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Abstract
Objective
To collect information on frequency of pregnancy and delivery complications in Charcot-
Marie-Tooth (CMT) disease and on CMT course during pregnancy.

Methods
Through an ad hoc online questionnaire, we investigated pregnancy and neuropathy course in
women with CMT adhering to the Italian CMT Registry. Data were compared to those of
controls (recruited among friends and unaffected relatives) and the Italian (or other reference)
population.

Results
We collected data on 193 pregnancies from 86 women with CMT (age 20–73 years) with 157
deliveries (81.4%) after a mean of 38.6 gestational weeks. In women with CMT, there were no
differences compared to controls (59 pregnancies and 46 deliveries from 24 controls) and the
reference population for miscarriages (11.4%) and planned (21.0%) and emergency (14.0%)
cesarean sections. We found a significantly higher frequency of placenta previa (1.6% vs 0.4%),
abnormal fetal presentations (8.4% vs 4.5%), and preterm deliveries (20.3% vs 6.9%; most in
week 34–36 of gestation) compared to reference populations. Excluding twins, newborn weight
did not differ from the reference population. Postpartum bleeding rate in patients with CMT
(2.1%) was similar to that of the general population (2.4%). CMT status worsened during 18 of
193 pregnancies (9.3%) with no recovery in 16 of them and with similar figures in the CMT1A
and non-CMT1A subtypes.

Conclusions
We observed higher rates of placenta previa, abnormal presentations, and preterm deliveries in
CMT, but pregnancy outcome and newborn weight and health were similar to those of the
reference populations. Worsening of CMT is not infrequent and occurs not only in CMT1A.
Pregnant women with CMT should be monitored with particular care.
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Charcot-Marie-Tooth (CMT) disease is the most common
inherited neuromuscular disorder, with an estimated prevalence of
9.4 to 20.1:100,000.1 It is a hereditary neuropathy that affects
motor and sensory peripheral nerves to a variable extent.2 In-
creased rates of pregnancy complications and instances of wors-
ening of CMT during pregnancy have been described.3–6

However, there are no large systematic studies of this issue, and
recommendations for management of CMT during pregnancy are
not available.7 Moreover, the few literature data are somehow
discrepant. In a relatively largeNorwegian series of 49 womenwith
CMTwith 108 births from the Medical Birth Registry of Norway,
the authors reported a higher rate of postpartum bleeding and
abnormal presentations compared with the reference group.3

Operative deliveries were twice as frequent in women with CMT.3

In the general population, uterine atony is themost common cause
for postpartum bleeding8; consequently, the authors were tempted
to assume that CMT can influence uterine function. On the
contrary, in a retrospective study by questionnaire administration
in Germany and Australia, the authors found no increase in
pregnancy and delivery complications in a smaller series of 21
women (45 gestations) affected by demyelinating CMT (type 1,
CMT1).4 However, 38% of them reported exacerbation of CMT
during at least 1 pregnancy, with persistence of such disability in
two-thirds of the cases after delivery, especially for weakness and
walking ability. A very recent study by the same group, having
identical study design but no overlap in the patient cohorts, yielded
similar results.5 In detail, 37.8% and 37.5% of cases (82 gestations)
reported a deterioration during pregnancy and after delivery, re-
spectively, with subsequent improvement in only 3.7% and 5%.

In another retrospective cohort of 178 patients with different
hereditary neuromuscular diseases, obstetric complications
were not increased in 33 patients with CMT (68 pregnancies,
63 births), but a deterioration of the CMT disease was
reported in 32% of pregnancies and was persistent in 22%.6

We performed a large case-control study among women with
CMT registered in the Italian CMT Registry with the aim of
collecting information on the occurrence of pregnancy and de-
livery complications, the newborn conditions, and the CMT
course during pregnancy. The last issue might be particularly
important in patients with CMT1A (the most common CMT
type, associated with the duplication of the PMP22 gene) be-
cause progesterone, the levels of which increase during preg-
nancy, is known to increase PMP22 expression.9

Methods
We developed a National CMT Registry (registronmd.it) in
collaboration with the Associazione del Registro (alliance
between Italian patient associations, including ACMT-Rete, and

