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Abstract

Introduction There are many studies showing that silicone breast implants may affect lactation, but few analyzed whether
these implants affect placentation. We observed that many mothers with growth-restricted pregnancies had inflammatory
conditions, such as silicone breast implants or giardiasis.

Methods This single-center cohort study assessed the prevalence of inflammatory conditions in normotensive growth-
restricted singleton pregnancies. Next, we stratified the patients according to the presence or absence of silicone breast
implants, to determine whether these implants influence fetal growth restriction onset or severity.

Results Twelve (32%) of the 38 participants underwent cosmetic breast augmentation 4—18 years before pregnancy. Half
of the patients with and 38% without silicone breast implants had giardiasis. Half of the mothers with and 35% without
silicone breast implants had autoantibodies. Silicone breast implants were associated with a 70% increased risk of fetal
growth restriction before 32 weeks’ gestation (95% confidence interval [CI], 1.2-2.5). Fetal growth restriction was diagnosed
significantly earlier in mothers with than in those without silicone breast implants, respectively at 27 (95% CI, 25-30) and
30 weeks’ gestation (95% CI, 29-32). Silicone breast implants also tripled the risk of fetuses being below the third percentile,
but the difference was not significant.

Conclusion Our results suggest that the association of inflammatory conditions, such as silicone breast implants, giardiasis,
and autoantibodies may contribute to placental insufficiency. Silicone breast implants older than four years increased the
risk of early-onset fetal growth restriction. Studies with large samples are needed to validate our findings and define whether
silicone-related fetal growth restriction should be included in autoimmune/inflammatory syndrome induced by adjuvants
(ASIA) criteria.

Key Points

o Fetal growth restriction (FGR), responsible for 30% of stillbirths, is the most common cause of prematurity and intrapartum asphyxia.

o [n this study, including 38 mothers with normotensive FGR, all participants had 2—4 inflammatory conditions, such as giardiasis, sinusitis,
candidiasis, dysbiosis, extreme fear or autoantibodies.

o Silicone breast implants were associated with a 70% increased risk of fetal growth restriction before 32 weeks’ gestation.

e FGR was diagnosed at 27 weeks’ gestation (95% CI, 25-30) in mothers with and at 30 weeks’ gestation (95% CI, 29-32) in mothers without
silicone breast implants.

Keywords ASIA syndrome - Fetal growth restriction - Giardiasis - Inflammation - Silicone

Introduction

Fetal growth restriction (FGR), defined as an estimated
fetal weight or fetal abdominal circumference below the
10th percentile for gestational age [1], affects 5-10% of

D< Silvia Hoirisch-Clapauch pregnancies [2]. By convention, FGR cases related to pla-
sclapauch@gmail.com cental insufficiency are named FGR, while non-placental
cases are referred to as small-for-gestational age fetuses

! Hospital Federal dos Servidores do Estado, Atlantica 434 ST .
1101, Rio de Janeiro, Brazil [3]. The distinction between FGR and small-for-gestational
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age fetuses is relevant, as placental insufficiency reduces
the delivery of oxygen and nutrients to the fetus [3]. FGR
is responsible for 30% of stillbirths and for most cases of
prematurity and intrapartum asphyxia [2], being associated
with an increased risk of subtle to major neurodevelop-
mental disabilities [4].

Maternal factors contributing to FGR include preec-
lampsia and other hypertensive disorders, malnutrition,
active or passive cigarette smoking, illicit drug or alcohol
abuse, chronic hypoxia, severe renal diseases, increased
homocysteine levels [2], hyperprolactinemia [5], and
prolonged steroid use [6], but in most cases, the mecha-
nisms underlying placental insufficiency remain unclear.
Contrary to expectations, inherited thrombophilias do not
increase the risk of FGR [7, 8], but cytokines, antiphos-
pholipid antibodies, and autoimmune disorders do [9-14].

Recently, we observed that many mothers with growth-
restricted fetuses had silicone breast implants (SBI). It is esti-
mated that over 1,600,000 women worldwide underwent breast
augmentation in 2020 [15]. Silicone molecules can leak, even
when the capsule is intact, boosting the immune response
through active immunostimulation, by providing T-cell help
for antibody response, or by acting as a matrix for antigens [16].

