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Background History of induced termination of pregnancy

(I-TOP) is suggested as a precursor for infant being born low

birthweight (LBW), preterm (PT) or small for gestational age

(SGA). Infection, mechanical trauma to the cervix leading to

cervical incompetence and scarred tissue following curettage are

suspected mechanisms.

Objective To systematically review the risk of an infant being

born LBW/PT/SGA among women with history of I-TOP.

Search strategy Medline, Embase, CINAHL and bibliographies of

identified articles were searched for English language studies.

Selection criteria Studies reporting birth outcomes to mothers

with or without history of induced abortion were included.

Data collection and analyses Two reviewers independently

collected data and assessed the quality of the studies for biases in

sample selection, exposure assessment, confounder adjustment,

analytical, outcome assessments and attrition. Meta-analyses were

performed using random effect model and odds ratio (OR),

weighted mean difference and 95% confidence interval (CI) were

calculated.

Main results Thirty-seven studies of low–moderate risk of bias

were included. A history of one I-TOP was associated with

increased unadjusted odds of LBW (OR 1.35, 95% CI 1.20–1.52)

and PT (OR 1.36, 95% CI 1.24–1.50), but not SGA (OR 0.87,

95% CI 0.69–1.09). A history of more than one I-TOP was

associated with LBW (OR 1.72, 95% CI 1.45–2.04) and PT (OR

1.93, 95% CI 1.28–2.71). Meta-analyses of adjusted risk estimates

confirmed these findings.

Conclusions A previous I-TOP is associated with a significantly

increased risk of LBW and PT but not SGA. The risk increased as

the number of I-TOP increased.

Keywords Birth outcomes, infant-low birthweight, infant-

premature, therapeutic termination of pregnancy.
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Background

Low birthweight (LBW) and preterm (PT) births are

public health issues with physical, emotional, psychologi-

cal and financial impact.1 The research to identify rela-

tive contribution of various factors leading to preterm

births spans several decades. First or even second-trimes-

ter-induced termination of pregnancy (I-TOP) are often

considered minor and benign procedures; however, some

studies report significant consequences to childbearing

potentials and possibilities of LBW and PT births. Cur-

rent theories linking previous I-TOP to PT/LBW births

include (a) overt or covert infection following I-TOP,2

(b) mechanical trauma to the cervix leading to increased

risk of cervical insufficiency3 and (c) surgical procedures

including curettage resulting in scarred tissue that may

increase the probability of faulty placental implantation

and subsequent placenta previa.4 It is also likely that cir-

cumstances that made women to choose I-TOP such as

socio-economic status may lead to LBW. Women who

chose I-TOP may be inherently different from women

who continue pregnancy and may be a risk factor for

adverse pregnancy outcomes.

* Members of Knowledge Synthesis Group of Determinants of LBW/

preterm births are listed in the Appendix.
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Thorp et al.5 in a review of 24 studies, stated that in 12

studies that reported on the I-TOP and PT births, the risk

ratios for PT births ranged from 1.3 to 2.0. A dose–

response relationship was observed in seven studies, with

the risk increasing as the number of abortions increased.

The remaining 12 studies reported no such association.

Cumulative risk was not quantified.

We asked the following questions:

1 Are women with a history of I-TOP at an increased risk

of adverse pregnancy outcomes compared to women

without such history?

2 Is there an increase in adverse outcomes with increasing

number of I-TOP, that is, ‘dose–response gradient’?

3 Is there a difference in the risk of adverse outcomes

between different methods of I-TOP?

Methods

We followed the Meta-analyses of Observational Studies in

Epidemiological Studies (MOOSE) criteria6 for this

meta-analysis. The data were extracted from published

manuscripts and thus, no Ethics Board approval was

obtained.

Objectives
To systematically review the risk of LBW, PT and SGA

births among the following:

1 Women with history of one I-TOP versus women with-

out history of I-TOP

2 Women with history of more than one I-TOP versus

women without history of I-TOP

3 Women who had I-TOP using different methods of I-

TOP

Criteria for considering studies for this review
Observational studies that assessed the association between

I-TOP and the outcomes of LBW, PT and SGA births were

included. A study was included if it provided adequate

information on the method of ascertainment of the history

of I-TOP and its effects on any of the outcomes of interest.

We only included information available from the publica-

tions and did not contact primary authors. Studies were

included only if there was a comparative cohort. Studies

published only as abstracts were not included. Studies or

data on spontaneous TOP were not included as they were

considered mostly to be beyond women’s control.

