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Abstract
Background: Fetal exposure to maternal anxiety is associated with low birth weight and maternal stress may be led
to constriction of uterine arteries. This study compared the relation of anxiety and uterine artery doppler flow indices
in pregnant women with the high and low-risk of Down syndrome.

Materials and Methods: This prospective cohort study was conducted among pregnant women in the second trimes-
ter that were classified as having a high or low risk according to their prenatal aneuploidy screening outcome. The
high risk group underwent amniocentesis. Anxiety was initially assessed using the Spielberger State-Anxiety Inven-
tory (STAI) and uterine artery blood flow indices were evaluated 2 times for the both groups. For the high-risk group
first: immediately before amniocentesis and second: after two weeks follow up, when receiving the karyotype results
and for the low-risk group in the first admission and two weeks later.

Results: Totally, 375 pregnant women participated in our study that sorted into 2 risk populations based on the ane-
uploidy screening test, low-risk=176 and high-risk women=199. The high-risk group for Down syndrome amniocentesis
showed abnormal results in the 23 cases (23/199). The mean state (P=0.003) and trait (P=0.033) of the Anxiety Inven-
tory scores were significantly different between the groups. Baseline uterine artery indices were no significant difference
between the groups. Baseline Uterine artery indices in the high-risk group was significantly different with follow-up (in
both positive-amniocentesis and negative amniocentesis sub-groups) indices. Also, there was a weak and significant cor-
relation in the uterine resistance index and STAI scores (P=0.008, r=0.137) during the follow-up period.

Conclusion: All pregnant women experienced high level anxiety, especially in the high-risk group that may reduce after
confirmation of prenatal aneuploidy screening test and also affects the Doppler indices. For all pregnant women,; Stress
management and emotional support training is recommended before and during pregnancy.
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Introduction

Pregnancy is a stressful event in a woman’s life (1). Stress
during pregnancy may lead to some complications such as
abortion, intrauterine growth restriction, and preterm labor
(2-4). These side effects may be associated with increased
plasma cortisol levels and decreased placental perfusion,

which reduces fetal oxygenation and nutrients (5, 6). In
fact, fetal developmental disorders are also associated with
abnormalities in uterine artery blood flow and its indicators
in the second trimester with an increase in the plasticity
index (PI) or an increase in the resistance index (RI) (7, 8).

However, it can be hypothesized that anxiety in
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pregnancy may lead to adverse changes in the uterine artery
blood flow and adverse pregnancy outcomes. One of the
most stressful events in pregnancy is the abnormal results
of the aneuploidy screening (9) and amniocentesis could
alternate uterine artery resistance index (10). Due to the
fact that stress is a transient condition, anxiety may have a
significant and lasting effect on the uterine blood flow (11,
12). Although, some studies found significant associations
between maternal anxieties and changes in feto-placental
blood flow, findings remain inconsistent in the length of
alteration in uterine blood flow indices (13, 14). This study
aimed to investigate the relationship between maternal
anxiety and uterine artery blood flow indices in the pregnant
women with high-risk aneuploidy test results, candidates
for amniocentesis. Here, we evaluated whether the changes
in the anxiety level would change the uterine artery doppler
indices in the women with normal karyotype results after
amniocentesis.

Materials and Methods
Study subjects

This prospective cohort study was conducted with the
pregnant women from October 2018 to April 2020 who
were referred to the Perinatology clinic of Yas hospital
affiliated to Tehran University of Medical Sciences
(TUMS), Tehran, Iran. This study was approved by the
TUMS Ethics board (IR. TUMS.IKHC.REC.1397.174).
Pregnant women at 15-18 weeks with recent prenatal
aneuploidy screening test results were invited to this
study. Subjects were excluded with a history of major
psychological disorders, or a recent history of exposure to
stressful events such as death or untreatable disease in a
family member or close relatives, divorce and bankruptcy.
Also, those with a history of preeclampsia or comorbid
conditions, including hypertension or diabetes in previous
pregnancies, between pregnancies, or in this pregnancy,
cigarette smoking, or alcohol consumption were excluded.
All participants provided their written informed consent
in this study.

Sample size

The sample size was considered according to a previous
study (15) with the type I error of 0.05 and 80% power as
81 subjects in each group. By 30% response rate (16) on
phone invitation and a 20% dropout, the final sample size
for recruitment was calculated to be 166 subjects in each

group.

Study procedure

Pregnant women, according to the results of the prenatal
aneuploidy screening test; were divided into high-risk and
low-risk groups.

