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Preterm delivery before 37 gestational weeks is a major
challenge in perinatal health care. Over the past 30, the
incidence of preterm delivery in most developed countries
has been about 7–10% of live births. Some evidence shows
that this incidence has increased slightly in the past few
years, but the rate of birth before 32 weeks’ gestation is
almost unchanged, at 1-2%. Several factors have contributed
to the overall rise in the incidence of preterm delivery.
These factors include increased use of assisted reproduction
techniques, increasing rates of multiple births, and more
obstetric intervention. Progesterone is the key hormone
maintaining pregnancy. Numerous progesterone effects can
be demonstrated by laboratory studies involving every tissue
of the reproductive tract, the myometrium, decidua, cervix,
and fetal membranes. In particular, progesterone can alter
the response to cytokines, inhibit prostaglandin and nitric
oxide synthesis, reduce corticotrophin-releasing hormone
(CRH) synthesis, block cervical stromal degradation, and
induce cervical stromal matrix protein secretion. By altering
both the mechanical and physiologic functions of the cervix,
cervical performance may be substantially enhanced by
these agents. Presumably, progesterone may alter the rate of
cervical stromal degradation via altering secretion of matrix
metalloproteases by diminishing prostaglandin and nitric
oxide synthesis and minimizing neutrophil recruitment. The
diverse aetiology of preterm delivery makes its prediction
difficult. A substantial part of unexplained preterm deliveries
might be attributable to a deleterious immune response of
the mother toward the foetus. A growing body of evidence
suggests that progesterone might play a significant role in
establishing an adequate immune environment during the

early stages of pregnancy. In the presence of progesterone,
lymphocytes of pregnant women release a protein named
the progesterone induced blocking factor (PIBF)7 which
mediates the immunomodulatory and antiabortive effects of
progesterone. Immunologic recognition of pregnancy and
subsequent activation of maternal immune system result
in an upregulation of progesterone receptors on activated
lymphocytes among placental cells and CD8+ cells. In the
presence of sufficient progesterone levels, these cells synthesize PIBF. Patients at risk of preterm delivery presented
increased proinflammatory cytokines, low PIBF, and reduced
IL-10 expressions on lymphocytes. PIBF alters the profile
of cytokine secretion of activated lymphocytes shifting the
balance toward Th2 dominance. During a normal uneventful
pregnancy, the concentration of PIBF continuously increases
from the 7th to the 37th gestational weeks. After the 41st week
of pregnancy, PIBF concentrations dramatically decrease. In
patients with a diagnosis of threatened premature labour,
studies have shown that PIBF levels failed to increase during
pregnancy. Identification of women with risk for preterm
delivery would be a key for its prevention. No sufficiently
specific marker, however, has so far been found. The diverse
aetiology of preterm birth makes its prediction difficult.
This special issue will give as some useful information but
also questions which are important for our understanding
of pathophysiology, prevention, diagnosis, and treatment of
preterm birth.
Igor Hudić
Babill Stray-Pedersen
Vajdana Tomić
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Objective. DHA supplementation was compared to nutrition education to increase DHA consumption from fish and DHA fortified
foods. Design. This two-part intervention included a randomized double-blind placebo controlled DHA supplementation arm and
a nutrition education arm designed to increase intake of DHA from dietary sources by 300 mg per day. Setting. Denver Health
Hospitals and Clinics, Denver, Colorado, USA. Population. 871 pregnant women aged 18–40 were recruited between16 and 20 weeks
of gestation of whom 564 completed the study and complete delivery data was available in 505 women and infants. Methods. Subjects
received either 300 or 600 mg DHA or olive oil placebo or nutrition education. Main Outcome Variable. Gestational length. Results.
Gestational length was significantly increased by 4.0–4.5 days in women supplemented with 600 mg DHA per day or provided with
nutrition education. Each 1% increase in RBC DHA at delivery was associated with a 1.6-day increase in gestational length. No
significant effects on birth weight, birth length, or head circumference were demonstrated. The rate of early preterm birth (1.7%)
in those supplemented with DHA (combined 300 and 600 mg/day) was significantly lower than in controls. Conclusion. Nutrition
education or supplementation with DHA can be effective in increasing gestational length.

1. Introduction
Evidence from both human and animal studies suggests
that essential fatty acids of the n-6 and n-3 series play
important and modifiable roles in maintaining gestation. In
early epidemiological studies [1, 2] erythrocyte (RBC) n-3
docosahexaenoic acid (DHA) correlated with gestational age.
Previous studies in our laboratory have shown that women
delivering prematurely had markedly decreased n-3 DHA
and elevated n-6 arachidonic acid (ARA) and n-6 linoleic acid
(LA) pools in both RBC membranes and plasma phospholipids and increased RBC membrane n-6 docosapentaenoic

acid (DPA), a biomarker for n-3 fatty acid insufficiency
[3]. In an early randomized supplementation trial, pregnant
women supplemented with 2.7 g EPA + DHA/day throughout
the second half of gestation experienced a significant 4.5day increase in gestational length [4]. A food based supplementation trial in pregnant women demonstrated that
137 mg of DHA per day from 24–28 weeks until delivery
increased gestational length by a significant 6 ± 2.3 days
[5]. The FOTIP [6] trials of fish oil supplementation in high
risk pregnancy demonstrated a reduction in the recurrence
of preterm birth from 33% to 22%, OR .54 (95% CI, 0.30,
0.98), and resulted in an 8.5-day increase in gestational length

2
and significant increases in infant birth weight. A recent
report demonstrated that supplementation with 600 mg/day
DHA from the 20th week of pregnancy resulted in a 2.9day increase in gestational length accompanied by increased
birth weight, length, and head circumference reduction in
preterm birth at <34 weeks [7]. However, results from
randomized controlled trials remain inconclusive [8]. Several
meta-analyses failed to show any effects of DHA or fish oil
supplements on gestational length and birth weight [9, 10].
Data from the maternal-fetal network trials of 17-hydroxy
progesterone and fish oil for the prevention of preterm birth
were unable to show an additive effect of high doses of fish
oil on reduction in the recurrence of preterm birth [11].
However, an examination of fish intake in this group showed
that intake of moderate amounts of seafood was associated
with increased gestational length [12]. Overall, the effect of
fish intake on reduction in preterm (PT) birth has been more
consistent than the effect of fish oil or DHA supplements
and questions about the effect of DHA supplementation in
pregnancy outcomes remain unanswered. Therefore, specific
objective of this study was to compare supplementation at two
levels of DHA oil to nutrition education targeted to increase
DHA consumption from fish and DHA fortified foods on
gestational length.

2. Methods
The study was a two-part intervention which included a
randomized double-blind placebo controlled supplementation arm in which subjects received either 300 or 600 mg
of algal derived DHA or olive oil placebo and a nutrition
education arm designed to increase intake of DHA by 300 mg
per day from fish and other dietary sources. Approval was
obtained from the Human Research Committee of Colorado
State University and Colorado Multiple Institutional Review
Board.
2.1. Subjects. The sample size was determined on the basis of
the number of subjects needed to detect a 5-day difference
in gestational age at the 𝑝 < 0.05 level. 871 subjects
were recruited from Denver Health Hospitals (Denver, CO)
antenatal clinics. Four of the largest clinics were selected to
participate in the study. Three clinics were randomized to
receive supplements and one to receive nutrition education.
For the supplemental arm, 662 subjects were recruited and
of these 28 were ineligible, 634 subjects were randomly
allocated to treatment, 289 withdrew, and complete delivery
data was available on 345 subjects in the supplemental arm.
209 subjects were recruited and consented to participate in
nutrition education. Birth data was available on 191 of these
and 18 were lost to follow-up. In total, complete delivery
data was available for 536 of the 563 subjects (Table 1).
Baseline demographic and anthropometric characteristics of
subjects (Table 2) in the four groups were not significantly
different and there were no differences in between those
who completed the study and those who withdrew. Patients
were enrolled during regularly scheduled prenatal visits at
16 to 20 weeks of gestation or at WIC intake visits. Subjects
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Table 1: Subject characteristics by group and comparison of those
who completed study and those who withdrew from study.

CON (𝑛)
300 (𝑛)
600 (𝑛)
NEd (𝑛)
RBC DHA at entry – %
Total FA (mean ± sem)
CON
300
600
Maternal BMI Kg/M2
(mean ± sem)
CON
300
600
NEd
Maternal age years
(mean ± sem)
CON
300
600
NEd

Completed study
𝑁 = 536

Withdrew from study
𝑛 = 307
(𝑛, %)

121
107
117
191

92 (43.2)
93 (44.9)
104 (47.0)
18 (8.6)

3.43 ± 0.10
3.67 ± 0.12
3.47 ± 0.10

3.54 ± 0.12
3.54 ± 0.12
3.66 ± 0.11

25.09 ± 0.50
26.61 ± 0.55
25.29 ± 0.54
26.79 ± 0.46

25.69 ± 0.67
25.06 ± 0.65
25.31 ± 0.58
26.24 ± 1.30

25.1 ± 0.61
24.5 ± 0.62
24.3 ± 0.62
27.0 ± 0.50

24.2 ± 0.48
24.1 ± 0.45
23.5 ± 0.48
26.3 ± 1.32

CON: control; 300: 300 mg DHA/day; 600: 600 mg DHA/day; NEd: nutrition
education.

with singleton pregnancies were eligible for the study if they
were 18 years of age or older, willing to participate, and
able to sign informed consent and HIPPA forms in English
or Spanish. Subjects were excluded from the study if they
presented with known medical or obstetrical complications
associated with increased risk for preterm birth including
cervical incompetence, presence of cervical cerclage, placenta
previa, intrauterine infection, known substance abuse, multiple fetuses, current preeclampsia, preexisting diabetes, or a
history of gestational diabetes in a prior pregnancy. Subjects
were also excluded if they were taking nonsteroidal antiinflammatory drugs (NSAIDS) or if they consumed salmon,
mackerel, rainbow trout, or sardines at least once weekly or
if they had known allergies to fish or any constituent of the
nutritional supplement.
2.2. Supplemental Arm. Subjects were recruited by study
professional research associates and allocated to one of three
treatment groups (300 mg DHA, 600 mg DHA, or placebo)
using a stratified block randomization schedule, generated
using a randomization table by staff at Martek Biosciences,
to insure equal group assignment from each of three clinics
participating in the supplement trial. DHA was provided in
the form of 300 Kcal supplement bars containing DHASCOS oil. Gel capsules containing the test oil or olive oil were
available for those who refused the bars. Bars and gel
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Table 2: Race and ethnicity of subjects by group and completion status.

White
African American
Hispanic
Native American
Asian
Other

CON
7
(5.4)
14
(10.8)
113
(87.6)
2
(1.5)
1
(0.8)
2
(1.5)

Completed 𝑛 = 563 (%)
300
600
NEd
8
9
29
(6.3)
(7.7)
(15.2)
14
6
17
(11.0)
(5.1)
(8.9)
101
98
141
(79.5)
(83.7)
(73.8)
2
1
0
(1.6)
(0.8)
(0)
0
1
1
(0)
(0.8)
(0.5)
2
2
2
(1.6)
(1.7)
(1.0)

Total
53
(9.4)
51
(9.0)
443
(78.5)
5
(0.9)
3
(0.5)
8
(1.4)

CON
8
(8.7)
5
(5.4)
74
(80.4)
0
(0)
1
(1.1)
4
(5.4)

Withdrew 𝑛 = 289 (%)
300
600
NEd
6
8
5
(6.4)
(7.7)
(27.7)
9
13
3
(9.7)
(12.5)
(16.7)
74
75
10
(79.5)
(72.1)
(55.5)
1
2
0
(1.1)
(1.9)
(0)
1
2
0
(1.1)
(1.9)
(0)
2
4
0
(2.2)
(3.8)
(0)

Total
27
(9.3)
30
(10.3)
233
(80.6)
3
(1.0)
4
(1.4)
10
(4.5)

CON: control; 300: 300 mg DHA/day; 600: 600 mg DHA/day; NEd: nutrition education.

Table 3: Fatty acid composition of DHASCO-S oil.
Fatty acid
10:0
12:0
14:0
14:1
16:0
16:1
18:0
18:1n9
18:2n6
22:5n3
22:6n3 (DHA)

Percent total
1.22
5.17
18.28
0.14
15.93
1.87
0.28
11.76
0.10
0.33
44.83

Source: Martek Biosciences.
All fatty acids present in concentrations >0.1% were reported.

capsules were provided by Martek Biosciences, Columbia,
MD. Supplementation was initiated at week 20 of gestation
and continued until delivery. Both subjects and all study
personnel were blinded as to treatment. DHA content of
the bars and capsules was verified by gas chromatography.
Table 3 contains fatty acid analysis of the DHASCO-S oil.
Compliance was determined from return of study bars or
capsules at regularly scheduled intervals and after delivery at
the first postnatal visit and averaged 76–81%.
Prepackaged supplements were stored in cool secured
locations, accessible only to the investigative team. A four- to
six-week supply of supplements was dispensed at each prenatal visit and subjects were instructed to return any unused
supplements. Records of the supplements dispensed and
returned were used to calculate adherence with treatment. In
addition, each subject kept a supplement diary and research
assistants reviewed supplement diaries at each prenatal visit
and collected data on side effects, dietary intake of DHA-rich
foods, and adverse events including vaginal infections, vaginal bleeding, and preterm labor occurring during pregnancy.
Following delivery, maternal and infant medical records were
reviewed for adverse antenatal and intrapartum events in

the supplemental arm. The maternal record provided date of
delivery, estimated delivery date, maternal height and weight
at first prenatal visit, mode of delivery, type of rupture of
membranes (ROM), type of labor onset, estimated blood
loss, and complications of labor and delivery. The newborn
record provided information on infant gender, birth weight,
birth length, and head circumference. Gestational length
was determined using the difference between the estimated
delivery date and the actual delivery date. Gestational length
was determined using the difference between the delivery
date established using a combination of the LMP method and
ultrasound, where available, and the actual delivery date.
2.3. Erythrocyte DHA Levels. Blood samples were obtained
at enrollment between 16 and 20 weeks of gestation and at
delivery. Seven mL blood samples were drawn in EDTAcontaining vacutainer tubes. Samples were separated by
centrifugation (1600 g, 10–15 min at 25∘ C) within four hours
of delivery and flushed with nitrogen gas, frozen in liquid
nitrogen, and stored at −80∘ C for later batched analysis of
phospholipid fatty acids. Plasma lipids were extracted in
chloroform/methanol (2 : 1 v : v). Fatty acid methyl esters
(FAME) will be prepared by transmethylation with 14% boron
trifluoride in methanol (Sigma Chemicals, St Louis, MO).
FAME were analyzed by temperature-programmed gas liquid
chromatography using a 30 m × 0.25 mmID microcapillary
column and identified using reference standards (Nu-Check
Prep, Elysian, MN).
Dietary intake of long chain n-3 fatty acids was estimated
at enrollment (16–20 weeks), using a pictorial food frequency
inventory developed for this study. The food frequency was
validated against RBC DHA in 340 subjects shown in Figure 1
(𝑟 = 0.39, 𝑝 < 0.005). The inventory contained a finite list of
foods which are the rich sources of long chain n-3 fatty acids
(≥1.0 mg/100 g edible portion of DHA +/or EPA) and DHAenriched functional foods and eggs. The food inventory was
quantitated using the USDA Nutrient Data Base (release 15).
Nutrition Education Intervention: subjects were recruited
from a fourth Denver Health, Women Infants and Children’s
(WIC) clinic, which was not participating in the clinical
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Table 4: Birth weight and gestational age by intervention group1 (mean ± sem).

CON
300
600
NEd

Birth weight (g)

Birth length (cm)

Head
circumference
(cm)

Gestational
age (days)

Postterm
birth (𝑛)

Induced
labor >40 W
𝑛 (%)

Induced
labor >41 W
𝑛 (%)

3165.0 ± 44.96
3220.91 ± 47.78
3210.56 ± 46.01
3218.89 ± 39.93

49.41 ± 0.25
49.92 ± 0.31
49.97 ± 0.30
49.42 ± 0.25

33.90 ± 0.20
34.23 ± 0.21
33.99 ± 0.20
33.77 ± 0.17

271.6 ± 1.2a,b
275.0 ± 1.3
275.6 ± 1.3a
276.5 ± 1.1b

1
1
1
2

8 (7.1)
6 (5.4)
4 (3.4)
10 (5.2)

6 (5.3)
4 (4.5)
0
3 (1.6)

1
Birth weight, birth length, head circumference, and gestational age were adjusted for ethnicity and maternal prepregnancy weight.
Values sharing superscripts are significantly different.
CON; control; 300: 300 mg DHA/day; 600: 600 mg DHA/day; NEd: nutrition education.

infant birth weight, birth length and head circumference,
percent preterm birth, and percent postterm birth were
evaluated. Continuous variables were analyzed using analysis
of covariance (ANCOVA) and regression analysis using the
SAS statistical package version 14. An intent to treat analysis
was conducted using SAS phreg and lifetest procedures.
Covariates used in the ANCOVA, maternal prepregnancy
BMI, and ethnicity were those shown to have significant
effects on gestational days in the univariate analysis. Dichotomous variables were analyzed using the IBM SPSS Statistics
20, Pearson Chi-Square analysis.

