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Background. Systematic reviews (SR) and meta-analyses (MA) that previously explored the relationship between prenatal maternal
anxiety (PMA) and preterm birth (PTB) have not been comprehensive in study inclusion, failing to account for effects of
heterogeneity and disagree in their conclusions. Objectives. This SRMA provides a summary of the published evidence of the
relationship between PMA and PTB while examining methodological and statistical sources of heterogeneity. Methods. Published
studies from MEDLINE, CINAHL, PsycINFO, and EMBASE, until June 2015, were extracted and reviewed. Results. Of the 37
eligible studies, 31 were used in this MA; six more were subsequently excluded due to statistical issues, substantially reducing the
heterogeneity. The odds ratio for PMA was 1.70 (95% CI 1.33, 2.18) for PTB and 1.67 (95% CI 1.35, 2.07) for spontaneous PTB
comparing higher levels of anxiety to lower levels. Conclusions. Consistent findings indicate a significant association between PMA
and PTB. Due to the statistical problem of including collinear variables in a single regression model, it is hard to distinguish the
effect of the various types of psychosocial distress on PTB. However, a prenatal program aimed at addressing mental health issues
could be designed and evaluated using a randomised controlled trial to assess the causal nature of different aspects of mental health

on PTB.

1. Introduction

Preterm birth (PTB), commonly defined as delivery that
occurs at a gestational age less than 37 weeks, poses a public
health concern since critically underdeveloped infants are at
a higher risk for neonatal mortality and survivor morbidity
[1-3]. Preterm infants require longer hospital stays and are
hospitalized more often as they are at risk for major health
complications in infancy, development, and paediatric prob-
lems through childhood and chronic diseases in adulthood
[3, 4]. Substantial attention has been paid to the role of
prenatal maternal mental health problems in the aetiology of
PTB. Theoretical models have been developed to explain the
biological effect of prenatal maternal mental health problems,

such as the physiological stress response of the hypothalamic-
pituitary axis (HPA) regulated by corticotrophin-releasing
hormone (CRH) [5, 6]. The pathways by which maternal
mental health problems initiate a physiologic sequence of
events that promote early labour, however, remain unknown
(2,5, 6].

Maternal mental health is a state of well-being in which a
mother can cope and work productively against life stressors
[4]. Maternal mental health problems include depression,
anxiety, and stress. The relationship between prenatal mater-
nal anxiety and PTB has been examined previously (SR).
Two broad narrative reviews on the hypothesized and known
mechanistic effects of stress on preterm labour concluded
that the strongest predictor of PTB was pregnancy-specific
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anxiety [3, 7]. Although efficient and informative, such
reviews are subject to selection bias [8]. There have been
two SR with meta-analysis (SRMA) [9, 10] that focused on
the relationship between prenatal maternal anxiety during
pregnancy and PTB with conflicting results. Ding et al.
[9] found that prenatal maternal anxiety was significantly
associated with an increased risk for PTB and remained
significant regardless of the timing of anxiety assessment. In
contrast, Littleton et al. [10] reported nonsignificant sum-
mary correlation coeflicients between anxiety during preg-
nancy and gestational age at birth and between pregnancy-
specific anxiety and gestational age at birth. Explicit criteria
for selecting and critically appraising the primary research
studies were not always evident in these reviews. Inconsis-
tencies in the findings of the SRMA and primary studies
examining the relationship between anxiety and PTB may
have also arisen from potential source of heterogeneity, such
as differences in the primary predictor variable measured
(type of anxiety), how the predictor variable is measured,
and how the outcome is determined, to name only a few.
The present study was designed to be a more inclusive and
comprehensive SR and MA than previous studies and the
goal was to determine the effect of potential sources of
heterogeneity on the relationship between PTB and anxiety,
which may help to explain conflicting evidence.

The overall aim of this SR and MA is to provide a
summary of the peer-reviewed published evidence regarding
the relationship between maternal anxiety during pregnancy
and PTB, after accounting for several potential sources of
heterogeneity. The specific objectives are (1) to determine
sources of heterogeneity in the methodology and analysis of
the studies, (2) to assess which of the sources have an impact
on the estimation of the relationship of interest, and (3) to
estimate the combined effect of studies within homogenous
subgroups of studies.

2. Methods

2.1. Definitions. Prenatal maternal anxiety can be subdivided
into three different types: trait anxiety (TA), state anxiety
(SA), and pregnancy-specific anxiety (PSA). TA refers to the
mother’s relatively stable propensity for anxiety whereas SA
refers to the temporary anxious feeling the mother develops
due to a stressful event, which may or may not be related
to her pregnancy [11]. PSA is then considered the mental
state of a pregnant woman whose concerns are specific to
the pregnancy itself such as fears regarding the pregnancy,
delivery, and health of the child [12].

2.2. Search Strategy. The three authors (Gianella Pana, M.
Sarah Rose, and Shahirose Premji) independently searched
the literature to retrieve potential studies that explored the
relationship between prenatal maternal anxiety and PTB in
two stages. Initially databases were searched using the exact
search phrase: (prenatal OR antenatal OR pregnancy) AND
(anxiety) AND (preterm OR premature OR prematurity);
and the searches were limited to English, humans, and
journal studies. All studies published up until June 2015
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in MEDNINE (1946 to June 2015), Cumulative Index to
Nursing and Allied Health Literature (1961 to June 2015),
PsycINFO (1806 to June 2015), and EMBASE (1947 to June
2015) were extracted. The retrieved records were entered into
Refworks and duplicates were removed. The titles of the
studies were reviewed for obvious exclusion according to the
study objective. Any SR or MA were separated from primary
sources and screened for relevance. The abstracts of the
remaining primary studies were then reviewed for relevance.