Types of studies
Observational cohort studies with matched, unmatched or

historical controls; longitudinal studies; and case–control

studies were included. Reports of data from National or

local Vital Statistics not published as peer-reviewed article

were not included.

Types of participants
Women who had live births were included (stillbirths were

excluded as often their maturity and weight are not accu-

rately recorded).

Assessment of exposure
Maternal I-TOP in most instances was elicited during

history. Further details on maternal characteristics were

ascertained from medical records, hospital records, admin-

istrative databases, national databases or vital registers and

were included.

Types of outcome measures
1 Low birthweight: Defined as birthweight <2.5 kg

2 Preterm birth: Defined as gestational age <37 weeks

3 Small for gestational age: Defined as birthweight <10th

centile for gestational age

4 Birthweight in grams

5 Gestational age in weeks

Search strategy for identification of studies
Electronic databases (Medline, Embase and CINAHL) were

searched from their inception until August 2008 for all

published studies in the English language. The search terms

were modified according to database requirements. The ref-

erence lists of the identified articles were reviewed to locate

further eligible studies. The articles were scanned initially

based on titles and abstracts by two authors (PS and JZ)

using a study relevance form. Selected articles were

retrieved in full and were assessed for eligibility by two

authors (PS and JZ). Discrepancies were resolved by con-

sensus. Search terms used were: low birthweight; premature

birth; small for gestational age; mother; growth, intrauterine;

high-risk pregnancy; infant, premature; infant, newborn;

pregnancy; abortion; abortion, induced; pregnancy termina-

tion; induced labour, first trimester, and second trimester.

Methods of the review

Data extraction
Data from each eligible study were extracted without modi-

fication of original data onto custom-made data collection

forms by both authors. Discrepancies were resolved by con-

sensus. For some studies, numbers were calculated from

the available information. Information of confounders

adjusted and adjusted risk estimates (adjusted odds ratios)

were collected when available.

Assessment of quality of included studies
The methodological quality of studies was assessed using a

pre-defined checklist (Table S1) by two authors (PS and

JZ). Discrepancies were resolved by consensus.
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Data synthesis
We first included unadjusted data for this review address-

ing all questions. Traditional with other meta-analyses, no

adjustment for multiple analyses was made. Weighting of

the studies was calculated based on the inverse variance

method. Meta-analytic software (Revman from the Cochra-

ne Collaboration) was used.7 The random effect model was

chosen because it accounts for between studies and within

studies variability as we expected a degree of clinical and

statistical heterogeneity among the studies. For categorical

measures, odds ratio (OR) is reported and for continuous

measures, weighted mean differences (WMD) were used.

Summary estimates with 95% confidence interval (CI) were

calculated. If the variable was identified as significant, the

population attributable risk (PAR) was calculated.

Some authors have reported both adjusted and unad-

justed risks in their population controlling for confounders

perceived (or statistically proven) to have effect on the

summary estimate. We pooled data from these studies and

performed random effects model meta-analyses using gen-

eric inverse variance method.8

Heterogeneity and publication bias assessment
Clinical heterogeneity was assessed and reported in the

table of included studies. We planned a subgroup analyses

based on whether the I-TOPs were performed using vac-

uum aspiration or were medically induced. Sensitivity anal-

ysis was planned by dividing studies in two groups (before

and after midway between years of publication). Statistical

heterogeneity was assessed and I-squared (I2) values

were calculated.9 Funnel plots were assessed to explore the

possibility of publication bias.

Results

Description of studies
The results of the search, the study selection log and the

number of studies are reported (Figure 1). Thirty-seven

studies were included in this review.4,10–45 Thirty-two stud-

ies were excluded: Seven studies3,46–51 reported no neonatal

outcome, seven studies52–58 reported combined spontane-

ous and I-TOP data, five studies59–63 had no comparator

group, four reports5,64–66 were reviews, three studies67–69

reported on very preterm and moderately preterm data

only, two studies70,71 reported on specific population only,

two studies72,73 had already included data from other

reports, one report74 was a duplicate publication and for

one study,75 data were not ascertainable. Baseline character-

istics of included studies are reported in Table 1.

Methodological quality of included studies
The results of the quality assessments are reported in

Table 2. Most studies had low to moderate risk of bias.

Studies were likely to have recall bias or bias because of

incorrect information provided by women when asked

about reproductive history because of stigma associated

with TOP.

