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Abstract
Objective
To compare pregnancy prevalence and complications in women with and without multiple
sclerosis (MS).
Methods
This retrospective US administrative claims study used data from January 1, 2006, to June 30,
2015. All data for women with MS were included. A nationally representative 5% random
sample from approximately 58 million women without MS was used to compute the dataset.
Annual pregnancy rates, identiﬁed via diagnosis/procedure codes and adjusted for covariates,
were estimated via logistic regression. Claims for pregnancy and labor/delivery complications
were compared using propensity score matching.
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Results
From 2006 to 2014, the adjusted proportion of women with MS and pregnancy increased from
7.91% to 9.47%; the adjusted proportion without MS and with pregnancy decreased from
8.83% to 7.75%. The diﬀerence in linear trend (0.17% increase and 0.15% decrease in perannum pregnancy rates) was signiﬁcant (t statistic = 7.8; p < 0.0001). After matching (n = 2,115
per group), a higher proportion of women with MS than without had claims for premature labor
(31.4% vs 27.4%; p = 0.005), infection (13.3% vs 10.9%; p = 0.016), cardiovascular disease
(3.0% vs 1.9%; p = 0.028), anemia/acquired coagulation disorders (2.5% vs 1.3%; p = 0.007),
neurologic complications (1.6% vs 0.6%; p = 0.005), sexually transmitted diseases (0.4% vs
0.1%; p = 0.045), acquired fetal damage (27.8% vs 23.5%; p = 0.002), and congenital fetal
malformations (13.2% vs 10.3%; p = 0.004).
Conclusions
Pregnancy rates in this population of women with MS have been increasing. High rates of
claims for several peripartum complications were observed in women with and those without
MS. Claims data provide knowledge of interactions patients have with the health care system
and are valuable initial exploratory analyses.
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Glossary
CCI = Charlson Comorbidity Index; DMD = disease-modifying drug; ICD-9-CM = International Classiﬁcation of Diseases, Ninth
Revision, Clinical Modiﬁcation; MS = multiple sclerosis.

Multiple sclerosis (MS) is 3 times more common in women
than in men,1 and clinical onset often occurs as women are
considering a family.2 MS is more frequently diagnosed in
women of childbearing age than in any other group.3 More
evidence is needed in order to support decision-making and to
improve care of women with MS who are of childbearing
age.4–7
No studies reporting the rates of pregnancy in women with
MS were identiﬁed in the published literature. Pregnancy
outcomes of women with MS have been evaluated in several
studies outside the United States8–20; however, only 3 US
studies have been published.21–23 Mueller et al. (2002)21 used
Washington state–linked birth certiﬁcate/hospital discharge
records for 198 women with MS and 1,584 women without
MS. Pregnancy or delivery complications, low birth weight or
preterm infants, or infants with malformations were not more
likely in women with MS. Women with MS were, however,
twice as likely to be rehospitalized 3 months after delivery
compared with women without MS. Kelly et al. (2009)22
compared pregnancy outcomes of 10,055 women with MS
with the general obstetric population using 2003–2009
Nationwide Inpatient Sample data. MS was associated
with mildly increased odds of antenatal hospitalization, intrauterine growth restriction, and cesarean delivery. Fong
et al. (2018)23 used 2001–2009 hospital discharge data from
California (1,185 deliveries in patients with MS out of
4,424,049 total deliveries) and found that rates of urinary tract
infection, cesarean delivery, and induction of labor were
slightly increased in patients with MS; however, antepartum
and peripartum morbidities were not increased.
The objectives of this study were to use administrative claims
data to (1) evaluate the annual prevalence of pregnancy in
women with and without MS during the 2006–2014 interval,
and (2) compare pregnancy-related complications in women
with and without MS.