Telethon-Italy Foundation). It is a dual registry inwhich the patient
registers herself/himself, chooses a reference center among 9
spread all over Italy (Fondazione IRCCS Istituto Carlo Besta of
Milan; IRCCS Ospedale San Raffaele of Milan; universities of
Genoa, Verona, Parma, Naples, Catanzaro, andMessina; Cattolica
Sacro Cuore University of Rome) where the attending clinician, in
an ad hoc visit, collects a minimal dataset of information and
administers clinical scales (CMTExamination/Neuropathy Scores,
CMTES/CMTNS).10 Registered patients had the chance to par-
ticipate in the present study, which required completion of online
self-reported questionnaires related to 5 important issues. One of
them regarded disease course and complications during pregnancy.
Controls also completed the online questionnaires and were
recruited among friends and unaffected relatives of participants
with CMT, matched as much as possible for age. The recruitment
lasted 3 years (2015–2017). The questionnaire (available in Italian
language on request) was developed through 2 focus groups with
patients and a psychologist with the supervisionof a gynecologist. It
was written using understandable terms, and the questions were
direct and simple. For those answers for which we were in doubt,
we interviewed the patient by phone. The questionnaire in-
vestigated the number and course of pregnancies and deliveries
(with 108 main questions) and the course of CMT during preg-
nancy and puerperium (with 54 questions). Information about
pregnancy outcome was specifically collected considering mis-
carriage, voluntary abortion, induction of labor, vaginal delivery
(natural or instrumental), and cesarean section (both planned and
in emergency). For the delivery period, we considered fetal pre-
sentation, complications during labor/delivery, and occurrence of
fetal distress. Information about the newborns included weight at
birth and occurrence of icterus, infections, hypothermia, and pre-
maturity. Newborns were considered small for gestational age
when below the fifth percentile for weight at birth. We also cal-
culated the percentage of newborns whose weight was <2.5 kg.

We compared the data from patients with CMT with those of
controls and, because controls were a small sample, also with data
from the Italian population or other reference populations avail-
able fromNational Health System data and literature publications.
The National Health System data are based on the Certificato Di
Assistenza al Parto questionnaire. This questionnaire is completed
by law by the midwife for all deliveries. All records are reviewed
and data are confirmed by local medical officers.

As far as the CMT disease course is concerned, both occurrence
of new symptoms and worsening of already existing ones were
considered to investigate CMT status during pregnancy and
puerperium. In detail, we asked about weakness and sensory
symptoms (in hands, feet, and other areas), cramps, pain dif-
ferent from cramps, fatigue, and the need for new devices for
walking. When disease worsening was reported, we also
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CMT = Charcot-Marie-Tooth.
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investigated degree of recovery if any. We then analyzed rate of
pregnancy complications and CMT course during pregnancy in
patients with CMT1A compared to patients without CMT1A.
We grouped all the other CMT types because the numbers of
patients for each of them were too low for a separate analysis.

Standard protocol approvals, registrations,
and patient consents
The Institutional Ethics Committee at each center approved
the study. Written informed consent was obtained from all
participants in the Registry, and online informed consent was
obtained from all those completing the questionnaires.

Statistical analysis
A description of participant characteristics at baseline was
provided in terms of absolute numbers and percentages for
categorical data and means with SDs for continuous data. The

95% confidence intervals were computed with the exact bi-
nomial method.

Data availability
Data that support the findings of this study are available from
the corresponding author (D.P.) and will be shared anony-
mously by request from any qualified investigator.

Results
Population
We collected data on 139 patients with CMT and 31 age-
matched controls who participated in the study. Their char-
acteristics are reported in table 1. There were no differences
between women with CMT and healthy controls as far as current
age, age at pregnancies, and gestational week at delivery are

Table 1 Demographic and clinical information of women with CMT disease and controls

CMT (n = 139) Controls (n = 31)

Age at questionnaire completion, mean ± SD, y 46.6 ± 12.3 47.3 ± 11.7

Current CMTES, range (mean ± SD) 0–26 (8.4 ± 5.4) —

Age at onset of walking difficulties, range (mean ± SD), y 0–60 (21.4 ± 15.4) —

Women with pregnancies, n (%) 93 (66.9) 24 (77.4)

Pregnancies, n (pregnancy rate for woman) 227 (1.6) 59 (1.9)

Age at pregnancies, mean ± SD, y 28.7 ± 5.2 29.5 ± 7.0

Deliveries with complete data, n 157 46

Gestational week at delivery, mean ± SD 38.6 ± 2.9 38.9 ± 2.2

Abbreviations: CMT = Charcot-Marie-Tooth; CMTES = Charcot-Marie-Tooth Examination Score.
There were no significant differences for these items between patients with CMT and controls.