Due to the fact that this study was performed in a low
socioeconomic region and cell-free test was not covered
by insurance companies, all high-risk participants
chose the amniocentesis method after consultation. All
Subjects filled the Persian version of the Spielberger’s
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State-Trait Anxiety Inventory (STAI) test questionnaire
and underwent the baseline uterine arteries Doppler
ultrasound. For high-risk group it was performed
immediately before the amniocentesis. The follow-up
STAI test and Doppler valuation were done two weeks
later. In the high-risk group, they had already received the
karyotype results and were referred to their perinatologist
for further discussion.

The high-risk participants were categorized into the two
sub-groups based on the positive or negative karyotype
results for Down syndrome. We excluded other trisomy
from this study.

Instruments

Anxiety levels were assessed using the Persian version of
STALI. State anxiety mirrors the transient situation related
to adverse situations. This questionnaire was translated
and validated to Persian (17). Otherwise, trait anxiety
referred to the individual differences in the tendency to be
anxious about the present (18).

Persian version of STAI had 40 queries and was scored
on a four-point Likert scale according to the intensity
of the women’s feeling (18). Scores >40 and also, a
20< scores <15 were considered high anxiety and lack
of anxiety, respectively. A cut-off value of 39-40 was
suggested to detect clinically significant symptoms for
the scale.

Doppler ultrasound assessment

Only a perinatologist performed Doppler ultrasound
screening for all participants by using a same device
(Affinity 70, PHILIPS, USA). The Uterine artery
plasticity index (UA-PI) and resistance index (UA-RI)
were evaluated bilaterally at the origin of the uterine
arteries and was repeated after 2 weeks.

Statistics analysis

Statistical analysis was carried out with the SPSS
(version 20, IBM, USA) and P<0.05 was considered
statistically significant. Mean =+ standard deviation
(SD) was used for continuous variables and categorical
variables were presented as absolute frequencies and
percentages. The proportions were compared by ANOVA.
The correlation between study variables was assessed
using Pearson correlation.

Results

A total of 418 patients, 214 in the high-risk group and
204 in the low-risk group, were included in the study with
initial inclusion criteria. All of these women participated
in the baseline evaluation of the study. To participate
freely in this study, some participants (n=43) left the study,
low-risk group=28 and in the high-risk group=15. Finally,
176 members of the low-risk group and 199 ones of the
high-risk group completed both the baseline and follow-
up assessment. The amniocentesis of 23 cases of the high-
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risk group resulted in a Down syndrome (23/199). The
average of the participants age was 33.11 £ 5.96 years
(mean = SD). The demographic characteristics of our
groups are presented in Table 1.

Table 1: Demographic characteristics of study subjects in amniocentesis
and control groups

Variable Case (n=199) Control (n=176) P value
Age (Y) 33.81+5.92 32.32+£591 0.016
BMI (kg/m?) 27.52 £4.00 27.01 +4.24 0.238"
GA (weeks) 16.59 +0.8 16.77 £1.01 0.129™
Gravida 248+1.14 2.28 +1.23 0.116
History of C/S 85 (42.7%) 59 (33.5%) 0.068™"

Numbers are reported as in quantitative and frequency (%) in qualitative variables. The
mean state and trait anxiety inventory scores were significantly different between high-
risk and low-risk groups at baseline (P=0.003 and P=0.033 respectively).BMI; Body mass
index, GA; Gestational age, C/S; Cesarean section, *; Independent t test, “, Mann-Whitney
test, and ™*; Chi-Square test.

In the high-risk group, the state and trait anxiety scores
indicated high levels of anxiety (Fig.1). Also, the baseline
UA-PI and UA-RI (mean + SD) were not significantly
different between the two groups.

The UA indices in the high-risk group had a significant
difference between baseline and follow-up in the both
positive-amniocentesis and negative amniocentesis
sub-groups. This difference in the low -risk group was
observed just in the UA-RI index (Table 2).

In terms of trait anxiety scores, there was a significant
difference between baseline and follow-up scores in the
high risk group (both positive-amniocentesis (P=0.017)
and negative-amniocentesis subgroups (P<0.001, Table
2, Fig.2). State anxiety scores were significantly different
between baseline and follow-up assessments only in the
negative-amniocentesis sub group (P<0.001, Fig.2).

Baseline

= Follow-up

P S R R R R S S

Maternal trait-anxiety score
wv
wv

Low-risk Positive-amniocentesis Negative-amniocentesis-

Fig.1: Changes in anxiety trait scores during the study duration as per
study groups.