Methods
Data source
This was a retrospective administrative claims database study
using data from the IQVIA Real-World Data Adjudicated
Claims–US database from January 1, 2006, to June 30, 2015.
This database comprises fully adjudicated health plan claims
data and enrollment information for individuals in commercial plans, and contains information from health plans and
self-insured employer groups throughout the United States
for more than 150 million unique enrollees, collected since
2006. This anonymous, patient-centric database includes all
e2
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medical and pharmacy claims data (costs and descriptive
services) for the enrollees. Claims represent payments to
providers for services rendered to covered individuals. Data
also include patient-level enrollment, which is a record of
demographic variables including eligibility status (birth year,
sex, US Census region, eligibility by month). The enrollee
population in the database is generally representative of the
younger than 65 years, commercially insured population in
the United States regarding both age and sex. The average
length of enrollment is ≥39 months, and more than 30 million
patients have 3 or more years of continuous enrollment
(medical and pharmacy coverage). Each contributing plan’s
data undergo rigorous data quality review by IQVIA prior to
its addition into the Real-World Data Adjudicated Claims–US
database. The database is deidentiﬁed and compliant with the
Health Insurance Portability and Accountability Act of 1996.
As such, no institutional review board approval was required.
Study populations
Pregnancy rates over time

Nine cohorts of patients with and without MS were
created—one for each year from 2006 to 2014—to estimate
the prevalence of pregnancy over time. Within each respective
year, included patients were required to be enrolled for at least
30 days, be female, and be between the ages of 18 and 64 years
as of the ﬁrst day of the year. Patients with MS were also
required to have at least one encounter with a diagnosis of MS
(ICD-9-CM code: 340.xx). Those included in the numerator
of the pregnancy prevalence calculation (i.e., pregnant
women) were required to have at least one encounter with
a diagnosis of pregnancy (table e-1, links.lww.com/WNL/
A712) or a pregnancy-related procedure (table e-2) during
their respective year.
Pregnancy outcomes

For the pregnancy outcomes evaluation, patients were initially
required to have any eligibility from January 1, 2006, to June
30, 2015, to be female, to have at least one encounter with
a diagnosis of pregnancy (table e-1, links.lww.com/WNL/
A712) or a pregnancy-related procedure (table e-2), to be
between the ages of 18 and 64 as of the date of the pregnancy
diagnosis, and to have a live birth procedure code (table e-3).
The focus of this analysis on women with a live birth was to
identify a maximally homogeneous sample for comparative
purposes.
The date of the live birth procedure was used to estimate the
date of conception and the pregnancy periods.13 Continuous
eligibility for 1 year before estimated conception and 1 year
after the live birth with no gaps in coverage were additional
Neurology.org/N

inclusion criteria. Patients with MS were required to have at
least one encounter with a diagnosis of MS (ICD-9-CM code:
340.xx). Only the ﬁrst pregnancy from an individual woman in
the dataset was included in the analysis.
Data analyses
Pregnancy rates over time

Annual pregnancy rates (identiﬁed via applicable diagnosis or
procedure codes), adjusted for age, region, payer, and
Charlson Comorbidity Index (CCI) score (a measure of
overall comorbidity based on diagnosis codes in administrative data), were estimated separately among women with and
without MS via logistic regression (tables 1 and 2 present the
full logistic regression models). Estimates were conducted
using all women with MS and on a nationally representative
5% random sample of all women without MS, provided they
met the inclusion criteria described above. This random
sample was used as a subset of the general database because of
the size of the original patient sample (approximately 58
million unique enrollees) and the logistics associated with
analyzing data for such a large number of patients. Statistical
comparison of the year-over-year pregnancy rates (i.e., slope
of best ﬁt line estimated via linear regression) among women

with and without MS during the 2006–2014 study interval
was conducted.
Pregnancy outcomes

Propensity score matching24 matched patients with MS 1:1 to
a nationally representative 5% random sample from the approximately 58 million women without MS present in the
dataset. A priori, based on a literature review,25 we included
age, payer, region, and year of pregnancy as covariates in the
model. In addition, we used regression modeling to determine
other comorbidities associated with the outcome of interest.
The comorbidities evaluated in the regression modeling were
alcohol abuse, anxiety, arthritis, chronic lung disease, depression, diabetes, gastrointestinal disease, hyperlipidemia,
hypertension, hypothyroidism, obesity, other female genital
tract disorders, ovarian dysfunction, and thyroid disease.
Based on regression modeling results, we also included
ovarian dysfunction, other female genital tract disorders,
obesity, hypothyroidism, and hypertension as covariates.
Demographic characteristics evaluated included age at pregnancy diagnosis, region at pregnancy diagnosis, and payer
type during the 1 year prepregnancy. Clinical characteristics