Table 2 Pregnancy outcome and complications in 86 women with CMT disease (193 pregnancies) and Italian population
(or other reference populations)

CMT, n (%, 95% CI) Reference population, % Reference

Pregnancy outcome

Miscarriages 22 (11.4, 7.3–16.7) 9.6a Parazzini et al.11

Voluntary termination of pregnancy 14 (7.3, 0.4–11.9)b 13.8a Parazzini et al.11

Deliveries 157 (81.3, 75.1–86.6)

Pregnancy complications

Hypertension 1 (0.5, 0.0–2.9) 1.0 Gerli et al.12

Diabetes 3 (1.6, 0.3–4.5) 1.7 Gerli et al.12

Gestosis 1 (0.5, 0.0–2.9) 2.4 Masturzo et al.13

Placenta previa 3 (1.6, 0.5–4.5)b 0.4 Faiz et al.14

Abbreviations: CI = confidence interval; CMT = Charcot-Marie-Tooth.
Data are available for 86 patients with CMT who completed the questionnaire for 193 pregnancies.
a Lombardy population.
b Significant differences from reference population.
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concerned.Ninety-three patients and 24 controls becamepregnant
during the period from 1960 to 2015. Among the 46 patients who
did not have pregnancies (one-third of women with CMT com-
pared to less than one-fourth of controls), CMT contributed to the
decisionnot to have children in 17women (12.2%of the total, 37%
of those who did not have pregnancies). However, the overall rate
of pregnancy per woman (1.6) did not differ from that of controls
(1.9) and the reference population (1.7 in the 1962–2015 period,
data.worldbank.org/indicator/SP.DYN.TFRT.IN?locations=IT).

Detailed information about pregnancy course was collected from
the questionnaires completed by 86 women with CMT (193
gestations and 157 deliveries with 163 newborns; there were 6
sets of twins) and 24 controls (59 gestations and 46 deliveries
with 1 set of twins). Among patients with CMT, 44 of 86

patients (≈50%) had a diagnosis of CMT1A with 109 of 193
pregnancies; the other most frequent CMT types were CMT1B
(7 patients, 19 pregnancies), CMT2A (6 patients, 12 pregnan-
cies), CMTX1 (5 patients, 10 pregnancies), CMT2I/J (4 pa-
tients, 7 pregnancies), and CMT2F (2 patients, 4 pregnancies).

Pregnancy course and complications
Course, outcome, and complications of pregnancies are
summarized in table 2.

In brief, 193 pregnancies for patients ended up in 157 de-
liveries (with detailed information available in 143) vs 59
pregnancies and 46 deliveries (with detailed information in
43) for controls. Miscarriages occurred in 22 of 193 (11.4%)
patients and 9 of 59 (15.3%) controls; the reference

Table 3 Information about deliveries (n = 143) and newborn (n = 149) condition inwomenwith CMT disease compared to
the Italian population (or other reference population)

CMT, n (%, 95% CI)
Reference
population, % Reference

Type of delivery

Eutocic vaginal delivery 92 (64.3, 55.9–72.2) 65.3 CeDAP15

Instrumental vaginal delivery (forceps delivery/ventouse
extraction)

1 (0.7, 0.0–3.8) 3.5 CeDAP

Cesarean deliveries 50 (35.0, 27.2–43.4) 35.5 CeDAP

Planned (30)

Emergency (20)

Postpartum bleeding 3 (2.1, 0.4–6.0) 2.4 Masturzo et al.,13 2019

Preterm delivery (<37 wk)a 29 (20.3, 14.0–27.8) 6.9 CeDAP

Early preterm delivery (week 26–33)a 8 (5.6, 2.4–10.7)b 1.80 CeDAP

Late preterm delivery (week 34–36)a 21 (14.7, 9.3–21.6)c 5.1 CeDAP

Weight at birth <2.5 kg (twins excluded) 13 (9.5, 5.1–15.5)d 7.8 CeDAP

Small for gestational age (twins excluded) 8 (5.8, 2.5–11.0) 5 CeDAP, Parazzini et al.,16 1995

