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Abstract

Purpose Preterm birth represents one of the main causes of neonatal morbimortality and a risk factor for neurodevelopmental
disorders. Appropriate predictive methods for preterm birth outcome, which consequently would facilitate prevention pro-
grams, are needed. We aim to predict birth date in women with a threatened preterm labour (TPL) based on stress response
to TPL diagnosis, cumulative life stressors, and relevant obstetric variables.

Methods A prospective cohort of 157 pregnant women with TPL diagnosis between 24 and 31 weeks gestation formed the
study sample. To estimate the stress response to TPL, maternal salivary cortisol, a-amylase levels, along with anxiety and
depression symptoms were measured. To determine cumulative life stressors, previous traumas, social support, and family
functioning were registered. Then, linear regression models were used to examine the effect of potential predictors of birth
date.

Results Lower family adaptation, higher Body Mass Index (BMI), higher cortisol levels and TPL diagnosis week were the
main predictors of birth date. Gestational week at TPL diagnosis showed a non-linear interaction with cortisol levels: TPL
women with middle- and high-cortisol levels before 29 weeks of gestation went into imminent labour.

Conclusion A combination of stress response to TPL diagnosis (salivary cortisol) and cumulative life stressors (family
adaptation) together with obstetric factors (TPL gestational week and BMI) was the best birth date predictor. Therefore,
a psychosocial therapeutic intervention program aimed to increase family adaptation and decrease cortisol levels at TPL
diagnosis as well as losing weight, may prevent preterm birth in symptomatic women.
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Introduction

Despite advances in increasing infants’ survival rate, pre-
term birth is still the main cause of neonatal morbidity [1]
and represents one of the most leading risk factors for later
neurodevelopmental disabilities during childhood [2]. Criti-
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unnecessary hospitalizations, and elevated costs for public
health system [5, 6]. One-third of pregnant women admitted
to hospital suffer from a threatened preterm labour (TPL),
but more than 50% do not progress to active labour [7] and
only about half of preterm births cases are preceded by an
identifiable risk factor [8]. Different prevention programs
have been implemented around the world aimed to reduce
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preterm birth [9] and social determinants are gaining con-
sideration from renowned scientific organizations [10].
Therefore, reliable methods that allow physicians to stratify
TPL women into low- and high-risk groups for preterm birth
outcome are required.

A growing body of research indicates that both chronic
life stress prior to conception and stressful events during
pregnancy may act as potential risk factors for preterm birth
[11, 12]. When personal coping strategies are saturated due
to chronic life stress, overexposure to neuroendocrine media-
tors (e.g., cortisol or a-amylase) that maintain the homeosta-
sis of Hypothalamic—Pituitary—Adrenal (HPA) axis [13, 14]
and the Sympathetic—Adrenal-Medullary (SAM) axis [14],
may have a deleterious impact on both mother and foetus
[15], increasing the probability of preterm birth. Among pos-
sible causes of chronic stress, a history of traumatic events
and poor social support or family functioning have usually
been identified. In fact, it is well documented that a history
of traumatic life events prior to conception may increase
the risk of preterm birth [16-20]. However, although social
support may modulate the association between life stress-
ful events and preterm birth, findings are inconclusive [12,
21-23]. Whereas a systematic review concluded null rela-
tionship between maternal social support and preterm birth
[22], more recent studies pointed out that specifically lack of
partner support rather than global social support was associ-
ated with higher risk of preterm birth [21, 23, 24].