Table 1 Adjusted model for annual pregnancy rates in women without MS (assumptions were an age of 30 years,
Midwest region of the United States, a commercial payer, and a CCI score of 0.25)
Adjusted MS model (age, region, payer, CCI)
Name

Estimate

SE

OR

Lower CI

Upper CI

z Value

Pr (>|z|)

(Intercept)

0.28

0.03

1.32

1.24

1.41

8.32

<0.0001a

Age

−0.09

0

0.92

0.91

0.92

−129.82

<0.0001a

CCI

−0.03

0.01

0.97

0.95

1

−2.05

0.0404a

Cohort: MS 2007

−0.02

0.03

0.98

0.92

1.04

−0.64

0.5209

Cohort: MS 2008

−0.02

0.03

0.98

0.93

1.04

−0.55

0.5822

Cohort: MS 2009

−0.04

0.03

0.96

0.91

1.02

−1.26

0.2077

Cohort: MS 2010

−0.08

0.03

0.93

0.87

0.98

−2.49

0.0128a

Cohort: MS 2011

−0.12

0.03

0.89

0.83

0.94

−3.93

<0.0001a

Cohort: MS 2012

−0.14

0.03

0.87

0.82

0.93

−4.39

<0.0001a

Cohort: MS 2013

−0.1

0.03

0.9

0.85

0.96

−3.32

0.0009a

Cohort: MS 2014

−0.13

0.03

0.88

0.82

0.93

−4.13

<0.0001a

Payer: Medicaid

0.72

0.03

2.05

1.94

2.16

26.32

<0.0001a

Payer: Medicare

0.16

0.18

1.17

0.8

1.66

0.88

0.3814

Payer: Other

0.08

0.02

1.08

1.05

1.11

5.08

<0.0001a

Region: Northeast

−0.03

0.02

0.97

0.94

1.01

−1.49

0.1371

Region: South

−0.1

0.02

0.9

0.87

0.94

−5.66

<0.0001a

Region: West

0.06

0.02

1.06

1.01

1.1

2.43

0.0149a

Abbreviations: CCI = Charlson Comorbidity Index; CI = confidence interval; MS = multiple sclerosis; OR = odds ratio; SE = standard error.
a
Statistical significance.
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Table 2 Adjusted model for annual pregnancy rates in women with MS (assumptions were an age of 30 years, Midwest
region of the United States, a commercial payer, and a CCI score of 0.25)
Adjusted MS model (age, region, payer, CCI)
Name

Estimate

SE

OR

Lower CI

Upper CI

z Value

Pr (>|z|)

(Intercept)