Fetal presentation

Vertex presentation 131 (91.6, 85.9–95.1) 95.5 CeDAP

Abnormal presentationsa 12 (8.4, 4.9–14.1) 4.5 CeDAP

Newborn problems (overall) 19 (12.8, 7.9–19.2)

Icterus 9 (6.0, 2.8–11.1) 6.9e Parazzini, personal
communicationf

Respiratory distress 4 (2.7, 0.7–6.7) 1.2 Condò et al.,17 2017

Use of incubator, intensive care 2 (1.3, 0.2–4.8) 3.8 Masturzo et al.,13 2019

Stillborn 1 (0.7, 0.0–3.7) 0.3 Cousens et al.,18 2011

Abbreviations: CeDAP = Certificato Di Assistenza Al Parto15; CI = confidence interval; CMT = Charcot-Marie-Tooth.
Data for CMT refer to 143 deliveries and 149 births (those with completed questionnaires).
a Significant differences from reference population.
b Three twin pregnancies.
c Two twin pregnancies.
d Ten newborn twins were <2.5 kg.
e Lombardy population.
f Data presented at “Il percorso nascita in Lombardia: cosa sta combiando?” Milan, Italy on October 27, 2014.
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population had a similar percentage (9.6%).11 The rate of
voluntary abortion was 14 of 193 (7.3%) patients and 4 of 59
(6.8%) controls, with percentages significantly lower than that
of the reference population (13.8%).11 The rate of pregnancy
complications in CMT was similar to that of controls and the
reference population12,13 except for placenta previa, which
occurred in 3 women with CMT (1.6% as compared to 0.4%
in the reference population)14 and required cesarean section.

Delivery and newborn conditions
Results are summarized in table 3.

In summary, type of delivery in women with CMT did not
differ from that of the control and reference populations.15 In
patients, planned cesarean sections were done in 30 of 143
(21.0%) and eutocic vaginal deliveries in 92 of 143 (64.3%),
with induction of labor reported for 16 of them (11.2% of all
deliveries) between the 36th and 42nd gestational week. In-
strumental vaginal delivery occurred in only 1 case, and
emergency cesarean section was needed in 20 of 143 (14.0%)
cases. There were only 3 instances of postpartum bleeding in
patients with CMT (2.1%), with no difference with respect to
the reference population.13

Preterm delivery (before gestational week 37) occurred in 29 of
143 cases (20.3%) for women with CMT and 7 of 43 (16.3%)
for healthy controls; the rate in the CMT group is significantly
higher compared to the Italian population (6.9%),15 even when
twin pregnancies are excluded (24 of 137, 17.5% in CMT).
However, it must be said that the difference is due mainly to
preterm deliveries occurring in the interval from 34 to 36 ges-
tational weeks. Moreover, for CMT, excluding twins, the rate of
small for gestational age newborns below the fifth percentile (8
of 137, 5.8%) and the percentage of newborns <2.5 kg (13 of
137, 9.5%)were comparable to those of the reference population
(5% and 7.8%, respectively).15,16 Five of the 6 twin pregnancies
in patients with CMT (none in controls) ended with preterm

delivery; although the 10 preterm twins all weighed <2.5 kg,
none of them was small for gestational age for twins.

Abnormal nonvertex presentations were significantly more
frequent in CMT pregnancies (12 of 143, 8.4%) than in the
reference population (4.5%)15 and included 9 breech pre-
sentations. Three of 12 were twin pregnancies. All but 1 re-
quired cesarean section, and none was complicated by
postpartum bleeding. For 6 of these pregnancies, the offspring
developed CMT but only later in life, ruling out a contribution
of CMT in the fetus to the abnormal presentation. Only 1
woman had moderate to severe disease.

Regarding anesthetic management, general anesthesia was
performed in 30 of 50 cesarean deliveries and spinal anes-
thesia in 20 of 50. No complication was reported by patients
who underwent general anesthesia, whereas 2 women re-
quired intensive care unit admission after spinal anesthesia (1
for urinary retention that lasted 12 hours and 1 for prolonged
loss of consciousness, hospitalized for 8 days).