Correlation between DHA intake by FFQ and
erythrocyte membrane DHA
RBC DHA (% total fatty acids)

9
8

n = 380
p = 0.000
r = 0.39

7
6
5
4
3
2
1
0
0

1000

2000
3000
DHA intake (mg/week)

4000

5000

Figure 1: Validation of food frequency inventory with erythrocyte
(RBC) membrane percent total DHA.

trial to avoid contamination of the supplemental groups by
nutrition information. Convenience sampling was used to
recruit subjects at WIC clinic visits between 18 and 20 weeks
of gestation to participate in the nutrition education component of the study. Subjects received educational materials
which were developed using focus group data collected in
this population and based upon the Health Belief Model. This
process and resulting materials are described elsewhere [13].
The education materials included a daily reminder/planner
with DHA information, a refrigerator magnet, shopping lists,
recipes, recipe holders, and personalized stickers for use in
the daily planner. Materials also included a short (one-page)
printed nutrition education flyer discussing the benefits of
omega-3 fatty acids. Each month, participants received a
mailing that included additional recipes and DHA-enriched
egg coupons. A choice of several cans of DHA-rich fish
(albacore tuna, sardines, and pink salmon) was given to
each participant at the time of enrollment. Adherence to
nutrition education was established by tracking egg coupon
redemption over time and by follow-up telephone interviews
of participants. An average of 11 dozen egg coupons per
participant were redeemed which represented availability of
6 eggs per subject per week.
2.4. Statistical Analysis. The primary outcome variables
tested were gestational length (in days). Secondary outcomes,

3. Results
To examine the difference in effectiveness of DHA supplements in the form of gel capsules compared to the food bars,
analysis of differences in gestational length by supplement
type was conducted. Fifty-one subjects consumed capsules
as a substitute for bars. There was no difference in response
within each group attributable to supplement type (𝑝 =
0.773). The intent to treat analysis showed that there were no
significant differences in ethnicity or other characteristics of
those who completed the study compared to those who withdrew (Table 1). Ethnicity by group in those who completed
and withdrew is shown in Table 3. The population was 78.5%
Hispanic and did not vary between those who completed
and withdrew from the study. However, because ethnicity
varied among treatment groups and gestational length and
birth weights of Hispanic babies were higher than all others,
ethnicity was used as a control variable in the ANCOVA of
gestational length and birth weight. Gestational length, birth
weight, birth length, and head circumference are shown in
Table 4. There was a significant (𝑝 = 0.025 for the model)
4-day increase in gestational length with 600 mg (𝑝 = 0.025
DHA supplement) and 4.5 days with nutrition education (𝑝 =
0.003) compared to controls (Table 4). There was a 4-day
increase in gestational length with the 300 mg supplement
which approached significance (𝑝 = 0.065). The differences
between 600 mg DHA supplement and nutrition education
groups were not significant.
Four infants were born postterm (>294 days), one in
each of the supplement groups and two in the nutrition
education group. Labor was induced at 41 weeks in thirteen
subjects, four supplemented subjects (all in the 300 mg DHA
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Table 5: Selected preterm birth risk factors in supplemented
subjects in 129 control, 124 supplemented with 300 mg DHA, and 116
supplemented with 600 mg DHA (mean ± 1 sem).
CON
300
600
𝑝

Parity
2.3 ± 1.3
2.5 ± 1.6
2.6 ± 1.5
0.326

Previous preterm birth
0.07 ± .33
0.09 ± .32
0.10 ± .39
0.713

CON: control; 300: 300 mg DHA/day; 600: 600 mg DHA/day; NEd: nutrition
education.

group) compared to six in the placebo and three in the education group (Table 4). There were no significant increases
in the total number of subjects who had induced labor at
any gestational age nor any differences in parity among
supplementation groups (Table 5). Fifty-one infants (9.5%)
were born preterm (<280 days) and there were no significant
differences among groups. Fourteen infants were born at less
than 34 weeks of completed gestation, two in each of the DHA
groups (1.7%), three in the nutrition education group (1.8%),
and seven (5.7%) in the placebo group. These rates were not
found to be significantly different by Chi-square analysis (𝑝 =
0.3). In order to test the effect of any amount of DHA in
the controlled trial, 300 and 600 mg DHA treatment groups
were combined. When supplement groups were combined,
the preterm birth rate in those receiving any DHA (300 or
600 mg/day) was not significantly different from placebo. The
early preterm birth rate of 1.7% in those supplemented with
any DHA (300 or 600 mg/day) was significantly lower than
the early preterm birth rate of 5.7% in the placebo group
(𝑝 = 0.045 by two-tailed Chi-square analysis).
Mean birth weight, birth length, and head circumference
with supplementation or nutrition education did not differ
from the control or among groups. Maternal RBC DHA significantly increased in supplemented groups and decreased
in controls. Maternal RBC % total DHA at delivery positively
correlated with gestational length (𝑝 < 0.01 𝑟 = 0.15) and
birth weight (𝑝 = 0.05 𝑟 = 0.11). Each 1% increase in RBC
DHA was associated with a corresponding 1.6-day increase
in gestational length. Maternal RBC % total arachidonic acid
at delivery was not correlated with gestational length or birth
weight.
Dietary DHA intake among Non-Hispanic Whites averaged 69 mg/day, African American 161 mg/day, Hispanics
143 mg/day, and others 119 mg/day. In those who completed
the study, adherence to supplement ranged from 75% to 80%
and did not significantly differ among groups.
RBC membrane DHA levels in the supplemented groups
(expressed as percent total fatty acids) were not significantly
different at entry (Table 1). Mean DHA levels (±SD) were
significantly increased at delivery with either the 300 mg
or 600 mg supplement (3.88 ± 1.61 and 4.19 ± 1.50, resp.)
compared to CON (3.09 ± 1.19).
Given the broad inclusion criteria and the potential for
pregnancy complications from altering maternal fatty acid
consumption, we recorded and analyzed a large variety of
adverse effects. The most serious of these included late

miscarriage, stillbirth, and early neonatal demise and each of
these is due to extreme immaturity at delivery. In each of these
cases, delivery occurred after enrollment but before consumption of supplements. In each instance women removed
themselves from the study and were thus included only in
the “intent to treat” analysis. Other obstetrical outcomes
included cervical insufficiency, primary intra-intrauterine
infection, placenta previa necessitating expedited surgical
delivery, and an undiagnosed uterine anomaly and were
deemed not to be study related. There were only 3 cases
of severe preeclampsia (1 in each group of the supplement
arm) and a very low incidence of postpartum bleeding
and no difference in blood loss among supplementation
groups. Events at delivery (Table 6) including premature rupture of membranes (PROM), preterm premature rupture of
membranes (PPROM), spontaneous rupture of membranes
(SROM), and augmented rupture of membranes (AROM)
and type of labor were analyzed in the supplement arm.
Supplementation showed no significant negative effects of
DHA supplements.

4. Discussion
The data are in agreement with several studies of fish oil
supplementation at higher doses in which average 4- to 4.5day increases in gestational length were observed [4–8]. It
is probable that there a ceiling effect exists at about 600 mg
DHA/day. The increase in gestational length in this study with
600 mg/day or nutrition education was lower than the 6-day
increase demonstrated in a small study in which subjects were
supplemented with 165 mg of a food source of DHA [5] but
comparable to a study with 600 mg of the identical source
of supplemental DHA, which reported a 2.9-day increase
in a similar number of subjects [7]. This difference may be
attributable to the relatively low risk for preterm delivery and
low birth weight in the Hispanic population compared with
a different ethnic composition of the low income population
or the relatively small number of subjects in the former food
based study. Alternatively, it is possible that food based DHA
has a greater effect on gestational length, although that was
not evident comparing our food based nutrition education
group to supplements in this study.
To date, two systematic analyses did not show a statistically significant effect of n-3 supplements using combined
power of several studies on gestational length, reduction of
PT labor, birth weight, or birth length. However, a metaanalysis which included four studies, three of which used
long chain fatty acids, showed a significant decrease in early
preterm birth (<34 weeks) and no decrease in late preterm
birth [9]. An earlier meta-analysis of six studies demonstrated
a nonsignificant increase in gestational length, birth weight,
birth length, and risk for PT birth or low birth weight,
but some question remains since the data from one study
[5] was entered using the unadjusted increase in gestational
length of 2.4 days not 6 days as published in the original
report. The decrease in the incidence of preterm birth at <34
weeks in 350 women supplemented with 600 mg DHA/day
from week 20 of gestation to delivery recently confirmed this
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Table 6: Delivery events in supplemented subjects in 129 control, 124 supplemented with 300 mg DHA, and 116 supplemented with
600 mg DHA 𝑛 (%).
CON
300
600
𝑝

SROM
52 (40)
51 (45)
41 (33)
0.168

AROM
53 (41)
62 (53)
75 (60)
0.514

PROM
4 (3)
3 (1)
1 (0.8)
0.426

PPROM
8 (7)
3 (2)
4 (3)
0.304

Prolonged ROM
4 (3)
1 (0.8)
3 (2)
0.473

Preterm labor
18 (14)
10 (9)
12 (10)
0.357

Augmented labor
43 (33)
36 (31)
33 (27)
0.500

Induced labor
16 (12)
7 (6)
12 (10)
0.226

CON: control; 300: 300 mg DHA/day; 600: 600 mg DHA/day; NEd: nutrition education; SROM: spontaneous rupture of membranes; AROOM: assisted rupture
of membranes; PROM: premature rupture of membranes; PPROM: preterm premature rupture of membranes; ROM: rupture of membranes.
All NS different by Pearson Chi-Square analysis.

effect [7]. A large Australian study which supplemented 2320
pregnant women with 800 mg DHA/day as fish oil from 20
weeks of gestation to delivery reaffirmed a decrease in risk
for early preterm birth (adj OR .49, 95% CI, .56, 1.04) and
found a significant (𝑝 < 0.05) 68 g increase in birth weight
corresponding to a one-day increase in gestational length
with the DHA supplement [14]. This increase in birth weight
was similar to that seen in this study (46–56 g) with 300 and
600 mg DHA/day supplements, although the increase was not
significant due to the smaller number of subjects.
Although some differences in DHA intake among Hispanics and non-Hispanic Whites and African American subjects were seen in this study population, intakes were similar
to those previously reported. The 2007-2008 National Health
and Nutrition Examinations Survey (NHANES) and What
We Eat In America (WWEIA) show that women aged 20–
29 years consume 0.05 grams (50 mg) DHA/day from food
sources and women aged 30–39 years consume on average
0.06 grams (60 mg) DHA/day [15]. Judge used multiple 24hour dietary recalls to measure baseline DHA intake of pregnant women in Connecticut and found that the average intake
was 80 mg/day [16]. Chen et al. observed a range of 50–90 mg
DHA/day intake among pregnant women with gestational
diabetes mellitus living near New Jersey [17]. Among 20–40year-old pregnant women from Canada, Friesen and Innis
found that the mean DHA intake was 100 mg/day at 36 weeks
of gestation [18]. Intakes are much lower than consensus
recommendations for 200 mg DHA/day during pregnancy
[19]. As previously reported, supplementation with DHA
prevented the decrease in maternal DHA stores [11] and
increased maternal RBC DHA at 36 weeks which we have
previously correlated with decreased risk for preterm birth
[3].
Overall, small to moderate fish consumption has a greater
impact on preterm delivery than fish oil supplements. Studies
of FO supplementation had greatest effects on women who
eat little or no fish [7, 8] and tend to have no effect on
gestational length in women with high baseline intakes of
fish. FO or DHA supplements may not fully take the place of
eating fish [12]. In the maternal-fetal network study, moderate
fish intake decreased risk for reoccurrence of preterm birth,
although the fish oil supplement did not. One reason may
be that fish contain Vitamin D. Vitamin D deficiency has
been associated with an increased risk for PT delivery [20].
Fish contain DHA, Vitamin D, and other nutrients which
may be more effective than FO or DHA alone in reducing

preterm delivery and promoting optimum neurocognitive
development. For this reason, the 2010 Dietary Guidelines
for Americans recommend that pregnant and breastfeeding
women consume 8 to 12 ounces of fish per week [21].
4.1. Strengths and Limitations. The physiological significance
of a 4-day increase in gestational length is unknown. However, a four-day increase may have a great impact on long
term outcomes since recent data suggests birth between 37
and 38 completed weeks of gestation is associated with a
10% greater risk for attention-deficit hyperactivity disorder
(ADHD) in school age children which increases to 30%
in those born between 35 and 36 weeks of gestation [22].
Limitations of the study include the convenience sampling
and nonblinded design of the nutrition education arm. This
group, randomized only by clinic, may have impacted the
result in that individuals that were more highly motivated
by maternal nutrition may have volunteered to receive the
education.
Another limitation was that baseline blood DHA levels
and obstetric risk factors were not obtained in the nutrition
education arm and these may have affected the outcome.
However, there were no differences in initial RBC DHA
levels or significant differences in demographics or obstetrical
variables among any of the other three clinics serving the
same population nor were there initial differences among
treatment groups. Comparison of early preterm birth rates
was only significant when the treatment groups were pooled.
This result should be regarded with caution since the number of early preterm births was small and these were not
preplanned comparisons. The strength of the study is that
the effects of n-3 DHA from supplements and from food
sources on gestational length were comparable in the same
population group. Although the population studied was low
income, the subjects were largely Hispanic, a group known
to be at lower risk for preterm birth compared to other low
income groups, so the results may not be generalizable to
other populations.

5. Conclusions
Nutrition education or supplementation with DHA was
shown to be effective in increasing gestational length in a
low income population at relatively low risk for preterm
birth. Improving DHA status through education or supplements is vital since maternal DHA levels are correlated
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with fetal DHA status and also represent enhanced DHA
stores to support lactation and early infant growth and
cognitive development. The nutrition intervention in this
study would be expensive for clinics to implement but
WIC programs routinely provide nutrition education at 3month intervals to low risk pregnant participants and more
frequently to high risk participants. Many WIC programs
currently offer omega-3 DHA counseling and some even offer
DHA-enriched foods. Alternative education methods may
be explored, including existing programs such as Text4Baby
which delivers gestational age appropriate health messages to
pregnant and postnatal subscribers.
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Preterm birth (PTB) is a final common outcome resulting from many interrelated etiological pathways; of particular interest is
antenatal psychosocial distress (i.e., stress, anxiety, and depression). In LMI countries, both exposure to severe life stressors and
rate of PTB are on average greater when compared with high-income countries. In LMI countries women are exposed to some of the
most extreme psychosocial stress worldwide (e.g., absolute poverty, limited social resources). High prevalence of antenatal stress and
depression have been observed in some studies from LMI countries. We propose a psychosocial, biological, and behavioral model
for investigating the complex multisystem interactions in stress responses leading to PTB and explain the basis of this approach.
We discuss ethical considerations for a psychosocial, biological, and behavioral screening tool to predict PTB from a LMI country
perspective.

1. Introduction
Preterm birth (PTB) is a global health concern with a
worldwide prevalence rate exceeding 10%. PTB is associated
with a high rate of death in the first year of life accounting
for 80% of the world’s 1.1 million deaths of children, as well as
50% of pediatric neurodevelopment problems [1–4]. Twelve

of the 15 countries that contribute more than 60% to the
global burden of PTB are low- and middle-income (LMI)
countries [1]. Pakistan, Kenya, and the United Republic of
Tanzania (hereafter Tanzania), for instance, have a PTB rate of
15.8, 12.3, and 11.4 per 100 live births, respectively [5]. We use
these countries as exemplars when presenting perspectives
on antenatal psychosocial distress (i.e., emotional suffering
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presenting as depression and anxiety during pregnancy) and
pathways to PTB. Despite the higher incidence of both PTB
and psychosocial distress in many LMI countries, empirical
work on psychosocial predictors of PTB has been predominantly conducted in high-income countries [6, 7]. While this
body of research is very valuable, findings are not necessarily
applicable to LMI countries.
How do LMI countries differ from high-income countries
in ways that may influence the link between stress and PTB?
Most obviously, family resources are generally limited as a
result of poverty, which restrict women’s ability to seek care
during and following birth [8]. Women in LMI countries,
for instance, Pakistan, are exposed to greater poverty with
17% of the population living below the poverty line (2007/8
statistics) [9]. Existing resources must be conserved for basic
care for the child and often simply for survival. Poor quality
of care in facilities which are not well resourced and poor
attitude of staff [8] may amplify women’s fears about pregnancy being risky both for them and their infants. Moreover,
every day approximately 800 women die as consequence of
pregnancy- or childbirth-related problems; almost all of these
deaths are situated in LMI countries [10]. Similarly, almost all
neonatal deaths occur in LMI countries and predominantly
in the neonatal period, that is, within the first four weeks
following birth. During the postpartum period, limited care
and resources are available to women and their babies.
Second, exposure to severe life stressors (e.g., absolute
poverty, limited social resources) is on average greater in
LMI countries, compared to high-income countries. High
prevalence of antenatal stress and depression have been
observed in some studies from LMI countries (e.g., 40.9%
in a secondary hospital based sample [11] and 25% in a
community-based sample [12]). These rates are comparable
to subpopulations of low socioeconomic North American
and European women (e.g., 23–47%) [13, 14]. The exposure to more and more intense stressors among women in
LMI countries is likely not without consequence. Maternal
psychosocial distress (i.e., pregnancy-related anxiety, state
anxiety, depression, or perceived stress) during pregnancy
has been linked to PTB [14–16]. Moreover, both PTB and
psychosocial distress are associated with offspring’s negative
lifelong developmental and intergenerational trajectories and
may have a disproportionate toll in LMI countries.
A final difference is that pregnant women in LMI countries are bound by different social norms and cultural ties.
Women in LMI countries experience inequities in access to
education (43% literacy rate for males compared to 28% for
females) [17] and economic opportunities. In many cases,
sociocultural norms in LMI countries may limit women’s
ability to act autonomously or have a voice in care decision
[18]. Pregnant women worry about sex of their unborn infant
as male preference is common. For instance, in Pakistan, a
women’s status within the family may be linked to birth of a
son [11, 17–19]. The importance attached to a male child [20]
limits their opportunity to be involved in decision-making
and creates dynamic social relations within the family in
relation to both their own care and their infant [18].
In sum, while PTB is particularly prevalent in many
LMI countries, LMI countries lag behind in explicating the
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contribution of psychosocial distress to PTB and where
limited resources are available to translate empirically derived
knowledge into prevention. We propose a model including
psychosocial, biological, and behavioral dimensions to investigate the complex multisystem interactions linking stress
with PTB with a particular emphasis on LMI countries.
Conceptualizing the stress-PTB link in LMI countries will not
only allow us to gain insight into psychosocial predictors of
PTB in LMI countries but also provide unique opportunities
to improve our understanding of the etiology of PTB. We
discuss the potential benefits and limitations of developing
a population-based psychosocial, biological, and behavioral
screening tool to predict PTB from a LMI country perspective, given existing resources.

2. Materials and Methods
We searched peer-reviewed electronic databases (MEDLINE,
Embase, Global Health, and Cumulative Index to Nursing
and Allied Health Literature), grey literature, and reference
list of relevant articles, as well as solicited articles from an
existing peer network in Pakistan, Kenya, and Tanzania. The
details of the search and selection strategy, quality assessment
and data extraction, and consultation exercise are described
in detail elsewhere [21]. To explicate the potential benefits and
limitations of developing a population-based psychosocial,
biological, and behavioral screening to predict PTB from a
LMI country perspective, a new search strategy was undertaken. Key terms such as prediction, mass screening, and
serum screening were combined with pregnancy outcome;
stress, psychological; and preterm birth. No limits were
applied with regard to country of origin of studies or language. The synthesis of the literature shared below draws from
the realist approach in recognition that systematic reviews
often exclude important observations from studies deemed
less rigorous that may illuminate “mechanisms” [22–24] or
pathways to PTB. The realist approach relies on the expertise
of those undertaking the review to build an explanatory
theory (i.e., how and why) of the observed impacts and
provide insight and identify gaps and mechanisms that need
to be explored [22–24]. Our Maternal Infant Global Health
Team (Global Collaborators in Research) (MiGHT) includes
clinicians (e.g., nurse, midwife, obstetrician and gynecologist,
psychologist, and laboratory specialist), researchers, and
policy decision makers who have critically evaluated the literature. The breadth in the synthesis is the result of (a) situating
our observations of behavioral practices such as pica or the
deliberate consumption of soil and (b) revisiting the literature
to deconstruct the nature of stress (e.g., chronic, acute) and
(c) offering potential explanations for the varied findings
in studies examining the relationship between psychosocial
distress and PTB.