2.3. Types of Studies and Outcomes. Studies were considered
relevant if they examined the relationship between any type
of anxiety and PTB, measured either as a continuous (i.e.,
gestational age) or binary variable (PTB or spontaneous
PTB).

2.4. Study Selection. Studies deemed to be appropriate were
scanned in full to determine relevance. Secondly the ref-
erences lists of all relevant studies were reviewed to find
additional studies that may have been difficult to detect in the
database search due to nonreporting in the abstract (possibly
due to nonsignificant effects). Studies published by the same
team were carefully reviewed to ensure the results of a given
study were not included twice in the MA.

2.5. Data Extraction. Data was extracted independently by
two reviewers (Gianella Pana and M. Sarah Rose) using a
standardized review form and compared for discrepancies.
Any discrepancies were discussed and agreement achieved.
A standardized excel sheet was created and information from
the standardized review forms was transferred in order to be
readily available for the meta-analysis. The items extracted are
presented in Table 1.

2.6. Critical Appraisal. The quality and validity of each study
were assessed using the critical appraisal (CASP) tool [13] and
the included studies were summarized in tabular form. The
CASP questions are also included in Table 1.

In addition, a critical appraisal of the statistical methods
used to analyze the data was done, and their relevance to the
design and objectives of the study was assessed. We assessed
methods used to develop multivariable models and adjusted
estimates. In particular, we examined the methods used to
include variables in the multivariable model (e.g., manual,
forward stepwise, backward stepwise, and hierarchical). We
assessed whether each included covariate was a potential
confounding variable and whether it was highly correlated
with the primary predictor variable. Two criteria for con-
founding are that the confounder must be associated with
the outcome of interest and that the confounder must also be
associated with the primary predictor variable. Collinearity
occurs when two predictor variables in a regression model are
so highly correlated that it becomes difficult or impossible to
distinguish their individual effects on the outcome. Clearly a
collinear variable qualifies as a confounding variable, but this
is an extreme case of confounding when essentially the same
variable is entered twice. Unfortunately, this may be a result of
using self-report questionnaires where it may be impossible
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TABLE 1: Items on the structured data extraction form, the CASP tool for CRA, and the appraisal of the statistical analysis.

Methods Results

First author Age

Year of publication Education

Other authors SES or Poverty Index
Country Marital status
Location Smoking

Journal Alcohol problem

Data collection dates

Key words

Type of study

Number of and time points for observation
Inclusion/exclusion

Existing study name

Sample size

Consent rate, participation rate
Primary predictor variable
Measurement of PV

Other predictor variables
Outcome

Potential confounders

Primary outcome
Gestational age (days)
Preterm birth (<259 days or <37 w)

Primary predictor variable
Descriptive analysis
Relationships

Unadjusted relationships
Adjusted relationships

Additional comments

CASP

Statistical analysis

Is the clearly focused issue relevant to our study (anxiety and preterm birth)?

Was the cohort recruited in an acceptable way? That is, is the cohort representative
of the population it is supposed to represent?

Was the outcome (preterm birth) accurately measured to minimise bias?

Have the authors identified all-important confounders? (Age, marital status,

Unadjusted analysis:statistic and test
Appropriate?
Numerically correct?

Method of adjustment; type of model
Details of model development

Appropriate confounders considered?

ethnicity, education, income or SES, parity, previous PTB)
And have they accounted for this in the analysis?

Follow-up: completeness

Follow-up: length (note generally not a concern in pregnancy studies)

Do you believe the results? (on a scientific basis and gut feeling)

Appropriate control of confounding?
Assessment of linearity assumption

Methods for missing data specified
Overall quality of adjusted analysis
Other comments

to determine participants that are depressed only, anxious
only, both, or neither. Using a diagnostic tool may be able
to do this but would be much more expensive to implement.
Because of the inherent difficulty of interpreting the separate
effects of highly correlated variables, the adjustment was
considered appropriate if the variables in the model were
potential confounding variables and not highly correlated
with primary predictor variable. The questions for the critical
appraisal are included in Table 1.

2.7. Potential Sources of Heterogeneity of Primary Interest.
The primary sources of heterogeneity that we considered
were as follows: (1) the primary predictor variable (i.e.,
type of anxiety, e.g., PSA, TA, SA, or anxiety disorder),
(2) the primary outcome variable (gestational age, PTB, or
spontaneous PTB), (3) the type of summary statistic (i.e.,
correlation coeflicients (CC) or odds ratio (OR)), and (4)
whether the estimate provided was unadjusted or adjusted

and if adjusted whether this was considered an appropriate
adjustment (see Section 2.6).

2.8. Statistical Methods

2.8.1. Data Preparation. Studies that reported the results as
a relative risk (RR) were converted to OR for consistency.
In order to ensure that all measures were independent when
one author contributed more than one estimate due to
repeated measurements of anxiety, we used a single summary
estimate providing that these estimates were homogenous.
When a single study reported two estimates, one for African
American Women and one for White Women, these OR were
combined using a Mantel-Haenszel OR.

