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A prospective study of risk factors for first trimester
miscarriage in Asian women with threatened
miscarriage
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INTRODUCTION The present study aimed to assess the demographic, socioeconomic, medical and lifestyle factors
associated with the progression of a threatened miscarriage to a complete miscarriage in the first trimester.
METHODS A prospective cohort study was conducted on 157 women who presented with vaginal bleeding in the
fifth to tenth week of gestation. Cox regression analysis was used to determine the risk factors for progression to a
complete miscarriage within 16 weeks of gestation.

RESULTS Of the 139 women included for data analysis, 36 (25.9%) had a miscarriage, mostly within two weeks of
presentation. The results of our study showed that women aged > 34 years were more likely to miscarry (hazard
ratio [HR] = 1.95). Compared to women whose partner was 20-30 years of age, women whose partner was > 41
years of age also had a higher likelihood of experiencing a miscarriage (HR = 8.33). However, the presence of
nausea (HR = 0.33) and a high stress score (i.e. 2 17) on the Perceived Stress Scale (HR = 0.49) were associated
with a reduced likelihood of miscarriage.

CONCLUSION Older pregnant women experiencing a threatened miscarriage should be counselled about their
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higher risk of miscarriage, especially if they have an older partner.
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INTRODUCTION
Threatened miscarriage is a relatively common complication
during pregnancy, occurring in approximately 20% of all
pregnancies.""? Vaginal bleeding during the first trimester
is associated with an approximate 5.5%-42.7% risk for
subsequent complete miscarriage.®® Women who experience
such bleeding, but do not experience a subsequent complete
miscarriage, still have an increased risk for other adverse
outcomes such as antepartum haemorrhage, preterm delivery,
low birth weight and the possible need for assisted delivery.®?
The risk factors for the progression of a normal pregnancy
to a complete miscarriage in the first trimester are fairly well
established. Common risk factors include increased maternal
age, high pre-pregnancy body mass index (BMI) and low
serum progesterone levels.""'¥ More recently, lifestyle factors
such as caffeine intake,"> exercise,"® stress,*'” exposure to
cigarette smoke,"®"” and alcohol consumption™2°2" have also
been implicated as risk factors. Some studies have documented
the proportion of women who had experienced a threatened
miscarriage who subsequently go on to experience a complete
miscarriage.“°®® Surprisingly, however, little is known about
the risk factors for the progression of a threatened miscarriage
to a complete miscarriage. It is through the understanding of
such risk factors that obstetricians would be better able to
manage and advise women who are at high risk. A study

conducted in Singapore in 1992 identified certain clinical and
ultrasonographic factors associated with the progression of a
threatened miscarriage to a complete miscarriage; these
included maternal age, extent of vaginal bleeding, abdominal
pain, gestational age at onset of bleeding, uterine size and
fetal cardiac activity.?? However, the study employed a
retrospective record-based design and therefore did not
assess lifestyle factors as potential risk factors or adjust for
potential confounders of the observed associations.

Thus, the objective of this prospective cohort study was to
assess key demographic, socioeconomic, medical and lifestyle
factors that predispose pregnant women who experience a
threatened miscarriage within the fifth to tenth week of gestation
to subsequent progression to a complete miscarriage within
16 weeks of gestation.

METHODS

Between November 2010 and February 2011, we enrolled 157
women who presented as emergency cases to the Obstetrics
and Gynaecology Clinic at KK Women’s and Children’s
Hospital (KKH), Singapore, with a threatened miscarriage
(defined as vaginal bleeding within the first 20 weeks of
pregnancy®) in the fifth to tenth week of pregnancy. KKH
is the largest tertiary women’s and children’s hospital in
Singapore, accounting for approximately 12,000 of the 30,000
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births per year in Singapore. This study was approved by the
SingHealth Centralised Institutional Review Board (CIRB
Ref: 2010/620/D). It was also exempted from full review by the
Duke University Health System Institutional Review Board.

