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ABSTRACT

Background: Much evidence suggests that increased uterine blood flow resistance (reduced

Copyright© 2020, The Authors. . . . . 9 9
uterine perfusion) raises the risk of Recurrent Miscarriage (RM).

Objectives: This study aimed at evaluating the efficacy of omega-3, -6, and -9 fatty acids,
alone or in combination with aspirin, in reducing uterine blood flow resistance in women with

a history of RM.
Article info: :  Methods: A total of 45 women with a history of two or more miscarriages and increased uterine
Received: 11 Feb 2021 . artery blood flow resi§tance were included in this randomized clinical trial. They were randomly

assigned to aspirin (80 mg/d) (group A, n=15), omega-3, -6, and -9 fatty acids (4800 mg/d)
(group O, n=15), or combination therapy (group AO, n=15). The patients were visited after two
months, and the uterine artery blood flow resistance was measured by Doppler sonography.

Accepted: 12 Jun 2021

Results: The MeantSD age of participants was 32+3.5 years in group A, 32+3 years in group O,
and 32.443 years in group AO. There was no significant difference between three groups in age
(P=0.7), duration of marriage (P=0.55), duration of infertility (P=0.43) and number of previous
miscarriages (P=0.51). In all three groups, after two months of treatment, the average uterine
artery blood flow resistance reduced considerably compared with the beginning of the trial

Keywords: :  (P=0.0001); however, there was no significant difference between the three groups (P=0.56).
Recurrent miscarriage, *  Conclusion: According to the study results, omega-3, -6, and -9 fatty acids can reduce uterine
Omega-3, -6, and -9, ¢ artery blood flow resistance and improve the uterine blood flow in women with RM, with
Aspirin, Uterine blood flow  :  equal efficacy to aspirin. Also, combination therapy offers no advantages over monotherapy.
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Introduction

ecurrent Miscarriage (RM) refers to three

or more consecutive or non-consecutive

spontaneous miscarriages, affecting 2%-

5% of couples [1-3]. The causes of RM

are genetic, anatomical, endocrinologi-
cal, immunological, microbiological, and environmen-
tal. However, many cases of miscarriages remain with
no defined etiology [4, 5]. Although RM has been the
subject of several studies, vascular changes associated
with RM have not been sufficiently studied. It has been
well documented that high blood flow resistance and ab-
normal uterine perfusion at implantation are associated
with reduced conception and increased risk of miscar-
riage [6-11].

Therefore, it is reasonable that vasoactive substances
may benefit patients with impaired uterine perfusion. Low
dose aspirin has been reported to improve uterine perfu-
sion and pregnancy outcome [ 12, 13]. Aspirin, at low dos-
es, inhibits the synthesis of Thromboxane A2 (TxA2) by
the platelets and shifts the TxA2/Prostaglandin 12 (PGL,)
ratio toward the dominance of PGI,, which results in va-
sodilation [14]. In addition, aspirin is supposed to reduce
the excretion of TxA2 from endometrial cells and reduce
the TxA2 levels at the site of embryo implantation, which
is crucial for a successful pregnancy [12, 15].

Polyunsaturated Fatty Acids (PFAs) have been intro-
duced as a new therapeutic category for the management
of RM. PFAs can decrease platelet reactivity, reduce blood
pressure and improve vessel wall characteristics and
blood rheology, thus having beneficial effects in women
with abnormal uterine artery blood flow [16]. Maternal
omega-3 supplementation can prevent pregnancy com-
plications, such as preterm delivery, fetal growth restric-
tion, and improve fetal neurological development [17]. It
seems that PFAs can act as substrates for the same en-
zyme system of prostaglandins and competitively inhibit
cyclooxygenation, reducing TxA2 production by platelets
and vasodilation [18-22]. However, there are very few
available data on the efficacy of PFAs in RM [3, 23].

Because of RM undesirable outcomes in women and
the availability of omega-3, -6, -9, and aspirin medica-
tions, this study was conducted to evaluate the efficacy
of omega-3, -6, and -9 fatty acids, alone or in combina-
tion with low dose aspirin, in the improvement of uterine
blood flow in women with a history of RM due to abnor-
mal uterine artery blood flow.
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Materials and Methods

The study was approved by the Research Ethics Com-
mittee of Mazandaran University of Medical Sciences
and registered at the Iranian Registry of Clinical Trials
(registration code: IRCT201103253014N3, the whole
trial protocol could be accessed at: www.irct.ir). The trial
was conducted according to the Declaration of Helsinki.
The written informed consent was obtained from all pa-
tients before recruitment.