2.8.2. Risk of Bias due to Confounding: Assessment and
Management. Since all studies were observational in design,
one of our primary concerns was the control of bias due



to confounding. Some studies included only unadjusted
estimates and some included only adjusted estimates. If
there is substantial evidence of bias due to confounding
then it would not make sense to include both unadjusted
and adjusted estimates in the same meta-analysis. Conse-
quently, we first assessed the extent of (potential) bias in the
unadjusted estimates by examining the relationship between
adjusted and unadjusted estimates (using a scatterplot and
linear regression) including only studies that presented both
estimates. We also examined the effect of inappropriate versus
appropriate adjustment on the potential bias.

2.8.3. Meta-Analysis. The relationship between prenatal
maternal anxiety and PTB was summarized using one of
two statistical estimates of effect sizes: (1) the OR when
the primary outcome variable was PTB or spontaneous
PTB (binary variables) or (2) the CC (transformed using
Fisher’s arc sine transformation) when the primary outcome
variable was gestational age (continuous). The results are
therefore reported separately for each of these two statistical
estimates. Pooled estimates were based on fixed or random
effects models depending on the degree of heterogeneity.
Heterogeneity amongst the estimates was examined using the
Q statistic (where p < 0.05 provides evidence against the
assumption of homogeneity) and I* (which is the variation
in the effect size due to heterogeneity). Results are illustrated
using Forest Plots.

3. Results

A total of 780 studies were identified through database
searching and reviewing reference lists with 462 studies
remaining after duplicates were removed (Figure1). After
excluding by title (N = 252) and excluding by abstract
(N = 118), a full-text review of 92 studies was conducted.
From these 92 studies, 55 were excluded based on inclusion
criteria leaving 37 studies, of which six [14-22] were excluded
during data extraction since they did not provide enough
information to calculate estimates, leaving 31 [23-50] studies
eligible for the meta-analysis.

3.1. Critical Appraisal of Studies. Many of the 31 studies
focused on the relationship between prenatal maternal anxi-
ety and PTB (N = 30), had an unbiased measure of anxiety
(N = 25), had an unbiased measure of gestational age and
defined PTB (N = 26), accounted for identified confounders
in their analysis (N = 22), and had along enough follow-up of
the subjects (N = 34). Many of these 31 studies, however, did
not appear to have a cohort representative of the population
(N = 18). Participants were usually recruited from hospital
clinics, private practices, and walk-in clinics or were referred
to the study by private practitioners. The method of sampling
was not stated (e.g., sequential, systematic, random, or con-
venience) and participants were often selected as members
of a particular subgroup (e.g., at risk of intrauterine growth
restriction, low medical risk, high medical risk, low income,
and availability of biomarker assays). In general, the consent
rate was low, as was follow-up, so that the ratio of the size of
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the final sample compared to the size of the eligible sample
was very low (as low as 33% in some studies). In addition,
many studies did not identify all confounders (N = 21),
and the design and methods of 18 of these studies were
sufficiently flawed to make the results unreliable (Supple-
mentary Table 1, see Supplementary Material available online
at http://dx.doi.org/10.1155/2016/8312158). Overall, there were
18 studies that described the relationship between anxiety
and PTB or spontaneous PTB using the OR (three studies
provided two estimates) and 12 using the CC (six studies
reported two estimates of the CC and five reported one
only). One study provided information only in terms of the
standardized mean difference and was therefore not included
in the analysis. This resulted in 22 estimates of the OR and 17
estimates of the CC.

3.2. Data Management. Examination of the relationship
between adjusted and unadjusted estimates of the OR in
11 estimates from eight studies indicated that there was no
evidence against linearity of the relationship, deviation of
the intercept from zero (estimated intercept = 0.03, 95% CI
-0.06, 0.12, and p = 0.556 for difference from zero), or
the slope from one (estimated slope = 0.93 (95% CI 0.79,
1.06), p = 0.272 for difference from unity). We, therefore,
combined both unadjusted and adjusted estimates from the
studies, and if a study provided both estimates, the adjusted
estimate was used. For studies that used gestational age as
the outcome variable, adjustment methods were too variable
to consider combining adjusted estimates (i.e., structural
equation modelling (N = 3), multiple linear regression (N =
5), and no adjusted estimate (N = 2)) so we focused on the
CC only.

3.3. Meta-Analysis. We initially categorised the studies into
five groups according to the outcome variable and the type
of analysis, as illustrated in Table 2: OR for spontaneous PTB
(N = 9); OR for PTB (N = 13); correlation for PTB (N =
3); and correlation with gestational age (N = 10). These
numbers do not total 31 since some studies reported more
than one estimate and we had to exclude one study since we
were unable to extract information [19]. There was substantial
heterogeneity across the studies for those reporting OR for
spontaneous PTB (I* = 76.0%, p < 0.001) and PTB (I =
79.8%, p < 0.001). When studies that used inappropriate
methods of adjustment [19-22] or reported the OR for a unit
or 5-unit increase in anxiety [29, 47, 51] were removed the
heterogeneity was substantially reduced (I* = 46.9%, p =
0.094 for spontaneous PTB and I = 0.0%, p = 0.710 for
PTB). In Figure 2 (PTB) and Figure 3 (spontaneous PTB) we
illustrate the reduction in heterogeneity in excluding these
studies. There was little or no evidence of heterogeneity for
the three studies reporting the CC when the outcome was
PTB (I* = 61.9%,p = 0.073) and for the 13 studies that used
gestational age as the outcome variable (I* = 0.0, p = 0.570).