Women who presented with vaginal bleeding during the fifth
to tenth week of pregnancy, determined via ultrasonography,
were included in the study. One reason for setting the upper
limit of the gestational age as ten weeks for inclusion in the
study was to maintain homogeneity with respect to the maternal
hormonal environment, specifically the source of progesterone
in the sample of women we enrolled, since it is known that the
production of progesterone shifts from the corpus luteum to
the placenta late in the first trimester.?¥ The second reason
was that since the primary outcome was assessed at 16 weeks
of gestation, curtailing inclusion at a gestational age of
10 weeks ensured a reasonably long follow-up period. The
study excluded women with multiple pregnancies (as per
ultrasonography), bleeding subsequent to a local pathology
(e.g. a tear or a polyp) or an ectopic pregnancy. Among those
who were enrolled, participants who electively terminated the
of pregnancy, were lost to follow-up, or were subsequently
found to have an ectopic pregnancy, were excluded from the
data analysis.

All participants were interviewed only after they had been
attended to by the managing doctor. Interviewers had no role
in the management of the patients. After written informed
consent was obtained, participants were interviewed using a
questionnaire to collect data on demographic, socioeconomic,
medical and lifestyle variables. The medical records of the
women were also studied after consent was obtained, to
supplement the data collected during the interview.

The following maternal factors were examined as potential
risk factors for miscarriage: age (< 34 years or > 34 years);
marital status (married or single/divorced); ethnicity (Chinese,
Malay, Indian or other); gestational age (wks) at presentation,
determined by ultrasonography; educational level; housing
(public or private); number of children; pre-pregnancy
BMI (kg/m?); regularity of menstrual cycles; presence of
nausea during pregnancy; history of miscarriage; history of
termination of pregnancy; history of benign gynaecological
conditions; smoking status; alcohol consumption; caffeine
intake; mobile phone use (in hours per day); computer use
(hrs/day); history of depression or schizophrenia; extent of
bleeding (spotting, wet pad, single soaked pad or > one pad
soaked); and any prior episodes of vaginal bleeding during
the current pregnancy. In addition, the age of the women’s
partners (20-30 years, 31-40 years or > 41 years) and smoking
status of household members were also recorded.

The 10-item Perceived Stress Scale (PSS) designed by
Cohen et al® was used to measure the stress levels of the
women in the one-month period preceding their presentation
to the clinic. PSS is a measure of psychological stress; it
assesses the extent to which respondents perceive the
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situations faced over the last month as stressful. It has been
used to study the correlation between stress and various
health conditions,?®2% and has been validated in different
countries, including China and Japan.®®3? The scale was also
previously used to assess stress levels among antenatal and
postnatal populations.?3? In the present study’s analysis,
the median score of the sample (i.e. 17 points) was used to
demarcate the high- and low-stress groups.

The medical case records of the women who continued to
receive care at KKH were used to determine their pregnancy
status after the completion of the 16 weeks of gestation.
Women who did not continue to receive care at KKH after
enrollment were contacted via telephone after 16 weeks of
gestation to determine their pregnancy status (i.e. whether
they had experienced a complete miscarriage, and if so, when
it had occurred).

Of the 157 participants enrolled, 11 were lost to follow-up,
4 had elective termination of pregnancy, 1 was subsequently
found to have an ectopic pregnancy, 1 had a blighted ovum
and 1 was found to have a gestation age of less than five
weeks after ultrasonographic examination. After excluding
these 18 women, a total of 139 participants were included
for the data analysis. There were no significant differences in
the distribution of the various potential risk factors between
those included in the study (n = 139) and those excluded
(n = 18) from the analysis (p-value > 0.05, chi-square or
Fisher’s exact test).