Evidence for the immunogenicity of silicone comes from
studies assessing the prevalence of antinuclear antibodies
in patients with silicone implants [17]. The percentage of
patients with autoantibodies varies from 5 to 36%, which can
be explained by the composition and volume of the implants
and the interval between implantation and antibody assess-
ment. Other conditions that may influence immunogenic-
ity include prior documented autoimmune reaction to other
adjuvants, as in some vaccines, established autoimmune dis-
eases, a history of allergy or atopy, genetic predisposition,
and triggers [18], such as infectious disorders.

In contrast to the large cohort studies showing a nega-
tive relationship between breast implants and lactation
[19], there are few reports in the literature analyzing
whether SBI influence pregnancy outcomes. One of these,
including 3,133 pregnancies among patients receiving sili-
cone implants, showed that the rate of stillbirths was more
than four times higher than that of the general population
[20]. To our knowledge, no studies have investigated the
impact of autoimmune/inflammatory syndrome induced
by adjuvants (ASIA) on FGR.

Another condition highly prevalent among our patients
with growth-restricted pregnancies was lactose intoler-
ance, which is commonly seen in subjects with giardiasis.
A meta-analysis of 114 studies with 98,342 pregnant women
estimated that 8% of them had giardiasis [21]. Giardia lam-
blia causes duodenal inflammation that increases mucosal
permeability, allowing the entry of noxious antigens into
the bloodstream [22]. Mucosal damage leads to lactose
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malabsorption and lactose favors the proliferation of patho-
genic bacteria in the small intestine and colon, amplifying
inflammation. Preliminary results indicate that maternal gut
dysbiosis is a risk factor for FGR [23].

Since both SBI and giardiasis may cause inflammation,
we decided to assess the prevalence of inflammatory condi-
tions in normotensive women with FGR. We then strati-
fied the patients according to the presence (FGR+SBI) or
absence of silicone breast implants (FGR—SBI) to determine
whether SBI influence the onset and severity of FGR.

Methods

This observational study was approved by the local ethics
committee as #19-04.111 and conducted in the department
of Vascular Medicine of a Brazilian maternity hospital from
February 2022 to January 2023. Pregnant women seen at
our maternity hospital are routinely referred to the Vascular
Medicine department by their obstetricians when abnormal
placentation is suspected, which means that all enrolled par-
ticipants had been pre-selected.

Inclusion criteria were normotensive mothers with
growth-restricted fetuses. Exclusion criteria were fetal con-
ditions contributing to FGR, such as gene and chromosomal
mutations or intrauterine infections, multiple pregnancies,
placental abruption, diabetes mellitus, renal insufficiency,
malnutrition, active or passive cigarette smoking, illicit drug
or alcohol abuse, chronic hypoxia, chronic steroid use or lack
of follow-up until delivery.

Fetal weight percentiles were calculated using the Hadlock
formula. Severe FGR was defined as estimated fetal weight
below the 3rd percentile for gestational age. FGR was classified
as early onset, when diagnosed before 32 weeks’ gestation and
late onset, when diagnosed at or after 32 weeks’ gestation [24].

Medical and obstetric history, medications used, lifestyle
habits, and ultrasound data were retrieved from the files.
Excessive weight gain (e.g. > 1.5 kg per 4 weeks during the
first half of pregnancy) was used as a surrogate of a high-car-
bohydrate diet. A sedentary status was defined as <40 min
per day of physical activity, including household chores.

Categorical variables included inflammatory conditions,
such as injections of dermal fillers or botulinum toxin during
pregnancy, and recent or current infections. Fear (characterized
by increased levels of cytokines [25]) within the month prior to
the diagnosis of FGR was classified as none, mild, moderate,
severe or extreme. All patients complaining of lactose intoler-
ance were screened for giardiasis with stool polymerase chain
reaction (PCR). Urinary indoxyl sulfate levels (indican) were
used to discriminate individuals with gut dysbiosis.

Prolactin levels, assessed during the first trimester, were
retrieved from the files. Antinuclear, anti-thyroid peroxidase,
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anti-thyroglobulin, anticardiolipin and anti-beta2 glycoprotein
1 antibodies, lupus anticoagulant, homocysteine, and vitamin D
levels were analyzed at the time of FGR diagnosis. Patients who
had not been screened for thrombophilia before pregnancy or
in the first trimester, were tested at the time of FGR diagnosis,
except for protein S levels, assessed after the puerperium.