80 - Baseline
75 u Follow-up
70 1
65
60 -
55
50
45 -
40
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30
25 4

Maternal state-anxiety score

Low-risk Positive-amniocentesis Negative-amniocentesis-

Fig.2: Changes in anxiety trait scores during the study duration
in amniocentesis subgroups.

We found a significant and weak correlation between
the UA-RI in the follow-up assessment in the both trait
state anxiety score, otherwise, no significant correlation
between baseline UA-RI and UA-PI levels with anxiety
scores was observed. These results did not change after
adjusting by maternal age (Table 3).

Table 2: Follow-up uterine artery blood flow indices and anxiety inventory scores among amniocentesis-positive, amniocentesis-negative, and control groups

Variable Amniocentesis-positive (n=176) Amniocentesis-negative (n=23) Control (n=176) P value”
Mean UA.PI 1.23 £0.55 1.17+0.4 1.15+0.43 0.70
Mean UA.RI 0.60£0.16 0.62 +0.12 0.60 +0.12 0.50
Anxiety trait scores 38.34+12.76 37.71+£10.25 38.31+10.31 0.85
Anxiety state scores  36.91 + 11.38 38.81+10.96 38.63+9.91 0.71

Data are presented as mean * SD. UA.PI; Uterine artery pulsatility index, UA.RI; Uterine artery resistance index, and *; ANOVA test.

Table 3: Comparison of baseline and follow-up uterine artery blood flow indices among amniocentesis-positive, amniocentesis-negative, and control groups

Variables Amniocentesis-positive (n=176) Amniocentesis-negative (n=23) Control (n=176)
Baseline Follow-up P Baseline Follow-up P Baseline Follow-up P

(within (within (within
group)” group)” group)”

Mean UA.PI 1.46+0.59 1.25+0.53 <0.001 1.49+0.63 1.17+0.41 0.004 1.65+2.16 1.15+0.43 0.409

Mean UA.RI 1.30+£0.37 0.60+0.17 <0.001 1.31+£0.28 0.62+0.12 <0.001 1.33+£0.28 0.61+0.13 <0.001

Anxiety trait scores 3991+12.10 3570+10.75 0.017 43.18+10.86  38.98+11.01 <0.001 39.44+£1036 38.60+992  0.116

Anxiety state scores 39.22+13.06 3696+12.86 0.192 41.65+1048  37.90+1023 <0.001 39.11+9.51 38.31+1031 0.180

Data are presented as mean * SD. UA.PI; Uterine artery pulsatility index, UA.RI; Uterine artery resistance index, and *; ANOVA test.
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Discussion

The findings of the present study revealed that the pregnant
women with high risk of fetal aneuploidy experienced
more anxiety and this phenomenon may affect their uterine
Doppler indices. The risk of Down syndrome increases
significantly at age 35 and older. Therefore, it may happen at
lower ages in some cases. Although, this difference was not
clinically significant.

The mean scores of states and trait anxiety were higher
in the high-risk group. This finding was consistent with
previous studies showing that a positive result from a
prenatal screening test may play a role in increased anxiety
in the pregnant women (19, 20).

The normal ranges of the uterine Doppler scanning indices
vary in the late first and early second trimester (21, 22),
while decreasing parallel with pregnancy progression (22).
On the other hand, a significant decrease in the blood flow
of the uterine may happen due to stress and anxiety (8, 12,
23). In the current study, the baseline UA-PI level was not
significantly different between high-risk and low-risk groups
and was within the normal reported range. The baseline
UA-PI level decreased after two weeks in the all high-risk
participants but remained within normal reference ranges. It
is not obvious that UA-PI level changes can be attributed to
the significant decrease in the anxiety scores in the high-risk
subgroups during the study period, since all of these changes
could be due to the physiological pregnancy changes. It
is still uncertain whether exposure to a stressful event has
resulted in an increased baseline UAPI, albeit within the
normal ranges. Unfortunately, this hypothesis could not be
tested as there were no anxiety-free subjects in this study.

