs. self-reported) were performed. Sensitivity analy-
ses were performed to assess the source of heterogeneity. 
Models were run to assess the impacts of the (1) exclusion 
of each study one at a time and (2) exclusion of studies with 
unadjusted models only, and (3) including studies which 

either did not use the WHO BMI classifications for under-
weight, normal weight, overweight or obese or used a group 
other than normal weight as a reference. Stata version 15 
(StataCorp. 2017, College Station, TX, USA) was used for 
all analyses.

Results

Current WA study

Data were available for 114,792 singleton births of over 
20 weeks gestation between 2012 and 2015 in WA. Of these, 
688 (0.6%) births were complicated by placental abruption. 
The ORs for being underweight, overweight and obese and 
the abruption risk compared with normal weight women 
were 1.6 (95% CI 1.1, 2.2), 0.8 (95% CI 0.7, 1.0) and 0.6 
(95% CI 0.6, 1.0), respectively (Table S1).

Systematic review

Of 3981 records identified via database searching, 1647 were 
found to be duplicates (Fig. 1). After title assessment of 
2370 records, 59 full-text articles were evaluated and 20 
articles [7–10, 12, 13, 17–19, 26–28, 30, 39, 40, 42, 43, 47, 
49, 50] were included in this review. Reasons for the exclu-
sions are listed in Fig. 1. Fourteen published studies [7, 8, 
10, 12, 17–19, 27, 28, 30, 40, 42, 43, 47] were included in 
at least one meta-analysis with eight of these [7, 10, 17, 18, 
28, 40, 42, 47] included in the main meta-analyses as well 
as the current study based on the WA-linked data; while the 
remaining six [8, 12, 19, 27, 30, 43] were included in the 
sensitivity analyses. Six studies [9, 13, 26, 39, 49, 50] were 
only included in qualitative reviews as they did not use the 
WHO BMI definition or there were limited number of stud-
ies to perform meta-analysis of GWG (Table S2).

Characteristics of studies included 
in the meta‑analysis

Table 1 and Table S1 summarise the characteristics of stud-
ies included in the meta-analyses. Of the 15 studies, 80% 
were cohort studies and 20% case–control studies, with 53% 
being population-based. The sample size of included stud-
ies ranged from 144 to 461,729 women. Overall over 7145 
women with a placental abruption (at least 773 underweight, 
4670 normal weight, 666 overweight and 1036 obese), and 
594,773 controls were included in the main meta-analyses. 
Nine of the studies [7, 10, 17, 18, 28, 40, 42, 47] used the 
WHO BMI classifications, while six [8, 12, 19, 27, 30, 
43] adopted slightly different definitions: such as collaps-
ing underweight and normal weight groups (n = 1), or 
using other cutoffs to define underweight, normal weight, 
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overweight or obese groups (n = 5). Eight published studies 
[7, 8, 10, 12, 17, 30, 42, 43] reported BMI calculated from 
anthropometric measurements obtained mainly at the first 
antenatal booking or extracted from antenatal records, while 
the remainder [18, 19, 27, 28, 40, 47] used self-reported 
pre-pregnancy weight and/or height or did not specify the 
source.

There was variation in the choice of model confounders/
covariates of in-scope studies. While most studies adjusted 
for maternal age or parity, seven published studies [17–19, 
27, 28, 40, 42] adjusted for smoking during pregnancy, of 
which three studies [18, 27, 40] additionally adjusted for 
pre-existing hypertension and pre-eclampsia, and the other 
six [17–19, 27, 40, 42] further adjusted for SES or educa-
tion (Table 1). In addition to these factors, the current WA 
study also adjusted for timing of first antenatal care visit 
and ethnicity.

Most of the studies included in the meta-analysis were 
high quality based on the JBI quality assessment scale, 
with seven of the studies scoring 8 or above (Table 1 and 
Table S3). The risk of bias using the GRADE approach was 
low for most studies, with none assessed as having a high 
risk of bias (Table S4).

Meta‑analyses of the association between BMI 
and placental abruption

The meta-analyses included eight published studies [7, 10, 
17, 18, 28, 40, 42, 47] each for the association between 
being underweight, overweight, and obese and risk of 
placental abruption as well as the current WA study. 
While four of these published studies [7, 10, 17, 28] were 
included in all three meta-analyses, four studies [18, 40, 
42, 47] contributed data for only some of the BMI cat-
egories (Table 2). There was an elevated risk of placental 
abruption among underweight women when compared 
with normal weight women (summary OR = 1.4; 95% 
CI 1.1, 1.7)—with a moderate degree of heterogeneity 

(I2 = 55.2%). Conversely, there was a reduced risk among 
overweight (OR = 0.8, 95% CI 0.8, 0.9; I2 = 0%) and obese 
(OR = 0.8, 95% CI 0.7, 0.9; I2 = 28.2%) women (Fig. 2).