Descriptive statistics were calculated with Excel (Microsoft
Office 365) and R-4.2.3 for Windows. Assuming a rate of 3
FGR+SBI: 1 FGR-SBI mothers with severe growth restricted
pregnancies, the sample was calculated as 76 patients, with
80% power and 5% significance level. An interim analysis,
performed after enrollment of half of the intended patients,
concluded that we had enough data to infer that silicone breast
implants and other inflammatory conditions could increase
the risk of fetal growth restriction, with SBI being associated
with early-onset FGR. At that moment, we decided to publish
a preliminary report of 38 pregnancies.

Results
Baseline characteristics
A total of 42 normotensive patients with growth-restricted

pregnancies were sequentially approached and all provided
written informed consent. One baby was born with Edwards’

syndrome (trisomy 18), one mother was diagnosed with dia-
betes mellitus and two mothers were lost to follow-up.

Twelve (32%) of the 38 participants underwent cosmetic
breast augmentation 4—18 years before FGR diagnosis (95%
confidence interval [CI], 7-9 years). The mean volume of
the prostheses was 278 + 64 ml.

The mean age of the FGR+SBI mothers at inclusion was
36 +5 years and of the FGR-SBI mothers, 36 + 6 years
(Tablel). Twelve FGR+SBI (100%) and 23 FGR-SBI
mothers (88%) were Caucasians. The FGR-SBI group
also included two Asians (8%) and one black (4%) subject.
Two FGR+SBI patients (5%) were overweight in the first
prenatal consultation, all the others had normal weight. All
mothers denied exposure to tobacco smoke, illicit drugs or
alcohol, since the beginning of pregnancy.

The eight multiparous women in the FGR+SBI group
had 25 previous pregnancies, comprising 19 miscarriages
(76%), one fetal demise associated with FGR (4%), and five
live births (16%), including one small-for-gestational age
(4%) and four appropriate-for-gestational age infants (16%).
The 13 multiparous women in the FGR-SBI group had 37
previous pregnancies, with 28 early miscarriages (75%),
four pregnancies complicating with FGR leading to fetal
demise (11%), and five live births, four small-for-gestational
age children (11%) and one appropriate-for-gestational age
infant (3%). There were 23 implantation failures of euploid

Table 1 Sample characteristics

FGR+SBI (n=12) FGR - SBI (n=26) P value
Age, mean (standard deviation), years 36+5 36+6 NS
Race
Caucasians 12 (100%) 23 (88%) NS

Asians 2 (8%) NS

Black 1 (4%) NS
Body mass index classification

Normal weight 10 (83%) 26 (100%) NS

Overweight 2 (17%) NS
Multiparous women 8 13
Previous pregnancies 25 37

Early miscarriages 19 (76%) 28 (75%) NS

Fetal demise with growth restriction 1(4%) 4 (11%) NS

Small-for-gestationalage infants 1 (4%) 4 (11%) NS

Appropriate-for-gestational age infants 4 (16%) 1 (3%) NS
Index pregnancy

Early FGR 11 (92%) 14 (54%) 0.03

Gestational age at FGR diagnosis, weeks 27 (95% CI, 25 to 30) 30 (95% CI, 29 to 32) 0.02

Estimated fetal weight % at diagnosis 6 (95% CI, 4 to 8) 7 (95% CI, 6 to 8) NS

Severe FGR 3(25%) 2 (8%) NS

FGR+SBI, mothers with fetal growth restricted pregnancies and silicone breast implants; FGR-SBI, moth-
ers with fetal growth restricted pregnancies, without silicone breast implants; NS, non-significant; 95% CI,

95% confidence interval

@ Springer



2448

Clinical Rheumatology (2023) 42:2445-2452

embryos in the FGR+SBI group and 14 in the FGR-SBI
group.

None of the FGR+SBI patients fulfilled major clini-
cal criteria for ASIA syndrome, such as myalgia, myositis
or muscle weakness, arthralgia, arthritis, chronic fatigue,
neurological manifestations, cognitive impairment or sicca
syndrome.