Given the prospective nature of the study and the fact
that the study participants contributed variable amounts of
follow-up time, survival analysis was used to identify significant
risk factors for miscarriage. The time-to-event variable used in
the analysis was weeks in study and ranged from zero weeks
(i.e. those who miscarried on the day of enrollment) to 11.9
weeks (i.e. those who were enrolled at five weeks gestation
and had a viable pregnancy at the end of the follow-up period).
Women were censored when they experienced a complete
miscarriage or if they still had a viable pregnancy at the end
of the follow-up period. The exact date of miscarriage was not
available for four participants who experienced a miscarriage
before 16 weeks. As such, their time to miscarriage was imputed
as two weeks, based on the median time to miscarriage
for the other women who experienced a miscarriage.

An overall Kaplan-Meier curve was first obtained to
examine the pattern of miscarriage in the cohort. Following
this, bivariate Cox regression analysis was used to assess the
association of each risk factor with the risk of miscarriage, with
gestational age at enrollment as a covariate in all the analyses.
To select the significant risk factors from all the potential risk
factors considered, stepwise Cox regression was performed,
with the necessary inclusion of gestational age at enrollment
as a covariate. The significant levels to enter and stay in
the model were set at p < 0.10. The factors selected by the
stepwise model were then included in a multivariate Cox
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Table I. Potential risk factors for complete miscarriage among women experiencing a threatened miscarriage at 6-10 weeks
gestation (n = 139): distribution at baseline and bivariate association with complete miscarriage.

Characteristic No. (%) Hazard ratio* Characteristic No. (%) Hazard ratio*
(95% CI) (95% CI)
Age (yrs) 30.1 + 5.5* History of termination
<34 108 (77.7) 1.00 of pregnancy
> 34 31 (22.3) 3.86 (2.08-7.16) Yes 32 (23.0) 0.78 (0.35-1.71)
Marital status e 107 (77.0) Low
Married 130 (93.5) 1.00 History of benign
Single/divorced 9 (6.5) 0.67 (0.16-2.86) gynaecological disease
Yes 37 (26.6) 1.04 (0.52-2.07)
Age of partner (yrs) 33.6 + 6.6 No 102 (73.4) 1.00
20-30 38 (27.3) 1.00 Smoked pri duri
31-40 80 (57.6) 7.61 (1.62-35.77) LG LI CLAC P
> 41 21 (15.1)  17.46 (3.62-84.28) LU LIS
Yes 22 (15.8) 0.31 (0.07-1.30)
Ethnicity No 117 (84.2) 1.00
Chinese 83 (59.7) 1.00 (BN 6T e E e
Mal'ay 28 (20.1) 1.01 (0.44-2.31) i (el
Indian 15 (10.8) 1.15 (0.41-3.20) Yes 35 (25.2) 0.57 (0.24-1.35)
Education Alcohol consumption prior
Secondary school 42 (30.2) 1.00 to or during current
and below pregnancy
Vocational institute 49 (35.3) 0.54 (0.25-1.15) Yes 28 (20.1) 1.00
to polytechnic No 111 (79.9) 0.73 (0.32-1.66)
University 48 (34.5) 0.42 (0.20-0.88) Perceived stress score 16.1 + 5.4*
Housing L(?W (<17) 78 (56.1) 1.00
Public 124 (89.2) 1.00 High (> 17) 61 (43.9) 0.45 (0.22-0.92)
Private 15 (10.8) 0.97 (0.40-2.35) Caffeine intake during
Number of child current pregnancy
umber of chridren Yes 95 (68.4)  0.45 (0.20-1.04)
0 81 (58.3) 1.00 No 44 (31.6) 1.00
1 41 (29.5) 2.83 (1.31-6.09) X ’ ’
>2 17 (12.2) 4.10 (1.85-9.07) Mobile phone usage
. per day (hrs)
Body mass index (kg/m?) 23.2 + 4.4* Oto<1 75 (54.0) 1.00
<23 83 (59.7) 1.00 >1to<?2 33 (23.7) 1.10 (0.54-2.25)
223 56 (40.3) 0.71 (0.37-1.35) >2 31 (22.3) 0.35 (0.12-0.98)
Regular menstrual cycles Computer usage
prior to current pregnancy per day (hrs)
Yes 110 (79.1) 1.00 Oto<1 26 (18.7) 1.00
No 29 (20.9) 0.68 (0.25-1.83) 21to<4 32 (23.0) 0.66 (0.28-1.56)
. >4 81 (58.3) 0.51 (0.25-1.07)
Nausea during . .
current pregnancy Hlstory of depr.essmn
Present 82 (59.0) 1.00 °;5°h'z°Ph’e“'a ' r9) )15 (0.85-5.47)
Absent 57 (41.0 0.28 (0.14-0.55 es : : -O979-
sen (41.0 ( ) No 128 (92.1) 1.00
Hist f mi i .
:(se: Y O ISeRrTIEge 31(22.3)  1.92 (0.98-3.75) Amount of bleeding
: : : : Spotting 116 (83.5) 1.00
No 108 (77.7) 1.00 Wet pad or soaked > 1 pad 23 (16.5)  1.84 (0.92-3.67)
Current pregnancy History of threatened
planned miscarriage
Yes 77 (55.4) 1.00 Yes 23 (16.5) 0.45 (0.14-1.42)
No 62 (44.6) 1.05 (0.55-2.00) No 116 (83.5) 1.00