Data from individual studies
Data from the study by Lumley26 were presented in graphi-

cal format only; thus, they are not included in any of the

meta-analyses. Lumley reported with increasing risk of pre-

term births at 20–27 weeks, 28–31 weeks and 32–36 weeks

GA with increasing number of I-TOPs. The incidences of

LBW, PT, SGA and mean birthweight and mean gestational

Potentially relevant citations identified in the first screen
(n = 834) for which title and abstracts were reviewed

Citations retrieved for detailed evaluations (n = 69)

Studies included in the systematic review (n = 37)

32 citations excluded (reasons given
results section)

765 citations were excluded. Main
reasons were: relevant outcome data
not reported and influence of
induced abortion was not main
objective of study

Data included in the meta-analyses

2.  Preterm births (n = 22)
3.  Small for gestational age births (n = 3)

1.  Low birth weight births (n = 18)

Figure 1. Study selection log.

Induced termination of pregnancy and birth outcomes
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age for individual studies are reported in tables in the Sup-

porting Information.

Women with a history of one previous I-TOP versus women
without such history
Individual data from studies on LBW and PT are

described in Tables S2–S4. The results of the adjusted and

unadjusted meta-analyses of LBW and PT are described

in Table 3 and Figures 2 and 3. The results of meta-

analyses of SGA birth (Table 3 and Figure S1), mean BW

(Table S5, Figure S2) and mean GA (Table S6, Figure S2).

There was no significant difference in the mean birth-

weight (6 studies, 6306 participants, WMD 23 g, 95% CI

)21, 66 g, I2=51%,) or mean gestational age (seven

studies, 5162 participants, WMD )0.07 week, 95% CI

)0.21, 0.07 week, I2=0%) of infants born to women with

a history of one I-TOP compared to women without such

history.

Women with a history of more than one previous I-TOP
versus women without a history of previous I-TOP
The results of the adjusted and unadjusted meta-analyses

are reported in Table 3 and Figures 4 and 5. The results

of meta-analyses of SGA birth (Table 3 and Figure S3),

mean BW (Table S4, Figure S4) and mean GA (Table S5,

Figure S4). There was no significant difference in the

mean birthweight (4 studies, 2957 participants, WMD

)15 g, 95% CI )81, 52 g, I2=22%, Table S5) or mean

gestational age (3 studies, 2077 participants, WMD

0.01 week, 95% CI )0.23, 0.26 week, I2=0%, Table S6) of

infants born to women with a history of >1 I-TOP com-

pared to women without a history of I-TOP.

Meta-analyses of adjusted data
Compared to women with no history of I-TOP, women

who had a history of one I-TOP had higher odds of

LBW births, but confidence limit included 1 (10

studies,11,15,17,22,23,28,30,32,38,45 OR 1.24, 95% CI 1.00, 1.53;

Figure 2), increased odds of PT births (13 stud-

ies,4,11,14,15,17,21,23,29–31,37,38,44 OR 1.27, 95% CI 1.12, 1.44;

Figure 3). Compared to women with no history of I-TOP,

women who had a history of more than one I-TOP had

higher odds of LBW births (5 studies,17,23,28,38,45 OR 1.47,

95% CI 1.24, 1.73; Figure 4), PT births (7 stud-

ies,4,14,17,23,37,38,44 OR 1.62, 95% CI 1.27, 2.07; Figure 5).

Meta-analyses results of SGA births are reported in Figures

S1 and S3.

Subgroup and sensitivity analyses
Thirteen reports provided data on different methods of

I-TOP.11,12,15,18,27,30–33,38,43–45 Of these, four provided data

on the methods of I-TOP but did not correlate them with

outcomes.15,27,33,38 Compared to women with no history
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of I-TOP, women who had I-TOP following vacuum aspi-

ration had higher odds of LBW births (3 studies,18,43,45

OR 1.69, 95% CI 1.22, 2.33; I2=43%) but not PT births

(5 studies,11,30,31,43,45 OR 1.24, 95% CI 0.89, 1.74;

I2=77%). Compared to women with no history of I-TOP,

women who had I-TOP following dilatation and curettage

had higher odds of LBW births (3 studies,18,32,43 OR 1.95,

95% CI 1.45, 2.62; I2=0%) but not PT births (4 stud-

ies,12,32,43,44 OR 1.35, 95% CI 0.88, 2.06; I2=81%). No

study has compared two methods directly. Sensitivity

analyses revealed no difference in the risk associated with

I-TOP when studies published before 1984 (OR 1.19 for

LBW and OR 1.34 for PT birth) or after 1984 were

pooled (OR 1.45 for LBW and OR 1.37 for PT birth).

Heterogeneity assessment and publication bias
Clinical heterogeneity among studies is described in Table 1.