The rate and type of complications in newborns of women
with CMT did not differ from controls and the reference
populations.13,17,18

Comparison between CMT1A and non-CMT1A
Results are summarized in tables 4 and 5.

In brief, we collected data from 44 patients with CMT1A (109
pregnancies) and 42 patients with other forms of CMT (84
pregnancies). The median age at gestation was 27.7 ± 4.9
years (range 17–41 years) in the first group and 29.3 ± 5.5
years (range 18–43 years) in the second. Four patients (9.1%)
with CMT1A (5 pregnancies) and 9 (21.4%) (11 pregnan-
cies) women without CMT1A underwent standard prenatal
genetic diagnosis for chromosomal abnormalities. Only 5 of
them (2 with CMT1A and 3 without CMT1A) knew they

Table 4 Comparison between CMT1A and other CMT subtypes for pregnancy outcome and complications

CMT1A, n (%, 95% CI) Other CMT subtypes, n (%, 95% CI)

Pregnancy outcome

Miscarriages 14 (12.8, 7.2–20.6) 8 (9.5, 4.2–17.9)

Voluntary termination of pregnancy 9 (8.3, 3.8–15.1) 5 (6.0, 2.0–13.3)

Deliveries 86 (78.9, 70.0–86.1) 71 (84.5, 75.0–91.5)

Pregnancy complications

Hypertension 1 (0.9, 0.0–5.0) 0 (0.0, 0.0–4.3)

Diabetes 2 (1.8, 0.2–6.5) 1 (1.2, 0.0–6.5)

Gestosis 1 (0.9, 0.0–5.0) 0 (0.0, 0.0–4.3)

Placenta previa 3 (2.8, 0.6–7.8) 0 (0.0, 0.0–4.3)

Abbreviations: CI = confidence interval; CMT = Charcot-Marie-Tooth.
Data refer for CMT1A to 44 women and 109 pregnancies and for other CMT subtypes to 42 women and 84 pregnancies.
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were affected by CMT at the time of pregnancy. Of these, only
2 patients affected by CMT1A and CMT2A underwent
chorionic villus sampling to search for the PMP22 duplication
and a MFN2 mutation, respectively. The analysis turned out
to be positive in the former case, but eventually the pregnancy
was not terminated, and negative in the latter. No results for
pregnancy course, complications, deliveries, and newborns
were different between the 2 groups. All 3 instances of pla-
centa previa occurred among patients with CMT1A, but the
difference with the non-CMT1A group was not significant.

CMT course during pregnancy and puerperium
Table 6 summarizes results regarding the disease course.

CMT disease status worsened during 18 of 193 pregnancies
(9.3%) in 14 of 86 patients (16.3%) (8 of 44 with CMT1A, 2 of 6
with CMT2A, 1 of 7 with CMT1B, 1 of 1 with CMT2E, 1 of 1
with CMT2F, and 1 with unknown CMT subtype; mean age at
delivery 29.8 ± 4.8 years, range 22–39 years). We observed no
significant difference between women who reported CMT
worsening and those who did not for age at onset of walking
difficulties (22 ± 10 years, range 1–36 years, vs 27.9 ± 15.0 years,

range 1–60 years), ability to walk unaided before pregnancy (13
of 14 vs 72 of 72), current disease severity as assessed by CMTES
(7.9 ± 4.9, range 1–16, vs 7.5 ± 5.0, range 0–22), and need for an
ankle-foot orthotic (4 of 14, 28.6%, vs 24 of 72, 33.3%), although
the age at questionnaire completion is lower for the former group
(39.6 ± 7.8 years, range 28–56 years, vs 51.3 ± 10.6 years, range
24–73 years).

Ten of 14 women had >1 pregnancy. Recurrence of wors-
ening in subsequent pregnancies was a rare event in that it
occurred in 4 women only: 3 patients worsened in 2 preg-
nancies of 3, and 1 woman reported disease progression in both
of her pregnancies. On the other hand, deterioration occurred
in only 1 of 2 or 3 pregnancies for 6 patients and in their only
pregnancy for 4 women. It occurred during the first pregnancy
in 6 cases (which was the only pregnancy in 4 cases) and the
second and/or third pregnancy in the remaining 12. Five of
these patients had pregnancy complications: placenta previa (n
= 2), gestational diabetes (n = 2), or asthma (n = 1).