Trial design

This study was a prospective, randomized clinical trial
and was carried out at Imam Khomeini Educational Hos-
pital, Sari City, Mazandaran Province, Iran. The inclu-
sion criteria were women aged 15-35 years, with a histo-
ry of two or more miscarriages within the first trimester,
referring to Imam Khomeini Hospital with a reduction
in uterine blood flow (having pulsatility index of 2 or
more). The exclusion criteria were women with patho-
logical, anatomical, endocrine, or genetic risk factors,
chronic diseases, chronic ongoing drug consumption,
and a history of hypersensitivity to aspirin or salicylates.
To ascertain the absence of any endocrine or anatomical
disorders, we performed a thorough uterine evaluation,
endocrine evaluation (measuring thyroid-stimulating
hormone, free thyroxin, and progesterone level on day
21 of the menstrual cycle), and hysterosalpingography
on all patients before their inclusion in the trial. In ad-
dition, both parents of all patients were checked to have
normal karyotyping.

Sampling process and randomization

The sample size was determined according to some pre-
vious studies on the effect of aspirin and omega fatty ac-
ids in preventing recurrent miscarriage. So, a total sample
size of 60, with 20 patients in each study arm, was esti-
mated to be sufficient. However, due to the problems in
the recruitment procedure (the majority of the screened
patients declined to participate in the study), we could
only recruit 45 patients (15 in each group). The sampling
process of patients is shown in a CONSORT flow dia-
gram (Figure 1). The patients were randomly divided into
three groups by simple randomization procedure using a
computer-generated list of random numbers.

Treatment

Each group was assigned to a different therapeutic regi-
men: Group A received 80 mg of aspirin per day, group
O received 4800 mg (4 capsules of 1200 mg) Omega-3,
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-6, and -9 fatty acids per day, and group AO received
a combination of the two regimens. Since the use of a
placebo in patients with RM was not permitted by the
Research Ethics Committee of Mazandaran University
of Medical Sciences, no control group was included in
this study. Since the dosage form and package and ad-
ministered dose were different, the trial could not be
double-blinded. The data collectors (the radiologist and
the gynecologist) were blinded to the allocation group.
Still, the patients and the pharmacist who provided the
therapeutic regimens were not blinded.

Primary outcomes and measures

The exact primary outcome of the trial was an im-
provement of uterine blood flow at the midluteal phase
(5-8 days after ovulation), measured by Doppler sonog-
raphy, first at the beginning of the trial (before receiving
any treatments) and then 2 months after therapy (without
discontinuing the treatment). The resistance to uterine
artery blood flow was demonstrated by the “Pulsatility
Index” (PI), which is a function of the maximum veloc-
ity and mean velocity of the ultrasound wave. It is ob-
tained according to the following equation:

_ Maximum velocity excursion

PI Mean velocity

The higher the pulsatility index, the higher the resis-
tance, and consequently, the lower the blood flow in the
artery. The PI values of the right and left uterine arteries
were recorded. The average PI of the bilateral uterine ar-
tery was obtained by calculating the statistical mean of
the values of PI for the two arteries. The ultrasound ex-
aminations were performed using a G-40 S ultrasound
instrument (Siemens medical solutions, Germany) with
a 7.5 MHz, ECG- 4 vaginal probe. The examinations
included transvaginal ultrasound associated with pulsed
color Doppler assessment of the blood flow. To avoid the
fluctuations in uterine artery blood flow due to the circa-
dian changes in cardiac rhythm, all ultrasound measure-
ments were carried out in the morning. The patients were
asked to rest for 30 minutes before the procedure.

Statistical analysis

The statistical analysis was performed by SPSS v.16,
and quantitative characteristics are described as the num-
ber (percentage); 95% confidence intervals were also
calculated, and the results were reported as meantSD.
The paired t test was used to compare values within
each group, and the independent sample t test and 1-way
Analysis of Variance (ANOVA) were used to compare
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the values between different groups. P values less than
0.05 were considered statistically significant.