3. Results and Discussion
Our initial conceptual framework [21] on the relationship
between psychosocial distress and PTB continues to evolve.
Figure 1 reflects our refined understanding of environment
stressors pregnant women in LMI countries are exposed to
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Acute stress
(i) Pregnancy-related anxiety
(ii) Emotional states: anxiety,
depression

Medically indicated PTB

Preterm
birth

Stress reactivity
Mother
(i) Race/ethnicity

Chronic stress
(i) See Figure 2

Health risk behaviors
(i) Alcohol use/abuse
(ii) Pica

Stress-related pregnancy
medical conditions
Allostatic load measure
(i) Cortisol
(ii) DHEA-S
(iii) HbA1
(iv) Total cholesterol
(v) Blood pressure

(i) Gestational diabetes
(ii) Gestational hypertension

Figure 1: Psychosocial, biological, and behavioral model.

and their response to this environment. Our new model
specifically considers (a) individual differences in stress
reactivity and accounts for the fact that not all women who
experience psychosocial stressors will have an adverse pregnancy outcome, (b) biological response patterns expressed
as a cumulative physiologic burden (i.e., allostatic load), (c)
behavioral response patterns to stress, and (d) interactive
feedback effects. The model exemplifies the importance of
early identification of psychosocial stressors and maladaptive
biological and behavioral responses given the interplay of
multiple systems in the pathways to PTB.
3.1. Conceptual Framework. Below we discuss each concept
of the model followed by implications of developing a
population-based screening tool based on the psychosocial,
biological, and behavioral model. We conclude by offering
highlights of the importance and relevance of this work.
3.1.1. Stress-Related Physiological Responses and Biological
Mediators of PTB: Racial Differences. Independent risk factors for PTB account for less than half of the racial disparity
in risk of PTB, particularly between black and white women
in United States of America, the former having a higher
risk of delivering very preterm [25]. Medical conditions
of pregnancy, for example, gestational hypertension and
preeclampsia, have also been shown to differ by ethnic
background after adjusting for socioeconomic and other risk
factors within social context (e.g., education level, lifestylerelated factors) [25–29].
In the nonpregnant state, biological responses to stress
(e.g., physical exercise), specifically the release of cortisol
and adrenocorticotropic hormone, differed between African
American and Caucasian women, such that Caucasian
women showed higher levels of adrenocorticotropic hormone without associated increases in cortisol [30]. Ethnic

differences in hypothalamic-pituitary-adrenal (HPA) axis
functioning have also been found in pregnant women [31–
33]. During pregnancy, biomarkers (e.g., cortisol, adrenocorticotropic hormone, corticotropin-releasing hormone, nonfasting cholesterol, and triglyceride levels) and trajectories
of biomarkers (e.g., corticotropin-releasing hormone) of the
HPA system have been reported to differ by ethnicity after
accounting for risk factors (e.g., socioeconomic and behavior) [31–35]. An earlier systematic review reported an association between race/ethnicity and C-reactive protein level after
adjusting for confounding (e.g., age, sex) and mediating (e.g.,
obesity, smoking) variables [36]. South Asian cohorts had
higher levels of C-reactive protein than Caucasian women
(i.e., white) [36]. The magnitude of changes in stress-related
physiological measures across pregnancy and biological
mediators of PTB also differ depending on race/ethnicity
[37–39]. For example, African American women have lower
levels of cortisol during early gestation (i.e., 18–20 weeks
of gestation) than non-Hispanic white women and the
lowest increase in corticotropin-releasing hormone over the
course of pregnancy (24–26 and 30–32 weeks of gestation)
[31]. Moreover, a “Hispanic paradox” has been observed
whereby better pregnancy outcomes have been reported
among Hispanic women despite severe preeclampsia and
adverse sociodemographic profiles [40]. Although the underlying pathways remain unknown, it has been proposed that
biological systems (e.g., cardiovascular) of ethnic groups may
adapt differently given environmental differences [27, 41, 42].
3.1.2. Acute Stress and Chronic Stress. Stress is defined “as
an imbalance between demands placed on us (from our
environment) and our ability to manage them” [43, page
121] which manifests as psychosocial distress. Psychosocial
distress is multifaceted and encompasses emotional states
that result from acute stress (e.g., a heated argument with

4
spouse, divorce, and loss through death), emotional states
that characterize the individual (e.g., anxiety, depression),
and chronic stressors experienced as a consequence of social,
cultural, and environmental phenomena [44, 45]. Acute
stress is deemed to be short term, though no operational
definition is provided for “short,” and allows the body to
regain homeostasis [45, 46]. Pregnancy itself may be viewed
as an acute stressor in a sense that it may elicit fears of
maternal and neonatal mortality and morbidity particularly
surrounding delivery and the forthcoming responsibility of
providing for a child, a concept that has been referred to as
pregnancy-related anxiety [47]. In contrast, chronic stressors
are those where the threat or demand persists over time; that
is, they are long-lived and resolution may or may not be
achieved [44, 46]. Chronic stress may partly reflect external
events that are enduring sources of stress in day-to-day
life such as neighborhood crime, poverty, homelessness or
household strain, and racial composition [44]. It is beyond
the scope of this paper to synthesize the literature on each
dimension of psychosocial distress; however, we present
below a brief overview.
Psychosocial distress is associated with pregnancy outcomes, controlling for other risk factors including, for example, health behaviors, medical, and sociodemographic factors
[45, 48]. The magnitude of the effect, however, seems to vary
by location of study (high- versus low-income) [16], socioeconomic status (United States) [16], ethnic and immigrant
populations, and periods of gestation [37]. Moreover, in studies from high-income countries, dimensions of psychosocial
distress were noted to exert differential influences on PTB.
Pregnancy-related anxiety consistently predicts PTB and this
association is evident in diverse income and ethnic groups
[15]. North American and European studies examining the
relationship between depression and PTB have also shown
inconsistent findings, with a minority of the studies finding
(e.g., [49–51]) a statistically significant association with a
small effect size [15]. Though many North American and
European studies have shown an association between state
anxiety or emotional response due to situational circumstances (e.g., fear or danger due to catastrophic events) and
PTB (e.g., [15, 50, 52]), findings have been mixed, with studies
demonstrating no association (e.g., [53, 54]) and associations
in subgroups of samples or in combination with other
measures [15]. Similarly, a person’s perception of ongoing and
enduring sources of stress in their day-to-day life has shown
mixed results with large studies reporting an association (e.g.,
[55]) as well as no association (e.g., [14]) with PTB.
We proposed that the impact of stress on PTB involves
intersects between acute and chronic stress (i.e., multidimensional nature of stress) and biological (i.e., biomarkers) and
behavioral responses that establish differential pathways to
PTB [25, 45]. For instance, childhood adversity increases vulnerability to adverse psychological (e.g., depression), physical
(e.g., diabetes), and pregnancy (e.g., PTB) health outcomes
[56–58]. Consequently, our model draws from the adverse
childhood experiences-international questionnaire (ACEIQ) which is intended to measure chronic stress in early life
in individuals irrespective of country of domicile [59]. The
individual (e.g., sexual and emotional abuse and neglect by
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parents or caregivers), social relationship (e.g., family dysfunction), sociocultural (e.g., race/ethnicity, socioeconomic
status), and community level (e.g., witnessing community
violence) items of the ACE-IQ [59], however, have not been
validated. Examples of types of stressors within each level
contributing to chronic stress are detailed in Figure 2 and
many (e.g., education, socioeconomic measure, and domestic
violence) have individually been associated with poor pregnancy outcome [47, 60–65]. Given “wear and tear” on the
brain and body from these cumulative stressors (i.e., chronic
stress), biological responses in multiple systems (e.g., HPA
axis, cardiac, immune, and metabolic) may be compromised
or fail outright. Increase in the individual’s allostatic load as
a consequence of dysregulation of these interrelated systems
may ultimately result in pathophysiological effects, including
PTB [66–68]. Our conceptual model also emphasizes the
multiplicative nature of these responses to explain the pathogenesis of stress-related medical conditions during pregnancy
which leads to induced PTB. Aspects of the HPA axis
and sympathetic, immune, and cardiovascular systems also
promote behavior changes in the effort to restore allostasis
[46, 67]. Below we explain assertions and propose hypotheses
for consideration for future research.
Chronic Stress Influences Response to Acute Stress and
Biomarkers Vary by Type of Stress. Kramer et al. [25],
drawing from studies in psychiatry (e.g., [69, 70]) and
international migration and birth outcomes (e.g., [71]), have
proposed that early life experiences can have long-term
effects on the HPA axis, such as altering cortisol responses
to acute stressors and baseline cortisol levels. For example,
Finnish children separated from their fathers serving in
World War II evidenced higher salivary cortisol and plasma
adrenocorticotropic hormone in responses to a standardized psychosocial stress test more than 60 years after the
separation. Baseline cortisol was significantly higher among
separated women than nonseparated women who did not
differ significantly in characteristics from separated women
[70]. Early life experiences can also influence reactivity and
biological responses to new stressful stimuli (e.g., pregnancy
itself) [25, 69, 72]. For example, a systematic review of 24
studies (30 million singleton births) examining international
migration and adverse birth outcomes reported lower risk
of PTB among black immigrants when compared to black
women born in the United States. In contrast, this level of
protection was not conferred to Asian women who were at
higher risk of PTB when compared to native-born population
regardless of continent (e.g., United States and Europe) [71].
In epidemiological and clinical research, C-reactive protein is an important marker for a range of disease outcomes
(e.g., cardiovascular, type 2 diabetes) [73]. Studies [74–
76] indicate that CRP measured during early pregnancy
is a useful predictor of PTB, particularly at specific cutoffs (e.g., greater than 4 mg/L [74]). The nature of stress
(acute versus chronic) influences C-reactive protein levels
[25, 72]. Chronic stress suppresses immune function or alters
immune responses while acute stress stimulates immune
function [25]. Inflammatory biomarkers have been shown to
mediate the relationship between psychosocial stress (acute
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Individual level
(i) Abuse experienced by self:
emotional, physical, and sexual
(ii) Abuse witnessed by self: parent
or household member
(iii) Peer violence
(iv) Physical fights
(v) Education

Sociocultural level
(i) Race/ethnicity
(ii) Socioeconomic status
(iii) Cultural norms and values

Chronic stressors

Community level
(i) Health care access and quality
(ii) Characteristics of neighborhoods
(iii) Witnessing community violence
(iv) Exposure to war/collective violence

Relationship level
(i) With parents/guardian: physical or emotional neglect
(ii) Family environment: household substance abuse,
mental illness, parental separation or divorce,
incarcerated household member, and death of mother,
father, or guardian
(iii) Partner abuse: physical, emotional, and sexual

Figure 2: Chronic stress, types of stressors.

and chronic) and PTB [77, 78]. Interactions between acute
and chronic stress influence C-reactive protein levels (and
HPA axis functioning) suggesting that the impact of acute
stress (e.g., pregnancy-related anxiety) can be amplified in the
presence of chronic stress [72, 79]. Acute stress in combination with chronic stress may increase the strength of association with PTB [79]. C-reactive protein may improve risk
stratification of PTB when combined with other biomarkers
of PTB [80].
3.1.3. Stress Reactivity. Many studies show an association
between stressors experienced during pregnancy and PTB,
but it is also clear that not all women exposed to stress during
pregnancy will proceed to deliver preterm. This may be the
case because of differences in how women respond to stressful
situations they encounter. Support for this view comes from
the broader literature on stress and disease suggesting that
heightened psychobiological stress reactivity may explain, at
least in part, why some but not all individuals exposed to
stress will develop disease [81–83]. Below we highlight this
literature. A broader review of the implications of individual
differences in physiological stress reactivity for maternal and
fetal birth outcomes is provided elsewhere [45].
There are only a handful of studies to date that have
empirically tested the link between stress reactivity and
birth outcomes, but they converge to suggest that more
pronounced heart rate and blood pressure responses to laboratory stressors are associated with poorer birth outcomes. In
the earliest of these studies, McCubbin et al. [84] assessed 39
primigravidae, predominantly white and black US women’s
heart rate and blood pressure responses to a computer-based
arithmetic stressor protocol at approximately 35 weeks of
gestational age. Findings suggest that women who proceed
to deliver preterm had significantly higher diastolic stress

responses than women with term infants. Moreover, each
1 mm Hg increase in diastolic reactivity was associated with a
0.31 weeks’ decrease in gestational length. Similarly, de León
et al. [85] reported a 0.07 weeks’ decrease in gestational length
with each 1 mm Hg increase in mean blood pressure in 70
pregnant Argentinian women exposed to the cold pressor
test. That study also reported the absence of a link between
baseline blood pressure and gestational length, highlighting
the need to obtain stress reactivity measures. A third, larger
study exposed 75 black and 238 white pregnant women
to a mental arithmetic and Stroop color-word task [86].
For black women only, an association between a 1 mm Hg
increase in diastolic reactivity and a decrease of 0.17 weeks of
gestational length was observed. This finding indicates that
stress reactivity may be an important variable to consider
in studies aiming to explain the typically higher rate of
PTB among black women [25, 87]. A final study is unique
in that it assessed stress reactivity not during pregnancy
but before pregnancy onset. Harville et al., [56] in a large,
longitudinal study, tested the association between blood
pressure responses to a video game, star tracing, and cold
pressor test and preterm birth incidence in a first pregnancy
occurring within 18 years after the stress exposure. Women
with higher mean arterial pressure reactivity had higher PTB
risk, suggesting that it is not only pregnancy-related increased
blood pressure reactivity [84–86] that is associated with PTB
but an underlying more general stress reactivity trait that
maybe associated with poor birth outcomes.
Allostatic Load and Its Biomarkers Predict PTB. Psychosocial
distress activates physiological responses in the HPA axis
and sympathetic, immune, and cardiovascular systems in
the effort to restore allostasis (i.e., physiological stability
by altering the internal milieu) [46, 67]. In this context,
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biomarkers that detect physiological compromise might be
useful as predictors of psychosocial distress and its negative
consequences. Systematics reviews, however, have concluded
that no single biomarker consistently predicts PTB and findings remain inconsistent [88, 89]. Allostatic load links psychosocial distress and its physiological responses over time,
given “wear and tear” to multisystem dysregulation, which
promotes a cascade of events ultimately impacting pregnancy
outcome (i.e., PTB) [66–68, 90, 91]. Consequently, composite
measures of biomarkers versus individual biomarkers may be
a stronger predictor of negative consequences of psychosocial
distress [92–94]. Despite the popularity of allostatic load as
a research concept of stress in the general population and
different allostatic load algorithmic computations available
in the literature [94–96], only one small North American
study was identified in the pregnancy-related field. In this
study, secondary analysis of previously collected biomarkers
showed an association between allostatic load at 26–28 weeks
of gestation and gestational age [97]. An allostatic load
index, in which a 𝑧-score of each biomarker was included,
was inversely related to gestational age [97]. Interrelated
physiological (i.e., biochemical) response patterns expressed
as a cumulative physiologic burden, that is, allostatic load,
may predict PTB and mitigate or exacerbate negative consequences of pregnancy-related anxiety. We moreover propose
that biomarkers selected in future prospective studies should
(a) represent patterns of events leading to allostatic load,
(b) be empirically linked to psychosocial distress, and (c)
be implicated in the pathophysiological processes linking
perinatal distress to PTB. In the context of LMI countries,
biomarkers should be easily obtained (e.g., serum versus
cervicovaginal or amniotic fluid) and are amenable to pointof-care testing and of clinical utility to varied cadre of health
care providers (e.g., midwives, skilled birth attendants) to
facilitate immediate decision-making.
Allostatic Load Explains Medically Induced PTB. Pregnancyinduced hypertension and gestational diabetes are not only
common during pregnancy but also the leading global
causes of maternal and infant mortality and establish health
trajectories over the course of life and across generations
[98, 99]. In LMI countries, the incidence of preeclampsia
is 2.8% of live births, notably seven times higher than in
high-income countries [100, 101]. Although the incidence of
gestational diabetes remains unknown, the high prevalence
and growing incidence of diabetes in African populations,
projected to 18.6 million by 2030, suggest that pregnant
African women are at higher risk of gestational diabetes
[102, 103]. Both preeclampsia and gestational diabetes form
part of the indications for early delivery, hence PTB, and
represent dysregulation in physiological processes which may
in part be explained by allostatic load [104, 105].
Mood and anxiety disorders in women of childbearing
age, either preconception or before 20 weeks of gestational
age, increased risk of preeclampsia after controlling for
variables such as age, race/ethnicity, and prepregnancy body
mass index [106]. Moreover, allostatic load index ascertained
using biomarkers—systolic blood pressure, diastolic blood
pressure, pulse pressure, prepregnancy body mass index, total
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cholesterol, high-density lipoprotein, nonfasting triglyceride,
C-reactive protein, and interleukin-6—measured prior to 15
weeks of gestational age was associated with preeclampsia
[105]. During pregnancy, physiological regulatory set points
(e.g., levels of insulin, cortisol, glucose, and leptin) continually change to accommodate the demands of the fetal-placental-maternal unit. Dysregulation of this complex metabolic
system as a result of chronic insult such as stress and anxiety
can explain the genesis of gestational diabetes and eventual type 2 diabetes [104]. Women who are metabolically challenged in early pregnancy (12 weeks), as indicated by increased levels of glycated hemoglobin [107],
may present with hyperinsulinism, insulin insensitivity, and
slighter high blood pressure prior to developing pregnancyinduced hypertension [99]. Increased glycated hemoglobin
has been associated with adverse pregnancy outcomes (e.g.,
hypertension, miscarriage, and perinatal mortality) [107]. A
relationship has been demonstrated between high diastolic
blood pressure responses to stress during pregnancy and
decreased gestational age [84–86]. It appears that women at
risk of psychosocial distress who are also likely to develop
pregnancy-induced medical conditions suggested the same
etiologic entities with common terminal pathways for medically indicated and spontaneous preterm labor without
premature rupture of chorioamniotic membranes [46, 93,
108–110]. Consequently, both subtypes should be examined in
studies elucidating psychosocial distress and their biological
pathways to PTB.
Psychosocial Distress and Biomarkers Should Be Measured
Repeatedly. Pregnant women demonstrate a decrease in perceptions of psychosocial distress and dampening of biological
stress responses in the late second trimester which is thought
to protect the women and fetus [111]. Pregnant women who
fail to demonstrate these changes may be at greater risk of
PTB [37, 112]. Studies (e.g., [32, 111]) found that although
point measures reported no association, changes in state anxiety [111], magnitude of change in perceived stress scale scores
[32], and simply an increase in perceived stress [111] predicted
either length of gestation [32] or PTB [111]. Glynn et al. [111]
found that, in a regression model, pregnant women with
increases in perceived stress were more likely to have a PTB
than women with increase in state anxiety, although both are
unique predictors of PTB. Similarly, decrease in triglyceride
level with increasing gestational age has been implicated in
PTB [113]. A slower increase in triglyceride level was noted
in women who delivered prior to 34 weeks of gestation [114].
Point measures may therefore be of limited use to our understanding of the relationship between psychosocial distress,
biomarkers, and PTB as psychosocial distress and biomarker
measures are influenced by timing of pregnancy [37, 48, 111].
Health Behaviors Compensate for Allostatic Load. Health
behaviors may be a means of compensating for allostatic load
resulting from psychosocial distress to ensure stability, that
is, allostasis [46, 115]. Psychosocial health during pregnancy
has been linked to pica, the practice of eating nonnutritive
substances (e.g., soil, raw starch, ice, and charcoal) for greater
than 1 month [116, 117]. In many East African regions, women
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eat “odowa” (soft stones), “pemba” (white clay), or “udongo”
(red clay), which can be purchased at local shops or markets
[118, 119]. Approximately 45% of pregnant women attending
antenatal clinics in Geita district, Mwanza, Tanzania, or
health centre in western Kenya were practicing pica (i.e., eating soil) [118, 119]. However, rates as high as 63.7% have been
reported in health facilities in Dar es Salaam, Tanzania [120].
While the prevalence of pica is high among women
living in low- and middle-income countries [118–120], there
is little information regarding the effects of this pregnancyrelated behavior on PTB. Kawai and colleagues [121] found
no association between geophagy and PTB as well as other
pregnancy outcomes (e.g., small for gestational age and low
birth weight). Studies, conducted in Argentina [122] and
in Texas [123] and New York City in the United States
[124], examining pica practices in relation to iron status and
neonatal outcomes [122], maternal hemoglobin at delivery
and pregnancy outcomes [123], and elevated lead levels [124]
showed no statistical significant differences in rates of PTB
[122, 123] or higher rates of preterm birth in pica practicing
pregnant women [124].
Psychosocial distress has also been linked to addictive
behaviors such as alcohol consumption. In Kenya, alcohol
abuse is a mounting concern and is reported to be more
prevalent than smoking [125, 126]. Factors contributing to
increase in alcohol include socioeconomic challenges [125,
126] against a backdrop of changes in sociocultural norms
[126]. Of particular concern are those who report drinking
excessively, including women of child bearing age [125].
The Kenya Demographic and Health Survey indicates that
unplanned pregnancies (defined as mistimed or unwanted)
are common among unmarried Kenyan women 15–19 years of
age and married Kenyan women [127, 128]. Pregnancy recognition may not occur for 5 weeks, during which time alcohol
use may be high and lead to lifelong adverse consequences for
the fetus (e.g., growth deficit, dysmorphology, and executive
functioning, neuromotor, emotional, and speech/language
difficulties) [129]. Over and above the direct effects of alcohol
on the fetus, heavy maternal consumption of alcohol during
pregnancy (i.e., dose response) has been associated with
PTB [130–132]. The studies examining associations between
alcohol consumption and PTB have been based in highincome countries (e.g., Australia, United States, Canada, and
Spain).
3.2. Screening Programs. In LMI countries, the antenatal
period provides the greatest opportunity for contact with
women of reproductive age as more women seek care during
pregnancy than preconception and in the postpartum period.
Preconception care, that is, care initiated one year prior to the
initiation of unprotected sexual intercourse, is routinely not
offered or not accessible [133]. Although only 28% of pregnant
women in Pakistan, and 47% in Kenya, receive antenatal
care at least four times during pregnancy as recommended
by the World Health Organization [134], the majority make
at least one visit to an antenatal clinic: 61% in Pakistan
and 92% in Kenya [135]. An integrated screening tool that
considers psychosocial, biological, and behavioral measures
to predict PTB has the potential to reduce psychosocial
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distress by implementing relatively low-cost psychological
interventions early in pregnancy and improve pregnancy and
health outcomes of mother and fetus/infant across the life
span. Pakistan, like many other LMI countries, has minimal
mental health resources; the services that are available are
disorganized with respect to the catchment areas they serve
[136]. In the absence of mechanisms to refer women to
specialized health services (i.e., mental health and high risk
pregnancies), costs would outweigh the benefits of screening
[137]. Consequently, the psychosocial-biobehavioral screening tool will need to be administered by health care providers
trained in perinatal mental health, be user friendly, and be
implemented within a model of care that permits triaging
high risk women, monitoring, or referring high risk women
to appropriate mental health services [138].
The LMI country context requires special consideration
in anticipating potential ethical challenges regarding psychosocial interventions. The sociocultural milieu influences
women’s care seeking behavior [18]; thus, ethical obligations
to respect patient autonomy and to act with beneficence (i.e.,
do no harm) when promoting women’s mental health [137]
are much more complex given the dynamic nature of the
decision-making. Designing and evaluating the effectiveness
of a screening program must involve a community-based
participatory approach in which stakeholders (i.e., pregnant
women, families, and community leaders mutually) consider
the social determinants of health to cocreate screening programs that will be taken up by the community [139, 140]. The
approach espouses to the Public Health Code of Ethics which
will advocate for and empower pregnant women with limited
decision-making capacity to access health care services that
are responsive to their needs [140].
Ethical approaches to managing clinical dilemmas with
screening for psychosocial distress and risk of PTB must
consider interrelationship between maternal mental health
and fetal well-being, that is, relational ethics [137]. Allostatic
load may indirectly influence maternal and infant health
by impacting behavior systems thereby hindering motherinfant interactions [68, 90, 141]. These altered interactions
in the long-term lead to delays in the infant’s physical (i.e.,
growth, illness like diarrhea), emotional, cognitive, language,
and social functioning [142–146] which can influence wellbeing of the mother, father, and family. Consequently, health
care providers have an obligation to care for the mother (i.e.,
beneficence) as well as the fetus/infant (i.e., nonmaleficence
or do no harm) [137].