Worsening or appearance of foot weakness (n = 17), foot sensory
loss (n = 15), cramps (n = 15), and fatigue (n = 15)were themost

Table 5 Comparison between CMT1A and other CMT subtypes for delivery and newborn condition

CMT1A (%, 95% CI) Other CMT subtypes (%, 95% CI)

Gestational week, mean ± SD 38.6 ± 3.0 38.6 ± 2.8

Preterm delivery (<37 wk), n 16 (20.3, 12.0–30.8) 13 (20.3, 11.3–32.2)

Early preterm delivery (before week 34), n 5 (6.3, 2.1–14.2) 3 (4.7, 1.0–13.1)

Late preterm delivery (between 34 and 36 wk), n 11 (13.9, 7.2–23.5) 10 (15.6, 7.8–26.9)

Fetal presentation, n

Vertex presentation 74 (93.7, 85.8–97.9) 57 (89.1, 78.8–95.5)

Abnormal presentations 5 (6.3, 2.1–14.2) 7 (10.9, 4.5–21.2)

Type of delivery, n

Vaginal delivery 54 (68.4, 56.9–78.4) 38 (59.4, 46.4–71.5)

Instrumental vaginal delivery 0 (0.0, 0.0–4.6) 1 (1.6, 0.0–8.4)

Planned cesarean section 14 (17.7, 10.0–27.9) 16 (25.0, 15.0–37.4)

Emergency cesarean section 11 (13.9, 7.2–23.5) 9 (14.0, 6.6–25.0)

Postpartum bleeding, n 3 (3.8, 0.8–10.7) 0 (0.0, 0.0–5.6)

Weight at birth <2.5 kg (twins excluded), n 7 (9.3, 3.8–18.3) 6 (9.7, 3.6–19.9)

Small for gestational age (twins excluded), n 6 (8.0, 3.0–16.6) 2 (3.2, 0.4–11.2)

Newborn problems, n

Icterus 6 (7.2, 2.7–15.1) 3 (4.5, 0.9–12.7)

Respiratory distress 3 (3.6, 0.8–10.2) 1 (1.5, 0.0–8.2)

Use of incubator, intensive care 1 (1.2, 0.0–6.5) 1 (1.5, 0.0–8.2)

Stillborn (twin birth) 1 (1.2, 0.0–6.5) 0 (0.0, 0.0–5.4)

CMT1A: 39 women, 79 deliveries, 83 newborns, 8 twins; other CMT subtypes: 37 women, 64 deliveries, 66 newborns, 4 twins.
Abbreviations: CI = confidence interval; CMT = Charcot-Marie-Tooth.
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frequent complaints. Ambulation ability remained unchanged in
97.9% of pregnancies, but 3 patients needed new assistive devices
(1 shoe insert, 1 walker, 1 assistance with walking with irregular use
of wheelchair). No recovery at all from worsening was reported to
occur after delivery for 14 of 18 pregnancies, whereas little recovery
occurred in 2 cases, good recoverywas seen in 1 patient, and only 1
patient recovered completely. For those patients who did not re-
cover from deterioration during pregnancy, the follow-up period
ranged from a minimum of 1.8 to a maximum of 18.6 years with a
mean of 8.5 years (SD 5.5 years). We found no significant differ-
ence between those with and those without CMT1A.

Discussion
This is the largest study ever performed on pregnancy and
disease course in patients with CMT.