Moderate statistical heterogeneity was identified in the

meta-analyses (I2=69% for LBW, 64% for preterm births,

63% for SGA births in analyses involving history of one

I-TOP), which remained even after dividing studies in two

era (before and after 1984). Funnel plot assessment revealed

that most of the studies had effect estimates slightly lower

or significantly higher than one (Figure S5). Analyses of

funnel plots revealed that there is the potential of missing

small sample-sized studies of higher risk of adverse out-

comes associated with no history of I-TOP.

Discussion

In this systematic review and meta-analyses of 37 studies,

we identified significantly increased unadjusted and

adjusted odds of LBW and PT births among women

with a history of I-TOP compared to women without

such a history. The risks of LBW and PT births

increased with increasing numbers of I-TOPs. Subgroup

analyses revealed higher unadjusted odds of LBW for

both vacuum aspiration and dilatation and curettage

methods of I-TOP; however, the number of studies

reporting this information was small. There were clinical

heterogeneities among the studies included in this review

for exposure assessment (self-reporting, interview or data-

base), setting (single institution based study versus

national sample) and adjustment for confounders. Overall

assessment of clinical characteristics of the included stud-

ies revealed a common underlying theme (assessment of

risk of outcomes following one or more I-TOPs) in all

studies and thus meta-analysis was justified. The impact

on SGA births, birthweight and gestational age were

explored only in few studies, which revealed no statisti-

cally significant difference, likely because of lack of

power. The research spans more than three decades;

however, the studies suggesting association and lack

thereof between I-TOP and LBW or PT were identified

both during early and late years.

Table 3. Results of association of induced abortion and LBW/PT/SGA births

Infant status Results History of one induced

abortion versus no history

of induced abortion

History of >1 induced

abortions versus no

history of induced abortions

LBW Number of studies 18 5

Participants 280 529 49 347

Risk in exposed (%) 6.4 7.9

Risk in non-exposed (%) 4.9 5.0

UAOR (95% CI) 1.35 (1.20, 1.52) 1.72 (1.45, 2.04)

PAR (%) 3.8 N/A

PT Number of studies 22 7

Participants 268 379 158 421

Risk in exposed (%) 8.7 21.8

Risk in non-exposed (%) 6.8 7.8

UAOR (95% CI) 1.36 (1.24, 1.50) 1.93 (1.38, 2.71)

PAR (%) 3.2 N/A

SGA Number of studies 3 2

Participants 38 835 35 422

Risk in exposed (%) 9.8 5.3

Risk in non-exposed (%) 8.8 8.8

UAOR (95% CI) 0.87 (0.69, 1.09) 1.06 (0.84, 1.33)

UAOR, unadjusted odds ratio.

Induced termination of pregnancy and birth outcomes
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There were heterogeneities among studies included in

this systematic review (detailed in Table 1). First, for

majority of these studies, a history of I-TOP was obtained

by maternal self-reporting. Stigma associated with abortion

or social acceptance in different countries could have

resulted in underreporting. Hogue18 reported 63% of

women denied past history of abortion when checked

against hospital records, whereas Kline et al.76 reported

only 1.6% of women, both in cases and controls, denied

previous abortion.

Second, it has been identified that women with a history

of I-TOP were unmarried, young and from socio-economi-

cally disadvantaged group.11,15,19,38,40,44,45,72 These con-

founders differ for different timing of seeking abortion

(first or second trimester). Certain studies controlled for

confounders, whereas other studies failed to do so (Table 1).

Even the confounders controlled in studies varied. As sug-

gested by Peters and Mengersen,8 we pooled unadjusted

and adjusted data for all outcomes. Marginally lower than

unadjusted estimates were identified; however, the results

remained clinically significant. This may not be the ideal

way of combining data as different studies adjusted for dif-

ferent factors; however, it provides an indication regarding

some degree of robustness.

Third, we identified lack of small studies of either nonsig-

nificance or of adverse effects of I-TOP. This method for

assessment of publication bias is exploratory and indirect

and may be the result of location of literature, language of

publication, citation issues and sample size of the study. No

adjustment for publication bias was made in the analyses.
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Figure 2. Unadjusted and adjusted estimates of Low birthweight births among women with a history of one previous induced abortion versus no

history of induced abortions.
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Fourth, the methods used for abortion could vary in dif-

ferent studies. Subgroup analyses of vacuum aspiration and

dilatation and curettage revealed a similar risk for LBW

with either method. The risk for PT birth was not higher

in subgroup analyses; however, only five studies reported

outcomes based on the method of I-TOP. With recent

changes in the use of medications (misoprostol and mife-

pristone),38 laminaria tents77 etc; it would be important to

assess outcomes in subsequent pregnancies as the element

of cervical trauma can be minimised with these techniques.