4. Conclusion
The psychosocial, biological, and behavioral model proposed
in this paper is unique as it considers each individual’s
unique life course that would influence stress perspective,
biological responses, and coping strategies. Moreover, intervention strategies may be tailored to the risk profile identified
thereby conserving and effectively utilizing limited resources
in LMI countries. The model also stresses the importance
of screening at multiple time points along the continuum
of pregnancy as physiological processes of pregnancy alter
stress responses (psychosocial and biological). The more
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blunted responses as pregnancy progresses protect the fetus
and mother from adverse health consequences [37, 48, 111].
Key issues currently include identifying evidence-informed
integrated psychosocial distress measures, biomarkers of
allostatic load, and health behaviors; critical time periods
for screening; and assessment and referral practices in poor
resourced settings such as LMI countries.
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Objective. To determine predictive risk factors for Apgar scores < 7 at 5 minutes at two hospitals providing tertiary care and
secondary care, respectively. Methods. A retrospective registry cohort study of 21126 births (2006–2010) using data from digital
medical records. Risk factors were analyzed by logistic regression analyses. Results. AS5 min < 7 was multivariately associated with
the following: preterm birth; gestational week 32 + 0–36 + 6, OR = 3.9 (95% CI 2.9–5.3); week 28 + 0–31 + 6, OR = 8 (5–12);
week < 28 + 0, OR = 15 (8–29); postterm birth, OR = 2.0 (1.7–2.3); multiple pregnancy, OR = 3.53 (1.79–6.96); previous cesarean
section, OR = 3.67 (2.31–5.81); BMI 25–29, OR = 1.30 (1.09–1.55); BMI ≥ 30 OR = 1.70 (1.20–2.41); nonnormal CTG at admission,
OR = 1.98 (1.48–2.66). ≥1-para was associated with a decreased risk for AS5 min < 7, OR = 0.34 (0.25–0.47). In the univariate
logistic regression analysis AS5 min < 7 was associated with tertiary level care, OR = 1.48 (1.17–1.87); however, in the multivariate
analysis there was no significant difference. Conclusion. A number of partially preventable risk factors were identified, preterm birth
being the most evident. Further, no significant difference between the two hospital levels regarding the risk for low Apgar scores
was detected.

1. Introduction
The Apgar score, regardless of underlying cause, is used for
comparing the neonatal outcome at different obstetrical units
worldwide in order to measure the quality of obstetrical care.
The Apgar score still defines the degree of birth asphyxia
according to the International Statistical Classification of Diseases and Related Health Problems 10th Revision (ICD-10)
[1], despite other available methods indicating birth asphyxia
such as umbilical cord acid base balance measurement.
A low Apgar score less than seven points at five minutes
is known to have implications for neonatal mortality [2] and
morbidity, for example, respiratory distress and neurological
problems [3, 4]. Still, the vast majority of infants with Apgar
< 7 points at five minutes (AS5 min < 7) will be healthy both
during the neonatal period and later on in life.
Previous national and international studies have demonstrated a number of risk factors for low Apgar scores or
asphyxia, although results and definitions differ. The studies

comprise socioeconomic, demographic, and medical risk
factors. Smoking [5], low socioeconomic status [6], single
civil status of the mother [7], maternal short stature [8, 9], and
maternal obesity [10, 11] have all been shown to increase the
risk for a low Apgar score. The mode of delivery, intrauterine
meconium release, and abnormalities in cardiotocography
(CTG) [7] comprise medical risk factors associated with a low
Apgar score. There are no available comprehensive studies
evaluating the state of modern Swedish obstetric health care.
The aims of the study were to investigate whether there
are identifiable risk factors of AS5 min < 7 prior to delivery and
to compare possible differences in risk factor profiles between
the level of care at a university hospital providing tertiary care
and a county hospital providing secondary care.

2. Materials and Methods
This retrospective register study is a comprehensive study of
all 21 126 deliveries during five consecutive years (2006–2010)

2
at a secondary level hospital (the County Hospital in Kalmar)
and a tertiary level hospital (the University Hospital in
Linköping), both situated in the southeastern region of
Sweden. Parturients and infants were identified from the
local digital medical records, Obstetrix (Siemens Healthcare,
Health Services, Upplands Väsby, Sweden),which include
standardized medical record forms completed at the antenatal health care centers at the start of prenatal care (usually
in gestational week 10–12), records from the delivery units,
and records from the pediatric examination of the newborn.
Ninety percent visit the antenatal health care center during
the first trimester of pregnancy (local data). The system is
identical at both hospitals.
The study population was divided into infants with an
AS5 min < 7 and infants with an Apgar score ≥ 7 at five minutes
(AS5 min ≥ 7). Infants, who had not been given an Apgar
score at five minutes were excluded (𝑛 = 136). Stillbirths
due to intrauterine fetal death (IUFD) were also excluded
(𝑛 = 72), as were infants with lethal malformations (𝑛 = 3;
anencephaly, Potter syndrome and trisomy 18).
In cases of multiple pregnancies (𝑛 = 619) one of twins
or two of triplets (𝑛 = 6) were excluded in order to avoid
recording potential maternal risk factors more than once
in the same pregnancy. Among siblings where one had an
AS5 min < 7 while the other had an AS5 min ≥ 7, those with
AS5 min < 7 were included in the study. When both infants in
a pair of twins had an AS5 min < 7 or both had an AS5 min ≥ 7,
one was randomly excluded.
Due to partial overlapping (e.g., twin and IUFD) in the
mentioned exclusion criteria 483 infants were excluded. A
total of 20 643 (97.7%) patients were available for further
analysis.
From the medical records data was extracted regarding
maternal age, height, and weight, single or multiple pregnancy, parity, smoking habits during pregnancy, previous
cesarean section, previous or current illnesses in certain categories (type 1 diabetes mellitus, endocrine diseases (i.e., not
diabetes mellitus, predominantly thyroid disease), epilepsy
and inflammatory bowel disease (IBD)), induction versus
spontaneous onset of labor, classification of the CTG at
admission, gestational age at delivery, mode of delivery, time
of delivery, and diagnoses at delivery including preeclampsia
if existent.
Body mass index (BMI) in kg/m2 was calculated from
maternal prepregnancy weight and height data. Women
were grouped into six categories of BMI: underweight (less
than 18.5), normal weight (18.5–24.9), overweight (25–29.9),
obesity class I (30–34.9), obesity class II (35–39.9), and obesity
class III (40 or more) according to the World Health Organization classification [12]. All these maternal and delivery
variables were considered potential risk factors for low Apgar
scores and were compared between infants with AS5 min < 7
and infants with AS5 min ≥ 7. Secondly, these variables were
compared concerning infants with AS5 min < 7 and infants
with AS5 min ≥ 7 between the two hospital levels included in
the study.
Continuous variables with symmetric distribution (e.g.,
age and weight) are presented as the mean value (mean),
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standard deviation (SD) and range (min–max), and categorized for logistic regression analysis. The difference between
groups with respect to these variables was analyzed with
Student’s 𝑡-test adjusted for unequal variances. Risk factors
for AS5 min < 7 were analyzed by logistic regression analysis.
Significant associations of AS5 min < 7 in the univariate
analysis and age were included in the subsequent multivariate
logistic regression analysis. In this analysis, data is presented
as odds ratios (OR) with 95% confidence intervals (CI). All 𝑃
values are two-tailed and 𝑃 = 0.05 is considered statistically
significant. The software Statistica v.12 (StatSoft, Inc., Tulsa,
OK, USA) was used for all analyses.
The study was approved by the Regional Ethical Review
Board in Linköping, Sweden (2012/195-31).

3. Results
Of 21126 infants 20990 (99.4%) had been assigned an Apgar
score at five minutes of age. After described exclusions a
total number of 20643 were considered the study population.
From the tertiary level hospital 13632 infants were included, of
which 273 had AS5 min < 7 (2.00%). From the secondary level
hospital, the corresponding figures were 96/7011 (1.37%).
There was no difference in maternal age or maternal
weight between the group with an AS5 min < 7 and an
AS5 min ≥ 7 (Table 1), but maternal height was significantly
shorter in the group with AS5 min < 7. The BMI was
significantly higher in the group with AS5 min < 7 and there
was a clear trend over the BMI strata as well as for gestational
age (Table 2). The mean gestational age was significantly
shorter in AS5 min < 7 (Table 1).
AS5 min < 7 was multivariately associated with the following parameters (Table 3): preterm birth, postterm birth,
multiple pregnancy, previous cesarean section, preeclampsia,
maternal height ≤ 158 cm, BMI 25–29, and BMI ≥ 30. Being ≥
1-para was associated with a decreased risk for AS5 min <
7. In the univariate logistic regression analysis AS5 min <
7 was associated with tertiary level care. However, in the
multivariate analysis no significant difference was found. This
was also the case for thyroid disease. Neither type 1 diabetes
mellitus, IBD, nor epilepsy was significant risk factors for
AS5 min < 7.
Analyses were also performed to investigate whether or
not the time of birth (day/night or seasonal) was a risk factor
for a low Apgar score, but no significant difference was found.
Furthermore, different types of delivery modes were
investigated for the frequency of low Apgar scores. There
was no significant difference between spontaneous vaginal
birth (0.91% AS5 min < 7) and elective cesarean section
(1.24%) or between operative vaginal delivery (4.68%) and
emergency cesarean section (5.70%). In the group delivered
by immediate emergency cesarean section, however, there
was a significantly higher frequency of AS5 min < 7 (20.9%,
𝑃 < 0.001).
Moreover, a subanalysis was performed in order to
investigate risk factors in the study population for birth before
32 weeks of gestation (Table 4), which was multivariately
associated with multiple pregnancy, preeclampsia, smoking,
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Table 1: Descriptive data for the study population (𝑛 = 20 643). Differences between AS5 min < 7 and AS5 min ≥ 7 were analyzed with Student’s
𝑡-test.
𝑛
369
303
306
301
366

Age (years)
Weight (kg)
Height (cm)
Body mass index (kg/m2 )
Gestational age (weeks)

AS5 min < 7
Mean (SD)
30 (5)
70 (15)
164 (7)
26 (5)
36 (6)

Q1–Q3
26–34
59–78
160–168
22–29
32–41

Table 2: Categorized descriptive data for the study population
regarding body mass index (BMI) and gestational age. Chi2-test was
used for the comparison of frequencies.
Parameter
BMI (kg/m2 )
<20
20–24.9
25–29.9
30–34.9
≥35
Total
Gestational age (weeks)
<28
28–31 + 6
32–36 + 6
37–41 + 6
≥42
Total
∗

AS5 min < 7
𝑛
(%)

AS5 min ≥ 7
𝑛
(%)

21
135
84
46
15
301

7.0
44.9
27.9
15.3
5.0
100

1746
9457
4778
1566
692
18239

9.6
51.9
26.2
8.6
3.8
100

62
27
45
206
26
366

16.9
7.4
12.3
56.3
7.1
100

49
122
981
18045
1054
20251

0.2
0.6
4.8
89.1
5.2
100

𝑃

<0.001∗

<0.001

Sign difference between BMI ≥ 30 and BMI < 30 (𝑃 < 0.001).

thyroid disease, and epilepsy. Being ≥ 1-para was associated
with a decreased risk for birth before 32 weeks of gestation.

4. Discussion
This retrospective registry study showed that maternal height
< 158 cm, BMI > 30 kg/m2 , nulliparity, postterm birth (≥42
weeks of gestation), preterm birth (≤36 + 6 weeks of
gestation), previous cesarean section, multiple pregnancy,
preeclampsia, and an abnormal CTG at admission were
independent risk factors for AS5 min < 7.
The study has some limitations. One is that the cases
of AS5 min < 7 are relatively few, as they constitute 1.98%
of the total study population. This could be rectified by a
larger study population. As the number of children with an
AS5 min ≥ 7, however, is relatively large, the risk factor analysis
should be considered fairly robust.
A low Apgar score does not always correlate to neonatal
asphyxia on the basis of metabolic acidosis. The analysis
of umbilical cord pH and base excess was not included
in this study, which could have been valuable in order to
further elucidate the entity of infants with low Apgar scores.

𝑛
20274
18314
18570
18239
20251

AS5 min ≥ 7
Mean (SD)
30 (5)
69 (14)
166 (6)
25 (5)
40 (2)

Q1–Q3
26–33
59–75
162–170
22–27
39–41

𝑃
0.891
0.133
<0.001
<0.001
<0.001

However, it has been previously shown that only about 38% of
children with low Apgar scores have metabolic acidosis [13].
In another study 69% of children with an Apgar score of 1–3 at
5 minutes and 54% of children with an Apgar score of 4–6 at 5
minutes had a pH of <7.15 in the umbilical artery [14]. On the
other hand, not all neonates with metabolic acidosis have low
Apgar scores [14, 15]. Although the pathophysiology of low
Apgar scores differ, a low score identifies children in need of
resuscitation efforts at birth. An advantage of using the Apgar
score as a selection criterion, and not metabolic acidosis, is
that the vast majority of infants were given an Apgar score (in
this material 20 990/21 126 = 99.4%) whereas complete registration of umbilical cord blood gases were at hand for only
about 70–75%, thereby missing about 25–30% (local data).
In this study we chose to include all live births during
the relevant time period at two hospitals. We did not set a
minimum threshold for inclusion regarding gestational age,
which was often the case in other studies aiming to investigate
risk factors for low Apgar scores, neonatal asphyxia, or
hypoxic ischemic encephalopathy [7, 10, 16]. We also chose
not to exclude cases of multiple gestation, as the purpose
was to comprehensively investigate risk factors for AS5 min <
7. In similar studies exclusively singleton pregnancies were
included [7, 16]. Our study, therefore, presents a more
genuine view of the risk factors for low Apgar scores among
patients at a standard Swedish obstetric unit.
This study focused on maternal risk factors and only
those easily accessible in the digital medical journals. One
advantage of using medical journals as a data source is
that this enables including variables not available in the
Swedish Medical Birth register. Here, for example, we have
the possibility to evaluate the CTG at admission. This is a
strength of the study.
Regarding fetal risk factors, we have studied the impact of
gestational age and normal or abnormal CTG at admission.
In this kind of study it is not possible, however, to further
evaluate CTG or the use of an ST-analysis. It would be
of value to investigate other potential fetal risk factors,
such as intrauterine growth restriction or oligohydramniosis.
However, we estimated the material as too small for this
purpose. Another problem with those factors is that they may
not have been diagnosed prior to delivery.
Although height and BMI are so closely linked, maternal
short stature (≤158 cm) and BMI > 30 kg/m2 were both found
to be independent risk factors for AS5 min < 7, even when
adjusted for in the multivariate regression analysis. However,
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Table 3: Risk factors for Apgar scores < 7 at 5 minutes. Analyses performed by univariate and multivariate logistic regression.
Total

AS5 min < 7
𝑛

Univariate logistic regression

(%)

OR

Multivariate logistic regression

95% conf. int.