Similar results to the main analyses were obtained 
in the sensitivity analyses excluding each study; even 
the exclusion of the large study by Deutsch et al. [18] 
(weight 30%) did not substantially change the effect of 
being underweight (Fig S1). Largely consistent results 
were also obtained when the analyses were stratified by 
study size (< 20 vs. > 20 cases), data source (hospital vs. 
population), whether there was adjustment for smoking 
during pregnancy or pre-eclampsia and method of weight/
height ascertainment (measured, extracted from records or 
self-reported) as well as in the analyses excluding stud-
ies which reported unadjusted findings (Figs S2 to S7). 
By contrast, the summary ORs for all BMI groups were 
attenuated, with confidence intervals spanning the null 
value when studies [8, 12, 19, 27, 30, 43] which used a 
group other than normal weight as a reference and/or do 
not use the WHO BMI categories were added to the main 
analyses (Fig S8).

Qualitative review of BMI studies excluded 
from meta‑analyses

Qualitative reviews were done on four studies in which 
the BMI categories or reference group had major differ-
ences to the other studies (Table S2). Of the three studies 
that reported findings for women with high BMIs, one 
US study [9] found a higher risk of placental abruption 
(n = 11,926) among morbidly obese women (BMI > 35) 
compared with non-obese women (BMI of 19–27; 
OR = 1.4, 95% CI 1.3, 2.0, after adjustment for race, par-
ity, substance use and pre-existing medical conditions). 
By contrast, the other two reported no association. The 
first of these was a multicentre US study [49] (n = 16,102) 
which categorised women as being obese (BMI 30–34.9), 
or morbidly obese (BMI ≥ 35), and used women with 
BMI < 30 as the reference group; this study may have been 
underpowered with < 15 women with placental abruption 
in both the obese categories. The second was a large study 
(n = 610,969) [13], based on the Swedish Medical Birth 
Registry, which categorised women into three high-BMI 
groups (29.1–35, 35.1–40 and > 40) and used women with 
BMI of 19.8–26 as the reference group.

The fourth study was a US nested case–control study 
[50] (143 cases and 1257 controls) which reported an 
increased risk of abruption among underweight women 
(BMI < 18) compared to women with a pre-pregnancy 
BMI of 18–30 (OR 2.3, 95% CI 1.3, 4.1). The model was 
fully adjusted for a range of factors including smoking 
during pregnancy.

Table 2   Distribution of studies included in main meta-analyses

WA Western Australia

Author, publication year Underweight Overweight Obese

Avcl (2015) ✓ ✓ ✓
Blumenfeld (2014) ✓ ✓ ✓
Denison (2014) ✓ ✓ ✓
Deutsch (2010) ✓
Hung (2016) ✓ ✓ ✓
Salihu (2009) ✓
Scott-Pillai (2013) ✓ ✓
Vinturache (2014) ✓ ✓
Current WA study ✓ ✓ ✓
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Gestational weight gain and placental abruption

We did not formally evaluate the association between 
GWG and placental abruption as there were only two rel-
evant studies [26, 39]: a large US state-based cohort of 
over a million women [39] and a smaller Taiwanese hos-
pital study with 9301 women (Table S2) [26]. However, 
both had similar findings, that is, women who had GWG 
below the IOM guidelines (12.5–18 kg for underweight, 
11.5–16 kg for normal weight, 7–11.5 kg for overweight 
and 5–9 kg for obese) [29] were about 70% more likely 
to have a placental abruption compared with women who 
had optimal GWG. Only the larger US study [39] found a 
significantly lower risk in women who gained above the 
IOM recommendation (OR 0.7, 95% CI 0.7, 0.7), while 
the estimate from the Taiwanese study [26] was imprecise 
(OR 0.9, 95% CI 0.6, 1.5).

Discussion

This systematic review and meta-analysis included 7145 
pregnancies complicated by placental abruption and 594,773 
controls, drawn from a small number of studies with a mod-
erate degree of heterogeneity in effect estimates. Overall, 
we found that underweight women were at a moderately 
increased risk of placental abruption relative to those of 
normal weight. Unexpectedly, we found that overweight or 
obese women were less likely to have placental abruption. 
These findings largely remained unchanged in the subgroup 
and sensitivity analyses. Based on limited studies, women 
with GWG below the IOM recommended amount of weight 
appear to be at greater risk of placental abruption compared 
with women who had optimal GWG.