Five FGR-SBI mothers were on prophylactic low-molec-
ular-weight heparin from the beginning of pregnancy. One
of them had positive lupus anticoagulant, two had previous
growth-restricted stillbirths, one — with a negative throm-
bophilia workup — had a pulmonary embolism five years
before the index pregnancy, and one had a family history
of deep vein thrombosis. None of the FGR+SBI mothers
was receiving prophylactic anticoagulation. Two FGR+SBI
women were heterozygous for factor V Leiden and one
was heterozygous for prothrombin 20,210 mutation. One
FGR-SBI mother was heterozygous for factor V Leiden.
None of the participants with inherited thrombophilia had
autoantibodies.

A total of 22 patients had been screened for thrombo-
philia before pregnancy, either because of adverse pregnancy
events or due to a personal or family history of thromboem-
bolism. The remaining 16 were tested for thrombophilia at
the time of FGR diagnosis.

All patients had normal homocysteine, prolactin, and
vitamin D levels. Two FGR-SBI mothers (8%) with posi-
tive anti-thyroid peroxidase antibodies were taking thy-
roid hormones, none of the patients had anti-thyroglobulin
antibodies.

The impact of silicone breast prostheses
and autoantibodies on FGR

FGR+SBI patients had twice the prevalence of antinuclear
antibodies > 1:160 than FGR-SBI ones, respectively 50%
(four speckled, two anti-centromere) and 23% (all speck-
led) (Table 2). Two FGR-SBI subjects (8%) had anti-thy-
roid peroxidase antibodies > 1:640 and one (4%) had lupus
anticoagulant. Four FGR+SBI (25%) and seven FGR-SBI
(27%) mothers had antinuclear antibodies > 1:320. The fre-
quency of high-titer antinuclear or anti-thyroid peroxidase
antibodies (> 1:320) was similar in both groups, 33% and
31%.

Silicone breast prostheses were associated with a 70%
increased risk of early FGR (95% CI, 1.2-2.5; P=0.02)
(Table 2). FGR was diagnosed significantly earlier in the
FGR+SBI than in the FGR-SBI group, respectively at 27
(95% CI, 25-30) and 30 weeks gestation (95% CI, 29-32).
The estimated fetal weight percentile at diagnosis was 6
(95% CI, 4 to 8) in the FGR+SBI group and 7 (95% CI,
6-8) in the FGR—SBI group. Silicone breast prostheses also
tripled the risk of severe FGR (95% CI, 0.62— 17).

@ Springer

Inflammatory conditions that might have
contributed to placental insufficiency

Two thirds of the FGR+SBI participants and 58% of the
FGR-SBI subjects had either a current or a recent infection.
Half of the FGR+SBI and 39% of the FGR-SBI mothers were
diagnosed with giardiasis. Intestinal dysbiosis was detected in
20% of the FGR+SBI and in 23% of the FGR—SBI group. A
total of 17% of the FGR+SBI and 4% of the FGR—-SBI women
had chronic vaginal candidiasis, and 8% of FGR-SBI patients
had chronic sinusitis. The prevalence of a Covid-19 infection
within one month prior to the diagnosis of FGR was similar in
the two groups, 8%. A FGR-SBI mother presented with toxo-
plasmosis seroconversion at 28 weeks of pregnancy, which
was attributed to the immunosuppression that accompanies
chronic anxiety and insomnia, two conditions characterized
by hypercortisolism. Her neonate had no clinical signs of con-
genital toxoplasmosis and both IgM and IgG antibodies were
negative. Complaints of extreme fear, usually of losing the
baby, were similar in the two groups, 58%.

One FGR+SBI mother received hyaluronic acid injec-
tions and 60 units of botulinum toxin during pregnancy.
The next day, she presented with livedo reticularis. Four
weeks later, when her offspring was diagnosed with FGR,
her C-reactive protein levels were 10.5 mg/L.

Forty-two percent of the participants (half of the
FGR+SBI group and 38% of the FGR-SBI group) had anti-
nuclear antibodies > 1:160, anti-thyroid peroxidase antibod-
ies > 1:640 or positive lupus anticoagulant. One third of each
group had high-titer antibodies.