Mean UA-RI level was above the 95" percentile of
the normal range among our participants at the baseline
assessment and decreased to normal range at the follow-
up assessment. While, Kent et al. (13) did not observe a
significant difference in the UA-RI level in definite doubtful
or absent cases of anxiety. In their study, the mean UA-RI
level was within the normal ranges. Although, in the study
of Teixeira et al. the association between maternal anxiety
and UA-RI was not significant at 28 to 32 weeks of gestation
(14). The abnormal baseline UA-RI levels in our study might
be due to an increased level of anxiety among all participants,
and the decrease can be due to the physiological pregnancy
changes, but again it cannot be proved as there was no
anxiety-free group in this study. The lack of significant
differences in the UA-PI and UA-RI levels between our
groups in baseline and follow-up assessments could be due
to the high levels of baseline anxiety in the low-risk group.
Overall, analyzed data reports that the higher baseline UA-
PI and UA-RI levels may be related to higher baseline levels
of anxiety in the amniocentesis candidates. In this study,
we cannot verify if the reduced level of anxiety affects the
significant reduction in mean uterine artery Doppler indices
in the high-risk group, or it is just due to the physiologic
adaptation after follow up.

The findings of this study revealed a significant reduction
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in trait anxiety scores over time in both sub-groups, while the
follow-up state anxiety score was significantly lower only in
the negative-amniocentesis subgroup. It might be due to the
relief after observing a negative result or due to their coping
skills.

The strength of the present study was all Doppler ultrasound
screening were performed by the same perinatologist at both
baseline and follow-up assessments. In this study, we have
evaluated the anxiety level in a high number of participants
in comparison with other studies. We also followed up with
the groups after receiving the karyotype results to observe
the actual changes in the anxiety level and its impact on the
uterine artery flow, in the same population.

One of the limitations of the study is the lack of a control
group without anxiety to evaluate the net effect of anxiety
on uterine blood flow and short follow-up. We recommend a
case-control study for future studies. The duration of follow-
up was two weeks. We chose this duration to decrease the
follow-up assessments losses because of our center location,
a tertiary hospital with a substantial number of patients of
other cities and provinces. Therefore, a longer cohort study
to screen for uterine vascular characteristics and pregnancy
outcomes among complex pregnancies with anxiety is
suggested.

Conclusion

In conclusion, being identified as high-risk for Down
syndrome by prenatal ancuploidy tests increases the
level of state and trait anxiety and also affects Doppler
ultrasound screening indices. High maternal anxiety
may result in decreased UA-PI and UA-RI levels in the
amniocentesis candidates. It seems stress management
training and stronger emotional support are essential
for all pregnant women, especially in cases of positive
aneuploidy screening and the risk of Down syndrome
fetus. We suggest the requirement of an anxiety level
screening and stress-management training sessions before
pregnancy.

Acknowledgments

There is no financial support and conflicts of interest in
this study.

Authors’ Contributions

Mahb.Sh.; Design of the work. M.T., M.E.; Drafting
the manuscript and data gathering. M.Gh., M.M., Mahm.
Sh.; Manuscript editing and interpretation of data.
L.A.; Manuscript editing and data gathering. Z.Kh.;
Interpretation of data. S.M: Design of the work and
drafting the manuscript. All authors read and approved
the final manuscript.

References

1. Wang W, Wen L, Zhang Y, Wang L, Wang L, Chen Z, et al.
Maternal prenatal stress and its effects on primary pregnancy
outcomes in twin pregnancies. J Psychosom Obstet Gynaecol.
2020; 41(3): 198-204.

55 Int J Fertil Steril, Vol 17, No 1, January-March 2023



Maternal Anxiety and Uterine Doppler

10.

11.

12.

Elsharkawy NB, Mohamed SM, Awad MH, Ouda MMA. Effect
of happiness counseling on depression, anxiety, and stress in
women with recurrent miscarriage. Int J Womens Health. 2021;
13: 287-295.

Hasanjanzadeh P, Faramarzi M. Relationship between
maternal general and specific-pregnancy stress, anxiety, and
depression symptoms and pregnancy outcome. J Clin Diagn
Res. 2017; 11(4): VC04-VCO07.

Staneva A, Bogossian F, Pritchard M, Wittkowski A. The effects
of maternal depression, anxiety, and perceived stress during
pregnancy on preterm birth: a systematic review. Women Birth.
2015; 28(3): 179-193.

Gitau R, Cameron A, Fisk NM, Glover V. Fetal exposure to
maternal cortisol. Lancet. 1998; 352(9129): 707-708.
Weinstock M. The long-term behavioural consequences of
prenatal stress. Neurosci Biobehav Rev. 2008; 32(6): 1073-
1086.

Cnossen JS, Morris RK, ter Riet G, Mol BW, van der Post
JA, Coomarasamy A, et al. Use of uterine artery Doppler
ultrasonography to predict pre-eclampsia and intrauterine
growth restriction: a systematic review and bivariable meta-
analysis. CMAJ. 2008; 178(6): 701-711.