𝑃

OR

95% conf. int.

𝑃

1.17–1.87

0.001

—

—

—

Level of care
Secondary

7011

96

1.37

1.00

Tertiary

13632

273

2.00

1.48

≤26

5387

100

1.86

1.00

27–30

5976

102

1.71

1.01

0.92–1.10

31–33

4343

72

1.66

1.01

0.84–1.22

≥34

4937

95

1.92

1.02

0.77–1.34

Age (years)
1.00

0.897

1.10

0.97–1.24

1.20

0.93–1.54

1.31

0.90–1.91

0.152

Height (cms)
≥175

1800

17

0.94

1.00

159–174

14992

229

1.53

1.83

1.44–2.32

≤158

2084

60

2.88

3.34

2.06–5.39

<25

11359

156

1.37

1.00

25–29.9

4862

84

1.73

1.38

1.19–1.60

1.29

1.08–1.54

≥30

2319

61

2.63

1.91

1.43–2.56

<0.001

1.67

1.17–2.36

0.004

No

15784

246

1.56

1.00

Yes

3236

62

1.92

1.25

0.95–1.66

0.113

—

—

—

No

18379

290

1.58

1.00

Yes

550

17

3.09

1.99

1.21–3.27

0.007

—

—

—

No

18823

302

1.60

1.00

Yes

134

5

3.73

1.21

0.97–5.85

0.059

—

—

—

No

18762

302

1.61

1.00

Yes

194

5

2.58

1.62

0.66–3.96

0.292

—

—

—

No

18798

303

1.61

1.00

Yes

158

4

2.53

1.59

0.58–4.30

0.366

—

—

—

0

8418

191

2.27

1.00

≥1

10602

117

1.10

0.48

0.38–0.60

<0.001

0.34

0.25–0.48

<0.001

37 + 0–41 + 6

18251

206

1.13

1.00

≥42 + 0

1080

26

2.41

2.8

2.6–3.1

2.0

1.7–2.3

32 + 0–36 + 6

1026

45

4.39

8.0

6.8–9.4

3.9

2.9–5.3

28 + 0–31 + 6

149

27

18.1

23

18–29

8

5–12

<28 + 0

111

62

55.9

64

46–88

15

8–29

<0.001

No

17796

271

1.52

1.00

Yes

1224

37

3.02

2.01

2.31–5.81

<0.001

No

20338

336

1.65

1.00

Yes

305

33

10.82

7.20

1.81–7.05

<0.001

1.00
<0.001

2.06

1.56–2.72

4.23

2.43–7.39

<0.001

BMI (kg/m2 )
1.00

Smoking

Thyroid disease

Type 1 diabetes mellitus

Inflammatory bowel disease

Epilepsy

Parity
1.00

Gestational age (weeks)
1.00

<0.001

Previous cesarean section
1.00
1.42–2.84

<0.001

3.66

Multiple pregnancy
1.00
4.95–10.49

<0.001

3.57
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Table 3: Continued.
5 min

Total

AS
𝑛

<7

Univariate logistic regression

(%)

OR

Multivariate logistic regression

95% conf. int.

𝑃

OR

95% conf. int.

𝑃

2.80–5.74

<0.001

—

—

—

1.27–2.15

<0.001

—

—

—

1.73–3.53

<0.001

1.45–2.62

<0.001

Preeclampsia
No

20092

334

1.66

1.00

Yes

551

35

6.35

4.01

No

18067

299

1.65

1.00

Yes

2576

70

2.72

1.65

Normal

16524

214

1.30

1.00

Nonnormal

1176

36

3.06

2.47

Induction

CTG at admission

information on height and/or weight was lacking in 2103
individuals (10.2%), of which 68 were in the group AS5 min <
7 (3.2%), which is a slight overrepresentation and implies
that the results regarding BMI as a risk factor might have
to be interpreted with some caution, although this has been
verified in previous studies [10, 11]. It is interesting to note
that maternal height is of such importance, as this appears to
be an empirical observation made by experienced midwives
and obstetricians. This has also previously been shown both
nationally [16] and internationally [8, 9], although the latter
studies are older. The risk factors nulliparity [10, 16] and previous cesarean section [16] are also in line with the results of
other studies. One must bear in mind, however, that the comparison of risk factors in an international perspective might
be difficult, as antenatal care as well as obstetric care is conducted under completely different conditions in large parts of
the world compared to the southeastern region of Sweden.
Concerning the frequency of low Apgar scores in relation
to different modes of delivery we have looked at the frequency
per se, since there was no possibility in this kind of study to
evaluate indications, for example, a pathological CTG pattern
for operative vaginal delivery or cesarean section. It might
be valuable to investigate this, since a Swedish study showed
that two-thirds of children born after 33 weeks of gestation
with an AS5 min < 7 were subject to substandard care during
labor, where the most common causes were misinterpretation
of CTG, incorrect action based on CTG changes, and nonoptimal use of oxytocin augmentation of labor [17].
We chose to compare two obstetric clinics at a secondary
and a tertiary level hospital in the same region of Sweden.
There is an established collaboration between the two clinics
and obstetric high-risk patients are, in some instances,
referred from the secondary level hospital to the tertiary
level hospital. From this perspective, risk factors such as
differences in obstetric care are important to continually
analyze and evaluate. In the univariate logistic regression
analysis tertiary level of care was a slight risk factor for low
Apgar scores. However, when adjusted for other parameters,
such as preterm birth, there was no significant difference
regarding the risk profile for AS5 min < 7 between the two
levels of hospital care.

1.00
1.95

The most evident risk factor for AS5 min < 7 found in this
study was preterm birth (OR = 8 (5–12) and OR = 15 (8–29)
for gestational age 28 + 0–31 + 6 weeks and <28 + 0 weeks,
resp.).
The overall rate of preterm birth before 37 weeks of gestation in this population was 7.74%, compared to 5.9% in the
general Swedish population [18]. The reason for the slightly
higher incidence of preterm birth in the study population
was the referral of preterm deliveries to the tertiary care
hospital. In an international perspective the incidence of
preterm birth in Sweden is low, compared to, for example,
the United States, where preterm birth rates are 12% [18].
The frequency of preterm births before 32 weeks of gestation
was low, even at the tertiary level hospital (1.7%). The total
study population included 260 (1.26%) infants born before 32
weeks of gestation, of which 89 (34%) had an AS5 min < 7. In
comparison, the frequency of AS5 min < 7 among term infants
(week 37 + 0–41 + 6) was only 1.1%. It has also been previously
shown that a very low gestational age and a very low birth
weight correlate to low Apgar scores [19].
Since preterm birth was found to be such a strong
risk factor for AS5 min < 7, we chose to investigate this
issue further with the material at hand. We found multiple
pregnancy to be a very strong factor for preterm birth
(OR = 15 (9–24)), which has been previously confirmed
[20]. When dealing with in vitro fertilization, for example,
it is, therefore, of vital importance to reduce the risk of
multiple pregnancy in order to avoid the risk of preterm birth,
which accounts for the vast majority of neonatal morbidity
and mortality [21]. Preeclampsia was also found to be a
significant risk factor (OR = 5.5 (3.4–8.9)) for birth before
32 weeks of gestation, although this was anticipated since
severe preeclampsia is a cause of medically indicated preterm
birth. Previous studies have shown various causes of preterm
birth [22], and in line with these results we demonstrated
smoking as a risk factor for birth before 32 weeks of gestation,
implicating the need for continuous work in the field of health
informatics. In a Cochrane review by Chamberlain et al. [23]
it was demonstrated that psychosocial interventions for the
cessation of smoking during pregnancy were successful, and
led to a lower frequency of preterm births. We also found
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Table 4: Risk factors for preterm birth before 32 weeks of gestation. Analyses performed by univariate and multivariate logistic regression.
Parameter
Age (years)
≤26
27–30
31–33
≥34
Height (cms)
≥175
159–174
≤158
BMI (kg/m2 )
<25
25–29.9
≥30
Smoking
No
Yes
Thyroid disease
No
Yes
Type 1 diabetes mellitus
No
Yes
Inflammatory bowel disease
No
Yes
Epilepsy
No
Yes
Parity
0
≥1
Previous cesarean section
No
Yes
Multiple pregnancy
No
Yes
Preeclampsia
No
Yes

Total

32 weeks
𝑛
(%)

Univariate logistic regression
OR
95% conf. int.
𝑃

Multivariate logistic regression
OR
95% conf. int.
𝑃

5386
5975
4341
4915

96
47
54
63

1.78
0.79
1.24
1.28

1.00
0.92
0.84
0.78

0.82–1.03
0.68–1.05
0.56–1.08

0.135

1.00
0.98
0.97
0.95

0.84–1.16
0.70–1.34
0.59–1.54

0.84

1800
14992
2084

18
99
23

1.00
0.66
1.10

1.00
1.11
1.22

0.77–1.59
0.59–2.54

0.588

—

—

—

11359
4862
2319

80
39
19

0.70
0.80
0.82

1.00
1.09
1.19

0.87–1.38
0.75–1.89

0.448

—

—

—

15784
3236

108
34

0.68
1.05

1.00
1.54

1.05–2.27

0.029

1.00
1.61

1.07–2.41

0.022

18379
550

131
10

0.71
1.82

1.00
2.58

1.35–4.93

0.004

1.00
2.32

1.17–4.57

0.015

18823
140

134
1

0.71
0.71

1.00
1.00

0.16–6.28

0.997

—

—

—

18762
138

194
3

1.03
2.17

1.00
2.12

0.67–6.71

0.201

—

—

—

18798
158

137
4

0.73
2.53

1.00
3.54

1.29–9.67

0.014

1.00
3.14

1.13–8.78

0.029

8418
10602

82
60

0.97
0.57

1.00
0.58

0.41–0.81

0.001

1.00
0.68

0.47–0.98

0.036

17796
1224

132
10

0.74
0.82

1.00
1.10

0.58–2.10

0.768

—

—

—

20314
303

216
44

1.06
14.52

1.00
15.8

11.2–22.3

<0.001

1.00
15

10–24

<0.001

20067
550

214
46

1.07
8.36

1.00
8.47

6.09–11.78

<0.001

1.00
5.48

3.39–8.86

<0.001

thyroid disease and epilepsy to be independent significant
risk factors for birth before 32 weeks of gestation. The number
of cases of maternal thyroid disease are relatively few (𝑛 =
550, of which only 10 infants were born before 32 weeks)
and the data does not differ between different types of
thyroid dysfunction. However, the function of the thyroid
gland is central in human reproduction and untreated thyroid
disorders are known to increase the risk of several adverse
outcomes in pregnancy, of which preterm birth is one [24].

Furthermore, we showed that parturients who were ≥1-para,
had a decreased risk for preterm birth implying the need for
more thorough monitoring of pregnancies in primigravidae.
Although this project provided valuable baseline data,
there is reason to pursue these analyses on a regular basis,
to detect trends, for example, in frequency of cesarean
sections, inductions, and instrumental vaginal deliveries.
Furthermore, the average BMI among pregnant women, as
well as the proportion of obese pregnant women, has been
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shown to be increasing [25, 26]. This is the single risk factor
for low Apgar scores shown in this study possible to influence,
which stresses the importance of working intensely with
this issue to reduce obesity and call attention to associated
risks, not only regarding pregnancy outcome but regarding
cardiovascular and metabolic diseases. These results may
constitute the basis for intervention studies such as those
conducted on obese mothers in Linköping, Sweden [27].
Although this study could not demonstrate obesity as a risk
factor for preterm birth, meta-analyses show an association
between these two conditions [28]. If interventions could lead
to a reduced degree of obesity among pregnant women, we
might see an effect on the frequency of preterm birth and
thereby a lower incidence of low Apgar scores as well.

5. Conclusion
Preterm birth is the most evident risk factor for low Apgar
scores, and interventions to prevent preterm birth are of
importance in improving neonatal outcome. From a clinical
perspective efforts are needed to reduce maternal obesity and
smoking, since these two risk factors are possible to influence.
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The aim of the study was to compare sRAGE and esRAGE plasma levels in pregnant women with (A) threatened premature labor
(𝑛 = 41), (B) preterm premature rupture of membranes (𝑛 = 49), and (C) preterm rupture of membranes at term (𝑛 = 48). The
relationship between these and classic intrauterine infection markers and the latent time from symptoms up to delivery depending
on RAGE’s concentration were investigated. In groups A and B, a positive correlation was found between plasma sRAGE and latent
time (𝑟 = 0,422; 𝑝 = 0,001; 𝑟 = 0,413, 𝑝 = 0,004, resp.). High prognostic values were found in both groups for plasma sRAGE
concentration and the latent time from symptoms up to delivery. Groups B and C presented higher levels of esRAGE than group
A (526,315 ± 129,453 pg/mL and 576,212 ± 136,237 pg/mL versus 485,918 ± 133,127 pg/mL, 𝑝 < 0,05). The conclusion is that sRAGE
concentration can be a favorable prognostic factor in the presence of symptoms of threatened premature labor. Higher esRAGE
plasma level in case of the rupture of membranes in mature and premature pregnancy suggests its participation in fetal membranes
destruction.

1. Introduction
Preterm labor is defined as a birth of a newborn that occurs
between 22nd and 37th week of gestation. Some 30–35%
of all premature labors are iatrogenic, due to maternal or
fetal indications, while the other 40–65% complete spontaneously in the consequence of preterm uterine contractility
or membrane rupture [1]. Preterm end of pregnancy is the
most common cause of morbidity and mortality of the
newborns as well in the United States as in Europe [1, 2].
Despite the significant development of perinatal medicine
in recent years, the prevalence of premature birth has not
decreased and it still remains 10–20%. Many factors have
been hypothesized as pathogenic for premature labor, but the
activation of maternofetal inflammatory response, leading to

uterine activity or preterm premature rupture of membranes
(pPROM), is believed to be the most corresponding to
contemporary knowledge [3].
Most of investigators consider preterm labor as an acute
obstetric disease related to ascending bacterial infection
of lower pole of membranes with exogenic or endogenic
microbes, with subsequent rapid maternal and fetal immunologic response [4–7]. In women diagnosed with chorioamnionitis and premature labor increased plasma levels of
some pathogen-associated molecular patterns (PAMPs), such
as interleukin-1 beta (IL-1𝛽), calcium binding protein A5
(S100A5), prolyl 4-hydroxylase alpha polypeptide 2 (P4HA2),
interleukin-6 (IL-6), interleukin-8 (IL-8), lipopolysaccharides (LPS), tumor necrosis factor-alpha (TNF-𝛼), and Creactive protein (CRP), were discovered [8–11]. Yet, in some
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cases of high PAMPs plasma level in the pregnant, there were
no observable symptoms of preterm labor. For this reason
present studies on preterm labor pathogenesis focus on
the evaluation of chronic inflammation as the predisposing
factor for the occurrence of acute intrauterine infection with
preterm birth as an outcome.
In 2007 Oppenheim et al. postulated an introduction of
the new concept of alarmines to medical nomenclature [12].
Intracellular alarmines, also called damage-associated molecular patterns (DAMPs), can influence immunologic response
via toll-like receptors (TLR) and receptors for advanced glycation end products (RAGE) as well as by direct activation of
cytokines synthesis in neutrophils and macrophages [13]. The
group of the most thoroughly investigated alarmines includes
high-mobility group box-1 (HMGB-1), heat shock proteins
(HSP), with HSP70 particularly among them, S100A5 protein,
hepatoma-derived growth factor (hdgf), IL-1𝛼, and uric acid
[14–17]. The DAMPs effect is connected with the activation
of nonspecific receptors, mainly RAGEs and TLRs. The interaction between RAGE and its ligand yields intensification of
oxidative stress not only via NADPH oxidase activation, but
also via some transcription activating factors such as nuclear
factor kappa-B (NF𝜅B) and mitogen-activated protein kinase
(MAPK) [18]. After its release, activated NF𝜅B reaches the
nucleus to turn on the expression of genes of cytokines like
tumor necrosis factor 𝛼 (TNF𝛼), IL-1, and IL-6 and those
of adhesive proteins, with vascular cell adhesive molecule-1
(VCAM-1) and intercellular adhesive molecule-1 (ICAM-1)
among them, which participate in the inflammatory process
[19]. The RAGE-mediated inflammatory response can be
modulated by specific negative forms of these receptors,
including dominant negative receptors for advanced glycation end products (dsRAGE) and, present in circulating
blood, soluble receptors for advanced glycation end products
(sRAGE) as well as endogenous secretory receptors for
advanced glycation end products (es-RAGE).
High levels of sRAGE are proven to reduce systemic
inflammatory response, improving the course and the prognosis in some diseases involving endogenous inflammation
[20–25].
From the hypothesis claiming protective effect of negative
RAGE forms the question emerges whether the concentration
of soluble forms of the aforementioned receptors in the
pregnancy can have an impact on the prevalence of preterm
labor as a consequence of spontaneous uterine contractility
or preterm premature rupture of membranes.

2. Objectives
The objectives of this study are as follows:
(1) calculation and comparison of sRAGE and esRAGE
plasma levels in three groups of pregnant women
diagnosed with threatened premature labor, preterm
premature rupture of membranes, and preterm rupture of membranes at term,
(2) assessment of the relationship between negative
RAGE forms and classic intrauterine infection markers,

(3) evaluation of pregnancy duration from the occurrence of threatened premature labor symptoms up to
delivery, depending on RAGE concentration,
(4) evaluation of pregnancy duration from the rupture
of membranes until delivery, depending on RAGE
concentration.