For the 24 studies that remained after these exclusions,
five studies used anxiety disorder for the primary predictor
variable, eight used PSA, 10 used SA, two used TA, and two
used gestational age (note some used more than one). Since
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FIGURE 1: PRISMA flow diagram for inclusion of studies examining the relationship between prenatal anxiety and PTB.

there was no evidence of heterogeneity for the OR for PTB,
we combined all types of anxiety measured (anxiety disorder
(N = 4), SA (N = 2),and PSA (N = 1)) for an overall
summary OR of 1.46 (95% CI 127, 1.67), as illustrated in
Figure 4. When the primary predictor variable was restricted
to SA and PSA the estimate was (OR = 1.70, 95% CI 1.33,
2.18, N = 3) for PTB. For spontaneous PTB, the summary
OR for all types of anxiety was 1.69 (95% CI 1.41, 2.02) as
illustrated in Figure 5, but when heterogeneity was reduced
(I = 0.0%, p = 0.774) by using only estimates of SA and
PSA the summary OR was almost identical 1.67 but the 95%
CI was wider (95% CI 1.35, 2.07). The summary CC were
almost identical —0.09 (95% CI —0.13, —0.06) for gestational
age and —0.09 (95% CI -0.12,-0.06) for PTB. When restricted

to SA and PSA for gestational age the CC were —0.12 (95% CI
-0.17, -0.06) and —0.11 (95% CI —0.19, —0.03), respectively, as
illustrated in Figure 6. These were not combined since five of
the authors contributed estimates to both.

4. Discussion

4.1. Summary. We found the most precise estimates of the
relationship between prenatal maternal anxiety and PTB
when we restricted our analysis to SA (OR = 1.70 (95% CI
1.33, 2.18) for PTB, N = 3) and PSA (OR = 1.67, (95% CI
1.35, 2.07) for PTB, N = 3). When gestational age was the
outcome variable the summary CC was —0.12 (95% CI -0.17,
—0.06) for SA and —0.11 (95% CI -0.19, —0.03) for PSA. We did
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PTB
Study ID ES (95% CI)
Included i
|
Berle et al. (2005) - 1.24 (0.62, 2.80)
|
Dole et al. (2004) :—o— 1.94 (1.34,3.71)
Field et al. (2010) —— 1.41 (1.18, 1.68)
|
McDonald et al. (2014) e 1.76 (1.25, 2.47)
|
Andersson et al. (2004) * l 1.02 (0.30, 3.45)
|
Bindt et al. (2013) — 1.80 (0.60, 5.50)
|
Ibanez et al. (2012) —+ 1.40 (0.85, 2.30)
|
Catov et al. (2010) ‘ 1.03 (0.57, 1.85)
|
Subtotal (I* = 0.0%, p = 0.710) < 1.46 (127, 1.67)
Excluded 1
|
Perkin et al. (1993) — 0.99 (0.73, 1.34)
|
Amiri et al. (2010) } —_— 4.66 (2.81,7.73)
|
Rauchfuss and Maier (2011) ————— 1.44 (1.02, 2.05)
Rauchfuss and Maier (2011) B i 0.53 (0.31, 0.90)
|
Martini et al. (2010) Lo 1.50 (0.60, 3.50)
|
Powell et al. (2013) > 1.05 (0.99, 1.12)
|
Subtotal (I? = 88.4%, p = 0.000) <<> 1.30 (0.88, 1.93)
|
Overall (I* = 79.8%, p = 0.000) <> 137 (1.11, 1.69)
|
Note: weights are from random effects analysis !
1
[ |
0.129 1 7.73

FIGURE 2: The effect of excluding estimates of dubious quality on the heterogeneity of the estimates of the OR for anxiety and PTB. There
were three exclusion criteria: (1) the results of the study were numerically suspicious; (2) the authors reported the odds ratio for a continuous
predictor variable; and (3) the odds ratio was inappropriately adjusted as described in Critical Appraisal.

not combine these estimates since 4 of the studies included
estimates for both SA and PSA. The estimates of increased
risk of PTB are almost identical for both SA and PSA. This
is not surprising since these variables have been found to
be very highly correlated in both validation studies [52] and
studies in this review [10, 32, 33, 40, 41, 48]. There could be
several reasons for this: (1) it may not be possible to separate
SA and PSA using self-report questionnaires, (2) both types of
anxiety have the same physiological response which may lead
to PTB, and (3) SA may be a natural sequelae of PSA or vice
versa. Studies suggest that PSA or fear of childbirth is more
prevalent among women with high SA [53-55]. SA relates to
the temporary or emotional anxiety aroused by a situation or
circumstance and is assessed using a 20-item Spielberger State
and Trait Anxiety Inventory Form Y-1 [56, 57]. PSA, on the
other hand, can be assessed with a 10-item Pregnancy-Related
Anxiety Scale-revised [48] and unlike the Spielberger State
and Trait Anxiety Inventory Form Y-1has no cost attached to
it; thus, is cost-effective when considering implementation of
a screening program.