Sehgal A, Skilton MR, Crispi F. Human fetal growth restriction:
a cardiovascular journey through to adolescence. J Dev Orig
Health Dis. 2016; 7(6): 626-635.

Biesecker BB. The psychological well-being of pregnant
women undergoing prenatal testing and screening: a narrative
literature review. Hastings Cent Rep. 2019; 49 Suppl 1:
S53-S60.

Shirazi M, Pooransari P, Rahimi Sharbaf F, Niromanesh SH,
Sahebdel B, Shariat M, et al. Correlation of maternal stress
because of positive aneuploidy screening serum analytes and
uterine arteries' doppler ultrasound index: a prospective cohort
study. Int J Fertil Steril. 2019; 12(4): 329-334.

Batelaan NM, Seldenrijk A, Bot M, van Balkom AJ, Penninx
BW. Anxiety and new onset of cardiovascular disease:
critical review and meta-analysis. Br J Psychiatry. 2016;
208(3): 223-231.

Vujovié M, Sovilj M, Jelici¢ L, Stoki¢ M, Ple¢a$ D, PleSinac S,
et al. Correlation between maternal anxiety, reactivity of fetal
cerebral circulation to auditory stimulation, and birth outcome

Int J Fertil Steril, Vol 17, No 1, January-March 2023 56

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

in normotensive and gestational hypertensive women. Dev
Psychobiol. 2018; 60(1): 15-29.

Kent A, Hughes P, Ormerod L, Jones G, Thilaganathan B.
Uterine artery resistance and anxiety in the second trimester of
pregnancy. Ultrasound Obstet Gynecol. 2002; 19(2): 177-179.
Teixeira JM, Fisk NM, Glover V. Association between maternal
anxiety in pregnancy and increased uterine artery resistance
index: cohort based study. BMJ. 1999; 318(7177): 153-157.
Aksoy AN, Aydin F, Kucur SK, Goéziikara I. Maternal and fetal
Doppler velocimetry in women diagnosed with fear of childbirth.
Niger J Clin Pract. 2016; 19(5): 632-635.

Sinclair M, O'Toole J, Malawaraarachchi M, Leder K.
Comparison of response rates and cost-effectiveness for
a community-based survey: postal, internet and telephone
modes with generic or personalised recruitment approaches.
BMC Med Res Methodol. 2012; 12: 132.

Sahranavard M, Hassan S. Investigation of construct validity of
state anxiety inventory among iranian 8" grade students. Asian
J Appl Sci. 2015; 8(1): 63-70.

Leal PC, Goes TC, da Silva LCF, Teixeira-Silva F. Trait vs. state
anxiety in different threatening situations. Trends Psychiatry
Psychother. 2017; 39(3): 147-157.

Caligkan E, Ozkan S, Cakiroglu Y, Yalginkaya O, Polat A,
Corakgl A. The effects of maternal anxiety prior to amniocentesis
on uterine and fetal umbilical blood flow. J Turk Ger Gynecol
Assoc. 2009; 10(3): 162-167.

Ng CC, Lai FM, Yeo GS. Assessment of maternal anxiety levels
before and after amniocentesis. Singapore Med J. 2004; 45(8):
370-374.

Weichert A, Hagen A, Tchirikov M, Fuchs IB, Henrich W,
Entezami M. Reference curve for the mean uterine artery
pulsatility index in singleton pregnancies. Geburtshilfe
Frauenheilkd. 2017; 77(5): 516-523.

Gomez O, Figueras F, Fernandez S, Bennasar M, Martinez
JM, Puerto B, et al. Reference ranges for uterine artery mean
pulsatility index at 11-41 weeks of gestation. Ultrasound Obstet
Gynecol. 2008; 32(2): 128-132.

Roos A, Geerts L, Koen N, Faure SC, Vythilingum B, Stein
DJ. Psychosocial predictors of fetoplacental blood flow during
pregnancy. Compr Psychiatry. 2015; 57: 125-131.




	Anxiety and Uterine Artery Doppler Flow in A Population of Pregnant Women of High Risk Down Syndrome Fetus: A Prospective Cohort Study
	Let us know how access to this document benefits you
	Authors

	Anxiety and Uterine Artery Doppler Flow in A Population of Pregnant Women of High Risk Down Syndrome Fetus: A Prospective Cohort Study