Results

The demographic data of the study patients are pre-
sented in Table 1. As seen, most of the participants were
more than 25 years old, married for less than 6 years, suf-
fered from infertility for less than 4 years, and had expe-
rienced two or three miscarriages. As mentioned in Ta-
ble 1, there was no significant difference between three
groups in age (P=0.7), duration of marriage (P=0.55),
duration of infertility (P=0.43), and number of previous
miscarriages (P=0.51).

Table 2 presents the values of PI of the right and left
uterine artery, which had the highest frequency in each
group of patients before and after treatment. The average
PI values of the right and left uterine arteries in the three
study groups before and after the treatment are depicted
in Table 3. In contrast, Table 4 presents the changes to the
average PI values of the right and left uterine arteries due
to treatment within each study group. At the beginning of
the trial, the average PI values of the right, left, and bilat-
eral uterine arteries of patients in group AO were lower
than the other two groups (Table 3), but the difference
was not statistically significant (P =0.4, P,=0.5, P.=0.3
respectively). After two months of treatment, although a
considerable reduction in the average PI of the right, left,
and the bilateral uterine arteries were observed in all three
groups, no significant difference between the three groups
was found (P =0.4, P,=0.5, P,=0.3, respectively; Table 3).

The comparison of the average PI values of the right
and left arteries before and after the treatment within
each group showed a considerable reduction in the aver-
age PI both in the right and left uterine artery after treat-
ment in all three groups. At the beginning of the trial,
the average PI of the left uterine artery was greater than
the right uterine artery in all three groups. However, af-
ter two months of treatment, only in the AO group the
same condition was saved, while in patients receiving
omega-3, -6, and -9, the average PI values of the right
and left uterine arteries were equal. In patients receiv-
ing aspirin, contrastingly, the right uterine artery showed
higher PI than the left artery.

The extent of reduction of PI in the two arteries as a
result of treatment in different groups also demonstrated
a greater reduction in the PI of the left uterine artery than
the right uterine artery for groups A and AO. While in
group O, there was no difference in the extent of reduc-
tion of PI between the two arteries. Furthermore, com-
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Table 1. Demographic characteristics of patients
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MeantSD
Characteristics 4
Group A (n=15) Group O (n=15) Group AO (n=15)
Age (y) 32.0£3.5 32.043.0 32.443.0 0.7
Duration of marriage (y) 4.010.4 3.5+0.7 4.2+0.5 0.55
Duration of infertility (y) 3.8+1.2 4.5+0.9 3.7¢1.5 0.43
Number of previous miscarriages 2.9+0.9 3.0+1.1 3.620.8 0.51

Group A: aspirin (80 mg/d); Group O: omega-3, -6, and -9 fatty acids (4800 mg/d); Group AO: combination therapy

paring the extent of reduction in the average PI of the
right uterine artery and the left uterine artery between
different groups indicated that for the right artery, the be-
tween-group differences were minimal. In contrast, for
the left artery, there was a considerably higher reduction
in the PI in the aspirin group compared to the latter two
(Tables 3 and 4).

The within-group and between-group changes to the
average PI of the right, left, and bilateral uterine arteries
during the trial could be better visualized by graphs 1, 2,
and 3. As evident from these graphs, the extent of reduc-
tion in average PI after treatment is greater in the left
uterine artery, suggesting that this artery is more respon-
sive to the administered pharmacotherapies compared
with the right uterine artery. It could also be observed
that the range of between-group variations in the average
PI was reduced after treatment (initial range=2.19-2.73,
final range=2.06-2.20).

Discussion

RM is a condition that affects 2%-5% of women and
is multifactorial. Genetic, anatomical, endocrinological,
immunological, microbiological, and environmental fac-
tors are all supposed to be possible causes of RM [2-5].
Low doses of aspirin (75-100 mg/d) have been used ef-
fectively in the management of RM. More recently,

PBR

PFAs have been introduced as a new alternative to cur-
rent pharmacotherapies for the management of RM. Ac-
cording to the study results, omega-3, -6, and -9 fatty
acids can reduce uterine artery blood flow resistance and
improve blood flow in women with RM.