Regarding stressful events during pregnancy, they may
alter normal balance of immune mediators, hormones, and
neurotransmitters involved in timing of birth, increasing
the risk of preterm birth [25, 26] as well as psychomotor
impairments in infants [27]. Noteworthy, TPL is considered
a stressful prenatal event likely to trigger a biopsychological
stress response [28, 29]. First, from a biological perspective,
a TPL event may dysregulate both the HPA axis [13, 14] and
the SAM axis [14]. As for HPA axis biomarkers, research
has revealed that cortisol levels at TPL diagnosis may pre-
dict birth 48 h after TPL diagnosis [30]. Conversely, other
study addressing SAM activity measured by a-amylase lev-
els showed inconclusive findings [14]. Whereas a-amylase
dysregulation has been suggested as the underlying mecha-
nism for the link between maternal depression and prema-
turity [31], no association between a-amylase levels and
preterm birth has been found in non-depressed pregnant
women [28, 29]. Second, from a psychological perspective,
both gestational anxiety [32, 33] and depressive symptoms
[34-36] which may be triggered by TPL diagnosis [37] can
also be associated with preterm birth. In sum, women expe-
riencing chronic life stress may need only another significant
stressor during pregnancy such as TPL to reach the tipping
point that leads to a preterm birth [32].

Even with the previous focused research efforts, it is
still unclear which stress-related factors are most strongly
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associated with preterm birth, for several reasons mentioned
below. First, although the impact of a stressful event during
pregnancy can be modulated by a combination of biopsy-
chosocial stress-related pathways (HPA or SAM stress bio-
markers, anxious-depressive symptoms at TPL diagnosis,
and/or previous traumatic events as well as social support),
most studies have considered these factors separately [38].
Second, there seems to be a non-direct correlation between
stress biomarkers determination and self-reported psychoso-
cial stress by pregnant women [39]. Moreover, the few stud-
ies that have simultaneously examined different maternal
stress-related variables also included non-TPL women and
reported inconclusive findings: whereas some studies not
using self-reports measures found an association between
preterm birth and stress biomarkers [40, 41], others found
that maternal self-reports may improve the biomarkers pre-
diction [42]. Third, prospective studies with symptomatic
women usually conduct only a 48 h follow-up after TPL
diagnosis instead of until birth [30]. In the present follow-up
study, multiple stress-related outcomes are studied simul-
taneously in symptomatic women from TPL diagnosis to
birth date.

This study aims to predict birth date in women who suf-
fered from a TPL by means of a combination of multiple
stress-related factors: (i) cumulated life stressors (previous
traumas, social support, and family functioning); and (ii)
biopsychological response to TPL diagnosis (salivary corti-
sol and a-amylase as well as anxiety and depression symp-
toms). We expect that, considering studies that examine a
combination of stress-related variables, biomarkers would
be the strongest birth date predictors [40, 41]. However,
self-reports assessing chronic social stress and acute psy-
chological stress response to TPL diagnosis may improve
this prediction model [42]. In addition, we expect that the
association between stress biomarkers and self-reports might
not be linear [39].

Materials and methods

This is a prospective cohort study performed in the Division
of Obstetrics at a tertiary referral hospital during a 12-month
period. The Ethics Committee at the Health Research Insti-
tute approved the study protocol (ref. 2015/0086), and
informed consent was obtained from all participants.

Participants

Eligible participants were pregnant women diagnosed with/
TPL between 24 and 31 + 6 weeks of gestation to guaran-
tee that all participants were subjected to the same protocol
treatment. TPL was diagnosed according to the following
clinical criteria: regular uterine contractions associated with
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cervical changes (> 80% cervical effacement or cervical dila-
tion >2 cm), measured by the cervical ultrasound (cervical
length <25 mm). After TPL diagnosis, fetal cardiac activ-
ity and uterine contractions were monitored by abdominal
ultrasound. If contractions persisted, women were admitted
to the obstetric ward [43]. All women received one corti-
costeroids dose at least 12 h before saliva sample collection,
and the second corticosteroids dose was administered after
it. Considering that corticosteroid average lifetime is 12 h,
antenatal steroid levels had already decreased notably when
saliva sample was collected. Tocolytic therapy was atosiban
or nifedipine [44]. Atosiban was initiated with a 6.75 mg/
min bolus; then, a loading dose of 300 pg/min~" for 3 h and
a 48 h maintenance dose of 100 ug/min~" were administered.
Alternatively, nifedipine 20 mg, followed by 10 mg for each
20 min until 40 mg for 1 h, was administered [45]. Thus, all
women received atosiban or nifedipine for less than 24 h as
a whole. Finally, in cases of imminent labour (when cervix is
between 4 and 10 cm dilated, rate of cervical dilation at least
1 c/hour, effacement is usually complete, and fetal descent
through birth canal begins), magnesium sulphate is usually
administered but, in our sample, none of the participants
received it before saliva collection.