1.38

0.05

3.96

3.56

4.39

25.76

<0.0001a

Age

−0.13

0

0.88

0.88

0.88

−120.2

<0.0001a

CCI

−0.07

0.01

0.93

0.9

0.95

−5.81

<0.0001a

Cohort: MS 2007

0.05

0.05

1.05

0.95

1.15

0.98

0.3291

Cohort: MS 2008

0.09

0.05

1.09

1

1.19

1.87

0.0616

Cohort: MS 2009

0.12

0.05

1.13

1.03

1.24

2.7

0.007a

Cohort: MS 2010

0.16

0.05

1.17

1.07

1.28

3.41

0.0007a

Cohort: MS 2011

0.16

0.05

1.17

1.07

1.28

3.49

0.0005a

Cohort: MS 2012

0.12

0.05

1.13

1.03

1.23

2.54

0.0112a

Cohort: MS 2013

0.16

0.05

1.17

1.07

1.28

3.31

0.0009a

Cohort: MS 2014

0.18

0.05

1.2

1.1

1.32

3.91

<0.0001a

Payer: Medicaid

0.06

0.07

1.07

0.92

1.22

0.9

0.3703

Payer: Medicare

−0.27

0.16

0.77

0.55

1.03

−1.67

0.0945

Payer: Other

0.04

0.02

1.04

0.99

1.08

1.66

0.0961

Region: Northeast

0.06

0.03

1.06

1.01

1.12

2.39

0.0168a

Region: South

−0.2

0.03

0.82

0.78

0.86

−7.71

<0.0001a

Region: West

−0.07

0.04

0.93

0.87

1

−1.91

0.0564

Abbreviations: CCI = Charlson Comorbidity Index; CI = confidence interval; MS = multiple sclerosis; OR = odds ratio; SE = standard error.
Statistical significance.

a

evaluated during the 1 year prepregnancy included overall
comorbidity as measured by the CCI, and the individual rates
of the most common comorbidities in MS (i.e., alcohol abuse,
anxiety, arthritis [rheumatoid arthritis or osteoarthritis],
chronic lung disease, depression, diabetes [type 1 and type 2],
gastrointestinal disease, hyperlipidemia, hypertension, and
thyroid disease). These comorbidities were selected as they
are among the most common in MS based on the published
literature.17
We evaluated pregnancy outcomes, which included complications during pregnancy, labor and delivery, and the puerperium period. Clinically relevant ICD-9-CM codes
indicating pregnancy complications were selected and categorized (tables e-4 to e-6, links.lww.com/WNL/A712). The
broad inclusion of ICD-9-CM codes was intended to encompass all potentially relevant diagnoses to capture any
possible diﬀerences in outcomes for women with MS vs those
without MS.

Statistical Computing, Vienna, Austria) and SAS, version
9.4 (SAS Institute Inc., Cary, NC). For descriptive
(i.e., unadjusted) analyses, categorical variables were summarized using frequencies and percentages, and continuous
variables were summarized using means (with conﬁdence
intervals), SDs, and medians (with interquartile ranges). For
the analyses of the matched datasets of patients with and those
without MS, pairwise χ 2 tests evaluated diﬀerences between
categorical variables, and paired t tests evaluated diﬀerences in
continuous variables.
Data availability
The data utilized for this study were obtained through
a license agreement with IQVIA.

Results
Pregnancy rates over time
Sample selection

Sample selection and creation of analytic variables were performed using the Instant Health Data Platform (Boston
Health Economics, Inc., Boston, MA). Statistical analyses
were undertaken with R, version 3.2.1 (R Foundation for
e4
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The number of women without MS from the 5% nationally
representative random sample who were included in the annual study cohorts from 2006 to 2014 ranged from 735,974 to
1,144,868. The number of women with an MS encounter who
Neurology.org/N

were included in the annual study cohorts from 2006 to 2014
ranged from 36,361 to 58,218.

Figure 1 Adjusted proportion of women with and without
MS and with a pregnancy, by year

Baseline characteristics

There was little year-to-year variation in age; the mean age of
the 9 annual cohorts of women with MS and a pregnancyrelated claim ranged from 29.2 to 29.6 years (table e-7, links.
lww.com/WNL/A712). The highest proportion of women
without MS and with a pregnancy diagnosis were between the
ages of 25 and 29 years (range: 29.9%–31.8%), lived in the
South (range: 27.0%–37.6%), and had commercial health
insurance (range: 89.4%–93.2%). The mean age of pregnant
women with MS was somewhat greater than that of pregnant
women without MS (approximately 32.5 vs 29.3 years), with
little year-to-year variation (table e-8). The mean age of
women with MS and a pregnancy-related claim ranged from
32.2 to 33.0 years, and the highest proportion of women with
MS and a pregnancy diagnosis were between the ages of 30
and 34 (range: 32.8%–39.3%), lived in the Northeast (range:
30.0%–36.9%), and had commercial health insurance (range:
95.3%–99.0%).

Model assumptions were age = 30 years, region = Midwest, payer = commercial, and Charlson Comorbidity Index score = 0.25 (assumptions approximated the median values). MS = multiple sclerosis.