Rossi and Costa treated 22 patients with Persistent
Antiphospholipid Syndrome (PAPS) associated with
RM with fish oil, equivalent to 5.1 g Eicosapentaenoic
Acid (EPA) and Docosahexaenoic Acid (DHA) at a ra-
tio of 1.5 EPA to DHA over 3 years. All but one patient
had a normal pregnancy, and no adverse reactions were
observed in any of the patients [3]. In Lazzarin et al.’s
study, the efficacy of omega-3 fatty acids and low dose
aspirin, alone and in combination, in improving uterine
blood flow in women with a history of RM was evalu-
ated [23]. The results showed improvement in the uter-
ine artery blood flow (reduction in the pulsatility index)
with all therapeutic regimens; aspirin alone or in com-
bination with omega-3 was found to achieve the great-
est improvement of uterine blood flow, while omega-3
supplementation was less effective [23].

In the present study, the efficacy of omega-3, -6, and -9
fatty acids, alone or in combination with low dose aspi-
rin, was evaluated in the improvement of uterine artery
blood flow (reduction of uterine artery blood flow resis-
tance) in women with a history of two or more miscar-

Table 2. Mode value and frequency of PI for right and left uterine arteries in different groups before and after the treatment

Mode of PI Frequency (%)
Time points Blood Vessel
Group A Group O Group AO Group A Group O Group AO
Right artery 2.50 2.50 2.30 26.7 133 20
Before the treatment
Left artery 2.35 2.42 2.50 26.7 20 20
Right artery 1.90 1.90 2.15 26.7 20 333
After the treatment
Left artery 2.20 2 2.10 26.7 20 20
Group A: aspirin (80 mg/d); Group O: omega-3, -6, and -9 fatty acids (4800 mg/ d); Group AO: combination therapy. PBR
I
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Table 3. Mean+SD PI of the right and left uterine arteries in the three study groups before and after the treatment

Pulsatility Index (MeanSD)

Time points Blood Vessel P
Group A Group O Group AO

Right uterine artery 2.38+0.13 2.3610.18 2.1940.11 0.4

Before the Left uterine artery 2.5440.21 2.73+0.07 2.39+0.08 05
treatment

Bilateral uterine artery 2.41+0.17 2.3610.12 2.29+0.09 0.3

Right uterine artery 2.17+0.19 2.16+0.18 2.06%0.12 0.6

Aﬁerr;:ittreat' Left uterine artery 2.1240.08 2.16+0.11 2.2040.12 0.45

Bilateral uterine artery 2.14+0.13 2.16+0.14 2.13+0.12 0.56

Right uterine artery 0.20+0.12 (9%) 0.20+0.11 (9%) 0.12+0.15 (6%) 0.2

Reduction Left uterine artery 0.33+0.24 (14%) 0.21+0.10 (8%) 0.18+0.16 (8%) 0.07

Bilateral uterine artery 0.2740.04 (12%) 0.2040.10 (9%) 0.1610.15 (7%) 0.04

Group A: aspirin (80 mg/d); Group O: omega-3, -6, and -9 fatty acids (4800 mg/d); Group AO: combination therapy. @

riages. Since the use of a placebo in women with RM
was not permitted according to the guidelines of the
Research Ethics Committee of Mazandaran University
of Medical Sciences, there were no placebo groups, and
aspirin was used as an active control in this study.

Figure 1. Consort 2010 flow diagram

PBR

The administered dose of aspirin was reduced from 100
mg/d in the study by Lazzarin et al. to 80 mg/d, and ome-
ga-3, -6, and -9 unsaturated fatty acids were used instead
of omega-3 fatty acids to evaluate their therapeutic value
in the management of RM [23]. The most appropriate
administration dose of polyunsaturated fatty acids has
not been established, but amounts of 4-5 g/d are effective

Ala et al. Omega 3-6-9 in Miscarriage. PBR. 2022; 8(1):43-52
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Table 4. Mean+SD PI of the right and left uterine arteries, at the beginning and end of the trial, within each study group

Time Point (Mean1SD)