Exclusion criteria involved severe medical conditions
(e.g., diabetes mellitus), severe obstetric complications (pla-
centa abruption, preeclampsia, intrauterine growth restric-
tion, cervical dilation >4 cm, infection, obstructed labour),
fetal anomalies, teratogenic substances use, and social exclu-
sion risk, which is considered a stressful condition that may
act as confusing variable. To assess social exclusion risk,

Fig. 1 Flow diagram describ-

ing the recruitment process, the
exclusion determinants, and the
participants who completed the
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Women with Threatened

study

multidimensional criteria were employed: (i) risk of poverty;
(ii) severe material deprivation; and/or (iii) jobless house-
hold [46]. A final sample of 151 TPL women completed the
follow-up until birth. See Fig. 1 for the recruitment flow
diagram.

Instruments and procedure
Psychological assessment

The following questionnaires were completed by participants
in a 1 h session following recruitment.

e The Traumatic Experience Questionnaire (TEQ) [47, 48]
is a screening test useful to detect post-traumatic stress
disorder (PTSD). The questionnaire contains three parts
evaluating: (i) a list of 19 potential traumatic events expe-
rienced; (ii) the most important traumatic event (qualita-
tive dimension); and (iii) a list of 18 psychological symp-
toms according to DSM-IV criteria for PTDS whose sum
represents the total score. The internal consistency coef-
ficient for the symptoms scale was 0.88.

e The Multidimensional Scale of Perceived Social Sup-
port (MSPSS) [49] assesses individual’s social support
perception from 3 specific sources: family, friends, and
significant person or partner. It is composed of 12 items
rated on a 7-point Likert scale, and its internal consist-
ency was 0.85 for the whole scale.

e The Family Adaptability Cohesion Evaluation Scale III
(FACES 1II) [50] measures family Cohesion (degree to
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which family members are separated from or connected
to their family) and family Adaptability (extent to which
the family system is flexible and able to change facing
new circumstances). The test contains a total of 20 items
rated on a 5-point scale according to the perceived fre-
quency of different family living situations. It showed
high internal consistency for Adaptability (0.87), Cohe-
sion (0.86) and the total FACES scale (0.93).

e The State-Trait Anxiety Inventory (STAI) [51] was used
to assess maternal trait and current state anxiety. It can
be used in clinical settings to diagnose anxiety and to dis-
tinguish it from depressive syndromes. Each subscale is
formed of 20 items rated on a 4-point scale, with higher
scores indicating greater anxiety levels. Internal consist-
ency coefficient for STAI-State scale was 0.89.

e The Beck Depression Inventory Short Form (BDI/SF)
[52] measures typical depressive attitudes and symptoms
in both psychiatric and non-psychiatric populations. It
contains 13 items rated on a 4-point Likert scale, where
scores > 5 points suggest probable depression (5—7 mild,
8-15 moderate, > 15 severe). Internal consistency was
0.73.

Stress biomarkers

Concerning analytical determinations, standard of cortisol
was purchased from Sigma-Aldrich Quimica SA (Madrid,
Spain). Saliva samples were collected in the morning after
admission between 10 and 12 a.m. (minimum 1 h after
breakfast). Samples were stored at — 80 °C and were thawed
on ice and homogenized. The sample treatment to determine
cortisol was based on previous work [53]. Briefly, 25 pL of
sample were subjected to liquid-liquid extraction to extract
cortisol, then the organic layer was evaporated to dryness
and the residues were reconstituted in water (pH 3): metha-
nol (85:15 v/v) solution. Finally, 5 uL were injected in the
chromatographic system (ultra-performance liquid chroma-
tography coupled to tandem mass spectrometry).