Pregnancy outcomes
Sample selection

The mean CCI score of women without MS and a pregnancy
diagnosis ranged from 0.14 to 0.16 (table e-9, links.lww.
com/WNL/A712). Common comorbidities in this group
were gastrointestinal diseases (range: 7.1%–10.2%), thyroid
disease (range: 6.5%–8.8%), hypertension (range:
4.7%–5.6%), and anxiety (range: 4.4%–9.1%). The mean
CCI score of women with MS and a pregnancy diagnosis
ranged from 0.28 to 0.37 (table e-10). Common comorbidities in this group were gastrointestinal diseases (range:
12.3%–17.2%), thyroid disease (range: 10.8%–14.9%), hypertension (range: 8.0%–11.0%), and anxiety (range:
8.0%–15.7%).
Pregnancy rates

The unadjusted proportion of women without MS who had
a pregnancy-related claim decreased from 5.55% in 2006 to
5.15% in 2014 (table e-11, links.lww.com/WNL/A712). The
unadjusted proportion of women with MS who had a pregnancy-related claim increased from 2.40% in 2006 to 2.57% in
2014 (table e-12).
The diﬀerence between the 2 groups remained after adjusting
for age, region, payer, and CCI score. The adjusted proportion of women without MS who had a pregnancy decreased from 8.83% in 2006 to 7.75% in 2014 (ﬁgure 1). The
adjusted proportion of women with MS who had a pregnancy
increased from 7.91% in 2006 to 9.47% in 2014 (ﬁgure 1).
Comparing women with and without MS, the diﬀerence in
linear trend (0.17% increase and 0.15% decrease in perannum pregnancy rates, respectively) was statistically signiﬁcant (t statistic = 7.8, p < 0.0001). The model assumptions
were an age of 30 years, Midwest region of the United States,
a commercial payer, and CCI score of 0.25 (assumptions
approximated the median values). The adjusted models are
shown in tables 1 and 2.
Neurology.org/N

A total of 5,374,616 patients without a diagnosis of MS and
274,501 patients with a diagnosis of MS were identiﬁed from
the IQVIA Real-World Data Adjudicated Claims– US database from 2006 to 2015. A total of 39,377 patients without MS
and 2,176 patients with MS had a pregnancy diagnosis, were
between the ages of 18 and 64 years as of the date of the
pregnancy diagnosis, had a live birth procedure code, and had
1-year insurance eligibility before and after the estimated
pregnancy period.
Baseline characteristics

A total of 39,377 women with a live birth without MS and
2,176 women with a live birth with MS met the inclusion
criteria. Demographics of women with a live birth without
and with MS are presented in table 3. Among women who
had a live birth, mean and median ages were higher in those
with MS than in those without MS. Most women who had
a live birth had commercial health insurance (98.5% with MS
vs 94.7% without MS). Among women with MS, more were
from the Midwest (31.3%) than any other region, whereas
among women without MS, more were from the South
(32.1%). The mean prepregnancy CCI score was statistically
signiﬁcantly higher in women with MS than in women
without MS (p < 0.0001). Common comorbidities (present
in ≥10% of women with MS who had a live birth) were
gastrointestinal disease, anxiety, thyroid disease, and depression. The proportion of women with all of the comorbidities except alcohol abuse was statistically signiﬁcantly
higher in women with MS than in women without MS
(p < 0.05).
After 1:1 matching, 2,115 women without MS and 2,115
women with MS (mean [SD] age 31.31 [4.93] years without
MS and 31.38 [4.76] years with MS) were matched. Most had
commercial insurance (98.72%–98.91%), and the highest
Neurology | Volume , Number  | Month 0, 2018
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Table 3 Baseline characteristics of women with a live birth without and with MS
Statistic

Patients without MS

Patients with MS

No.