*Data is presented as mean + standard deviation. *Hazard ratio was adjusted for gestational age at baseline only. Cl: confidence interval

regression model, again with gestational age at enrollment
included as a required variable. We checked and verified
that the proportional hazard assumption was not violated
for any of the predictor variables used in the multivariate
Cox regression model. We also obtained unadjusted
Kaplan-Meier curves for the factors that were found to be
significant in the multivariate Cox regression model. Similar
models with maternal and paternal ages as continuous
variables were developed.

RESULTS

The average gestational age of the study participants at
baseline was 6.9 = 1.5 weeks. The distribution of the potential
risk factors of the 139 women (i.e. the data analysis sample) at
baseline is shown in Table I. Most participants were married,
had no history of miscarriage or elective termination of
pregnancy, and were nonsmokers and nondrinkers. Most also
had no history of hypertension, thyroid dysfunction or diabetes
mellitus; no history of psychiatric disease (i.e. depression
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Fig. 1 Kaplan-Meier curve for the probability of maintaining pregnancy until the 16th week of gestation.

Table Il. Hazard ratios of the various risk factors from the
multivariate Cox regression model.

Parameter HR 95% CI
Gestational age (wks) 0.77 0.56-1.06
Stress level (high vs. low) 0.49 0.25-0.96
Age of partner (yrs)

30-40 vs. 20-30 4.33 0.92-20.38

> 41 vs. 20-30 8.33 1.69-41.08
Nausea (present vs. absent) 0.33 0.17-0.63
Maternal age (yrs)

>34 vs. <34 1.95 1.02-3.73

Cl: confidence interval; HR: hazard ratio

and schizophrenia) and no other gynaecological problems.
The majority of the women presented with spotting and
experienced their first episode of bleeding in their current
pregnancy. The mean PSS score was 16.1, with a median score
of 17. Within 16 weeks of gestation, 36 (25.9%) of the 139
women progressed to a complete miscarriage. Most of the
women who experienced a complete miscarriage did so
within the first two weeks after presenting with a threatened
miscarriage, as shown in the Kaplan-Meir survival curve (Fig. 1).

Bivariate analysis (Table I) showed that women aged
> 34 years (relative to those who were younger), women whose
partner was aged > 31 years (relative to those with a partner
aged 20-30 years), and women with > 1 child had a greater
likelihood of experiencing a miscarriage. Conversely, the
presence of nausea during pregnancy, a PSS score > 17, mobile
phone usage of over two hours per day and a university
likelihood of

miscarriage. In the final multivariate Cox regression model,

education were associated with reduced

maternal age > 34 years (hazard ratio [HR] = 1.95) and
paternal age > 41 years (HR = 8.33) remained significant risk
factors for complete miscarriage after threatened miscarriage.
Among the factors associated with a reduced likelihood
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for a miscarriage, only nausea (HR = 0.33) and a PSS score of
> 17 (HR = 0.49) remained significant (Table II).