Study Groups Blood Vessel P
Before the Treatment After the Treatment

Right uterine artery 2.38+0.13 2.17+0.19 0.0001
Group A

Left uterine artery 2.54+0.21 2.12+0.08 0.0001

Right uterine artery 2.36+0.18 2.16+0.18 0.0001
Group O

Left uterine artery 2.73+0.07 2.160.11 0.0001

Right uterine artery 2.1940.11 2.06+0.12 0.005
Group AO

Left uterine artery 2.39+0.08 2.20+0.12 0.001

Group A: aspirin (80 mg/d); Group O: omega-3, -6, and -9 fatty acids (4800 mg/ d); Group AO: combination therapy. PBR

without any adverse effects (3, 15-17). Thus, the amount
of 4800 mg/d (4.8 g/d) was tried in this study. Unlike
the study by Lazzarin et al. in which the average PI of
the bilateral uterine artery was reported due to negligible
difference in the PI of the right and left branches, in the
present study, a considerable difference was observed
between the two arteries. Therefore, the PI of the right
and left branches of the uterine artery are provided as
well as the average PI of the bilateral uterine artery to
map the observations better.

As it could be inferred from Table 3, in all three groups,
the PI was markedly reduced after treatment, although
the between-group differences were not significant.
Therefore, it could be deducted that the uterine perfusion
has improved as a result of treatment with all of the three
therapeutic regimens, but the extent of this effect did not
differ significantly between the groups, suggesting that
none of the three therapeutic regimens had superiority

to others (Table 3). However, the values of PI at the end
of the trial showed less between-group variations than at
the beginning of the trial. Thus, it seems that the average
PI of the uterine artery had a narrow range of variation,
whatever the initial PI.

The amount of reduction in average PI of the bilateral
uterine artery due to treatment was highest in patients
receiving aspirin. The AO group demonstrated the low-
est reduction in the average PI among the three groups
(P=0.04). These results further confirm that the combina-
tion therapy was not more effective than the monotherapy
with either drug. Though the combination therapy (group
AO) was expected to be more effective due to the syn-
ergistic effect of the two drugs, the results contradicted
the preliminary assumption. It seems that omega-3, -6,
and -9 and aspirin possess some kind of inhibitory action,
which leads to attenuation of the net effect of each one.
Since both pharmacotherapies affect the blood vessels

PBR

Figure 2. Average Pulsatility Index (PI) of the right uterine artery in different study groups before and after the treatment

Group A: aspirin (80 mg/ d); Group O: omega-3, -6, and -9 fatty acids (4800 mg/ d); Group AO: combination therapy.

Ala et al. Omega 3-6-9 in Miscarriage. PBR. 2022; 8(1):43-52
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PBR

Figure 3. Average Pulsatility Index (PI) of the left uterine artery in different study groups before and after the treatment
Group A: aspirin (80 mg/d); Group O: omega-3, -6, and -9 fatty acids (4800 mg/ d); Group AO: combination therapy.

through the inhibition of Cyclooxygenase (COX) and re-
duction of TxA2 synthesis, one possible explanation for
this observation could be the competition between aspi-
rin and omega-3, -6, and -9 fatty acids for the same active
site in the COX enzyme. Thus they act as competitive
inhibitors for cyclooxygenase. If this assumption is valid,
the outcome depends on the concentration of each drug at
the site of action and its affinity to the enzyme.

The marked reduction in the average PI in the right and
left uterine arteries, which was observed after treatment
within all of the three groups, further confirms the effi-
cacy of all of the three therapeutic regimens in lowering
the blood flow resistance and improving uterine perfusion
(Table 4). Comparing the changes to the average PI of the
right and left uterine arteries caused by different therapeu-

tic regimens suggests that the effect of aspirin on the uter-
ine artery’s blood flow is more dominant in the left uterine
artery. At the same time, omega-3, -6, and -9 seem to af-
fect both the right and left uterine arteries equally. The
authors could suggest no explanation for this observation
since no background data on the selective effect of aspirin
on different blood vessels could be found elsewhere.

Conclusion

According to the present study results, omega-3, -6,
and -9 fatty acids can reduce the pulsatility index and im-
prove uterine artery blood flow in pregnant women with
impaired uterine perfusion and could therefore be regard-
ed as a possible alternative to aspirin in the management
of recurrent miscarriage. However, there is no benefit

PBR

Figure 4. Average Pulsatility Index (PI) of the bilateral uterine artery in different study groups before and after the treatment
Group A: aspirin (80 mg/d); Group O: omega-3, -6, and -9 fatty acids (4800 mg/d); Group AO: combination therapy.
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for combination therapy compared with monotherapy.
Therefore, we suggest that other clinical trials with a
larger sample size be conducted to confirm these results.
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