Non-inflammatory conditions that might have
contributed to placental insufficiency

A sedentary lifestyle throughout pregnancy was reported by
92% of the FGR+SBI and 85% of the FGR—SBI mothers,
with most of them informing to rest as much as possible.
Excessive weight gain (e.g. > 1.5 kg per four weeks until
20 weeks’ gestation), due to the consumption of a high-car-
bohydrate diet or binge eating, was 3.4 times more common
(95% CI, 1.8-6.6) in FGR+SBI than in FGR-SBI women.
The prevalence of thrombophilia was three times higher in
FGR+SBI (25%) than in FGR-SBI patients (8%).

Discussion

Mechanisms involved in inflammation-related
placental insufficiency

Early FGR represented 66% of the whole sample and
92% of the FGR+SBI group, much more prevalent than
that reported in the literature, 20-30% [24]. Assuming
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Table 2 Conditions that might have contributed to placental insufficiency
FGR+SBP (n=12) FGR-SBP (n=26) P value

Inflammatory conditions

Extreme fear 7 (58%) 15 (58%) NS

Recent or current infection® 8 (67%) 15 (58%) NS
Giardiasis, manifesting as lactose intolerance 6 (50%) 10 (38%) NS
Chronic vaginal candidiasis 2 (17%) 1 (4%) NS
Chronic sinusitis 0 2 (8%) NS
Covid-19 infection 1 (8%) 2 (8%) NS
Reactivated toxoplasmosis in the setting of long-term anxiety and insomnia, no 0 1 (4%) NS

signs of congenital toxoplasmosis

Recent filling and botulinum toxin with C-reactive protein levels of 10.5 mg/L 1 (8%) 0 NS

Autoantibodies 6 (50%) 10 (38%) NS
Antinuclear antibodies 6 (50%) 7 (26%) NS
High-titer antibodies 4 (33%) 8 (31%) NS
Anti-thyroid peroxidase antibodies 0 2 (8%) NS
Lupus anticoagulant (primary antiphospholipid syndrome) 0 1 (4%) NS

Non-inflammatory conditions

Sedentary status (<40 min per day with physical activity) 11 (92%) 22 (85%) NS

Excessive weight gain (e.g.> 1.5 kg/4 weeks during the first 11 (92%) 7 27%) <0.01

half of pregnancy), a surrogate of a high-carbohydrate diet

Inherited or acquired thrombophilia 3 (25%) 2 (8%) NS

FGR+SBI, fetal growth restriction, mothers with silicone breast implants; FGR-SBI, fetal growth restriction, mothers without silicone breast

implants; NS, non-significant; *Some women had more than one infection

inflammation and autoimmunity to have a role in FGR, it is
possible that three inflammatory conditions present before
pregnancy, namely silicone breast prostheses, giardiasis, and
autoantibodies have contributed to anticipate the onset of
FGR in our cohort.

In this study, all participants had two to four inflam-
matory conditions, such as SBI, extreme fear, infections,
recent use of dermal fillers and botulinum toxin, intestinal
or vaginal dysbiosis or autoantibodies. Positive antinu-
clear antibodies have been reported in the general popu-
lation, but usually in a titer < 1:80 [26]. A study includ-
ing 100 women with recurrent pregnancy losses and 194
controls identified antinuclear antibodies > 160 in 11% of
the women with recurrent miscarriages and none of the
controls [26], suggesting that these antibodies may harm
the placenta.

One would expect systemic inflammation to cause pla-
cental insufficiency through a mechanism involving placen-
tal inflammation, but this seldom occurs. In a study of 184
normotensive fetal growth restricted pregnancies, only 1%
of the placentas showed mononuclear cell infiltration [27].
Instead, the usual placental findings in FGR are reduced
villous branching and failure to increase vessel diameter
[28]. Placental vascular development, required to match
fetal growth, depends on the activation of growth factors
and proteolysis of the extracellular matrix.

Fibrinolytic enzymes, such as tissue plasminogen
activator (tPA) have a crucial role in placental vascular
modifications, by activating growth factors and mediating
extracellular matrix proteolysis [29]. Cytokines stimulate
the production of the most potent tPA inhibitor: plasmino-
gen activator inhibitor (PAI)-1, the same occurring with
increased levels of angiotensin or cortisol, which are also
risk factors for FGR [30] (Fig. 1). A study demonstrated
that PAI-1 levels in umbilical cord blood of normotensive
FGR pregnancies were approximately tenfold higher than
in controls [31], reinforcing the idea that reduced fibrino-
lytic activity mediates defective placental development.