Salivary a-amylase assay kit was acquired from Salimet-
rics (Suffolk, United Kingdom). For the a-amylase determi-
nation, samples were vortexed and centrifuged. Then, they
were diluted with the a-amylase diluent at 1:200 as final
dilution. Finally, they were subjected to the kinetic enzyme
assay.

Statistical analysis

As for statistical analysis, data were summarized using mean
(standard deviation) and median (1st, 3rd quartile) for con-
tinuous variables and relative and absolute frequencies for
categorical variables. Correlations among stress-related vari-
ables were assessed with Spearman’s correlation. Associa-
tion between potential birth predictors and final birth date
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(weeks) was assessed using a linear regression model. Parity,
Body Mass Index (BMI), multiple pregnancy, in-vitro fertili-
zation, and the gestational week at TPL diagnosis were also
included due to their potential influence on preterm birth
[53]. Selection of the predictors included in the model was
performed using L1 penalization. The lambda parameter was
selected using 500 repetitions of tenfold cross-validation.
Model performance was assessed estimating optimism cor-
rected R-square using bootstrapping [54]. All statistical anal-
yses were performed using R (version 3.5.3), rms (version
5.1-3.1) and glmnet (version 2.0-16).

Results

Socio-demographic and clinical variables of the sample
are summarized in Table 1. Prior to modelling, an explora-
tory data analysis was performed by examining correlations
between the different stress-related variables (see Fig. 2).
Chronic stress-related variables showed moderate to strong
correlations among them (MSPSS and FACES). Similarly,
acute psychological stress-related responses to TPL (STAI
and BDI) moderately correlated to each other. No other evi-
dent associations were found.

Variable selection using L1 penalization specified four
predictors as the optimum complexity for the linear regres-
sion predictive model (Table 2). These variables were family
adaptation (FACES), maternal BMI, TPL gestational week,
and cortisol levels. Additionally, a non-linear trend for TPL
week using regression splines was added to the model.

Birth Week =-43.49-0.23*BMI + 2.92*TPL-

week - 0.04*max(TPLweek-24,
0)> + 0.21*max(TPLweek - 29,
0)> - 0.26*max(TPLweek — 31,
0)> + 0.009*max(TPLweek - 33,

0)} - 18.21*log(cortisol) + 0.11 *adaptation +
log(cortisol)*(0.66*TPLweek — 0.009*max(T
PLweek — 24, 0)°+0.06*max(TPLweek — 29,
0)) - 0.08*max(TPLweek - 31,
0)° +0.03*max(TPLweek — 33, 0)°.

This model had an R-squared value of 0.37 and an opti-
mism corrected R-squared value of 0.30. To aid in the inter-
pretation of the non-linear effect of TPL week, a marginal
effects plot for this variable and its interaction with log (cor-
tisol) values is provided (Fig. 3).

Discussion

Main findings

This study highlights the relevance of considering a com-
bination of multiple stress-related variables, that is: (i)



Archives of Gynecology and Obstetrics (2022) 305:1421-1429

1425

Table 1 Socio-demographic and clinical variables of the final sample

Variable Final sample
(n=157)
Mean (SD)/n(%)
Median (1st, 3rd Q.)
Maternal age 31.75 (5.41)
32 (28, 36)
Parity 0.52 (0.92)
0(0,1)
BMI 22.58 (3.07)
22.04 (21, 23)
Threatened preterm labour week 29.57 (2.87)
30 (28, 32)
State STAI 20.01 (9.72)
18 (14, 24)
Trait STAIR 17.86 (8.76)
17 (11, 22)
BDI-II 3.01 (3.11)
2(1,4)
Friends MSPSS 25.18 (3.61)
27 (24, 28)
Family MSPSS 26.43 (2.6)
28 (26, 28)
Partner MSPSS 27.1(1.91)
28 (27, 28)
Adaptation FACES III 30.53 (6.42)
30 (28, 34)
Cohesion FACES III 31.73 (5.32)
32 (29, 35)
TEQ 2.91 (4.26)
0(0,5)
Cortisol (nmol L™1) 3.06 (4.95)