We also developed an alternative model, which included
maternal and paternal ages as continuous variables. In this
model, the paternal and maternal ages were associated with
an increased risk of miscarriage. Kaplan-Meier curves for the
probability of maintaining pregnancy until the 16th week of
gestation for the various categories of the four variables that
were included in the multivariate model are shown in Fig. 2.

DISCUSSION

In this study, 36 (25.9%) of the 139 women who experienced
a threatened miscarriage progressed to a complete miscarriage
within 16 weeks of gestation, consistent with the findings of
some recently conducted studies.®**? This percentage,
however, is lower than that of the 1992 study conducted in
Singapore, which reported that 55.3% of women who
experienced a threatened miscarriage in the first trimester
progressed to a complete miscarriage at any time during their
pregnancy.?? The shorter follow up duration in our study,
and possibly improvements in the management of threatened
miscarriage over the years, may account for this discrepancy.
In contrast, other studies have reported that less than
10% of women who experienced a threatened miscarriage
progress to a complete miscarriage.®® However, these studies
only included women with a viable fetus on ultrasonographic
examination, which accounts for the low rate of progression
to a complete miscarriage.

Women with a threatened miscarriage, but with no nausea,
were found to be at a higher risk for a complete miscarriage
than those who had experienced nausea. Nausea in the first
trimester of pregnancy is associated with increased levels of
beta human chorionic gonadotropin (B-hCG),*"*? and higher
levels of B-hCG have been shown to be associated with a



IOriginaI Article

2a Paternal age

1.0 T
0.9

0.8 e T T

0.7 : 31-40 yrs.
0.6 Tt

o5{  TTTTEreereeeees '
0.4
0.3
0.2
0.1
0.0

Probability of maintaining pregnancy
after threatened miscarriage

0 1 2 3 4 5 6 7 8 9 10
Weeks in study

2b Maternal age

1.0
fo T
5 09 T
g L
c 038 - < 34yrs
[T [l
o [
a5 0.7 :
23 LR
ZE 0.6 e .
< it BT
R i
% e 0.5 >34yrs
()

€+ 04
G2
>< 03
58 0.2
8
e 0.1
a

0.0+

Weeks in study

2c Nausea

=
o

Present

© o o o
o N o ©

0.5

© o
w

Probability of maintaining pregnancy
after threatened miscarriage

e ©o
=

0.0 % v re s e e e

Weeks in study

2d Stress level

1.0
0.9 (I

0.8 | High (PSS > 17)

0.7 —_—————— '
Low (PSS < 17)

0.6

0.5

0.4

0.3

0.2

after threatened miscarriage

0.1

Probability of maintaining pregnancy

0.0 % T T T - T T T

Weeks in study

Fig. 2 Bivariate Kaplan-Meier curves for the various categories of the four variables included in the multivariate model.

decreased risk of miscarriage in normal pregnancies.“*#%
Therefore, it is likely that the women who experienced nausea
had higher levels of B-hCG, and were thus more likely to
maintain their pregnancies after a threatened miscarriage.
Advanced maternal age was a significant risk factor for
miscarriage in the group of women in the present study.
Women aged > 34 years at presentation were more likely
to have a complete miscarriage than women who were
younger. This is consistent with previous studies, which showed
that the risk of miscarriage is generally higher in pregnant
women of greater age.?**>4® The role of the age of the mother’s
partner on pregnancy outcome has not been as well
demonstrated as the role of maternal age. Compared to
women whose partner was aged 20-30 years, the risk of
a complete miscarriage after a threatened miscarriage was
4.33-fold higher for women with a partner aged 31-40 vyears,
and 8.33-fold higher for those with a partner aged > 41 years.
Other studies have also shown that the more advanced the
age of the partner, the higher the risk of spontaneous

miscarriage, especially in the first trimester of pregnancy.“®
This has been attributed to decreased sperm quality and
DNA changes in the sperm of older men.“” Studies have also
shown that both the age of the mother and father are closely
linked, and the advanced age of both parents is associated
with a worse prognosis for the baby.“