39,377

2,176

p Value

<0.0001a

Age, y
Mean (SD)

29.4 (5.5)

31.4 (4.8)

Median (IQR)

29 (26–33)

31 (28–35)
<0.0001a

Age grouping, y, n (%)
18–24

7,291 (18.5)

165 (7.6)

25–29

12,634 (32.1)

594 (27.3)

30–34

12,570 (31.9)

857 (39.4)

35–39

5,677 (14.4)

464 (21.3)

≥40

1,205 (3.1)

96 (4.4)
<0.0001a

Payer, n (%)
Commercial

37,300 (94.7)

2,144 (98.5)

Medicaid

2,042 (5.2)

28 (1.3)

Medicare

35 (0.1)

4 (0.2)
<0.0001a

Region, n (%)
Midwest

11,249 (28.6)

681 (31.3)

Northeast

8,679 (22.0)

611 (28.1)

South

12,646 (32.1)

653 (30.0)

West

5,492 (13.9)

173 (8.0)
<0.0001a

Prepregnancy CCI score
Mean (SD)

0.11 (0.41)

0.21 (0.60)

Median (IQR)

0 (0–0)

0 (0–0)

Alcohol abuse

156 (0.4)

6 (0.3)

Anxiety

2,487 (6.3)

267 (12.3)

<0.0001a

Arthritis

434 (1.1)

46 (2.1)

<0.0001a

Chronic lung disease

1,848 (4.7)

123 (5.7)

0.0457a

Depression

2,195 (5.6)

219 (10.1)

<0.0001a

Diabetes

613 (1.6)

57 (2.6)

Gastrointestinal disease

3,216 (8.2)

286 (13.1)

<0.0001a

Hyperlipidemia

1,915 (4.9)

169 (7.8)

<0.0001a

Hypertension

1,387 (3.5)

122 (5.6)

<0.0001a

Thyroid disease

2,455 (6.2)

235 (10.8)

<0.0001a

Comorbidities, n (%)
0.4834

0.0002a

Abbreviations: CCI = Charlson Comorbidity Index; IQR = interquartile range; MS = multiple sclerosis.
a
Significant p values (p < 0.05).

proportions resided in the Midwest (32.20%–32.81%), South
(30.88%–31.02%), or Northeast (28.46%–28.75%) regions of
the United States (ﬁgure e-1 [links.lww.com/WNL/A711]
e6
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presents propensity score balance for the 2 groups, and table
e-13 [links.lww.com/WNL/A712] presents balance statistics
for the covariates in each group).
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Pregnancy, labor and delivery, and puerperium
complications

Pregnancy complications of matched women with and without a diagnosis of MS who had a live birth are presented in
ﬁgure 2. There was a statistically signiﬁcantly higher proportion of women with a live birth with MS who had a claim
for premature labor (p = 0.005), infection in pregnancy (p =
0.016), maternal cardiovascular disease (p = 0.028), anemia or
acquired coagulation disorder (p = 0.007), neurologic complications in pregnancy (p = 0.005), and sexually transmitted
diseases in pregnancy (p = 0.045) compared with women with

a live birth without MS. Women with a live birth without MS
had a higher rate of postterm pregnancy (p < 0.001) compared with women with a live birth with MS.
Figure 3 presents complications during labor and delivery for
matched women with and without a diagnosis of MS who had
a live birth. There was a statistically signiﬁcantly higher proportion of women with a live birth with MS who had a claim
for acquired damage to the fetus (p = 0.002) and congenital
fetal malformations (p = 0.004) compared with women with
a live birth without MS.

Figure 2 Complications during pregnancy in matched women with and without MS who had a live birth

Significant p values (p < 0.05) are shown in bold italic text. C-section = cesarean section; MS = multiple sclerosis; STD = sexually transmitted disease.

Neurology.org/N
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Figure 3 Labor and delivery complications in matched women with and without MS and a live birth

Significant p values (p < 0.05) are shown in bold italic text. C-section = cesarean section; MS = multiple sclerosis.

Complications during the puerperium period were not as
common as complications during pregnancy and labor and
delivery in both patients with and those without MS. The
most common complication for both groups was failed, disordered, or suppressed lactation (3.5% for patients without
MS and 3.0% for patients with MS). There were no signiﬁcant
diﬀerences in puerperium complications between the 2
groups (ﬁgure 4).