Impact of silicone breast implants on gestational
age and weight centile at FGR diagnosis

In this study, the presence of silicone breast prostheses
anticipated the onset of FGR in three weeks, an insignifi-
cant period of time in extrauterine life, but not in intrau-
terine life. Anticipating delivery in three weeks may have
dramatic consequences for neonatal morbidity and mortality.
A study conducted in the US showed that among babies
delivered from 26 to 32 weeks’ gestation, each additional
week in utero reduced the length of neonatal hospitalization
by a minimum of 8§ days [32]. In that study, 159 babies were
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Fig. 1 Risk factors for fetal
groth restriction converge to
reduced fibrinolytic activity.
PAI-1, plasminogen activa-

PAI-1 gene with its enhancer elements

tor inhibitor-1; TNF-a: tumor
necrosis factor-o; TGF-f:
transforming growth-f
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-15 kb 177 <732 -566 210 157 -42 bp

born at 27 weeks’ gestation: 57% of them were intubated for
ventilation, their mean length of hospital stay was 66 days
and the mortality rate was 40%. Of the 262 babies born at
30 weeks’ gestation, 21% were intubated for ventilation,
their mean length of hospital stay was 40 days and the mor-
tality rate was 13%. Of the 639 babies born at 33 weeks’ ges-
tation, 3% were intubated for ventilation, their mean length
of hospital stay was 15 days and the mortality rate was 1%.

An unexpected finding in the present study was a signifi-
cantly higher prevalence of excessive weight gain during preg-
nancy in the FGR+SBI group than in the FGR-SBI group (92%
vs 27%, P <0.01). One possible explanation is that women
who undergo breast augmentation tend to control body weight
through exercise and healthy diets. Many FGR+SBI women
believed that during pregnancy they could eat twice as much
as before pregnancy and rest as much as possible. Excessive
weight gain is associated with high-carbohydrate diets, which
stimulate insulin oversecretion. Insulin impairs fibrinolytic
activity by increasing PAI-1 levels [33].

Future work

Five mothers (13%) from our cohort were on prophylactic
low-molecular-weight heparin when FGR was diagnosed.
The lack of benefit of heparin prophylaxis in the prevention
of FGR found in our sample is in accordance with the results
of a meta-analysis of eight trials including 963 women, 42%
of whom had thrombophilia, randomized to prophylactic
low-molecular-weight heparin or no anticoagulation [34].
Assuming that hypofibrinolysis is an important element in
the pathogenesis of FGR, it remains to be elucidated whether
medications that increase fibrinolytic activity, such as full-
dose heparin or sertraline [35], can improve fetal growth
and prolong pregnancy. Clinical trials have supported the
safety of sertraline in pregnancy, as well as the efficacy of
this mood-stabilizer in reducing binge eating frequency [36].
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Our findings suggest that patients with lactose intoler-
ance willing to conceive be screened for giardiasis. Met-
ronidazole is the drug of choice for Giardia infection, but
based on some reports of metronidazole teratogenicity [37]
it is advised to treat giardiasis before pregnancy. Further
studies are needed to clarify whether hydroxychloroquine
can prevent silicone breast implant-related FGR and delay
delivery until term. Notably, hydroxychloroquine is effec-
tive against metronidazole-resistant Giardia [38].

Limitations

As our results were obtained from a small cohort of
patients, they should be considered preliminary. In order to
better understand how SBI influence fetal growth, a large
cohort of pregnant women with SBI should be screened
for FGR, with the results compared to those of matched
controls.

Conclusions

Our findings are consistent with the hypothesis that placen-
tal insufficiency may result from the association of inflam-
matory conditions, such as SBI, giardiasis, autoantibodies,
and fear, with SBI significantly increasing the risk of early-
onset FGR. Excessive weight gain was highly prevalent
among FGR+SBI mothers, suggesting that lifestyle modi-
fications may help prevent FGR related to SBI. We recom-
mend that women with lactose intolerance willing to con-
ceive be screened for giardiasis. Based on some reports of
metronidazole teratogenicity, it is advised to treat giardiasis
before pregnancy. Studies with large samples are needed to
validate our findings and define whether silicone-related
fetal growth restriction should be included in ASIA criteria.
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