4.2. Comparisons with Other SRMA. There have been five
reviews which have, in part, examined the relationship
between prenatal maternal anxiety and PTB [3, 7, 9, 10, 58].
Three of these have been narrative [3, 7, 58], whereas two
have produced summary statistics from a MA [9,10]. Dunkel-
Schetter and Glynn [3] provided a narrative review which was
the most comprehensive in that her bibliography included
21/23 papers in our review published prior to 2010. They
separated anxiety into anxiety (general; N = 11) and PSA
(N = 9) and one situational anxiety [18]. Their conclusions
were vague; “a total of 6 of the 11 studies on general or state
anxiety show some impact on preterm birth or gestational
age, although in all cases the effects are somehow qualified”
[3]. They also indicated that all of the eight studies, which
examined PSA, showed an effect on PTB.

Alder et al. [58] provided a selective narrative review,
in which only 5/17 studies we found prior to 2007 were
included in her bibliography. Only two of these, however,
were discussed in the section of the effect of maternal
anxiety and depression on gestational age, from which they
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Study ID

ES (95% CI)

Included
Kramer et al. (2009)

Orr et al. (2007)

Peacock et al. (1995)

Andersson et al. (2004)
Sanchez et al. (2013)
Ibanez et al. (2012)

Subtotal (I* = 46.9%, p = 0.094)

Excluded
Dayan et al. (2006)

Dayan et al. (2006)

Copper et al. (1996)
Subtotal (I* = 0.0%, p = 0.396)
Overall (I* = 76.5%, p = 0.000)

Note: weights are from random effects analysis

e 1.80 (1.30, 2.40)

;._ 1.50 (1.07, 2.11)

_._i 0.99 (0.58, 1.67)
|

- : 0.61 (0.08, 4.61)

i — 2.58 (1.70, 3.96)

_i._ 1.78 (0.97, 3.21)

1.65 (1.26, 2.16)

0.87 (0.70, 1.08)

|
e 0.97 (0.73, 1.30)
— | 1.22(0.78,1.91)

|
| 0.94 (0.80, 1.11)
I
I

1.33(1.01, 1.75)

[
0.08

I
1 12.5

FIGURE 3: The effect of excluding estimates of dubious quality on the heterogeneity of the estimates of the OR for anxiety and spontaneous
PTB. There were three exclusion criteria: (1) the results of the study were numerically suspicious; (2) the authors reported the odds ratio for
a continuous predictor variable; and (3) the odds ratio was inappropriately adjusted as described in Critical Appraisal.

concluded that there was no relation to gestational age with
enhanced levels of anxiety. The final narrative review [7]
was selective with only 13/29 studies published prior to 2012
included. The authors concluded that anxiety (and general
perceptions of stress) has been associated with shortened
gestation in many (N = 9/11) studies.

Ding et al. [9] included 12/31 studies that we found prior
to 2013 in their analysis, but they purposefully omitted studies
that did not include an OR; eight of these we included in
the current MA, but we excluded four due to problems with
the reported statistical analysis. We also included another
four studies, which were published after Ding et al’s [9] MA
was published. Ding et al. [9] found that prenatal maternal
anxiety was significantly associated with an increased risk for
PTB, but their summary relative risk (RR = 1.5 (95% CI 1.33,
1.70)) included 12 studies which had a mixture of outcome
(PTB and spontaneous PTB) and types of anxiety (SA, TA,
anxiety disorder, and PSA) and included both adjusted and
unadjusted estimates. Surprisingly they found no evidence
of heterogeneity amongst these 12 studies, whereas we found
substantial evidence of heterogeneity. Littleton et al. [10], on
the other hand, provided a MA for studies that reported
CC. They identified five of the studies that we found and
provided a mean CC of —0.06 (95% CI —-0.11 to —0.02) for

10 studies, but despite the 95% CI not including zero, they
claimed that there were no associations between anxiety
symptoms and perinatal outcomes, due to their “Fail-safe”
p-values. This method has been criticised and the Cochrane
handbook recommends that these methods not be used [14].
They also found a mean CC of —0.10 (95% CI —0.24, —0.06)
for five studies that looked at the relationship between PSA
and gestational age.

4.3. Strengths and Limitations of Our Meta-Analysis. Unlike
previous narrative reviews [3, 7] and meta-analysis [9], we
did not find any evidence to suggest that PSA has a greater
risk than SA, although the number of studies was small
but consistent. While one meta-analysis [10] found a small
relationship between PSA and PTB the estimates were below
established fail state cut-off; thus, the reliability of the findings
was questioned. Unlike previous meta-analysis, we separated
studies which used the CC from those that used an OR,
since these are inherently different statistics. We decided to
investigate the summary OR and CC separately although
methods exist to convert both these measures to an effect
size [59]. We did this primarily because of the potential
inappropriateness of the CC, which is difficult to determine
without access to the individual level data. Whether the
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PTB
Study ID ES (95% CI)
|
Anxiety disorder !
Berle et al. (2005) * ‘ 1.24 (0.62, 2.80)
Field et al. (2010) —— 1.41 (1.18, 1.68)
Andersson et al. (2004) * ‘ 1.02 (0.30, 3.45)
|
Bindt et al. (2013) L * 1.80 (0.60, 5.50)