Discussion
Pregnancy in women with MS can be complex, both from the
patient and the provider perspective4; yet, few detailed evaluations of speciﬁc issues of pregnancy in MS have been
reported in North American populations. Approximately
three-quarters of patients with MS are women, and clinical
onset typically occurs during their childbearing years, between
the ages of 20 and 40 years.3 It is estimated that between oneﬁfth and one-third of women with MS deliver a child after
disease onset,18,20 making pregnancy in women with MS
relevant to patients, their family members, and health care
professionals.19 A better understanding of the “real-world”
e8
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outcomes of women with MS and pregnancy is important for
providing quality care to women with MS who are considering
a family.4
An increase in the prevalence of pregnancy was observed in
women with MS from 2006 to 2014, in contrast to a decrease
in the prevalence of pregnancy observed in women without
MS. The ﬁnding of decreased rates of pregnancy in women
without MS is consistent with Centers for Disease Control
and Prevention data that show steadily declining pregnancy
rates for all women in the United States since 1990.26 The
contrasting increase in pregnancy for women with MS may
reﬂect a change in perceptions and adoption of a positive
outlook and improved counseling for patients and providers
regarding pregnancy risks in this patient population. Over the
last 2 decades, there have been signiﬁcant eﬀorts on the part of
MS neurologists to educate the public and the general neurology community of the reciprocal eﬀects between pregnancy and MS.3,4,6
Women with MS tended to be somewhat older than the
general population at the time of pregnancy diagnosis. This is
consistent with ﬁndings in other previously published
Neurology.org/N

Figure 4 Puerperium complications in matched women with and without MS who had a live birth

MS = multiple sclerosis.

data.8–10,21,23 The decision to start or enlarge a family can be
complicated by chronic conditions such as MS. Concerns
about the health of a child, societal attitudes, unpredictability
of neurologic symptoms during or after pregnancy, and issues
regarding the appropriate time to discontinue diseasemodifying drugs (DMDs) in order to become pregnant can
all delay pregnancy in women with MS.19,27–30 A conception
delay could be related to the need to stabilize a newly diagnosed patient before conception attempts.4 In addition,
there is some evidence of a possible decrease in fertility in
women with MS,31,32 although no ﬁnal conclusions can be
made on this subject.
Both groups of patients had higher rates of labor and delivery
complications than generally reported in the literature.33
Compared with women without MS and a live birth, women
with MS and a live birth in the current study were signiﬁcantly
more likely to have claims for premature labor, infection
during pregnancy, acquired damage to the fetus, and congenital hereditary fetal malformations. These data, which are
derived from reimbursement information or the payment of
bills for health care services and commodities, can improve
our knowledge of the interactions that patients with pregnancy and MS have with the health care system, but they
should be interpreted with caution.32,34,35 There may be
biases in coding and billing associated with this speciﬁc
analysis. For example, there may be increased health care
resource utilization in women with MS because of increased
vigilance of clinicians caring for these patients. The data do
not include Expanded Disability Status Scale score, disease
duration, or the numbers or outcomes of prior pregnancies.
Other data sources or study designs could provide additional
Neurology.org/N