Studies have not reported size of dilators used for I-TOP

to analyse the effect of cervical trauma related to size of

dilators. Studies have also not reported GA at which I-TOP

were carried out to analyse whether early I-TOP has

different effect than late I-TOP.

Fifth, time following an I-TOP before the next pregnancy

may be important.74 The complications rates may be higher

following early subsequent pregnancy than late pregnan-

cies.36 From the available studies, we were not able to

ascertain this aspect.
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Figure 3. Unadjusted and adjusted estimates of Preterm births among women with a history of one previous induced abortion versus no history of

induced abortions.
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Finally, certain studies compared women with a history

of I-TOP with women who had never been pregnant26 and

other studies compared them with women who had previ-

ous live births. The rates of complications may be different

in both comparisons; however, biological rationale of dam-

age following previous I-TOP does not change in either

comparison. Additionally, a previous review indicated that

I-TOP was not protective for risk of LBW associated with

primiparity; that is, the risk of LBW was higher for women

with a history of I-TOP compared with women who had

carried to full-term.64

The results of our review differ from previous

reviews;5,10,64,66 mainly because this is the first attempt to

quantify results reported in various studies. We are aware

that the major critique of our review is suitability of stud-

ies for combining their results. We included studies in

which the primary aim was to explore the relationship

between a history of I-TOP and adverse pregnancy out-

comes; thus, we felt meta-analyses were appropriate. We

perceive that the strengths of this systematic review

include a focused question, extensive literature search,

large total sample size of the studied population, robust

effect size, quantification of adjusted effects and narrow

confidence intervals.

A step further, we would like to mention that this strong

association meets several of the criteria suggested by

Professor Hill78 regarding causation such as temporal

relationship, biological plausibility, strength of association,

dose–response effect (increased risk with increasing number

of abortion), consistency (reported by several studies) and

coherence (matching with current theory of knowledge).

The criteria of an alternate explanation (accounting for

other confounders/reasons for the outcome) could be

considered satisfied. Two criteria for causation are not

satisfied: Specificity (I-TOP is the only cause of LBW/PT

births) and alteration of outcome with an opposite experi-

ment are not satisfied. We must caution readers that

we have restricted ourselves to explore the association of

I-TOP and pregnancy outcomes. Several biomedical, social,

environmental, lifestyle-related, genetic and other factors

contribute to a preterm and/or LBW births and this needs

to be kept in mind in interpreting our results. We caution

interpretation being causal as confounding effects of socio-

economic factors, which are important, were considered in

very few studies only. Discussion regarding downsides of

I-TOP are incomplete without discussing downside of

unwanted pregnancies as they are also at risk of adverse

outcomes. From pragmatic viewpoint, future studies should

assess benefits and risks in both situations.

Implications for practice

This information is important from public and health prac-

titioners’ point of view. Estimates in the 1970s indicated
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Figure 4. Unadjusted and adjusted estimates of Low birthweight births among women with a history of more than one previous induced abortion

versus no history of induced abortions.
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that more than a million abortions are performed in the

US per year. Of these, more than 75% of women wish or

get pregnant again.79 These women should know the risks

associated with I-TOP not only for their health but also for

their future reproductive potential. A properly obtained

consent legally mandates explanation of these risks to

women and ensuring their understanding. Potential areas

for knowledge transfer include education of girls and

women enrolled at schools or colleges, during routine visits

to family doctors or specialists and finally when counselling

women seeking abortion.

Implication for research

It is important to realise that we need to advance our under-

standing in this area rather than repeating similar studies.

Further studies are needed to assess the impact of newer

techniques, to identify the safest method of pregnancy ter-

mination in the first and second trimester, or adverse out-

comes in subsequent pregnancies. Other questions that need

answers include: Does increased knowledge and awareness

about risks associated with I-TOP among women reduce the

incidence of I-TOPs? What supports are effective for women

with a history of I-TOP to improve pregnancy outcomes?

However, despite unanswered questions, action should be

taken to address what is known.

Reviewers’ conclusions

I-TOP is associated with significantly increased risks of

LBW/PT births. Further prospective research to identify

safer methods of pregnancy termination in the first and

second trimester and effective interventions for pregnant

women with history of I-TOP is needed.
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history of induced abortions.
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