Subtotal (I* = 0.0%, p = 0.906)
Preg-spec ANX
Dole et al. (2004)
Subtotal (I* = %, p = .)
State anxiety
McDonald et al. (2014)
Ibanez et al. (2012)
Subtotal (I* = 0.0%, p = 0.457)

Trait anxiety

<>

1.40 (1.18, 1.66)

* 1.94 (1.34,3.71)
I
<>
I
I
I
I

—

1.94 (1.17,3.23)

1.76 (1.25, 2.47)

1.40 (0.85, 2.30)

<

1.64 (1.24,2.17)

Catov et al. (2010)
Subtotal (I* = .%, p = .)
Heterogeneity between groups: p = 0.324
Overall (I* = 0.0%, p = 0.710)

<>

o
<

1.03 (0.57, 1.85)
1.03 (0.57, 1.85)

1.46 (1.27, 1.67)

<

I
0.182

1 55

FIGURE 4: The effect of type of anxiety on the estimate of the odds ratio for the relationship between anxiety and PTB.

relationship between a measure of anxiety and gestational
age is linear is doubtful, which increases the difficulty of
interpreting CC in this context. Another point to bear in
mind is that since neither variable is known to be normally
distributed the CC is in general not a good measure of the
strength of the relationship. However, both the summary OR
and the summary CC do have equivalent effect sizes. An OR
of 1.7 with a 95% CI 1.3, 2.1 is equivalent to a CC of —0.11
with a 95% CI —0.16, —0.06. So we can conclude that our two
analyses are consistent.

4.4. Heterogeneity in Meta-Analyses. Thompson makes a
distinction between statistical and clinical heterogeneity [60].
Clinical heterogeneity arises when the included studies differ
in terms of patient selection and methodological differences,
such as study design and differently defined primary predic-
tor and outcome variables. Statistical heterogeneity, as deter-
mined by a significant Q statistic or I>, may be caused by these
known clinical and methodological differences or it may be
caused by unknown or unrecorded clinical and method-
ological differences. Thompson, among many other authors,
emphasizes that sources of heterogeneity must be investigated
to increase the clinical relevance of the conclusions [60].

We reduced statistical heterogeneity substantially by
omitting studies that were apparently numerically incorrect

or had inappropriately adjusted estimates of the OR (e.g., that
included another highly correlated predictor variable such as
another type of anxiety or depression). In addition we did
not combine estimates that did not make sense to combine,
such as an OR when the predictor variable is binary with
one in which the predictor variable is continuous. Although
it is possible to use a random effects model to estimate
the summary OR in the presence of statistical heterogene-
ity Thompson [60] points out that this is only useful if
the statistical heterogeneity cannot be explained by clinical
differences. In our analysis we focused on methodological
differences particularly in terms of the operationalization of
the primary variables and the statistical methodology.

4.5. Issues in Statistical Methodology. If we consider
the situation when PTB is a dichotomous variable and anxiety
as a continuous variable, it is important that the assumption
of linearity between the log-odds of PTB and anxiety score
is not violated. Interpretation of the OR per k-unit increase
is difficult since this model assumes that the OR is the same
when comparing a score of 20 with a score of 15, both of
which are very low and when comparing a score of 42 with a
score of 47, when both scores are around the cut-off level for
high anxiety. Combining an OR expressed as a unit or 5 unit
increase in the primary predictor variable with an OR when
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Study ID

ES (95% CI)

Anxiety disorder
Andersson et al. (2004)

0.61 (0.08, 4.61)

Subtotal (I? = Y%,p=")
Preg-spec ANX

Kramer et al. (2009)

Orr et al. (2007)
Subtotal (I* = 0.0%, p = 0.435)
State anxiety

Ibanez et al. (2012)
Subtotal (I* = .%, p = .)
Anxiety - General

Peacock et al. (1995)

Sanchez et al. (2013)

Subtotal (I* = 87.0%, p = 0.006)

Heterogeneity between groups: p = 0.774

Overall (I* = 46.9%, p = 0.094)

L 4

0.61 (0.08, 4.63)

S 1.80 (1.30, 2.40)
1 1.50 (1.07, 2.11)
<> 1.66 (1.32, 2.08)

l
_‘,_ 1.78 (0.97, 3.21)
<> 1.78 (0.98, 3.24)

i
— B 0.99 (0.58, 1.67)
Ll 2.58 (1.70, 3.96)

1.78 (1.28,2.47)

1.69 (1.41, 2.02)

[
0.08

1 12.5

FIGURE 5: The effect of type of anxiety on the estimate of the odds ratio for the relationship between anxiety and spontaneous PTB.

the primary predictor variable is binary is not appropriate
because even within the same data these estimates will be
different. Consider an example of a simulated dataset in
which the CC between gestational age and anxiety is —0.2, and
the variables are similarly distributed as those in the studies
included in our SR and MA. The predictor variable is a mea-
sure initially on a continuous scale such as the STAI but then
may be dichotomised using, for example, the 75th percentile.
We could report the OR per unit or per 5-unit increase in the
continuous anxiety score (e.g., in our example the coefficients
would be 1.04 per unit increase or 1.25 per 5-unit increase).
However, if we choose to dichotomise the predictor variable
the OR will be quite different, since it is comparing one
group with a range of scores to another with a different range
of scores. In our example the OR for the binary predictor is
2.2.