clinical details; however, the ﬁndings of the current study
suggest important hypotheses for exploration.
The magnitude of the rates of complications also requires
further investigation. The high rates of complications may be
attributable to the comprehensiveness of the included ICD-9CM codes. Any nonspeciﬁc ICD-9-CM codes (unspeciﬁed or
other) from 9 of the pregnancy and labor and delivery outcome categories were removed to determine whether there
was an eﬀect on ﬁndings. The diﬀerences observed in the
absolute rates of complications were small, and there was no
statistically signiﬁcant change in the original ﬁndings. More
detailed analyses of subsets of the coding lists might provide
additional insight into the speciﬁc origin of the observed
diﬀerences. Other important areas of additional research include clinical outcomes that were not included in this dataset,
such as the occurrence of spontaneous abortions. This
information would likely not be adequately captured in administrative claims data, given that these data are based on the
payment information for medical care and services.
A large retrospective cohort study using hospital discharge
data from California from 2001 to 2009, which described the
prevalence, sociodemographic features, and antenatal/
peripartum outcomes of MS, was published recently.23 A total of 1,185 of 4,424,049 deliveries were in women with MS.
Similar to ﬁndings in the current study, patients with MS in
this study were shown to be older, were more likely to have
private insurance, and were more likely to have preexisting
medical conditions such as asthma, chronic hypertension,
thyroid disease, or cardiac disease. Urinary tract infection,
cesarean delivery, and induction of labor were slightly
Neurology | Volume , Number  | Month 0, 2018
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increased in patients with MS; however, antepartum and
peripartum morbidities (gestational diabetes, preeclampsia/
eclampsia, preterm rupture of membranes, fetal growth restriction, oligohydramnios, abruption, placenta previa, operative vaginal delivery, shoulder dystocia, chorioamnionitis,
endometritis, or postpartum hemorrhage) were not found to
be increased in patients with MS. The diﬀerences observed
in this study compared with the current ﬁndings may be
attributable to the diﬀerent sources of data used. The California study used statewide hospital discharge data reﬂective of all patients with all types of insurance, whereas our
nationally representative sample primarily evaluated
patients with commercial insurance. Hospital discharge data
reﬂect resources that were charged for by hospitals, whereas
claims data reﬂect health care resources reimbursed by
insurers.
There are some additional limitations of this retrospective
claims database analysis. It is possible that patients were given
a diagnosis or had a pregnancy prior to the selected index
diagnosis. Only the ﬁrst identiﬁed pregnancy was included in
the analysis. Furthermore, the date of the live birth procedure
was used to estimate the date of conception and the pregnancy periods.9 It is possible that there was a misclassiﬁcation
of the prepregnancy period and the following trimesters in
some cases; however, it is not expected that this would alter
the results fundamentally. Matching factors were determined
a priori based on a literature review; however, unknown or
unmeasured variables may result in residual confounding.
Finally, these administrative claims data are derived mostly
from patients with commercial health insurance. These data
may not be generalizable to patients who pay for health care
out of pocket or for patients who do not have health insurance
from their employers.
The knowledge gaps regarding pregnancy and MS are substantial, and many well-designed studies are needed. Existing
MS pregnancy registries and adverse event databases are
incomplete as data are not collected in a standardized
manner.36 There is a need for collection of detailed information such as family history, ethnicity, pregnancy history, drug and environmental exposures, and mother’s health
status with respect to MS and other illnesses.36 The Multiple
Sclerosis Centre of Excellence on Reproduction and Child
Health, an international collaborative multidisciplinary research consortium, was convened in order to address the
need for evidence-based, current information regarding
childbearing in MS.4 Prospective, disease-speciﬁc pregnancy
registries such as PREG-MS, a US data repository that follows women with MS from pregnancy planning through any
stage of pregnancy to 3 years postpartum, collects clinically
relevant data that can support pregnancy-related decisionmaking.37
Pregnancy rates in women with MS have been increasing over
the past 10 years. It is tempting to suggest that recent DMDs
have helped more patients with MS achieve disease stability,
e10
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thus increasing the comfort level with family planning.
However, based on our recent ﬁndings, approximately 25% of
patients with MS are exposed to a DMD at any time during
the year prior to pregnancy.38 Therefore, the increase in
pregnancy rates among patients with MS may suggest that
clinicians are becoming more comfortable managing the
complex reciprocal eﬀects of MS and pregnancy and that
signiﬁcant eﬀorts on the part of the MS neurology community
to educate the public and general neurologists are allowing
more women with MS to experience motherhood. These
analyses of claims data of women with MS and pregnancy
showed high rates of several comorbidities and complications,
similar to those seen in women without MS. Despite the
noted limitations, claims data reﬂect real-world use patterns
and can improve knowledge of the interactions patients with
MS have with the health care system, and are a valuable resource for initial exploratory analyses of a variety of health
services research questions. More real-world evidence to inform decision-making in women with MS of childbearing age
is needed.
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