3. Materials and Methods
The study was conducted in the Department of Obstetrics
and Gynecology and in the Department of Laboratory Diagnostics and Molecular Medicine of Pomeranian Medical University from 29/10/2012 to 30/06/2014. 138 women between
22nd and 41st week of gestation were included and subsequently divided into three groups. Group A contained 41
women between 22nd and 36th week of gestation, presenting
symptoms of threatened premature labor. Group B enclosed
49 participants between 22nd and 36th week of gestation
with preterm premature rupture of membranes. Group C
brought together 48 pregnancies with the evidence of preterm
rupture of membranes but lacking in uterine contractions,
who completed 37th week of gestation.
The detailed characteristics of study groups is shown in
Table 1 and the inclusion criteria are listed in Table 2.
Not later than two hours after admission to the department, peripheral maternal blood was sampled from the ulnar
vein and then treated with dipotassium ethylenediaminetetraacetic acid (EDTA-K2 ). After centrifugation of the whole
sample (10 minutes, 5000 rps), obtained plasma samples were
stored at −80∘ C until sRAGE and esRAGE concentration
analyses were performed. Immunoassay methods were used
to sRAGE and esRAGE calculations. Human sRAGE ELISA
(Bio Vendor Research and Diagnostic Products) is a sandwich enzyme immunoassay for quantitative measurement
of human sRAGE. Calibration range for sRAGE is 50–
3200 pg/mL, with the limit of detection at 19,2 pg/mL. Human
esRAGE ELISA (Cusabio, CSB-E15773h) is analogically a
sandwich enzyme immunoassay for quantitative measurement of human esRAGE. Calibration range for esRAGE
is 0,625 ng/mL–40 ng/mL, with the limit of detection at
0,156 ng/mL. Coefficients of variation (CV) for the assays of
sRAGE and esRAGE are shown in Table 3.
All women included in the study had also determined
white blood cells count and neutrophils percentage in venous
blood and plasma level of C-reactive protein. In the participants in groups A and B the ultrasound cervical length
was assessed with a vaginal probe placed in the vestibule
of the vagina. The arithmetic mean of the three subsequent
measurements was used in the study. Moreover, in every
woman belonging to group A or B, a microbiological smear
for aerobic bacteria culture was taken from the cervical canal
during gynecologic examination. In group A, after exclusion
of diagnosis of intrauterine infection, intravenous inflow
of Fenoterol in dosage range from 0,0035 to 0,005 mg/min
was administered as a tocolytic agent, until the inhibition
of uterine contractions. The participants were also given
Betamethasone in two 12 mg doses with 24-hour intervals to
accelerate fetal lung maturation.
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Table 1: General characteristics of the studied population (mean ± SD).
Parameters
Number of women
Age [years]
Gestational age [weeks]
Parity

Group A
41
28 ± 6
31 ± 3
2±1

Group B
49
30 ± 7
31 ± 4
2±1

𝑝 value
—
NS
𝑝 = 0,0001
NS

Group C
48
29 ± 6
39 ± 1
2±1

Table 2: Inclusion criteria.
Group

A (𝑛 = 41)

B (𝑛 = 49)

C (𝑛 = 48)

Week of gestation

22–36
Uterine contractions of the frequency
≥4 per 60 minutes, documented in
CTG record.

22–36

37–41

Absence of uterine contractions,
documented in CTG records.

Absence of uterine contractions,
documented in CTG records.

Rupture of fetal membranes
confirmed with one of the
following:
(i) vaginal discharge pH ≥7,
(ii) positive result of Amni Sure
test,
(iii) positive result of Amni Prom
test.

Rupture of fetal membranes
confirmed with one of the
following:
(i) vaginal discharge pH ≥7,
(ii) positive result of Amni Sure
test,
(iii) positive result of Amni Prom
test.

Bishop score ≥4
Signs & symptoms
Cervix length ≤25 mm documented in
ultrasound scans.

Table 3: Coefficients of variation for the assays.
Assays
sRAGE
esRAGE

Coefficients of variation (CV)
Intra-assay (within-run) [%]
4.00
5.20

Interassay (run-to-run) [%]
7.15
8.50

Eventually the whole group A was categorized into
subgroups by the duration of pregnancy from the diagnosis
of threatened premature labor up to delivery, with a seven day
cut-off point.
After diagnosis, antibiotic agents were administered in
group B to extend the duration of pregnancy between
the rupture of membranes and delivery. Intravenous 2 g of
Ampicilin and 300 mg of Erythromycin every six hours for
48 hours and subsequently oral 500 mg of Amoxycilin every
eight hours and 250 mg of Erythromycin every six hours
for five days were considered as a standard. These women
were also given two 12 mg doses of Betamethasone with 24hour intervals to accelerate fetal lung maturation, avoiding
tocolytic agents administration.
Group B was additionally divided into subgroups according to pregnancy duration from the rupture of membranes to
delivery, with the cut-off point considered as 24 hours.
The study was approved by the Bioethical Committee of
Pomeranian Medical University (KB-0012/121/12).

further analyzed. The level of significance (𝑝) was set at less
than 0,05. For the presentation of not normally distributed
variables the number of patients (𝑁), values’ range (min–
max), medians (Me), and the first and third quartile values
(𝑄1-𝑄3) were included in the descriptive statistics. However,
for normally distributed variables’ characteristics, the results
were presented as number of patients (𝑁), arithmetical mean
(𝑋), and standard deviation (SD). To assess the differences
between analyzed parameters between two groups the MannWhitney test for unpaired variables was used. We used the
ANOVA Kruskall-Wallis test to assess the differences between
analyzed parameters between more than two groups. For
the statistical analysis of relationship between 𝑋 and 𝑌,
correlations’ coefficients were estimated using Spearman’s
test. Receiver operation characteristic (ROC) curve analyses
to determine the cut-off point, as well as the predictive value
of tests, their sensitivity, specificity, positive and negative
predictive values (PPV and NPV, resp.), and accuracy, were
analysed.

3.1. Statistical Analysis. The statistical evaluation was performed using Statistica 10,0 PL software for Windows. The
distribution of variables was checked using nonparametric W
Shapiro-Wilk’s test and, according to its results, values were

4. Results
The majority of studied parameter distributions deviated
from the normal distribution (Shapiro-Wilk test 𝑝 > 0,05).
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Table 4: Descriptive statistics of studies groups by ANOVA Kruskall-Wallis comparison.

Group A
𝑁 min–max 𝑄1
Age [years]
41
15–41
24
WBC [G/L]
41 3,3–20,0 9,51
CRP [mg/L]
41 0,4–39,5
2,3
Band [%]
41
63–92
74,2
sRAGE [pg/mL] 41 128–1686 352
esRAGE [pg/mL] 41 230–915 406
Parameters

Group B
Group C
𝑄3 Me 𝑁 min–max 𝑄1
𝑄3
Me 𝑁 min–max 𝑄1
32
30 49
16–41
26
35
31
48
17–40
25
14,4 13,19 49 8,2–25,4 10,05 14,38 11,82 48 8,0–21,0 9,97
5,5
3,7 49 0,2–77,3
2,7
11,8
5,8 48 0,3–19,0
1,5
79,4 76,8 49
55–91
66,7 80,8 71,7 48
60–91
66,9
787 594 49 48–4872
297
775
612 48 77–1787
285
533 490 49 281–958
483
610
541 48 410–1096 497

𝑝
𝑄3
Me
33
29
NS
14,04 11,43 NS
5,4
3,7
NS
79,8 73,0 NS
887
714
NS
613
542 0,00

WBC: white blood cells.
CRP: C-reactive protein serum level.
Band: banded neutrophils.
sRAGE: secretory receptors for advanced glycation end products.
esRAGE: endogenous secretory receptors for advanced glycation end products.
𝑄1: Quartile 1.
𝑄3: Quartile 3.
Me: median.
𝑝: level of significance.

Table 5: Correlations between sRAGE, esRAGE, and biochemical and clinical markers of preterm labor. Groups A and B (𝑁 = 89).
Correlations
esRAGE versus WBC
esRAGE versus CRP
esRAGE versus Band
esRAGE versus MC
esRAGE versus CxL
esRAGE versus LT
esRAGE versus GD
esRAGE versus BW

Group A
𝑅
𝑝
0,149
NS
0,238
NS
0,133
NS
−0,165
NS
−0,186
NS
0,212
NS
0,045
NS
0,038
NS

Group B
𝑅
𝑝
0,030
NS
0,390
0,02
0,035
NS
−0,148
NS
0,002
NS
0,185
NS
0,069
NS
0,091
NS

Correlations
sRAGE versus WBC
sRAGE versus CRP
sRAGE versus Band
sRAGE versus MC
sRAGE versus CxL
sRAGE versusLT
sRAGE versus GD
sRAGE versus BW

Group A
𝑅
𝑝
0,070
NS
−0,303
NS
−0,171
NS
−0,165
NS
0,017
NS
0,422
0,001
0,469
0,002
0,338
0,03

Group B
𝑅
𝑝
0,022
NS
−0,304
NS
−0,179
NS
−0,177
NS
0,002
NS
0,413
0,004
0,069
NS
0,047
NS

𝑝: level of significance.
𝑅: Spearman’s correlation rate.
sRAGE: secretory receptors for advanced glycation end products.
esRAGE: endogenous secretory receptors for advanced glycation end products.
WBC: white blood cells.
CRP: C-reactive protein.
Band: banded neutrophils.
MC: microbial culture from the cervix.
CxL: ultrasound cervical length.
LT: latent time, from pPROM till delivery and from diagnosis of threatened preterm labour till delivery.
GD: gestational age at delivery.
BW: birth weight.

Patients did not differ significantly between study groups in
terms of age, white blood cell counts, banded neutrophils,
CRP plasma level, and sRAGE concentration. There were significant differences in esRAGE levels found between groups.
Table 4 shows the summary of results obtained in each group.
In groups B and C, higher levels of esRAGE were found
compared with group A (526,315 ± 129,453 pg/mL and 576,212
± 136,237 pg/mL versus 485,918 ± 133,127 pg/mL, 𝑝 < 0,05).
Rank correlation was analyzed in A and B groups
between the levels of sRAGE and esRAGE and white blood
cells count, CRP concentration, banded neutrophils, cervical
microbiological smear findings, cervical length in ultrasound
examination, neonate birth weight, gestational age at delivery,
and latency period after diagnosis. A positive correlation was
found in group A between plasma sRAGE concentration and

pregnancy duration from diagnosis to delivery (𝑟 = 0,422;
𝑝 = 0,001), neonate birth weight (𝑟 = 0,338; 𝑝 = 0,03), and
gestational age at delivery (𝑟 = 0,469; 𝑝 = 0,002). In B group
the latency period from diagnosis to delivery seemed to
extend in the presence of increasing sRAGE plasma levels
(Table 5).
In the subgroup of pregnancies with latency period
extended over seven days, significantly higher concentrations
of sRAGE were found, compared with those with latency
less than seven days (Me = 405,923 versus 744,001 pg/mL;
𝑝 = 0,004). The analysis of area under the ROC curve for
sRAGE and latency period revealed the cut-off point for
latency duration over seven days as a sRAGE concentration
of 726,300 pg/mL, with test specificity 0,947 and sensitivity
0,591 (Figure 1).
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Figure 1: Group A. sRAGE and esRAGE comparison according to 7-day latent time. Mann-Whitney test; sRAGE ROC curve analysis for
latent time.

In group B higher sRAGE levels occurred in women
whose latency period from pPROM until delivery was over 24
hours (Me = 712,05 pg/mL versus 368,11 pg/mL; 𝑝 = 0,007).
Both subgroups presented comparable esRAGE concentrations. The analysis of area under the ROC curve for sRAGE
and latency period in group B yielded an sRAGE level equal
to 265,08 pg/mL as the cut-off point for latency period over
24 hours, with test specificity 0,591 and sensitivity 0,960
(Figure 2).

5. Discussion
5.1. Receptors for Advanced Glycation End Products. The
receptors for advanced glycation end products (RAGE) pertain to the group of transmembrane multiligand receptors
belonging to the immunoglobulin superfamily, the activation
of which is crucial, inter alia, for induction and maintenance
of inflammatory response [26–28]. The RAGE is located on
the surface of many cell populations, including phagocytes,
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Figure 2: Group B. sRAGE and esRAGE comparison according to 24-hour latent time. Mann-Whitney test. sRAGE ROC curve analysis for
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hepatocytes, endothelium, smooth muscles of blood vessel
media, nervous system cells, and mesangial cells of the
glomeruli [26]. The RAGE determining gene is localized on
the 6th chromosome, next to the major histocompatibility
complex class III region [29]. This location makes RAGE
probable not only to act as a receptor but also to be involved
in the reaction to different types of injury [30]. It has been
proven that the RAGE gene expression can be induced in
response to enhanced cell activation caused by increased

concentration of RAGE ligands in case of tissue damage and
inflammation [27].
Apart from the native RAGE form, there are some additional, mostly negative, isoforms described in the literature.
Negative RAGEs are heterogenic protein groups, capable of
binding, inter alia, advanced glycation end products (AGE)
and alarmines. Thanks to ligands binding, negative RAGEs
inhibit the response mediated by advanced glycation end
products and some alarmines and have a protective effect
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on blood vessels against toxic influence of ligand-RAGE
complexes [31–33]. The membrane form of the receptor,
known as dominating negative RAGE (dnRAGE), can be
found on the cell surface. The ligands attached to the receptor
concentrate on the cell surface, which results in suppression
of the receptor’s signal transduction [28, 34]. The sRAGEligand complexes lose their affinity for heparan sulfate to be
released to the blood stream and to be, eventually, captured
and degraded in the liver or spleen. A particular type of
sRAGE lacking the transmembrane and cytosolic domains
is thought to be alternatively spliced and named as the
endogenous secretory RAGE (esRAGE) [33].
5.2. The RAGEs and Premature Labor. Prior assumption
of the protective influence of negative RAGEs leads to
the question whether different levels of receptors’ soluble
forms in the pregnant can correlate with the prevalence of
premature labor, considered both are a sequel of spontaneous
uterine contractility or premature rupture of membranes
as well. Because the main objective of the study was to
analyze a potential role of negative RAGEs in the pathogenesis of preterm labor, sRAGE and esRAGE concentration was assessed in all participants and compared among
study groups. There is little research on the evaluation of
sRAGE and esRAGE levels in pregnant women suffering
from threatened preterm labor and/or premature rupture of
membranes. Hájek et al. found sRAGE mean concentration in
pregnancy to be about 669 ± 296 pg/mL and estimated lower
sRAGE concentration in women diagnosed with threatened
premature labor than in healthy pregnant women [35]. In our
study sRAGE levels were compared reaching, respectively,
594,9, 612,9, and 714,45 pg/mL in groups A, B, and C,
without significant differences among the groups, which is
in contrast with findings of Hájek et al. [35]. Following the
quest, Germanová et al. determined sRAGE levels to be
the lowest in the 1st and 3rd trimesters of uncomplicated
pregnancy, tending to decrease in women diagnosed with
preterm labor and/or preeclampsia [36]. The weak point of
the study was the small number of participants, amounting to
42.
In our research the sRAGE concentration was also the
lowest the in preterm labor group, but, compared with the
other, did not differ significantly, while the analysis and
comparison of esRAGE concentration proved remarkable
differences among study groups. Women from groups B
(pPROM) and C (PROM) had significantly higher levels
of esRAGE than those from group A. The question of
whether, and in what mechanism, increased concentration of
esRAGE is associated with the preterm rupture of membranes
should be considered in the near future. The connection
between sRAGE and esRAGE plasma levels and the rupture
of membranes has not been proven in literature till now, since
most of the research concerned the role of amniotic fluid
RAGEs concentration in premature labor [37].
Roberto Romero is the leading investigator of RAGEs
in the obstetric context. In 2008 he evaluated sRAGE
and esRAGE amniotic fluid concentration in categorized
groups of the pregnant women: in their 2nd trimester
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of pregnancy, at term but lacking symptomatic labor, at
term in labor, diagnosed with threatened preterm labor
with unruptured membranes, and diagnosed with preterm
premature rupture of fetal membranes. He assessed receptor
concentrations depending on the presence or absence of
intrauterine infection in preterm pregnancies, finding that
participants with symptoms of labor at term had lower
levels of sRAGE, while in women at preterm labor lower
sRAGE concentration correlated with intrauterine infection
[37]. Taking into account the molecular patterns of RAGEs
function in the modulation of inflammatory response,
the findings cited above must be regarded as unexpected
[38].
Our study focused on calculation of plasma RAGEs
concentration only, since we presume that confirmation
of association of sRAGE and esRAGE plasma levels with
preterm labor would result not only in future research, but
above all as an introduction of a new clinical diagnostics
tool. The correlation between RAGEs (sRAGE and esRAGE)
and other preterm labor markers was evaluated in A and B
study groups. The measurement of latency period, from the
onset of premature labor symptoms till delivery in group A
and from premature rupture of membranes up to delivery
in group B, was the particular element of further statistical
analysis. The cut-off point was determined at seven days in
group A and at 24 hours in group B, which has its practical
implication; that is, estimation of latency period in a pregnant
women with threatened premature labor for over seven days
lets her safely leave the hospital after adequate treatment.
There was positive correlation in group A between plasma
sRAGE levels and latency period duration, gestational age at
delivery, and neonatal birth weight. High values of correlation
coefficient for sRAGE plasma concentration and latency (𝑟 =
0,42) and for sRAGE and gestational age at delivery (𝑟 = 0,47)
became a good reason for analysis of the area under the ROC
curve, in order to evaluate the sRAGE plasma level cut-off
point at which premature labor occurs later than seven days
from the onset of symptoms. We considered sRAGE plasma
concentration over 726,3 pg/mL to be the predictive factor of
preterm delivery, with sensitivity 0,591 and specificity 0,947.
The results obtained in our study seem to be consistent with
the protective function of negative forms of RAGEs, which
has already been proven and described in the literature [39–
41]. The protective effect of increased sRAGE plasma level was
also documented by Bastek et al., who analyzed it in the group
of pregnant women (𝑛 = 529) suffering from threatened
preterm labor, from which 39,8% of the participants gave
premature birth. In the last subgroup significantly lower
plasma sRAGE concentration was detected (771,79 pg/mL),
compared with those who delivered at term (948,485 pg/mL).
The authors concluded that sRAGE plasma level estimation
would be useful as a preterm delivery prognostic marker
and its high value can be a favorable prognostic factor.
They also evaluated cord blood sRAGE concentration in
the infants born to participants of the study, finding higher
sRAGE levels correlated with lower occurrence of sepsis in
the neonates [42]. After the rupture of membranes in preterm
gestation, potential risk of overt intrauterine infection is
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associated with pregnancy prolongation [43, 44]. Increased
plasmatic levels of CRP, IL-1, and procalcitonin, as well as
observable symptoms, suggest infection development [45,
46]. The diagnosis of overt intrauterine infection is an adverse
prognostic factor for premature newborns. From the other
point of view, extension of pregnancy duration after preterm
rupture of membranes, especially those occurring before
30 weeks of gestation, may increase the chance of proper
psychomotor development in preterm infants [47]. There is
a requirement of a marker of intrauterine infection onset,
indicative of the immediate need for parturition.
In our study group B we analyzed the correlation
between RAGEs (sRAGE and esRAGE) plasma levels and
latency period from the rupture of membranes till delivery,
as well as white blood cell counts, CRP concentration,
banded neutrophils percentage, ultrasound cervical length,
microbial cervical cultures, gestational age at delivery, and
neonatal birth weight. What we found was positive relation
between sRAGE concentration and latency period duration
and between esRAGE and CRP levels. It can be assumed
that a higher sRAGE level in this group reduces the risk
of rapid intrauterine infection development. Romero et al.
were the only ones in 2012 to publish a scientific report on
amniotic fluid sRAGE concentration depending on presence
or absence of chorioamnionitis in mature pregnancies. They
detected a decrease of sRAGE level accompanying signs and
symptoms of intrauterine infection [48]. Although in our
study the sRAGE level correlated with duration of latency
period after pPROM, it was not associated with WBC,
neutrophils percentage in blood smear, or with ultrasound
cervical length. We observed a negative trend for sRAGE and
CRP concentration (𝑟 = −0,303; 𝑝 = 0,056). In the literature,
only Germanová et al. found strong negative correlation
between sRAGE and WBC (𝑟 = −0,47) [36]. After having
found the association between sRAGE and latency period,
using the analysis of the area under the ROC curve, we
calculated the cut-off point for sRAGE level over which
the latency period exceeded 24 hours. The specificity of the
test was 0,59 and its sensitivity reached 0,96 for a sRAGE
concentration of 265,08 pg/mL. In the literature on this issue
lacks the value of sRAGE level indicating rapid intrauterine
infection development following preterm premature rupture
of membranes. In preterm pregnancy pPROM can be as well a
cause as a consequence of chorioamnionitis. It seems that, in
case of pPROM following intrauterine infection, the latency
period is reduced to less than 24 hours and sRAGE level is
low, while in the opposite case the latency exceeds 24 hours,
accompanied by significantly higher sRAGE concentration.
Unfortunately, only very few researchers are concerned with
the evaluation of different forms of RAGEs in premature
labor [36, 37, 42, 48]. Positive correlation between esRAGE
and CRP seems to prove that every form of RAGE can play
a different role in preterm labor pathogenesis. The results
obtained in our study, which is partly consistent with the
other authors’ research, demonstrate the role of DAMPs
and many forms of their receptors in the pathogenesis of
premature labor. The paucity of the literature on the topic and
contradictory results of some studies show the need for future
research on the role of RAGEs in preterm labor.
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6. Conclusions
(1) Higher plasma esRAGE concentration in the pregnant women with the rupture of membranes in
mature and premature pregnancy suggests its participation in fetal membranes destruction. There is a need
for further study on esRAGE in women after PROM.
(2) The lack of significant association between white
blood cell count or neutrophils percentage and
sRAGE level shows that the role of the latter is not
necessarily connected with intrauterine infection.
(3) High sRAGE concentration can be a favorable prognostic factor in the presence of symptoms of threatened premature labor. There is a need for more
research to confirm results of this observation.
(4) High sRAGE plasma concentration in premature gestation complicated by preterm rupture of the membranes seems to delay the development of intrauterine
infection. More studies on this topic are necessary to
prove our observation.
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Introduction. Universally mothers at 35 years or more have had higher maternal and perinatal risks. This study analyzed the trend
of this group in maternal population and determined their risk of having premature children, during the demographic transition
period in Chile. Materials and Methods. Epidemiological study conducted in the population of simple live births registered in the
Chilean National Database Births of 1991–2012. Analyses were performed in three categories of maternal age: 35 or more, under
35, and 20 to 29 years. The risk of prematurity was measured by crude and Adjusted Odds Ratio from logistic regression model.
Results. Mothers aged 35 and older increased in population from 10.6% in 1991 to 16.7% in 2012 and presented an overall prevalence
of preterm delivery of 6.7%, higher prevalence than 20–29 age group (4.7%). In aging mothers, the Odds Ratio for preterm birth
adjusted for education, marital status, and parity was 1.68 (95% CI (1.66–1.70)) compared to mothers aged 20–29. All differences
were significant (𝑝 < 0.001). Conclusions. During Chilean demographic transition, mothers aged 35 or older increased steadily and
significantly maintaining higher risks of preterm births. Policies to prevent and monitor the late motherhood could contribute to
stopping the current trend.