We had to exclude four adjusted estimates from the MA
[19-22]. In these studies the authors had included anxiety
as a continuous variable in the model along with a highly
correlated predictor variable. Examples of highly correlated
predictor variables are two measures of the same anxiety
scale taken at different times during pregnancy; two different
measures of anxiety (e.g., SA and PSA), and depression and
anxiety. In each case the correlation between the variables
is very high (in the order of 0.5 to 0.7) which will result
in collinearity and difficulty in interpreting the resulting
coeflicients.

4.6. Limitations

4.6.1. Ethnicity. We would have liked to assess the effect of
ethnicity on the relationship between anxiety and PTB, but it
is not impossible for us to assess in the present study. In many
of the North American studies the populations were a mix
of Caucasian, Black, Hispanic, and Other ethnicities some of
which were not even specified. We have now included Table 3
in the paper, which includes the percentage of White, Black,
and Hispanic women in the sample for each study. Most
papers did not address the issue of ethnicity and indeed would
not have been powered to do so. There was only one paper in
our MA that produced separate estimates of the OR for Black
and White women separately. Dole et al. [31] found an OR of
2.2 (95% CI 1.3 to 3.7) for Black women and 1.7 (95% CI 1.1,
2.5) for White; thus, there was a large overlap in the 95% CI
of these estimates in spite of the large sample sizes (N = 644
Black women and 1098 White women). We therefore decided
to combine the estimates, using the inverse variance method
resulting in an estimate of 1.94 (1.34, 2.82). The estimate of
I* was 0.0% and p = 0.430 for the Q statistic. We felt that it
was more appropriate to combine these estimates rather than
to treat them as two separate studies in the meta-analysis.
Catov et al. [28] presented estimated for Black and White
women, but since this analysis was of subset of data from a
previous analysis [27] we chose not to duplicate this in our
MA. Interestingly in this subsequent analysis, there was no
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Gestational age

Study ID

ES (95% CI)

State anxiety

Dominguez et al. (2005) — —-0.09 (-0.24, 0.06)
Mancuso et al. (2004) — e —0.06 (-0.18, 0.06)
Rini et al. (1999) —Q—i— ~0.16 (=0.29, —0.03)
Dominguez et al. (2008) * i —0.14 (-0.32, 0.04)
Lobel et al. (2008) —0—1— —-0.13 (-0.25, -0.01)

Pagel et al. (1990)
Lobel et al. (2000)

-0.18 (-0.38, 0.02)

Subtotal (I* = 0.0%, p = 0.916)
Preg-spec ANX

I
I
|
- ~0.10 (-0.27, 0.07)
I
~0.12 (=0.17, —0.06)

Dominguez et al. (2005) —_— —-0.10 (-0.25, 0.05)
Mancuso et al. (2004) e ~0.07 (~0.19, 0.05)
Rini et al. (1999) S L ~0.12 (~0.25,0.01)

Wadhwa et al. (1993)

4

Dominguez et al. (2008)
Subtotal (I* = 30.7%, p = 0.217)
Trait anxiety

Hosseini et al. (2009)

Subtotal (I* = .%, p = .)
Anxiety disorder

Bindt et al. (2013)

Subtotal (I* = .%, p = .)

Overall (I* = 0.0%, p = 0.570)

Note: weights are from random effects analysis

—-0.32 (-0.53, -0.11)

0.00 (~0.18, 0.18)
—0.11 (~0.19, —0.03)

-0.10 (-0.17, -0.03)
-0.10 (-0.17, -0.03)

~0.03 (=0.10, 0.04)
~0.03 (~0.10, 0.04)

-0.09 (=0.13, —0.06)

-0.531

0 0.531

FIGURE 6: The effect of type of anxiety on the estimate of the correlation coefficient (ES) between anxiety (measured as a continuous variable)

and gestational age.

effect of anxiety of PTB in either Black or White women and
the ORs were very similar: 1.4 (95% CI 0.34, 5.0) for Black
women and 1.6 (95% CI 0.6, 3.7) for White women.

4.6.2. Exposure. We had originally planned to examine the
effect of exposure (degree of anxiety) but this became
impossible to do. There were more than thirteen validated
scales used amongst the 37 studies, and many of these had
been adapted in some form. Additionally many scales were
“Researcher Developed” for the purpose of the study and
others adapted from some Researcher Developed scales.
Even for the validated scales, different cut-oft values were
used and some were intrinsically binary (such as diagnoses).
We have included these in Table 3, which may help describe
the sources of heterogeneity across the studies.

4.6.3. Other Sources of Bias. Several limitations of this MA
arise from the inherent limitations of the included studies

as evident in the critical appraisal conducted. Many studies
did not have a cohort representative of the population, as
described earlier, making it difficult to generalize the results
to all pregnant women with or without anxiety. Many of
the included studies did not identify and account for all
confounding variables, making it difficult to determine if
their results are valid, whereas other studies inappropriately
adjusted their estimates with variable highly correlated with
anxiety. In addition, eight of the 35 studies that looked at
the relationship between anxiety and PTB were excluded
because of the limited information they provided. We did not
examine publication bias using Funnel plots since it has been
determined that this analysis has very little power, especially
with a small number of studies [61, 62].