Our data show that overall pregnancy outcome and deliveries
are regular in CMT compared to healthy controls and refer-
ence populations, suggesting that the disease does not affect
the course of pregnancy. In CMT, miscarriages, emergency
cesarean sections, and the main pregnancy complications
were not more frequent, with the only exception of placenta
previa (1.6% vs 0.4%), which occurred only in 3 women with
CMT. Women with CMT had a mean of 1.6 pregnancies, a
rate comparable to that of controls and the reference pop-
ulation. Although the difference was not significant, a lower
percentage of women with CMT became pregnant compared
to controls (66.9% vs 77.4%). This may be due partly to the
decision of some of them (n = 17, 12.2%) not to become
pregnant because they carried a genetically transmissible

disease. On the other hand, we observed a lower frequency of
voluntary pregnancy termination with respect to the normal
population, and this may be due to a stronger determination
to have children for the women with CMT who decided to
become pregnant. Although the mean gestational week at
delivery did not differ from that of controls, in patients with
CMT, we observed a significantly higher rate of preterm de-
liveries (20.3%). Most of them, however, occurred in the 34-
to 36-week interval, with only 8 of 193 deliveries before week
34, and the percentages of newborns with low weight or who
were small for gestational age were similar to those of the
reference population.

We do not confirm the observation by the Norwegian study3

that reported a higher rate of postpartum bleeding (12%)
because it occurred in only 2.1% in our series, thus bringing
into question the hypothesis that CMT may cause uterine
atony. The authors reported also a high rate of instrumental
(forceps and vacuum) deliveries (14.8%),3 which was not the
case for patients with CMT in the present research (0.7%).
On the other hand, our data are in keeping with the report by
the same authors of a higher rate of presentation anomalies
(9.3%) in women with CMT. Indeed, we observed 8.4% of
abnormal presentations, including 9 of 143 (6.3%) breech
presentations. There was no predisposing factor such as more
severe CMT disease or occurrence of postpartum bleeding
suggesting uterine atony. None of the offspring had early-
onset CMT that might have caused reduced fetal movements.

Newborn health did not differ from that of controls and the
reference population, and the frequency of complications was
similar.

Table 6 Disease worsening in the CMT population (pregnancies), with comparison between CMT1A and other CMT
subtypes

All CMT (n = 193), n (%, 95% CI) CMT1A (n = 109), n (%, 95% CI) Other CMT (n = 84), n (%, 95% CI)

Worsening of CMT during pregnancy 18 (9.3, 5.6–14.3) 11 (10.1, 5.1–17.3) 7 (8.3, 3.4–16.4)

Weakness 18 (9.3, 5.6–14.3) 11 (10.1, 5.1–17.3) 7 (8.3, 3.4–16.4)

Sensory loss 15 (7.8, 4.4–12.5) 11 (10.1, 5.1–17.3) 4 (4.8, 1.3–11.7)

Cramps 15 (7.8, 4.4–12.5) 10 (9.2, 4.5–16.2) 5 (6.0, 2.0–13.3)

Pain (different from cramps) 6 (3.1, 1.1–6.6) 5 (4.6, 1.5–10.4) 1 (1.2, 0.0–6.5)

Fatigue 15 (7.8, 4.4–12.5) 9 (8.3, 3.8–15.1) 6 (7.1, 2.7–14.9)

Worsening of gait 4 (2.1, 0.6–5.2) 1 (0.9, 0.0–5.0) 3 (3.6, 0.7–10.1)

Need for new devices 3 (1.6, 0.3–4.5) 2 (1.8, 0.2–6.5) 1 (1.2, 0.0–6.5)

New symptoms 5 (2.6, 0.8–5.9) 2 (1.8, 0.2–6.5) 3 (3.6, 0.7–10.1)

Recovery

Good recovery 1/18 (5.6, 0.1–27.3) 0/11 (0.0, 0.0–28.5) 1/7 (14.3, 0.4–57.9)

Full recovery 1/18 (5.6, 0.1–27.3) 1/11 (9.1, 0.2–41.3) 0/7 (0.0, 0.0–41.0)