1.33(0.05, 3.61)
68.18 (65.42)
54.12 (27.95, 78.92)

a-amylase (U mL™")

In-vitro fertilization

No 141 (89.81%)

Yes 16 (10.19%)
Multiple pregnancy

No 89 (56.69%)

Yes 68 (43.31%)

BMI Body Mass Index, STAI State-Trait Anxiety Inventory, BDI/SF
Beck depression inventory short form, MSPSS multidimensional scale
of perceived social support, FACES family adaptability cohesion
evaluation scale, TEQ Traumatic Experience Questionnaire

cumulated life stressors (previous traumas, social sup-
port, and family functioning); and (ii) the biopsychological
response to TPL diagnosis (salivary cortisol and a-amylase
as well as anxiety and depression symptoms) when attempt-
ing to predict birth date in TPL women. According to pre-
vious research [39], the relationship between self-reported

stress tests and biomarkers levels seems to be weak in TPL
women. Focusing on stress measures most strongly associ-
ated with our study outcome, lower family adaptation, higher
BMI, and middle and high levels of cortisol in women with
TPL diagnosis before 29 weeks of gestation were the best
predictors of preterm birth. Thus, given multifactorial aetiol-
ogy of stress [38], taking all these elements together and per-
forming simultaneous analysis of both psychosocial (fam-
ily adaptation) and biological variables (cortisol levels) as
well as obstetric factors (BMI and the TPL diagnosis week)
improves birth date prediction better than analysing these
factors separately [42].

Strengths and limitations

The strengths of this study are as follows: (i) the inclu-
sion of multiple stress-related variables; (ii) the success-
ful follow-up of participants from TPL diagnosis to birth;
(iii) the rigorous inclusion criteria to control for additional
stressful variables such as social exclusion or major medical
illness; and (iv) the consideration of other potential obstet-
ric predictors such as BMI, TPL diagnosis week, multiple
pregnancy, in vitro fertilization, or parity in the regression
model. In turn, these strengths have limited generalizability
of results and sample size. Furthermore, participants were
not included if any data were missing or the follow-up was
not completed, which could cause a selection bias. Finally,
although all pregnant women at 24-31 46 weeks received
similar treatment, individual differences in response to toco-
lytic agents and corticosteroids could have influenced bio-
markers determinations.

Clinical interpretation

Regarding stress biomarkers, middle- and high-cortisol lev-
els in women with TPL diagnosis before 29 weeks of gesta-
tion predicted earlier birth date. In line with Campbell et al.
(2005) [30], increasing levels of HPA axis biomarkers were
relevant for determining birth date in TPL women. How-
ever, whereas they observed that stress biomarkers had a
significant association with prematurity from the 28th week
of gestation and onwards [30], our findings have shown
this association from the 24th to 29th weeks of gestation.
This discrepancy may be explained due to differences in the
follow-up length; whereas Campbell et al. (2005) [30] car-
ried out a 48 h follow-up after TPL diagnosis, our research
extended it until birth time. With regard to a-amylase
levels, no differences have been observed, indicating that
a-amylase biomarker is not a significant variable to predict
birth week in symptomatic women (see Garcia-Blanco et al.
(2017) for a similar finding) [28, 29]. In this case, previous
research reporting an association between a-amylase levels
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Fig.2 Correlation plot between
the different stress-related vari-
ables
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Table 2 Results of the fitted linear regression model to predict the
birth week