4.7 Future Directions. Our investigation shows consistent
findings that there is a statistically significant association
between maternal anxiety during pregnancy and PTB; the
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TaBLE 3: Classification of studies according to whether the primary outcome variable was PTB, spontaneous PTB, or gestational age and
the type of statistic (odds ratio or correlation coefficient) used to estimate the relationship (top panel). The effect of excluding estimates of
dubious quality on the heterogeneity of the estimates of the OR for anxiety and spontaneous PTB. There were three exclusion criteria: (1) the
results of the study were numerically suspect; (2) the authors’ reported the odds ratio for a continuous predictor variable; (3) the odds ratio

was inappropriately adjusted as described in Section 2.6 (lower panel).

Statistic Odds ratio Correlation coefficient
Outcome SPTB PTB PTB GA
Berle et al. (2005) [25]
Field et al. (2010) [34]
Andersson et al. (2004) [24] Bindt et al.(2011) [26]
Andersson etal. (2004) [24] Bindt et al. (2013) [26] Wadhwa et al. (1993) [50]
Dole et al. (2004) [31] ) 1 . 1
Kramer et al, (2009) [38] Dole et al. (2004) [41] Dominguez et al. (2005) [33]
Ibanez et al’ (2012) [37] McDonald et al. (2014) [43] Glynn et al. (2008) [35] Dominguez et al. (2008) [32]
Stud Peacock et ai (1995) [46] Ibanez et al. (2012) [37] Lobel et al. (2008) [40]  Mancuso et al. (2004) [42]
Y Sanchez et al‘ (2013) [49] Amiri et al. (2010)"** [23] Wadhwa et al. (1993) Rini et al. (1999) [48]
s Catov et al. (2010) [27] [50] Lobel et al. (2008) [40]
Orr et al. (2007)° [44] 1 et al « letal
Copper et al. (1996)° [29] Powell et al. (2013)" [47] Pagel et al. (1990) [45]
Davan et al .(2006)* [30] Perkin et al. (1993)*" [20] Lobel et al. (2000) [41]
4 ’ Martini et al. (2010)*" [22] Hosseini et al. (2009) [36]
Rauchfuss and Maier (2011)**
[21]
Heterogeneity
Before
exclusion 76.0%, p < 0.001 79.8%, p < 0.001 61.9%, p = 0.073 0.0, p = 0.570
After 46.9%, p = 0.094 0.0%, p = 0.715
exclusion

Goldenberg et al. [19] study (1996) was excluded since it was not possible to extract any relevant information and Latendresse and Ruiz [39] (2011) only provided
information on the mean (SD) anxiety scores in the mothers of preterm and those of term babies.
SStudies that provided adjusted estimates but not in the same form as the unadjusted estimate (i.e., for categorical rather than binary) so the unadjusted estimate

was used.

*Studies that reported the OR for a continuous predictor variable (excluded).

**Studies that used inappropriate adjustment in the multivariable analysis and no unadjusted estimate available (excluded).

EEEY

Studies that were numerically suspect (excluded).

results, however, cannot assume causality. The relationship
between maternal anxiety during pregnancy and PTB cur-
rently satisfies the Bradford Hill criteria [63] of specificity
(pregnant women giving birth to preterm babies), tempo-
rality (prenatal anxiety occurs before PTB), and, with the
addition of the results of this paper, consistency. In order to
turther satisfy the Bradford Hill criteria it would be practical
to create a prenatal program designed to reduce PSA and/or
SA in pregnant women. This intervention could then be
utilized in a randomized-control trial (RCT) to determine if
the reduction in PSA improves PTB rates. If the results of the
RCT show that there is a statistically significant difference
between the control group and the group with the anxiety
reduction intervention, then we can begin to assume that PSA
causes PTB and this would have enormous implications for
health promotion in pregnant women. We identified that the
OR for prenatal anxiety and PTB is of the order of 1.3 to 2.0
(considering the limits of the CI). What does this mean on
a global level? We used data provided by Blencowe et al. [64]
which reports the number of births and the preterm birth rate
in seven different regions of the world in 2010. If we estimate
that 25% of pregnant women have some form of anxiety and
take a very conservative estimate of the RR of about 1.3, then
in Northern Africa and Western Asia, the number of PTB
that could be prevented by treating anxiety during pregnancy

(Attributable Fraction) would be very close to 44,000 and in
Southern Asia would be 303,000 in one year. If we consider a
less conservative RR (2.0) the number prevented in Northern
Africa and Western Asia would be 150,000 and over 1,000,000
in Southern Asia.

5. Conclusions

There was substantial heterogeneity across the studies for
those reporting OR for spontaneous PTB and PTB, but
after excluding studies that used inappropriate methods of
adjustment or reported the OR for a unit or 5-unit increase in
anxiety, the heterogeneity was substantially reduced. Further
reductions in heterogeneity were observed when the primary
predictor variable was restricted to SA and PSA. Consistent
findings indicate a significant association between prenatal
maternal anxiety and PTB; therefore, a prenatal program
designed to reduce maternal anxiety during pregnancy could
decrease the burden of PTB on the healthcare system.
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