1. Introduction
In most industrialized countries, the characteristics of the
maternal population changed in the last three decades and
this had a broad impact on maternal and child health [1–3].
In Chile, the demographic and health statistics indicated
changes that were expressed in a decrease in the birth rate and
fertility, the latest age at first birth, and other modifications
of socioeconomic order such as increased schooling and
the female employment rate. These changes resulted from
the demographic and epidemiological transition that was
occurring since the 80s; in this context, increasing of maternal
age corresponded to the demographic structure of population
aging [4, 5].
Risks associated with increased late motherhood (from 35
years on) resulted in increased maternal morbidity and mortality. In Chile, advanced maternal age was becoming more
difficult to decline in maternal mortality since 2003 where
the lowest rate of 12.7/100,000 live births was registered.
This was stated by various publications by E. Donoso which

showed that the commitment Chile acquired by assuming
the 5th Millennium Development Goal by reducing maternal
mortality to 75% in 2015 (reaching the rate of 9.9/100,000
births alive) has been impossible to fulfill because of age 4–6
factor and, besides, mortality was concentrated in this group
of mothers. Therefore, 51% of maternal deaths that occurred
between 2000 and 2009 were associated with comorbidities
that mostly affect mothers over 35 years [6–8].
Along with maternal risk is the high risk of perinatal and
neonatal death more specifically [9, 10] with prematurity as
first direct or indirect cause. In Chile, the participation of
prematurity in perinatal and neonatal mortality increased
from 65% in 1999 to 83% in 2004 [11].
The risk was due to the increase in this group of mothers
of preterm birth (less than 37 weeks of gestational age),
low birth weight (less than 2500 g) with intrauterine growth
restriction (fetal weight estimated gestational age below the
10th percentile), and congenital malformations [11, 12].
Since premature birth rarely responded to a single cause,
it considered the presence of other related factors to age, such
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2000

Out of a total of 5,459,001 live births in the study period,
95,821 were excluded and 5,363,180 single live births were
analyzed.
Mothers of 35 or more increased from 10.6% in 1991 to
16.6% in 2012 (Table 1). Similarly, mothers aged 20–29 years,
considered as a group of low-risk obstetrics, decreased significantly (Table 1). The global rate (%) of preterm birth increased
steadily and significantly from 4.7% to 6.4% (Figure 1).
Figure 2 shows that late mothers held higher global rates
of preterm birth regarding mothers under 35 years. All
differences were significant (𝑝 < 0.001). Although it was
observed that prematurity significantly increased over time

% ≥ 35
10.6
11.0
11.4
11.5
12.1
12.6
13.1
13.4
14.0
14.6
15.2
15.5
16.0
16.1
16.0
16.0
15.7
15.7
16.0
16.5
16.7
16.6
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% < 35
89.4
89.0
88.6
88.5
87.9
87.4
86.9
86.6
86.0
85.4
84.8
84.5
84.0
83.9
84.0
84.0
84.3
84.3
84.0
83.6
83.3
83.4

% 20–29
56.9
55.8
54.9
54.3
53.1
52.2
51.1
50.2
49.5
48.8
48.0
48.0
47.5
46.9
46.7
46.3
46.9
47.3
48.2
47.8
47.9
47.6

6.5

1996

Epidemiological study of analytic and transversal cut, was
made in the population of live births registered in the
National Database of Live Births in Chile, during the period
1991–2012. Multiple births and births that do not correspond
to the definition of live birth, under 22 weeks gestational age
and/or with less than 500 g [16] were excluded.
The main explanatory variable is the maternal age which
was analyzed in three categories: 35 or more, under 35, and
20 to 29 years.
The main result was preterm birth defined by World
Health Organization, as birth less than 37 weeks gestational
age.
First, the distribution of three categories of maternal age
annually was described and the evolution of prematurity
was further evaluated by group of mothers. The trend of
prematurity was evaluated with the Prais-Winsten Test. The
differences in rates of preterm between 1991 and 2012 were
measured by the relative change (% change).
The risk of preterm delivery of maternal population aged
35 or older was determined by the crude and Adjusted Odds
Ratio (OR) extracted from a model of logistic regression.
The adjustment variables were parity, marital status, and
educational level of the mother. The reference group was
mothers aged 20–29 years, considered as a group of low
obstetric risk.

1994

3. Methods

Number of births
272574
267356
264541
262969
255581
254635
250274
247509
241036
239370
236807
229835
225555
222297
223173
223213
234527
241175
251744
249735
246885
237735

1992

The main objective was to analyze the trend of maternal
age population that held newborns unique and alive new
born during 1991 to 2011 to determine the risk of having a
premature infant with birth among mothers aged 35 or more
by comparison to mothers aged 20–29.

Birth year
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2012
2009
2010
2011
2012

1990

2. Objective

Table 1: Evolution of single live births and maternal age by year.
Chile, 1991–2012.

Rate of preterm birth (%)

as chronic diseases, overweight, parity, and socioeconomic
status, among others [13, 14].
In Chile, few studies have centered on the impact of
advanced maternal age on the births. A previous publication
in the same maternal population (1991 to 2008) showed the
highest risk for mothers over 38 of having very preterm child
(28–31 weeks gestational age) and child with low birth weight
[15].
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Figure 1: Global rate (%) of preterm birth per year. Chile, single live
births 1991–2012. Prais Winsten Test with 𝑝 < 0.001.

in all groups studied, the group over 34 had a higher initial
rate with 6.2% in 1991 and reached 8.0% in 2012 which
corresponded to an increase of 29%. This trend was evolving,
so it was estimated that prematurity in this group could reach
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Figure 3: Increased late primiparity in mothers of 35 and older.
Chile, single live births 1991–2012. Prais-Winsten Test with 𝑝 =
0.005.

Figure 2: Rates of preterm birth in three groups of maternal age.
Chile, single live births 1991–2012.

8.5% in 2015, since the estimated global increase per year was
0.2% by logit function (𝑝 < 0.000).
In terms of risk measurement, compared to mothers aged
20–29 years, the Adjusted Odds Ratio (AOR) for parity,
marital status, and education level, for preterm birth in
women aged 35 years and over, was 1.68 (95% CI (1.66 to
1.70)).
The risk increases with age and primiparity and it was
observed that there was a significant increase in primiparity
in mothers aged 35 and over, from 11.3% to 16.0% at the end
of the observed period. In this specific group of primiparae,
the risk of having a premature child increased significantly:
AOR = 2.10 (95% CI (1.93 to 2.27)). This trend became more
evident since 2009 (Figure 3).
In summary, in Chile, over the past two decades, premature births increased overall and in all ages. The population
groups of mothers of 35 or older and also primiparas
increased and this group had higher rates of preterm delivery
over time.
The adjusted OR for level of education and marital status
remained unchanged, which meant that elderly maternal age
is a premature birth risk factor independent of schooling and
marital status but it was not independent from parity, because
primiparity significantly increased the risk of mothers of 35
years.

5. Discussion
The present study provided information to evaluate emerging
problem of maternal and perinatal health, a public health
problem as part of changes in population in demographic
transition period [17]. Indeed, Chile was completing the
demographic transition and countries that have already done
so, like Norway, reached one-third of maternal population

older than 34, close to ratios which were observed in Central
Europe.
The increase in mothers of 35 or more deserved special
attention, mainly in countries with limited resources or those
at low income, since the new situation leads to multiple
challenges to obstetric and perinatal care such as increasing
human teams and highly specialized technicians for both the
mother and the newborn. It was therefore necessary to focus
prevention strategies towards women of childbearing age,
as appropriate and relevant information about maternal and
perinatal risk associated to age, older age at first birth.
Large databases allow seeing the demographic reality, a
reality on a large scale, and therefore constitute strong evidence. However, they have a limitation which is not allowing
access to more specific risk profiles, especially biological ones.
Otherwise, it has been known by national and international
publications that hypertensive and metabolic pregnancy disorders, especially diabetes mellitus and obesity, are the main
risk factors added to advanced maternal age [18–21].
Studies from industrialized countries indicated not only
these diseases as the most prevalent and described similar
results but also risks associated with treatments for hypofertility used in elderly women that led to a significant increase
in multiple pregnancies.
Moreover, in developed countries, increase of maternal
age and late primiparity are related to the more important
demand of assisted reproductive technologies (ARTs). In
Chile, medical offer of assisted procreation has increased
since the decade of 90s in major cities. This offer remains with
a high individual cost; however, it has a growing acceptance
by the population [22].
Therefore, the contribution of this group to national situation of preterm birth in the recent twenty years seems to
be relatively poor. Indeed, those births have not reached an
average of 500 per year and 26% of them were born prematurely [23]. These preterm births were specifically associated
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with multiple births. In this study, this group of births has
been excluded.
The results presented could be useful in other Latin
American countries that shared similar realities with Chile
and started the process of demographic transition in the case
of Bolivia, Ecuador, Peru, and Venezuela just to mention a few
[24].
Future researches should investigate the factors influencing the moment of motherhood in the population, usually
noncollected information, in order to target prevention
efforts.
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Aim. To evaluate the effectiveness of adjunctive pessary therapy after emergency cervical cerclage (ECC) in improving perinatal
outcome in cervical insufficiency with fetal membranes protruding into the vagina. Material and Methods. A retrospective analysis
of patients treated at the 1st Department of Obstetrics and Gynecology, Medical University of Warsaw, between 2008 and 2013.
The study group consisted of 15 women treated with ECC and a pessary and the control group consisted of 17 patients treated with
cerclage only. Results. The mean gestational age at delivery was significantly higher in the study group (34.7 versus 29.7 weeks,
𝑝 = 0.03). The period between cerclage insertion and delivery was significantly longer in the study group (82.9 versus 52.1 days,
𝑝 = 0.045). The mean neonatal birthweight and neonatal “discharge alive” ratio were higher in the study group, although not
statistically significant (2550 g versus 1883 g, 𝑝 = 0.14, and 93.3% versus 70.5%, 𝑝 = 0.18, resp.). NICU hospitalization rates were
comparable (33.3% versus 35.3%, 𝑝 = 0.9). Conclusions. Adjunctive pessary therapy allows delaying delivery in women treated
with ECC due to cervical insufficiency with protruding fetal membranes. It also seems to improve neonatal outcome, although the
differences are not statistically significant. Further prospective study is required to prove these findings.

1. Introduction
Cervical insufficiency is defined as asymptomatic cervical
shortening and dilatation with the absence of detectable
uterine contractions [1]. It affects about 0.05–1% of all
pregnant women and is responsible for 15–25% of perinatal
losses in the second trimester [2, 3]. In sporadic cases
cervical insufficiency is unexpectedly diagnosed during the
second trimester, when the cervix is found dilated, with or
without fetal membranes protruding into the vagina. In such
cases emergency (rescue) cervical cerclage (ECC) is usually
performed.
Cervical cerclage is a treatment consisting of a strong
suture placed around the cervix. It was first proposed by

Shirodkar in 1955 [4]. A single encircling suture was placed at
the internal os level after the dissection of the bladder. A later
suture technique modification by McDonald simplified the
procedure as the bladder dissection was no longer necessary.
Another popular cerclage technique is Wurm suture. It consists of two perpendicular stitches placed around the cervix.
Depending on the severity of the cervical insufficiency and
the duration of pregnancy, cerclage insertion is called elective
or urgent. When the cervix is found dilated during the second
trimester, an emergency cerclage is often inserted. Although
data concerning the efficacy of ECC are limited, it is suggested
that ECC does delay delivery and improves the outcome [5–
7]. According to retrospective cohort studies, ECC allows the
prolongation of pregnancy and a longer gestational age at the
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delivery compared with bed rest [5–8]. Women treated with
ECC required shorter hospitalization and less tocolysis and
experienced fewer episodes of preterm rupture of membranes
with no difference in the occurrence of chorioamnionitis
[5]. ECC results in higher neonatal birthweight [5, 6, 8]. A
prospective study on cervical incompetency with protruding
membranes was published in 2006 by Daskalakis et al. [9]. It
also revealed a significant prolongation of pregnancy and a
higher neonatal birthweight in ECC group. ECC treatment
was related to a higher rate of live births, higher neonatal
survival, lower rate of preterm delivery before 32 weeks,
and fewer Neonatal Intensive Care Unit admissions. All the
above-mentioned studies proved a higher effectiveness of
ECC over bed rest. As there is no other effective treatment of
advanced cervical insufficiency, ECC may be the only method
to delay delivery until fetal viability is reached [8].
Vaginal pessary is an effective tool in urinary incontinence and pelvic organ prolapse treatment. Arabin cervical
pessary is used in preventing preterm delivery. It is a flexible,
ring-shaped pessary designed to encompass the insufficient
cervix. This option is less invasive than a cervical suture and
its effectiveness in preventing preterm labour was established
in several studies. Goya et al. conducted a randomized
multicenter trial involving 385 pregnant women. The study
showed that a cervical pessary significantly decreased the rate
of preterm deliveries and neonatal complications [10]. Similar
results were also presented in the Cochrane review [11].
Nowadays, a pessary is often used in cervical insufficiency
treatment but it has never been used as an adjunctive tool
after ECC insertion.
The aim of this study was to evaluate the effectiveness of
adjunctive pessary therapy after emergency cervical cerclage
insertion in improving perinatal outcome in women with
cervical insufficiency with fetal membranes protruding into
the vagina.