No data for the general Singaporean women population,
and for the pregnant Singaporean women population, is
available for the purpose of comparison with the present
study’s mean PSS score. However, the present study’s PSS
mean score (i.e. 16.1) was significantly higher than the mean PSS
score (i.e. 13.7) of community-dwelling women, obtained
from the L. Harris poll conducted in the United States.“® A
likely explanation for the discrepancy is that women attending
an emergency clinic for threatened miscarriage might be
expected to experience higher levels of stress.

Within the present study, women who experienced more
stress (i.e. had a PSS score of > 17) had a two-fold lower risk
of miscarriage even after adjusting for significant risk factors.
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This was contrary to what we expected based on the
existing literature.'>") Stress is believed to increase the risk of
miscarriage through the reduction of progesterone levels."”
A study showed that the effects of stress on miscarriage can
be reversed with progesterone treatment.“” Since all the
women in the present study were treated with progesterone
supplementation, as per current standard of care for women
with threatened miscarriage in KKH, we speculate that the
progesterone treatment might have negated the effects of
stress on miscarriage.

No lifestyle or socioeconomic factors were identified as
risk factors for complete miscarriage after threatened
miscarriage in the adjusted analyses. However, this does not
mean that lifestyle and socioeconomic factors are not
important; it is possible that the present study was not
adequately powered to detect whether these potentially weak
risk factors were related to the outcome. Further studies with
a larger number of participants will be necessary to determine
the effect of these potential risk factors.

Most of the associations observed in the present study
are consistent with similar studies conducted elsewhere,
either among the general pregnant population or among
pregnant women with threatened miscarriage.??#-*® Most
of the studies that assessed the risk factors for miscarriage
have been retrospective.'?#? In contrast, the present study was
prospective, thus reducing any recall bias with respect to the
risk factors. The prospective nature of the present study also
enabled better assessment of the causal direction, from the
potential risk factors to the subsequent outcome of complete
miscarriage. All the patients in the present study were attended
to and assessed by obstetrics and gynaecology specialists in
the clinic; interviewers had no role in the management of the
patients. The study recruited both private and subsidised
patients as the KKH Obstetrics and Gynaecology Clinic
serves all obstetrics and gynaecology patients, irrespective
of socioeconomic status.

A limitation of the present study is its relatively small
sample size. While the sample was of sufficient size to enable
stronger risk factors to be ascertained, it had less power to
assess weaker risk factors. It is also important to highlight that
all of the women in the present study were treated with
progesterone supplementation, and thus the findings pertain
only to women who receive progesterone treatment
following a threatened miscarriage. While the instrument used
to measure stress, i.e. PSS, has yet to be validated in Singapore,
it has been validated in several countries®°® and used in
Singapore for different populations.®? Lack of comprehensive
information on exposure to tobacco smoke, as well as alcohol
and caffeine intake did not allow for quantification and
detailed examination of the association of these variables with
the risk of miscarriage. As previously discussed, the presence
of nausea and PSS > 17 was associated with a decreased
likelihood of complete miscarriage. The latter, which is
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counterintuitive, requires confirmation through further research,
possibly using objective measures for assessing stress. While
a number of potential risk factors were considered in the
present study’s analyses, other factors that can influence the
risk of miscarriage, such as progesterone levels and fetal factors
detected through ultrasonography, should be considered
in future studies.

In conclusion, the present study showed that among
women who experience an episode of threatened miscarriage
in the fifth to tenth week of pregnancy, those aged 34 years
or older, and whose partner is aged 41 years or older, have a
greater likelihood of progressing to a complete miscarriage.
While obstetricians do closely monitor women of advanced
age, as they are at an increased risk of various antenatal
complications, the findings of the present study suggest
that older pregnant women who experience a threatened
miscarriage should also be counselled about their higher risk of
complete miscarriage, especially if they have an older partner.
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