Abbreviations: CI = confidence interval; CMT = Charcot-Marie-Tooth.
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One of the main findings of our study is that the disease
course of CMT worsened in a significant percentage of pa-
tients (16.3%) and pregnancies (9.3%), with further impair-
ment of strength and sensation; increased occurrence of
cramps, pain, and fatigue; or the appearance of new symp-
toms. Such worsening does not appear to be simply related to
common disturbances during pregnancy occurring also in
unaffected women such as cramps and fatigue because they
reverted or improved after delivery in only a minority of cases.
In this respect, our data, although with lower percentages, are
in agreement with previous studies that described CMT
worsening in 32%6 to 38%4,5 of patients and/or gestations.
We do not confirm that deterioration was likely to recur in
subsequent pregnancies because only 4 of 14 women had 2
episodes and 3 of them had at least 1 normal pregnancy (the
first 1 in 2 cases). Disease severity and age at onset did not
appear to be significant risk factors for deterioration. Neu-
ropathy worsening might be expected in CMT1A associated
with the PMP22 duplication because progesterone is known
to increase PMP22 expression9 and hormonal levels increase
markedly during pregnancy. However, we observed CMT
worsening in several CMT subtypes, not only in CMT1A, and
the deterioration rate was similar in the CMT1A and non-
CMT1A series. Pathological mechanisms related to nerve
edema have been suggested to be responsible for the exac-
erbation of neuropathy during pregnancy,19 but the ultimate
reasons for such deterioration remain unknown. Notably, a
previous study20 reported no difference in disease severity
between women who have been pregnant and those who have
not and between those reporting worsening during pregnancy
(52%)—either temporary or permanent—and those without
changes, pointing out that in a percentage of women the
deterioration may be either subjective or not clearly detect-
able on clinical scores.

There are some limitations of our research, and some caution
is needed in the interpretation of these findings. It is a ret-
rospective study based mainly on the recollection of patients,
and it was impossible to match the collected data with medical
records, especially for pregnancies that occurred many years
ago. We therefore decided to concentrate analyses on major,
easily assessable events. A prospective study would be advis-
able; however, the collection of the number of pregnancies
sufficient to perform statistical analyses requires a long time
and a multicenter multinational study. Another drawback is
that the pregnancies reported by the patients occurred during
a long period, from 1960 to 2015. The data reported for the
reference population are related to the last decades in most
cases and sometimes only for some Italian regions, which may
introduce some biases because data may vary in time and in
place. For example, with reference to the lower rate of vol-
untary abortion reported by the cases, it should be underlined
that in Italy voluntary abortion was illegal until 1978. On the
other hand, the frequency of preterm births and of nonvertex
presentation has been substantially constant during the last 7
decades.15,21 Another minor study limitation is related to the
fact that the population of patients who participate in

registries is not fully representative of the more general CMT
population.

We observed higher rates of abnormal presentations, preterm
deliveries, and placenta previa in CMT, but pregnancy out-
come and newborn weight and health were similar to those of
the reference populations. However, worsening of CMT is
not infrequent and does not occurs only in CMT1A. There-
fore, our results are overall reassuring with regard to the
course and outcome of pregnancy in CMT, but they highlight
the need to support patients during and after pregnancy, es-
pecially at the end, due to a high rate of preterm deliveries and
the occurrence of CMT worsening observed in this series.
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17. Condò V, Cipriani S, Colnaghi M, et al. Neonatal respiratory distress syndrome: are risk
factors the same in preterm and term infants? J Matern Fetal Neonatal Med 2017;30:
1267–1272.

18. Cousens S, Blencowe H, Stanton C, et al. National, regional, and worldwide estimates
of stillbirth rates in 2009 with trends since 1995: a systematic analysis. Lancet 2011;
377:1319–1330.

19. Pollock M, Nukada H, Kritchevsky M. Exacerbation of Charcot‐Marie‐Tooth disease
in pregnancy. Neurology 1982;32:1311–1314.

20. Swan ER, Fuerst DR, Shy ME. Women and men are equally disabled by Charcot-
Marie-Tooth disease type 1A. Neurology 2007;68:873.

21. Parazzini F, Pirotta N, La Vecchia C, Fedele L. Determinants of caesarean section
rates in Italy. Br J Obstet Gynaecol 1992;99:203–206.

Neurology.org/N Neurology | Volume 95, Number 24 | December 15, 2020 e3189

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://www.salute.gov.it/portale/documentazione/p6_2_2_1.jsp?lingua=italiano&id=2431
http://www.salute.gov.it/portale/documentazione/p6_2_2_1.jsp?lingua=italiano&id=2431
http://www.salute.gov.it/portale/documentazione/p6_2_2_1.jsp?lingua=italiano&id=2431
http://www.salute.gov.it/portale/documentazione/p6_2_2_1.jsp?lingua=italiano&id=2431
http://neurology.org/n