Variable Coefficient 95% CI p value

(Intercept) —43.49 [—70.3, — 16.7] 0.002
Adaptation FACES III 0.11 [0.026, 0.19] 0.01

BMI -0.23 [-0.41, — 0.05] 0.012
log(cortisol) —18.21 [—28.9, — 7.54] 0.001
TPLweek 2.92 [1.91,3.92] <0.001
TPLweek’ —3.04 [—4.53, — 1.55] <0.001
TPLweek”’ 17.27 [6.43,28.1] 0.002
TPLweek:log(cortisol) 0.66 [0.25, 1.07] 0.002
TPLweek :log(cortisol) -0.75 [—1.38,—0.11] 0.022
TPLweek’’:log(cortisol) 491 [0.19, 9.63] 0.041

BMI Body Mass Index, FACES family adaptability cohesion evalua-
tion scale, TPL threatened preterm labour
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and preterm birth suggested that this relationship may be
restricted to women with prenatal depression [31].

As for psychological response to TPL, unlike previous
studies that found an association between preterm birth
and gestational anxiety [32, 33] and depressive symp-
toms [34-36], maternal self-reported symptoms after a
TPL were not relevant to estimate birth week in our sam-
ple. Thus, this apparent inconsistency may be attribut-
able to the inclusion of women without TPL in previous
research. Undoubtedly, all women with a TPL diagnosis
were expected to react with a subjective increase of anxi-
ety and depressive symptoms. Nevertheless, only some of
those women have shown middle- and high-cortisol lev-
els. Therefore, this study has shown that stress biomarkers
were stronger predictors than the subjective state anxiety
for TPL women. Like it occurs with anxiety symptoms,
suffering traumatic experiences previously to pregnancy
may be associated with preterm birth in asymptomatic
women [17, 19, 20]. However, such differences have not
been observed in this study with symptomatic women.
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It could be expected that previous traumas are not as
relevant in this context, because TPL represents a trau-
matic event itself. Hence, TPL can be considered as a
pregnancy-specific traumatic event that may provoke a
stress-vulnerability status in all cases [16].

Concerning chronic social stress-related variables,
family adaptation was a relevant factor to estimate the
final birth date. Likewise, other studies with non-TPL
women have concluded that some aspects of family func-
tioning (e.g., poor emotional understanding by the part-
ner) are related to preterm birth [21, 23]. In our study,
family’s ability to modify its rules, roles, and structure
in response to environmental changes, rather than social
support in general [22], was the most relevant social fac-
tor predictor [21, 23]. Therefore, among psychosocial
self-reported measures, chronic social stress—represented
by family adaptation difficulties—seems to be a stronger
predictor for preterm birth than maternal anxious-depres-
sive symptoms after a TPL diagnosis. Thus, although TPL
can trigger an increase of subjective anxiety in all women,
stable family functioning, on the contrary, may act as a
modulator compensating potential deleterious effect of
TPL and consequently reducing risk of preterm birth.

Finally, relating to obstetric variables, according to
prior literature about preterm birth [54], actors such as
maternal BMI and gestational week at TPL diagnosis have
also been relevant predictors for final birth date in our
study.

10 20 30 40
Adaptation

Conclusion

This follow-up study uses a multidimensional approach to
examine stress response in pregnant women with an ante-
natal adverse event such as TPL to explore potential indica-
tors of vulnerability to preterm birth. These findings can be
applied as a new useful tool to determine final birth date in
TPL women by means of a simultaneous analysis of chronic
social stressors (family adaptation) and biological stress
response to TPL diagnosis (salivary cortisol) together with
obstetric conditions (BMI and gestational week). This study
has important public health implications, since the number
of preterm births may be reduced by initiating early preven-
tive psychosocial interventions to increase family adapta-
tion and decrease cortisol levels after a TPL as well as lose
weight in symptomatic women.
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