2. Material and Methods
We retrospectively analyzed the medical records of singleton
pregnancy patients with cervical insufficiency treated with
ECC due to cervical dilatation of up to 4 cm accompanied
by bulging of fetal membranes into the vagina, diagnosed
in the second trimester of pregnancy, hospitalized at the 1st
Department of Obstetrics and Gynecology, Medical University of Warsaw, between 2008 and 2013. The inclusion criteria
included intact membranes, no signs of intrauterine infection
(maternal fever, uterine tenderness, foul-smelling vaginal
discharge, fetal tachycardia and maternal leukocytosis, or
elevated C-reactive protein), no uterine contractions, and no
vaginal bleeding. They were fulfilled by 40 patients.
Cervical insufficiency was diagnosed during an examination with a vaginal speculum. High vaginal and/or cervical
swabs were taken for microbiological culture. During an
observation period lasting 12–24 hours the patients’ general
condition was checked, routine fetal ultrasound scan was
performed, and white blood cell count (WBC) and C-reactive
protein (CRP) levels were measured to diagnose subclinical
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chorioamnionitis. If the above results were normal (no regular uterine contractions, no fetal abnormalities detected on
ultrasound scan, WBC ≤ 15 000 × 106 /L, and CRP < 10 mg/L)
the ECC procedure was performed. No amniocentesis to
exclude infection was performed before the ECC. In every
case the patient’s written informed consent was obtained.
A prophylactic dose of antibiotics was administered
(3.0 g ampicillin and sulbactam and 0.5 g metronidazole
intravenously) 30 minutes before the procedure. After the
anesthesiologist administered spinal or general anesthesia,
the patient was placed in the lithotomy position, and the vulva
and the vagina were carefully decontaminated (Octenisept,
Schulke & Mayr). The urinary bladder was filled with 0.9%
NaCl through a Foley catheter in order to place protruding
fetal membranes in the uterine cavity. The method of cerclage insertion (Wurm or McDonald technique, Ethibond
Excel Number 2 Polyester Suture, Johnson) was selected
individually at the discretion of the operator. On the day
of the procedure 0.5 g of metronidazole was administered
intravenously every 8 hours, and for the next 7 days 0.5 g
of erythromycin was given orally every 8 hours, unless
alternative therapy was chosen based on antibiogram. To
avoid possible uterine contractions, intravenous tocolysis
with fenoterol was administered for maximum 12 hours after
the procedure (0.024–0.048 mg/min). Vaginal progesterone
was administered (200 mg daily in two doses) to all patients
beginning on the day after the procedure. Within 72 hours
8 patients revealed signs of infection, uterine contraction, or
rupture of membranes. 15 out of the remaining 32 women
were subsequently treated with a pessary (Herbich cervical
pessary size 2). Adjunctive pessary treatment was left at the
discretion of the attending obstetrician. Hence, the study
group consisted of 15 women treated with cervical cerclage
and an adjunctive pessary and the control group of 17 patients
treated with cerclage only.
After at least 7 days of hospitalization, the patients
were discharged home with no bed rest prescribed. Vaginal
progesterone was administered until 34 weeks of gestation. In
case of uterine contractions or vaginal bleeding the cerclage
(and the pessary in the study group) was removed. In case
of premature rupture of membranes the cerclage (and the
pessary, if applicable) was removed if any signs of intrauterine
infection or spontaneous uterine contractions were present.
In case of such complications women were also administered
steroids before the delivery (4 doses of 6 mg dexamethasone
during 48 hours between 24 and 34 weeks of gestation). If
no complications appeared, the cerclage (and the pessary, if
applicable) was removed routinely at week 36 of pregnancy.
Patients’ demographic and baseline test results were compared between the groups (age, parity, obstetric history, cervical dilatation, WBC, and CRP). The primary outcomes were
as follows: the gestational week at late miscarriage or delivery
and the prolongation of pregnancy after ECC procedure in
both groups. The secondary outcomes were as follows: the
mode of delivery and neonatal outcomes (neonatal survival,
birthweight, and general condition according to the Apgar
score and Neonatal Intensive Care Unit hospitalization).
Statistical analysis was performed with the MannWhitney 𝑈 test for continuous variables and Fisher’s test
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Table 1: Characteristics of the study and control group.
Study group
𝑛 = 15

Age
Primiparity∗
∗

Prior preterm delivery
Prior second-trimester
pregnancy loss∗

Pregnancy week at ECC
WBC (109 /L)
CRP (mg/L)
Cervical dilatation
≤2 cm∗

Control group
𝑛 = 17

Median
(min–max)

Mean

SD

Median
(min–max)

Mean

SD

𝑝

32 (22–40)

31.8

5.3

31 (21–38)

31.7

3.9

0.9

8 (53.3)

11 (64.7)

0.7

1 (6.7)

3 (17.7)

0.6

2 (13.3)

2 (11.8)

0.9

23 (20–25)
10.5
(9.3–14.9)

22.7

1.7

21 (19–27)

22.1

2.1

0.24

10.9

1.9

10.8 (8–14.8)

11.2

2.4

0.7

3.5 (1.2–9.3)

4.9

3.6

3 (0.8–8.7)

3.3

2.7

0.2

11 (73.3)

13 (765)

0.9

∗

𝑛 (%).
ECC: emergency cervical cerclage insertion.
WBC: white blood cell count.
CRP: C-reactive protein.

for categorical variables. A Kaplan-Meier curve was used
to visualize time courses. Potential associations with the
prolongation of pregnancy ≥28 weeks and ≥34 weeks were
explored using a logistic regression analysis and reported
as OR and 95% CI. Statistica 10.0 was used for statistical
analyses. 𝑝 values of <0.05 were considered significant and
all tests were two-tailed.

3. Results
Basic characteristics of the groups are presented in Table 1.
There were no statistical differences in age, parity, obstetric
history, cervical dilatation, or WBC and CRP levels between
the groups. After the removal of the cerclage all patients
delivered before possible time of pessary insertion and thus
were excluded from the study. The study group consisted of
15 women treated with cervical cerclage and an adjunctive
pessary and the control group of 17 patients treated with
cerclage only.
Before the cerclage 8 patients in the study group and 9
patients in the control group had high vaginal or cervical
swabs taken for the microbiological culture. In the study
group the results revealed 3 cases of Enterococcus faecalis
invasion and single cases of Escherichia coli, Streptococcus
agalactiae, Staphylococcus aureus, Klebsiella pneumoniae, and
Candida albicans. Three cases of Escherichia coli and Enterococcus faecalis and one case of Candida albicans were reported
in the control group. Other cultures revealed lactobacilli spp.
The average time of cerclage insertion in the study group
was 22.7 weeks of gestation (from 20 to 25), which did
not differ significantly from the control group (mean 22.1;
min 19–max 27, 𝑝 = 0.24). Cerclage according to Wurm
technique was performed in 8 study group patients and
McDonald technique in 7 study group patients. In the control
group 10 women were treated with Wurm cerclage and 7

with McDonald cerclage (𝑝 = 0.7). After the procedure
intravenous tocolysis was administered to 8 patients in the
study group (53.3%) and 10 in the control group (58.8%,
𝑝 = 0.77). Two patients in the study and three in the
control group underwent antibiotic therapy according to
the antibiogram. Antibiotics were administered after routine prophylactic course of ampicillin with sulbactam and
metronidazole (cephalexin, clindamycin, or ciprofloxacin
instead of erythromycin). Steroids were administered to 8
women in the study and 10 in the control group (53.3% versus
58.8%, 𝑝 = 0.77).
The comparison of pregnancy outcomes between the
study group and the control group is presented in Table 2.
None of the women had serious procedure-related complications. The mean gestational age at delivery was significantly
higher in the study group (34.7 weeks versus 29.7 weeks in
the control group, 𝑝 = 0.03). The period between cerclage
insertion and delivery was also significantly longer in the
study group (82.9 versus 52.1 days, 𝑝 = 0.045). The percentage
of women who did not deliver in the following days after the
ECC procedure in both groups is illustrated in Figure 1.
The mean neonatal birthweight was higher in the study
group, but the difference was not significant (2550 g versus
1883 g, 𝑝 = 0.14). In the study group 11 neonates were born
in good (Apgar score 8–10 points), 2 were born in average
(4–7 points), and 1 was born in poor general condition (0–3
points) and there was one case of stillbirth (at 22 weeks). In
the control group 11 neonates were born in good, 1 was born in
average, and 4 were born in poor general condition, and there
was also one case of stillbirth (at 24 weeks). Two neonates
born in poor general condition before 28 weeks of gestation
died during the first 48 hours after the delivery. NICU
hospitalization rates were comparable (33.3% versus 35.3%,
𝑝 = 0.9). Neonatal “discharge alive” ratio was insignificantly
higher in the study group (93.3% versus 70.5%, 𝑝 = 0.2).
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Table 2: Comparison of the pregnancy outcomes between the study and the control group.
Study group
𝑛 = 15

Gestational age at
delivery (weeks)
Prolongation of
pregnancy (days)
Miscarriage or preterm
delivery∗

Median
(min–max)

Mean

SD

Median
(min–max)

Mean

SD

𝑝

35 (22–41)

34.7

6.3

28 (21–38)

29.7

6.8

0.03

91 (12–119)

82.9

39

35 (5–119)

52.1

43.7

0.045

∗

Miscarriage

Delivery >26 wks

∗

Delivery >28 wks∗
Delivery >32 wks

∗

Delivery >34 wks∗
PROM

∗

11 (64.7)

0.7

0

2 (11.8)

0.5

14 (93.3)

10 (58.8)

0.041

13 (86.7)

9 (52.9)

0.06

13 (86.7)

8 (47.1)

0.028

10 (66.7)

11 (35.3)

0.9

5 (29.4)

0.7

3 (20)

5 (29.4)

0.69

7 (46.7)

8 (47.1)

0.9

12 (80)

13/15 (86.7)

0.95

3 (20)

2/15 (13.3)

0.9

2
1
2850
(540–3700)

2
0
1650
(520–3680)

Vaginal delivery∗
∗

Neonatal birthweight (g)

8 (53.3)

6 (40)

Intrauterine infection∗
Spontaneous regular
uterine contractions∗
Cesarean delivery
Indications
Fetal malpresentation
Imminent fetal asphyxia

Control group
𝑛 = 17

2550

1021

1883

1194

0.14

Stillbirths∗

1 (6.7)

1 (5.9)

0.98

NICU admission∗

5 (33.3)

6 (35.3)

0.9

14 (93.3)

12 (70.5)

0.2

∗

“Discharged alive” rate
∗

𝑛 (%).
wks: weeks of gestation.
PROM: premature rupture of membranes.
NICU: Neonatal Intensive Care Unit.

Table 3: Odds ratios for potential associations for perinatal outcome in women after ECC.

Primiparity
Late miscarriage or preterm
delivery in previous pregnancy
Cervical dilatation ≥2 cm
Adjunctive pessary therapy

Delivery ≥28 weeks of
gestation
OR; 95% CI; 𝑝

Delivery ≥34 weeks of
gestation
OR; 95% CI; 𝑝

1.35; 0.22–8.37; 0.73

0.54; 0.1–2.76; 0.44

2.55; 0.28–22.92; 0.38

2.56; 0.36–18.21; 0.33

1.2; 0.15–8.28; 0.86

0.71; 0.11–4.52; 0.7

5.93; 0.84–41.95; 0.062

3.6; 0.69–18.95; 0.11

In a linear regression model primiparity, late miscarriage
or preterm delivery in previous pregnancy, cervical dilatation
≥2 cm, and adjunctive pessary therapy were not significantly
associated with the prolongation of pregnancy above 28
or 34 weeks (Table 3). Only the adjunctive pessary therapy
was associated with the prolongation of pregnancy above 28
weeks with OR 5.9 and with 𝑝 close to significance (𝑝 = 0.06).

4. Discussion
Cervical insufficiency remains a very serious pregnancy complication. In case of a history of second-trimester pregnancy
loss or preterm delivery intensive screening and prophylactic
procedures may be applied. But according to our results, as
well as those presented in the literature, more than half of the
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Figure 1: The percentage of women who did not deliver in the
following days after the ECC procedure in both groups.

patients with advanced cervical insufficiency unexpectedly
diagnosed during the second trimester of pregnancy were
primiparous [12]. Severe cervical incompetence is commonly
found in women, mostly primiparous, with no ascertainable
risk factors. In such cases ECC is usually performed.
The majority of data concerning ECC effectiveness come
from retrospective analyses [6–8, 12–16], and only a few
studies were conducted prospectively [5, 9, 17]. Although
data from the literature are scarce, the insertion of ECC was
proved to improve pregnancy outcome in comparison with
bed rest [5–7]. In our study we tested a hypothesis that adding
a pessary as an adjunctive tool after ECC placement may
improve the outcome.
The primary clinical conditions of ECC insertion in our
study were comparable to those previously published by other
authors. The ECC was inserted on average at 22 weeks of
gestation, similarly to procedures discussed in the literature,
mostly between 21 and 23 weeks [7, 8, 12, 14–16]. Fetal membranes protruding into the vagina and intrauterine infection
are the strongest predictors of unfavorable perinatal outcome
[18]. In order to create two comparable groups of patients, we
included only pregnant women with fetal membranes bulging
into the vagina, with no signs of infection, who did not
deliver during the first 72 hours after the ECC procedure. We
compared pregnancy outcomes in both analyzed groups with
previously published data. According to the literature the
mean gestational age at delivery after ECC insertion ranged
from 25 to 34 weeks [5, 7, 8, 13, 14, 17, 19]. Most authors
reported the average prolongation of pregnancy between 5
and 13 weeks [6–9, 12–14, 16, 20–23], although much shorter
periods were also reported [24, 25]. The above-mentioned
differences were probably due to the diversity of studied
groups of patients and a different methodology. In our study
the mean prolongation of pregnancy was approximately 7.5
weeks in the control group, while in the study group it
was significantly longer (over 11.5 weeks). Different authors
reported a 50–67% rate of deliveries after 28 weeks, a 44–
69% rate of deliveries after 32 weeks, and a 34–44% rate of
deliveries after 36 weeks of gestation [7, 8, 12, 15, 19, 23].
We observed similar rates in the control group (52.9% of
deliveries took place after 28 weeks, 47% after 32 weeks,
and 35.3% after 34 weeks). In the study group the observed

percentages were higher (93.3% of women delivered after
26 weeks, 86.7% after 28 weeks, and 66.7% after 34 weeks)
and the differences in delivery rates after 26 and 32 weeks
of gestation were statistically significant. As the pregnancy
outcome was better in the study group than in the control
group, which is consistent with outcomes previously reported
in the literature, our novel approach seems to be beneficial for
patients with ECC.
We observed an analogous relationship in the neonatal
outcome. Total neonatal survival rate reported in the literature varied between 50% and 74% [6, 12, 14, 23, 25], and it
was similar in our control group, while in the study group the
survival rate was much higher. The rate of NICU admission
was similar to the one reported in the literature [8, 9, 12, 14].
Possible adjunctive therapies after ECC discussed in
the literature included antibiotics and progestogens, but no
pessary. According to Romero et al., intrauterine microbiological invasion occurred in about 50% of women with
asymptomatic cervical dilatation [26, 27]. The usefulness of
amniocentesis to exclude intrauterine infection prior to ECC
or antibiotic therapy in cerclage recipients is still discussed
in the literature [28]. In our study no amniocenteses were
performed, and all the patients were treated with antibiotics.
There are insufficient data to support or discourage prolonged
antibiotic use in ECC patients. However, there is some
evidence that antibiotics administered after the cerclage may
improve perinatal outcome [20]. In many studies antibiotic
therapy was also applied [7–9, 12, 13, 16].
Progesterone administration appears to reduce uterine contractions due to its anti-inflammatory mechanisms,
oxytocin inhibition, or improvement of immune function.
Adjunctive progesterone therapy has not yet proved to be
effective in ECC patients, but there are some data suggesting
that it may be beneficial [29]. Progesterone or 17-OH progesterone therapy was also conducted in other studies [12, 16].
Our study is limited by its retrospective nature, lack
of randomization, a small sample size, and selected study
group, but this is the first report that evaluates the impact of
adjunctive pessary therapy on perinatal outcomes in women
with ECC. Although the study has its limitations, the presented preliminary results are promising. Vaginal pessary as
an addition to the cerclage may be another step in improving
perinatal outcomes in women with cervical insufficiency and
protruding fetal membranes. However, further prospective
randomized study is required to prove it.

5. Conclusion
Adjunctive pessary therapy allows delaying delivery in
women treated with ECC due to cervical insufficiency with
protruding fetal membranes. It also seems to improve neonatal outcome, although the differences are not statistically
significant. Further prospective study is required to prove
these findings.
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[16] Y. Çavuş, A. Uysal, D. Balsak, Z. Acar, Z. Ince, and F. Uysal,
“Emergency cervical cerclage: effect on pregnancy outcome
and mode of delivery,” Journal of Maternal-Fetal and Neonatal
Medicine, vol. 27, no. 1, pp. 80–83, 2014.
[17] C. P. Weiner, K.-Y. Lee, C. S. Buhimschi, R. Christner, and I.
A. Buhimschi, “Proteomic biomarkers that predict the clinical
success of rescue cerclage,” American Journal of Obstetrics and
Gynecology, vol. 192, no. 3, pp. 710–718, 2005.
[18] S. Lipitz, A. Libshitz, G. Oelsner et al., “Outcome of secondtrimester, emergency cervical cerclage in patients with no
history of cervical incompetence,” American Journal of Perinatology, vol. 13, no. 7, pp. 419–422, 1996.
[19] F. Fuchs, M.-V. Senat, H. Fernandez, A. Gervaise, R. Frydman, and J. Bouyer, “Predictive score for early preterm birth
in decisions about emergency cervical cerclage in singleton
pregnancies,” Acta Obstetricia et Gynecologica Scandinavica, vol.
91, no. 6, pp. 744–749, 2012.
[20] R. L. Shiffman, “Continuous low-dose antibiotics and cerclage
for recurrent second- trimester pregnancy loss,” Journal of
Reproductive Medicine for the Obstetrician and Gynecologist, vol.
45, no. 4, pp. 323–326, 2000.
[21] A. G. Mitra, V. L. Katz, W. A. Bowes Jr., and S. Carmichael,
“Emergency cerclages: a review of 40 consecutive procedures,”
American Journal of Perinatology, vol. 9, no. 3, pp. 142–145, 1992.
[22] S. J. Schorr and W. J. Morales, “Obstetric management of
incompetent cervix and bulging fetal membranes,” Journal of
Reproductive Medicine for the Obstetrician and Gynecologist, vol.
41, no. 4, pp. 235–238, 1996.
[23] H. A. Cockwell and G. N. Smith, “Cervical incompetence
and the role of emergency cerclage,” Journal of Obstetrics and
Gynaecology Canada, vol. 27, no. 2, pp. 123–129, 2005.
[24] G. P. Wong, D. F. Farquharson, and J. Dansereau, “Emergency
cervical cerclage: a retrospective review of 51 cases,” American
Journal of Perinatology, vol. 10, no. 5, pp. 341–347, 1993.
[25] R. Matijevic, B. Olujic, J. Tumbri, and A. Kurjak, “Cervical
incompetence: the use of selective and emergency cerclage,”
Journal of Perinatal Medicine, vol. 29, no. 1, pp. 31–35, 2001.
[26] R. Romero, R. Gonzalez, W. Sepulveda et al., “Infection and
labor: VIII, microbial invasion of the amniotic fluid cavity
in patients with suspected cervical incompetence: prevalence
and clinical significance,” American Journal of Obstetrics and
Gynecology, vol. 167, no. 4, pp. 1086–1091, 1992.
[27] R. Romero, J. Espinoza, J. P. Kusanovic et al., “The preterm parturition syndrome,” British Journal of Obstetrics and Gynecology,
vol. 113, no. 3, pp. 17–42, 2006.
[28] E. A. DeFranco, A. M. Valent, T. Newman, J. Regan, J. Smith, and
L. J. Muglia, “Adjunctive therapies to cerclage for the prevention
of preterm birth: a systematic review,” Obstetrics and Gynecology
International, vol. 2013, Article ID 528158, 10 pages, 2013.
[29] H. Zakut and A. Lanciano, “The influence of progesterone
treatment on the course and outcome of pregnancies following
suture of the cervix for cervical incompetence,” Clinical and
Experimental Obstetrics & Gynecology, vol. 8, no. 1, pp. 1–5, 1981.