The strengths of this systematic review and meta-analysis 
were that included studies had no time period restriction 

Fig. 2   Forest plots of the associations of pre-pregnancy BMI and placental abruption
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and we implemented independent record evaluation, risk of 
bias and quality assessments. However, because of English 
language restriction, some literature may have been missed 
and the grey literature were not included. The other limita-
tions were the small number of eligible studies and the low 
number of placental abruption cases in some studies which 
precluded a detailed examination of the sources of hetero-
geneity between studies. Despite the high quality of studies 
included in the meta-analyses, about half did not adjust for 
potentially salient confounders such as smoking during preg-
nancy while 40% used self-reported anthropometric meas-
ures to calculate the pre-pregnancy BMI, which may have 
introduced errors and biases. However, similar findings were 
obtained when we ran subgroup analyses based on these fac-
tors. The other limitations were related to various definitions 
of BMI and an insufficient number of studies for meta-anal-
ysis of GWG and placental abruption. Although our funnel 
plots did not show striking results (data not shown), there is 
the potential for publication bias.

The finding of the association between underweight 
and the increased risk of placental abruption reinforces the 
importance of attaining normal weight prior to (or early in) 
pregnancy. Although maternal pre-pregnancy overweight 
and obesity are prominent current public health challenges, 
underweight has been given less attention. For instance, 
studies included in this review documented a considerable 
number of underweight women, with the proportion ranging 
from 3% in high-income settings to 18% in upper middle-
income countries (Table S1). Globally, about 10% of women 
are underweight, with the burden highly skewed to low- and 
middle-income countries [5]. Accordingly, given the major-
ity of studies in this systematic review were in high-income 
settings, our findings may have considerably greater implica-
tions in low- and middle-income settings.

The underlying mechanisms linking maternal under-
weight and placental abruption risk are unknown, although 
we speculate that important nutrient deficiencies may 
play a role. Evidence suggests that underweight women 
are more likely to have micronutrient deficiencies as a 
result of poor nutritional intake and, consequently, fewer 
reserves to deal with the additional nutritional demands of 
pregnancy [16, 45, 46]. In turn, this suboptimal condition 
may contribute to the poor development of the placenta 
and lead to a resultant increased risk of abruption [15, 18]. 
Moreover, underweight women may have adopted differ-
ent lifestyles, have underlying medical conditions or they 
might have chosen to be underweight for various reasons 
[6]. For example, in the current WA study, the proportion 
of smoking during pregnancy among underweight women 
(14.7%) was twice that of normal weight women (7.7%). 
Similarly, a number of published studies [8, 17–19, 39, 
42] included in this systematic review and meta-analysis 
found a greater prevalence of smoking during pregnancy in 

underweight than normal weight women. Despite adjust-
ment for smoking there could be residual confounding. 
There could also be unmeasured medical conditions and 
other unhealthy lifestyle factors (such as methampheta-
mine use linked with loss of appetite and hypertension) 
associated with underweight, which may partly explain 
the association of underweight and the increased risk of 
placental abruption [34].

Previous research indicates that the impact of being 
underweight on the risk of placental abruption can be 
mitigated through pre-pregnancy weight and GWG inter-
ventions. For example, Salihu et al. [39] found that the risk 
of placental abruption in underweight women who gained 
a substantial amount of weight during pregnancy was 
similar to the risk for normal-weight women, while the 
placental abruption risk was lower in women who gained 
weight above the IOM recommendations. Moreover, in 
contrast to most obstetrics and perinatal outcomes, the 
risk of placental abruption was lower in overweight and 
obese women. Nevertheless, placental abruption is rela-
tively rare, albeit severe when it occurs, compared with 
other obstetric complications. Therefore, these findings 
need to be interpreted cautiously and considered in the 
context of the more prevalent poor short- and long-term 
health consequences of pre-pregnancy obesity and exces-
sive GWG for mothers and their children [21, 31, 48]. 
Our findings add to the spectrum of existing reasons why 
a normal body weight before pregnancy and appropriate 
GWG are important [29, 37].

In summary, the findings of this systematic review and 
meta-analysis demonstrate that underweight women have 
an increased risk of placental abruption while overweight 
or obese women may have lower risk, when compared to 
normal-weight women. Although data are scarce, women 
with GWG below the IOM recommendations appear to be 
at greater risk of placental abruption. Future research should 
universally adopt the WHO BMI classifications to allow 
direct comparisons between studies and allow for pooling of 
findings. Further research is required to improve our under-
standing about the mechanisms linking pre-pregnancy BMI 
and placental abruption risk and to evaluate the impact of 
GWG interventions for women who are underweight prior 
to pregnancy.
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